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SECTION 1

INTRODUCTION

This comprehensive biosolids handbook provides wastewater
treatment personnel with a step-by-step guide to cost-effective
in-house testing methods. The methods detect and quantify
nutrients (potassium, nitrogen...) and metals (lead, cadmium...) as
well as measure solids in wastewater liquids and biosolids.

The methods are simple and time-efficient. Each step is
illustrated in an easy-to-use format. Lists of apparatus and
reagents to perform the analysis are at the end of each method.

Also included are step-by-step digestion methods for liquids and
solids using Hach's Digesdahl® Apparatus. Using the Digesdahl

will save time and makeit easy to usethe digestate for analysis. A
decision tree helpsto select the correct type of digestion.

Results from these methods can be used to improve biosolids
reclamation, protect against application of high levels of
contaminants, and ensure safe biosolid disposal.



SECTION 1, continued

Thismanual isdivided into six sections:

Section 2 Guide to Using I nstruments — has step-by-step
instructions for using Hach TenSette® Pipets and

spectrophotometers required in the procedures, as well as
information on adapting other spectrophotometers for use
with the procedures.

Section 3 Digestion Information — provides instructions for
two USEPA -approved digestions for use when results are
reported to regulatory agencies. This section also contains
two Digesdahl digestion procedures, one for aqueous
solutions and one for solids. Be sure to read the safety
information provided before using the Digesdahl.

Section 4 Analysis Methods — contains over 40 methods for
determining 27 parametersin influent, primary influent,
secondary influent, and sludge. These procedures use
precalibrated spectrophotometers and colorimeters for direct
colorimetric measurement (except for solids determinations).

Section 5 General Information —includesinformation on how
to order items, repair service, and warranty.

Appendix — has troubleshooting, USEPA sampling and
storage information, and alist of parameters that each Hach
spectrophotometer determines, as well as the test range.

10



SECTION 2

GUIDE TO USING INSTRUMENTS

2.1 Using the DR/4000 Spectrophotometer

Typical Procedure

HACH
PROGRAM

Digest
Sample

1. Preparethesample 2. Select the desired

digest for measurement  stored program by
as described in the pressing the soft key
applicable test under HACH

PROGRAM. Enter the
program number by
using the numeric keys.
PressENTER.

procedure. If the reagent
blank needs treatment,
prepare it at thistime.

6. Placethe prepared
test sampleinto the cell
holder and close the
light shield.

5. Pressthe soft key
under ZERO.

The display will show a
zero value, measurement
unit, and the parameter.  The result will be

displayed in the chosen

unit of measure.

HACH PROGRAM: 1000
Aluminum, Aluminon

4. Placethe reagent
blank into the cell holder
and close the light
shield.

3. Thedisplay will
show the program name
and number. The
wavelength will be
automatically selected.

7. To compensate for
sample dilution during
digestion, calculate the
true concentration using
the equation under the
Sample Analysis and
Sample Volume tables
following each
procedure.

11



SECTION 2, continued

2.2 Using the DR/2010 Spectrophotometer
Typical Method

Digest
Sample
1. Preparethesample 2. Usingthenumeric 3. Rotatethe 4. Place the reagent
digest for measurement  keys, enter the stored wavelength dial tothe  blank into the cell holder
as described in the program number for the value specified in the and close the light
applicable test desired parameter. Press display. Thedisplay will shield. PressZERO. The
procedure. If thereagent ENTER. show Zero Sample, then display will show
blank needs treatment, ' . the measurement unit Zeroing..., then azero
: s The display will prompt :
prepare it at thistime. : and parameter. value, measurement unit,
usersto dial to the and the parameter
correct wavelength. P '
[BES
-
\=
5. Placetheprepared 6. Press; READ 7. To compensate for

test sample into the cell
holder and close the
light shield.

sample dilution during
digestion, calculate the
true concentration using
the equation under the
Sample Analysis and
Sample Volume tables
following each
procedure.

The display will show
Reading..., then the
result will be displayed.

12



SECTION 2, continued

2.3 Usingthe DR/800 Colorimeter
Typical Method

SETUP RECALL LIMIT & £ !

i 10105020120 Ass

g;%eﬁz PRGM D o o B0
PRGM SAMPLE

P 7 188 EEEEE 887t

EW [EW 6 # ENE B ©

1. Preparethesample 2. PressPRGM 3. Thedisplay will 4. Placethe reagent

digest for measurement The display will show show measurement blank into the cell

as described in the . units, the parameter, and holder. Tightly cover the
2
applicable test PRGM ?. Using the the ZERO icon. sample cell with the
numeric keys, enter the .
procedure. If the reagent instrument cap.

stored program number
for the desired
parameter.

blank needs treatment,
prepare it at thistime.

5. PressZzERO.The 6. Placetheprepared 7. Press. READ 8. To compensate for
cursor will movetothe test sampleinto the cell sample dilution during
right then the display holder. Tightly cover the digestion, calculate the
will show azerovalue, sample cell withthe true concentration using

The cursor will move to
the right, then the result

measurement unit, and  instrument cap. will be displayed. the equation under the

the parameter. Sample Analysis and
Sample Volume tables
following each
procedure.

13



SECTION 2, continued

2.4 Adapting Hach Methodsto Other Spectrophotometers
Hach test methods can be used with other instruments by creating
acalibration curveto convert percent transmittance or absorbance
readings to concentration (mg/L, pg/L...). Regardless of the
instrument used, the sample and standardizing solutions are
prepared the same way and the optimum wavel ength specified in
aHach method applies to other spectrophotometers.

The example below describes a calibration for iron in the
0to 2.4 mg/L range.

1.

Prepare a series of five or more iron standard solutions that
cover the expected range of iron in the sample. Run the
procedure with the standards as described in the step-by-step
instructions.

Pour the customary volume of each standard solution into
separate, clean sample cells used by the instrument.

Select the proper wavelength (or color filter) and standardize
the instrument using untreated sample or areagent blank as
specified in the procedure.

Mix the reagents and sample in the manner specified in the
step-by-step instructions.

Measure the blank and standards. Plot the readings on graph
paper (see Figure 1), with the absorbance on the vertical (y)
axis and the concentration on the horizontal (x) axis. In this
example, iron standards of 0.1, 0.2, 0.4, 0.8, 1.2, 1.6 and

2.0 mg/L were measured at 500 nm.

Note: Percent transmittance vs. concentration can be plotted on

6.

semilogarithmic graph paper to obtain a calibration curve.

Plot the calibration data points on the graph. Draw aline that
connects the points. Thisisthe calibration curve.

14



SECTION 2, continued

7.

The calibration curveisall that is necessary to

determine sample concentrations. It may be easier to use a
calibration table (see Table 1), which can be constructed by
extrapolating from the curve. One may also use the formula
for the best-fit line:

concentration = x-axis intercept + slope x abs

In this case (see Figure 1):

concentration (mg/L) = 0 + (2.294 x abs)

Example: 0 + (2.294 x 0.34) = 0.779 mg/L

Figure 1 Calibration Curve Example

Absorbance

0.9 -

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

mg/L Fe Versus Absorbance

0 02 04 06 0.8 1 1.2 14 16 1.8 2
mg/L Fe

15



SECTION 2, continued

Table 1 Calibration Table Example

Iron Concentration (mg/L)
Lj-\ntifs 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.00 0.00 0.23 0.46 0.69 0.92 1.15 1.38 1.61 1.83 2,06 2.29
0.01 0.02 0.25 0.48 0.71 0.94 1.17 1.40 1.63 1.85 2.08 231
0.02 0.05 0.28 0.50 0.73 0.96 1.19 1.42 1.65 1.88 2.11 2.34
0.03 0.07 0.30 0.53 0.76 0.99 1.22 1.45 1.67 1.90 2.13 2.36
0.04 0.09 0.32 0.55 0.78 1.01 1.24 1.47 1.70 1.93 2.16 2.39
0.05 0.11 0.34 0.57 0.80 1.03 1.26 1.49 1.72 1.95 2.18 1.41
0.06 0.14 0.37 0.60 0.83 1.06 1.28 151 1.74 1.97 2.20 2.43
0.07 0.16 0.39 0.62 0.85 1.08 1.31 1.54 1.77 2.00 2.25 2.48
0.08 0.18 0.41 0.64 0.87 1.10 1.32 1.56 1.79 2.02 2.25 2.48
0.09 0.21 0.44 0.67 0.89 1.12 1.34 1.58 1.81 2.04 2.27 2.50

To convert an absorbance reading to mg/L iron, select the
appropriate column from the Iron Concentration column and the
appropriate row from the Absorbance Unit column. For example,
if the instrument read 0.34, use the “0.3” column and the “0.04"
row. Theresult is0.78 mg/L iron. An absorbance reading of 0.58
would yield 1.32 mg/L iron.

2.5 Usingthe TenSette® Pipet

For best results, always use anew tip for each pipetting operation.
After several uses, the tip may retain some liquid, causing an
error in the delivery volume. Each pipet is supplied with 100 tips.
Order Hach replacement tips for best results.

Always use careful, even hand movements to improve
reproducibility. If the pipet does not operate smoothly,
disassemble and coat the piston and retainer with high-quality
stopcock grease. Also, lightly coat the metering turret.

For greatest accuracy, both the room temperature and the
temperature of the solution being pipetted should be 20 to 25 °C.

Holding the pipet for extended periods may cause inaccurate
volumes due to the transfer of body heat.

Never lay the pipet down with liquid in the tip. Solution could
leak into the pipet and cause corrosion.

16



SECTION 2, continued

Use of the TenSette Pipet

2. Turntheturret cap to
align the desired volume
with the mark on the
housing assembly.

1. Attach acleantip.
Hold the TenSette Pipet
in one hand and gently
pressthetip until itis
firmly held and a good
sedl isformed.

6. Usethe thumb and
forefinger to twist the
turret cap to the next
highest volume to assure
full liquid blowout and
quantitative transfer of
theliquid. The“F”
position also provides
full blowout.

5. After theturret
returns to the extended
position, remove the tip
from the liquid and
move it to the receiving
vessel. Do not place
pressure on the cap
while moving the pipet.

3. Using asmooth
motion, press down on
the turret cap with the
thumb until the turret
reaches the stop.
Immerse the tip about

5 mm (Y4in.) below the
surface of the solution to
avoid drawing air into
the tip. Do not insert the
tip any deeper or the
delivery volume may be
affected.

7. Placethetipin
contact with the side of
the receiving vessel.
Slowly and smaoothly
press down on the turret
cap until the turret
reaches the stop and the
liquid is completely
discharged.

17

4. Maintaining a
constant pressure, allow
the turret to return to the
extended position. Do
not let the turret snap
into place—this may
affect delivery volume.
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SECTION 3 DIGESTION INFORMATION

3.1 General Digestion Procedures
Severa procedures require sample digestion. Digestion uses
chemicals and heat to break down a substance into components
that can be analyzed. This section has three different digestion
procedures.

The Hach Digesdahl® system is a process that yields a digest
suitable for the determination of metals, total phosphorus and
total kjeldahl nitrogen (TKN). It israpid, convenient, and the
method of choice.

For USEPA reporting purposes, USEPA-approved digestions are
required. USEPA presentstwo digestions (mild and vigorous) for
metals analysis. These are much more inconvenient and time
consuming compared to the Hach Digesdahl system. Other
digestion procedures are required for phosphorus and TKN.

3.1.1 EPA Mild Digestion with Hot Plate for Metals AnalysisOnly

1. Acidify the entire sample at the time of collection with
concentrated nitric acid by adding 5 mL of acid per liter
(or quart) of sample.

2. Transfer 100 mL of well-mixed sample to a beaker or flask.
Add 5 mL of distilled 1:1 hydrochloric acid (HCI).

3. Heat using a steam bath or haot plate until the volume has been
reduced to 15-20 mL. Make certain the sample does not boil.

4. After thistreatment, the sample may be filtered to remove
any insoluble material.

5. Adjust the digested sample to pH 4 by drop-wise addition of
5.0 N Sodium Hydroxide Standard Solution. Mix thoroughly
and check the pH after each addition.

6. Quantitatively transfer the sample with deionized water
to a 100-mL volumetric flask and dilute to volume with
deionized water. Continue with the procedure. Thismild
digestion may not suffice for all sample types. A reagent
blank also should be carried through the digestion and
measurement procedures.

19



SECTION 3, continued

3.1.2 EPA VigorousDigestion with Hot Plate for Metals Analysis Only
Use avigorous digestion to ensure all of the organo-metallic
bonds are broken.

1.

Acidify the entire sample with redistilled 1:1 Nitric Acid
Solution to a pH of less than two. Do not filter the sample
before digestion.

Transfer an appropriate sample volume (see Table 2) into a
beaker and add 3 mL of concentrated redistilled nitric acid.

Place the beaker on a hot plate and evaporate to near dryness,
making certain the sample does not boil.

Cool the beaker and add another 3 mL of the concentrated
redistilled nitric acid.

Cover the beaker with awatch glass and return it to the hot
plate. Increase the temperature of the hot plate so that agentle
reflux occurs. Add additional acid, if necessary, until the
digestion is complete (generally indicated when the digestate
islight in color or does not change color or appearance with
continued refluxing).

Again, evaporate to near dryness (do not bake) and cool the
beaker. If any residue or precipitate results from the
evaporation, add redistilled 1:1 hydrochloric acid (5 mL per
100 mL of final volume). See Table 2.

Warm the beaker. Add 5 mL of 5.0 N sodium hydroxide

and quantitatively transfer the sample with deionized water to
avolumetric flask. See Table 2 below for the suggested

fina volume.

Adjust the sasmple to pH 4 by drop-wise addition of 5.0 N
Sodium Hydroxide Standard Solution; mix thoroughly and
check the pH after each addition. Dilute to volume with
deionized water. Multiply the result by the correction factor
in Table 2. A reagent blank also should be carried through the
digestion and measurement procedures.

20



SECTION 3, continued

Table 2 Vigorous Digestion Volumes

Expected Metal Suggested Suggested- Suggested Final Correction
. Sample Vol. for Volume of 1:1 Volume After
Concentration h . . . Factor
Digestion HCI Digestion
1 mg/L 50 mL 10 mL 200 mL 4
10 mg/L 5mL 10 mL 200 mL 40
100 mg/L 1mL 25 mL 500 mL 500

3.2 Digesdahl Digestion Information

Although the Digesdahl can digest many types of samples, a
specific digestion is required for specific sample types. To
classify the sample as aliquid or solid, use the following chart
(see Figure 2). Follow the appropriate procedure indicated for
each sample type.

Sample size varies, depending on the sample type and the
parameter being measured. Once the correct sampletypeis
decided, use the tablesfollowing each of the digestion procedures
to determine the sample size.

Figure 2 Sample Types
SAMPLE TYPE

LIQUIDS BIOSOLIDS
I WASTEWATER SLURRIES

OR

DRY

IINFLUENT IEFFLUENT
I DOMESTIC I INDUSTRIAL

21



SECTION 3, continued

3.3 Digesdahl Digestion

DANGER

Wear protective eye
glasses and clothing. A
strong acid (concentrated
sulfuric acid) and a
strong oxidant (50%
hydrogen peroxide) are
used in the digestion reac-
tion. These chemicalscan
cause burnsif splashed
on the skin or permanent
eye damage if allowed to
contact the eyes. If the
chemicals are hot, effects
are considerably more
severe. Immediately rinse
any affected area thor-
oughly with water and
contact a physician.

Important: Pleaseread this section and Section 3.4 on page 28
before using this apparatus. Read the M aterial Safety Data
Sheet (MSDS) for all reagents.

Procedures for using the Digesdahl Digestion Apparatus vary
with sample type. Most procedures use atwo-phase digestion
process involving concentrated sulfuric acid and 50% hydrogen
peroxide. Sulfuric acid dehydrates and chars the sample.
Hydrogen peroxide is added viathe capillary flow funnel to
complete sample decomposition. The capillary funnel feeds
hydrogen peroxide into the digestion flask at arate of 3 mL per
minute. This allows the analyst to control the amount of time
sampleis exposed to the hydrogen peroxide (digestion time) by
varying the volume of hydrogen peroxide used.

Use the Digesdahl Digestion Apparatus only behind alaboratory
safety shield or in a closed fume hood.

Some samples are more difficult to digest completely. In a careful
study of the minimal time required to digest a variety of
materials, complete nitrogen recovery was achieved for many
samplesimmediately upon clearing of the digest (when the digest
becomes colorless). Resistant or refractory materials such as
nicotinic acid require several minutes of continued peroxide
digestion after clearing to obtain 100% nitrogen recovery.

To ensure complete sample digestion, consider the variables
described in the following paragraphs.

3.3.1 Appropriate Sample Size

For solid or organic liquid samples, less than 0.5 grams of
anhydrous material can usualy be digested effectively. Asa
routine practice, 0.25 g of sampleis used. Samples that contain
water may be scaled up by a proportional amount. Thereis no
restriction or minimum sample size. For samples of agueous
solutions or suspensions, the maximum volume is 40 mL. When
the percent solids exceeds 1% of the sample volume, the
maximum sample volume should be reduced using the formula:

40 mL
% solids

sample =
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SECTION 3, continued

3.3.2 Proper Digestion Solution Temperature
Digestion temperature is critical. If the hydrogen peroxideis
added to a cold digestion mixture followed by heating, the
hydrogen peroxide decomposes before the digest reaches the
proper temperature. Adding hydrogen peroxide to adigest that is
too hot volatilizes most of the oxidant with little benefit. Also,
excessive heat contributes to spray loss of sample asa
fine mist. The temperature recommended for most samplesis
440 °C (825 °F).

3.3.3 Sufficient Sulfuric Acid
The amount of concentrated (specific gravity 1.84) sulfuric acid
used must be sufficient to prevent the digestion from going to
dryness. Any portion of the flask bottom that becomes dry will
overheat and may cause the flask to explode. Also, too little acid
will cause the sample to overheat, which may cause thermal
decomposition of desired analytes (i.e., ammonium compounds)
and result in sample loss. Use an amount of sulfuric acid that
will leave at least 2 mL of residual acid when digestion is
complete. Refer to Table 3 for recommended volumes.

Sulfuric acid (H,SO,4) consumption depends on the anhydrous
mass of material and the chemical composition of the substance.
Use of 4 mL H,SOy is suitable for many materials, but not all.
Therefore, the analyst must pay attention to the amount of
residual H,SO, for the type of sample digested, and adjust the
amount of acid or sample accordingly. Never use lessthan 3 mL
of concentrated sulfuric acid. Larger volumes of H,SO, may be
used, but avoid alarge excess since sample pH adjustment is
required in most subsequent determinations.
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SECTION 3, continued

Table 3 Digestion Guidelines of Specific Sample Types

Preheat
Sample Type Sample Weight VOIZOf Time Vol. (.)f Special Instructions
Acid Peroxide
(Step 5)
Plant tissue 0.25t00.5¢g 4 mL 4 min. 10 mL Use Nitrogen-free paper to weigh samples.
Meat & Poultry | 0.5 g or predigestion 4 mL 4 min. 10 mL —
orasin
predigest
Fluid Fertilizers | 0.1t0 0.25¢g 4 mL 4 min. 10 mL Add 0.4 g Kjeldahl Reduction Powder (Cat. No.
23653-04) to flask before adding sulfuric acid.
Place the flask in an 80 °C oven 15 minutes
before digestion. Use N-free paper to weigh
samples.
Feed & Forage | 0.25¢g 4 mL 4 min. 10 mL —
Dairy 0.25t02.0g 4 mL 4 min. 10 mL —
Cereal 0.25t00.5¢g 4 mL 4 min. 10 mL Use Nitrogen-free paper to weigh samples.
Beverage about 5 g 4 mL 1 min. 10 mL Preheat acid for 1 minute then add sample
(pipet into funnel) through funnel. Heat flask for 30 seconds after
sample is in the flask.
Sludge <2.5 g wet sludge 4 mL 3-5 min. 10 mL or Heat the diluted digest for 15 minutes and filter.
<0.5 g dried sludge increase in 5
mL
increments
Water & not more than 0.5 g 3mL until acid 10 mL or Water must evaporate before acid will reflux.
Wastewater solid (mL = 40/C; is increase in Boiling chips required.
C = % solids) refluxing 5mL
increments
Bath Solutions | 0.3 to 10 mL 4 mL 4 min. 10 mL Water must evaporate before acid will reflux.
Boiling chips required.
Edible Oils 0.25t05.09g 4-6 mL 4 min. 5mL Weigh samples into flask and record exact
immediately | weight.
and 5 mL later
lon Exchange equivalent of 0.25 g 10-15 mL 12 min. 20 mL Digest will be clear with particles on bottom if
Resins dry resin metal oxides are not soluble in H,SO,4. Add
aqua reagia or suitable solvent to dissolve
particles. If particles are floating, start again
using 15 mL H,SO, and longer char time.
Soll 0.25t00.5¢g 6 mL 4 min. 10-20 mL —
Fuels 0.25t00.5¢g 6 mL 4 min. 20 mL Heat the diluted digest for 15 min. and filter.
Lower heater temperature if foaming or burning
occurs.

3.34 Carbonization Period
A carbonization period prior to the addition of hydrogen peroxide
provides a reducing environment which helps convert organic
nitrogen to ammonia. In the presence of oxidizable carbon
compounds, sulfuric acid reacts to produce sulfur dioxide, which
is the active reducing agent.
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SECTION 3, continued

Thereaction is:
H,SO, - H,0 + SO, + 1/2 O,

A preheat period of 2 to 5 minutesis recommended for routine
digestions.

3.3.5 Adequate Peroxide Concentration for Sufficient Time
Researchers believe that hydrogen peroxide (H,O,) reacts
immediately with H,SO, at digestion temperature to give H,SOg
(peroxymonosulfuric acid) by the reaction:

H,SO4 + H,O, - H,SOg + H,O

Thisis an extremely powerful oxidizing agent toward
carbonaceous material. The objective isto maintain an adequate
concentration of H,SOs in the hot digestion mixture for along
enough time to compl ete oxidation of the carbonaceous material.
The H,0, is metered into the flask at 3 mL/min. using the

capillary funnel.

The amount of peroxide that must be added for complete
digestion can be determined by digesting a sample multiple times
with incremental increases in the amount of peroxide added

(i.e, 5mL, 10 mL, 15 mL, 20 mL). Graph the results of the
analysis for the parameter of interest to determine the minimum
amount of peroxide needed for optimum sample digestion.

The preferred and recommended peroxide reagent is

50% hydrogen peroxide. Research studies have shown that the
best recovery and reproducibility are achieved using the

50% peroxide reagent. The 50% hydrogen peroxide reagent
produces dependable results in research and actua applications.
The optimal rate of peroxide addition has been determined as

3 mL/minute using the 50% reagent. This may not hold true if
other strengths of hydrogen peroxide are used.

If 50% hydrogen peroxide is not available, 30% peroxide may be
used as alast resort with caution. Because of the lesser strength,
at least 1.67 times more volume must be used (i.e., 16.7 mL of
30% vs. 10 mL of 50% peroxide). Always run a digestion
standard, either glycine p-toluenesulfonate or nicotinic acid

p toluenesulfonate, when using 30% peroxide to check

25



SECTION 3, continued

completion of the digestion. See Section 3.3.8 on page 27. All
recommended safety precautions apply to both strengths of the
hydrogen peroxide. See Digesdahl Digestion Safety on page 28.

3.3.6 Containment of Sample
Loss of sample from the digestion flask can occur in two ways:

(1) foaming or boiling over, and
(2) mist or spray in the ventilation air stream.

Foaming is a serious problem with certain sample types, so
special techniques have been developed. Some liquid samples,
especially those containing sugars, cannot be digested by the
standard procedure, which consists of placing agiven volumein
the flask, adding sulfuric acid and heating. Under those
conditions, foaming cannot be controlled. Instead, the sulfuric
acid is heated in the flask and the liquid sample is added through
the capillary funnel. Carbonization proceeds in a controlled
manner. When all the sample has been added, the peroxide
treatment begins and the digestion continues normally. Other
ways to control foaming include early addition of hydrogen
peroxide and reducing the temperature during carbonization.

Sample loss as spray or mist occurs when small droplets of liquid
are swept out of the flask aong with gases, and escape in the
ventilation air stream. The current fractionating column design
reduces spray lossto an insignificant level.

3.3.7 Sampling and Storage
Samples must be homogeneous to ensure that a representative
portion is analyzed. Liquid samples should be homogenized via
stirring or blending. Solid samples should be finely ground or
chopped and well mixed. After digestion, samples should be
diluted to the mark, mixed, and tightly sealed. The diluted
digestate will be stable for 2 to 3 days, aslong as evaporation
does not occur.
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SECTION 3, continued

3.3.8 Accuracy Check

Complete digestion is necessary for accurate results. The
Digesdahl system may be checked with Primary Standards for
Kjeldahl Nitrogen using one of the following methods.

Solid Samples

1.

Weigh 0.25 grams of a Primary Standard for Kjeldahl
Nitrogen. See Table 4. Digest the standard following the
general digestion procedure.

Any of the three standards may be used. Ammonium
p-toluenesulfonate (185.5 mg/L TKN) istheleast difficult to
digest. Glycine p-toluenesulfonate (141.63 mg/L TKN) is
moderately difficult to digest, and Nicotinic Acid
p-toluenesulfonate (118.58 mg/L TKN) isthe most difficult
to digest.

Liquid Samples

1.

Weigh 10.000 grams of a Primary Standard for Kjeldahl
Nitrogen. See Table 4.

Transfer to a 1-liter volumetric flask and dilute to the mark.

Using avolumetric pipet, add 15 mL of the prepared solution
to the digestion flask and digest the standard following the
general digestion procedure.

Any of the three standards may be used. Ammonium
p-toluenesulfonate (185.5 mg/L TKN) istheleast difficult to
digest. Glycine p-toluenesulfonate (141.63 mg/L TKN) is
moderately difficult to digest, and Nicotinic Acid
p-toluenesulfonate (118.58 mg/L TKN) isthe most difficult
to digest.

A primary standard set, containing one bottle of each of the
standards, may be purchased from Hach Company. Table 4 lists
some of the properties of the three primary standards.
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SECTION 3, continued

Table 4 Some Properties of Kjeldahl Nitrogen Standards (#22778-00)

Ammonia PTSA

Glycine PTSA

Nicotinic Acid PTSA

Formula

C;H1;03SN

CgH1305SN

Structure

o
Il

CHy—NHy"—0=—S5 —@— CHy
\ I

CHOH

(0]

Molecular Weight 189.235 247.277 295.316
Melting Point, °C — 199 179
% Nitrogen 7.402 5.664 4.743
% Protein 46.261 35.403 29.643
Digestability Index 0 3 10
Moisture
Absorption
at 25 % RH 0.04% 0.03% 0.00%
at 50% RH 0.07% 0.047% 0.01%
at 90% RH 0.14% 0.15% 0.08%

34 A Digesdahl Digestion Safety

Each person performing laboratory testsis responsible for safety.
The analyst should practice good laboratory technique and
develop good safety habits to minimize chances for accidents.

For safe Digesdahl operation, observe the following

precautions:

* Sample size— Never digest a sample which contains over

0.5 g of material which is not water.

¢ Qilsand organic liquids should be considered as solids when
determining sample size.

e Acidtype— Only use acid specified in Hach step-by-step

procedures.

¢ Acid volume — Never use lessthan 3 mL.

* Alwaysfollow the order of stepsindicated.
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SECTION 3, continued

If the sample goes to dryness, remove it from the heat
immediately and cool to room temperature. Never add
hydrogen peroxideto a dry sample flask; an explosion
could occur. If you are not sure enough sulfuric acid is
present in the digestion flask, STOP. Do not add hydrogen
peroxide. Begin the digestion again with less sample or
more sulfuric acid.

Be sure to keep the heat shield and the Digesdahl’s safety
shield in place during use.

Always perform digestion behind a safety shield
(Cat. No. 50040-00) or in a closed fume hood.

For respiratory protection use afume hood.

Always wear safety glasses or goggles— be sure they have
side shields.

Wear protective gloves during digestion procedures. Use
tongs or finger cots to transfer hot apparatus.

Do not add alcohol, acetone or other organic solvents to the
digestion flask before or after digestion.

During digestion, use the heat setting and digestion time
specified in the instructions. Do not leave the Digesdahl
unattended during use.

When digesting a new substance for the first time, begin with
asmaller size and work up to the optimum quantity for
digestion. Do not permit the flask to boil to dryness.

Use laboratory coats or apronsto protect skin and clothing
from splashes.

Wear appropriate shoes to protect feet from spills. Open-toed
shoes should not be worn.

Do not use damaged glassware or apparatus. Discard all
damaged equipment and replaceit.

Allow the Digesdahl to cool naturally (in ambient air). Cold
water may cause hot glassware to shatter.
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SECTION 3, continued

34.1 A Using Hydrogen Peroxide

DANGER
Hydrogen peroxide is an
explosion hazard.

Use these additional specific safety precautions when using
hydrogen peroxide in the Digesdahl digestion applications:

» Do not mix hydrogen peroxide with any chemical reagents
except as specified in the Hach instructions.

» Do not add hydrogen peroxide directly to the column on the
digestion flask. Always add hydrogen peroxide in a slow and
controlled manner; use the capillary funnel.

» Hydrogen peroxide should be added to the organic materials
in the flask only when sulfuric acid is present.

» Do not use hydrogen peroxide in concentrations greater
than 50%.

Hydrogen peroxide (30% or 50%) is a powerful oxidant and
should never be stored near flammable materials. Like sulfuric
acid, it can cause burns and eye damage. In case of eye or skin
contact, flush eyes and/or skin with water for 15 minutes.
Immediately call a physician.

Hydrogen peroxide is highly corrosive and should be cleaned up
with water if spilled on instruments or a counter top. Read and
observe all warnings on the reagent labels and Material Safety
Data Sheets.

Proper handling and storage procedures involving hydrogen
peroxide should always address two major characteristics of
the product:

* Itisastrong oxidizing agent. The chemical nature of
hydrogen peroxide makesit a strong irritant to skin, mucous
membranes and particularly to the eyes. It will cause chemical
burns at industrial concentrations and may cause spontaneous
combustion upon immediate or prolonged contact with
combustibles.

* |t can decompose, releasing heat and oxygen. Normally this
reaction rate is very slow for industrial-grade product, but it
will accelerate when contaminated by materials such as dust,
metallic ions, or alkali.
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SECTION 3, continued

Please observe the following precautions for handling and storing
of hydrogen peroxide:

Do storein acool place away from direct sunlight (preferably
in arefrigerator).

Do storein the original containers with closures as supplied
and keep closed when not in use. (Be sure the containers are
vented. Hach hydrogen peroxide bottles are shipped with a
special vented cap liner.)

Do wear gloves and safety glasses when handling the
material.

Do use silicon carbide boiling chips when digesting
liquid samples.

Do wash contaminated skin and body quickly with plenty of
water. Remove contaminated clothing and wash well before
using again.

Do wash eyes with plenty of water if contaminated and get
medical attention quickly.

Do get medical advice without delay if the material
isingested.

Do flush al spillswith large amounts of water.

Do not store near heat sources or in contact with combustible
or organic materials.

Do not inhale vapors or ingest the material.
Do not alow contact with eyes or skin.

Do not alow contact with decomposition catalysts (metals,
dust, alkali, etc.).

Do not use unapproved materials (brass, copper, carbon steel,
rubber, etc.) for transfer or storage systems.

Caps on the reagent bottles are made with a special porous liner
that allows venting of gas. The venting cap always must be used
on the bottle of hydrogen peroxide. As a precaution, the reagent
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SECTION 3, continued

bottles are shipped in aplastic bag. If thereis evidence of leakage
during shipment, wear gloves when removing the bottle from the
bag and rinse the bottle with water when removed from the bag.
Rinse the bag before disposal.

34.2 A Using Sulfuric Acid
Read and observe all warnings on the reagent labels and Material
Safety Data Sheets that accompany the sulfuric acid.

Concentrated sulfuric acid used in the digestion process should be
handled correctly and with caution. Sulfuric acid is a strong acid
and strong oxidizer; it can cause burnsif splashed on the skin and
permanent damage if eye contact occurs. This caustic actionis
much more severeif the acid ishot. In case of eyeor skin
contact, flush eyes and/or skin with water for 15 minutes.
Immediately call a physician.

Sulfuric acid mist or vapor has been classified by the
International Agency for Research on Cancer (IARC) asa
possible human carcinogen.

Sulfuric acid is a strong oxidizer. It may ignite or explode
on contact with many different chemicals. Follow proper
storage regulations.
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3.4.3 A Clean Up of Spillsand L eaks
Use extreme caution when cleaning spills and leaks
throughout the entire digestion procedure. Your facility may
require that only trained individual s wearing appropriate
protective equipment (gloves, goggles, face shields and chemical
resistant clothing) respond to a spill or leak to ensure the
Digesdahl is properly cleaned.

A spill, overflow, or eruption from the Digesdahl apparatus may
leave aresidue on the equipment or other surfaces. Cleaning the
residue must be done cautiously. Do not use alternative cleaning
methods or cleaning agents not authorized or endorsed by Hach
Company; they may damage the equipment.

While cleaning a spill or leak, follow the safety measures below:

1. DO NQOT attempt to clean the apparatusif it is hot; this could
cause the glass to shatter. L et the apparatus cool before
cleaning it.

2. Unplug the Digesdahl before cleaning.

3. Wear gloves and goggles when handling the glassware.
Carefully rinse the glassware several times with water to
decontaminate it.

4. Wipethe exterior surfaces of the Digesdahl apparatus
(heating mantle, electrical controls, etc.) and other laboratory
surfaces several times with a damp or wet cloth or
paper towel.

5. Do not rinse or spray the apparatus directly; this could
damage the equipment.

6. Discard any paper towels or cloths in an appropriate manner;
they may be contaminated from the sample or
chemical residues.
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3.44 Waste Management
Hazardous waste disposal regulations were promulgated in
accordance with the Resource Conservation and Recovery Act
(RCRA) and are given in Title 40 Code of Federal Regulations
(CFR), parts 260 to 280. Waste must be managed and disposed of
in accordance with federal, state and local regulations. Refer to
Section VIII of the Hach Material Safety Data Sheet that come
with reagents for basic disposal information on Hach Products.
The USEPA maintains a hotline number for questions regarding
RCRA. It is 1-800-424-9346.

This manual does not contain all the regulatory requirements.
Additional state and local laws may apply to waste that you
generate. It is each generator’s responsibility to know which
regulations apply to them and to adhere to these regulations.
Check with your environmental compliance staff for

specific instructions.

SECTION 3 summarizes basic requirements for safely handling
the chemicals used in the Digesdahl digestion. It isaguide only
and is not comprehensive for all parties. The information is not
intended to provide any express or implied warranties to readers.
Thisinformation is not intended to form any type of obligation
upon Hach Company or its agents.

For further information, please contact the Hach Environmental
Safety and Health Department at (515) 232-2533.
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Digestion Procedure for AqueousLiquids

=

1. Transfera
premeasured amount of
sample into a 100-mL
Digesdahl digestion
flask; see Sample and
Analysis Volume Tables
for Aqueous Liquids
following each
procedure. The amount
transferred should not
contain more than 0.5 g
of material which is not
water. The maximum
volume for water
samplesis40mL. In
samples with more than
1% solids present, use
the formula bel ow:

Water Sample Volume
=40 + % solids

Note: Use only Hach
Digesdahl flasks.
Volumetric flasks with
concave bottoms should
not be used.

Note: If solids are 10% of
total volume of sample,
the maximum volume of
liquid sample would be

4 mL.

Note: If liquid is too
viscous to measure,
preweigh the sample into
the digestion flask.

=

2. Add 3 mL of
concentrated sulfuric
acid (spec. gravity 1.84)
to the volumetric flask
and two or more silicon
carbide (carborundum)
bailing chips for

liquid samples.

Note: Pretreat boiling
chips by soaking in 1:1
Nitric Acid and rinsing
thoroughly with deionized
water. Treatment is very
important in low-level
work. Hach recommends
using silicon carbide
boiling chips.

3. Turnthetemperature
dial to aheat setting of
440 °C (825 °F). When
the proper temperatureis
reached, turn on the
water to the aspirator
and make sure thereis
suction to the
fractionating column.

Note: Wait for the proper
temperature to be reached
before sample is placed
on the heater.

Note: Always operate the
Digesdahl apparatus with
a safety shield in place or
inside a closed fume
hood. Safety glasses

are mandatory.
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4. Placetheflask
weight followed by the
fractionating column
with funnel on theflask.
Place the flask on the
heater and heat until the
sulfuric acid boils
(refluxing sulfuric acid
will be visible).

Note: White acid vapors
will usually be present but
their presence alone does
not indicate that the
boiling point of sulfuric
acid has been reached.

Note: Aqueous samples
require total evaporation
of water before vapors
are visible.

Note: If sample foams up
into the neck of the flask,
lower temperature to

335 °C (635 °F). Continue
heating at a lower
temperature until all water
is evaporated. Then return
to original digestion
temperature.

Note: If foaming or
bumping is not stopped by
lowering temperature or
volume, then liquid
samples that will not clog
the capillary funnel may
be added to the flask via
the capillary funnel, 10 mL
at a time. Decrease
amount added if foaming
persists.



Digestion Procedure for Aqueous Liquids, continued

HRS MIN SEC

5. Boil 4 more minutes.
Do not boil the sample
todryness. If sulfuric
acid isnot present in the
flask after the 4 minute
heating, do not proceed
with step 6! Discard
sampleif it evaporatesto
dryness. Start over and
use alarger volume of
aulfuric acid in step 2 of
this procedure. Or choose
asmaller sample amount
for digestion.

6. Donot proceed if
sulfuric acid isnot
vigblein theflask! If
sulfuric acid is present,
add 10 mL of 50%
Hydrogen Peroxideto the
charred sample viathe
funnel on the
fractionating column.

Note: Visually confirm the
presence of sulfuric acid
in the flask before adding
hydrogen peroxide.

Note: If the digest does
not turn colorless, add
5-mL increments of
hydrogen peroxide until
the digest becomes clear
or does not change color.

Note: If sample foams
excessively during
peroxide addition, remove
the Digesdahl digestion
flask and fractionating
column (use finger cots).
Starting with step 1,
repeat the digestion
adding only 2 mL of
hydrogen peroxide. Then
follow with 8 mL of
hydrogen peroxide.

Note: Do not heat
to dryness.

7.  After addition of
hydrogen peroxideis
complete, boil off excess
hydrogen peroxide by
hesting until the acid
dartsto reflux again and
white acid vapors are
visble. Do not heat to
dryness.

Note: If the sample goes
to dryness, turn off the
Digesdahl and air cool to
room temperature. Add
water to flask before
handling. Repeat the
digestion from the
beginning using a new
sample.
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8. Takethehot flask off
the heater and dlow the
flask to cool. Removethe
fractionating column
from the digestion flask.

Note: Use finger cots to
remove the digestion
flask. Place it on a cooling
pad for at least one
minute. Then remove the
column. Do not add water
to the flask until it has
cooled.




Digestion Procedure for Aqueous Liquids, continued

9. Dilutethedigest to
approximately 70 mL
with deionized water.

Note: Add deionized
water slowly at first. Cool
the flask if necessary

for handling.

10. If analyzing for
auminum, nickel or iron,
continueto step 11. If
analyzing for other
substances, diluteto the
100-mL mark with
deionized water; skip step
11 and go to step 12.

11. Turnthetemperature
dial to aheat setting of
204 °C (400 °F). Add

150 mL of watertoa
400-mL beaker. Placethe
beaker on the heater.
Placetheflask inthe
beaker and boil for 15
minutes. Air cool to room
temperature and dilute to
the 100-mL mark with
deionized water. Invert
severd timesto mix.

Note: When using a
Digesdahl Digestion
Apparatus without
temperature control dials,
reset to a lower setting
that gently boils the water.
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12. If thesample has
visible turbidity, filter or
wait until the turbidity
ettles, and the upper
portion of the sample
isclear. Continuewith the
analysisusing the
appropriate procedure.
For pH adjustment seethe
ingtructions following
this step.

Filter asfollows:

a. Place 47-mm glass
filter paper into thefilter
holder with wrinkled
surface upward.

b. Place thefilter holder
assembly in the filtering
flask and wet the filter
with deionized water to
ensure adhesion to

the holder.

¢. While applying a
vacuum to the filtering
flask, transfer the sample
to thefiltering apparatus.

d. Slowly release the
vacuum from the
filtering flask and
transfer the solution to
another container.



Digestion Procedure for Aqueous Liquids, continued

pH Adjustment

Metals M ethod

Note: If analyzing aliquots smaller than 2% of final volume, pH

adjustment is not necessary.

Pipet the appropriate analysis volume into the appropriate
mixing graduate cylinder. See Sample and Analysis Volume
Tablesfor Aqueous Liquidsin the procedure to determine the
analysis volume.

Note: Some methods require pipetting into a volumetric flask or a regular

graduated cylinder.

. Diluteto dlightly less than the final dilution volume with

deionized water.

. Add onedrop of 2,4 Dinitrophenol Indicator Solution.

. Add one drop of 8 N Potassium Hydroxide (KOH) Standard

Solution at atime, swirling between each addition, until the
first flash of yellow appears (pH 3). If analyzing for
potassium, use 5 N sodium hydroxide instead. Do not use a
pH meter if analyzing for potassium or silver.

Note: Use pH paper to insure the pH is 3. If it is higher than 4, do not

readjust with acid; start over with a fresh aliquot.

. Add onedrop of 1 N KOH. Stopper the cylinder and invert

several timesto mix. If analyzing for potassium, use 1 N
sodium hydroxide instead.

. Continueto add 1 N KOH in this manner until the first

permanent yellow color appears (pH 3.5-4.0).

Note: High iron content will cause precipitation (brown cloud) which will

co-precipitate other metals. Repeat this procedure with a smaller
aliquot volume.

7. Add deionized water to the volume indicated in the

colorimetric procedure for the analyte.

8. Continue with the colorimetric procedure for the analyte.
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Digestion Procedure for Aqueous Liquids, continued

pH Adjustment for TKN

Consult the spectrophotometer or colorimeter procedure to
complete the TKN analysis. The following is only a guide to use
if aprocedureis not available.

1. Pipet an appropriate analysis volumeinto a graduated mixing
cylinder.

2. Add onedrop of TKN Indicator.

3. Add 8 N KOH Standard Solution, one drop at atime, swirling
between each addition, until thefirst flash of pale blue appears

(pH 3).

4. Addonedrop of 1 N KOH. Stopper the cylinder and invert
several times to mix.

Note: View the cylinder from the top against a white background.
Compare the cylinder against a second cylinder filled to the same
volume with deionized water.

5. Continueto add 1 N KOH in this manner until the first
permanent blue color appears.

6. Add deionized water to the volume indicated in the
colorimetric procedure.

7. Continue with the colorimetric procedure.
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Digestion Procedure for Aqueous Liquids, continued

REQUIRED REAGENTS

Quantity Required
Description Per Digestion Unit Cat. No.
Hydrogen Peroxide, 50%.........cccccvevvieieenieeeseesese e 10mL....490 mL ............. 21196-49
Potassium Hydroxide Standard Solution, 1N ................... varies...50 mL SCDB* ....23144-26
Potassium Hydroxide Standard Solution, 8 N .................... varies....500mL ................. 282-49
Sulfuric Acid, ACS (conc., specific gravity 1.84) .............. >3mL..25liters................. 979-09
Water, dEIONIZE.........ooceeeee e Varies...... AErS. i, 272-56
REQUIRED APPARATUS
Boiling Chips, silicon carbide.........cccccooveeiirieeieiree varies........ 500 Q..cccennnne 20557-34
Dispenser, pour-out, 10 ML .......cccoeeviirieee e Lo, each........... 22200-38
Flask, flat-bottom, volumetric, w stopper, 100 mL ................ (T each............. 23125-42
Pipet, serological, 10 ML .......cccovvevieeiee e i each....ccccveeeee. 532-38
Pipet Filler, safety bulb.........cooviviececee e, Lo each............. 14651-00
SafEtY GIASSES. ... ciiireeeieiesie e 1o, each............. 18421-00
Safety Shield, for Digesdahl®...........ccoocevveeeveeeeeeeeeeeeae. Lo each............. 50040-00
Select one based on available voltage:
Digesdahl® Apparatus, 115V .......cccoccevereeerreereerseernessenenens Lo, each............ 23130-20
Digesdahl® Apparatus, 230 V .......c.ccccvvereeerreeeseerseessessesennns Lo, each............ 23130-21
OPTIONAL REAGENTS
Hydrogen Peroxide, 30%, ACS........ccccevieeeeere et 001 11| I 144-45
Kjeldahl Reduction Reagent (for fluid fertilizers).......ccovevvvvieiveceennnn, 40g..c.... 23653-04
2,4-Dinitrophenol Indicator Solution............cccccoveveeivieneenee. 100 mL MDB................ 1348-32
Nitric ACId SOIULION, Lil.....cceeiiieiiiie et 500mL ..oueeeeee. 2540-49
Sodium Hydroxide, 5 N ... sseseseennens 50 mL SCDB~* ............... 2450-26
Sodium HydroXide, L N .....ccecveeieeseeeee e 900 ML ... 1045-53
TKN INdicator SOIULION .......coveiviieieiniisie e 50 mL SCDB.............. 22519-26

* Contact Hach for larger sizes.
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Digestion Procedure for Aqueous Liquids, continued

OPTIONAL APPARATUS

Description Unit
Balance, Precision, 115V ...t each
Balance, Precision, 220 V .......coeoceciiieeese st each
BEAKET, 400 ML ..eeieiiee ettt ettt e e e e e e e e e e e e s rerare e e e e e e e e anneees each
Beaker, BErzelius, 200 ML .......vveivieeiie e 12/pkg
BOE, WASN, L L oottt ettt e et e e e e eeer e e e e e e e anees each
Bulb, dropper, 2 ML .......ooeeeeeece e 12/pkg
Cylinder, graduated, 50 ML .......ccccciiiieieiisieeee e each
Dispenser, Digital, 1.0-5.0 mL (for sulfuric acid..........cccccevvevevereennne each
Dispenser, Digital, 5-59 mL (for sulfuric acid).......c.coecevrreeieinieene each
Filter DisCs, glass, 47TMM ......c.cccieieeieesiee e cee e see e sre s e e see e 100/pkg
Filter Holder, glass, 47 MM ........oooiiieee e each
Flask, filter, 500 ML ....c.eociiiceee e s each
Oven, 1aboratory, 120V ......ceceeiiieceese e ene each
Paper, weighing, 76 X 76 MM ..........cceoiiieiierese e 500/pkg
PH Paper, PH 1-11.....ccoeiiiieeeeeeee e 5rolls/pkg
pH Meter, SensiON™ 1, POrtable..........cccvvervvreeeeeireeeeessees e each
Pipet, Pasteur, disposable, 229 MM ...........ccooierernieneeere e 200/pkg
S 1= Y 0 e o | =S RSSO each
Spatula, StaiNlesS, 10 CM ..o each
Spoon, MEasuring, 0.05 ...cccvceeiiiieieiese e ere each
Stir Bar, Teflon-coated, 25.4 X 7.9 MM ....eeviiiieeeiie e each
Stir Plate, magnetic, Thermolyne, 120V, 50/60 Hz........c.cccccccvvevveevieennen. each
Stir Plate, magnetic, Thermolyne, 240V, 50/60 Hz........c.cccccvveceevieennen. each
Stopper, holHOW, SIZEH5.......cceciceeec e 6/pkg
SYrNGE, 5 CC, PIASHIC ...cueevveeieeeesece e 100/pkg
WatCh GIass, 65 MM......cccooiiiiiiiiiiece e 12/pkg
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Digestion Procedure for Solids

1. Transfer 0.50 g or
less of sampleinto a
100-mL Digesdahl
digestion flask; see
Sampleand Analysis
Volume Table for Solids
following

each procedure.

Note: Be sure you have a
homogenous sample.
Solid samples should be
finely ground or chopped
and mixed well.

2. Add4mL
concentrated sulfuric
acid (spec. gravity 1.84)
to the digestion flask.

Note: Use only Hach
Digesdahl digestion
flasks. Volumetric flasks
with concave bottoms
should not be used.

Note: Add at least 4 mL of
acid to solid samples. See
Table 3 on page 24 for
recommendations.

Note: Safety glasses and
a safety shield placed
between the operator and
the Digesdahl

are required.

3. Turnthetemperature
dial to aheat setting of
440 °C (825 °F). When
the proper temperatureis
reached, turn on the
water to the aspirator
and make surethereis
suction to the
fractionating column.

Note: Wait for the proper
temperature to be reached
before sample is placed
on the heater.

(IO

==

4. Placetheflask
weight followed by the
fractionating column
with funnel on the flask.
Place the flask on the
heater and boil 4
minutes. Do not boil to

dryness! If sulfuricacid is
not present in the flask
after the boiling period,
do not proceed to step 5!
Discard the sample and
use more sulfuric acid
for the digestion
procedure in step 2. Or
choose asmaller amount
from the Sample and
Analysis Volume Tables
for Solids.

Note: If sample foams up
into the neck of the flask,
lower temperature to

335 °C (635 °F). Continue
heating at lower
temperature until all water
is evaporated. Then return
to original digestion
temperature.

Note: White acid vapors
accompanied with a reflux
line indicate that the
sulfuric acid is boiling.

Note: Some organic
samples may need more
than 4 minutes for
complete digestion.



Digestion Procedure for Solids, continued

5. Do not proceed if
sulfuric acid isnot
visiblein theflask. Add
10 mL of 50% hydrogen
peroxide to the charred
sample viathe funnel on
the fractionating
column.

Note: Do not heat
to dryness.

Note: Visually confirm the
presence of sulfuric acid
in the flask before adding
hydrogen peroxide.

Note: If the digest does
not turn colorless, add 5
mL increments of peroxide
until the digest becomes
clear or does not

change color.

Note: If sample foams
excessively during
hydrogen peroxide
addition, stop the peroxide
flow and remove the
digestion flask and
fractionating column

(use finger cots). Cool for
30 seconds and return
apparatus to the heating
block. Start peroxide
addition with 2 mL,

then follow with the
remaining peroxide.

U
i
A
®
@
'@

[E=

6. After addition of
hydrogen peroxideis
complete, boil off excess
hydrogen peroxide by
heating until the acid
startsto reflux again and
white acid vaporsare
visble. Do not heat to
dryness.

Note: If the sample goes
to dryness, turn off the
Digesdahl and air cool to
room temperature. Add
water to flask before
handling. Repeat the
digestion from the
beginning using a

new sample.

7. Takethehot flask off
the heater and allow the
flask to air cool.
Remove the
fractionating column
from the digestion flask.

Note: Use finger cots to
remove the digestion
flask. Place it on a cooling
pad for at least one
minute. Then remove the
column. Do not add water
to the flask until it

has cooled.

8. Dilutethe digest to
approximately 70 mL
with deionized water.

Note: Add deionized
water slowly at first. Cool
the flask if necessary

for handling.



Digestion Procedure for Solids, continued

9. If analyzing for
aluminum, nickel or
iron, continue to step 10.
If analyzing for other
substances, dilute to the
100-mL mark with
deionized water; skip
step 10 and go to

step 11.

10. Turnthe
temperature dial to a
heat setting of 204 °C
(400 °F). Add 150 mL of
water to a400-mL
beaker. Place the beaker
on the heater. Place the
flask in the beaker and
boil for 15 minutes. Air
cool to room
temperature and diluteto
the mark with deionized
water. Invert several
times to mix.

Note: When using a
Digesdahl Digestion
Apparatus system without
temperature control dials,
reset to a lower setting
that gently boils the water.

11. If the sample has
visible turbidity, filter or
wait until the turbidity
settles, and the upper
portion of the sample
isclear.

Filter asfollows:

Place 47-mm glass filter
paper into the filter
holder with wrinkled
surface upward.

Place the filter holder
assembly in the filtering
flask and wet the filter
with deionized water to
ensure adhesion to

the holder.

While applying a
vacuum to the filtering
flask, transfer the sample
to thefiltering apparatus.

Slowly release the
vacuum from the
filtering flask and
transfer to another
container.

Note: If small aliquots
(<1.0 mL) are analyzed,
filtration is not needed.
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12. Continue with the
analysis using the
appropriate procedure.
For pH adjustment seethe
ingtructions following

his step.



Digestion Procedure for Solids, continued

pH Adjustment

Metals M ethod

Note: If analyzing aliquots smaller than 2% of the final diluted volume,
pH adjustment is not necessary.

1. Pipet the appropriate analysis volume into the appropriate
mixing graduate cylinder. See Sample and Analysis Volume
Tables for Solids following the specific digestion to
determine the analysis volume.

Note: Some methods require pipetting into a volumetric flask or a regular
graduated cylinder.

2. Diluteto dightly less than the final dilution volume with
deionized water.

3. Add onedrop of 2,4 Dinitrophenol Indicator Solution.

4. Add one drop of 8 N Potassium Hydroxide (KOH) Standard

Solution at atime, swirling between each addition, until the
first flash of yellow appears (pH 3). If analyzing for
potassium, use 5 N sodium hydroxide instead. Do not use a
pH meter if analyzing for potassium or silver.

Note: Use pH paper to insure the pH is 3. If it is higher than 4, do not
readjust with acid; start over with a fresh aliquot.

5. Addonedrop of 1 N KOH. Stopper the cylinder and invert
several timesto mix. If analyzing for potassium, use 1 N
sodium hydroxide instead.

6. Continue adding 1 N KOH in this manner until the first
permanent yellow color appears (pH 3.5-4.0).

Note: High iron content will cause precipitation (brown cloud) which will
co-precipitate other metals. Repeat this procedure with a smaller
aliquot volume.

7. Add deionized water to the volume indicated in the
colorimetric procedure for the analyte.

8. Continue with the colorimetric procedure for the analyte.
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Digestion Procedure for Solids, continued

pH Adjustment For TKN

Consult the spectrophotometer or colorimeter procedure to
complete the TKN analysis. The following is only a guide to use
if aprocedureis not available.

1.

Pipet an appropriate analysis volume into a graduated mixing
cylinder.

Add one drop of TKN Indicator.

Add 8 N KOH Standard Solution, onedrop at atime, swirling
between each addition, until the first flash of pale blue

appears (pH 3).

Add one drop of 1 N KOH. Stopper the cylinder and invert
several times to mix.

View the cylinder from the top against a white background.
Compare the cylinder against a second cylinder filled to the
same volume with deionized water.

Continue to add 1 N KOH in this manner until the first
permanent blue color appears.

Add deionized water to the volume indicated in the
colorimetric procedure.

Continue with the colorimetric procedure.
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Digestion Procedure for Solids, continued

REQUIRED REAGENTS

Quantity Required
Description Per Digestion Unit Cat. No.
Hydrogen Peroxide, 50%........cccccvrieiieneeeeieese e, 10mL............. 490 mL....... 21196-49
Potassium Hydroxide Standard Solution, 1N ................ varies ...50 mL SCDB*....... 23144-26
Potassium Hydroxide Standard Solution, 8 N ................. Varies.............. 500mL ........... 282-49
Sulfuric Acid, ACS (conc., specific gravity 1.84) .......... >3mL............ 25 liters........... 979-09
Water, dEIONIZE........cooceeeeieeeee e Varies......ccoouee.. 4 liters........... 272-56
REQUIRED APPARATUS
Boiling Chips, silicon carbide..........ccccooeviiriieniieee Varies.....ccoeeeunen. 500g....... 20557-34
Dispenser, pour-out, 10 ML .......ccoviviieerreeeeese e T each....... 22200-38
Flask, flat-bottom, volumetric, w/ stopper, 100 mL ............ i each....... 23125-42
Pipet, serological, 10 ML ......ccccoovvevvieiiere e 1o, each........... 532-38
Pipet Filler, safety bulb ..., Lo, each....... 14651-00
SafEty GIaSSES......eiiiieieeererieee e 1o each....... 18421-00
Safety Shield, for Digesdahl®............cccooeveeeveicvceciceee i each....... 50040-00
Select one based on available voltage:
Digesdahl® Apparatus, 115 VaC ..........cccevvveeeveereeeeeereeenennnn, 1o, each....... 23130-20
Digesdahl® Apparatus, 230 VAC ..........cccevvveveveerereeeereeenennn, 1o, each....... 23130-21
OPTIONAL REAGENTS
Hydrogen Peroxide, 30%, ACS........ccccevieeeeere et 001 11| I 144-45
Kjeldahl Reduction Reagent (for fluid fertilizers).......ccovevvvvieiveceennnn, 40g..c.... 23653-04
2,4-Dinitrophenol Indicator Solution............cccccoveveeivieneenee. 100 mL MDB................ 1348-32
Nitric ACId SOIULION, Lil.....cceeiiieiiiie et 500mL ..oueeeeee. 2540-49
Sodium Hydroxide, 5 N ... sseseseennens 50 mL SCDB~* ............... 2450-26
Sodium HydroXide, L N .....ccecveeieeseeeee e 900 ML ... 1045-53
TKN INdicator SOIULION .......coveiviieieiniisie e 50 mL SCDB.............. 22519-26

* Contact Hach for larger sizes.
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Digestion Procedure for Solids, continued

OPTIONAL APPARATUS

Description Unit Cat. No.
Balance, Precision, 115V ...t each.............. 26104-00
Balance, Precision, 220 V .......coeoceciiieeese st each.............. 26104-02
BEAKET, 400 ML ..eeieiiee ettt ettt e e e e e e e e e e e e s rerare e e e e e e e e anneees €aCh.....oveeveieinns 500-48
Beaker, BErzelius, 200 ML .......vveivieeiie e 12/pkg.....c........ 22761-75
BOE, WASN, L L oottt ettt e et e e e e eeer e e e e e e e anees each...occeeiiin, 620-16
Bulb, dropper, 2 ML .......ooeeeeeece e 12/pkg.............. 21189-00
Cylinder, graduated, 50 ML .......ccccciiiieieiisieeee e each.......ccoueee. 508-41
Dispenser, Digital, 0.5-5.9 mL (for sulfuric acid, meat) ............ccceenenee. each............. 25631-37
Dispenser, Digital, 5-59 mL (for sulfuric acid, meat) .........ccocceeeevrenenne. each.............. 25631-41
Filter DisCs, glass, 47TMM ......c.cccieieeieesiee e cee e see e sre s e e see e 100/pKg...cceeeennen 2530-00
Filter Holder, glass, 47 MM ........oooiiieee e each......coceeenne 2340-00
Flask, filter, 500 ML ......cooiiiiirineee e eaCh......cccveeenene 546-49
Oven, 1aboratory, 120V ......ceceeiiieceese e ene each.............. 14289-00
Paper, weighing, 76 X 76 MM ..........cceoiiieiierese e 500/pKg.....ccvennene 14738-00
PH Paper, PH 1-11.....coiieeeeeeeee e 5rolls/pkg......ccccevenee 391-33
pH Meter, sSenslON™1, pOrtable...........cc.eveeeveeeeceeereeeeseeeeeeeneeesiensenne. each.............. 51700-10
Pipet, Pasteur, disposable, 229 MM ...........ccooieeeeneneeeresee e 200/pKg....ceeenene 21234-01
S (= Y 0 o o | =S SRS RSR each.............. 18421-00
Spatula, StaiNless, 10 CM ....oveecce e each.....ccccoeeuenee. 561-64
Spoon, MEasuring, 0.05 ...ccovceeiiieeeeresi et ere s €aCh.....ccccveenne. 492-00
Stir Bar, Teflon-coated, 25.4 X 7.9 MM ...eeviiiiiieiie e each.............. 20953-51
Stir Plate, magnetic, Thermolyne, 120V, 50/60 Hz........c.ccccccvvecveevieennen. each.............. 23444-00
Stir Plate, magnetic, Thermolyne, 240V, 50/60 Hz........c.cccccccvveveevinennen. each.............. 23444-02
Stopper, hollOW, SIZEH5.......cceiiceeece e e, 6/pKg......cu.... 14480-05
SYrNGE, 5 CC, PIASLIC ...c.ueevveeie e 100/pkg.............. 23433-33
WatCh GIass, 65 MM......cccociiiiiiiiiiee e 12/pKg..ccevceeeiennns 578-97
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SECTION 4 ANALYSISMETHODS
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Method 8203

ALKALINITY, TOTAL & PHENOLPHTHALEIN

Using Sulfuric Acid and the Digital Titrator Range: 10-4000 mg/L as CaCOg3

@

1. Select the sample
volume and Sulfuric

Acid (H,SO,) Titration
Cartridge corresponding  Attach the cartridge to
the titrator body.

to the expected

2. Insert aclean
delivery tubeinto the
titration cartridge.

alkalinity concentration

asmg/L calcium

carbonate (CaCOs) from

Table 1.

Note: See Sampling and

Storage following
these steps.

3. Turnthe delivery

of titrant. Reset the

counter to zero and wipe
the tip.

Note: For added
convenience use the

TitraStir stirring apparatus.

[

4. Useagraduated

knobto gject afew drops cylinder or pipet to

measure the sample
volume from Table 1.
Transfer the sample into
aclean 250-mL
Erlenmeyer flask. Dilute
to about the 100-mL
mark with deionized
water, if necessary.

Table 1
Range (mg/L) Samp(l;\ng)lume C':I';trrtert:;ogne Catalog Number Digit Multiplier

10-40 100 0.1600 14388-01 0.1
40-160 25 0.1600 14388-01 0.4
100-400 100 1.600 14389-01 1.0
200-800 50 1.600 14389-01 2.0
500-2000 20 1.600 14389-01 5.0
1000-4000 10 1.600 14389-01 10.0
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ALKALINITY, TOTAL & PHENOLPHTHALEIN, continued

I

5. Add the contents of
one Phenolphthalein
Indicator Powder Pillow
and swirl to mix.

Note: A solution of one pH
8.3 Buffer Powder Pillow
and one Phenolphthalein
Powder Pillow in 50 mL of
deionized water is
recommended as a
comparison for
determining the proper
end-point color.

Note: Four drops of
Phenolphthalein Indicator
Solution may be
substituted for the
Phenolphthalein Indicator
Powder Pillow.

7. Cdculate

6. If the solution turns
pink, titrateto a
colorless end point.
Place the delivery tube
tip into the solution and
swirl the flask while
titrating with sulfuric
acid. Record the number
of digitsrequired.

Digits Required x
Digit Multiplier =
mg/L CaCO3 P Alkalinity

Note: If the solution is
colorless before titrating
with Sulfuric acid, the
Phenolphthalein (P)
alkalinity is zero; proceed
with step 8.

54

v

8. Add the contents of
one Bromcresol Green-
Methyl Red Indicator
Powder Pillow to the
flask and swirl to mix.

Note: Four drops of
Methyl Purple Indicator
Solution may be
substituted for the
Bromcresol Green-Methyl
Red Indicator Powder
Pillow. Titrate from green
to a gray end point

(pH 5.1).

Note: Four drops

of Bromcresol
Green-Methyl Red
Indicator Solution may
be substituted for the
Bromcresol
Green-Methyl Red
Indicator Powder Pillow.



ALKALINITY, TOTAL & PHENOLPHTHALEIN, continued

9. Continuethe 10. Caculate:

titration with sulfuric

acid to alight greenish Total Digits Required x
Digit Multiplier =

blue-gr H5.1),

a Iigh% \%I(gt-gray) mg/L as CaCO3 Total

(pH 4.8), or alight pink (T or M) Alkalinity

(pH 4.5) color, Note: Carbonate,
asrequired by the bicarbonate and hydroxide
sample composition; see concentrations may be
Table 3. Record the expressed individually

using the relationships
shown in Table 3 on
page 54.

number of digits
required.
Note: A solution of one Note: meg/L Alkalinity =

Bromcresol mgl/L as CaCOj + 50.
Green-Methyl Red

Powder Pillow and one
pillow of the appropriate
pH buffer in 50 mL of
deionized water is
recommended as a
comparison for judging the
proper end-point color.

If the pH 3.7 end point

is used, use a
Bromphenol Blue Powder
Pillow instead of a
Bromcresol Green-Methyl
Red and titrate to a green
end point.
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Table 2
Sample Composition PEor;gt
Alkalinity about 30 mg/L pH 5.1
Alkalinity about 150 mg/L pH 4.8
Alkalinity about 300 mg/L pH 4.5
Silicates or Phosphonates present pH 4.5
Industrial waste or complex system pH 3.7




ALKALINITY, TOTAL & PHENOLPHTHALEIN, continued

Sampling and Storage
Collect sasmplesin clean plastic or glass bottles. Fill completely
and cap tightly. Avoid excessive agitation or prolonged exposure
to air. Samples should be analyzed as soon as possible after
collection but can be stored at least 24 hours by cooling to 4 °C
(39 °F) or below. Warm to room temperature before analyzing.

Alkalinity Relationship Table
Total akalinity primarily includes hydroxide, carbonate and
bicarbonate alkalinities. The concentration of these alkalinitiesin
asample may be determined when the phenolphthalein and total
alkdinities are known (see Table 3).

Table 3 Alkalinity Relationship

Hydroxide Alkalinity

Carbonate Alkalinity

Bicarbonate

Row | Result of Titration . . . . Alkalinity
is equal to: is equal to: is equal to:
Phenolphthalein -
1 Alkalinity = 0 0 0 Total Alkalinity
Phenolphthalein
2 | Alkalinity equal to Total Alkalinity 0 0
Total Alkalinity
Phenolphthalein 21 h Total Alkalinity minus
Alkalinity less than times the two times
3 | one half of Total 0 Phenolphthalein Phenolphthalein
Alkalinity Alkalinity Alkalinity
Phenolphthalein
4 | Alkalinity equal to one 0 Total Alkalinity 0
half of Total Alkalinity
Phenolphthalein 2 times the 2 times the difference
5 Alkalinity greater than | Phenolphthalein between Total and 0

one half of Total
Alkalinity

minus Total Alkalinity

Phenolphthalein
Alkalinity
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ALKALINITY, TOTAL & PHENOLPHTHALEIN, continued

To usethetable follow these steps:

a. Doesthe phenolphthalein alkalinity equal zero?
If yes, use Row 1.

b. Doesthe phenolphthaein akalinity equal total
alkdinity? If yes, use Row 2.

c. Multiply the phenolphthalein alkalinity by 2.

d. Select Row 3, 4, or 5 based on comparing the result of
step ¢ with the total alkalinity.

e. Perform the required calculations in the appropriate row,
if any.

f.  Check your results. The sum of the three alkalinity types
will equal thetotd akalinity.

For example:

A sample has 170 mg/L as CaCOs phenol phthalein alkalinity and
250 mg/L as CaCOxs total alkalinity. What is the concentration of
hydroxide, carbonate and bicarbonate alkalinities?

The phenolphthalein alkalinity does not equal 0 (itis 170 mg/L),
seestep a.

The phenolphthalein alkalinity does not equal total alkalinity
(170 mg/L vs. 250 mg/L), see step b.

The phenolphthalein alkalinity multiplied by 2 = 340 mg/L,
seestep C.

Because 340 mg/L is greater than 250 mg/L, select Row 5,
seestep d.

The hydroxide alkalinity is equal to: (See step €)

340 —250 = 90 mg/L hydroxide alkalinity
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ALKALINITY, TOTAL & PHENOLPHTHALEIN, continued

The carbonate akalinity is equd to:

250 -170 = 80

80 x 2 = 160 mg/L carbonate alkalinity

The bicarbonate alkalinity equals 0 mg/L.
Check: (See step f)

90 mg/L hydroxide alkalinity + 160 mg/L carbonate alkalinity
+ 0 mg/L bicarbonate alkalinity = 250 mg/L

The above answer is correct; the sum of each type equals the
total alkalinity.

Accuracy Check

Standard Additions Method
This accuracy check should be performed when interferences are
suspected or to verify analytical technique.

a. Snap the neck off an Alkalinity Voluette Ampule
Standard, 0.500 N.

b. UseaTenSette Pipet to add 0.1 mL of standard to the
sampletitrated in steps 6 or 9. Resume titration back to
the same end point. Record the number of digits needed.

C. Repeat, using two more additions of 0.1 mL. Titrate to
the end point after each addition.

d. Each 0.1 mL addition of standard should require 25
additional digits of 1.600 N titrant or 250 digits of
0.1600 N titrant. If these uniform increases do not occur,
an interferenceislikely.
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ALKALINITY, TOTAL & PHENOLPHTHALEIN, continued

Interferences

* Highly colored or turbid samples may mask the color change
at the end point. Use a pH meter for these samples.

¢ Chlorine may interfere with the indicators. Add one drop of
0.1 N Sodium Thiosulfate to eliminate this interference.

Summary of Method
The sampleistitrated with sulfuric acid to a colorimetric end
point corresponding to a specific pH. Phenolphthalein alkalinity
is determined by titration to apH of 8.3, as evidenced by the
color change of phenolphthalein indicator, and indicates the
total hydroxide and one half the carbonate present. M (methyl
orange) or T (total) alkalinity is determined by titration to a
pH between 3.7 and 5.1, and includes all carbonate, bicarbonate
and hydroxide.

REQUIRED REAGENTS (varieswith sample char acteristics)

Description Cat. No
Alkalinity Reagent Set (about 100 tESES) ...c.vevveiveeieie et ree e 22719-00
Includes: (1) 943-99, (1) 942-99, (1) 14389-01, (1) 14388-01

Quantity Required
Description Per Test Unit Cat. No
Bromcresol Green-Methyl Red Powder Pillows.................... 1. 100/pKg.....ccevvennnne. 943-99
Phenolphthalein Powder PIllOWS...........cccoooeiiiniiiicce 1. 100/pKg...ccvevereenen 942-99
Sulfuric Acid Titration Cartridge, 1.600 N ..........cccceeveenene varies.......... each.............. 14389-01
Sulfuric Acid Titration Cartridge, 0.1600 N ..........ccccceeueeene Varies.......... each.............. 14388-01
Water, deioNiZEd ...........ccoovririrenerse e varies............ AL e, 272-56
REQUIRED APPARATUS
Digital TItrator.....ccceiieie e Lo, each.............. 16900-01
Flask, Erlenmeyer, 250 ML ......cccovevieeieiese e Lo, €aCh.....ccccveenne. 505-46
Select one or more based on sample concentration:
Cylinder, graduated, 10 ML ........ccccoevervienner e, Lo, each......coceeenen. 508-38
Cylinder, graduated, 25 ML ........ccccceveriensirciee e Lo eaCh.....coceeeuen. 508-40
Cylinder, graduated, 50 ML ........ccccceevvieneesececeesece e Lo, each.....ccccoeuenee. 508-41
Cylinder, graduated, 100 ML .........cccoeeeeeecevieeece e Lo, each.....cccceeeenee. 508-42



ALKALINITY, TOTAL & PHENOLPHTHALEIN, continued

OPTIONAL REAGENTS

Description Unit Cat. No
Alkalinity Standard Solution, Voluette™ Ampule,

0.500 N NayCOg3, 10 ML ....oviiiirerreieireree e 16/pKg..ceeneenee. 14278-10
Bromcresol Green-Methyl Red Indicator Solution.................. 100mL MDB.............. 23292-32
Bromphenol Blue Indicator Solution...........cccccevveieieceieennnn, 100 mL MDB.............. 14552-32
Bromphenol Blue Powder PIHHOWS...........cccoveviiieiece e 100/pkg............. 14550-99
Buffer Powder PIllOwS, PH 3.7 .....oooiiieeeeeee e 25/pKg .. 14551-68
Buffer Powder PIllows, pH 4.5........oooiiiiiiceceeeee e 25/pKg v 895-68
Buffer Powder Pillows, pH 4.8 ... 25/pKg v 896-68
Buffer Powder PIHHOWS, PH 5.1 ......ccooiiiee et 25/pKg..eecieines 897-68
Buffer Powder PIHIOWS, pH 8.3 .......ccov it 25/pKg..eecieiaes 898-68
Methyl Purple Indicator SOlUtion ..........ccceeveveieeieiecieenen 100mL MDB.............. 21934-32
Phenolphthalein Indicator Solution, 5 g/L ......ccccveveierennnne 100 mL MDB* ................. 162-32
Sodium Thiosulfate Standard Solution, 0.1 N ......cccceeevceeeennes 100 mL MDB.................. 323-32

OPTIONAL APPARATUS

Bottle, wash, poly, 500 ML ......ccoiiiieee e eCh..ccccvevinn. 620-11
Clamp, 2-prong extension, 38 MM..........ccccceveereieneesese e each............ 21145-00
ClampP HOIAEN .......oceeee e e (27 I 326-00
Demineralizer Assembly, 473 ML ....cocovviieieeeceeee e each............. 21846-00
Delivery Tubes, with 180° hOOK .........ccceriioiiieiireee e 5/pkg..ccceeee. 17205-00
Delivery Tubes, 90° with hook for TitraStir®............ccccceeeeerevcrcncnnnas 5/pKg ... 41578-00
pH Meter, senslON™1, portable (With Probe) ..........cc.coceeeeveeeveereererneenns each............. 51700-10
Pipet, TenSette®, 0.1t0 1.0 ML ..cvcvevvceciereieieeeeeee e each........... 19700-01
Pipet tips for 19700-01 TENSELE® PIPEL......cccvevevevererererererereerererenenas 50/pkg.....c.c..... 21856-96
Pipet, volumetric, Class A, 10 ML ....cccociiievececeeeese e e each............. 14515-38
Pipet, volumetric, Class A, 20 ML .....c.ooiiieieeeeeese e ech........... 14515-20
Pipet, volumetric, Class A, 25 ML ...cocoiiiiereeceee e each.......... 14515-40
Pipet, volumetric, Class A, 50 ML .......ccoiiiiieriiieee e each........... 14515-41
Pipet, volumetric, Class A, 100 ML .....cccocveieevieiieeiese e each............ 14515-42
Pipet Filler, safety BUID .......ccoooiiieee e, each............. 14651-00
SUPPOIt FING SLANG........cceeiieiiecie et (72 o I 563-00
TitraStir® Mixer/Stand Assembly, 115 VaC........ccccveveeeeeeeeeeeeeeee e, each............. 19400-00
TitraStir® Mixer/Stand, Assembly, 230 VAC.......ccccvevveveeeeeeeereeseerevennn. each............. 19400-10

* Contact Hach for larger sizes.
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Method 8012

Aluminon Method

Range: Liquids- 0.1- 8000 mg/L ; Solids- 1080000 mg/kg

=
Digest
Sample

1. Select sample
amount from tables
following these steps.
Digest the sample
according to the
procedurein
SECTION 3.

Note: For best results,
analyze a reagent blank
for each lot of reagents.
Subtract the blank value
from the displayed sample
value.

2. Usetheanalysis
volume in the same
table. Pipet the sample
analysisvolumeinto a
50-mL mixing cylinder.
If the aliquot is more
than 0.5 mL, adjust the
pH according to the
instructions following
the digestion method.

Note: Sample
temperature must be
20-25 °C (68-77 °F) for
accurate results.

3. Diluteto the 50-mL
mark with deionized
water.

Note: Presoak all
glassware with warm 1:1
hydrochloric acid. Rinse
well with deionized water.
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4. Add the contents of
one Ascorbic Acid
Powder Pillow. Stopper.
Invert several timesto
dissolve powder.
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-

5. Add the contents of
one AluVer 3 Aluminum
Reagent Powder Pillow.
Stopper. Invert
repeatedly for one
minute to dissolve.

Note: A red-orange color
develops if aluminum
is present.

Note: Inconsistent results
will be obtained if any
powder is undissolved.

HRS MIN SEC

9. Wait 15 minutes for
the color to develop
before compl eting

step 10.

6. Pour 25 mL of
mixture into a 25-mL
sample cell (the
prepared sample).

10. Zerotheinstrument
with the blank, using the
settings bel ow.

DR/800s
Program No. 1

DR/2010
Program No. 10
522 nm

DR/4000
Program N0.1000
522 nm

I
i

7. Add contentsof one 8. Pour the remaining

Bleaching 3 Reagent
Powder Pillow to the
remaining 25 mL in the
mixing cylinder.
Stopper. Vigorously
shake for 30 seconds.

Note: This solution should

turn a light to medium

orange upon bleaching. It
will not become colorless.

11. Placethesamplein
the cell holder. Read the

mg/L auminum.

Note: For solid samples,
express results as mg/kg,
not mg/L.
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25 mL of mixture in the
cylinder into a second
25-mL sample cell

(the blank).

Note: The Flow-Thru cell
cannot be used.

12. Usetheequation
below the aluminum
Sample and Analysis
Volume Tables to
calculate the true
aluminum concentration.

Note: Clean the
glassware with soap and a
brush immediately
following the test. If using
the same glassware for
this test, rinse with HCI
and deionized water to
remove traces of
bleaching reagent.
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Sample and Analysis Volume Tables
Choose sample and analysis volumes based on expected
concentration in the sample. The values in these tables reflect the
narrowest concentration range for the DR/4000, DR/2010 and
DR/800s. Differences between these tables and those in the
Digesdahl Manual are dueto calculations based on a different set
of instruments.

Liquids
Expected Al Sample Analysis Dilute to
Conc. (mg/L) Amount (mL) | Volume (mL)
0.1-5 40.0 20.0 50.0 mL
0.5-20 20.0 10.0 50.0 mL
2.0-80 10.0 5.00 50.0 mL
20-800 5.00 1.00 50.0 mL
200-8000 1.00 0.50 50.0 mL
Solids
Sreaiy | amtsy | o | oo
10-400 0.500 20.0 50 mL
25-1000 0.400 10.0 50 mL
70-2600 0.300 5.00 50 mL
500-20000 0.200 1.00 50 mL
2000-80000 0.100 0.50 50 mL

Calculation For Final Concentration:

Ax5000 _ mg/L or mg/kg Total aluminum
BxC

A = mg/L reading from instrument

B = mL or g sample amount from table

C = mL analysis volume from table
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Sampling and Storage
Collect samplesin aclean glass or plastic container. Preserve the
sample by adjusting the pH to 2 or less with nitric acid (about
1.5 mL per liter). Preserved samples can be stored up to six
months at room temperature. Before analysis, adjust the pH to
3.54.5with 5.0 N Sodium Hydroxide. Correct resultsfor volume
additions.

Accuracy Check

Standard Additions M ethod

a.

f.

Perform the aluminum method and note the analysis
volume used and mg/L Al of the samplein step 11.

Pipet the same analysis volume into three 50-mL
graduated mixing cylinders.

Snap the neck off an Aluminum Voluette Ampule
Standard Solution, 50 mg/L as Al.

Use the TenSette Pipet to add 0.1 mL, 0.2 mL, and
0.3 mL of standard, respectively, to the 50-mL samples.
Dilute to 50 mL, if necessary. Mix each thoroughly.

Analyze each sample as described above, beginning with
step 4. The aluminum concentration should increase
0.1 mg/L for each 0.1 mL of standard added.

If these increases do not occur, an interferenceis likely.

Standard Solution M ethod

a.

Prepare a 0.4-mg/L aluminum standard solution by
pipetting 1.00 mL of Aluminum Standard Solution,

100 mg/L asAl3*, into a 250-mL volumetric flask. Dilute
to the mark with deionized water. Prepare this solution
immediately before use.

Pour 50 mL of the 0.4-mg/L standard into a 500-mL
graduated mixing cylinder. Perform steps 4-11 of the
aluminum procedure as described above. The mg/L Al
reading in step 11 should be 0.4 mg/L Al.
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I nterferences

The following do not interfere up to the indicated concentrations.

Alkalinity 1000 mg/L as CaCOz*
Iron 20 mg/L
Phosphate 50 mg/L

* Check alkalinity with Hach Test Strip 27448-50
and iron with Hach Test Strip 27453-25. Do a
1:10 dilution before testing.

Acidity interferes at greater than 300 mg/L as CaCO,. Treat
samples with greater than 300 mg/L acidity as CaCO; asfollows:

a. Add one drop of m-Nitrophenol Indicator Solution to the
sample taken in step 2.

b. Addonedrop of 5.0 N Sodium Hydroxide Standard
Solution. Stopper the cylinder. Invert to mix. Repeat as
often as necessary until the color changes from colorless
to yellow.

c. Addonedrop of 5.25 N Sulfuric Acid Standard Solution
to change the solution from yellow back to colorless.
Continue with the test.

Calcium does not interfere.

Fluoride interferes at al levels by complexing with aluminum.
The actua aluminum concentration can be determined using the
Fluoride Interference Graph when the fluoride concentration is
known. To use the fluoride interference graph:

1. Select thevertical grid line along the top of the graph that
represents the aluminum reading obtained in step 11.

2. Locatethe point of the vertical line (step 11 reading) where it
intersects with the horizontal grid line that indicates how
much fluoride is present in the sample.
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3. Extrapolate the true aluminum concentration by following the
curved lines on either side of the intersect point down to the
true aluminum concentration. Example: the aluminum test
result was 0.7 mg/L Al3* and the fluoride in the sample was
1.0 mg/L F-. The point where the 0.7 mg/L aluminum grid
lineintersectswith the 1.0 mg/L Fgrid line falls between the
1.2 and 1.3 mg/L Al curves. In this case, the true aluminum
content would be 1.27 mg/L.

Figure 3 Fluoride Interference Graph
mg/L A3+ (Reading from Step 11)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 3 14 1.5 1.6 17

wl f f LA A NN A A
W
RIS s S s s
s I
/IS IS S
ML A A

1234567 8 9 10 11 12 13 1.4 15 16 1.7

True Aluminum concentration (mg/L Al3+)

Summary of Method
Aluminon indicator combines with aluminum in the sample to
form ared-orange color. The intensity of color is proportiona to
the aluminum concentration. Ascorbic acid is added to remove
iron interference. The AluVer 3 Aluminum Reagent, packaged in
powder form shows exceptional stability and is applicable for
fresh water samples.
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REQUIRED REAGENTS

Description
Aluminum Reagent Set (100 TESES) ..evveeieeiierie et
Includes: (4) 14290-46, (1) 14577-99, (1) 14294-49

Quantity Required
Description Per Test Unit
AluVer® 3 Aluminum Reagent Powder Pillow.................. 1 pillow .. 100/pkg
Ascorbic Acid Powder PillOw ..........ccoooeiiieiinieeee 1 pillow .. 100/pkg
Bleaching 3 Reagent Powder Pillow ..........cccccovveveviennene. 1 pillow.. 100/pkg
Water, deioNiZEd ...........coovriririineeeees e varies............ 4L
REQUIRED APPARATUS
Cylinder, graduated, mixing, 50 ML .......ccccoevevviverieseeee, Lo each
Select one or more based an sample amount and analysis volume:
Pipet, volumetric, Class A, 20.0 ML .....cccooovveveeireceeeeeene Lo, each
Pipet, volumetric, Class A, 10.0 ML .....cceevvvveecece e, Lo, each
Pipet, volumetric, Class A, 5.0 ML .......ccccovviveeviceceee, Lo, each
Pipet, volumetric, Class A, 20 mML .....cccoevvviveeciceceee, Lo, each
Pipet, volumetric, Class A, 0.5 ML ....ccoiiiiniiceeeeee Lo, each

OPTIONAL REAGENTS

Aluminum Standard Solution, 100 MQ/L .......ccoevveveeviennien e ccie s 100 mL
Aluminum Standard Solution, Voluette™ ampule,

50MQ/L @S Al L0 ML oo 16/pkg
m-Nitrophenol Indicator Solution, 10 g/L.....ccccceecvevevveciecece e 100 mL
Sodium Hydroxide Standard Solution, 5.0 N.........ccccceeveneenee. 100 mL MDB
Sodium Hydroxide Standard Solution, 5.0 N.........cccccevcvvnenee. 50 mL MDB
Sulfuric Acid Standard Solution, 5.25 N.......cooceeeeiiiiiee e 100 mL
Water Quality Test Strips, total alkalinity, 0-240 ppMm........ccccceeevennens 50/pkg
Water Quality Test Strips, total iron, 0-5 ppm .......cccceevvveveeiececenene, 25/pkg
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Cat. No.
.............. 22420-00

Cat. No.
.............. 14290-99
.............. 14577-99

................ 1896-41

.............. 14515-20
.............. 14515-38
.............. 14515-37
.............. 14515-35
.............. 14515-34
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OPTIONAL APPARATUS

Description Unit Cat. No.
AMPUIE BreaKer Kit........ooi oo each............ 21968-00
Brush, fOr glaSSWare .........ccceeieeceenie e ee e st e e e nee s ech..cccccovnn. 690-00
Flask, VOIUMELIIC, 100 ML ....ccvviiiiieciieceee et €Ch...ccvvverenne 547-42
Flask, VOIUMELIIC, 250 ML ....ccvviiiviieciiecee et €Ch...ccvvvecene 547-46
Fluoride Combination EIECtrode..........ccvveviivcieiiiieeceecee e exch............. 50265-00
pH Indicator Paper, 110 11 PH ...ovoeeiiieieeeeneeese e 5rolls/pkg....ccccevnee 391-33
pH/ISE Meter, senslON™2, portable............coc.vveeeeevereeeieeeseeeeeeseeeeenes each............. 51725-10
Pipet, TENSette®, 0.110 1.0 ML ...cvcvevevererererceeeeeree et eaCh ... 19700-01
Pipet Tips, for 19700-01 TeNSEtte® PiPet.........ccccoevevevererererereerererenenns 50/pkg.....c....... 21856-96
Pipet, TenSette®, 1.0 10 10.0 ML ..vcvevevevevcececeerceceeeeereeeesese s ees s exch............. 19700-10
Pipet Tips, for 19700-10 TeNnSette® Pipet.........ccccoevevevererererereerererenenns 50/pkg.....c.c..... 21997-96
Thermometar, -10 10 110 CC ..ot e e e e e e e e e e e e e e e nans ech..c.......... 1877-01
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Method 8326
ALUMINUM, TOTAL

Eriochrome Cyanide R (ECR) M ethod*
Range: Liquids- 0.05-2200 mg/L; Solids- 4-22000 mg/kg

/™
Digest
Sample

1. Selectthesample 2. Usetheanalysis 3. Dilutetothe20-mL 4. Add the contents of

amount from tables volume in the same mark with deionized one ECR Reagent
following these steps. table. Pipet the sample  water. Powder Pillow. Stopper.
Digest the sample analysisvolumeinto a Note: Invert several timesto

. .. . ote: The sample .
according to the 25-mL mixing cylinder. temperature must be dissolve powder, then
procedurein Section 3. If the aliquot is more 20-25 °C (68-77 °F). wait 30 seconds.

Note: For best results, than 0.2 mL, adjust the

analyze a reagent blank _pH aCC(_)rd' ng to the

for each lot of reagents. instruction following the
Subtract the blank value  digestion method.

from the displayed sample

value. Note: Rinse cylinder with

1:1 hydrochloric acid and
deionized water before
use to avoid errors.

* Adapted from Standard Methods for the Examination of Water and Wastewater, 3500-Al D.
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-

5. Add the contents of
one Hexamethylene-
tetramine Buffer
Reagent Powder Pillow.
Stopper. Invert several
times to dissolve

powder.
Note: An orange to purple

color develops if aluminum
is present.

HRS MIN SEC

9. Wait 5 minutes, but
not more than 10
minutes, before
performing step 10.
Note: The Pour-Thru cell
cannot be used.

y

6. Put 1 drop of ECR
Masking Reagent
Solution into a 10-mL
sample cell.

10. Zerotheinstrument 11. Placethesamplein
with the blank, using the the cell holder. Read the

settings bel ow.

DR/800
Program No. NA

DR/2010
Program No. 9
535 nm

DR/4000
Program N0.1010
522 nm

7. Pour 10 mL from
the graduated mixing
cylinder into the 10-mL
samplecell. Swirl to mix
(the blank).

Note: The solution will
start to turn yellow.

mg/L aluminum.
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8. Pour 10 mL fromthe
graduated mixing
cylinder into a second
10-mL sample cell.
Swirl to mix (the
prepared sample).

12. Usetheequation
below the aluminum
ECR Sample and
Analysis Volume Tables
to calculate the true
aluminum concentration.

Note: If fluoride is
present, it must be
measured and the actual
value determined using
Table 2.

Note: For solid samples,
express results as mg/kg,
not mg/L.
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Sample and Analysis Volume Tables
Choose sample and analysis volumes based on expected
concentration in the sample. The values in these tables reflect the
narrowest concentration range for the DR/4000, DR/2010 and
DR/800s. Differences between these tables and those in the
Digesdahl Manual are dueto calculations based on a different set
of instruments.

Liquids
Expected Al Sample Analysis Dilute to
Conc. (mg/L) Amount (mL) Volume (mL)
0.05-1.3 40.0 8.00 20.0 mL
0.2-5.5 20.0 4.00 20.0 mL
0.8-22 10.0 2.00 20.0 mL
8.0-220 5.00 0.40 20.0 mL
80-2200 1.00 0.20 20.0 mL
Solids
Coreaiy | amntttsy | oo | oweTs
4-110 0.500 8.00 20 mL
10-275 0.400 4.00 20 mL
27-730 0.300 2.00 20 mL
200-5500 0.200 0.40 20 mL
800-22000 0.100 0.20 20 mL

Calculation For Final Concentration:

A x 2000
= mg/L or mg/kg total Al
BxC g g/Kg

A = mg/L reading from instrument

B = mL or g sample amount from table

C = mL analysis volume from table
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Sampling and Storage

Accuracy Check

Collect samplesin aclean glass or plastic container. Preserve
samples by adjusting the pH to 2 or less with nitric acid

(about 1.5 mL per liter). Preserved samples can be stored up to
six months at room temperature. Before analysis, adjust the pH to
2.9t0 4.9 with 12.0 N Potassium Hydroxide Standard Solution
and/or 1 N Potassium Hydroxide Solution. Correct the test result
for volume additions.

Standard Solution M ethod

Prepare 2 0.100 mg/L auminum standard solution by pipetting
1.00 mL of Aluminum Standard Solution, 100 mg/L as Al3*, into
a1000-mL volumetric flask. Dilute to the mark with deionized
water. Prepare this solution daily. Perform the aluminum
procedure as described above. The value should be 0.10 mg/L Al.

Or, using the TenSette Pipet, add 0.2 mL of solution from an
Aluminum Voluette Ampule Standard Solution (50 mg/L as Al)
into a 100-mL volumetric flask. Dilute to volume with deionized
water. Perform the aluminum procedure as described above. The
mg/L Al reading should be 0.10 mg/L.
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Interferences
Table 1 lists common interferences and the amount of
interference that can be expected.
Table 1 Interferences
Substance Concentration Error
Acidity 0-62 mg/L as CaCO;3 0%
Alkalinity 0-750 mg/L as CaCOg 0%
Ca2t 0-1000 mg/L as CaCOg 0%
Cl- 0-1000 mg/I 0%
Cré+ 0.2 mg/L -5% of reading
Cuz* 2 mg/L -5% of reading*
Fe2+ 0-4 mg/L + mg/L Fe2+ X 0.0075*
Fe3+ 0-4 mg/L + mg/L Fe3+ X 0.0075*
F- see Table 2
Mg2+* 0-1000 mg/L as CaCOq 0%
Mn2+ 0-10 mg/L 0%
NO2- 0-5 mg/L 0%
NO3- 0-20 mg/L 0%
2.9-4.9 0%
pH
7.5-11.5 0%
PO,3 (ortho) 4 mg/L -5% of reading
SO,2- 0-1000 mg/L 0%
Zn2+ 0-10 mg/L 0%

* For more accurate results, correct results for the iron present. See the total iron procedure or measure
with Hach Water Quality Total Iron test strips (Cat. No. 27453-25). Measure copper with Hach Water
Quality Total Copper test strips (Cat. No. 27451-25).

Example:
If the fluoride concentration is 1.00 mg/L F- and the ECR method gives a
reading of 0.060 mg/L aluminum, what is the true mg/L aluminum
concentration?
Answer: 0.183 mg/L

73

A sample pH between about 4.9 and 7.5 causes dissolved
aluminum to partially convert to colloidal and insoluble forms.
This method measures much of that hard-to-detect aluminum
without any pH adjustment as is necessary in some other
methods.

Fluoride interference can be corrected by using Table 2.
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Intermediate values can be found by interpolation. Do not use
correction graphs or charts found in other publications.

Table 2 True aluminum concentration (mg/L) vs. the instrument reading (mg/L) and fluoride

concentration (mg/L) when the Eriochrome cyanine R method is used.

Fluoride Concentration (mg/L)
Instrument
Reading 0.00 | 0.20 | 040 | 060 | 0.80 | 1.00 | 1.20 | 140 | 1.60 | 1.80 | 2.00
(mgiL)
0.000 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
0.010 0.010 | 0.019 | 0.030 | 0.040 | 0.052 | 0.068 | 0.081 | 0.094 | 0.105 | 0.117 | 0.131
0.020 0.020 | 0.032 | 0.046 | 0.061 | 0.077 | 0.099 | 0.117 | 0.137 | 0.152 | 0.173 | 0.193
0.030 0.030 | 0.045 | 0.061 | 0.077 | 0.098 | 0.124 | 0.146 | 0.166 | 0.188 | 0.214 | 0.243
0.040 0.040 | 0.058 | 0.076 | 0.093 | 0.120 | 0.147 | 0.174 | 0.192 | 0.222
0.050 0.050 | 0.068 | 0.087 | 0.109 | 0.135 | 0.165 | 0.188 | 0.217
0.060 0.060 | 0.079 | 0.100 | 0.123 | 0.153 | 0.183 | 0.210 | 0.241
0.070 0.070 | 0.090 | 0.113 | 0.137 | 0.168 | 0.201 | 0.230
0.080 0.080 | 0.102 | 0.125 | 0.152 | 0.184 | 0.219
0.090 0.090 | 0.113 | 0.138 | 0.166 | 0.200 | 0.237
0.100 0.100 | 0.124 | 0.150 | 0.180 | 0.215
0.120 0.120 | 0.146 | 0.176 | 0.209 | 0.246
0.140 0.140 | 0.169 | 0.201 | 0.238
0.160 0.160 | 0.191 | 0.226
0.180 0.180 | 0.213
0.200 0.200 | 0.235
0.220 0.220
0.240 0.240

Summary of Method

True Aluminum Concentration (mg/L) Al

Eriochrome cyanine R combines with aluminum in a sample to
produce an orange-red color. The intensity of color is

proportional to the aluminum concentration.
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REQUIRED REAGENTS

Description
Aluminum Reagent Set (100 tESES).....cceeieerierree e e see e e e e e e
Includes: (1)26038-49, (1) 26038-00, (1) 23801-23

Quantity Required
Description Per Test Unit
ECR Reagent POWAE ..........ccooviieeeneirereeeee e 1 pillow .. 100/pkg
Hexamethylenetetramine Buffer Reagent ..........cccccee... 1 pillow.. 100/pkg
ECR Masking Reagent Solution ...........cccceeveveieeviecieene, 1drop.....25mL
REQUIRED APPARATUS
Cylinder, 25 mL, mixing graduated ............ccccoevvveverenceerienne. (T each
Select one or more based an sample amount and analysis volume:
Pipet, volumetric, Class A, 8.0 ML ......cccoovrveiiiieeeeee Lo, each
Pipet, volumetric, Class A, 4.0 ML ......ccceeveiveeviceceee, Lo, each
Pipet, volumetric, Class A, 20 ML ......cccevvviveevice e, Lo, each
TenSette® Pipet, 0.1-1.0 ML ...oovrereeeeeeeeeeeeeeeeeeee e X I each
Pipet Tips, TENSEED PIPEL........cccceverrerrereeierereeeesesesees varies...... 50/pkg

OPTIONAL REAGENTS

Aluminum Reagent Set for 25 mL samples........ccccceevveevenreeenenne 100 tests
Aluminum Standard Solution, 100 MQ/L .......cccevvevieevieriien e 100 mL
Aluminum Standard Solution, Voluette™ ampule,

50MA/L @S Al L0 ML oo e 16/pkg
Bromphenol Blue Indicator Solution ..........c.cccccevveveeieneeeenee. 100 mL MDB
Hydrochloric Acid Solution, 6 N (1:1).....ccccccveeevieeieeneesee e see e 500 mL
NIEFC ACIH, ACS ..ottt et e e e e e e e e et e s ee s eeeeeeann 500 mL
NItric ACIA SOIULION, Lil...oeiiieeiiieieeie e e 500 mL
Potassium Hydroxide Solution, L N.........cccceeveiieveeieceeeee, 50 mL SCDB
Potassium Hydroxide Standard Solution, 12.0 N..........ccccceevvvveeennene 100 mL
Potassium Hydroxide Standard Solution, 12.0 N..........cccccevvvvveeennene 500 mL
SPADNS Fluoride Reagent AccuVac® AMpuUlS........ccovveeeeeeenenennns 25/pkg
Sulfuric Acid Standard Solution, 5.25 N ......ccceeeeeeivieeeeiieeeenn. 100 mL MDB
WWaLEl, AEIONIZEM ... ...ttt ettt ettt e s e e st e e e s e e sarareeesessans 4L
Water Quality Test Strips, total iron, 0-5 ppm .......cccceevvvieveeiececene, 25/pkg
Water Quality Test Strips, total COPPEY ....eevvvvvieeveieee e 25/pkg
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Cat. No.
.............. 26037-00

Cat. No.
.............. 26038-49
.............. 26039-99
.............. 23801-23

.............. 20886-40

.............. 14515-08
.............. 14515-04
.............. 14515-36
.............. 19700-01
.............. 21856-96

.............. 27453-25
.............. 27451-25
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OPTIONAL APPARATUS

Description Unit Cat. No.
AMPUIE BreaKer Kit........ooi oo each............ 21968-00
2T (1 o 1S each................ 690-00
Cylinder, graduated, miXing, 50 ML .......ccccoveiviievieieie e each............... 1896-41
Flask, Erlenmeyer, glass, 125 ML ......cccccovvecieieeniseecee e eaCh....ccccoeueeen. 505-43
Flask, volumetric, 200 ML ........ccooveiiieiieie e each............ 14574-42
Flask, volumetric, 1000 ML ......cooveeiieiiieie e s each............. 14574-53
Fluoride Combination Electrode...........ccoovereiiiieiene e, each............. 50265-00
pH Indicator Paper, 110 11 PH ..o 5rolls/pkg.....ccccevnene 391-33
PH/ISE Meter, SensiON™2, pOrtable............oveeeeeereereeesreeeeeeseseeseseean each............. 51725-10
Pipet Filler, safety BUID .......ccoooiiicee e each............ 14651-00
Pipet, Serological, 2 ML ......ccceeviiieececeee e €aCh ...cccverene 532-36
Pipet, TENSette®, 0.110 1.0 ML ...cvcvevevereiererceeieterere et eaCh ... 19700-01
Pipet Tips, for 19700-01 TenSette® Pipet........cccccvvvveeeerererrereininennnas 50 o/'(o P— 21856-96
Pipet, TenSette®, 1.0 10 10.0 ML ...cvcvivcveuceieiecieieecree e eaCh ... 19700-10
Pipet Tips, for 19700-10 TeNnSette® Pipet.........cccccevevevererererereerererenenns 50/pkg.....c....... 21997-96
Thermometer, -10° t0 110 °C ....coeiieeeeeeee e e each......cco...... 1877-01
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ARSENIC

Method 8013

Silver Diethyldithiocarbamate M ethod*

USEPA accepted for reporting with distillation**

Range: 0-0.200 mg/L

IR

1. Preparethe Hach
distillation apparatus for
arsenic recovery. Placeit
under afume hood to
vent toxic fumes.

Note: See the Hach
Distillation Manual for
assembly instructions.

Note: Requires a user-
entered calibration for
Hach spectrophotometers;
see the specific procedure
manuals for instructions.

Stir control: 5
Heat control: 0

5. Turn on the power
switch. Set the stir
control to 5. Set the heat
control to 0.

2. Dampen acotton
ball with 10% Lead
Acetate Solution. Place
it in the gas scrubber. Be
certain the cotton seals
against the glass.

=]

6. Measure 25 mL

of concentrated ACS
hydrochloric acid into
the flask using a
graduated cylinder.

3. Measure 25 mL

of prepared arsenic
absorber solution into
the cylinder/gas bubbler
assembly with a
graduated cylinder.
Attach it to the
distillation apparatus.

Note: Prepare the arsenic
absorber solution as
directed under Reagent
Preparation below.

7. Measure 1 mL of
Stannous Chloride
Solution into the flask.

Note: Use a serological
pipet to measure the
solution.

4. Measure 250 mL

of sampleinto the
digtillation flask using a
graduated cylinder.

8. Add3mL of
Potassium lodide
Solution to the flask.
Cap.

Note: Use a serological

pipet to measure the
solution.

* Adapted from Standard Methods for the Examination of Water and Wastewater.
** Equivalent to USEPA Method 206.4 for wastewater
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ARSENIC, continued

HRS MIN SEC

9. Start a15 minute
reaction period.

13. When the timer
beeps, turn off the
heater.

Removethe cylinder/gas
bubbler assembly as a
unit.

10. When thetimer
beeps, add 6.0 g of
20-mesh zinc to the
flask. Cap immediately.

14. Rinsethegas
bubbler by moving it up
and down in the arsenic
absorber solution.

Stir control: 5
Heat control: 3

11. Setthe heat control
to 3.

Start asecond 15-minute
reaction period.

i

—

15. Fill adry sample
cell with unreacted
arsenic absorber solution
(the blank). Stopper.
Placeit into the cell
holder.

78

Stir control: 5
Heat control: 1

12. When the timer
beeps, set the heat
control to 1.

Start athird 15-minute
reaction period.

ZERO

16. Zerotheinstrument
with the blank, using the
settings bel ow.

DR/800s- NA

DR/2010

Program No. (User
entered numbered)
520 nm

DR/4000

Program No. (User-
entered number)
520 nm

Note: See the specific
spectrophotometer
procedure or instrument
manual for calibration
instructions.



ARSENIC, continued

]

D READ

17. Pourthereacted  18. Placethesamplein
arsenic absorber solution  the cell holder. Read the
into asample cell (the  mg/L arsenic.

prepared sample).

Stopper.

Note: If the solution
volume is less than 25 mL,
add pyridine to bring the
volume to exactly the
25-mL mark. Swirl to mix.

Sampling and Storage
Collect samplesin acid washed glass or plastic bottles. Adjust the
pH to 2 or less with nitric acid (about 2 mL per liter). Preserved
samples may be stored up to six months at room temperature.
Correct the test result for volume additions.

Preparing Arsenic Absorber Solution
Prepare the arsenic absorber solution as follows:

1. Weigh 1.00 g of silver diethyldithiocarbamate on an
analytical balance.

2. Transfer the powder to a 200-mL volumetric flask. Dilute to
volume with pyridine. Use pyridine only in afume hood.

3. Mix well to dissolve. Store the reagent, tightly sealed, in an
amber bottle. The reagent is stable for one month if stored in
this manner. Larger volumes of reagent can be prepared if the
reagent is used within one month.
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ARSENIC, continued

Accuracy Check

Interferences

Summary of Method

Arsenic isreduced to arsine gas by a mixture of zinc, stannous
chloride, potassium iodide and hydrochloric acid in a specially
equipped distillation apparatus. The arsine is passed through a
scrubber containing cotton saturated with lead acetate and then
into an absorber tube containing silver diethyldithiocarbamatein
pyridine. The arsenic reacts to form ared complex which is read
colorimetrically. This procedure requires amanual calibration.

Prepare a 10.0-mg/L working standard by pipetting
1.0 mL of Arsenic Standard, 1000-mg/L asAS, into a
100-mL volumetric flask. Dilute to volume with
deionized water. Mix well.

Prepare a0.12-mg/L arsenic standard solution by diluting
3.0 mL of the working standard into a 250-mL
volumetric flask. Dilute to volume with deionized water.
Mix well.

Perform the arsenic procedure described, using the
working standard as a sample. The results should be
0.12 mg/L As.

Antimony salts may interfere with color devel opment.
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ARSENIC, continued

REQUIRED REAGENTS

Quantity Required
Description Per Test Unit Cat. No.
Arsenic Standard Solution, 1000 mg/L AS ....cccceeeveceeennenne. varies.....100 mL.............. 14571-42
Hydrochloric Acid, ACS........cccoe e 25mL ...500 ML ...ovveeeeennnns 134-49
Lead Acetate SolUtion, 10%0.......cueeeeeeeeeereeeeeeeeeeeeeeeeeeeeeen ImL...100 mL.............. 14580-42
Potassium lodide Solution, 20%0 .........cccccveeevereceeneesieene, 3mL...100mL.............. 14568-42
PYHAING ..o s 50 mL ....500 mL.............. 14469-49
Silver Diethyldithiocarbamate...........ccccccevvvieveeiiieeeecieee, 10 250 e, 14476-24
Stannous Chloride SOlUtioN...........ccoeeiiererce e 1mL ... 100 mL.............. 14569-42
ZiNC, 20-MES, ACS ... .o 6g.cc.... VALY o (R 795-01
REQUIRED APPARATUS
Balance, analytical .........ccccceevvevieiieesie e Lo, each.............. 22310-00
Boat, WEIGNING ..c.eocveeieie et 2., 500/pKg.....cccenne.. 21790-00
Bottle, amber, 237 ML .....c.cccoveeece e T 6/pKg....ceveeene 7144-41
Cap, POlYPropylENE ..o Lo 6/pKg.....ccuen... 21667-06
Cotton BallS.......ccoeeeeeiieereecee e 1. 100/pKg....cevaverenne 2572-01
Cylinder, graduated, 25 ML ........ccccceverieerer e e 2 each.....ccceeenen. 508-40
Cylinder, graduated, 250 ML ......cccccceeveeveecieere e Lo, each.....ccceeenen. 508-46
Distillation Apparatus Arsenic ACCESSONES........ccevereerrernenn. Lo, Set...ovveene. 22654-00
Distillation Apparatus General Purpose ACCessories............. i [S< SFT 22653-00
Flask, volumetric, 100 ML .......ccccevveeeriericeesececee e Lo, each............. 14574-42
Flask, volumetric, 200 ML .....occveeiivieeeeceee e i each......c...... 14574-45
Flask, vOlUMELric, 250 ML ....cocveiiicieeie e 4. each......c...... 14574-46
Pipet Filler, safety bulb.........ccoooieieieeecereeeeese e Lo each.............. 14651-00
Stopper, hollow, poly, NO. O.......ccceeveieieeiece e 2, 6/pKg....ccuee... 14480-00
OR
Stopper, hollow, poly, NO. 1 ......cccceevieeeeseeeee e 2 6/pkg.....ccueu... 14480-20
Select one based on available voltage:
Distillation Apparatus Heater, 115Vac, 60 Hz ........cccoccvevevvecieciecee, each.............. 22744-00
Didtillation Apparatus Heater, 230 Vac, SO0 HzZ ......ccovveviiveceeeeee each.............. 22744-02
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ARSENIC, continued

OPTIONAL REAGENTS

Description Unit Cat. No.
Hydrochloric ACid, ACS........oieee et 250 o 134-06
NItHC ACIH, ACS.... .ottt st sae e 500 ML .....ceueeneee. 152-49
Nitric ACId SOIULION, Lid....coiieeeciie et 500mL ... 2540-49
PYridiNg, ACS ... .ottt nre 4L ... 14469-17
Water, ABIONIZE........ccueieiiee ettt e re e AL i, 272-56

OPTIONAL APPARATUS

pH Meter, senslON™1, POrtable...........oveeveeeeeeeeieeeeereeeeeeeeeeeseeses e each............. 51700-10
pH Indicator Paper, 110 11 PH ...ovoeeiiieiieeeeeeeresese e 5rolls/pkg....cccceenene 391-33
Pipet, Serological, 2 ML ......oc.eoie e ech....ccccove. 532-36
Pipet, Serological, S ML .....oceeciiececce e each....ccccoeueeen. 532-37
Pipet, TenSette®, 1.0 t0 10.0 ML ....cvovevieeeiecieiieeecrereeeeeve e each........... 19700-10
Pipet Tips, for 19700-01 .......cccoiireriirieieieesiesie e 50/pKg ecvvevennene 21997-96
Pipet Tips, for 19700-01 .......ccccoiireeriieeeeeere s 250/pkg............. 21997-25
Pipet, VOIUMELHC, 1ML ..o each............. 14515-35
Pipet, VOIUMELNC, 2 ML ..o each............. 14515-36
Pipet, VOIUMELNC, 3ML ..o each............ 14515-03
Pipet, VOIUMELNC, 4 ML ...ocveeiicieiee e each............. 14515-04
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CADMIUM, TOTAL

Method 8017

Dithizone M ethod*

Range: Liquids- 0.05-4000 mg/L; Solids- 540000 mg/kg

=
Digest /
Sample

2. Usetheanalysis
volume in the same
table. Pipet the sample
analysisvolumeinto a

1. Select sample
amount from tables
following these steps.
Digest the sample
according to the
procedurein Section 3. Dilute to the mark with
deionized water. If the
aliquot is more than

5 mL, adjust the pH
according to the
instructions following
the digestion method

Note: If sample cannot be
analyzed shortly after
collection, see Sampling
and Storage following
these steps.

Note: Clean all glassware

with Nitric Acid Solution,
1:1. Rinse with deionized
water.

250-mL mixing cylinder.

3. Fill a250-mL 4. Add the contents
graduated cylinder tothe of one Buffer Powder
250-mL mark with PFillow, citrate type for
sample. Pour the sample heavy metals. Stopper
into a 500-mL the funnel. Shake to
separatory funnel. dissolve.

Note: Cloudy and turbid
samples may require
filtering with a glass
membrane filter before
running test.

Note: For best results, run
a deionized water blank
through the entire
procedure. Subtract the
blank value from the test
results. Repeat for every
new lot of DithiVer
Reagent Powder Pillows.

* Adapted from Standard Methods for the Examination of Water and Wastewater.
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CADMIUM, TOTAL, continued

5. Add 30 mL of
chloroform to a 50-mL
mixing graduated
cylinder. Add the
contents of one DithiVer
Metals Reagent Powder
Pillow. Stopper. Invert
repeatedly to mix
(DithiVer solution).

Note: Use adequate
ventilation. The DithiVer
powder will not all
dissolve. See DithiVer
Solution Preparation and
Storage following these
steps.

6. Add 20 mL of 50%
Sodium Hydroxide
Solution and then a
0.1-g scoop of potassium
cyanide to the funnel.
Shake vigorously for

15 seconds. Remove the
stopper and let stand for
one minute.

Note: Potassium
cyanide is a deadly
poison. Avoid ingestion,
inhalation, or contact with
the skin. Do not bring into
contact with acids.

Note: Spilled reagent will
affect test accuracy and is
hazardous.

7. Add 30 mL of the
DithiVer solution to the
500-mL separatory
funnel. Stopper, invert,
and open stopcock to
vent. Close the stopcock
and shake funnel once or
twice; vent again. Close
the stopcock and shake
thefunnel vigorously for
60 seconds.
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8. Let thefunnel stand
undisturbed for roughly
one minute.

Note: The bottom
(chloroform) layer will be
pink if cadmium is present



CADMIUM, TOTAL, continued

9. Insert acotton plug
the size of apeainto the
delivery tube of the
funnel and slowly drain
the bottom (chloroform)
layer into adry 25-mL
sample cell (the
prepared sample). Cap.

Note: The cadmium-
dithizone complex is
stable for hours if the
sample cell is capped
tightly and out of direct
sunlight.

13. Usethe equation
below the cadmium
dithizone Sample and
Analysis Volume Tables
to calculate the true
cadmium concentration.

Note: For solid samples,
express the concentration
as mg/kg, not mg/L.

10. Fill adry 25-mL
sample cell with

chloroform (the blank).

Cap.

11. Zerotheinstrument 12. Placethesamplein
with the blank, using the the cell holder. Read the
settings bel ow. po/L cadmium.

DR/800s
NA

DR/2010
Program No. 60
515 nm

DR/4000
Program No0.1350
515 nm
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CADMIUM, TOTAL, continued

Sample and Analysis Volume Tables
Choose sample and analysis volumes based on expected
concentration in the sample. The values in these tables reflect the
narrowest concentration range for the DR/4000, DR/2010 and
DR/800s. Differences between these tables and those in the
Digesdahl Manual are dueto calculations based on a different set
of instruments.

Liquids
Cone. (mgll) | Amsunt (mL) | Volume (i) | DUt
0.05-2.5 40.0 20.0 250 mL
0.2-10 20.0 10.0 250 mL
1-40 10.0 5.00 250 mL
10-400 5.00 1.00 250 mL
100-4000 1.00 0.50 250 mL
Solids
Specears | amnntty | e | oweto
5-200 0.500 20.0 250 mL
13-500 0.400 10.0 250 mL
35-1300 0.300 5.00 250 mL
250-10000 0.200 1.00 250 mL
1000-40000 0.100 0.50 250 mL

Calculation For Final Concentration:

Ax25 _

ExC mg/L or mg/kg Total Cd or

A x 25000

————— = ug/kg or pg/L Total Cd
BxC Hg/Kg or Hg

A = ug/L reading from instrument
B = g or mL sample amount from table

C = mL analysis volume from table
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CADMIUM, TOTAL, continued

Safety Precautions

Perform the entire procedure in afume hood if possible. Using
glovesthat areresistant to chloroform solutions (i.e. VITON) and
safety gogglesis recommended.

Sampling and Storage

Collect samplesin an acid-cleaned glass or plastic container.
Adjust the pH to 2 or less with nitric acid (about 2 mL per liter).
Store preserved samples up to six months at room temperature.
Adjust the pH to 2.5 with 5.0 N sodium hydroxide before
analysis. Correct the test result for volume additions.

Dithiver Solution Preparation and Storage

Accuracy Check

Store DithiVer powder pillows away from light and heat. A
convenient way to prepare this solution is to add the contents of
16 DithiVer Metals Reagent Powder Pillows to a 500-mL bottle
of chloroform and invert several times until well mixed (carrier
powder may not dissolve). Store dithizone solution in an amber
glass bottle. This solution is stable for 24 hours.

Standard Additions M ethod

a. Perform the cadmium method and note the analysis
volume used and the pg/L of the samplein step 12.

b. Pipet the analysis volume into three 250-mL graduated
cylinders.

C. Snap the neck off a Cadmium Voluette Ampule Standard
Solution, 25 mg/L Cd.

d. Usethe TenSette Pipet to add 0.1 mL, 0.2 mL, and
0.3 mL of standard, respectively, to three cylinders.
Dilute to 250 mL. Mix each thoroughly.

e. Analyze each sample as described above. The cadmium
concentration should increase 10 pg/L for each 0.1 mL of
standard added compared to the valuein step a. If these
increases do not occur, an interferenceis likely.
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CADMIUM, TOTAL, continued

I nterferences

Standard Solution Method

Prepare a 5.0-mg/L cadmium standard solution by pipetting

5.00 mL of Cadmium Standard Solution, 100-mg/L Cd, into a
100-mL volumetric flask. Dilute to the mark with deionized water
and mix thoroughly. Prepare a fresh solution daily.

Pipet 2.00 mL of the 5.0-mg/L cadmium standard solution into
248 mL of deionized water in a500-mL separatory funnel. Thisis

a40 pg/L cadmium solution. Perform the cadmium test as

described in the procedure.

Strong oxidants will destroy the dithizone indicator and cause

high blanks and/or low results.

Highly buffered samples or extreme sample pH may exceed the
buffering capacity of the reagents and require sample

pretreatment.

The following do not interfere:

Aluminum Lead
Antimony Magnesium
Arsenic Manganese
Calcium Nickel
Chromium Tin

Cobalt Zinc

Iron

The following interfere causing high results when present in
concentrations exceeding those listed below:

Copper 2 mg/L*
Bismuth 80 mg/L
Mercury all levels
Silver 2 mg/L

* Measure copper levels using Hach Water Quality Total Copper test

strips (Cat. No. 27451-25).
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CADMIUM, TOTAL, continued

Eliminate interference from these metals by the following
treatment, beginning after step 5.

a.

f.

Measure about 5 mL of the DithiVer solution into the
separatory funnel. Stopper the funnel, invert and open the
stopcock to vent. Close the stopcock and shake the
solution vigorously for 15 seconds. Allow the funnel to
stand undisturbed until the layers separate (about

30 seconds). A yellow, red, or bronze color in the bottom
(chloroform) layer confirms the presence of interfering
metals. Draw off and discard the bottom layer.

Repeat extraction with fresh 5 mL portions of the
DithiVer solution (discarding the bottom layer each time)
until the bottom layer shows a pure dark green color for
three successive extracts. Extractions can be repeated
several times without appreciably affecting the amount of
cadmium in the sample.

Extract the solution with several 2 or 3 mL portions of
pure chloroform to remove any remaining DithiVer, again
discarding the bottom layer each time.

Continue with step 6.

In step 7, substitute 28.5 mL of DithiVer solution for
the 30 mL.

Continue with step 8.

Pollution Prevention and Waste M anagement
Bath chloroform (D002) and cyanide (D003) solutions are
regulated as hazardous wastes by the Federal RCRA. Do not pour
these solutions down the drain. Collect chloroform solutions and
the cotton plugs used in the delivery tube of the separatory funnel
for disposal with laboratory solvent waste. Be sure cyanide
solutions are stored in a caustic solution with apH >11 to prevent
release of hydrogen cyanide gas.
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CADMIUM, TOTAL, continued

Summary of Method

The dithizone method determines cadmium in water and
wastewater. The DithiVer metals reagent is a stable powder form
of dithizone. Cadmium ions in basic solution react with dithizone
to form a pink to red cadmium-dithizonate complex, which is
extracted with chloroform.

REQUIRED REAGENTS

Description Cat No.
Cadmium Reagent Set (100 TESS).....veiererieerirerieesieesteeseesteeseesresseeseesresseesseesseensesses 22422-00
Includes; (1) 14202-99, (1) 14458-17, (1) 12616-99, (1) 767-14, (4) 2180-49
Quantity Required

Description Per Test Unit Cat. No.
Buffer Powder Pillows, citrate for heavy metals.............. 1 pillow...100/pkg.............. 14202-99
Chloroform, ACS........coieeeeeee s 30mL........... 4L .. 14458-17
DithiVer® Metals Reagent Powder Pillows...................... 1pillow ..100/pkg............. 12616-99
Potassium Cyanide, ACS..........coooveeveneeereeseseeeeesesessesseesnens 01g........ 113G e, 767-14
Sodium Hydroxide Solution, 50%0........cccccieereerieeieesinnenens 20mL....500mL ... 2180-49
Cotton Balls, abSOrbent..........cooveeevieceie e 1. 100/pKg .eveeeeenenne 2572-01
REQUIRED APPARATUS

Clippers, for opening pillows..........cccooeveevieve e, T eaCh....cccovvuenen. 968-00
Cylinder, graduated, 25 ML .......ccccoveieieerice e T (272 o D 508-40
Cylinder, graduated, 250 ML ........cccccvveieevere e Lo (27 I 508-46
Cylinder, mixing, graduated, 50 ML ........cccceeevevieevieenieesieeninne Lo, ech..cooe..... 1896-41
Funnel, separatory, 500 ML ........ccooiieieeninnreeeee e Toii, ech......ccoo.. 520-49
Spoon, Measuring, 0.1 Q....ceeeereeeeerereeeee e Lo, eCh..ccocovvinn. 511-00
SUPPOIt RING, 41N, oo i each....ccccoeueeen. 580-01
Support Stand, 5X 8 iN....cccccveieevececeeese e Lo [ 1 P 563-00
Select one or more of the following based on sample and analysis volume:

Pipet, volumetric, Class A, 0.5 ML .....ccoovveveevviieece e, i each............ 14515-34
Pipet, volumetric, Class A, 20 ML ....ccccovveeveecieiieiece e, i each............ 14515-35
Pipet, volumetric, Class A, 5.0 ML ......ccooveeveiiiieeeeceeee, Lo, each............. 14515-37
Pipet, volumetric, Class A, 10.0 ML ....cccooeeveeieiieieeeeeeene, Lo, each............. 14515-38
Pipet, volumetric, Class A, 20.0 ML .....ccooceeveeieieeeeeeeeeene, Lo, each............. 14515-20
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CADMIUM, TOTAL, continued

OPTIONAL REAGENTS

Description Unit
Cadmium Standard Solution, 100 mg/L as Cd.........ccccceevrverrcenrnnnnne 100 mL
Cadmium Standard Solution, Voluette™ ampule,

25MQ/L Cd, 2O ML .o 16/pkg
NItHC ACIH, ACS ... s 500 mL
Nitric ACid SOIULION, Lid...oeiicieiiiiee et 500 mL
Sodium Hydroxide Standard Solution, 5.0 N..........cccccceeeueee. 100 mL MDB
Sodium Hydroxide Standard Solution, 5.0 N..........c.cccceeeuenne. 50 mL SCDB
LAYz (S 0 (S 0] aT4=. o R 4L
Water Quality Test Strips, total COPPEY ....oevvvvvieeviiece e 25/pkg

OPTIONAL APPARATUS

AMPUIE Breaker Kit ......coviiiieeieceese e each
Cylinder, graduated, 5 ML .......cccciiiiieiee e each
Filter DisCs, glass, 47 MM ......cccieieeieeiiee e see e see e see e e sreesee e 100/pkg
Flask, Erlenmeyer, 500 ML ......ccooviiiiieeceeeesee e each
Flask, filtering, 500 ML ......cccviieeie e each
Flask, volumetric, 200 ML .......cccovvieeiirieiie e s each
Membrane Filter Holder, 500 mL, for 47 mm filter..........ccccoevvivrvennnne each
pH Indicator Paper, 1t0 L1 pPH......cccceevvvevieee e 5rolls/pkg
pH Meter, SenslON™ 1, POrtable..........c.ovevvreeeeeieeeeeeseeesssessessesseesinnes each
Pipet, SerologiCal, 2 ML.......cooeeeieceeeesee e each
Pipet, TenSette®, 0.110 1.0 ML ..c.cvcvcucececrerciciceerereeee et each
Pipet Tips, for 19700-01 TenSette® Pipet ........cccocveeveveeeerereeeeereeennn. 50/pkg
Pipet, volumetric, Class A, 200 ML .....covvveievieieeeee e each
Pipet Filler, safety BUID.........ccccooiiiiee e each
Stopper, hollow, poly, SIZENO. 2.......ccooeeeireereeeeee e 6/pkg
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14024-42

21856-96
14515-36
14651-00
14480-01
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Method 8167
CHLORINE, TOTAL

DPD M ethod* USEPA accepted for reporting wastewater analysis**
Range: 0to 2.00 mg/L

HRS MIN SEC

1. Fill a10-mL sample 2. Addthecontentsof 3. Beginathree-minute 4. When the timer
cell with 10 mL of one DPD Total Chlorine reaction period. beepsfill another sample
sample. Powder Pillow to the cell (the blank) with

Note: A pink color
Note: Samples must be sample cell. Stopper the develop if chlorine is 10 mL of sample.

analyzed immediately and sample cell and shake present.
cannot be preserved for  for 20 seconds.
later analysis. Remove the stopper.

Note: Shaking dissipates
bubbles which may form.

* Adapted from Standard Methods for the Examination of Water and Wastewater.
** Procedureis equivalent to USEPA Method 330.5 for wastewater
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CHLORINE, TOTAL, continued

5. Placetheblank into 6. Withinthree minutes
the cell holder. Zerothe after the timer beeps,
instrument with the place the sampleinto the
blank, using the settings cell holder. Read the
bel ow. mg/L chlorine.

DR/800s
Program No. 9

DR/2010
Program No. 80
530 nm

DR/4000
Program No0.1450
530 nm

Using AccuVac Ampuls

]

1. Fill azeroing via 2. Fill aDPD Total
(the blank) with at least  Chlorine Reagent

10 mL of sample. AccuVac Ampul with
Collect at least40mL  sample.

of sampleina50-mL Note: Keep the tip

beaker. immersed while the
Note: Samples must be ampul fills completely.
analyzed immediately and

cannot be preserved for

later analysis.

3. Quickly invert the
ampul several timesto
mix. Wipe off any liquid
or fingerprints.

Note: A pink color will
form if chlorine is present.
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HRS MIN SEC

4. Beginathree-minute
reaction period. Insert
the AccuVac Adapter
into the instrument
during this period.



CHLORINE, TOTAL, continued

5. Place the blank into
the adapter. Zero the
instrument with the
blank, using the settings
bel ow.

DR/800
Program No. 11

DR/2010
Program No. 85
530 nm

DR/4000
Program No. 1460
530 nm

6. Withinthree minutes
after the timer beeps,
place the samplein the
adapter. Read the mg/L
chlorine.

Note: If the sample
temporarily turns yellow
after sample addition, or
shows OVER-RANGE,
dilute a fresh sample and
repeat the test. A slight
loss of chlorine may occur
during dilution. Multiply
the result by the
appropriate dilution factor.

Sampling and Storage

Analyze samples for chlorineimmediately after collection.

Chlorineis astrong oxidizing agent, and it is unstable in natural
waters. It reacts rapidly with various inorganic compounds and
more slowly oxidizes organic compounds. Many factors,
including reactant concentrations, sunlight, pH, temperature and
salinity influence decomposition of chlorine in water.

Avoid plastic container s since these may have alarge chlorine
demand. Pretreat glass sample containersto remove any chlorine
demand by soaking in a dilute bleach solution (1 mL commercial
bleach to | liter of deionized water) for at least one hour. Rinse
thoroughly with deionized or distilled water. If sample containers
arerinsed thoroughly with deionized or distilled water after use,
only occasiona pre-treatment is necessary.
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CHLORINE, TOTAL, continued

Accuracy Check

Do not use the same sample containers for free and total chlorine.
If trace iodide from the total chlorine reagent is carried over into
the free chlorine determination, monochloramine will interfere.
It is best to use separate, dedicated sample containersfor free and
total chlorine determinations.

A common error in testing for chlorine isintroduced when a
representative sample is not obtained. If sampling from atap, let
the water flow for at least five minutes to ensure a representative
sample. Let the container overflow with the sample several times,
then cap the sample containers so there is no headspace (air)
above the sample. If sampling with a sample cell, rinse the cell
several times with the sample, then carefully fill to the 10-mL
mark. Perform the chlorine analysis immediately.

Standard Additions Method (using Powder Pillows)
a. Perform asample analysisand record the result.

b. Snap the top off aLR Chlorine PourRite Ampule
Standard Solution, 25-30 mg/L Cl».

c. UseaTenSette Pipet to add 0.1 mL of the standard to the
reacted sample (thisis the spiked sample). Swirl to mix.

d. Placethe spiked sampleinto the instrument and read the
spiked sample result.

e. Calculate the equivalent concentration of mg/L chlorine
added to the sample:

0.1(vol. standard added) x Certificate value(mg/L CI2)

mg/L Chlorine =
9 10.1(sample + standard volume)

f. The spiked sample result (step d) should reflect the
analyzed sample result (step a) + the added, calculated
mg/L Cl, (step e).

g. If thisincrease does not occur, an interferenceislikely.
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Standard Additions Method (using AccuVac Ampuls)

a. Snap thetop off aLR Chlorine PourRite Ampule
Standard Solution, 25-30 mg/L Cl>.

b. Useagraduated cylinder to measure 25 mL of sample
into each of two beakers.

c. UseaTenSette Pipet to add 0.2 mL of the standard to one
of the beakers (thisis the spiked sample). Swirl to mix.

d. Fill aDPD Total Chlorine AccuVac completely from
each beaker.

e. Analyze the spiked and unspiked sample as described in
the procedure.

f. Calculate the equivalent concentration of mg/L chlorine

added to the sample:

0.2(vol. standard added) x Certificate value(mg/L CI2)
mg/L Chlorine =

25.2(sample + standard volume)

g. The spiked sample result should reflect the analyzed
sample result + the added, calculated mg/L Cl, (step f).

h. If thisincrease does not occur, an interferenceis likely.

Interferences
Samples containing more than 300 mg/L alkalinity* or
150 mg/L acidity as CaCO,; may not develop the full amount of
color, or it may instantly fade. Neutrali ze these samplesto apH of
6to 7 with 1 N sulfuric acid, or 1 N sodium hydroxide. Determine
the amount required on a separate 10 mL sample. Add the same
amount to the sample to be tested. Correct for volume additions.

Bromine, iodine, ozone, oxidized manganese, and chromium
also may react and read as chlorine. To compensate for the effects
of oxidized manganese or chromium, adjust the pH to between 6
and 7 as described above; then add 3 drops of potassium iodide,
30g/L, to 25 mL of sample, mix, and wait one minute. Add 3
drops of sodium arsenite, 5 g/L, and mix. Analyze 10 mL of this
sample as described above. (If chromium is present, allow exactly

* Monitor alkalinity with Hach Water Quality Alkalinity Test Strips (Cat. No. 27448-50).
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the same reaction period with the DPD for both analyses.)
Subtract the result of thistest from the original analysisto obtain
the correct chlorine result.

DPD Total Chlorine Reagent Powder Pillows and AccuVac
Ampuls contain a buffer formulation which will withstand high
levels of hardness (at least 1000 mg/L) without interference.

Summary of Method
Chlorine can be present in water as free available chlorine and as
combined available chlorine. Both forms can exist in the same
water and be determined together as the total available chlorine.
Free chlorineis present as hypochlorous acid and/or hypochlorite
ion. Combined chlorine exists as monochloramine, dichloramine,
nitrogen trichloride and other chloro derivatives.

The combined chlorine oxidizesiodide in the reagent to iodine.
Theiodine reacts with DPD (N, N-diethyl-p-phenylenediamine)
along with free chlorine present in the sample to form ared color
which is proportional to the total chlorine concentration. To
determine the concentration of combined chlorine, run the free
chlorine and total chlorine tests. Subtract the results of the free
chlorine test from the results of the total chlorine test to obtain
combined chlorine.
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REQUIRED REAGENTS (Using Powder Pillows)

Quantity Required
Description Per Test Unit
DPD Total Chlorine Reagent Powder Pillows................... 1 pillow .. 100/pkg

REQUIRED REAGENTS (Using AccuVac® Ampuls)
DPD Total Chlorine Reagent AccuvVac® Ampuls............. 1 ampul ... 25/pkg

REQUIRED APPARATUS (Using Powder Pillows)
Stopper, hollow, LDPE, No. 2 (fits 10 & 25-mL cells).......... | 6/pkg

REQUIRED APPARATUS (Using AccuVac® Ampuls)
Beaker, 50 ML ...ocooiiiiiee e Lo, each
Vial, ZErOING oo e Lo, each

OPTIONAL REAGENTS

Chlorine Standard Solution, PourRite® ampule, 25-30 mg/L ............. 20/pkg
DPD Total Chlorine Reagent w/diSpensing Cap..........ccocvverververeenns 250 tests
Potassium lodide Solution, 30 /L .....ccooevervieeveecierie e 100 mL* MDB
Sodium Arsenite, 5 g/L .uvvecvieeee e 100 mL* MDB
Sodium Hydroxide Standard Solution, L N.........ccccceeevevienens 100 mL* MDB
Sulfuric Acid Standard Solution, 1 N.......cccccveevvnirnnenieenne. 100 mL* MDB
Water, dEIONIZEA .........ccoiriiiieee e 4L

OPTIONAL APPARATUS

AccuVac® Ampul SNAPPEr Kit......ccccveveeeeieiercieeeeeee e each
AmMPUIE BreaKer Kit .......ooviiieee e each
Cylinder, graduated, 25 ML .......cccoceiiiieeieere e s each
pH Indicator Paper, 110 11 pH UNItS.......ccoeiniirieininieninins 5rolls/pkg
pH Meter, senslION™L, portable.........cccevveieeveeiiiiceese e each
Pipet, TenSette®, 0.1 10 1.0 ML ...vcvcvivevcecreeerereeeeerereee et each
Pipet Tips, for 19700-01 TenSette® Pipet.........cccceveriereerererereeenenenn. 50/pkg

* Marked Dropper Bottle - contact Hach for larger sizes.
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Method 10014

DPD Method for Treated Wastewater* USEPA Accepted for reporting wastewater analyses**

Range: 0to 500 pg/L

Enter Program
Number

1. Setupthe
spectrophotometer with
the following settings:

DR/800
Program No. NA

DR/2010
Program No. 86
515 nm

DR/4000
Program No0.1490
515 nm

FILTER

2. Ingtal thePour-Thru 3. Unscrew the cap

or Flow-Thru Cell and
flush with 50 mL of
deionized water.

Note: See Treating
Analysis Labware section.

from the OriFlo™%*

Filter plunger assembly.

Be sure the O-ring is
properly seated in

the cap. Install anew
3-micron filter into the
cap well. Wet thefilter
with afew drops of
deionized water.
Re-assemble and hand-
tighten the cap onto the
plunger.

Note: To obtain accurate
results, use a new 3-um
filter (specified) for

each test.

* U.S. Patent 5,362,650. U.S. Patent No. for the OriFloFilter is 5,549,816
** Proceduresis equivalent to standard Method 4500-Cl D for wastewater.

101

4. Break open one
ampuleof ULR Chlorine
Buffer Solution.

Note: The Ampule
Breaker is a convenient,
safe way to open ampules.
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/ \ @
|

5. Using a TenSette
Pipet with aclean tip,
transfer 1.0 mL of
buffer to a clean, treated
50-mL graduated mixing
cylinder.

Note: See Treating
Analysis Labware section.

Note: The ampules
contain more than 1.0 mL
for ease of reagent
transfer. Discard excess
reagent.

HRS MIN SEC

9. Beginathree minute
reaction period.

Note: Measure the
sample absorbance 3-6
minutes after mixing the
sample and reagents. If
less than three minutes
elapses, reaction with
chloramines may be
incomplete. A reading
after 6 minutes may result
in higher blank values

Note: Perform steps 9-14
during the reaction period.

6. Break open one
ampule of DPD
Indicator Solution
for Ultra Low Range
Chlorine.

10. During the three-
minute period, push the
valve button on the
OriFlo Filter's barrel
assembly to the “ closed”
position. Placethebarrel
assembly into its stand.
Pour about 50 mL of the
origina sampleinto the
barrel.

Note: The lower ring on
the barrel assembly
represents about 50 mL.

7. Using a TenSette
Pipet with aclean tip,
transfer 1.0 mL of
indicator from the
ampule to the cylinder.
Swirl to mix reagents.

Proceed with step 9
within one minute.

11. Insert the plunger
into the barrel and
slowly push the plunger
down with even pressure
until the plunger is fully
seated.

102

8. Avoiding extra
agitation, carefully fill
the cylinder to the
50-mL mark with
sample. Stopper. Gently
invert twice to mix (the
prepared sample).

2z

12. Pour the filtered
sample from the plunger
reservoir into the Pour-
Thru or Flow-Thru Cell.
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13. Ifusinga
DR/2010: press ZERO
after the flow stops.

If using a DR/4000:
press the soft key under
ZERO.

2z

Pour thefiltered, reacted
sample from the plunger
reservoir into the
Pour-Thru or Flow-Thru
Cdll.

14. Pull the barrel’s
valve button to the open
position (1). Pull the
plunger up to separate it
from the barrel assembly
(2). Discard the rest of
the unfiltered sample.

Note: For very turbid
samples, install a new
membrane. Or, use a
second OriFlo Filter unit
with a new membrane
filter installed.

i

15. Push the barrel 16.
valve to the closed
position and return the
barrel to its stand. When
the timer beeps, pour the
contents of the
graduated mixing

cylinder into the barrel.

Insert the plunger
into the barrel and
slowly push the plunger
down with even
pressure, until the
plunger is fully seated.

17. Aftertheflow stops
and the reading
stabilizes, the result
inpg/L Cl, will be
displayed. Record

the result.

Note: If a dechlorination
agent such as sulfite or
sulfur dioxide is present in
the sample, the sample
result, corrected for the
reagent blank, will read "0"
or a slightly negative
value.

19. Determinethe
reagent blank using the
procedure on the next
page. Subtract the
reagent blank value

(in pg/L) from the value
obtained in step 18.

18. Flush the Pour-
Thru or Flow-Thru Cell
with at least 50 mL of
deionized water
immediately after use.

Note: Determine the
reagent blank value for a
combined lot of
Indicator/Buffer at least
once a day.
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Deter mining the Reagent Blank Value

Enter
Program

Number

1. Setupthe
spectrophotometer as
described in step 1 on
page 101.

5. After the timer
beeps, break open one
ampule of ULR Chlorine
Buffer Solution.

Using a TenSette Pipet
with aclean tip, transfer
1.0 mL of buffer

from the ampule to a
clean 50-mL graduated
mixing cylinder.

2. Collect about

100 mL deionized or tap
water in aclean 250-mL
beaker.

6. Break open one
ampule of ULR DPD
Indicator Solution.
Using a TenSette Pipet
with a clean tip, transfer
1.0mL of indicator from
the ampule to the
cylinder. Swirl to mix
the reagents. Proceed
with step 7 within 1
minute.

(§Inyn l_:'l-'l

LS

HRS MIN SEC

3. Using a TenSette
Pipet, add 1.0 mL
Blanking Reagent to the
beaker. Swirl severa
times to mix.

4. Begin afive-minute
reaction period.

Note: The Blanking
Reagent removes chlorine
from the sample.

S W

SEC

HRS MIN

7. Fill thecylinderto 8. Beginathree-minute
the 50-mL mark with the reaction period.
dechlorinated water

from step 3. Cap and

invert twiceto mix. Save

the remaining water for

step 9.
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9. During the reaction
period, flush the Pour-
Thru or Flow-Thru Cell
with the remainder of
the original
dechlorinated water
fromstep 7.

10. When the flow
stops, press ZERO (or
the soft key under
ZERO).

A

11. When thetimer
beeps, pour the contents
of the cylinder into the
Pour-Thru or Flow-Thru
Cell.

105

Read the
Display

12. After theflow
stops, the reagent blank
value will be displayed
in pg/L Cls,. Record this
value.

Note: If using a DR/4000,
store the blank value by
pressing OPTIONS
(MORE), then BLANK
(OFF). Enter the value
and press ENTER. Repeat
for every lot of reagent.
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13. Usethisvaueto
correct the sample result
obtained.

Note: The DR/4000 will
automatically correct for
the reagent blank if
entered as directed in the
Step 12 note.

Note: The reagent blank
value is normally less than
5 pg/L. If it is greater than
5 pg/L, interfering
substances may be
present in the blanking
water or the DPD Indicator
may be developing some
color. Blanks of up to 5
pg/L may be used.

14. Flushthe Pour-Thru
or Flow-Thru Cell with

at least 50 mL deionized
water immediately after
use.

Sample Collection and Storage

Analyze samples for chlorineimmediately after collection.
Chlorine is a strong oxidizing agent, and it is unstable in natural
waters. It reacts rapidly with various inorganic compounds and
more dowly oxidizes organic compounds. Many factors,
including reactant concentrations, sunlight, pH, temperature, and
salinity influence decomposition of chlorine in water.

Avoid plastic container s since these may have alarge chlorine
demand. Pretreat glass sample containersto remove any chlorine
demand by soaking in a dilute bleach solution (1 mL commercial
bleach to I liter of deionized water) for at least 1 hour. Rinse
thoroughly with deionized or distilled water. If sample containers
arerinsed thoroughly with deionized or distilled water after use,
only occasiona pre-treatment is necessary.
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Do not use the same sample containers for free and total chlorine.
If trace iodide from the total chlorine reagent is carried over into
the free chlorine determination, monochloramine will interfere.
It is best to use separate, dedicated sample containersfor free and
total chlorine determinations.

A common error in testing for chlorine isintroduced when a
representative sample is not obtained. If sampling from atap, let
the water flow for at least 5 minutes to ensure a representative
sample. Let the container overflow with the sample several times,
then cap the sample containers so there is no headspace (air)
above the sample. If sampling with a sample cell, rinse the cell
several times with the sample, the carefully fill to the 10-mL
mark. Perform the chlorine analysisimmediately.

Treating Analysis L abware

Glassware used in the test must be chlorine demand-free. Treat all
glassware with a dilute solution of chlorine bleach prepared by
adding 0.5 mL of commercial bleach to 1 liter of water. Soak
glassware in this solution at least one hour. After soaking, rinse
the glassware with large amounts of deionized water and allow to
dry before use.

Treat the Pour/Flow-Thru Cell similarly with dilute bleach and let
stand for several minutes and then rinse several times with
deionized water.

Cleaning The Pour-Thru Cdl

I nterferences

The Pour/Flow-Thru Cell may accumulate a buildup of colored
reaction products, especialy if the reacted solutions are allowed
to stand in the cell for long periods after measurements. Remove
the buildup by rinsing the cell with 5.25 N sulfuric acid followed
by several rinsings with deionized water.

Oxidized manganese reacts directly with DPD. The apparent
chlorine result is about 3 ug/L per ug/L Mn’+,

Mn2+* does not interfere up to 5000 pg/L.

Bromine, iodine, ozone, and other strong oxidizing agents may
asointerfere.
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Summary of Method

Copper and iron do not interfere up to 1000 ug/L each.*

Nitrite interference will vary according to the following table:

mg/L Nitrite* Apparent pg/L Chlorine
2.0 3
5.0 5
10.0 7
15.0 16
20.0 18

* Monitor nitrite with Hach Water Quality Nitrate/Nitrite Test Strips
(Cat. No. 27454-25). Dilution may be necessary for higher nitrite levels.

Severa modifications to the normal DPD chlorine method are
necessary to measure trace levels of chlorinein treated
wastewaters. The 1-inch Pour-Thru or Flow-Thru Cell must be
used in the spectrophotometer. Liquid reagents are al'so required.
The reproducible optics of the Pour/Flow-Thru Cell give more
consistent readings than is possible with movable sample cells,
resulting in more stable readings.

Thereagents are packaged in ampules and sealed under argon gas
to ensure stability. Use of liquid reagents eliminates any slight
turbidity that might be caused by using powdered reagents. Due
to the possible oxidation of the reagents (which could give a
positive chlorine reading in the blank), a reagent blank must be
determined at least once per day for each lot of reagents used.
This reagent blank is subtracted from the sample result and the
corrected value is the actual chlorine concentration.

Itisessential that interfering sample turbidity be removed using a
3-micron membrane filter. To avoid loss of chlorine, the filtration
is performed after reaction of DPD with chlorine in the sample.
The filter used in the test has been specifically selected as to not
retain the colored reaction product. Sample color is compensated
by zeroing the spectrophotometer on afiltered sample.

* Measure copper with Hach Water Quality Copper Test Strips (Cat. No. 27451-25) and iron with Hach
Water Quality Iron Test Strips (Cat. N0.27453-25).
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REQUIRED REAGENTS

Description

ULR Chlorine Reagent Set (about 20 tESES) ...cveeverieeveririe e ree e
Includes: (1) 24930-23, (1) 24931-20, (1) 24932-20

ULR Chlorine Filter Apparatus SEl..........cccevvvvieieiienieeie e cteesee e s

Quantity Required

Description per test Unit

Blanking Reagent SOIULiON...........cccceevcevier e imL ... 29 mL

DPD Indicator SOlUtioN..........cccceveveeiee e imL ... 20/pkg

ULR Chlorine BUFfer .......cccceveeieeeceesee e e imL ... 20/pkg

REQUIRED APPARATUS

Beaker, 250 ML ..c..ovviiiieireeeee e Lo, each

Cylinder, mixing, graduated, 50 ML ........cccccceeeveevceveerienen, Lo, each

Flow-Thru Cell Assembly Kit (DR/4000) .......c..cccovrvereereenene Lo each

OR

Pour-Thru Cell Assembly Kit (DR/2010) .......ccccoeevevierreennne. Lo each

Pipet Tips, for TeNSette® PIpeL........ccccovoveeeeeceeeeeeeeieeseneenns y 50/pkg

TenSette® Pipet, 0.110 1.0 ML ..covvvrereeereeeeeeeeeeeeeee e, X I each

OPTIONAL REAGENTS
Chlorine Standard Sol’n, 2-mL Voluette™ Ampules, 20-30 mg/L .... 20/pkg

Sulfuric Acid SOIULION, 5.25N......cciiiiiiieie e 1L
WWALEr, HEIONIZEM ... ..ottt ettt e e e e e e et e e e e e esesaeeeeeeeanannns 4L
Water Quality Test Strip, total COPPEN .....ccvvveeeere e 25/pkg
Water Quality Test Strip, total iron .........ccceeeeeevviiniese e 25/pkg
Water Quality Test Strip, nitrate and Nitrite .......ccoccvveeveeceece v, 25/pkg

OPTIONAL APPARATUS

AMPUIE BIEAKES ...ttt 1
BOttl, Wash, 250 ML ....veeeeeeie ettt e e et e e e e e e erere e e e e s seeennees each
Membrane Filters, 3-MiCroN..........occeeee e 25/pkg
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Cat. No.
.............. 25630-00

.............. 25956-00

Cat. No.
.............. 24930-23
.............. 24932-20
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.............. 27451-25
.............. 27453-25
.............. 27454-25

.............. 24846-00
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Method 8024

Alkaline Hypobromite Oxidation Method* **
Range: Liquids- 0.04-3000 mg/L; Solids- 5-30000 mg/kg

Digest
Sample

1. Select sample
amount from tables
following these steps.
Digest the sample
according to the
procedure in Section 3.

Note: This method is
USEPA approved only if
preceded by an EPA-
approved nitric acid
digestion. The Digesdahl
digestion is not EPA-
approved and cannot be
used for reporting.

]
i

2. Usetheanalysis
volume in the same
table. Pipet the sample
analysisvolumeinto a
25-mL mixing cylinder.
If the aliquot is more
than 0.5 mL, adjust the
pH according to the
instruction following the
digestion method.

3. Fill asample cell
with 25 mL of the
diluted sample from
step 2.

[y E
[ R

HRS MIN SEC

i

4. Fill asecond 25-mL
sample cell with the
diluted sample (the
blank)

Note: For more accurate
results, use a deionized
water blank and treat it the
same as the sample in
steps 5-14. Subtract the
results from the final
reading.

5. Add the contents of

6. Placethe prepared

one Chromium 1reagent sampleinto aboiling

Powder Pillow to one
sample cell (the
prepared sample). Swirl
to mix.

water bath.

7. Begin afive-minute

reaction period.

8. When the beeper
sounds, remove the
prepared sample. Using
running tap water, cool
thecell to 25 °C.

Note: Use finger cots to
handle the hot sample
cell.

* Adapted from Standard Methods for the Examination of Water and Wastewater.
** Procedureis equivalent to Standard Method 3500-CR D for wastewater.
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10. Addthecontentsof
one Acid Reagent
Powder Pillow to the
cell. Swirl to mix.

9. Add the contents of
one Chromium 2

Reagent Powder Pillow
to the cell Swirl to mix.

13. Placethe blank 14. Placethesamplein
into the cell holder. Zero the cell holder. Read the
the instrument using the mg/L chromium.
settings bel ow.

DR/800s
Program No. 13

DR/2010
Program No. 100
540 nm

DR/4000
Program No0.1560
540 nm

HRS MIN SEC

11. Addthecontentsof 12. Wait five minutes
one ChromaVer 3 for color development
Chromium Reagent
Powder Pillow. Swirl
to mix.

Note: For turbid samples,
treat the blank as
described in Steps 5

Note: A purple color will through 10.

form if chromium is
present.

Note: ChromaVer 3 is
white to tan in color.
Replace brown or green
powder. Undissolved
powder does not affect
accuracy.

15. Usetheequation
below the Total
Chromium Sample and
Analysis Volume Tables
to calculate the true
chromium concentration

Note: For solid samples,
express results as mg/kg,
not mg/L.
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Sample and Analysis Volume Tables
Choose sample and analysis volumes based on expected
concentration in the sample. The values in these tables reflect the
narrowest concentration range for the DR/4000, DR/2010 and
DR/800s. Differences between these tables and those in the
Digesdahl Manual are dueto calculations based on a different set
of instruments.

Liquids
Cone. (mit) | Amount (mL) | volume (miy | OiUee T
0.04-1.8 40.0 20.0 25 mL
0.13-7.5 20.0 10.0 25 mL
0.50-30 10.0 5.00 25 mL
5.0-300 5.00 1.00 25 mL
50-3000 1.00 0.50 25 mL
Solids
ettt | et | v, | owe
5-150 0.500 20.0 25mL
13-375 0.400 10.0 25 mL
35-1000 0.300 5.00 25mL
250-7500 0.200 1.00 25 mL
1000-30000 0.100 0.50 25mL

Calculation For Final Concentration:

A x 2500
= mg/L or mg/kg total Cr
BxC g g/Kg

A = mg/L reading from instrument

B = g or mL sample amount from table

C = mL analysis volume from table
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Sampling and Storage

Accuracy Check

I nterferences

Collect samplesin acid-washed glass or plastic containers. To
preserve samples, adjust the pH to 2 or lower with nitric acid
(about 2 mL per liter). Store preserved samples at room
temperature up to six months. Adjust the pH to about 4 with 5.0 N
Sodium Hydroxide before analysis. Correct the test results for
volume additions.

Standard Additions M ethod

a. Perform the chromium method and note the analysis
volume used and the mg/L Cr of the samplein step 15.

b. Pipet the same analysis volume into three 25-mL
graduated cylinders.

c. Snap thetop off a Trivalent Chromium Voluette Ampule
Standard, 12.5 mg/L as Crs-.

d. Usethe TenSette pipet to add 0.1, 0.2, and 0.3 mL of
standard to the three 25-mL mixing cylinders. Dilute to
25 mL if necessary. Mix each thoroughly.

e. Analyze each sample as described above. The chromium
concentration should increase 0.05 mg/L for each 0.1 mL
of standard added.

Standard Solution M ethod

Prepare a 0.25 mg/L trivalent chromium standard by diluting
5.00 mL of chromium standard solution, 50 mg/L as Cr3+, to
1000 mL with deionized water. Prepare this solution daily.
Perform the chromium procedure as described above. The mg/L
Cr reading should be 0.25 mg/L .

Highly buffered samples or extreme sample pH may exceed the
buffering capacity of the reagents and require sample
pretreatment.
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Summary of Method

Trivalent chromium in the sample is oxidized to the hexaval ent
form by hypobromite ion under alkaline conditions. The sample
isacidified. Total chromium content is determined by the

1,5-diphenyl carbohydrazide method.

REQUIRED REAGENTS

Description
Total Chromium Reagent Set (100 TESES) ...cvvveevveereeieereeiee e ee e sree e

Includes: (2) 2126-66, (1) 12066-99, (1) 2043-99, (1) 2044-99

Quantity Required

Description Per Test Unit
Acid Reagent Powder PiIlIOWS..........ccooeeiiiieieieeeeee 1pillow . 100/pkg
ChromaVer® 3 Chromium Reagent Powder Pillows ....... 1pillow .. 100/pkg
Chromium 1 Reagent Powder Pillows ........ccccoccevvevenee. 1 pillow.. 100/pkg
Chromium 2 Reagent Powder Pillows ........ccccccevvevenene. 1 pillow.. 100/pkg
Water, deioNiZEd ..o varies............ 4L
REQUIRED APPARATUS
Cylinder, mixing, graduated, 25 ML .......ccccceeeevvieevceveecienen, Lo, each
Hot plate, 3%zin. diameter, 120 Vac.......ccccceeveeiveceeeenieeene Lo, each
Hot plate, 3%zin. diameter, 240 Vac ........cccooveevvnceeeeneeene. Lo, each
Water bath and rack ..........coeveieininiincce e Lo each
Select one or more based on sample amount and analysis volume:
Pipet, volumetric, Class A, 20.0 ML .....ccccccvevveeveceeceeiee, Lo, each
Pipet, volumetric, Class A, 10.0 ML .....ccevvvvveevrceceeieee, Lo, each
Pipet, volumetric, Class A, 5.0 ML ......ccccccvveveeviecceece, Lo, each
Pipet, volumetric, Class A, 1.0 ML .....ccoeiiireieeeeeee i each
Pipet, volumetric, Class A, 0.5 ML ....cccoiiiviieeeeee i each
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12067-01
12067-02
1955-55

14515-20
14515-38
14515-37
14515-35
14515-34



CHROMIUM, TOTAL, continued

OPTIONAL REAGENTS

Description Unit Cat. No.
Chromium, trivalent, standard solution, 50 mg/L Cr3+ .................... 100 mL ............. 14151-42
Chromium, trivalent, standard solution, Voluette™ ampule,

125 MQ/L Cr3%, L0 ML ..vcvvveececeeeeeeecee et se e s sesessee e 16/pkg.......c..... 14257-10
NItHC ACIH, ACS......oo et saee e 500 ML ..ueeveen. 152-49
Nitric ACId SOIULION Lid.....oiiieee et 500mL ... 2540-49
Sodium Hydroxide Solution 5.0 N ......c.cccoviiiiiiiiieeneeeeene 50 mL* SCDB................ 2450-26

OPTIONAL APPARATUS

Description Unit Cat. No.
AMPUIE BreaKer Kit........ooiieiee e each............ 21968-00
Cylinder, graduated, polypropylene, 25 ML .......cccccevveceeieieceeeceeen each............. 1081-40
Cylinder, graduated, miXing, 25 ML .....cccccevieevieeiieere e ech........... 20886-40
T 010 1= G o) RSP 2/pkg ... 14647-02
Flask, volumetric, 1000 ML .......cccocerireeinininesiesesesese e each ..., 547-53
pH Indicator Paper, L1to L1 pH ...ccoovvvveieiieceeee e 5rollgpkg ...ccccveeneee. 391-33
pH Meter, SenslON™L, POrtable ..........cveeeveeeeceeeeeeeeeee e each............. 51700-10
Pipet, Serological, 2 ML .....ooeoie e each.....ccco.... 532-36
Pipet, TeNSette®, 0.110 1O ML ..cocvcveveeevevereeeeetee ettt eaCh ............ 19700-01
Pipet Tips for 19700-01 TenSette® Pipet .........cccccoeveveveverereveerererenenns 50/pkg....ccue. 21856-96
Pipet, volumetric, Class A, 5.00 ML ....coocvievieiee e each............. 14515-37
Pipet Filler, safety BUID ......cccooiviieee e each............ 14651-00

* Contact Hach for larger sizes.
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COBALT

Method 8078

PAN Method

Range: Liquids- 0.05-10,000 mg/L; Solids- 5-100,000 mg/kg

Digest /
Sample

1. Select sample
amount from tables
following these steps.
Digest the sample
according to the
procedure in SECTION
3.

Note: For best results,
analyze a reagent blank
for each lot of reagents.
Subtract the blank value
from the displayed sample
value.

o

5. Add0.5mL of 0.3%
PAN Indicator Solution
to each cylinder.
Stopper. Invert several
times to mix.

Note: Use plastic dropper
provided.

2. Usetheanalysis
volume in the same
table. Pipet the sample
analysisvolumeinto a
10-mL mixing cylinder.
If the aliquot is more
than 0.2 mL, adjust the
pH according to the
instruction following the
digestion method. Dilute
to the 10-mL mark with
deionized water.

Note: For proof of
accuracy, use a 0.5 mg/L
cobalt standard in place of
the sample (preparation
given in Accuracy Check).

HRS MIN SEC

6. Wait three minutes
for color to develop.

Note: The sample solution
color may vary from green
to dark red, depending on
the chemical makeup of
the sample. The blank
should be yellow.

3. Fill another 10-mL
cylinder with 10 mL of
deionized water (the
blank).

Note: If sample is less
than 10 °C (50 °F), warm
to room temperature prior
to analysis.

[

7. When the timer
beeps, add the contents
of one EDTA Reagent
Powder Pillow to each
cylinder. Stopper.
Shake to dissolve.
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4. Add the contents
of one Phthalate-
Phosphate Reagent
Powder Pillow to each
cylinder. Stopper each
cylinder. Immediately
shake to dissolve.

Note: Invert the cylinder
until all the powder
dissolves. This is critical if
the sample contains iron.

8. Pour the contents of
each cylinder into
separate 10-mL sample
cells.



COBALT, continued

9. Placethe blank into

10. Placethesamplein 11. Usethe equation

the cell holder. Closethe the cell holder. Read the below the Cobalt

light shield. Zero the
instrument with the
blank, using the settings
below.

DR/800s
Program No. NA

DR/2010
Program No. 110
620 nm

DR/4000
Program No0.1600
620 nm

mg/L cobalt. Sample and Analysis
Volume Tables to
calculate the true cobalt
concentration.

Note: For solid samples,
express results as mg/kg,
not mg/L.

Sample and Analysis Volume Tables

Choose sample and analysis volumes based on expected
concentration in the sample. The values in these tables reflect the
narrowest concentration range for the DR/4000, DR/2010 and
DR/800s. Differences between these tables and those in the
Digesdahl Manual are dueto calculations based on a different set
of instruments.

Liquids
Expected Co Conc. (mg/L) | Sample Amount (mL) | Analysis Volume (mL) Dilute To
0.05-6.25 40.0 8.00 10 mL
0.13-25 20.0 4.00 10 mL
0.5-100 10.0 2.00 10 mL
5-1000 5.00 0.40 10 mL
50-10000 1.00 0.20 10 mL
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COBALT, continued

Solids
Expected Co Conc. Sample Amount (g) Analysis Volume (mL) Dilute To
(mg/kg)

5-500 0.500 8.00 10 mL
75-1250 0.400 4.00 10 mL
35-3300 0.300 2.00 10 mL

250-25000 0.200 0.40 10 mL
1000-100000 0.100 0.20 10 mL

Calculation For Final Concentration:

A x1000
BxC

A = mg/L reading from instrument

= mg/L or mg/kg Total Co

B = g or mL sample amount from table

C = mL analysis volume from table

Sampling and Storage

Accuracy Check

Collect samplesin acid-washed plastic bottles. Adjust the sample
pH to 2 or less with nitric acid (about 5 mL per liter). Preserved
samples can be stored up to six months at room temperature. Be
sure the sample pH isless than 8 or some loss of cobalt as a
precipitate will occur. Correct test results for volume additions.

Standard Solution M ethod

Prepare the working stock solution daily by diluting 10.00 mL of
cobalt Standard Solution, 1000 mg/L as Co, to 1000 mL with
deionized water. Thisisa 10 mg/L working standard. Prepare a
1.0-mg/L cobalt standard solution by diluting 10.0 mL of a
10-mg/L working stock solution to 100 mL in avolumetric flask.
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COBALT, continued

Interferences

The following may interfere in concentrations exceeding those
listed below.

A3+ 32 mg/L

Caz* 1000 mg/L as (CaCOg)
Cd2z+ 20 mg/L

Cl- 8000 mg/L

Cré+ 40 mg/L

Cu?2* 15 mg/L*

F- 20 mg/L

Fe3+ 10 mg/L*

K+ 500 mg/L

Mg+ 400 mg/L

Mn2+ 25 mg/L

Mob6+ 60 mg/L

Nat 5000 mg/L

Pb2+ 20 mg/L

Zn2+ 30 mg/L

* Monitor iron with Water Quality Iron Test Strips (Cat. No. 27453-25) and
copper with Water Quality Copper Test Strips (Cat. No. 27451-25).

Summary of Method

After buffering the sample and masking any Fe3* with
pyrophosphate, the cobalt is reacted with 1-(2-Pyridylazo)-2-
Naphthol indicator. The indicator forms complexes with most
metals present. After color development, EDTA is added to
destroy all metal-PAN complexes except nickel and cobalt. Both
nickel and cobalt can be determined on the same sample.
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COBALT, continued

REQUIRED REAGENTS

Description
Cobalt Reagent Set, 10 ML Size€ (100 TESS) ..occvvevvereeerieeiieereesieeseeseeseee e
Includes: (2) 7005-99, (1) 21502-32, (2) 26151-49
Quantity Required
Description Per Test Unit
EDTA Reagent Powder PillOWS .........ccccevviiviieneereenne 2pillows . 100/pkg
Phthal ate-Phosphate Reagent Powder Pillows,

L1O-ML SIZE oot 2pillows . 100/pkg
PAN Indicator Solution, 0.3%0 .......cccccvverererirenenisenieens 1.0mL ....100mL
Water, dEIONIZEA ...t ee e e 10mL ........... 4L
REQUIRED APPARATUS
Cylinder, mixing, graduated, 10 ML .......ccccceeeeevieevievenrienen, 2 each
Stopper, HDPE, #13 ..o 2 6/pkg
Pipet, TenSette®, 0.1-1.0 ML ...o.orveeeieeeeeeeeceee e i I each
Pipet Tips, for TENSette® PIPet ........cccevevevcecvererceereerereienns 2. 50/pkg
Select one or more based an sample amount and analysis volume:

Pipet, volumetric, Class A, 8.0 ML .......cccccovveveeviieceee, (T each
Pipet, volumetric, Class A, 4.0 ML ......cccoovieveeviceceeie, Lo, each
Pipet, volumetric, Class A, 20 ML .....cccoeiiiveiireeeeeee Lo, each

OPTIONAL REAGENTS

Cobalt Standard Solution, 1000 MQ/L CO ....cccccveeveeviercie e e 100mL
NITFC ACIH, ACS .ttt e e e e e e e e e e e e e ereeeeeerenaans 500mL
Nitric ACid SOIULION, 1i1 .veeiieiicie e 500mL
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Cat. No.
.............. 26516-00

Cat. No.
................ 7005-99

.............. 20886-38
.............. 20955-13
.............. 19700-01
.............. 21856-96

.............. 14515-08
.............. 14515-04
.............. 14515-36



COBALT, continued

OPTIONAL APPARATUS

Description Unit Cat. No.
Dropper, 0.5and 1.0 ML Mark........cccoviririiiiecsseseeeeeee e 5/pKg ..covrene. 14197-05
Flask, volumetric, CIass A, 100 ML ...ooveeiieieeeeeeee e eeeeeeeee e e e e eereeeee e e each............. 14574-42
Flask, volumetric, Class A, 1000 ML .....cocvvirieieienireneeee e each............. 14574-53
pH Indicator Paper, 110 11 PH ..o, 5rolls/pkg ...ccvevveeneee. 391-33
pH Meter, senSION™L, portable .........ccevvveieeieieceesee e each............ 51700-10
Pipet, Serological, L ML .....ooceiiiiieeeee e eCh.occveiiiin, 532-35
Pipet, Serological, 5 ML ..o each.....ccoeeuneen. 532-37
Pipet, TENSette®, 0.110 1.0 ML ...cvcvevceererereeceeeiere et eaCh ... 19700-01
Pipet Tips, for 19700-01 TenSette® Pipet ........cccccevevevererererereerererenenns 50/pkg....ccueee. 21856-96
Pipet, volumetric, Class A, 10.0 ML ...cccooveveeiiiiceece e each............ 14515-38
Pipet Filler, safety BUID ......ccoooviiicee e, each............. 14651-00
Thermometar, -10 10 110 CC ..ot r e e e e e e e e e e e e e e sans ech..c......... 1877-01
Water Quality Test Strips, total iron ........ccocceeeeieveneeee e, 25/pkg............. 27453-25
Water Quality Test Strips, total COPPEY .......ccovvrerereeieerenereeeeeeeenes 25/pKg v 27451-25
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Method 8025
COLOR, TRUE AND APPARENT

APHA Platinum-Cobalt Standard M ethod* **
Range: 0to 500 units

1. Assemblethe 2. Rinsethefilterby 3. Pour another 50 mL 4. Fill asample cell
filtering apparatus pouring about 50 mL of  of deionized water (the blank) with 25 mL
(membrane filter, filter ~ deionized water through through the filter. of filtered deionized
holder, filter flask, the filter. Discard the Keep thisfor step 4. water. Discard the

and aspirator). rinse water. EXCESS.

Note: To test for apparent Note: For apparent
color, do not filter; begin at color use unfiltered

step 4 and skip Step 5. deionized water.

* Adapted from Standard Methods for the Examination of Water and Wastewater. DR/4000 program
1680 is equivalent to NCASI method 253 for pulp and paper effluent (requires pH adjustment).
** Wat. Res. Vol. 30, No 11, pp. 2771-2775, 1996.
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COLOR, TRUE AND APPARENT, continued

[y

5. Pour about 6. Fill asecond sample 7. Placetheblank into 8. Place the samplein
50 mL of sample cell (the prepared the cell holder. Zero the the cell holder. Read the
through the filter. sample) with 25 mL of  instrument with the Pt-Co units color.
the filtered sample. blank using the settings
Note: For apparent color, below.
use unfiltered sample. DR/800s
Program No. 19
DR/2010
Program No. 120
455 nm
DR/4000
Program No0.1670
455 nm

or
Program No. 1680
465 nm

Sampling and Storage
Collect samplesin clean plastic or glass bottles. Analyze the
sample as soon as possible after collection for best results. If
prompt analysisisimpossible, fill bottles completely and cap
tightly. Avoid excessive agitation or prolonged contact with air.
Samples can be stored for 48 hours by cooling to 4 °C (39 °F).
Warm to room temperature before running the test.
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COLOR, TRUE AND APPARENT, continued

Accuracy Check

Summary of Method

Standard Solution Method

A 500 Platinum-Cobalt Units Color Standard solution is available
for checking test accuracy. A 250 Platinum-Cobalt Units
Standard can be made by pipetting 50.0 mL of the 500 Platinum-
Cobalt Units Standard into a 100-mL volumetric flask and
diluting to volume with deionized water. A ready-to-use 15
Platinum-Cobalt Units Standard is also available. The Pour-Thru
or Flow-Thru Cell is recommended when using the 15 Platinum-
Cobalt Units Standard.

Color may be expressed as apparent or true color. The apparent
color includes color from dissolved materials plus that from
suspended matter. By filtering or centrifuging out the suspended
materials, the true color can be determined. The procedure
describestrue color analysis. If apparent color isdesired, it can be
determined by measuring an unfiltered water sasmple. The stored
program is used for both forms of color.

For low-level color measurements, the Pour-Thru Cell or
Flow-Thru Cell is recommended.

The stored program is calibrated in color units based on the
APHA -recommended standard of 1 color unit being equal to
1 mg/L platinum as chloroplatinate ion.
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COLOR, TRUE AND APPARENT, continued

REQUIRED REAGENTS

Quantity Required

Description Per Test Units Cat. No.
Water, deioNiZEd ..........coeiviiirieieeee s 50mL........... AL s 272-56
REQUIRED APPARATUS

ASDITALOr, VBCUUIM ....ovvivieeeieercere e ste et sre e saesae e ere e i each............... 2131-00
Filter Holder, 47 mm, 300 mL graduated ..........c.ccccccvvvenennne. Lo each............. 13529-00
Filter, membrane, 47 mm, 0.45 MIiCrons ........cccccceevevvsvrneenne. 1. 100/pkg............. 13530-00
Flask, filtering, 500 ML ....ccooveeiriieeceeee e T eCh..coocvviinn. 546-49
Stopper, NO 7, 0NENO0IE .......ceiiieiiii e 1o 6/pKg .. 2119-07
Tubing, RUBDEY ... T, 2 | S 560-19
OPTIONAL REAGENTS

Color Standard Solution, 500 platinum-cobalt units ...........c.cccccceeeeeeenen. I 1414-53
Color Standard Solution, 15 platinum-cobalt units ............cccceveveeeennen. (1 I 26028-53
OPTIONAL APPARATUS

Cylinder, graduated, 50-mL, glaSS.........ccceveveieeieseiee e (27 ¢ P 508-41
Flask, volumetric, Class A, 100 ML .....ocooeivinineieee e each........... 14574-42
Pipet, volumetric, Class A, 5O ML .....cccvvce e each............. 14515-41
Thermometar, -10 10 110 CC ...ttt e e e e e e e e e e e e e e eesans ech...c..c...... 1877-01
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COPPER, TOTAL

M ethod 8506

Bicinchoninate M ethod
Range: Liquids- 0.07-25000 mg/L ; Solids- 6-250000 mg/kg

Digest Sample

1. Select sample
amount from tables
following these steps.
Digest the sample
according to the
procedurein
SECTION 3.

/
I

2. Usetheanalysis
volume in the same
table. Pipet the sample
analysisvolumeinto a

25-mL mixing cylinder.

If the aliquot is more
than 0.5 mL, adjust the
pH according to the
instructions following
the digestion method.
Dilute to the 25-mL
mark with deionized
water.

3. Fill asecond 25-mL 4. Add the contents of

graduated mixing
cylinder with 25 mL of
deionized water.
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one CuVer 2 reagent
Powder Pillow to each
cylinder. Stopper and
invert to mix.

Note: If copper is present,
the solution will turn
purple.



COPPER, TOTAL, continued

HRS MIN SEC

5. Pour thecontentsof 6. Wait at least two
each cylinder into minutes for color
Separate 25-mL to develop.

sample cells.

9. Usethe equation
below the Copper
Sampleand Analysis
Volume Tablesto
calculate the true copper
concentration.

Note: For solid samples,
express results as mg/kg,
not mg/L.

7. Placetheblank into 8. Placethe samplein
the cell holder. Zero the the cell holder. Read the
instrument with the mg/L copper.

blank, using the settings

below.

DR/800s
Program No. 20

DR/2010
Program No. 135
560 nm

DR/4000
Program No. 1700
560 nm
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COPPER, TOTAL, continued

Sample and Analysis Volume Tables
Choose sample and analysis volumes based on expected
concentration in the sample. The values in these tables reflect the
narrowest concentration range for the DR/4000, DR/2010, and
DR/800s. Differences between these tables and those in the
Digesdahl Manual are dueto calculations based on a different set
of instruments.

Liquids
Expected Cu Conc. (mg/L) Sample Amount (mL) | Analysis Volume (mL) Dilute To
0.07-15 40.0 20.0 25 mL
0.25-60 20.0 10.0 25 mL
1-250 10.0 5.00 25 mL
10-2500 5.00 1.00 25 mL
100-25000 1.00 0.50 25 mL
Solids
Expected Cu Conc. (mg/kg) Sample Amount (g) Analysis Volume (mL) Dilute To
6-1250 0.500 20.0 25 mL
15-3125 0.400 10.0 25 mL
35-8300 0.300 5.00 25 mL
265-62500 0.200 1.00 25 mL
1100-250000 0.100 0.50 25 mL

Calculation For Final Concentration:

A x 2500
BxC

A = mg/L reading from instrument

= mg/kg or mg/L Total Cu

B = g or mL sample amount from table

C = mL analysis volume from table

Sampling and Storage
Collect samplesin acid-cleaned glass or plastic containers. Adjust
the pH to 2 or less with nitric acid (about 2 mL per liter). Store
preserved samples up to six months at room temperature. Correct
the test result for volume additions.
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COPPER, TOTAL, continued

Accuracy Check

Interferences

Standard Additions M ethod

a. Fill three 25-mL graduated mixing cylinders with 25 mL
of sample.

b. Snap the neck off a Copper PourRite Standard Ampule,
75 mg/L as Cu.

c. Usethe TenSette Pipet to add 0.1, 0.2, and 0.3 mL of
standard, respectively, to the mixing cylinders. Stopper
and mix thoroughly.

d. Transfer the solution to 25-mL sample cells.

e. Analyze each sample as described in the procedure. The
copper concentration should increase about 0.3 mg/L for
each 0.1 mL of standard added.

Standard Solution Method

Prepare a 3.00 mg/L copper standard by pipetting 3.00 mL of
Copper Standard Solution, 100 mg/L as Cu, into 100-mL
volumetric flask. Dilute to volume with deionized water and mix
well. Prepare this solution daily. Analyze this sampl e as described
above. The copper concentration should be 3.00 mg/L.

CuVer 2 Reagent isformulated to withstand high levels of
calcium, iron, and aluminum without interference. It reacts
directly with copper which is complexed by chelants such as
EDTA.

If the sampleisvery acidic, adjust it to apH greater than 4 before
analysis. If aturbidity formsand turns black, silver interferenceis
likely. This can be eliminated by adding 10 drops of saturated
Potassium Chloride Solution to 75 mL of sample, followed by
filtration through afine filter using the labware listed under
Optional Apparatus. Use the filtered sample in the procedure.
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COPPER, TOTAL, continued

Summary of Method
Copper in the sample reacts with a salt of bicinchoninic acid
contained in CuVer 2 Copper Reagent to form a purple colored
complex in proportion to the copper concentration.

REQUIRED REAGENTS

Quantity Required
Description Per Test Unit Cat. No.
CuVer® 2 Copper Reagent Powder Pillows, 25-mL ......... 1 pillow...100/pkg.............. 21882-99
Water, deioNiZEd ...........coovriririenieees e varies............ AL, 272-56
REQUIRED APPARATUS
Cylinder, graduated, mixing, 25 ML ........ccceveveveevieseevienen, 2 each.............. 20886-40
Pipet Filler, safety bulb ........ccooveieiieeeeeee e Lo, each.............. 14651-00
Select one or more based on sample amount and analysis volume:
Pipet, volumetric, Class A, 20.0 ML .....ccooovveveeirieeeeeene Lo, each.............. 14515-20
Pipet, volumetric, Class A, 10.0 ML ....cccovvrivceireeeeeeene i each............. 14515-38
Pipet, volumetric, Class A, 5.0 ML ......cccccovviveeviceceee, Lo, eaCh.............. 14515-37
Pipet, volumetric, Class A, 20 ML .....ccoevvviveeiiceceee, (T eaCh............. 14515-35
Pipet, volumetric, Class A, 0.5 ML .....ccceeveiveeciceceeee, Lo, eaCh.............. 14515-34

OPTIONAL REAGENTS

Copper Standard Solution, 100 MQ/L........ccceieerierienereseeeeeeseneens 100 ML 128-42
Copper Standard PourRite™ Ampule, 75 mg/L Cu, 2 mL ................. 20/pKg....cccrvne 14247-20
NItHC ACIH, ACS ...t 500 ML...coovvrirennns 152-49
Nitric ACId SOIULION, 1:1 ..o 500 ML.....ccovruennee 2540-49

OPTIONAL APPARATUS

Flask, vVOIUMELTIC, 100 ML ....cocveiiiieie ettt €aCh......ceevevene 547-42
Pipet, TenSette®, 0.110 1.0 ML ....cvcvcveececrereeceeeeeerereee et each.............. 19700-01
Pipet Tips, for 19700-01 TenSette® Pipet.........ccccererieeeererererereeninenen. 50/pKg...eerennen. 21856-96
Pipet, volumetric, Class A, 3.00 ML .....ociiieiririeeeee e each.............. 14515-03
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CYANIDE

Method 8027

Pyridine-Pyrazalone M ethod*
Range: 0.008-500 mg/L

Distillation

1. Setupthedistillation
apparatus for cyanide
following the
instructionsin the
Distillation Apparatus
Manual. Do not connect
thethistletubeyet. Place
adtirring bar in the
distillation flask.

|\

5. Attach thethistle
tube to the flask.

2. Turn on the water
and make sure a steady
flow is maintained
through the condenser.

Note: For proof of
accuracy, use a 0.10-mg/L
Cyanide standard Solution
in place of the sample
(see Accuracy check).

3. Remove and fill the
digtillation apparatus
cylinder to the 50-mL
mark with 0.25 N
Sodium Hydroxide
Standard Solution.
Reassembl e the cylinder
and the distillation
apparatus.

4. Fill aclean 250-mL
graduated cylinder to the
mark with sample and
pour it into the
distillation flask. For
more concentrated
samples, see Table 1 on
page 137.

6. Arrange the vacuum
system as shown in the
assembly drawing, but
do not connect the
vacuum tubing to the gas
bubbler. Turn on the
water to the aspirator
full flow. Adjust the air
flow meter to 0.5 SCFH
(Standard Cubic Foot
per Hour).

7. Connect the vacuum

bubbler. Be surethe air
flow is maintained
(check flow meter) and
that air is bubbling from
the thistle tube and the
gas bubbler.

* Adapted from Epstein, Joseph, Anal. Chem. 19 (4), 272 (1947).
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8. Turnthe stirrer
system tubing to the gas  power switch and set the

stir control to 5.



CYANIDE, continued

9. Using a50-mL
graduated cylinder, pour
50 mL of 19.2 N
Sulfuric Acid Standard
Solution into the
distillation flask viathe
thistle tube.

HRS MIN SEC

13. Allow the solution
to mix for three more
minutes.

10. Using awater
bottle, rinse the thistle
tube walls with a small
amount of deionized
water.

14. Veify thereisa
constant flow of water

through the condenser,

then turn the heater
control to 10.

HRS MIN SEC

11. Allow the solution

to mix for three minutes.

I Air Flow
0.3 SCFH

=

By

15. Itisvery important
to monitor the
distillation at this point.
Once the sample boils,
slowly lower the air flow
to 0.3 SCFH. If the
contents of the flask
begin to back up through
the thistle tube, increase
the air flow until thisno
longer occurs. Allow the
sample to bail for one
hour.
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12. Add 20 mL of
Magnesium Chloride
Reagent into the flask
viathe thistle tube.
Rinse the thistle tube

again.

HRS MIN SEC

16. After one hour,
turn the heat off, but
maintain air flow for 15
minutes. Maintain the
water flow through the
condenser.



CYANIDE, continued

17. After 15 minutes,
remove the rubber
stopper on the 500-mL
vacuum flask to break
the vacuum. Turn off the
water to the aspirator.
Turn off water to the
condenser.

A

21. Fill theflask to the
200-mL mark with
deionized water. Gently
swirl to mix.

18. Removethe gas
bubbler/cylinder
assembly from the
digtillation apparatus.
separate the gas bubbler
from the cylinder.

22. Add three drops of
Phenol phthalein
Indicator Solution.
Adjust the pH of the
sample with 2.5 N
Hydrochloric Acid
solution. Use aplastic
dropper and add the
Hydrochloric Acid
Solution drop-wise until
the solution becomes
colorless.

Note: Do not add sulfuric
acid to neutralize the
sample.

19. Pour the contents
of the cylinder into a
250-mL Erlenmeyer
flask.

23. Transfer the
contents into a 250-mL
volumetric flask. Dilute
to volume with
deionized water. The
sampleisready for
colorimetric analysis or
measurement with a
cyanide ion-selective
electrode.

135

20. Rinsethegas
bubbler, cylinder, and
J-tube connector with
deionized water. Add the
washingsto the
Erlenmeyer flask.



CYANIDE, continued

Colorimetric Analysis

:30 seconds :30 seconds

s

4. Wait an additional
30 seconds while the

1. Using agraduated
cylinder, pour 10 mL of

2. Addthecontentsof 3. Shakethe sample
one CyaniVer 3 Cyanide cell for 30 seconds.

sampleinto a 10-mL Reagent Powder Pillow. samplecell is
sample cell. Stopper the sample cell. undisturbed.
Note: For best results, run Note: The timing for steps
a reagent blank using 2-8 is critical. It may help
deionized water as the to open the necessary
sample. Subtract the blank reagents before starting.
value from the displayed
reading.
:10 seconds
e

}

~

5. Addthecontentsof 6. Shakethe sample

one CyaniVer 4 Cyanide cell for 10 seconds.
Reagent Powder Pillow. Immediately proceed
Stopper the sample cell.  with step 7.

Note: Accuracy is not
affected by undissolved
CyaniVer 4 Cyanide
Reagent Powder.

7. Add the contents of
one CyaniVer 5 Cyanide
Reagent Powder Pillow.
Stopper the cell.

Note: Delaying the
addition of the CyaniVer 5
Cyanide Reagent Powder
for more than 30 seconds
after the addition of the
CyaniVer 4 Cyanide
Reagent Powder will give
lower test results.
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8. Shake vigorously to
completely dissolve the
CyaniVer 5 Cyanide
Reagent Powder (the
prepared sample).

Note: If cyanide is
present, a pink color will
develop which then turns
blue after a few minutes.



CYANIDE, continued

HRS MIN SEC

9. Begin a30-minute
reaction period.

Note: Samples at less
than 25 °C require longer
reaction time and samples
at greater than 25 °C give
low test results.

10. When the timer
beeps, fill another
10-mL sample cell (the
blank) with 10 mL of
sample.

DR/2010
Program No. 160
612 nm

DR/4000
Program N0.1750
612 nm

11. Zerotheinstrument 12. Placethesamplein
with the blank, using the the cell holder. Read the
settings bel ow.

DR/800s
Program No. 23

mg/L cyanide.

Use the equation below
the Cyanide Sample and
Analysis Volume Table
(below) to calculate the
true cyanide
concentration.

Table 1 Sample Dilution Volumes

Con(I:E;(r?terzC;[ie:nC(mg 1) Sample Volume (mL) Dilute To
0.008-0.2 250 250
0.05-1 50 250
0.25-5 10 250
0.50-10 250
2.50-50 250
5-100 0.5 250
25-500 0.1 250

’% = mg/L Total CN

A = mg/L reading from instrument

B = mL sample amount from table
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CYANIDE, continued

Sampling and Storage

Oxidizing Agents

Samples collected in glass or plastic bottles should by analyzed as
quickly as possible.

The presence of oxidizing agents, sulfides and fatty acids can
cause cyanide loss during sample storage. Samples containing
these substances must be pretreated as described in the following
procedures before preservation with sodium hydroxide. If the
sample contains sulfide and is not pretreated, it must be analyzed
within 24 hours.

Preserve the sample by adding 4.0 mL of 5.0 N Sodium
Hydroxide Standard Solution to each liter (or quart) of sample,
using a glass serological pipet and pipet filler. Check the sample
pH. Four mL of sodium hydroxide are usually enough to raise the
pH of most water and wastewater sasmplesto 12. Add more 5.0 N
sodium hydroxide if necessary. Store the sasmplesat 4 °C (39 °F)
or less. Samples preserved in this manner can be stored for up to
14 days.

Before testing, samples preserved with 5.0 N sodium hydroxide
or samples that are highly akaline due to chlorination trestment
processes or sample distillation procedures should be adjusted to
approximately pH 7 with 2.5 N Hydrochloric Acid Standard
Solution. Where significant amounts of preservative are used, a
volume correction should be made.

Oxidizing agents such as chlorine decompose cyanides during
storage. To test for their presence and eliminate their effect,
pretreat samples as follows:

Note: Measure chlorine with Hach Water Quality Total and Free
Chlorine Test Strips (Cat. No. 27450-50).

a. Takea?25-mL portion of the sample and add one drop of
m-Nitrophenol Indicator Solution, 10 g/L. Swirl to mix.

b. Add2.5 N Hydrochloric Acid Standard Solution
dropwise until the color changes from yellow to
colorless. Swirl the sample thoroughly after the addition
of each drop.
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CYANIDE, continued

¢. Addtwo drops of Potassium lodide Solution, 30 g/L, and
two drops of Starch Indicator Solution, to the sample.
Swirl to mix. The solution will turn blueif oxidizing
agents are present.

d. If step c suggests the presence of oxidizing agents, add
two level 1-g measuring spoonfuls of ascorbic acid per
liter of sample.

e. Withdraw a25-mL portion of sample treated with
ascorbic acid and repeat steps a to c. If the sample turns
blue, repeat stepsd and e.

f. If the 25-mL sample remains colorless, adjust the
remaining sample to pH 12 for storage with 5 N Sodium
Hydroxide Standard Solution (usually 4 mL/L).

g. Perform the procedure given under Interferences,
Reducing Agents, to eliminate the effect of excess
ascorbic acid, before following the cyanide procedure.

Sulfides

Sulfides will quickly convert cyanide to thiocyanate (SCN). To
test for the presence of sulfide and eliminate its effect, pretreat
samples asfollows:

a. Placeadrop of sample on adisc of hydrogen sulfide test
paper that has been wetted with pH 4 Buffer Solution.

b. If thetest paper darkens, add a 1-g measuring spoon of
lead acetate to the sample. Repeat step a.

c. If thetest paper continues to turn dark, keep adding lead
acetate until the sample tests negative for sulfide.

d. Filter the lead sulfide precipitate through filter paper and
afunnel. Preserve the sample for storage with 5 N
Sodium Hydroxide Standard Solution or neutralize to a
pH of 7 for analysis.
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CYANIDE, continued

Fatty Acids

Caution: Perform this
operation in a hood as
quickly as possible.

Accuracy Check

Caution:; Cyanides and
their solutions, and the
hydrogen cyanide
liberated by acids, are
very poisonous. Both the
solutions and the gas can
be absorbed through the
skin.

When distilled, fatty acids will pass over with cyanide and form
soaps under the alkaline conditions of the absorber. If the
presence of fatty acid is suspected, do not preserve samples with
sodium hydroxide until the following pretreatment is performed.
The effect of fatty acids can be minimized asfollows:

a. Acidify 500 mL of sampleto pH 6 or 7 with Acetic
Acid Solution.

b. Pour the sampleinto a 1000-mL separatory funnel and
add 50 mL of hexane.

c. Stopper the funnel and shake for one minute. Allow the
layersto separate.

d. Drain off the sample (lower) layer into a 600-mL beaker.
If the sampleisto be stored, add 5 N Sodium Hydroxide
Standard Solution to raise the pH to above 12.

Standard Additions M ethod

a. Preparea 100 mg/L cyanide stock solution weekly by
dissolving 0.1884 grams of sodium cyanidein deionized
water and diluting to 1000 mL.

b. Pipet 5.0 mL of the 100 mg/L cyanide stock solutioninto
a100-mL volumetric flask to prepare a5 mg/L cyanide
working solution. Mix thoroughly.

c. UseaTenSette Pipet to add 0.1, 0.2, and 0.3 mL of the 5
mg/L solution to three 10-mL samples, respectively.

d. Swirl each sample and analyze according to the
procedure. Each 0.1 mL of standard added should
increase the cyanide concentration determined in Step 12
by 0.05 mg/L.
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CYANIDE, continued

I nterferences

Standard Solution M ethod

Prepare a 100 mg/L cyanide stock solution weekly by dissolving
0.1884 grams of sodium cyanide in deionized water and diluting
to 1000 mL.

Immediately before use, prepare a 0.10 mg/L cyanide working
solution by diluting 1.00 mL of the 100 mg/L stock solution to
1000 mL using deionized water. Use this prepared standard in
place of samplein step 1. Results should be 0.10 mg/L CN-.

Oxidizing and Reducing Agents

Large amounts of chlorine in the sample will cause amilky white
precipitate after the addition of the CyaniVer 5 Reagent. If
chlorine or other oxidizing agents are known to be present, or if
reducing agents (such as sulfide or sulfur dioxide) are known to
be present, pretreat the sample before testing as follows using
adequate ventilation:

Oxidizing Agents

a. Adjust a25-mL portion of the alkaline sampleto between
pH 7 and 9 with 2.5 N Hydrochloric Acid Standard
Solution. Count the number of drops of acid added.

b. Add two drops of Potassium lodide Solution and two
drops of Starch Indicator Solution to the sample. Swirl to
mix. The sample will turn blue if oxidizing agents are
present.

c. Add Sodium Arsenite Solution drop-wise until the
sampleturns colorless. Swirl the sample thoroughly after
each drop. Count the number of drops.

d. Take another 25-mL sample and add the total number of
drops of Hydrachloric Acid Standard Solution counted in
Step a.

€. Subtract one drop from the amount of Sodium Arsenite
Solution added in step ¢. Add this amount to the sample.
Mix thoroughly.

f. Using 10 mL of this sample, continue with step 1 of the
cyanide procedure.
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CYANIDE, continued

Reducing Agents

a. Adjust a25-mL portion of the alkaline sampleto between
7 and 9 with 2.5 N Hydrochloric Acid Standard Solution.
Count the number of drops added.

b. Add four drops of Potassium |odide Solution and four
drops of Starch Indicator Solution to the sample. Swirl to
mix. The sample should be colorless.

c. Add Bromine Water drop-wise until ablue color appears.
Count the number of drops, and swirl the sample after the
addition of each drop.

d. Take another 25 mL sample and add the total number of
drops of Hydrachloric Acid Standard Solution counted in

step a.
e. Addthetotal number of drops of Bromine Water counted
in step c to the sample and mix thoroughly.

f. Using 10 mL of this sample, continue with step 1 of the
cyanide procedure.

Summary of Method
The pyridine-pyrazol one method used for measuring cyanide
gives an intense blue color with free cyanide. A sample
distillation is required to determine cyanide from transition and
heavy metal cyanide complexes.

REQUIRED REAGENTS

Description Cat. No.
Cyanide Reagent Set (100 Tests), 10-mL SAMPIE......ccccceeveeieeeenesireese e 24302-00
Includes: (1) 21068-69, (1) 21069-69, (1) 21070-69
Quantity Required

Description Per Test Unit Cat. No.
CyaniVer® 3 Cyanide Reagent Powder Pillows............... 1 pillow...100/pkg............. 21068-69
CyaniVer® 4 Cyanide Reagent Powder Pillows............... 1 pillow...100/pkg............. 21069-69
CyaniVer® 5 Cyanide Reagent Powder Pillows............... 1 pillow...100/pkg............. 21070-69
Hydrochloric Acid Solution, 25 N......cccccceveeeveeiie e, drops....100 mL MDB........ 1418-32
Magnesium Chloride Solution...........cccceeee e veecece e, 20mL........... Il 14762-53
Phenolphthalein Indicator Solution ............cccceeveeeeciecnenee. drops....... 15mL ..., 1897-36
Sodium Hydroxide Standard Solution, 19.2 N ................... 50mL....500 mL ............... 2038-49
Water, dEIONIZE........coocveeeeieee s Varies........... i I 272-56



CYANIDE, continued

REQUIRED APPARATUS

Bottle, Wash, 500 ML .....eveeiiiiieeeeeeeee e e e e e e ee e e e e eaaans Lo, each...ooceviiin, 620-11
Cylinder, graduated, 25 ML ........cccceeveirveece e Lo, each.....cccceeuenee. 508-40
Cylinder, graduated, 50 ML .......ccccceeveiieveeie e Lo, each.....cccceeeunen. 508-41
Cylinder, graduated, 250 ML .......cccccoeveveeve e, Lo, each.....cccceeeenen. 508-46
Didtillation Apparatus, cyanide acCessories........ccoovveereenenne Lo each.............. 22658-00
Didtillation Apparatus, general purpose accessories.............. i I each.............. 22653-00
Distillation Apparatus Heater and Support Apparatus,

115VAC, BO HZ ... Lo each.............. 22744-00
Distillation Apparatus Heater and Support Apparatus,

230 VAC, BOHZ ..o Lo each............. 22744-02
Flask, Erlenmeyer, 250 ML .......ccoviieeieere e i €aCh.....coceerennen. 505-46
Flask, volumetric, Class A, 250 ML .....oovveeeeivceiee e i each......c...... 14574-46
Stoppers, rubber, solid, #1L.......ccccoviririreee e 1o 12/pKg...ccoeeenne 2118-01

OPTIONAL REAGENTS

Acetic Acid SOIUtION, 1090.........cccurireririrerine e 500 mL......c.c..... 14816-49
ASCOMDIC ACIH...c.iiei e et 100g..ccccecvenen. 6138-26
Bromine WALEY .........ccoeiiririiiiese s 29 ML, 2211-20
Buffer SOlUtion, PH 4.0 ..o 500 mL.............. 12223-49
HEXANES, ACS..... .ottt et e e ennes 4., 14478-17
HexaVer® Chelating Reagent Powder Pillows............cccccvevevevevenenee. 100/pKg....eeveverennes 243-99
Hydrochloric Acid Standard Solution, 25N .........cccccevveenenee. 100 mL MDB................ 1418-32
Lead Acetate, trinydrate, ACS .......cco e 500 g..cccirenne 7071-34
Magnesium Chloride SOlULioN ..........cccocvieevene e 1000 mL.............. 14762-53
mM-Nitrophenol INdiCator...........coceeeeierereee e 100 mL MDB................ 2476-32
Potassium lodide Solution, 30 /L .....cccceveevcrveecciecee e 100 mL MDB.................. 343-32
Sodium Arsenite Solution, APHA ..o, 100 mL MDB................ 1047-32
Sodium Cyanide, ACS .......oooeieeeeeece e s ere 280 184-20
Sodium Hydroxide Standard Solution, 0.25 N.........ccccceecvveieerinee. 1000 mL.............. 14763-53
Sodium Hydroxide Standard Solution, 5.0 N.........cccccovevviiiiievece e (I 2450-53
Starch Indicator SOIULION.........ccooviieieieeee e 100 mL MDB.................. 349-32
Sulfuric Acid Standard Solution, 19.2 N......ccoocveeeiiiiiee e 500 mL................ 2038-49
Water Quality Test Strips, free and total chlorine............ccocevveeneee. 50/pkg.............. 27450-50
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CYANIDE, continued

OPTIONAL APPARATUS

Description Unit Cat. No.
Balance, analytical, ScienTech, 115V .....coccveeicevie e, ech............ 26103-00
Balance, analytical, ScienTech, 230V .....cccceveeccevie e, ech........... 26103-02
Beaker, glass, 600 ML .......ccceciiiiieieieceese et each....ccccoeeenee. 500-52
Cyanide lon Selective Electrode Package...........cccovieevevieciece e, each............. 23486-00
Dropper, PIAStiC....ccv i e €aCh ....ccoeuee. 6080-00
Filter Paper, folded, 12.5 CM......ooiiieeieeee e 100/pKg eeveeeeennns 1894-57
Flask, volumetric, 1000 ML .....coooceeierieeiie e srre e s sraeee s each.....ccocue.e. 547-53
Flask, volumetric, Class A, 250 ML ......eevvieeeie i each............. 14574-46
FUNnel, poly, B5 MM .......coieiiiiecec e each............... 1083-67
Funnel, separatory, 500 ML .......cccoceeiieiiiiereece e eaCh....ccceeuenee. 520-49
Hydrogen Sulfide TESt Papers........cccevveeieeevese e 100/pkg............. 25377-33
Midi-Distillation Apparatus, 4-POrt...........cceeeeerrerrieresiesreseseeeseseneenns each............. 26384-00
Midi-Distillation Apparatus, 10-POrt .........cccceeverrerereririersesreseeeseeeneennes ech............ 26385-00
pH/ISE meter, laboratory, SenSION™4 ..........cc.covvueeveceereeeeeeeeereeeeeeanes each............. 51775-10
Pipet Filler, safety BUID .......ccooiviice e, each............. 14651-00
Scoop, double eNdEd..........cceii e each............ 12257-00
Spoon, MEASUNING, 1.0 Gevvveveereeeeie ettt each....ccccveeenee. 510-00
Support RiNG, 10 CM (4 N.) ceoieeieieeeeee e each.............. 580-01
SUPPOIT SN each ..o 563-00
TIMEr, 3-ChanNEl .....cooeeeeee e each............. 23480-00
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IRON, TOTAL

M ethod 8008

FerroVer Method (USEPA approved for reporting wastewater analyses)*

Range: Liquids- 0.1-15000 mg/L ; Solids- 7.5-150,000 mg/kg

Digest /
Sample

1. Select sample
amount from tables
following these steps.
Digest the sample
according to the
procedure in Section 3.

Note: If sample cannot be
analyzed shortly after
collection, see Sampling
and Storage following
these steps.

Note: This is an EPA-
approved method only if
preceded by an EPA-
approved nitric acid
digestion. The Digesdahl
digestion procedure is not
EPA approved and cannot
be used for permit
reporting purposes. See
3.1.2 on page 20 for the
approved digestion.

2. Usetheanalysis
volume in the same
table. Pipet the sample
analysisvolumeinto a
25-mL mixing cylinder.
If the aliquot is more
than 0.5 mL, adjust the
pH according to the
instruction following the
digestion method. Dilute
to the 25-mL mark with
deionized water.

3. Pour 10 mL of the
sampleinto a 10-mL
sample cell.

Note: For more accurate
results, run a reagent
blank and subtract that
value from the displayed
reading.

4. Fill asecond 10-mL
sample cell with 10 mL
of sample (the blank).

* Federal Register, 45 (126) 43459 (June 27, 1980). See step 1 note. Adapted from Sandard Methods
for the Examination of Water and Wastewater.
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IRON, TOTAL, continued

5. Add the contents of
one FerroVer Iron
reagent Powder Pillow
to one of the sample
cells (the prepared
sample). Swirl to mix.

Note: The solution will
turn orange if iron is
present.

Note: Accuracy is not
affected by undissolved
powder.

HRS MIN SEC

6. Beginathree-minute 7. Zero theinstrument
reaction period.

8. Placethe samplein

with the blank, using the the cell holder. Read the

settings bel ow.

DR/800s
Program No. 33

DR/2010
Program No. 265
510 nm

DR/4000
Program No0.2165
510 nm

Sample and Analysis Volume Tables
Choose sample and analysis volumes based on expected
concentration in the sample. The values in these tables reflect the
narrowest concentration range for the DR/4000, DR/2010 and
DR/800s. Differences between these tables and those in the
Digesdahl Manual are due to calculations based on a different set

of instruments.

mg/L iron.

Use the equation below
the FerroVer Iron
Sample and Analysis
Volume Table (next
page) to calculate the
trueiron concentration.

Liquids
Cone. (mgity | Amount (mL) | Volume (i) | DMtSTO
0.1-9 40.0 20.0 25 mL
0.4-37.5 20.0 10.0 25 mL
1.5-150 10.0 5.00 25 mL
15-1500 5.00 1.00 25 mL
150-15000 1.00 0.50 25 mL
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Solids
Cone (mghke) | Amount(@) | Volme (i) | DteTO
7.5-750 0.500 20.0 25mL
20-1875 0.400 10.0 25 mL
50-5000 0.300 5.00 25mL
375-37500 0.200 1.00 25 mL
1500-150000 0.100 0.50 25mL

Calculation For Final Concentration:

A x 2500 _
BxC

= mg/L or mg/kg Total Fe

A = mg/L reading from instrument

B = g or mL sample amount from table

C = mL analysis volume from table

Sampling and Storage
Collect samplesin acid-cleaned glass or plastic containers. No
acid addition is necessary if analyzing the sample immediately.
To preserve samples, adjust the pH to 2 or less with nitric acid
(about 2 mL per liter). Preserved samples may be stored up to six
months at room temperature.Correct the test result for volume

Accuracy Check

additions.

Standard Additions M ethod

a. Performtheiron analysis and note the analysis volume
used and the mg/L Fe of the sample.

b. Pipet the same analysis volume into three 25-mL

graduated mixing cylinders.

c. Snap the neck off a50 mg/L Iron Voluette Ampule
Standard Solution.
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IRON, TOTAL, continued

I nterferences

d. Usethe TenSette Pipet to add 0.1, 0.2, and 0.3 mL of
standard, respectively, to the three mixing cylinders and
mix thoroughly.

e. Transfer only 10 mL of solution to the 10-mL sample
cells.

f. Anayze each standard addition sample as described
above. Theiron concentration should increase 0.2 mg/L
for each 0.1 mL of standard added. If these increases do
not occur, an interference is likely.

Standard Solution Method

Prepare a 1.00 mg/L iron standard by diluting 1.00 mL of Iron
Standard Solution, 100 mg/L Fe, to 100 mL with deionized water.
Or dilute 1.00 mL of an Iron Voluette Ampule Standard Solution
(50 mg/L) to 50 mL in avolumetric flask. Prepare this

solution daily.

Run the test, following the procedure above, using the 1.00 mg/L
Iron Standard Solution. Results should be between 0.90 mg/L and
1.10 mg/L Fe.

The following will not interfere below the levels shown:

Chloride 185,000 mg/L

Calcium 10,000 mg/L as CaCOs3
Magnesium 100,000 mg/L as CaCO3
Molybdate Molybdenum | 50 mg/L as Mo

A large excess of iron will inhibit color development. A diluted
sample should be tested if there is any doubt about the validity of
aresult.

FerroVer Iron Reagent contains amasking agent which eliminates
potential interferences from copper.
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Summary of Method

FerroVer Iron Reagent reacts with all soluble iron and most
insoluble forms of iron in the sample, to produce soluble ferrous
iron. This reacts with the 1,10-phenanthroline indicator in the
reagent to form an orange color in proportion to the iron

concentration.

REQUIRED REAGENTS

Quantity Required

Description Per Test Unit
FerroVer® Iron Reagent Powder Pillows,

10 ML SAMPIES ..o 1 pillow .. 100/pkg
Water, dEIONIZE ........eeeeeeeee et e e e e e e e varies............ 4L
REQUIRED APPARATUS

Cylinder, graduated, mixing, 25 ML .......ccccccevevrevvereceesee, 2 each
Select one or more based an sample amount and analysis volume:
Pipet, volumetric, Class A, 20.0 ML .....cccccvevveecivce e, Lo, each
Pipet, volumetric, Class A, 10.0 ML .....ccccovvvveevivrceeiee, Lo, each
Pipet, volumetric, Class A, 5.0 ML .......ccccoovveveeviceceee, Lo, each
Pipet, volumetric, Class A, 1.0 ML .....ccoeiiineieeeeeee Lo, each
Pipet, volumetric, Class A, 0.5 ML ....cccooiiiiniiieeeeeee Lo, each

OPTIONAL REAGENTS

Ammonium Hydroxide, ACS.........ccce et see e enie e 500 mL
Hydrochloric Acid Standard Solution, 6 N .........c.cccecevveevevecicienee 500 mL
Hydrochloric ACid, ACS..........ooi e 500 mL
Iron Standard Solution, 100 MQ/L .....ccceevvevviiiieie e, 100 mL
Iron Voluette™ Ampule Standard, 50 Mg/L .......cccooeveieeienineneeenne 16/pkg
NITHC ACIH, ACS ... 500 mL
NItric ACIA SOIULION, Lil...ociiiieeiiieieie e s 500 mL
ROVE® RUSE REMOVES ......cocvcviereiectceceececseeessesesesseseseesssesessss e sesesesens 454 g
Sodium Hydroxide Standard Solution, 5.0 N .........ccccceeveeenee. 100 mL MDB
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OPTIONAL APPARATUS

Description Unit Cat. No.
Cylinder, graduated, glass, 25 ML ......ccccevieviievie e each.....ccoovu. 508-40
Cylinder, graduated, poly, 25 ML .....c.ccoociiiiieereeee e ech..cooe...... 1081-40
Cylinder, graduated, poly, 100 ML ........ccceciviivieeieseee e each.............. 1081-42
Filter Holder, MEMDIane........cc.oeceieieieciie e each ..., 2340-00
0= = 0] o TSRS each............... 2131-00
Flask, Erlenmeyer, 250 ML ........ooeiiiriiee e e €aCh ..cceevvenennn. 505-46
Flask, filtering, 500 ML .....ccceccieiie et re e e (720! o IR 546-49
Flask, volumetric, CIass A, 5O ML .....cceeiiieeie e each............. 14574-41
Flask, volumetric, Class A, 100 ML ....cccueveevviiiieciee e exch............. 14574-42
Hot Plate, 32 in.diameter, 120 VAC .....ccueevcieeeeee e exch............. 12067-01
Hot Plate, 32 in.diameter, 240 VAC .....cc.eoeeeieeeeie et exh............. 12067-02
pH Meter, SenslON™L, POrtable ..........cveecveeeeeeeeeeeeeeee e each............. 51700-10
pH Indicator Paper, 110 11 PH .....cooiiiiieieeeeee e €aCh ...cccvruenen. 391-33
Pipet Filler, safety DUID .........cooeieeee e exch............. 14651-00
Pipet, Serological, 2 ML ......cceevieiieccee e each....ccccoeueeee. 532-36
Pipet, serological, S ML .....ccceeiiiiceccee e each....ccccveuenen. 532-37
Pipet, TenSette®, 0.110 1O ML ..cvcveveeceeeceeeeeeee e exch............. 19700-01
Pipet Tips, for 19700-01 TenSette® Pipet .......cccccvvrveveeeeriririeeeinirinnnes 510 o/'(o Pm— 21856-96
Pipet, volumetric, Class A, 1.00 ML ....ccovieiieiiiieeese e ech........... 14515-35
Spoon, MEASUNNG, 0.1 Q...uveerreeeeeieeieeieee et eCh..ccocvvvinn. 511-00
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Method 8147

Ferrozine M ethod*

Range: Liquids- 0.04-6500 mg/L; Solids- 465000 mg/kg

Digest /
Sample

1. Select sample
amount from tables
following these steps.
Digest the sample
according to the
procedure in Section 3.

Note: If sample cannot be
analyzed immediately
after collection, see
Sampling and Storage
following these steps.

Note: Rinse glassware
with 1:1 hydrochloric acid
and deionized water
before use to avoid errors
due to iron deposits on
the glass.

2. Usetheanalysis
volume in the same
table. Pipet the sample
analysisvolumeinto a
25-mL mixing cylinder.
If the aliquot is more
than 0.5 mL, adjust the
pH according to the
instruction following the
digestion method. Dilute
to the 25-ml mark with
deionized water.

3. Fill asecond 25-mL 4. Add the contents

graduated mixing
cylinder with deionized
water (the blank).

Note: For proof of
accuracy, a 0.4 mg/L iron
standard solution
(preparation given in the
Accuracy Check) can be
used in place of the
sample.

* Adapted from Stookey, L.L., Anal. Chem., 42 (7) 779 (1970)
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of one FerroZine Iron
Reagent Solution Pillow
to each cylinder. Swirl to
mix.

Note: 0.5 mL of FerroZine
Iron Reagent Solution can
be used in place of the

solution pillow if preferred.

Note: If the sample
contains rust, see
Interferences following
these steps.
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HRS MIN SEC

5. Beginafive-minute 6. Pour the contents of

reaction period. each cylinder into

Note: The solution wil separate 25-ml sample  settings below.

turn purple if iron is cells. DR/800s

present. Note: The Pour/Flow-Thru  Program No. 37

cell can be used.

DR/2010
Program No. 260
562 nm
DR/4000
Program N0.2175
562 nm

7. Zero the instrument

Use the equation below

8. Placethe samplein
with the blank, using the the cell holder. Read the
mg/L iron.

the Ferrozine Iron
Sampleand Analysis
Volume Tables to
calculate thetrueiron
concentration.

Note: For solid samples,
express results as mg/kg,
not mg/L.

Sample and Analysis Volume Tables

Choose sample and analysis volumes based on expected

concentration in the sample. The values in these tables reflect the

narrowest concentration range for the DR/4000, DR/2010 and
DR/800s. Differences between these tables and those in the

Digesdahl Manual are due to calculations based on a different set

of instruments.

Liquids
Cone. (moll) | Amount(mi) | Volume (my | DT
0.04-4 40.0 20.0 25 mL
0.14-16 20.0 10.0 25 mL
0.55-65 10.0 5.00 25 mL
5.5-650 5.00 1.00 25 mL
55-6500 1.00 0.50 25 mL
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Solids
Cone. (mglkg) | Amount@) | Volumeml) | DIUeTO
4-325 0.500 20.0 25mL
7-810 0.400 10.0 25mL
20-2150 0.300 5.00 25mL
140-16250 0.200 1.00 25mL
550-65000 0.100 0.50 25mL

Calculation For Final Concentration:

A x 2500
= mg/L or mg/kg Total Fe
BxC g g/kg

A = mg/L reading from instrument

B = g or mL sample amount from table

C = mL analysis volume from table

Sampling and Storage
Collect samplesin acid-washed glass or plastic bottles. To
preserve samples, adjust the sample pH to 2 or less with nitric
acid (about 2 mL per liter). Samples preserved in this manner can
be stored up to six months at room temperature.

Accuracy Check
Standard Additions M ethod

a. Perform the FerroZine iron method and note the analysis
volume used and the mg/L Fein step 8.

b. Pipet the same analysis volume into three 25-mL
graduated mixing cylinders.

C. Snap the neck off an Iron Voluette Ampule Standard,
25 mg/L Fe.

d. Usethe TenSette pipet to add 0.1 mL 0.2 mL, and 0.3 mL
of standard to the three cylinders.

e. Performthe Ferrozineiron method beginning with step 3.

153




IRON, TOTAL, continued

I nterferences

Note: Do not allow to
boil dry.

Note: A purple color will
develop if iron is present.

f. Theiron concentration should increase 0.1, 0.2 and
0.3 mg/L, respectively, compared to the concentration in
step 8. If these increase do not occur, an interference
islikely.

Standard Solution M ethod
Prepare a 0.4 mg/L iron working solution as follows:

a. Pipet 1.00 mL of iron standard solution, 100 mg/L Fe,
into 2250 mL volumetric flask.

b. Dilute to volume with deionized water. This solution
should be prepared daily. Analyze the working solution
according to the above procedure.

Copper and cobat may interfere to give slightly high results.

If rust or hydroxides are present, boil the sample, with the
FerroZine Iron Reagent added in Step 4, for one minutein a
boiling water bath then cool to 24 °C (75 °F) before proceeding
with step 5. The reduced sample volume should be returned to
25 mL with deionized water.

If the sample contains magnetite (black iron oxide) or ferrites,
perform the following procedure.

a. Fill a25-mL graduated cylinder with 25 mL of sample.

b. Transfer the sample water into a 125-mL
Erlenmeyer flask.

c. Addthe contents of one FerroZine Iron Reagent Solution
Pillow and swirl to mix.

d. Placetheflask on ahot plate or over aflame and bring to
aboil.

e. Continue boiling gently for 20 to 30 minutes.

f. Return the boiled sampleto the graduated cylinder. Rinse
the Erlenmeyer flask with small amounts of deionized
water and empty into the graduated cylinder.
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g. Return the sample volume to the 25-mL mark with
deionized water.

h. Pour the solution into a sample cell and swirl to mix.

i. Proceed with steps 5 through 8.

Summary of Method
The FerroZine Iron Reagent forms a purple colored complex with
trace amounts of iron in samples that are buffered to a pH of 3.5.
This method is applicable for determining trace levels of ironin
chemical reagents and glycols.
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REQUIRED REAGENTS

Quantity Required

Description Per Test Unit
FerroZine® Iron Reagent Solution Pillows.............c........ 1 pillow.....50/pkg
WaLer, AEIONIZEM. ......eeeee et e e e 25mL........... 4L
REQUIRED APPARATUS

Cylinder, mixing, graduated, 25-ML........cccceeeevieevieenieniiensnnns 2 e each
Select one or more based an sample amount and analysis volume:
Pipet, volumetric, Class A, 20.0 ML ....cccooceeveeivreeeeeeeeeene, Lo, each
Pipet, volumetric, Class A, 10.0 ML ....cccoccveveeveeveeeeve e, i each
Pipet, volumetric, Class A, 5.0 ML ......cccooveveevviieiece e, i each
Pipet, volumetric, Class A, 20 ML .....cccovvveveecevieeece e, i each
Pipet, volumetric, Class A, 0.5 ML ......ccovveeveiiiieeeeeeee, Lo, each

OPTIONAL REAGENTS

Hydrochloric Acid Solution, 1:1 (BN) ......cccovveeeeievieececeecee e 500 mL
FerroZine® [ron Reagent SOlULION...........c.oeueeevrvereeeeeeeeree e 1000 mL
Iron Standard Solution, 100 MQ/L FE...occvevevieece e, 100 mL
Iron Standard Solution, Voluette™ Ampule, 25 mg/L Fe, 10 mL....... 16/pkg
NItHC ACIH, ACS.....iiiiiiiiiree e 500 mL
Nitric ACId SOIULION, Lil....ooceeiiiiiiie e e e aaee s 500 mL

OPTIONAL APPARATUS

Cylinder, graduated, 25 ML ......ccccoeeiieriecie e each
Dropper, calibrated, 0.5-mL & 1.0-mL mark .........cccooevniniinicncncnenns 6/pkg
Flask, Erlenmeyer, 125 ML .......ccccviirieieiecece e each
Flask, volumetric, 250 ML, CIaSS A ..o, each
pH Meter, senSION™L, portable ........cccccveviieeiiieceese e each
Pipet, TENSette®, 0.110 1.0 ML ...cvcvevevererererceeeieree e each
Pipet Tips, for 19700-01 TenSette® Pipet.........ccccovrvveeerirerreeeinirennnas 50/pkg
Thermometer, -10 10 110 OC ..o e e eeeeeeeeeaneas each
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2301-66

............. 20886-40
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M ethod 8033
LEAD

Dithizone M ethod* (USEPA accepted for reporting wastewater analysis)**
Range: Liquids- 0.1-8000 mg/L ; Solids- 8-80000 mg/kg

(=)
Digest /
Sample

3. Transfer thesample 4. Add the contents of

1. Select sample 2. Usetheanalysis

amount from tables volume in the same into a 500-mL one Buffer Powder
following these steps. table. Pipet the sample  separatory funnel. PFillow, citrate type for
Digest the sample analysisvolumeinto a Note: Perform the heavy metals.
according 'Fo the _ 25Q—mL graduate_d _ procedure with proper Stopper th_efunnel.
procedurein Section 3. cylinder. If thealiquot is ventilation or in a fume Shake to dissolve.

morethan 0.5mL, adjust hood.

. Note: Spilled reagent will
the pH according to the P g

affect test accuracy and is

Note: If the sample cannot
be analyzed immediately

after collection, see
Sampling and Storage
following these steps.

Note: This method is
USEPA-accepted only if
preceded by an EPA-
approved digestion. The
Digesdahl digestion
procedure is not EPA-
approved and cannot be
used for reporting
purposes.

instructions following
the digestion method.
Dilute to the 250-mL
mark with deionized
water.

Note: Clean all glassware

with a 1:1 Nitric Acid
Solution. Rinse with
deionized water.

hazardous.

* Adapted from Standard Methods for the Examination of Water and Wastewater
** Procedureis equivalent to Standard Method 3500-Pb D for wastewater. USEPA approved

digestion required.
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LEAD, continued

5. Add 50 mL of
chloroform to a 50-mL
graduated cylinder.
Add the contents of

one DithiVer Metals
Reagent Powder Pillow.
Stopper. Invert
repeatedly to mix
(DithiVer solution). Pour
30 mL of the DithiVer
solution into a second
50-mL graduated
cylinder.

Note: Use adequate
ventilation. The DithiVer
Powder will not all
dissolve. See DithiVer
Solution Preparation.

Note: Most sludge
samples will require a
pretreatment extraction to
remove copper and other
interfering ions. See
Interferences following
these steps.

6. Add the 30 mL of
DithiVer solution from
the cylinder to the
separatory funnel.
Stopper. Invert. Open
stopcock to vent.

7. Add5mL of 50N
Sodium Hydroxide
Standard Solution.
Stopper. Invert. Open
stopcock to vent. Shake
the funnel once or twice
and vent again.

Note: Add a few drops

of 5.25 N Sulfuric Acid
Standard Solution if the
solution turns orange on
shaking. The blue-green
color will reappear. To
avoid high blanks, repeat
procedure on new sample
and use less sodium
hydroxide.
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8. Continue adding
5.0 N Sodium
Hydroxide Standard
Solution dropwise until
the color of the solution
being shaken changes
from blue-green to
orange. Then add 5 more
drops of 5.0 N Sodium
Hydroxide Standard
Solution.

Note: For most accurate
results, adjust the sample
to pH 11.0 to 11.5 using a
pH meter, omitting the five
additional drops of
Sodium Hydroxide
Standard Solution.



LEAD, continued

9. Add two heaping
1.0- g scoops of
potassium cyanideto the
funnel. Stopper. Shake
vigorously until the
potassium cyanide is

all dissolved (about

15 seconds).

Note: Wait one minute for
the layers to separate. The
bottom (chloroform) layer
will be pink if lead is
present.

Note: Potassium cyanide
is a deadly poison. Do not
allow ingestion, inhalating
or contact with skin. Do
not allow contact with
acids or hydrogen cyanide
gas may result.

13. Placethesamplein
the cell holder. Read the
ug/L lead.

10. Insert acotton plug
the size of a peainto the
delivery tube of the
funnel and dowly drain
the bottom (chloroform)
layer into adry 25-mL
sample cell. Stopper.
Thisisthe prepared
sample.

Note: The lead-dithizone
complex is stable for hours
if the sample cell is kept
tightly capped and out of
direct sunlight.

14. Usethe equation
below the Dithizone
Lead Sample and
Analysis Volume Tables
to calculate the true lead
concentration.

11. Fill a25-mL
sample cell (the blank)
with chloroform.
Stopper.

Note: For more accurate
results, run a reagent
blank for each new lot of
chloroform and DithiVer
pillows. Use Hach
deionized water in place of
the sample. Subtract the
blank value from the
results. Hach chloroform is
lead-free; chloroform from
other sources may contain
lead.
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12. Zerotheinstrument
with the blank, using the
settings bel ow.

DR/800s
Program No. NA

DR/2010
Program No. 280
515 nm

DR/4000
Program No0.2200
515 nm



LEAD, continued

Sample and Analysis Volume Tables
Choose sample and analysis volumes based on expected
concentration in the sample. The values in these tables reflect the
narrowest concentration range for the DR/4000, DR/2010 and
DR/800s. Differences between these tables and those in the
Digesdahl Manual are dueto calculations based on a different set
of instruments.

Liquids
Cone. (malL) | Amount(mL) | Volume miy | DIUeTo
0.1-5.0 40.0 20.0 250 mL
0.4-20 20.0 10.0 250 mL
1.5-80 10.0 5.00 250 mL
15-800 5.00 1.00 250 mL
150-8000 1.00 0.50 250 mL
Solids
Cone. (malkg) | Amount@@ | volume(m) | DT
8-400 0.500 20.0 250 mL
20-1000 0.400 10.0 250 mL
50-2600 0.300 5.00 250 mL
400-20000 0.200 1.00 250 mL
1500-80000 0.100 0.50 250 mL

Calculation For Final Concentration:

Ax25 _

ExC mg/L or mg/kg Total Pb

OR

A x 25000

——=——— = ug/L or pg/kg Total Pb
BxC HI HO/Kg

A = pg/Lreading from instrument
B = g or mL sample amount from table

C = mL analysis volume from table
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LEAD, continued

Dithiver Solution Preparation, Storage And Blank
Store DithiVer Powder Pillows away from light and heat. A
convenient way to prepare this solution is to add the contents of
10 DithiVer Metals Reagent Powder Pillowsto a 500-mL bottle
of chloroform. Invert several times until well mixed (carrier
powder may not dissolve). Store dithizone solution in an amber
glass bottle. This solution is stable for 24 hours.

A reagent blank on deionized water should be carried through the
entire method to obtain the most accurate results. The amount of
reagent blank determined on each lot of DithiVer Metals Reagent
Powder Pillow is then subtracted from each reading obtained in
step 13.

Sampling and Storage
Collect samplesin acid cleaned glass or plastic containers. Adjust
the pH to 2 or less with nitric acid (about 2 mL per liter).
Preserved samples can be stored up to six months at room
temperature. Correct the test result for volume additions.

Accuracy Check
Standard Additions Method

a. Perform the lead method and note the analysis volume
used and the pg/L Pb of the sample in step 13.

b. Pipet the same analysis volume into three 250-mL
graduated cylinders.

C. Snap the neck off aLead Voluette Ampule Standard
Solution, 50 mg/L as Ph.

d. Usethe TenSette Pipet to add 0.1 mL, 0.2 mL, and
0.3 mL of standard to each of three 250-mL samples.
Dilute to 250 mL with deionized water. Mix each
thoroughly.

e. Analyze each sample as described above. The lead
concentration should increase 20 pg/L for each 0.1 mL of
standard added.

f. If these increases do not occur, an interferenceis likely.
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I nterferences

Standard Solution M ethod

Prepare a 10 mg/L lead standard solution by pipetting 10.00 mL
of Lead Standard Solution, 100 mg/L, into a 100-mL volumetric
flask. Add 0.2 mL of concentrated nitric acid with a TenSette
Pipet to prevent adsorption of lead on the flask walls.

Dilute to mark with deionized water and mix well. To make a
120-pg/L Pb standard, pipet 3.00 mL of the 10.0-mg/L standard
into 247 mL of deionized water in a500-mL separatory funnel.

Perform the lead procedure as described above.

The following do not interfere:

Aluminum Calcium Magnesium

Antimony Chromium Manganese

Arsenic Cobalt Nickel

Cadmium Iron Zinc
Thefollowing interfere:

Bismuth Mercury Tin

Copper Silver

Eliminate interference from these metals by the following
treatment, beginning after procedure step 5.

a. Measure about 5 mL of the prepared dithizone solution
into the separatory funnel. Stopper the funnel, invert and
open the stopcock to vent. Close the stopcock and shake
the solution vigorously for 15 seconds.

b. Allow the funnel to stand undisturbed until the layers
separate (about 30 seconds). A yellow, red, or bronze
color in the bottom (chloroform) layer confirmsthe
presence of interfering metals.

c. Draw off and discard the bottom (chloroform) layer.
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LEAD, continued

d. Repeat extraction with fresh 5 mL portions of prepared
dithizone solution (discarding the bottom layer each
time) until the bottom layer shows a pure dark green
color for three successive extracts. Extractions can be
repeated anumber of timeswithout appreciably affecting
the amount of lead in the sample.

e. Extract the solution with several 2 or 3 mL portions of
pure chloraform to remove any remaining dithizone,
again discarding the bottom layer each time.

f. Continuethe procedure, substituting 28.5 mL of prepared
dithizone solution for the 30 mL in step 6.

Large amounts of zinc cause an indistinct color transition at the
end point.

Waste Disposal
Bath chloroform (D002) and cyanide (D003) solutions are
regulated as hazardous wastes by the Federal RCRA. Do not pour
these solutions down the drain. Collect chloroform solutions and
the cotton plug used in the delivery tubes of the separatory funnel
for disposal with laboratory solvent waste. Be sure to store
cyanide solutions in a caustic solution with a pH >11 to prevent
potential release of hydrogen cyanide gas.

Summary of Method
The DithiVer Metals Reagent is a stable powder form of
dithizone. Lead ionsin basic solution react with dithizoneto form
apink to red lead-dithizonate complex, which is extracted with
chloroform.
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REQUIRED REAGENTS

Description Cat. No.
Lead ReageNt Set (100 TESES) ..vvvvereereereereriereerieeeseeresiesieseeeeessessesseseeeesessessesseseeneeneens 22431-00
Includes; (1) 14202-99, (2) 14458-17, (1) 12616-99, (1) 767-14, (1) 2450-53, (2) 2450-26
Quantity Required

Description Per Test Units Cat. No.
Buffer Powder Pillows, Citrate for heavy metals.............. 1 pillow.....100/pkg.......... 14202-99
Chloraform, ACS........ooceeceeesece e 50mL......c...ee. 4L ... 14458-17
DithiVer® Metals Reagent Powder Pillows...................... lpillow......100/pkg.......... 12616-99
Potassium Cyanide, ACS.......ccooeviecee e 200, 113g..ccceeee. 767-14
Sodium Hydroxide Solution, 5.0 N .......cccccvierviiviie e 5mL....... 1000 mL............ 2450-53
Sodium Hydroxide, 5.0 N .......cccovriiienii e e drops...50mL DB............ 2450-26
WaLer, EIONIZEM. ......eeeee et e e e e VANES ..vveeeeenns 4L ... 272-56
REQUIRED APPARATUS

Clippers, for opening powder pillows........c.cccooveeveveieeceenene, Lo, each.............. 968-00
Cotton balls, absorbent ...........cccooeveeveii v T 100/pkg............ 2572-01
Cylinder, mixing graduated, 50 ML ..........ccceeveveveneceereenee, i each........... 1896-41
Cylinder, graduated, 5 ML ......cccceeceevirieereece e i each.............. 508-37
Cylinder, graduated, 250 ML .......ccceeceviieeiieeie e nieens O eaCh.....cccee.u. 508-46
Funnel, separatory, 500 ML ........ccoooireieenirnr e 1o, ech.............. 520-49
RING, SUPPOI, 4-IN. ...ocueeiieieiiesese et i each.............. 580-01
Spoon, MEasuring, 1.0 Q....cevveeveeeeeesieseee e i each.............. 510-00
Stand, SUPPOIt, 5X 8N, ..ceeeeciieeeeeece e i each.............. 563-00
Stopper, hollow, NO. 1 ......ccoiiieiiieieeeeee e 2 s 6/pkg.......... 14480-01
OPTIONAL REAGENTS

ChlOTOfOrIN, ACS. ..ottt ettt e e e e e e e et e e e e e sae e reeeeeeeaaarenees 4L.......... 14458-17
Lead Standard Solution, 100 Mg/L Ph........cccoceviiniee e 100 mL.......... 12617-42
Lead Standard Solution, Voluette™ Ampuls, 50 mg/L Pb, 10 mL ........ 16/pkg.......... 14262-10
Nitric ACid SOIULION, Lid.....cceeieieeeeee e 500 mL ............ 2540-49
NItHC ACIH, ACS.....oiiiieeere e 500 mL .............. 152-49
Sodium Hydroxide Standard Solution, 5.0 N ..........cccceeeveennnene 100 mL SCDB............ 2450-32
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OPTIONAL APPARATUS

Description Units Cat. No.
Flask, Erlenmeyer, 500 ML ......cooveiii e each............. 505-49
Flask, filtering, 500 ML ......ccoviiieie e ee e sre e sre e e reesree s each ... 546-49
Flask, volumetric, Class A, 100 ML .....cooviiririnineieesenese e each.......... 14574-42
pH Indicator Paper, 110 11 PH ..o 5rolls/pkg ...ccveniee 391-33
pH Meter, senSION™L, portable.........cooveeviiiiiieeeececeesee e each .......... 51700-10
Pipet Filler, safety DUID........ccooveeeeeceseee e each .......... 14651-00
Pipet Tips, for 19700-01 TenSette® Pipet.........ccccoevervrereerererireeeeieesesenens 50/pKg .......... 21856-96
Pipet, TeNSette®, 0.110 1.0 ML ..c.cucucuiececreicicciereeree et each.......... 19700-01
Pipet, SerologiCal, 2 ML.......ccceeiiiiiieece e each .............. 532-36
Pipet, volumetric, Class A, 200 ML .....ocvivieieie e each .......... 14515-36
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MANGANESE, TOTAL

Method 8149

PAN M ethod*

Range: Liquids: 0.05-3500 mg/L; Solids- 2-35000 mg/kg

/= &
Digest
Sample

1. Select sample
amount from tables
following these steps.
Digest the sample
according to the
procedurein
SECTION 3.

Note: If samples cannot
be analyzed immediately,
see Sampling and Storage
following these steps.

Note: Rinse all glassware
with 1:1 Nitric Acid
solution, then rinse with
deionized water.

2. Usetheanalysis
volume in the same
table. Pipet the sample
analysisvolumeinto a
10-mL mixing cylinder.
If the aliquot is more
than 0.2 mL, adjust the
pH according to the
instructions following
the digestion method.
Diluteto thel0-mL mark
with deionized water.

* Adapted form Goto, K., et al., Talanta, 24, 752-3 (1977).

3. Fill asecond 10-ml
cylinder with deionized
water (the blank).
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4. Add the contents
of one Ascorbic Acid
Powder Pillow to each
cylinder. Invert to mix.

Note: For samples
containing hardness
greater than 300 mg/L
CaCOg3, add four drops of
Rochelle Salt Solution to
the sample after addition
of the Ascorbic Acid
Powder Pillow. Hardness
can be measured with
Hach Water Quality
Hardness Test Strips,
(Cat. No. 27452-50).



MANGANESE, TOTAL, continued

6. Add 21 drops of
0.1% PAN Indicator
Solution to each
cylinder. Invert to mix.

5. Add 15 drops of
Alkaline-Cyanide
Reagent Solutionto each
cylinder. Invert to mix.

Note: An orange color will
develop if manganese is
present.

Note: A cloudy or turbid
solution may form in some
samples after addition of
the Alkaline-Cyanide
Reagent Solution. The
turbidity should dissipate
after step 6.

9. Zerotheinstrument 10. Placethesamplein
with the blank, using the the cell holder. Read the
settings bel ow. mg/L manganese.

DR/800s
Program No. 43

DR/2010
Program No. 290
560 nm

DR/4000
Program N0.2260
560 nm

HRS MIN SEC

7. Beginatwo-minute 8. After the reaction
reaction period. period, pour the sample
and blank into separate

Note: If the sample
P . 10-mL sample cells.

contains more than 5 mg/
iron, allow 10 minutes for
complete color
development. Iron can be
measured with Hach
Water Quality Iron Test
Strips.

11. Usetheequation
below the Manganese
Sample and Analysis
Volume Tables to
calculate the true
manganese
concentration.

Note: For solid samples,
express results as mg/kg,
not mg/L.
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Sample and Analysis Volume Tables
Choose sample and analysis volumes based on expected
concentration in the sample. The values in these tables reflect the
narrowest concentration range for the DR/4000, DR/2010 and
DR/800s. Differences between these tables and those in the
Digesdahl Manual are dueto calculations based on a different set
of instruments.

Liquids
Cone. (mal) | Amount (L) | volume (mL) | DWtSTO
0.05-2.1 40.0 8.0 10 mL
0.2-8.7 20.0 4.0 10 mL
0.8-35 10.0 2.00 10 mL
8-350 5.00 0.40 10 mL
80-3500 1.00 0.20 10 mL
Solids
Supectet it | ottt | ogny | oot
2-175 0.500 8.00 10 mL
5-435 0.400 4.00 10 mL
12-1150 0.300 2.00 10 mL
90-8750 0.200 0.40 10 mL
350-35000 0.100 0.20 10 mL

Calculation For Final Concentration:

Ax1000 _ mg/L or mg/kg Total Mn
BxC

A = mg/L reading from instrument

B = g or mL sample amount from table

C = mL analysis volume from table

Sampling and Storage
Collect samplesin aclean glass or plastic container. Adjust the
pH to 2 or less with nitric acid (about 2 mL per liter). Preserved
samples can be stored up to six months at room temperature.
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MANGANESE, TOTAL, continued

Accuracy Check

Note: Volume accuracy is
very important when
performing standard
additions with 10-mL
volumes. The fill mark on
the 10-mL sample cell is
not intended to measure

standard addition volumes.

Standard Additions M ethod

a.

f.

Perform the manganese method and note the analysis
volume used and the mg/L Mn of the sasmplein step 10.

Fill three 10-mL graduated mixing cylinders with
10.0 mL of sample.

Snap the neck off a Manganese Voluette Ampule
Standard, 10 mg/L Mn.

Use the TenSette Pipet to add 0.1 mL, 0.2 mL and 0.3 mL
of standard, respectively, to the three mixing cylinders.
Stopper and mix each thoroughly.

Analyze each sample as described in the procedure. The
manganese concentration should increase 0.1 mg/L for
each 0.1 mL of standard added.

If these increases do not occur an interferenceislikely.

An dternative to the above procedure is to measure 10.0 mL of
sample into dry sample cells before performing standard
additions. A volumetric pipet or a TenSette Pipet can be used to
deliver the sample volume.

Standard Solution M ethod
Prepare a 0.25 mg/L manganese standard solution as follows:

a.

Pipet 5.00 mL of Manganese Standard Solution,
1000 mg/L Mn, into a1000-mL volumetric flask.

Dilute to the mark with deionized water. Prepare this
solution daily.

Pipet 5.00 mL of the above dilution into a 100-mL
volumetric flask.

Dilute to the mark with deionized water. This second
dilution is equivalent to 0.25 mg/L Mn.
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Interferences
The following do not interfere up to the indicated concentrations:
Aluminum 20 mg/L
Cadmium 10 mg/L
Calcium 1000 mg/L as CaCOg3
Cobalt 20 mg/L
Copper 50 mg/L
Iron 25 mg/L
Lead 0.5 mg/L
Magnesium 300 mg/L as CaCO4
Nickel 40 mg/L
Zinc 15 mg/L
Waste M anagement

The akaline cyanide solution contains cyanide. Cyanide
solutions should be collected for disposal as reactive (D003)
waste. Be sure cyanide solutions are stored in a caustic solution
with pH > 11 to prevent release of hydrogen cyanide gas.

Summary of Method

The PAN method is a highly sensitive and rapid procedure for
detecting low levels of manganese. An ascorbic acid reagent is
used initially to reduce all oxidized forms of manganese to Mn2+.
An akaline-cyanide reagent is added to mask any potential
interferences. PAN Indicator isthen added to combine with the
MnZ2* to form an orange-colored complex.
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REQUIRED REAGENTS

Manganese Reagent Set (50 TESES) ..cccuveieriieiie et et e e s
Includes: (1) 14577-99, (1) 21223-26, (1) 21224-26, (1) 26058-02, (1) 12263-01
Quantity Required
Description Per Test Unit
Alkaline-Cyanide Reagent..........cccevevveevcieeveecieennens 30 drops... ...50 mL SCDB.....
Ascorbic Acid Powder PillowS........cccovieeveieciereecee 2, 100/pkg.....
PAN Indicator Solution, 0.1% ........cccccevveveeveseeeenne. 42 drops... ...50 mL SCDB.....
Water, deioniZed...........cooovvveiininiieeesese e 10ML e 4L.....
REQUIRED APPARATUS
Cylinder, graduated, mixing, 10 ML ......cc.ccccevvieveveernenne 2 e each.....
OPTIONAL REAGENTS
Hydrochloric Acid Solution, 1:1 (6 N) .....ccceeieeiieieeseere e seesee e 500 mL.....
Manganese Standard Solution, 1000 M@/L MN ........ccoeinieiinienereneeenne 100 mL.....
Manganese Standard Solution, PourRite™ Ampule,
10 MQG/L M, 2 ML et 20/pkg......
Nitric ACId SOIULION, LiL....couiiiiiiieiririese e 500 mL.....
NITHC ACIH, ACS.... et re e a e s saranee s 500 mL.....
Rochelle Salt SOIULION. .......co.eoiie e 29mL.....
Sodium Hydroxide Solution, 50%0........ccccceeriieene e e ee e seesree s 500 mL.....
Water Quality Test Strips, hardness.........cocveceveeceeie e 50/pkg.....
Water Quality Test StIPS, IT0N.......ccivieiiecese e 25/pkg.....

OPTIONAL APPARATUS

Beaker, g1ass, 1000 ML ....ccveuiiiieeieseseeie et each.....
Cylinder, MiXing, 25 ML .....ccciiiieiiercie e e e s each.....
Dropper, plastic calibrated, 1.0 ML ..o 10/pkg.....
Flask, volumetric, Class A, 1000 ML ...ooeeiiiiieeeeeee e eeeeeee e eeeeeeeeeeeeeesseeaanees each.....
Flask, volumetric, Class A, 100 ML ....ccoueeieeieiiie e each.....
Pipet, TENSette®, 0.1 10 1.0 ML ...cvcveveeeeeeeeereeeeeetete ettt se s each.....
Pipet Tips, for 19700-01 TENSEE® PiPEL.........ccvveeveverereeeeererereeeereve e 50/pkg.....
Pipet, volumetric, Class A, 10.0 ML ....oceeiiiiieeee e each.....
Pipet, volumetric, Class A, 5.0 ML ..o each.....
Pipet Filler, safety BUID .........cooiiecee e each.....
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Method 10065-A
MERCURY SAMPLE DIGESTION (33 pg/Kg-10 mg/Kg)

Thisdigestion isto be used for digesting solid samples for use with the Cold Vapor Mercury
procedure, Method 10065. For liquid samples, use the digestion presented in the procedure.

Perform this procedurein a fume hood. Toxic gaseswill be produced

1. Drythesampleat 2. Add 10 mL of 3. Add 10 mL of 4. SeeTable1to select
40 °Cor less. Sievethe  concentrated nitric acid ~ concentrated sulfuric the sample size. Add the
sample using a 10-mesh  to a 500-mL round acidtotheflask. Swirl to desired amount of

(2 mm) sieve. bottom flask. mix. Cool to room representative sample to

Note: See Table 1 to temperature. the flask. Th_e sample
select sample size. Drying should contain 0.1 to

at greater than 40 °C will 2.5 pg mercury.
cause mercury loss.

HRS MIN SEC

5. Addamagnetic stir 6. Insert awater cooled 7. Turnonthewaterto 8. Turnonthemagnetic

bar. Placetheflaskintoa condenser intothetop of the condenser. stirrer at medium speed
cool electric heating the flask. Insert along and stir the solution
mantlethat has stirring  stem glass funnel into without heating for
capability. the top of the condenser 30 minutes.

to reduce vapor loss.
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MERCURY SAMPLE DIGESTION, continued

Table 1 Sample Size Selection

Expected Hg Concentration Suggested Sample Size
1.2 to 10 mg/kg 0.25¢g
300 pg/kg to 2 mg/kg 1.009
33 pg/kg to 650 pg/kg 3.00g

9. Turn the heater on
Over a 15-minute
period, slowly increase
the heat until the
solution bails. Avoid
rapid heating. Do not
heat above the
temperature required to
boil the solution.

13. Removethe
condenser from the
flask.

HRS MIN SEC

10. Boil thesolution ~ 11. After one hour,

for one hour. remove the flask and
water cooled condenser
from the heater. Cooal to
room temperature with
the flask still attached to
the condenser. Keep
water flowing through
the condenser.

12. Whentheflask is
cool, rinse the funnel
and condenser with
deionized water into the
flask.

14. Add50mL of 15. Add0.5gof

deionized water tothe  potassium permanganate

flask and swirl tomix.  and 0.5 g of potassium
persulfate to the cooled
solution.
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16. Return theflask to
theelectric heater/stirrer.
Insert the condenser
with funnel back into the
flask. Begin stirring the
solution.



MERCURY SAMPLE DIGESTION, continued

17. Heatthesolutionto
boiling. Bail for 30
minutes. A brown/black
precipitate of manganese
dioxide will form.

o

21. Add 50 mL of
deionized water to the
flask and swirl to mix.

18. Remove the flask
and water cooled
condenser from the
heater. Cool to room
temperature with the
flask still attached to the
condenser. Keep water
flowing through the
condenser.

20. Removethe
condenser from the
flask.

19. Whentheflask is
cool, rinse the funnel
and condenser with
deionized water into
the flask.

k@
:30
seconds

22. Placeacork
support ring on a
magnetic stirrer. Place
the flask on the cork
support ring. Begin
stirring the solution at
medium speed.

24. Turn the stirrer off.
Remove the magnetic
stir bar.

23. Using a0.5-gram
measuring spoon, add
hydroxylamine-
hydrochloride. Wait at
least 30 seconds
between each addition.
Add hydroxylamine-
hydrochloride until the
black/brown manganese
dioxide precipitate
dissolves.

Note: The sample may
contain black/brown
particles which are not
manganese dioxide.
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MERCURY SAMPLE DIGESTION, continued

25. Add 800 mL of 26. Add 20 mL of 27. Transfer theentire 28. Rinsethe flask
deionized water tothe  concentrated nitric acid  digested sample from with 1 N nitric acid and
Cold Vapor Gas and 40 mL of the flask to the Gas add rinse to the digested
Washing Bottle. concentrated sulfuric Washing Bottle. sample.

acid to the Gas Washing
Bottle. Swirl to mix.

Go to Phase 2

29. Completethe Cold 30. To calculate the

Vapor Mercury mercury concentration
Procedure beginning in the solid sample,
with Phase 2Phase 2 on  divide the displayed
page 181. mercury by the weight

of the sample taken for
digestion (grams).
Multiply the result by
100. Report the value as
Hg mercury/Kg.
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MERCURY SAMPLE DIGESTION, continued

Sampling and Storage
Collect samplesin rigorously cleaned glass, fluoropolymer or
polyethylene terephthalate (PET) containers (see Cleaning
Containers, below). Avoid metal containers.

Refrigerate samples immediately after collection and analyze as
soon as possible to prevent loss of volatile mercury compounds.

Cleaning Containers

1. Clean containers with detergent and rinse with
deionized water.

2. Fill the container ailmost full of 4 N hydrochloric acid (allow
space for thermal expansion of the acid).

3. Heat the container at 6575 °C for 48 hours.
4. Cool the container to room temperature.

5. Rinsethreetimeswith deionized water. Store the container in
aseded plastic bag until ready for use.

Summary of Method

The sampleis digested to convert all forms of mercury in the
sampleto mercuric (Hg2*) ions. The mercuric ionsin the digested
sample are converted to mercury vapor in a semi-closed system.
The vapor is carried into a chemically activated absorber column
by ambient air where the mercury vapor is converted to

mercuric chloride.

The mercuric chlorideis eluted off the column and a sensitive
indicator is added. Theinstrument is zeroed using the absorbance
peak of the unreacted indicator. A complexing agent is added to
break the mercury/indicator complex. The increase in unreacted
indicator causes an increase in absorbance which is proportional
to the amount of mercury in the original sample.
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MERCURY SAMPLE DIGESTION, continued

REQUIRED REAGENTS

Quantity Required

Description Per Test Unit Cat. No.
Hydroxylamine Hydrochloride, ACS.........ccccceeivveecvenee. varies........ 1130 246-14
NITHC ACIH, ACS.... ettt e e e rere e e e e e e e 10mL....500 ML ....cccuuneee... 152-49
Potassium Permanganate, ACS.........ccoevievieevensceesee e, 0.54g......... 454 Q. 168-01
Potassium Persulfate, ACS........cccoirereieinene e 05g...... 454 Q.. 26175-01
SUITUFIC ACI, ACS.....oiieee s 10mL........ 25L i 979-09
Water, deioniZEd...........cooviviriiriieee e 120 mL.......... AL i 272-56
REQUIRED APPARATUS

Bottle, Wash, 500 ML ....coeveiieeieeee et e e e e e e e e e e eeraaeeens Lo, ech.....ccooen.. 620-11
Clamp, tWo-prong eXteNSION.........ccoeeeeererereese e eeeseeeeeeeens 1o, each............ 21145-00
Clamp hOIES .........iiieeee e i (=7 o I 326-00
Condenser, water COOIEd..........cvvirirerrieriresese e Lo, each ... 1806-00
COrk SUPPOIT FING ..cviivieeeciectieie et ennenne Lo each............. 27531-00
Cylinder, graduated, 50 ML .......cccceveeieeciieieece e (I each............. 20643-41
FiNQEr COtS, ZEtEX® ..o 2 e 2/pKg ..ceceee. 14647-02
Flask, round-bottom, 500 mL, 24/40 ground glassjoint ........ i each............. 27530-00
FUnnel, 1oNg StEM.......ccee e T eCh..ccocvvvnn. 549-68
Pipet, serological, 10 ML .......ccceveieeee e 1o each ..o, 532-38
Pipet Filler, safety bulb.........coovviiieecece e, Lo each............. 14651-00
SAfEY GOQUIES. ... veiviirieeeitecteeie e s tee et se e e e re e Lo each............ 18421-00
Stir Bar, 3/4x 3/8in., edg-shaped........cocevervieenieneeeereee T ech........... 27532-00
Stirrer, magnetic, 120 V ... Toin, each.......... 23444-00
Stirrer, Magnetic, 240 V ... T, each............. 23444-02
SUPPOIt SEANG.....c.eeiiirieiececeee e (T each.....cccoeeeee. 563-00
Tubing, latex rubber, Y#in ID .....cccoooovvveiiiecece e, Varies........ 12ft e, 559-18
Select one based on available voltage:

Heating Mantle, Distillation Apparatus, 115V ........ccccoeueee. Lo each............. 22744-00
Heating Mantle, Distillation Apparatus, 230 V ........ccccceeueeee. Lo each............. 22744-02
OPTIONAL APPARATUS

Analytical balance, POCKetPro 2060...........ccccoeeveevieevensee e see e ech........... 26948-00
SOil SIEVE, 10-MESN ....eveieeiceiee e each............. 46159-00
Spoon, MEASUNING, 0.5 Q...vvevereeeeie et each....ccccoeeenee. 907-00
WEIGhING DOEL ..o e 500/pKg ...cevenee. 21790-00
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Method 10065
MERCURY

Cold Vapor Mercury Concentration M ethod*
(0.1to 2.5 pug/L)

Phase 1 Wastewater Digestion
(Must bedonein afume Hood! Toxic gases may be present)

1. Transfer oneliter of 2. Add 50 mL of 3. Add 25 mL of 4. Add4.0gof
thesampleto a2000-mL concentrated sulfuric concentrated nitric acid  potassium persulfate to
Erlenmeyer flask. Add a acid to the sample. to the sample. the sample. Stir until
50-mm magnetic stir bar Note: ) dissolved

ote: Determine a
to the sample. Pla.ce the reagent blank for each Note: Alternatively, add
ﬂfrﬂ_( Oon amagnetic new lot of reagent by one 5-gram measuring
stirring hot plate and running the entire scoop of potassium
begin stirring. procedure, including the persulfate to the sample.

) digestion, using one liter
Note: Solid samples must  sf gejonized water instead
be digested using the of sample. Add the same
procedure preceding this  3mount of potassium

method. See Solid permanganate as required

Sample Digestion For by the sample. Subtract
Cold Vapor Mercury on - the reagent blank from
page 173. each test result.

Note: Hach recommends
using dedicated digestion
glassware and sample
cells for this procedure.

* U.S. Patent 5,733,786.
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MERCURY, continued

5. Add75g

of potassium
permanganate to the
sample. Stir until
dissolved.

Note: Alternatively, add a
10-gram measuring scoop
of potassium
permanganate to the
sample.

6. Cover theflask with 7. Continuetostirand 8. Cool the digested

awatch glass. Begin
heating the sample to a
temperature of 90 °C
after the reagents have
dissolved. AVOID
BOILING.

Note: For a mercury
standard or reagent blank
in distilled water the heat
step is not necessary.

heat the sample at 90 °C
for two hours.

Note: A dark purple color
must persist throughout
the two hour digestion.
Some samples (sea
waters, industrial effluents
or samples high in organic
matter or chloride
concentration) require
additional permanganate.
It may be difficult to see a
dark purple color if the
sample contains a
black/brown manganese
dioxide precipitate. You
may add more potassium
permanganate if the

solution is not dark purple.
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sample to room
temperature. A
brown/black precipitate
of manganese dioxide
may settle during
cooling. If the digested
sample does not have a
purple color, the
digestion may be
incomplete. Add more
potassium
permanganate. Return
the sampleto the
magnetic stirring hot
plate and continue
digestion until a purple
color persists.



MERCURY, continued

9. Return the cool,
digested sample to the
cool, magnetic stirring
hot plate. Turn the
stirrer on.

10. Using a0.5-gram
measuring spoon, add
0.5 g-additions of
hydroxylamine-
hydrochloride until the
purple color disappears.
Wait 30 seconds after
each addition to see if
the purple disappears.
Add hydroxylamine-
hydrochloride until all
the manganese dioxide
is dissolved.

——

11. Removethe
stir bar.

12. Thedigested
sample is now ready
for processing by cold
vapor separation and
preconcentration.
Proceed to Phase 2.

Phase 2 Cold Vapor Separation and Pre-concentration of Mercury

-
110 O

\oo———-!
|
e

1. Transferthedigested 2. Setthe GasWashing 3. Connect the 100-mL 4. Pipet 8 mL of HgEX

sample to the Cold
Vapor Gas Washing
Bottle.

Note: The volume of
digested sample should

contain 0.1 to 2.5 pg Hg.

Bottle in the support
ring. Place the top on

Erlenmeyer flask to the
Mercury Absorber

the Gas Washing Bottle. column.

Wait until step 8 to
connect the mercury
absorber column to the
Gas Washing Bottle.
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Reagent B into the
Mercury Absorber
column.



MERCURY, continued

5. Connectthe power to
the vacuum pump and
apply vacuum to the
Mercury Absorber
Column. Draw most of
the HEX Reagent B
into the 100-mL
Erlenmeyer flask.

9. ConnecttheMercury
Absorber Column to the
Gas Washing Bottle
using the glass elbow.

6. Disconnect the

vacuum using the quick  Erlenmeyer flask from

disconnect when HgEX

Reagent B beginstodrip Column. Replaceit with

from the inner delivery
tube on the Mercury
Absorber Column (about
10 seconds after starting
the vacuum). Do not
draw enough air through
the column to begin
drying the packing.

10. Sshakean ampuleof
HgEX Reagent A to
suspend the undissolved
reagent. Open the
ampule and gently shake
the contentsinto the Gas
Washing Bottle through
the side neck.

Note: Shaking the ampule
is not necessary if there is
no undissolved reagent in
the ampule.

A
=11

3

7. Removethe100-mL 8. Pipet 2 mL of HgEX

the Mercury Absorber

the 10-mL Distilling
Receiver.

11. Stopper the side
neck on the Gas
Washing Bottle.
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Reagent C into the
Mercury Absorber
Column.

12. Reconnect the
vacuum to the Mercury
Absorber Column using
the quick disconnect.
The vacuum will pull
HgEX Reagent C
through the Mercury
Absorber Column
packing into the 10-mL
receiver. Air bubbles
should be produced at
the gas dispersion tube
in the Gas Washing
Bottle.



MERCURY, continued

HRS MIN SEC

13. Beginafive-minute 14. After the timer

reaction period. Let the
solution bubble for this

period.

Note: Air flow rate through
the Gas Washing Bottle
should be 1-5 liters per
minute. Allow more time
for lower air flow rates
(i.e., if air flow rate is

1 liter/minute, let the
solution bubble for

10 minutes).

17. Removethe
Distilling Receiver from
the Mercury Absorber
Column. Reconnect the
100-mL Erlenmeyer
flask to the column.

beeps, remove the glass
elbow from the top of
the Mercury Absorber
Column. Keep the
vacuum pump on.

i
/|

18. Pipet 3 mL of
HgEX Reagent B into
the Mercury Absorber
Column (do not apply
vacuum). This keeps the
absorber packing wet
between tests.

15. Pipet 8 mL of
HgEx Reagent B into the
Mercury Absorber
Column to elute the
captured mercury.
Continue to apply
vacuum to pull the HgEx
Reagent B into the
Digtilling Receiver. Use
this distillate in the next
phase.

19. The Mercury
Absorber Column eluate
intheDistilling Receiver
isready for analysis.

Proceed to Phase 3.
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16. Turn off or
disconnect power to the
vacuum pump when the
volumein the Distilling
Receiver reachesthe
10-mL mark.

Note: If necessary, bring
the volume in the Distilling
Receiver up to 10 mL with
HgEX Reagent B. To avoid
low volumes, disconnect
the vacuum a little sooner
in step 6. This leaves
more HgEX Reagent B in
the packing of the Mercury
Absorber Column.



MERCURY, continued

Phase 3 Colorimetric Analysis

1. Using the funnel
provided, add the
contents of one HgEX
Reagent 3 foil pillow
to the eluate in the
Distilling Receiver.
Stopper the receiver.
Invert the receiver to
dissolve the reagent.

5. During the reaction
period, transfer the
solution to a10-mL
sample cell. Wipethe
sample cell sideswith
aclean tissue.

2. Add the contents of
one HYEX Reagent 4
foil pillow to the
Distilling Receiver
using the funnel
provided. Stopper the
receiver. Invert the
receiver to dissolve
the reagent.

6. After the reaction
period, zero the
instrument with the
blank, using the settings
below.

DR/800s
Program No. NA

DR/2010
Program No. 312
412 nm

DR/4000
Program No. 2270
412 nm

% =

HRS MIN SEC
(] ]
=
3. Add 8 drops of 4. Begin atwo minute

HgEX Reagent 5tothe reaction period.
Distilling Receiver.

Stopper the Receiver.

Invert to mix.

7. Remove the cell 8. Return the sample
from the cell holder. cell to the cell holder.
Add the contents of one  Read the pg/L mercury.
HgEXx Reagent 6 fail Thisisthe concentration

pillow to the solution. of mercury inthe
Swirl the cell until the  original sample.
reagent is completely

dissolved. Immediately

go to step 8.

Note: Do not use the
funnel to add HgEx
Reagent 6 to the sample
cell. Any HgEx Reagent 6
in the funnel will make
mercury undetectable in
subsequent tests.
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MERCURY, continued

Sampling and Storage
Collect 1000 mL of samplein an analytically clean, glass or
polyethylene terephthalate (PET) container. Add 10 mL of
concentrated hydrochloric acid to preserve the sample before
sample collection. Fill the container completely full to minimize
air space when closed. Close a glass container with a ground
glass stopper. Close a PET container with a PET cap or a

polypropylene cap (no liner).

Store aqueous samples at 2-6 °C. Acid-preserved samples are
stable for at least six months.

Accuracy Check
Standard Additions Method

a. UseaTenSette® pipet to add 0.10 mL of a12.5 mg/L
Mercury Standard Solution to the purged solution in the
Gas Washing Bottle after an analysis has been performed.
Immediately stopper the Gas Washing Bottle.

b. Beginat step 3 of Phase 2. Follow the procedure steps.

c. Test the eluate as described in Phase 3. The displayed
concentration should be between 1.1-1.4 pg/L Hg.

Standard Solution M ethod

a. Transfer 800 mL of deionized water into the Gas
Washing Bottle.

b. Add 50 mL of concentrated sulfuric acid and 25 mL of
concentrated nitric acid to the water. Swirl to mix.

c. Preparea0.1-mg/L mercury standard solution by serially
diluting a 1000-mg/L Mercury Standard Solution:

* To makeal0.0-mg/L standard, add 1.0 mL of
concentrated nitric acid to a 500-mL volumetric
flask. Dilute 5.00 mL of a 1000 mg/L standard to
500 mL with deionized water. Mix well.
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MERCURY, continued

¢ Tomakeal.0-mg/L standard solution, add 0.2 mL of
concentrated nitric acid to a 100-mL volumetric
flask. Dilute 10.00 mL of the 10.0-mg/L standard to
100 mL with deionized water. Mix well.

* Tomakea0.1-mg/L standard solution, add 0.2 mL of
concentrated nitric acid to a 100-mL volumetric
flask. Dilute 10.00 mL of the 1.0-mg/L standard to
100 mL with deionized water. Mix well.

d. Pipet 10.0 mL of the 0.1-mg/L mercury standard solution
into the Gas Washing Bottle. Swirl to mix.

€. Begin at step 2 of Phase 2 Follow the procedure steps.

f. Test the eluate as described in Phase 3. The displayed
concentration should be between 0.9-1.1 pg/L Hg.

System Start Up Phase 2
Hach recommends that the analyst perform afew analyses on
mercury standards and blanks for system equilibration before
beginning sample testing. This alows the system to stabilize
before processing samples.

Startup Standard

Test amercury standard solution by following the procedure
under Accuracy Check using the Standard Solution Method.
Continue with step a (below) if the value is not within specified
limits.

a. Pipet 10.0 mL of the 0.1-mg/L mercury standard solution
into the purged solution in the Gas Washing Bottle.
Immediately stopper the Gas Washing Bottle.

b. Begin at step 3 of Phase 2. Follow the procedure steps.

C. Test the duate as described in Phase 3 The displayed
concentration should be between 0.9-1.1 pg/L. Hg. Repeat
steps g-i if the value is not within these limits.
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MERCURY, continued

Startup Blank

Run a system blank by using the purged solution in the Gas
Washing Bottle after a satisfactory test of the Startup Standard
has been completed.

a. Leavethe purged solution in the Gas Washing Bottle. Do
not add an aliquot of mercury standard.

b. Begin at step 3 of Phase 2 Follow the procedure steps.

c. Test the eluate as described in Phase 3. The displayed
concentration should be <0.2 pg/L Hg. Repeat the Startup
Blank procedure until a reproducible value is obtained.

Interferences
Standards were used to prepare a single test solution with the
following matrix. A second test solution containing only mercury
at the same concentration was prepared as the control. The two
solutions were digested then analyzed concurrently. There was no
interference from the matrix of the test solution at the
concentrations listed:
lon or Substance Concentration lon or Substance Concentration
Agt 7 mg/L Ag* Fe*2 100 mg/L Fe2*
Al+3 10 mg/L AI3* Hg+2 1 pg/L Hg2+
Aut3 500 pg/L Au3+ Mo+6 10 mg/L Mob+
Cd+2 10 mg/ L Cd2+ Ni+2 10 mg/L Ni2+
Cot*2 10 mg/L Co2* NO3™-N 50 mg/L NOg™-N
Cr+6 10 mg/L Cr6+* Pb2+ 10 mg/L Pb2+
Cu*? 10 mg/L Cu2* SiO, 100 mg/L SiO,
F 1.0 mg/L F Zn*2 10 mg/L Zn2+

In addition, no interference occurred with atest solution
containing 1000 mg/L Na*, 1000 mg/L K+, 1000 mg/L Mg2*,
and 400 mg/L Caz*.

187




MERCURY, continued

Storage and M aintenance of the Cold Vapor Mercury Apparatus

Storage
Store the apparatus as follows for fastest system stabilization and
greatest sensitivity:

e Store the Gas Washing Bottle filled with deionized water
containing 15 mL of concentrated sulfuric acid. Seal the
bottle with the Gas Washing Bottle stopper and top.

* Storethe Mercury Absorber Column with the packing wetted
with HgEX Reagent B. The Erlenmeyer flask should be kept
attached underneath the column. The top of the Mercury
Absorber column should be attached to the Gas Washing
Bottle with the glass elbow as in the procedure.

Glassware Care

Hach recommends using dedicated glassware and sample cells
because of the sensitivity of this procedure. Thoroughly clean the
glassware and sample cells between tests. After washing, rinse
with 1:1 hydrochloric acid solution, then rinse several times with
deionized water.

Maintaining the System

* With proper care and storage, the Mercury Absorber Column
may be used an unlimited number of times.

* Replace the Mercury Scrubber in the air trap housing at least
once for every reagent set used.

* Moisture build up on the Gas Washing Bottle side of the
Acro® 50 Vent Filter will reduce the purging air flow rate. If
this occurs replace the filter or dry it in an oven at 110 °C.

Summary of Method
The sampleis digested to convert all forms of mercury in the
sampleto mercuric (Hg2*) ions. The mercuric ionsin the digested
sample are converted to mercury vapor in a semi-closed system.
The vapor is carried into a chemically activated absorber column
by ambient air where the mercury vapor is converted to
mercuric chloride.

188



MERCURY, continued

Waste Disposal

The mercuric chlorideis eluted off the column and a sensitive
indicator is added. The instrument is zeroed using the absorbance
peak of the unreacted indicator. A complexing agent is added to
break the mercury/indicator complex. The increase in unreacted
indicator causes an increase in absorbance which is proportional
to the amount of mercury in the original sample.

Proper management and disposal of waste is the responsibility of
the waste generator. Hach Company provides waste disposal
information asaguideline only. It is up to the generator to arrange
for proper disposal and comply with applicable local, state, and
federal regulations governing waste disposal. Hach Company
makes no guarantees or warranties, express or implied, for the
waste disposal information represented in this procedure.

1. Dispose of the solution in the Gas Washing Bottle by
neutralizing the solution to a pH of 6-9 and flushing to the
sanitary sewer with water for several minutes.

2. The mercury contained in one liter of sampleis concentrated
by afactor of 100 by the Mercury Absorber Column.
Mercury analysis within the range of the test may produce a
solution in the sample cell that is above the RCRA Toxicity
Characteristic limit of 0.20 mg/L Hg. The sample cell will
contain 0.25 mg/L mercury if the original sample was at
2.5 pg/L mercury (the upper limit of the test range). Dispose
of the solution in the sample cell as a hazardous waste if the
test result was greater than 2 pg/L mercury in the original
sample. Otherwise, pour the solution into the sanitary sewer
and flush with water for several minutes.

3. Themercury scrubber will capture mercury vapor if the
Mercury Absorber Column is not properly activated with the
HgEX Reagent B and HgEx Reagent C. In addition, mercury
is also captured if the capacity of the Absorber Columnis
exceeded. If the Mercury Scrubber has captured mercury
vapor, it must be disposed of according to applicable
regulations.
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MERCURY, continued

REQUIRED REAGENTS

Description Cat. No.
Cold Vapor Mercury Reagent Set (25 tEStS) ......oveveerereeereeeese e 26583-00
Quantity Required

Description Per Test Unit Cat. No.
HgEx™ Reagent A, Stannous Sulfate Solution Ampules......1.....cccceeeee. 25/pkg ... 26588-25
HgEX™ Reagent B, Sulfuric Acid Solution....................... 19mL.......eee 500 mL ... 26589-49
HgEx™ Reagent C, Sodium Hypochlorite Solution........... 2mL ... 55 mL ... 26590-59
HgEx™ Reagent 3, Alkaline Reagent Powder Pillows.......... Lo, 25/pkg ... 26584-48
HgEx™ Reagent 4, Indicator Powder Pillows............cc.c....... I 25/pkg ... 26585-48
HgEx™ Reagent 5, Hydroxide Solution ..............ccccu........ 8 drops....10 mL SCDB ... 26586-36
HgEx™ Reagent 6, Complexing Reagent Pillows................. i T 25/pkg ... 26587-48
Mercury SCrubber .........cceeeeieeee e 2/reagent set............. 2/pkg ... 26558-00
Digestion Reagents

Hydroxylamine Hydrochloride, ACS.........ccooeivieeinnienee. Varies....cocoeeenne. 113g....... 246-14
NitriC ACId, ACS.....ooiieieerere e e 25mL .. 500 mL ....... 152-49
Potassium Permanganate, ACS........ccccevveeveevieseeeesie s VariesS....ocoeevenne. 45449....... 168-01
Potassium Persulfate, ACS........cccovreieieinenesee e 400 i 454 g...26175-01
SUITUFIC ACI, ACS.....oceeeeeeee e 50 ML .cccceieene 25L ....... 979-09
REQUIRED APPARATUS

Cold Vapor Mercury Apparatus Set........ccovvveeveeieieesesiennens Lo, each ... 26744-00
ACrO® 50 VENt Filter .......ccveveeeeieeeeieierceee e Lo, 18/pkg ... 26833-18
AT Trap HOUSING ..o e i each ... 26639-00
AMPUIE BIEaKES ..ot i each ... 25640-00
Breaker/Capper Tool for Mercury Scrubber ... 1o, each ... 26640-00
C-flex Tubing, 0.25" ID, White........coeiieiririnireee V8 | SRR 25 ft...23273-67
Clamp for Mercury Absorber Column..........ccccccvveeieveceennnns Lo, each ... 26562-00
Clamp, RO ..ot 2 e each ....... 326-00
Cylinder, 50 ML ...cveieecee e R, each....... 508-41
Distilling Receiver, 10 ML ......ccccceeieciieiee e O each ... 26554-38
Erlenmeyer Flask, 100 ML ......cccoooieeirieneeeereere e . each ... 26553-42
FUNNED .o Lo each ... 25843-35
Gas Washing Bottle, 1200 ML ........ccceevevveieeieceeceee e Lo, each ... 26622-00
Glass Elbow, with hose adapter .........cccceoovvvveeveicece e, Lo, each ... 26552-00
Mercury Absorber ColuMN.........cceoeenireneeeeeee e 1o, each ... 26555-10
Pump, vacuum, 115V ... R, each ... 14697-00
Pump, vacuum, 220 V.......ccceeviieiiiniien st i each ... 14697-02
Support Ring for Gas Washing Bottle ...........cccccovvvveevviecnnnns Lo each ... 26563-00
Stopper, for Distilling RECEIVEr .........ccoevvveveeceieee e Lo, each ... 26559-00
Stopper, for Gas Washing Bottle............ccocvvrirencieiicinennns 1o, each ... 26623-00
Support Base and ROG..........cccoeirinineeeiesesesese e Lo each ....... 329-00
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MERCURY, continued

REQUIRED APPARATUS (continued)

Quantity Required
Description Per Test Unit Cat. No.
TenSette® Pipet, 0.1-1.0 ML ......ooovevrereeieieieeeeeeee e, Lo, each....19700-01
TenSette® Pipet, 1.0-10.0 ML .....c.coooiiieeieeeeeeeeeeeeeeeee e Lo, each....19700-10
TenSette® Pipet tips, for 19700-01 .......ccvvevviereeeeerereenene, Varies....ccoenee. 50/pkg....21856-96
TenSette® Pipet tips, for 19700-10 .......ccccveveereeeeereereennns Varies.......ccow... 50/pkg....21997-96
Tubing Quick Disconnect, HDPE ............ccccceivvieveieeie e, i D 12/pkg....14810-00
Digestion Apparatus
Flask, Erlenmeyer, 2000 ML .......ccooevvieiieiececeese e Lo, each....24894-54
Hot Plate/Stirrer, 120 V ....ovoeeereieieeeseseseee e Lo, each....23442-00
Hot Plate/Strrer, 240 V ...t T each....23442-02
Spoon, Measuring, 0.5 g...oeeeereriene e Lo each........ 907-00
S g =T | i each....20953-55
Thermometer, -20 t0 110 °C.....ccoovvveriirieereeiree e Lo, each........ 566-01
WaLCHh GIESS......c.ciiiiieiresre s Lo each........ 578-67
OPTIONAL REAGENTS
Hydrochloric ACId, ACS.........oooii e 500mL........ 134-49
Mercury Standard Solution, 12.5 mg/L Hg (NIST) ...cooveieiiiieeceeee 100 mL ......2389-42
Mercury Standard Solution, 2000 mg/L Hg (NIST) ...cccevvieeieeeeee, 100 mL....14195-42
WVALEL, HEIONIZEM ... ..ottt ettt ettt e e e e e e e e e e e e saraeeeeeessasareneeeeeen 4L1L........ 272-56
OPTIONAL APPARATUS
Analytical BalanCe, 115V ..ottt each....26103-00
Analytical BalanCe, 230V ....ooueeeecee e each....26103-02
Cylinder, graduated, 1000 mL, with handle..........c.cccooveieiiiieeeie e, each....26129-53
Flask, vOluMELric, Class A, 500 ML .....cccveeeeeeeeeeeeeeee e e e eeeeeeeeeesaeeseeeeesssennns each....14574-49
Flask, vOluMELric, Class A, 100 ML ....occeeeeeeeeeeeeeeeee e e eeeeeee e e e s eeeeeeeeeeneaans each....14574-42
Incoming Air Filtration APParatus..........ccocceeeeeereenereseeeeesesesee e e seesee e each....26846-00
Pipet, volumetric, Class A, 10.00 ML ......ccovvivieiiiecie e each....14515-38
Pipet, volumetric, Class A, 5.00 ML .....cooviiiiieieieee e each....14515-37
Pipet, volumetric, Class A, 1.00 ML .....ccoviiiiieieieeee e e each....14515-35
Pipet Filler, safety DUID.........cooeeeeeeee e each....14651-00
SPO0ON, MEASUNNG, 5 0 eiveeeieieiteeiee sttt ees each....26572-05
SPooN, MEASUNING, 10 ...eeueeeerieeieie et e e esee st eee e sneeeeseeses each....26572-10
SHE Bar REIEVEN ...ttt each....15232-00
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NICKEL, TOTAL

Method 8150

1-(2 Pyridylazo)-2-Naphthaol (PAN) M ethod*

Range: Liquids— 0.05-5000 mg/L; Solids— 3.3-50000 mg/kg

Digest
Sample

1. Select sample
amount from tables
following these steps
specific to the
instrument being used
(thesetables are
different). Digest the
sample according to the
procedure in Section 3.

Note: If sample cannot be
analyzed immediately, see
Sample Collection and
Preservation following
theses steps.

Note: The DR/2010
method uses a 10-mL
sample size. The DR/4000
and DR/800 use a 25-mL
sample size.

/

2. Usetheanalysis
volume in the same
table. Pipet the sample
analysisvolumeinto a
10-mL or 25-mL mixing
cylinder, whichever is
appropriate. If the
aliquot is more than

0.2 mL (0.5 mL for 25-
mL sample size), adjust
the pH according to the
instructions following
the digestion method.
Dilute to the 10-ml (or
25-mL) mark with
deionized water.

Note: For proof of
accuracy, use a 0.5 mg/L
Nickel Standard Solution
(see Accuracy Check) in
place of the sample.

3. Fill asecond 10-mL 4. Add the contents

or 25-mL graduated
mixing cylinder with
deionized water (the
blank).

Note: If sample is less
than 10 °C (50 °F), warm
to room temperature
before analysis.

* Adapted form Watanabe, H., Talanta, 21 295 (1974).
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of one Phthalate-
Phosphate Reagent
Powder Pillow for the
appropriate sample size
used to each cylinder.
Stopper. Invert
vigorously until al the
powder dissolves.

Note: If sample contains
iron (Fe3+), all the powder
must be dissolved
completely before
continuing with step 5.



NICKEL, TOTAL, continued

HRS MIN SEC

z

5. Add0.5mL of 0.3% 6. Beginal5-minute
PAN Indicator Solution reaction period.

(2 mL for 25-mL
samples) to each
cylinder. Stopper. Invert
several timesto mix.

Note: During color
development, the sample
solution color may vary
from yellowish-orange to
darkred. The blank should

Note: Use the plastic be yellow.

dropper provided.

9. Zerotheinstrument 10. Placethesamplein
with the blank, using the the cell holder. Read the
settings bel ow. mg/L nickel.

DR/800s
Program No. 48
25-mL samples

DR/2010
Program No. 340
560 nm

10-mL samples

DR/4000
Program N0.2370
560 nm

25-mL samples

8. Pour the contents of
each cylinder into
separate 10-mL (or
25-mL) sample cells.

7. When the timer
beeps, add the contents
of one EDTA Reagent
Powder Pillow to each
cylinder. Stopper. Invert
to dissolve the powder.

Note: If a precipitate
forms, let it settle and
decant the solution into a
clean sample cell.

11. Usetheequation
below the Nickel Sample
and Analysis Volume
Tablesto calculate the
true nickel
concentration.

Note: For solid samples,
express results as mg/kg,
not mg/L.

Note: There are different
equations for different
instruments.
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NICKEL, TOTAL, continued

Sample and Analysis Volume Tables
Choose sample and analysis volumes based on expected
concentration in the sample. The values in these tables reflect the
narrowest concentration range for the DR/4000, DR/2010 and
DR/800s. Differences between these tables and those in the
Digesdahl Manual are dueto calculations based on a different set
of instruments.

Liquids
For DR/4000 and DR/800 I nstruments

Expected Ni Sample Analysis Dilute To
Conc. (mg/L) Amount (mL) Volume (mL)
0.05-3 40.0 20.0 25 mL
0.2-12 20.0 10.0 25 mL
0.65-50 10.0 5.00 25 mL
6.5-500 5.00 1.00 25 mL
65-5000 1.00 0.50 25 mL
Ax2500 . mg/L Total Ni
BxC
A = mg/L reading from instrument
B = mL sample amount from table
C = mL analysis volume from table
For DR/2010 Spectrophotometer
Cone. (mall) | Amount(mL) | volume (i) | DM To
0.05-3 40.0 8.00 10 mL
0.2-12 20.0 4.00 10 mL
0.65-50 10.0 2.00 10 mL
6.5-500 5.00 0.40 10 mL
65-5000 1.00 0.20 10 mL
A; >1<O(?o = mg/L Total Ni

A = mg/L reading from instrument
B = mL sample amount from table

C = mL analysis volume from table
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NICKEL, TOTAL, continued

Solids

For DR/800and DR/4000 I nstruments (25 mL sample)

ety | amny | oy | oieTo
3.3-250 0.500 20.0 25 mL
8.5-625 0.400 10.0 25 mL
22-1650 0.300 5.00 25 mL
165-12500 0.200 1.00 25 mL
650-50000 0.100 0.50 25 mL
% = mg/kg Total Ni
A = mg/L reading from instrument
B = g sample amount from table
C = mL analysis volume from table
For DR/2010 Spectrophotometer (10 mL sample)
Carieatty | ammtt®s) | oy, | owteTs
3.3-250 0.500 8.00 10 mL
8.5-625 0.400 4.00 10 mL
22-1650 0.300 2.00 10 mL
165-12500 0.200 0.40 10 mL
650-50000 0.100 0.20 10 mL
Ax1000 _

BxC

= mg/kg Total Ni

A = mg/L reading from instrument

B = g sample amount from table

C = mL analysis volume from table
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NICKEL, TOTAL, continued

Sampling and Storage

Collect sasmplesin acid-washed plastic bottles. Adjust the sample
pH to 2 or less with nitric acid (about 5 mL per liter). Preserved
samples can be stored up to six months at room temperature.

Accuracy Check

Standard Additions M ethod

a.

f.

Perform the nickel method and note the analysis volume
and mg/L Ni of the samplein step 10.

Snap the neck off a 300-mg/L Nickel Voluette Ampule
Standard. Pipet 5.0 mL of the standard into a 100-mL
volumetric flask. Add deionized water to the mark and
mix. Thisisa 15 mg/L Ni solution.

Pipet the same analysis volume used for the sample into
three 10-mL (or 25-mL) graduated mixing cylinders.

Using a Tensette Pipet, add 0.1, 0.2, and 0.3 mL of the
15 mg/L standard into each cylinder, respectively. Dilute
to 10 mL (or 25-mL) and mix well.

Perform the nickel method beginning with step 3. The
nickel concentration should increase 0.15, 0.30, and
0.45 mg/L (0.06, 0.12 and 0.18 mg/L for 25 mL
samples), respectively, when compared to the value in
step a.

If these increases do not occur, an interference islikely.

Standard Solution Method

Prepare a 0.5 mg/L nickel standard solution by diluting 10.0 mL
of a5 mg/L working stock solution to 100 mL in a 100-mL
volumetric flask. Prepare the working stock solution daily by
diluting 5.00 mL of Nickel Standard Solution, 1000 mg/L as Ni,
to 1000 mL with deionized water.

Or, using the TenSette Pipet, add 0.2 mL of a Voluette Ampule
Standard Solution for Nickel, 300 mg/L Ni, into a 100-mL
volumetric flask. Dilute to volume with deionized water. Thisisa
0.6 mg/L standard solution.
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NICKEL, TOTAL, continued

Interferences
The following may interfere when present in concentrations
exceeding those listed below:

Al3+ 32 mg/L
Caz* 1000 mg/L as (CaCOs,)
Cd2* 20 mg/L

Cl- 8000 mg/L*
Cré+ 40 mg/L
Cu2* 15 mg/L

F- 20 mg/L
Fe3+ 10 mg/L

K+ 500 mg/L
Mg2+ 400 mg/L
Mn2+ 25 mg/L
Mo+ 60 mg/L
Na+ 5000 mg/L
Pb2+ 20 mg/L
Zn2+ 30 mg/L

* Monitor chlorine and iron by diluting the sample 1:5, then using
Hach Water Quality Test Strips for Chlorine (Cat. No. 27513-40) and
Hach Water Quality Test Strips for Iron (Cat. No. 27453-25).

Summary of Method
After buffering the sample and masking any Fe3* with
pyrophosphate, the nickel is reacted with 1-(2-Pyridylazo)-2-
Naphthol indicator. The indicator forms complexes with most
metals present. After color development, EDTA is added to
destroy all metal-PAN complexes except nickel and cobalt. This
method is unique because both nickel and cobalt can be
determined on the same sample.
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NICKEL, TOTAL, continued

REQUIRED REAGENTS

Description
Nickel Reagent Set, 10 mL sample (100 TESES) -.vovveerverieererrienieenieserieenieeeas
Includes: (2) 7005-99, (1) 21502-32, (2) 26151-99
OR
Nickel reagent Set, 25-mL sample (100 tESES) ...cvvevveveieerierie e
Includes: (2) 7005-99, (4) 21501-66, (2) 21502-32

Quantity Required
Description Per Test Unit
EDTA Reagent Powder PillOWS .........cccovvivenvcninineie 2o 100/pkg
Phthal ate-Phosphate Reagent Powder Pillows,
10-ML SAMPIES ... 2. 100/pkg
PA.N. Indicator Solution, 0.3%........ccceeeerervieeee e 1mL....100 mL
Water, deioNiZEd ...........coveiiirieiireee e 10mL ........... 4L
REQUIRED APPARATUS
Cylinder, graduated, mixing, 10 ML .......ccccevevveveecesieciee, 2 each
Select one or more based an sample amount and analysis volume:
Pipet, volumetric, Class A, 20.0 ML .....cccoccvvvveeveve e, Lo, each
Pipet, volumetric, Class A, 10.0 ML .....coevvveveecece e, Lo, each
Pipet, volumetric, Class A, 8.0 ML ......ccooveiveeiieeeeeee Lo, each
Pipet, volumetric, Class A, 5.0 ML .....ccccoiviviiiiieeeeeee Lo, each
Pipet, volumetric, Class A, 4.0 ML .....cccoiiioiiiireeeeee i each
Pipet, volumetric, Class A, 20 ML ......cccevvviveevice e, Lo, each
Pipet, volumetric, Class A, 20 mML .....ccccovvviveeciceceee, Lo, each
Pipet, volumetric, Class A, 0.5 ML .....ccceevveveeciceceee, Lo, each

OPTIONAL REAGENTS

Nickel Standard Solution, 1000 MQ/L Ni....coeceevievieeiieniieeceeccie e 100 mL
Nickel Standard Solution, Voluette™ ampule, 300 mg/L Ni, 10 mL . 16/pkg
NITFC ACIH, ACS ..ottt e e e e e e e e e e e et e e ee e areaeeeeean 500 mL
Nitric Acid SOIULION, Lid ..o 500 mL
Sodium Hydroxide Standard Solution, 5.0 N.........ccccccveveneenee. 100 mL MDB
Water Quality Test Strips, total chlorine..........ccccocoveeveccicecccee, 25/pkg
Water Quality Test Strips, total Ir0N...........cooveeeierierene e 25/pkg
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Cat. No.
.............. 26516-00

.............. 22426-00

Cat. No.
................ 7005-99

.............. 20886-38

.............. 14515-20
.............. 14515-38
.............. 14515-08
.............. 14515-37
.............. 14515-04
.............. 14515-36
.............. 14515-35
.............. 14515-34

................ 2450-32
.............. 27513-40
.............. 27453-25



NICKEL, TOTAL, continued

OPTIONAL APPARATUS

Description UnitCat. No.
Dropper, plastic, calibrated ..o 20/pKg ..eeveneeneee 21247-20
Flask, volumetric, CIass A, 100 ML ....oovveiiiieeeeeee e eeeeeeeee e e e eeeeeeee e e each............. 14574-42
Flask, volumetric, Class A, 1000 ML ......ccoeveviviieiese e each............. 14574-53
Pipet, Serological, L ML .....ccceeciiiiecce e each....cccveueeen. 532-35
Pipet, Serological, S ML .....oceecicicecee e each....ccccveueeen. 532-37
Pipet, TENSette®, 0.110 1.0 ML ...cvcvcvevercrereeceeeeeree e eaCh ...o....... 19700-01
Pipet Tips, for 19700-01 TenSette® Pipet........cccccvrvvveveeririreeieinerinnnas 5{0)]o/'(c — 21856-96
Pipet, volumetric, Class A, 5.0 ML ......covviiiiieeee e ech........... 14515-37
Pipet, volumetric, Class A,10.0 ML .....cccocieiievieiiceese e each............. 14515-38
Pipet Filler, safety BUID .......ccooiiiieee e, each............. 14651-00
Thermometer, 1010 110 °C.....ocveiiiiceee e each............... 1877-01
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Selecting the Correct Nitrogen Procedure
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Method 8038
NITROGEN, AMMONIA

Nessler Method (with distillation)
Range: 0.06-625 mg/L

1. Measure250mL of 2. Measure25mL of 3. MeasurethepH of 4. Setupthedistillation
water sample using a Borate Buffer Solution  the solution withapH  apparatus by assembling
clean 250-mL graduated usinga25-mL graduated meter. Using adropper, the general purpose

cylinder. Pour into a cylinder. Addittothe  add 1 N Sodium accessories as shown in

400-mL beaker. beaker and mix. Hydroxide Standard Distillation Apparatus

Note: . ) Solution drop-wise until  Manual. Place a stir bar
ote: Destroy residual Note: For proof of . . AT

chlorine by adding two accuracy, use a 1.0 mg/L the pH is about 9.5. in the distillation flask.

drops of Sodium Arsenite ammonia nitrogen
Solution or one mL of 0.1  standard (see OPTIONAL
N sodium thiosulfate REAGENTS) in place of
solution for every mg/L of the sample.

Cl,. Test the chlorine level

with Hach Water Quality

Test Strips (Cat. No.

27450-50).

Note: To make sodium
thiosulfate, dissolve 3.5 g
of sodium thiosulfate,
pentahydrate, in 1 liter of
deionized water. Prepare
fresh solution weekly.

Note: For most accurate
results, run a deionized
water blank through the
distillation and colorimetric
procedure. Subtract the
blank value from the final
reading to obtain the

final concentration.
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NITROGEN, AMMONIA, continued

5

5. Pour the solution
into thedistillation flask.

Cap the digtillation flask.

9. Turnonthestirrer
power switch. Set the
stir control to 5. Set the
heater control to 10.
Turn on the water and
adjust it so a constant
flow is maintained
through the condenser.

6. Using a25-mL
graduated cylinder, pour
25 mL of deionized
water into aclean,

250- mL Erlenmeyer
flask.

10. Collect 150 mL of
distillate, then turn the
heater off. Immediately
remove the Erlenmeyer
flask. Using a graduated
cylinder, measure the
distillate to be sure that
150 mL has been
collected (total volume
should be 175 mL).

Note: Remove the flask
immediately so the
distillate is not drawn back
into the distillation flask by
vacuum. Or, remove the
small glass stopper in the
thermometer well to break
the vacuum.

-

7. Add the contents of
one Boric Acid Powder
Pillow to the flask. Mix
thoroughly by swirling.

A

11. Returnthe
distillate to the
Erlenmeyer flask. Adjust
the pH of thedistillate to
about 7 by adding 1N
Sodium Hydroxide
Standard Solution drop-
wise. Measure the pH
with apH meter.
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8. Placethe flask under
thedrip tube. Elevate the
flask so the end of the
drip tube extends below
the level of the solution
in the flask. This may
require alaboratory jack.

12. Pour the distillate
into a 250-mL
volumetric flask. Rinse
the Erlenmeyer flask
with deionized water
and add the rinsings to
the volumetric flask.
Dilute to the mark.
Stopper and mix
thoroughly by inversion.
Thedistillateisready for
analysis.



NITROGEN, AMMONIA, continued

il ||

13. Sdlectthe
appropriate analysis
volume of the distilled

sample givenin Table 1. water.
Pipet the analysis

volume from the sample

and the distilled blank

into separate 25-mL

graduated mixing

cylinders.

14. Fill another 25-mL
graduated cylinder with  Mineral Stabilizer to
25 mL of deionized each cylinder. Invert

several timesto mix.

15. Addthreedropsof 16. Add three drops of

Polyvinyl Alcohol

Dispersing Agent to
each cylinder. Invert
several times to mix.

Note: Hold the dropping

bottles upright
while dispensing.

Table 1
Contentration (ngil) | vomme gy pilute To
0.06-25 25 25 mL
03-125 5 25 mL
15-625 25 mL
3-125 05 25 mL
15625 0.1 25 mL
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NITROGEN, AMMONIA, continued

. (S
===111010

17. Fill both cylinders  18. Pipet 1 mL of 19. Beginaone-minute 20. After one minute,
tothe 25-mL mark with NesslersReagenttoeach reaction period. pour the contents of each
deionized water. cylinder. Stopper, invert cylinder into a 25-mL
repeatedly. The solution sample cell.
should not be hazy

Note: Any haze (or
turbidity) will cause
incorrect results.

21. Zerotheinstrument 22. Placethesamplein 23. Usetheformula
with thereagent blank, the cell holder. Read the shown to calculate the

using the settings below. mg/L ammoniaas final mg/L nitrogen.

DR/800 nitrogen. Where:

Program No. NA A =mg/L read from the
display

DR/2010 B = volume of distillate used

Program No. 380 or for analysis

user-entered number

425 nm

DR/4000

Program No. 2400

425 nm
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NITROGEN, AMMONIA, continued

Sampling and Storage

Accuracy Check

I nterferences

Summary of Method

Collect samplesin a cleaned glass or plastic container.

If chlorineis present, add one drop of 0.1 N sodium thiosulfate
for each 0.3 mg/L Cl, in a 1-liter sample. Preserve the sample by
reducing the pH to 2 or less with sulfuric acid (at least 2 mL).
Store at 4 °C (39 °F) or less. Preserved samples may be stored up
to 28 days. Before analysis, warm samples to room temperature
and neutralize with 5 N sodium hydroxide. Correct the test result
for volume additions.

Standard Additions M ethod

a. Snap the neck off an Ammonium Nitrogen Voluette
Ampule Standard Solution, 50 mg/L NH3—N.

b. Usethe TenSette Pipet to add 0.1, 0.2, and 0.3 mL of
standard to three 25-mL samples. Mix each thoroughly.

c. Analyze each sample as described above beginning at
step 13. The nitrogen concentration should increase
0.20 mg/L for each 0.1 mL of standard added.

d. If theseincreases do not occur, an interferenceislikely.

Standard Solution M ethod

To check accuracy, use a1.0 mg/L Ammonium Nitrogen
Standard Solution. Or, this can be prepared by diluting 1.00 mL
of solution from a50 mg/L NH3—N Voluette Ampule Standard for
Ammonium Nitrogen to 50.0 mL with deionized water. Prepare
this solution daily. Perform the Nessler procedure on 25 mL of
this standard beginning at step 13.

Distillation removes most interferences. However, sulfide will
interfere by causing turbidity with Nesder reagent.

The Mineral Stabilizer complexes hardness in the sample. The
Polyvinyl Alcohol Dispersing Agent aids the color formation in
the reaction of Nessler Reagent with ammonium ions. A yellow
color isformed proportional to the ammonia concentration.
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NITROGEN, AMMONIA, continued

REQUIRED REAGENTS

Quantity Required

Description Per Test Unit
Borate Buffer SOIULioN..........ccoocvveeeeie e 25mL ... 1000 mL
Boric Acid Powder PillOwS.........cccooeveiiiereneee, 1pillow......conee.e. 10/pkg
Mineral Stabilizer .......ccoooiiiiiccc e 6 drops... .... 50 mL SCDB
Nesslers REagENt.........cccevveiiiiievece e 2mbL . 500 mL
Sodium Hydroxide Solution, I N ......cccccovvveieeieiennenne, VariesS....cccooveveenen. 100 mL
Polyvinyl Alcohol Dispersing Agent........ccccceveevenea. 6 drops... .... 50 mL SCDB
Water, dEiONIZE.........oocveeiieeee e VANES...cooiieeeeeeeeeeaens 4L
REQUIRED APPARATUS

Beaker, 400 ML ..coooiieeeeeeee ettt e e e s Lo, each
Bottle, glass, amber, 1000 ML ......ccceeveeieeiieeieeseeieesees cvreesreesressneesseesaes 6/pkg
Cylinder, graduated, 25 ML .......c.ccoeeeveveeccece e R each
Cylinder, graduated, 250 ML ........ccccevevececceere e R each
Cylinder, graduated, mixing, tal-form, 25 mL................. 2 each
Distillation Apparatus, General Purpose ACCESSON€S..... L...ioiieiiieriveiinnns each
Distillation Heater and Support Apparatus, 115V .......... Lo each
Distillation Heater and Support Apparatus, 230V .......... Lo each
Dropper, plagtic, 0.5 and 1-mL marks.........cccccevvevenenee i 20/pkg
Flask, volumetric, Class A, 250 ML ......ccccoceevverereniennn. Lo each
Flask, Erlenmeyer, 250 ML .......cccccvieevevececeere e Lo, each
pH/ISE Meter, sensilON™2, portable...........c..coevvereeenen. Loooeeereeeeeeears each
Pipet, TenSette®, 0.1t0 1.0 ML ...cocveveveeererereeeevevee, Lo each
Pipet Tips, for 19700-01 TenSette® Pipet.........c.cccoueeeeee. 2 50/pkg
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NITROGEN, AMMONIA, continued

OPTIONAL REAGENTS

Description Unit
Nitrogen Ammonia Standard Solution, 1.0 mg/L aSN .........ccceceevrrennen. 500 mL
Nitrogen Ammonia Standard Solution, Voluette ampules

BOMO/L @SN, 2 ML oot 20/pkg
PH Paper, pH 9.0-12.0.....ccoiiiieieiece et 5rolls/pkg
Sodium Arsenite SOlUtion, 5 g/L .ccvieeveiecececeece e 100 mL MDB
Sodium Thiosulfate, pentahydrate, ACS.........ccocoiieeereeeere e 454 g
Sodium Thiosulfate Solution, 0.1 N......coovceeeviviiiee e 100 mL MDB
Sodium Hydroxide PEIlELS...........coeiiiieieeeeeee e 5009
Water Quality Test Strips, Free and Total Chlorine ........cccccvvcevvvviveciennnee. 50/pkg

OPTIONAL APPARATUS

Ammonia Combination Electrode Analysis Package ...........ccccoovevvivieeseene. each
Balance, AcCULab POCKEL Pro.........c.cceeeeceiinece st each
Bottle, glass dispenser, 118 ML .......ccoovviieerire e e each
Bottle, plastic wash, 32-0Z. (1000 ML) ...cveeiirrieesee e each
Cylinder, graduated, 50 ML ........ccccieeiieiieser e e each
T 011 S o) SR 2/pkg
Flask, volumetric, 100 ML, CIaSS A ......cccoi et each
= o (O =00 - (0 S each
Mini Grinder, 120 VAC........ueoi it e each
pH Indicator Paper, 110 11 PH..c.coviiriiieeeceeeseeeeeeees e 5rolls/pkg
S 1= Y 00 o | =SSR each
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M ethod 8039
NITRATE, HIGH RANGE

Cadmium Reduction Method
Range: 0t030.0 mg/L NOz—N

\ \ HRS MIN SEC

& L an
1. Fill asamplecell 2. Addthecontentsof 3. Shake the cell 4. After shaking, begin
with 10 or 25 mL of one NitraVer 5 Nitrate  vigorously for one afive-minute reaction
sample. Reagent Powder Pillow  minute. period.
Note: Use a 10-mL to the cell (the prepared Note: Shaking time and Note: An amber color will
sample for the DR/4000 sample). Stopper. technique influence color  develop if nitrate nitrogen
and DR/800. Use a 25-mL development. For most is present.
sample for the DR/2010. accurate results, make

successive tests on a
standard solution. Adjust
the shaking time to obtain
the correct result.

Note: A reagent blank
must be determined on
each new lot of NitraVer 5.
Perform steps 1 to 7 using
deionized water as the
sample. Subtract this
value from each result
obtained with this lot of
reagent.
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NITRATE, HIGH RANGE, continued

i

—

5. Duringthereaction
period, fill another
sample cell with 10 or
25 mL of sample (the
blank).

6. During the reaction
period, zero the
instrument with the
blank, using the settings
below.

DR/800s
Program No. 51

DR/2010
Program No. 355
500 nm

DR/4000
Program No. 2530
500 nm

7. Placethesamplein
the cell holder. Read the
mg/L nitrate nitrogen.

Note: A cadmium deposit
will remain after the
NitraVer 5 Nitrate Reagent
Powder dissolves and will
not affect results.

Note: Rinse the sample
cell immediately after use
to remove all cadmium
particles.
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NITRATE, HIGH RANGE, continued

Using AccuVac Ampuls

1. Collect at least
40 mL of sampleina
50-mL beaker. Fill a
NitraVer 5 Nitrate
AccuVac Ampul with
sample.

2. Begin aone-minute
mixing period. Invert the
ampul repeatedly until
the timer beeps. Wipe
off any liquid or
fingerprints.

Note: Inversion time and
technique influence color
development. For most
accurate results, do
successive tests on a

10 mg/L Nitrate Nitrogen
Standard Solution. Adjust
the inversion time to
obtain the correct result.
Try starting with 48-52
inversions per minute.
Adjust for each new lot of
reagent.

Note: Keep the tip
immersed while the ampul
fills completely.

Note: A reagent blank
must be determined on
each new lot of NitraVer 5.
Repeat stepsl to 7 using
deionized water as the
sample. Subtract this
value from each result
obtained with this lot of
reagent.

]

3. Beginafiveminute 4. During thereaction
reaction period. period, fill azeroing vial
with at least 10 mL of
sample (the blank).

Note: A cadmium deposit
will remain after the
NitraVer 5 Nitrate Reagent
Powder dissolves and will
not affect results.

Note: An amber color will
develop if nitrate nitrogen
is present.
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NITRATE, HIGH RANGE, continued

5. If necessary, insert 6. During thereaction 7. When the timer

an AccuVec Vid period. zero the beeps, place the sample
Adapter into the cell instrument with the in the cell holder. Read
holder during the blank, using the settings the mg/L nitrate
reaction period. below. nitrogen.

Note: The DR/4000 and  DR/800s

DR/2010 Spectro- Program No. 50
photometers require

AccuVac adapters.
DR/2010
Program No. 361
500 nm

DR/4000
Program No. 2535
500 nm

Sampling and Storage
Collect samplesin clean plastic or glass bottles. Store at
4°C (39 °F) or lower if the sample isto be analyzed within
24 to 48 hours. Warm to room temperature before running the
test. For storage periods up to 14 days, adjust sample pH to 2 or
lesswith sulfuric acid, ACS, (about 2 mL per liter). Sample
refrigeration is still required.

Before testing the stored sample, warm to room temperature.
Neutralize the sample with 5.0 N Sodium Hydroxide Standard
Solution.

Do not use mercury compounds as preservatives. Correct test
results for volume additions.
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NITRATE, HIGH RANGE, continued

Accuracy Check

I nterferences

Standard Additions M ethod

a. Snap the neck off afresh High Range Nitrate Nitrogen
Voluette Ampule Standard, 500 mg/L NO3™-N.

b. Usethe TenSette Pipet to add 0.1, 0.2, and 0.3 mL of
standard to three 10- or 25-mL samples. Mix each
thoroughly. (For AccuVac ampuls, use 50-mL beakers.)

c. Analyze each sample as described above. For 25-mL
samples, the nitrogen concentration should increase
2.0 mg/L for each 0.1 mL of standard added.For 10-mL
samples, the nitrogen concentration should increase
5.0 mg/L for each 0.1 mL of standard added.

d. If theseincreases do not occur, an interferenceislikely.

Standard Solution M ethod

Use a10.0 mg/L Nitrate Nitrogen Standard Solution listed under
Optional reagentsto check test accuracy. Or, this can be prepared
by diluting 1.00 mL of solution from a High Range Nitrate
Nitrogen Voluette Ampule Standard Solution, 500 mg/L NO3™-N,
to 50.0 mL with deionized water. Use this standard in place of
samplein step 3 of the procedures.

Compensate for nitrite interference as follows:

a. Add Bromine Water, 30 g/L, drop-wise to the samplein
step 3 until ayellow color remains.

b. Add onedrop of Phenol Solution, 30 g/L, to destroy
the color.

c. Proceed with step 3. Report results as total nitrate
and nitrite.

Strong oxidizing and reducing substances will interfere. Ferric
iron causes high results and must be absent. Chloride
concentrations above 100 mg/L will cause low results. The test
may be used at high chloride levels (i.e., seawater), but a
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NITRATE, HIGH RANGE, continued

calibration must be performed using standards spiked to the same
chloride concentration. Chloride can be measured using Hach
Water Quality Test Strips for Chloride (Cat. No. 27449-40).

Highly buffered samples or extreme sample pH may exceed the
buffering capacity of the reagents and require sample
pretreatment.

Summary of Method
Cadmium metal reduces nitrates present in the sample to nitrite.
The nitrite ion reacts in an acidic medium with sulfanilic acid to
form an intermediate diazonium salt. This salt couplesto gentisic
acid to form an amber-colored product.

REQUIRED REAGENTS (Using Powder Pillows)
Quantity Required

Description Per Test Unit Cat. No.
NitraVer® 5 Nitrate Reagent Powder Pillows, 25 mL ........... . 1. 100/pKg ..vcvveveen. 14034-99
NitraVer® 5 Nitrate Reagent Powder Pillows, 10 mL ............ 1. 100/pKg ..ocvveveen. 21061-69

REQUIRED REAGENTS (Using AccuVac® Ampuls)
NitraVer 5® Nitrate Reagent AccuvVac Ampul ................. 1ampul.....25/pkg............. 25110-25

REQUIRED APPARATUS (Using Powder Pillows)
Stopper, rubber, SIZE 2.......coovieeeeee 1o 12/pKg .o 2118-02

REQUIRED APPARATUS (Using AccuVac® Ampuls)

Adapter, Accuvac® Vial, DR/2010 ........cccccoevveeeeererercerennnn, Lo, each............. 43784-00
Adapter, Accuvac® Vial, DR/4000 ..........ccccoovveeverererercerennn. Lo, each............. 48190-00
Beaker, 50 ML ......coiiiiiieeieere s Lo each ... 500-41
WA= o] o To AV AT SR 1o each............. 21228-00
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NITRATE, HIGH RANGE, continued

OPTIONAL REAGENTS

Description Unit
Bromine Water, 30 gL ....cocueieeiee e e ee e ee e st 25 mL*
Nitrate Nitrogen standard Solution, 10 mg/L NO;—N......cccccevvrnennee. 500 mL
Nitrate Nitrogen Standard Solution, Voluette™ Ampule,

500 M@/L (NOg—=N), 2O ML c.oooieiecieceesese e 16/pkg
Phenol Solution, 30 G/L ..ot 29 mL
Sodium Hydroxide Standard Solution, 5.0 N.........ccccceeuenee. 50 mL* SCDB
SUITUFIC ACI, ACS..... e sre e 500 mL*
LAYz (S A0 (ST 0) aT4=. o U 4L
Water Quality Test Strips, Chloride .........cccccveeeieeveie e 40/pkg
OPTIONAL APPARATUS

AccuVac® AmPul SNAPPES Kit........cvereeeeeeecreeeeeeeee e eses e esseses s e each
AMPUIE Breaker Kit ..o each
Cylinder, graduated, 25 ML .......ccccciviieieecieceece e e each
Dropper, for 1-0Z. DOe........ceeeeeeeee e each
Flask, volumetric, CIass A, 50 ML .....eeiiviieiiceeee et each
pH Indicator Paper, 110 11 PH....coviviiiiieeieereeeeee e 5rolls/pkg
pH Meter, SensiON™ L, POrtabIE...........cocoveeeeeeereeeeeeeeeeeeeeeeeeesseseeeeeeeees each
Pipet, Serological, 2 ML.......cccveeeieiecce e each
Pipet, TenSette®, 0.1 10 1.0 ML ..vcvcvcvevceereeeveeeeeeerereee et each
Pipet Tips, for 19700-01 TenSette® Pipet.........cccceverveeeererirersreenenenn. 50/pkg
Pipet, volumetric, Class A, 1.00 ML ....cooiiieieirieeceee e each
Pipet Filler, safety DUID........ccooveieieeecee e each
Thermometer, -10 10 110 °C.....oveivirierieeeeeiriee s each

* Contact Hach for larger sizes.
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NITRATE, HIGH RANGE

Method 10020

Chromotropic Acid M ethod
Range: 0-30.0 mg/L NO3—N

1. PlacetheCOD Via 2. Removethe cap

Adapter into the from a NitraVer X

instrument cell holder.  Reagent A vial and add
1 mL of sample (the
sample blank).

Note: Run areagent blank
for this test. Use Nitrate-
free water in place of the
sample. Subtract this
result from all tests run
with this lot of NitraVer X
Reagent B. Run a new
reagent blank for each
new lot.

3. Cap thetube and
invert 10 times to mix.

Note: This test is
technique sensitive. Low
results may occur if these
instructions are not
followed. Hold the tube
vertical with the cap
pointing up. Invert the vial
so the cap points down.
Wait for all of the solution
to flow to the cap end.
Pause. Return the vial to
the original position. Wait
for all the solution to flow
to the vial bottom. This
process equals one
inversion. Repeat 10
times.
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4. Clean the outside of
the vial with atowel.

Note: Wiping with a damp
towel, followed by a dry
one, will remove
fingerprints and other
marks.



NITRATE, HIGH RANGE, continued

¥

=,

5. Place the sample
blank into the via
adapter with the Hach
logo facing the front of
theinstrument. Place the
cover on the adapter.

[y e
[

HRS MIN SEC

9. Begin afive-minute
reaction period. Do not
invert the vial again.

Note: A yellow color will
develop if nitrate nitrogen
is present.

Note: Complete Steps
10-12 within 5 minutes
after the timer beeps.

6. Zerotheinstrument

7. Removethevid

with the blank, using the from the instrument.

settings bel ow.

DR/800s
Program No. 57

DR/2010
Program No. 344
410 nm

DR/4000
Program No. 2511
410 nm

10. When the timer
beeps, clean the outside
of the vial with adamp
towel.

Note: Wiping with a damp
towel, followed by a dry
one, will remove
fingerprints and other
marks.

Removethe cap fromthe
vial.

i
d

11. Place the prepared
sample into the vial
adapter with the Hach
logo facing the front of
theinstrument. Place the
cover on the adapter.
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8. Using afunnel, add
the contents of one
NitraVer X Reagent B
Powder Pillow to the
vial. Cap. Invert to mix
(thisisthe prepared
sample).

Note: See step 3 for
inversion instructions

Note: Some solid matter
will not dissolve.

12. Placethesamplein
the cell holder. Read the
mg/L nitrate expressed
as nitrogen.



NITRATE, HIGH RANGE, continued

Sampling and Storage
Collect samplesin clean plastic or glass bottles. Store at
4 °C (39 °F) or lower if the sample isto be analyzed within
24 to 48 hours. Warm to room temperature before running the
test. For longer storage periods (up to 14 days), adjust sasmple pH
to 2 or lesswith concentrated sulfuric acid, ACS (about 2 mL per
liter). Samplerefrigeration is still required.

Before testing the stored sample, warm to room temperature and
neutralize with 5.0 N Sodium Hydroxide Standard Solution.
Correct the test result for volume additions.

Do not use mercury compounds as preservatives.

Accuracy Check
Standard Additions Method

a. Fill three 25-mL graduated mixing cylinders with 25 mL
of sample.

b. Snap the neck off afresh High Range Nitrate Nitrogen
Voluette Ampule Standard, 500 mg/L NO3™-N.

c. Usethe TenSette Pipet to add 0.1, 0.2, and 0.3 mL of
standard to the three mixing cylinders, respectively. Mix
each thoroughly.

d. Analyze each sample as described in the procedure; use a
1-mL aliquot of a spiked sample prepared in Step C in
each test. The nitrogen concentration should increase
2.0 mg/L for each 0.1 mL of standard added.

e. If theseincreases do not occur an interferenceislikely.

Standard Solution M ethod

Usea 15.0 mg/L Nitrate Nitrogen Standard Solution (see
Optional Reagents) to check test accuracy. Or, prepare a standard
by pipetting 3.00 mL of solution from a 500 mg/L NOz-N High
Range Nitrate Nitrogen Standard Solution into aClass A 100-mL
volumetric flask. Dilute to the line with deionized water.
Substitute this standard for the sample and perform the test as
described. The mg/L NO3™-N reading should be 15 mg/L.
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NITRATE, HIGH RANGE, continued

I nterferences

Summary of Method

Copper is apositive interference at al levels. Copper can be
measured with Hach Water Quality Test Strips, Total Copper
(Cat. No. 27451-25).

Barium is a negative interference at concentrations greater
than 1 mg/L.

Chloride does not interfere below 1000 mg/L. Measure chloride
with Hach Quantab Titrators, High Range Chloride
(Cat. No. 27513-40).

Hardness does not interfere.

Nitrite is a positive interference at concentrations greater than

12 mg/L. Remove nitrite interference up to 100 mg/L by adding
400 mg of urea (one full 0.5 g Hach measuring spoon) to 10 mL
of sample. Swirl to dissolve. Proceed with the Nitrate test. Nitrite
can be measured with Hach Water Quality Test Nitrate, Nitrite
Test Strips (Cat. No. 27454-25). Some dilution may be necessary.

Nitrate reacts with chromotropic acid under strongly acidic
conditionsto yield ayellow product with a maximum absorbance
at 410 nm.
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NITRATE, HIGH RANGE, continued

REQUIRED REAGENTS

Description Cat. No.
Test 'N Tube™ NitraVer® X Nitrate Reagent Set (50 VialS) .....coveveveveeeeveveereeeeeeeeennns 26053-45
Includes: 50 NitraVer® X Reagent A Test ‘N Tubes, 50 Nitraver® B Reagent Powder Pillows,
and 100 mL deionized water

REQUIRED APPARATUS
Quantity Required

Description Per Test Unit Cat. No.
COD Via Adapter, DR800 .......ccccoueeeirierieneeeeeeeeeseesee s Lo, each.............. 48464-00
COD Via Adapter, DR/2010 .......cccoverirenienieenieeesee s Lo each.............. 44799-00
CDO Via Adapter, DR/A000 ........cccocerirenierieenieneriesiesie s Lo each.............. 48189-00
FUNNEL, MICIO .o Lo, each............. 25843-35
Pipet, TenSette®, 0.110 1.0 ML ...c.cvcvcvcvcrereicececreiereee e Lo, eaCh.....cu..... 19700-01
Pipet Tips, for 19700-01 TenSette® Pipet .........cccocveveennnee. varies...... 50/pkg.............. 21856-96
Test TUDE RACK .......coiviiee e 1-3.es each............. 18641-00
OPTIONAL REAGENTS

Nitrate-Nitrogen Standard Solution, 15 mg/L NOz-N ............ 100 mL MDB.............. 24151-32
Nitrate-Nitrogen Standard Solution, Voluette™ ampule, 500 mg/L N16/pkg.............. 14260-10
Quantab Titrators for High range Chloride..........cccovvvevieieecece 40/pkg......ccuee 27513-40
Sodium Hydroxide Standard Solution, 5.0 N........cccccceeevevieeinenee. 50mL DB....coooon. 2450-26
SUITUFIC ACI, ACS..... et e s s 500mML ., 979-49
U R A O S 100 Q.cccevennee. 11237-26
Water, dEIONIZEA .........c.oouiiiriiieeee e v IR 272-56
Water Quality Test Strips, total COPPEY .....ccvvvvveeveieee e 25/pkg.............. 27451-25
Water Quality Test Strips, nitrate, Nitrite.........cccevvvvveevveceecie e, 25/pkg......c.neee. 27454-25
OPTIONAL APPARATUS

AmMPUIE BreaKer Kit ......oooviiieee e each............. 243846-00
Cylinder, graduated, mMiXing, 25-ML .......ccccceveeviieeiinnie e each.............. 26363-40
Flask, volumetric, Class A, 100 ML ....ocoeeeeeeeieeeeeeeeee e eeeeeeeee e e each.............. 14574-42
pH Indicator Paper, 1t0 L1 pH......cccoecveeevecee e 5rollg/pkg.....ccccvenee. 391-33
Pipet, Serological, 2 ML.......cccveieieieceiese e each.....cccceeuenee. 532-36
Pipet, volumetric, Class A, 3.00 ML .....cccocieieveseeeee e eaCh.............. 14515-03
Spoon, MEaSUNNG, 0.5 Q.eevereiieiee e each...cooeenennn. 907-00
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M ethod 8507
NITRITE, TEST ‘N TUBE

Diazotization Chromotropic Acid Method
USEPA- approved for reporting wastewater analyses
Range: 0-0.500 mg/L NO,—N

| = y
HRS MIN SEC a
Bl N

Um Um

1. FillaTest'NTube 2. Begina20-minute 3. Fill anempty Test'N 4. Placethe COD Vial

NitriVer 3 Nitrite via reaction period. Tubevia with5mL of  Adapter into the cell
with 5 mL of sample. Note: A pink color wil sampl e (the blank). holder.

Qap and shake to .. develop if nitrite is

dissolve powder. Thisis present.

the prepared sample.

Note: A 5-mL volumetric
or TenSette pipet may
be used.
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NITRITE, TEST ‘N TUBE, continued

5. Cleantheoutsideof 6. Placetheblank into 7. Place the prepared
thevialswithatowel.  thevial adapter. Place  sampleinto the vial
Note: Wiping with a damp the cover on the adapt_er. adapter. Place the cover
towel, followed by a dry Zerotheinstrument with on the adapter. Read the
one, removes fingerprints  the blank, using the mg/L nitrite nitrogen.
and other marks. Settings bel ow.

DR/800s
Program No. 63

DR/2010
Program No. 345
507 nm

DR/4000
Program No. 2630
507 nm

Sampling and Storage

Collect samplesin clean plastic or glass bottles.

Store at 4 °C (29 °F) or lower if the sampleisto be analyzed
within 48 hours. Warm to room temperature before analysis.

Accuracy Check

Standard Solution M ethod

Prepare a nitrite nitrogen standard solution by dissolving

0.493 grams of sodium nitrite, ACS, in 1000 mL of nitrite-free
deionized water to give a 100 mg/L nitrite nitrogen (NO,—N)
standard solution. This solution is not stable and should be
prepared daily. Use aClass A pipet to dilute 1.00 mL of the stock
solution to 1000 mL with nitrite-free deionized water to give a
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NITRITE, TEST ‘N TUBE, continued

0.10 mg/L (NO,—N) nitrite nitrogen standard solution. Prepare
this solution immediately before use.

This solution can also be prepared by diluting 5.00 mL of a
250 mg/L NO,—N stock solution (Cat. No. 23402-49) to
250.0 mL to give a5.00 mg/L intermediate standard. Dilute
10.00 mL of the 5.0 mg/L intermediate to 500 mL to give a
0.100 mg/L NO,—N standard.

Run the test using the 0.100 mg/L NO,—N standard in place of
the sample. Results should be 0.090 to 0.110 mg/L NO,—N.

Interferences
Strong oxidizing and reducing substances interfere.

Cupric and ferrousions cause low results.

Ferric, mercurous, silver, bismuth, antimonous, lead, auric,
chloroplatinate and metavanadate ions interfere by causing
precipitation.

Very high levels of nitrate (100 mg/L nitrate as N or more) appear
to undergo a dight amount of reduction to nitrite, either
spontaneously or during the course of thetest. A small amount of
nitrite will be found at these levels.

Summary of Method
Nitrite in the sample reacts with sulfanilic acid to form an
intermediate diazonium salt. This coupleswith chromotropic acid
to produce a pink colored complex directly proportional to the
amount of nitrite present.
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NITRITE, TEST ‘N TUBE, continued

REQUIRED REAGENTS

Quantity Required

Description Per Test Unit
Test 'N Tube™ NitriVer® 3 Nitrite Vidl .......ccccccoceveeenenees 1vial.......50/pkg
REQUIRED APPARATUS

COD/TNT Via Adapter,DR/2010.......c.cceoovrvieenenreeeneeeene IR each
COD/TNT Vial Adapter, DR/A000.........ccccoereeeneneeeeneeen IO each
COD/TNT Via Adapter, DR800 ........cccccceeveriiiiesiesieseereennens R each
Pipet Filler, safety bulD.........coovviiiee e, Lo each
Pipet, TenSette®, 110 10 ML ...oveveveveeereeeeeeeee s Lo, each
Pipet Tips for 19700-10 TenSette® Pipet...........ccccvvveennee. varies......50/pkg
Pipet, serological, 5 ML .....ccooviiiier e Lo, each
Test ‘N TUDE™ VialS ....ooiieieieie et 1o 6/pkg
Test ‘N TUbe™ Vial Caps.......covcveveerieieeie e siesiesesre e T 6/pkg
TESt TUBE RACK.........viiieeie ittt 1-3............ each
OPTIONAL REAGENTS

Nitrite Standard Solution, 250 pg/L 8SNOos™ N ......cccvvivrreinninnnes 500mL
SOAiUM NITHTE, ACS...eeiii et sra e s s re e s aaee s 454 g
WWALEL, HEIONIZEM. ......eee ettt e e re e e e e s e e e e e e e e e s eaaneees 4L
OPTIONAL APPARATUS

Balance, analYtiCal ..........ccceriiiiiee e each
Flask, VOIUMELIIC, 250 ML ...ccoviiieiieciee ettt each
Flask, VOIUMELIIC, 500 ML ....couviiievie ittt sbee e each
Flask, vOlumEtric, 1000 ML ......ocoviiiiieiiie e e each
Pipet, serological, 10 ML .......cociireeeere e each
Pipet, volumetric, Class A, 1.00 ML ....cccoviiiieieiieeere e each
Pipet, volumetric, Class A, 5.00 ML .....ccoooieiieiiiieeererereee e each
Pipet, volumetric, Class A, 10.00 ML .....ccoevveveiiieiese e each
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Method 10031
NITROGEN, AMMONIA, HR

Test ‘N Tube Salicylate M ethod*
Range: 0-50.0 mg/L NHz—N

1. Remove the caps 2. Add the contents 3. Add the contents 4. Captheviastightly

fromtwo High Range  of one Ammonia of one Ammonia and shake thoroughly to
AmVer Diluent Reagent  Salicylate Reagent Cyanurate Reagent dissolve the powder.
vials. Add 0.1 mL of Powder Pillow for 5mL  Powder Pillow for 5 mL ) .

. . . Note: A green color will
sampleto onevial (the sampleto eachvial. sampleto each vial. develop if ammonia is

sample). Add 0.1 mL of present.

ammonia-free water to
. .

another (the blank).
5. Begina20-minute 6. Placethe COD via 7. Cleantheoutsideof 8. Placetheblank into
reaction period. adapter into the cell the vial with atowel. the vial adapter. Place

hol der. Note: Wiping with a damp the cover on the adapter.

cloth, followed by a dry
one, removes fingerprints
and other marks.

HRS MIN SEC

* Adapted from Clin. Chim. Acta., 14 403 (1966).
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NITROGEN, AMMONIA, HR, continued

9. Zerotheinstrument 10. Place the prepared
with the blank, using the sample into the vial
settings bel ow. adapter. Place the cover
DRIg00s ol smmoriaritroge
Program No. 67 9 gen.

DR/2010
Program No. 343
655 nm

DR/4000
Program No. 2465
655 nm

Sampling and Storage
Collect samplesin clean plastic or glass bottles. Best results are
obtained with immediate analysis. If chlorine is known to be
present, add one drop of 0.1 N sodium thiosulfate for each
0.3 mg/L Cl, inaone liter sample.* Preserve the sample by
reducing the pH to 2 or less with hydrochloric acid (at least
2mL). Store at 4°C (39 °F) or less. Preserved samples may be
stored up to 28 days. Before analysis, warm samples to room
temperature and neutralize with 5 N sodium hydroxide. Correct
the test result for volume additions.

* Measure chlorine with Hach Water Quality Chlorine Test Strips (27450-50).
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NITROGEN, AMMONIA, HR, continued

Accuracy Check
Standard Solution Method
To check accuracy, use a10 mg/L Ammonium Nitrogen Standard
Solution or use an Ammonium Nitrogen Voluette Ampule
Standard, 50 mg/L.

Interferences

The following ions may interfere when present in concentrations
exceeding those listed below.

Substance Concentration
Calcium 50,000 mg/L as CaCOg
Magnesium 300,000 mg/L as CaCOg3
Nitrite 600 mg/L as NO,—N
Nitrate 5,000 mg/L as NO3—N
Orthophosphate 5,000 mg/L as PO43--P
Sulfate 6,000 mg/L as SO,2

Sulfide will intensify the color. Eliminate sulfide interference as
follows:

a. Measure about 350 mL of samplein a’500 mL
Erlenmeyer flask.

b. Add the contents of one Sulfide Inhibitor Reagent
Powder Pillow. Swirl to mix.

c. Filter the sample through afolded filter paper.
d. Usethefiltered solutionin step 1.

Iron interferes with the test. Eliminate iron interference as
follows:

a. Determine the amount of iron present in the sample
following one of the Total Iron procedures.*

* Estimate iron with Hach Water Quality Iron Test Strips (Cat. No. 27453-25).
231



NITROGEN, AMMONIA, HR, continued

b. Add the sameiron concentration to the ammonia-free
water in step 1. Theinterference will then be successfully
blanked out.

Acidic or basic samples should be adjusted to approximately
pH 7. Use 1 N Sodium Hydroxide Standard Solution for acidic
samplesand 1 N Hydrochloric Acid Standard Solution for basic
samples. Use Hach Water Quality pH Test Strips

(Cat. No. 27456-50) to measure pH.

L ess common interferences such as hydrazine and glycine will
cause intensified colorsin the prepared sample. Turbidity and
color will give erroneous high values. Samples with severe
interferences require distillation. Hach recommends the
distillation procedure using the Hach General Purpose
Didtillation Set.

Summary of Method
Ammonia compounds combine with chlorine to form
monochloramine. Monochloramine reacts with salicylate to form
5-aminosdlicylate. The 5-aminosalicylate is oxidized in the
presence of asodium nitroprusside catalyst to form ablue colored
compound. The blue color is masked by the yellow color from the
excess reagent present to give a green solution.
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NITROGEN, AMMONIA, HR, continued

REQUIRED REAGENTS

Description Cat. No.
AmVer™ Reagent Set for Nitrogen-Ammonia Determination (50 vials)........c.......... 26069-45
Includes: (50) AmVer™ Diluent Reagent Vials, (50) Ammonia Salicylate Powder Pillows,
(50) Ammonia Cyanurate Powder Pillows. 100 mL deionized water

REQUIRED APPARATUS
Quantity Required

Description Per Test Unit Cat. No.
COD/TNT Vial Adapter, DR/2010 .......ccccoviiveerneneeee e T each.............. 44799-00
COD/TNT Via Adapter, DR/4000 .......cccceevvvveeerieeieee e | exch.............. 48189-00
COD/TNT Via Adapter, DR/800 .........ccoeevvrieeeriecieeee e | each.............. 48464-00
U100 1S IRV o (o T i each.............. 25843-35
Pipet, volumetric, 200 mL, CIaSS A .....cccoovveveerr e i eaCh.....ccee.... 14515-36
TESt TUDE RACK ..ottt 13 each.....cc...... 18641-00

OPTIONAL REAGENTS

Ammonium Nitrogen Standard Solution, Voluette™ Ampule

50 MQ/L NHg—N, TO ML oot 16/pKg...ccveeennene 14791-10
Ammonia Nitrogen Standard Solution, 10 mg/L NH3—N.................. 500 ML...cccverrnee 153-49
Hydrochloric ACid, ACS........ooi e 500 ML..ccvererenee 134-49
Sodium Hydroxide Standard Solution, 5.0 N........ccccceevirieeniecieeniens 500mL....ccoueee. 2450-26
Sodium Thiosulfate Standard Solution, 0.1 N........ccceeeevvieeennn. 100 mL MDB.................. 323-32
Sulfide Inhibitor Powder PilIOWS ..........cccooeiiiiiniicceeee e 100/pKg....cveuenenn 2418-99
Water, dEIONIZEA .........cooiiiriiieeee e ALl 272-56
Water Quality Test Strips, total chlorine.........cccccoccvveviviccceecccce, 50/pkg......c....... 27450-50
Water Quality Test Strips, total iron........cccoccevveceveveece e 25/pkg.............. 27453-25
Water Quality TeSt Strips, PH.....coovierereiririsereseees e 50/pKg......cvenees 27456-50

OPTIONAL APPARATUS

Didtillation Apparatus Set, general PUNPOSE.........ceverveeeerereenienieseeneens each.............. 22653-00
Filter Paper, folded, 12.5 CM .....ccooiiieiiiee e 100/pKg...ccveneeneens 1894-57
Flask, Erlenmeyer, 500 ML ......cccooviieiiinieieecece e €aCh.....cccceevunne. 505-49
FUNNEL, aNalytiCal ........coeieiicice e each......cceni. 1083-68
Heater and Support Apparatus (for distillation), 115V ......c.ccccvevennee each.............. 22744-00
Heater and Support Apparatus (for distillation), 230 V ..........cccceverneneee. each............. 22744-02
pH Indicator Paper, 110 11 PH..c.coviviiiiiiiceeeeeeeee e 5rolls/pkg......cccovvneee 391-33
Pipet, TENSEE®, 0-1 ML ...cucvivirercieieicecie ettt eaCh....ccou..... 19700-01
Pipet Tips for 19700-01 TenSette® Pipet........ccccocveeveceecrceeieeeeeeene. 50/pkg......c....... 21856-96
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M ethod 10021
NITROGEN, TOTAL INORGANIC

Titanium Trichloride Reduction Method (with centrifuge)

Range: 0-25.0 mg/L N
ﬂ I

1. Pipet1mL of Total 2. Pipet 1 mL of 3. Snap the neck off 4. Capthevias. Shake
Inorganic Nitrogen sampleinto onevial (the two Total Inorganic gently for 30 seconds to
Pretreatment Base sample). Pipet 1 mL of  Nitrogen Reductant mix the reagents. Allow
Concentrate into each of deionized water into the ampules. Pour the the tubes to sit for at
two TIN Pretreatment  other vial (the blank). contents of oneampule  least one minute.
Diluent vials. Cap the vials and shake into each vial. Centrifuge the tubes for

for 30 seconds to mix. Note: For safety, wear thr_ee minutes, or until
gloves while breaking solids settle to bottom of

the ampules. the tube.

Note: A black precipitate ~ Note: The solids will settle
will form immediately and ~ without use of centrifuge,

should remain black. but can take up to
Excessive shaking causes 30 minutes.
low results.
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NITROGEN, TOTAL INORGANIC, continued

5. Remove the caps
from two AmVer
Diluent Reagent Test ‘N
Tubesfor Low Range
Ammonia Nitrogen.
Pipet 2 mL of
centrifuged sample into
onevial. Add 2 mL of
centrifuged blank to
another vial. Label the
vials appropriately.
Note: Pipet carefully to

avoid disturbing the
sediment.

HRS MIN SEC

9. Begin a20-minute
reaction period.

6. Add the contents
of one Ammonia
Salicylate Reagent
Powder Pillow to
each vial.

10. Duringthereaction 11. Clean the outside
period, placethe COD  of the vials with atowel.

vial adapter into the cell

holder.

7. Add the contents
of one Ammonia
Cyanurate Reagent
Powder Pillow to
each vial.

other marks.

236

Note: Wiping with a damp
cloth followed by a dry one
removes fingerprints and

%

8. Capthevidstightly
and shake thoroughly to
dissolve the powder.

Note: A green color will
develop if inorganic
nitrogen is present.

i
d

12. When thetimer
beeps, place the blank in
the vial adapter with the
Hach logo facing the
front of the instrument.
Place the cover on the
adapter.



NITROGEN, TOTAL INORGANIC, continued

13. Zerotheinstrument 14. Placethesamplein
with the blank, using the the vial adapter with the
settings bel ow. Hach logo facing the
DR/S00 front of the instrument.

Read the mg/L
Program No. 68 nitrogen (N).
DR/2010

Program No. 346
655 nm

DR/4000
Program No. 2550
655 nm

Sampling And Storage
Collect samplesin clean plastic or glass bottles. Best results are
obtained with immediate analysis. If chlorine is known to be
present, add one drop of 0.1 N sodium thiosulfate for each
0.3 mg/L Cl, in aoneliter sample.

Preserve samples by reducing the pH to 2 or lesswith
concentrated hydrochloric acid (at least 2 mL). Store at

4 °C (39 °F) or less. Preserved samples may be stored up to

28 days. Warm samples to room temperature and neutralize with
5 N Sodium Hydroxide before analysis. Correct the test result for
volume additions.
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NITROGEN, TOTAL INORGANIC, continued

Accuracy Check
Standard Additions Method

a. Fill three 25-mL graduated mixing cylinders with 25 mL
of sample.

b. Snap the neck off afresh High Range Nitrate Nitrogen
Voluette Ampule Standard, 500 mg/L NOz—N.

c. Usethe TenSette Pipet to add 0.1, 0.2, and 0.3 mL of
standard, respectively, to the three 25-mL mixing
cylinders. Mix thoroughly.

d. Analyze each sample as described in the procedure; use a
1-mL aliquot of the prepared sample in each test. The
nitrogen concentration should increase 1.8 to 1.9 mg/L
for each 0.1 mL of standard added.

Standard Solution M ethod

To check accuracy, use a 10.0 mg/L Nitrate Nitrogen Standard
Solution listed under Optional Reagents. Or, this can be prepared
by pipetting 5-mL of solution from a Voluette Ampule Standard
for High Range Nitrate Nitrogen, 500 mg/L NOz—N, into a
250-mL volumetric flask. Dilute to 250 mL with deionized water.
Substitute this standard for the sample and perform the test as
described. The mg/L NOz—N reading should be 9-10 mg/L N.

Application Information
Thetotal inorganic nitrogen test provides an estimate of the total
nitrite, nitrate, and ammonia nitrogen load in water or wastewater
samples. Thistest is most applicable for monitoring an industrial
process stream or a wastewater treatment stream whereit is
important to track the inorganic nitrogen load asit passes through
the treatment process. The test exhibits different recoveries of
each of the three nitrogen species (NHz—N, NO3—N, NO,—N).
Thistest is not recommended for quantifying only one of the
three species. In that case, use a specific procedure for each
particular analyte.
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NITROGEN, TOTAL INORGANIC, continued

Interferences
The following ions may interfere when present in concentrations
exceeding those listed below:

Species Level Effect
Calcium 1000 mg/L as CaCO3 Positive
Manganese (1V) 3 mg/L Negative
Magnesium 1000 mg/L as CaCO3 Positive
Sulfide 3 mg/L Negative
Sulfate 250 mg/L Negative

The following do not interfere bel ow the levels listed:

Species Level
AI3+ 8 mg/L
Ba2+ 40 mg/L
Cuz+ 40 mg/L
Fe3+ 8 mg/L
Zn2+ 80 mg/L

F- 40 mg/L

PO,3-P 8 mg/L
SiO, 80 mg/L
EDTA 80 mg/L

Summary of Method
Titanium (111) ions reduce nitrate and nitrite to ammoniain a
basic environment. After centrifugation to remove solids, the
ammoniais combined with chlorine to form monochloramine.
M onochloramine reacts with salicylate to form 5-aminosalicylate.
The 5-aminosalicylate is oxidized in the presence of a sodium
nitroprusside catalyst to form a blue-colored compound. The blue
color is masked by the yellow color from the excess reagent
present to give afina green-colored solution.
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NITROGEN, TOTAL INORGANIC, continued

REQUIRED REAGENTS

Description Cat. No.
Total Inorganic Nitrogen Pretreatment Reagent Set (TiClz Reduction) .............c......... 26049-45
Includes: 50 Total Inorganic Nitrogen Pretreatment Diluent Vials, TIN Pretreatment Base
Concentrate, and 50 ampules of Total Inorganic Nitrogen Reductant

AmVer™ Reagent Set for LR Nitrogen-Ammonia Determination .............ccccceeeeerveene. 26045-45
Includes. 50 AmVer™ Diluent Reagent Low Range Vials, 50 Ammonia Salicylate
Powder Pillows, and 50 Ammonia Cyanurate Powder Pillows

REQUIRED APPARATUS

Quantity Required
Description Per Test Unit Cat. No.
Cantrifuge, 115V ..ottt T, each........... 26765-00
Centrifuge, 230V ..ottt (R each............. 26765-02
COD/TNT Via Adapter, DR/2010.........ccooovrveerereeeeeeeeen IO each............. 44799-00
COD/TNT Via Adapter, DR/4000.........ccccoevvevieieiieeeseene, T each............. 48189-00
COD/TNT Via Adapter, DR800 ........ccccceeveririiesiesiesieereeniens i each............. 48464-00
FUNNEL, MICIO....eiiieicee et Lo, each............. 25843-35
Pipet, TenSette®, 0.1t0 1.OML ...cocveveveeereeeeceeee e Lo, eaCh ............. 19700-01
Pipet Tips for 19700-01 TenSette® Pipet........cccceveveeeeeeerennes 2 e 50/pKg evevnenee 21856-96
S = A= 0 Lo, each............. 14651-00
Test TUDE RACK.......cceiviectiectee e T each............. 18641-00
OPTIONAL REAGENTS
Hydrochloric ACid, ACS.........cooviiieecee et 500 ML ..cocvennnee 134-49
Nitrate Nitrogen Standard Solution, 10 mg/L NOz—N .........cceeennee 51001 11| I 307-49
Nitrate Nitrogen Standard Solution, Voluette™ Ampule,
500 MG/L NOG—N w.oocoeoriceeesiee et 16/pkg............. 14260-10
Sodium Hydroxide Standard Solution, 5.0 N ..........cccccoeveeneee 50mL SCDB............... 2450-26
Sodium Thiosulfate Standard Solution, 0.1 N .........c..ccveeuneeee. 100 mL MDB.................. 323-32
WaLer, ABIONIZEA. ... ..ottt ettt be e s bt AL i, 272-56
OPTIONAL APPARATUS
AMPUIE Breaker Kil.......ooooi oot each............ 21968-00
Cylinder, graduated, MiXiNg .......cccceveeiieriiienir e esee e each............. 20886-40
Flask, volumetric, Class A, 250.0 ML ...coovvvvieeeeeee e eeeeeee e ech............ 14574-41
pH Indicator Paper, Lto L1 pH ...ccocvvvviiei e 5rollg/pkg ...ccceveenene. 391-33
Pipette, volumetric, Class A, 5.00 ML ......cocoeviiieiece e each............ 14515-37
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Method 10071
NITROGEN, TOTAL*

Test ‘N Tube Persulfate M ethod

Range: 0-25mg/L N

1. TurnontheCOD
Reactor. Heat to
103-106 °C (optimum
temperature is 105 °C).
Place the plastic shield
in front of the reactor.

Note: Ensure safety
devices are in place to
protect the analyst from
splattering should leakage
occur.

Note: For proof of
accuracy, run a 20 mg/L
NH3—N standard through
digestion and analysis.

2. Using afunnel, add
the contents of one Total
Nitrogen Persulfate
Reagent Powder Pillow
to each of two Total
Nitrogen Hydroxide
Reagent vials.

Note: Wipe off any
reagent that may get on
the lid or the tube threads.

Note: One reagent blank
is sufficient for each set of
samples.

3. Add2mL of sample 4. Placethevialsinthe
toonevial. Add2mL of COD Reactor. Hesat for
organic-free water to 30 minutes.

another vial (the reagent

blank). Cap both vials

and shake vigoroudy (at

least 30 seconds). The

persulfate reagent may

not dissolve completely

after mixing.

Note: Alternate water

must be free of all

nitrogen-containing

species.

* A 10150 mg/L N range method is now available in areagent set (Cat. No. 27141-00).
Please call Customer Service for more information.
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NITROGEN, TOTAL, continued

HRS MIN SEC

5. Usingfinger cotsor 6. Remove the caps 7. Beginathree-minute 8. After thetimer

gloves, removethehot  fromthecooled digested reaction period.
vials from the reactor vialsand add the

and alow to cool to contents of one TN
room temperature. Reagent A Powder
Pillow to each vial.

Note: It is very important .
to remove the vials from Cap vials and shake

the COD Reactor after for 15 seconds.
exactly 30 minutes.

HRS MIN SEC

9. Beginatwo-minute 10. After the timer 11. Capviasand
reaction period. beeps, removethe caps  invert 10 times to mix.
fromtwo TN Reagent C  Use slow, deliberate
Vialsand add 2 mL of  inversions for complete
digested, treated sample recovery. The vials will
Note: The solution will {5 onevial. Add2mL  bewarm.

begin to turn yellow. of the digested, treated

Note: The reagent will not
completely dissolve.

Note: Hold the vial vertical

reagent blank to with the cap up. Invert the
the second TN vial and wait for all of the
Reagent C Vial. solution to flow to the cap

end. Return the vial to the
upright position and wait
for all of the solution to
flow to the vial bottom.
This is one inversion (10
inversions = 30 seconds)
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beeps, remove the caps
from the cooled vials
and add one TN Reagent
B Powder Pillow to each
vial. Cap vialsand shake
for 15 seconds.

HRS MIN SEC

12. Beginafive-minute
reaction period. Do not
invert the vials again.

Note: The yellow color will
intensify.



NITROGEN, TOTAL, continued

14. When the timer
beeps, wipe the vials.

13. Placethe
COD/TNT vial adapter

in the cell holder. Note: Wiping with a damp

towel, followed by a dry
one, will remove
fingerprints or other
marks.

Note: The reagent blank
is stable when stored in
the dark; see Blanks for
Colorimetric Measurement
following this procedure.

15. Zerotheinstrument 16. Placethesamplein
with the blank, using the the cell holder. Read the
settings bel ow. mg/L nitrogen.

DR/800s
Program No. 58

DR/2010
Program No. 350
410 nm

DR/4000
Program No. 2558
410 nm

Sampling and Storage

Collect samplesin clean plastic or glass bottles. Best results are
obtained with immediate analysis.

Preserve the sample by reducing the pH to 2 or less with
concentrated sulfuric acid (at least 2 mL). Store at 4 °C (39 °F)
or less. Preserved samples may be stored up to 28 days.

Warm samples to room temperature and neutralize with 5 N
sodium hydroxide before analysis. Correct the test result for

volume additions.
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NITROGEN, TOTAL, continued

Accuracy Check

This method generally yields 95-100% recovery on organic
nitrogen standards. For proof of accuracy Hach offersa set of 3
Primary Standards for Kjeldahl Nitrogen.

1. Prepare one or more of the following 3 solutions. Each
preparation is for an equivalent 25 mg/L N standard.

a. Weigh 0.3379 g of Ammonium p-Toluenesulfonate
(PTSA). Dissolvein aClass A 1000-mL volumetric flask
with deionized water. Add deionized water to the
1000-mL mark.

b. Weigh 0.4416 g of Glycine p-Toluenesulfonate. Dissolve
inaClass A 1000-mL volumetric flask with deionized
water. Add deionized water to the 1000-mL mark.

c. Weigh 0.5274 g of Nicotinic p-Toluenesulfonate.
Dissolvein aClass A 1000-mL volumetric flask
with deionized water. Add deionized water to the
1000-mL mark.

2. Analyze each of these solutions using the test procedure.
Calculate the percent recovery for each using this formula:

measured concentration y

% recovery = 5 100
The percent recovery should be:
Compound Lowest Expected % Recovery
Ammonia-PTSA 95%
Glycine-PTSA 95%
Nicotinic-PTSA 95%

Hach analysts have found Ammonia-PTSA to be the most
difficult to digest.

Other compounds may yield different percent recoveries.

Standard Solution M ethod

For proof of accuracy, substitute 2 mL of a 20 mg/L ammonia
nitrogen standard solution for the sample in the procedure. To
prepare a 20-mg/L standard, use a 20-mL Class A pipet to
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NITROGEN, TOTAL, continued

transfer 20 mL of a 100-mg/L Ammonia Nitrogen Standard to a
100-mL Class A volumetric flask. Dilute to the line with
organic-free water. A single analyst should obtain less than 5%
variation on replicates.

Standard Additions M ethod

a. Fill three, 25-mL graduated mixing cylinderswith 25 mL
of sample.

b. Snap the neck off an Ammonia Nitrogen Voluette
Ampule Standard Solution, 160 mg/L as NH3-N.

c. Usethe TenSette Pipet to add 0.3 mL, 0.6 mL, and
0.9 mL of standard, respectively, to the 3 mixing
cylinders.

d. Stopper each cylinder and mix thoroughly.

e. Add 2 mL of each prepared solution, respectively, to
three Total Nitrogen Hydroxide Reagent Vials.

f. Analyze each standard addition sample as described in
the procedure. The nitrogen concentration should
increase by approximately 1.9, 3.8 and 5.6 mg/L N,
respectively.

g. If theseincreases do not occur, an interferenceislikely

Blanks For Colorimetric Determination

The reagent blank may be used repeatedly for measurements
using the same lots of reagents. Store the reagent blank in the
dark at room temperature (18-25 °C) for a maximum of seven
days. If asmall amount of white floc appears prior to the end of
one week, discard the reagent blank and prepare a new one.
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NITROGEN, TOTAL, continued

Interferences
The substances in the following table have been tested and found
not to interfere up to the indicated levels (in mg/L):
swsance | MRS | e | Memun Lo
Barium 2.6 Organic Carbon 150
Calcium 300 pH 13 pH units
Chromium (3+) 0.5 Phosphorus 100
Iron 2 Silica 150
Lead 6.6 ppb Silver 0.9
Magnesium 500 Tin 15

Interfering substances that resulted in a concentration change

of +10%:
Substance Level and Effect
Bromide >60ppm; positive interference
Chloride >1000 ppm; positive interference*

* Measure chloride with Hach Water Quality Test Strips, High Range
Chloride (Cat. No. 27513-40).

Hach chemists tested this chemistry on standard nitrogen
solutions prepared from the following compounds and obtained

95% recovery:

*  Ammonium chloride
e  Ammonium sulfate
*  Ammonium acetate
e Urea

* Glycine

Ammonium chloride or nicotinic-PTSA spikesin domestic
influent, effluent and the ASTM standard specification for
substitute wastewater (D 5905-96) also resulted in

>95% recovery.
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NITROGEN, TOTAL, continued

Summary of Method

An akaline persulfate digestion converts all forms of nitrogen to

nitrate. Sodium metabisulfite is added after the

digestion to

eliminate halide interferences. Nitrate then reacts with

chromotropic acid under strongly acidic conditi

onstoforma

yellow complex with an absorbance maximum at 410 nm.

REQUIRED REAGENTS

Description

Test ‘N Tube Total Nitrogen Reagent Set (50 vias)
Includes:

(50) Total Nitrogen Hydroxide Reagent Vials,

(50) Total Nitrogen Persulfate Reagent Powder Pillows,
(50) TN Reagent A Powder Pillows, (50) TN Reagent B
Powder Pillows, and (50) TN Reagent C Vials.

REQUIRED APPARATUS
Quantity Required

Description Per Test Unit
COD Reactor, 115/230 V, North American Plug ................... Lo, each
COD Reactor, 230 V, European Plug ........ccccvvveeeienene e, Lo, each
COD/TNT Vid Adapter, DR/2010 .......cccovvreeeieieesesie e I each
COD/TNT Viad Adapter, DR/4000 ........ccoocvrereeieeeirseneenenes I each
COD/TNT Via Adapter, DR/800 .........ccccevveeeieiiceeceeeeene Lo each
FUNNEL, MICTO.....cciuiiciectee et T each
Safety Shield .....ccoeeeeee e Lo, each
Test Tube Cooling RACK ........cccoeeeeeiieeeeesee e 1-3...e. each
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NITROGEN, TOTAL, continued

OPTIONAL REAGENTS

Description Unit Cat. No.
Nitrogen, Ammonia, 100 mg/L NH3N ..o 500 mL ............. 24065-49
Nitrogen, Ammonia, Voluette™ Ampule,

160 MG/L NH3 N, 10 ML oo 16/pkg............. 21091-10
SUITURC ACIA, ACS ...ttt 500 ML ..ueeveennee. 979-49
Primary Standards for Kjeldahl Nitrogen...........ccccceeeveveevnvnceenene, setof 3............ 22778-00
Sodium Hydroxide Standard Solution, 5.0 N ..........ccceceeveenieene 59 mL MDB............... 2450-26
Water, OrganiC-fre.......cccovviiiiecie e 500mL.............. 26415-49
Water Quality Test Strips, high range chloride.........c.ccooeivinennnen. 40/pkg .......n..... 27513-40

OPTIONAL APPARATUS

Balance, analytical, 110/220V ........ccoooieiiiieeieseceese e each............. 22310-00
Cylinder, graduated, miXing, 25 ML .......ccccveeiieeverecee e each............. 20886-40
Flask, volumetric, Class A, 1000 mL (3 required) .......cccocvvveveeveiveennee. each............. 14574-53
pH Indicator Paper, 1t0 11 PH ...c.oooiiiieeieeeeeee e 5rolls/pkg....ccccevnene 391-33
Pipet, TenSette®, 0.1t0 1.0 mL (includes 50 tips) ......c.ceveveverevevevevciennnes eaCh............ 19700-01
Pipet Tips for 19700-01 TENSEE® PiPeL........cccoeveirierereeririreeieeeerenenas 50/pKg evevnenee 21856-96

248



Method 8075
NITROGEN, TOTAL KJELDAHL

Nessler M ethod*
Range: Liquids: 0.5-22500 mg/L; Solids: 30-225000 mg/kg

I!i
I
®
s
ol

[t

1. Select sample 2. Usethe analysis 3. Addonedrop TKN 4. Fill both mixing
amount from tables volume in the same Indicator to each cylindersto the 20-mL
following these steps. table. Pipet thesample  cylinder. Add 8.0 N mark with deionized
Digest the sample and blank analysis KOH dropwiseto each  water.

according to the volume into separate cylinder, mixing after

procedurein 25-mL mixingcylinders. each addition. Continue

SECTION 3. until the first apparent

Note: Sensitivity to blue color isvisible.

wavelength setting and
reagent lot variation
necessitate user
calibration for best results.

Note: For best results,
digest and analyze a
reagent blank using
deionized water as the
sample. Subtract the blank
value from the displayed
sample value.

Note: If sample cannot be
analyzed shortly after
collection, see Sampling
and Storage following
these steps.

* Adapted from: Hach et a., Journal of Association of Official Analytical Chemists, 70 (5) 783-787
(1987); Hach et al., Journal of Agricultural and Food Chemistry, 33 (6) 1117-1123 (1985); Standard
Methods for the Examination of Wastewater.
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NITROGEN, TOTAL KJELDAHL, continued

m

5. Add 3 drops of 6. Fill both cylindersto 7. Pipet 1 mL of 8. Begin atwo-minute
Mineral Stabilizer to the 25-mL mark with NesslersReagent to each reaction period.

each cylinder. Invert deionized water. cylinder. Stopper, and

several timesto mix. invert repeatedly. The

Add 3 drops of solution should not be

Polyvinyl Alcohol hazy

DISperS'.ng Agent to Note: Any haze (or

each cylinder. Invert turbidity) will cause

several timesto mix. incorrect results.

Note: Hold the dropping
bottles upright
while dispensing.

=
i

9. After thereaction 10. Zerotheinstrument 11. Placethesamplein 12. Usethe equation
period, pour the contents  with the blank, using the the cell holder. Read the below the Nitrogen TKN

of each cylinder into settings bel ow. mg/L TKN. Sample and Analysis
separate 25-mL sample DR/800S Volume Tables to
cells. calculate the true TKN
Program No. 65 .
concentration.
DR/2010 Note: For solid samples,
Program No. 399 or express results as mg/kg,
user-program number not mg/L.
460 nm )
Note: The calculation
DR/4000 uses 75; the calibration is
Program No. 2410 or done with a 25-mL
user-program number gigeftion Ivol'umeland a
460 nm mL analysis volume.
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NITROGEN, TOTAL KJELDAHL, continued

Sample and Analysis Volume Tables
Choose sample and analysis volumes based on expected
concentration in the sample. The values in these tables reflect the
narrowest concentration range for the DR/4000, DR/2010 and
DR/800s. Differences between these tables and those in the
Digesdahl Manual are dueto calculations based on a different set
of instruments.

Liquids
Niogen | Samele | Anavsis o,
Conc. (mg/L)
0.5-28 40.0* 10.0* 25 mL
2-112 20.0* 5.00* 25 mL
11-560 10.0* 2.00* 25 mL
45-2250 5.00* 1.00* 25 mL
425-22500 1.00* 0.50* 25 mL
Solids
Nogen | semle | Anae | piie
Conc. (mg/kQg)
30-2250 0.500* 10.0* 25 mL
75-5620 0.400* 5.00* 25 mL
250-18750 0.300* 2.00* 25 mL
750-56250 0.200* 1.00* 25 mL
3000-225000 0.100* 0.50* 25 mL

* The 75 in the formula was derived from a multiplication factor using the
theoretical volumes of 25 mL and 3 mL.

Calculation For Final Concentration:

Ax75
BxC
A = mg/L reading from instrument

= mg/L or mg/kg TKN

B = g or mL sample amount from table

C = mL analysis volume from table
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NITROGEN, TOTAL KJELDAHL, continued

Sampling and Storage
Collect ssmplesin acleaned glass or plastic container. Adjust the
pH to 2 or less with sulfuric acid (about 2 mL per liter) and cool
to 4 °C. Preserved samples can be stored up to 28 days.

Accuracy Check
Standard Additions M ethod

a. Perform the TKN method and note the analysis volume
used and the mg/L N of the sample.

b. Pipet the same analysis volume into three 25-mL
graduated mixing cylinders.

C. Snap the neck of a150-mg/L Ammonia Voluette Ampule
Standard.

d. UseaTenSette pipet to add 0.1, 0.2 and 0.3 ml of
standard, respectively, to the cylinders. Dilute to 25 mL
and mix well.

e. Perform the TKN methods beginning with step 5. The
nitrogen level should increase 20 mg/L for each 0.1 ml of
standard added (compared to step a).

f. If these increases do not occur, an interferenceis likely.

Standard Solution M ethod

Add onedrop TKN indicator to each of two 25-mL mixing
cylinders. Fill one cylinder with deionized water to the 20-mL
mark. Fill the other cylinder to the 20-mL mark with a 1.0 mg/L
NH,-N solution. Add 3 drops Mineral Stabilizer to each cylinder.
Invert to mix. Add 3 drops Polyvinyl Alcohol Dispersing Agent
to each cylinder. Invert to mix. Perform the Total Kjeldahl
Nitrogen procedure starting with step 6. Thisdisplay should show
26-27 mg/L TKN in step 11.

Kjeldahl Nitrogen Standard M ethod

This checks the efficiency of the digestion and colorimetric test.
There are standards available for doing this test. For a complete
procedure, see the Accuracy Check in Section 3.3.8 on page 27.
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NITROGEN, TOTAL KJELDAHL, continued

Summary of Method

“Total Kjeldahl Nitrogen” (also called crude protein) refersto the
combination of ammonia nitrogen and organic nitrogen
composed of trinegative nitrogen. These compounds are
converted into ammonium salts by the action of sulfuric acid and
hydrogen peroxide. The ammonia salts plus any ammonia present
arethen analyzed by amodified Nessler method test. The Mineral
Stabilizer complexes calcium and magnesium. The Polyvinyl
Alcohol Dispersing Agent aids the color formation in the reaction
of Nessler Reagent with ammonium ions. A yellow color forms,
proportional to the ammonia concentration.
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NITROGEN, TOTAL KJELDAHL, continued

REQUIRED REAGENTS

Description Cat. No.
TKN Nitrogen REAGENT SEL.......coceiiieiicieeeee et e e sre e sre e s ree s 24953-00
Includes:. (1) 282-32, (1) 979-49, (1) 21194-49, 1) 21196-49, (1) 22519-26, (1) 23144-26,

(1) 23765-26, (1) 23766-26

Quantity Required
Description Per Test Unit Cat. No.
Hydrogen Peroxide, 50%........cccccveveeveeneeseenieeseeneen. 0} ¢ 1| IR 490 mL....... 21196-49
Mineral Stabilizer .......cccooiiiiiccc e 6 drops.... ... 50 mL SCDB....... 23766-26
Nesslers Reagent.........cccevvevieiievese e 2mML i 500 mL....... 21194-49
Polyvinyl Alcohol Dispersing Agent........ccccccveevenene 6 drops.... ... 50 mL SCDB....... 23765-26
Potassium Hydroxide Standard Solution, 80N ........... varies........ 100 mL MDB........... 282-32
Potassium Hydroxide Standard Solution, 1.0N ........... vVaries........ 100 mL MDB....... 23144-26
SUlfuric ACId, ACS.....oeeieeee e O6ML oo, 500 mL........... 979-49
TKN Indicator SOIULION .........coveiveeeeeisene e 2drops... ... 50 mL SCDB....... 22519-26
Water, deioniZEd...........cocoveieieireneee e VaES. ..o 4L....... 272-56
REQUIRED APPARATUS
Boiling Chips, silicon carbide...........ccccocvvievevecicececee, 2-3......... 500Q..ccc.... 20557-34
Cylinder, graduated, mixing, tall-form, 25 mL..........c..ccccveee. 2 each............ 21190-40
Pipet, TenSette® 0.1t0 LOMLL ....c.cvcueveeereiceeiereree ettt eaCh............. 19700-01
Pipet Tips, for 19700-01 TenSette® Pipet2..........cccocveenereereerererernnne. 50/ o/'(c P— 21856-96
Safety Shield, for Digesdahl®l...........ccccoeveeveieieieeeee e each............. 50040-00
Select one based on available voltage:
Digesdahl® digestion apparatus, 115 Vac.............c..c........ Lo each....... 23130-20
Digesdahl® digestion apparatus, 230 Vac..............c......... Lo each....... 23130-21
Select one or more based an sample amount and analysis volume:
Pipet, volumetric, Class A, 20.0 ML.......c.ccevvevvveieeriecnenee (I each............ 14515-20
Pipet, volumetric, Class A, 10.0 ML......c..ccevvevvieieerirennee Lo, each............ 14515-38
Pipet, volumetric, Class A, 5.0 ML.......cccocvevvevvviiiecieeee Lo each............. 14515-37
Pipet, volumetric, Class A, 1.0 ML......cccoovveoenviieeee T each............. 14515-35
Pipet, volumetric, Class A, 0.5 mML.....cccccovoveviiiiiere T each............. 14515-34
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Method 10072

NITROGEN, TOTAL, High Range

Persulfate Test ‘N Tube Digestion M ethod
Range: 0to 150 mg/L N

= =
| |

1. Turnonthe COD 2. Prepareareagent 3. Add0.5mL of 4. Prepareasample:
Reactor. Heat to blank: Using afunnel,  organic-free water tothe Using afunnel, add the
103-106 °C (optimum  add the contents of one  vial. Cap the vial and contents of one Total
temperatureis 105 °C).  Tota Nitrogen shake vigorously for Nitrogen Persulfate
Place the plastic shield  Persulfate Reagent about 30 seconds. Reagent Powder Pillow
in front of the reactor. Powder Pillow to one to one HR Total

Process this reagent

HR Total Nitrogen blank exactly the

Note: Ensure safety Nitrogen Hydroxide

devices are in place to H_)gljromde Digestion same asthe sample, Digestion Vial.

protect _the analyst should Vial. including digestion Note: Wipe off any
splattering and Note: Wipe off any and color finish. reagentthat gets on the lid
leakage occur. reagent that gets onthe lid - Proceed to step 6. or the tube threads.

Note: For proof of or the tube threads.

accuracy, run a 125 mg/L Note: Alternate water

NH3-N standard through must be free O_f 6,‘”

digestion and analysis. nitrogen-containing

species.

Note: The persulfate
reagent may not dissolve
completely after shaking.

Note: One reagent blank
is sufficient for each set of
samples using the same
lots of reagents.

Note: The reagent blank
is stable for as long as
seven days when stored in
the dark; see Blanks for
Colorimetric Measurement
following this procedure.
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NITROGEN, TOTAL, High Range, continued

5. Add0.5mL of

sampletothevial. Cap COD Reactor. Heat for

the vial and shake
vigorously for about
30 seconds.

Note: The persulfate
reagent may not dissolve
completely after shaking.

HRS MIN SEC

9. After shaking, begin
athree-minute reaction

period.

6. Placetheviasinthe 7. Usingfinger cotsor

30 minutes.

10. After the timer
beeps, add one Total
Nitrogen Reagent B
Powder Pillow to the
vial. Cap thevial and
shake for 15 seconds.

gloves, remove the hot
vials from the reactor
and allow to cool to
room temperature.

Note: It is very important
to remove the vials from
the COD Reactor after
exactly 30 minutes.

HRS MIN SEC

11. After shaking,
begin atwo-minute
reaction period.

Note: The reagent will not
dissolve completely. The
solution will begin to

turn yellow.
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8. Add the contents of
one Total Nitrogen
Reagent A Powder
Pillow to the via
containing the digested
blank or sample. Cap the
vial and shake for

15 seconds.

12. After thetimer
beeps, remove the cap
from the Total Nitrogen
Reagent C Vial. Add
2mL of digested, treated
sample (or reagent
blank) to thevial. The
via will be warm.



NITROGEN, TOTAL, High Range, continued

HRS MIN SEC

A

13. Capvia andinvert 14. Beginafiveminute 15. PlacetheCOD Via 16. When the timer

dowly 10 timesto mix. reaction period. Donot  adapter into the cell beeps, wipe the outside
Thevia will bewarm.  invert thevial again. holder. of the Total Nitrogen
Note: Proper mixing is Note: The yellow color Reagent Cvid

important for complete will intensify. containing the rea!gerjt
recovery. Hold the vial blank. Place thevial into
vertical with the cap up. the adapter with the
Invert the vial and wait for Hach logo facing the

all of the solution to flow to front of the instrument.
the cap end. Pause. Place the cover on

Return the vial to the

upright position and wait the adapter.

for all of the solution to Note: Wipe with a damp
flow to the vial bottom. towel, followed by a dry
This is one inversion (10 one, to remove
inversions = 30 seconds) fingerprints or

other marks.
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NITROGEN, TOTAL, High Range, continued

i i

\ \

AQ 4

17. Placethesample 18. Zerotheinstrument 19. Place the sample
vial inthe adapter. Place withthevial, using the vial into the adapter.
the cover on the adapter. settings bel ow. Read the mg/L nitrogen.

DR/800s
Program No0.69

DR/2010
Program No. 395
410 nm

DR/4000
Program No. 2559
410 nm

Sampling and Storage
Collect samplesin clean plastic or glass bottles. Best results are
obtained with immediate analysis.

Preserve the sample by reducing the pH to 2 or less with
concentrated sulfuric acid (at least 2 mL per liter). Storeat 4 °C
(39 °F) or less. Preserved samples may be stored up to 28 days.
Warm the samples to room temperature and neutralize with 5 N
sodium hydroxide before analysis. Correct the test result for
volume additions.
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NITROGEN, TOTAL, High Range, continued

Accuracy Check

This method generally yields 95-100% recovery on organic
nitrogen standards. For proof of accuracy, Hach offers a set of
three Primary Standards for Kjeldahl Nitrogen.

1.

Prepare one or more of the following solutions. Each
preparation is for an equivalent 120 mg/L N standard. Use
water that is free of al organic and nitrogen-

containing species.

a.

Weigh 1.6208 g of Ammonium p-Toluenesulfonate
(PTSA). Dissolvein aClass A 1000-mL volumetric flask
with deionized water. Add deionized water to the
1000-mL mark.

Weigh 2.1179 g of Glycine p-Toluenesulfonate. Dissolve
inaClass A 1000-mL volumetric flask with deionized
water. Add deionized water to the 1000-mL mark.

Weigh 2.5295 g of Nicotinic p-Toluenesulfonate.
Dissolvein aClass A 1000-mL volumetric flask with
deionized water. Add deionized water to

thel000-mL mark.

Analyze each of these solutions using the test procedure.
Calculate the percent recovery for each using this formula:

% recovery = measured fggcentratlon x 100

The percent recovery should be:

Compound Lowest Expected % Recovery
Ammonia-PTSA 95%
Glycine-PTSA 95%
Nicotinic-PTSA 95%

Hach analysts have found Ammonia-PTSA to be the most
difficult to digest. Other compounds may yield different
percent recoveries.
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NITROGEN, TOTAL, High Range, continued

Standard Solution Method
For proof of accuracy, substitute 0.5 mL of a 125 mg/L ammonia
nitrogen standard solution for the sample in the procedure. To
prepare a 125-mg/L N standard, use a 25-mL Class A pipet to
transfer 25.00 mL of a 1000-mg/L Ammonia Nitrogen Standard
(see OPTIONAL REAGENTS on page 263.) to a200-mL Class A
volumetric flask. Dilute to the line with organic-free water.

Standard Additions Method

a. Fill three 25-mL graduated mixing cylinders with 25 mL
of sample.

b. Snap the neck off an Ammonia Nitrogen Voluette
Ampule Standard Solution, 1000 mg/L as NH3—N.

c. Usethe TenSette Pipet to add 0.1 mL, 0.2 mL, and
0.3 mL of standard, respectively, to the three
mixing cylinders.

d. Stopper each cylinder and mix thoroughly.

e. Add 0.5 mL of each prepared solution, respectively, to
three HR Total Nitrogen Hydroxide Digestion Vials.

f. Analyze each standard addition sample as described in
the procedure. The nitrogen concentration should
increase by approximately 4 mg/L N for each 0.1 mL of
standard added.

g. If theseincreases do not occur, an interferenceislikely.

Blanksfor Colorimetric M easurement
The reagent blank may be used repeatedly for measurements
using the same lots of reagents. Store the reagent blank in the
dark at room temperature (18-25 °C) for a maximum of seven
days. If asmall amount of white floc appears prior to the end of
one week, discard the reagent blank and prepare a new one.
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NITROGEN, TOTAL, High Range, continued

Interferences
The substances in the following table have been tested and found

Summary of Method

not to interfere up to the indicated levels:

Substance Maximum Level Substance Maximum Level
Tested (mg/L) Tested (mg/L)
Barium 104 Organic Carbon 600
Calcium 1200 pH 13 pH units
Chromiums3+ 2 Phosphorus 400
Iron 8 Silica 600
Lead 26.4 ppb Silver 3.6
Magnesium 2000 Tin 6.0

Interfering substances that resulted in a concentration change

of +10%:
Substance Level and Effect
Bromide > 240 ppm; positive interference
Chloride > 3000 ppm; positive interference

The large amounts of nitrogen-free organic compounds in some
samples may decrease digestion efficiency by consuming some of
the persulfate reagent. Samples known to contain high levels of
organics should be diluted and re-run to verify digestion

efficiency.

An dkaline persulfate digestion converts all forms of nitrogen to
nitrate. Sodium metabisulfite is added after the digestion to
eliminate halogen oxide interferences. Nitrate then reacts with
chromotropic acid under strongly acidic conditionsto form a
yellow complex with an absorbance maximum at 410 nm.
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NITROGEN, TOTAL, High Range, continued

REQUIRED REAGENTS

Description Cat. No.
Test "N Tube™ HR Total Nitrogen Reagent Set (50 vials) ..... coevcvvievcvciee s evieenie 27141-00
Includes: (1) 26718-46, (1) 26719-46, (1) 26720-46, (50) Hydroxide Digestion Vials,*

(50) Acid Solution Vials*

Quantity Required

Description Per Test Unit Cat. No.
HR Tota Nitrogen Hydroxide Digestion Vials................... lvid....... L5107/ o] (o I *
Total Nitrogen Persulfate Reagent Powder Pillows.......... 1 pillow.....50/pkg ............. 26718-46
Total Nitrogen Reagent A, Bisulfite Powder Pillows....... 1 pillow.....50/pkg.............. 26719-46
Total Nitrogen Reagent B, Indicator Powder Pillows....... 1 pillow.....50/pkg ............. 26720-46
Total Nitrogen Reagent C Vials, Acid Solution.................. lvid....... L5107/ o] (o I *
REQUIRED APPARATUS

COD Reactor, 115/230 V, North American Plug.................... | each........... 45600-00
COD Reactor, 230 V, European Plug..........cccceeveveneceereenene, 1o each............. 45600-02
COD Via Adapter, DR/2010......ccccooireeeereninie e Lo each............ 44799-00
COD Via Adapter, DR/A000...........ccccoreeeeeeniisierieieneeieseneens Lo each............ 48189-00
COD Via Adapter, DR/B00........cccceiurereeierenesesesieseenesennens Lo each............ 48464-00
FUNNEL, MICTO. oottt e e e 1 T each............. 25843-35
Pipet, TenSette®, 0.1-1.0 ML ....cccevevererercrerceeeeee e i each............. 19700-01
Pipet Tips for 19700-01 Tensette® Pipet ..........cccccevevevevevnnee. 1o 50/pkg............. 21997-96
Safety SNIEI....c..oiieeieee e Lo each............ 23810-00
Test Tube Cooling RACK.........cccocveveiereee e 1-3. each............ 18641-00

* These Items are not sold separately. Please order the complete set (Cat. No. 27141-00) as
areplacement.
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NITROGEN, TOTAL, High Range, continued

OPTIONAL REAGENTS

Description Unit Cat. No.
Nitrogen, Ammonia, 1000 mg/L NHz—N......ccooniiiiiiiiecee 1L 23541-53
Nitrogen, Ammonia, Voluette™ Ampule,

1000 MQE/L NHz=N, 20 ML c.eooiiiiceeececeeesese e 16/pkg.............. 23541-10
Primary Standards for Kjeldahl Nitrogen............ccccceevvvveveiviineenene, setof 3.............. 22778-00
Sodium Hydroxide Standard Solution, 5.0 N..........cccccevvveeennee. 59 mL MDB................ 2450-26
SUITUFIC ACI, ACS..... et e e aes 500mML .. 979-49
Water, OrganiC-frEB.....cci e 500 mL.............. 26415-49

OPTIONAL APPARATUS

AMPUIE BreaKer Kit, .....coovirieee e each.............. 21968-00
Balance, analytical, 115 VaC .....c..cccceeviieiie et each............. 26103-00
Balance, analytical, 230 VAC .........cceeviieiie et each............. 26103-02
(001 ( 0 11070 /= SO 2/pKg.....ccueeee. 14647-02
Cylinder, graduated, mixing, 25 mL, 3needed..........ccccecvvevrcveciecnennnen, each.............. 20886-40
Flask, Volumetric, Class A, 200 ML .....ccoevieiee e each.............. 14574-45
Flask, volumetric, Class A, 1000 mL, 3 needed ........ccocceevvveeeeecveeeeennen, each.............. 14574-53
Pipet, Volumetric, Class A, 25 ML ......ccceeiiieieese e eaCh.............. 14515-40
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OIL AND GREASE

Method 10056

Hexane Extractable Gravimetric M ethod*
Range: 15-3000 mg/L HEM and SGT-HEM

1. Collect 350 mL of
samplein aclean

500- mL separatory
funnel.

Note: Do not pre-rinse the
collecting vessel with
sample or results may be
increased.

Note: If the sample is not
collected in the separatory
funnel, set the empty
container and lid aside for
use in step 4.

Note: The sample must
be at room temperature
before analyzing.

Note: Determine a blank
value (350 mL of distilled
or deionized water) with
each new lot of reagents.
If the blank result is
greater than 5 mg, resolve
the source of error or
remove interferences
before performing this
procedure.

en

3. Using an analytical
balance, weigh a

2. Using a pipette and
pipette filler, add 4 mL

of 1:1 Hydrochloric previously dried and
Acid solution to the cleaned 125-mL
separatory funnel. Mix  distillation flask

well. The pH must be
less than or equal to 2.

containing 3-5 boiling
chipsto the nearest
0.1 mg. Record the

Note: Check sample pH .
e P weight of the flask.

after acid addition by
dipping a glass rod into
the sample and allowing a
few drops to touch the pH
paper. Do not dip the pH
paper into the sample.
Rinse the glass rod with a
small portion of hexane
back into the separatory
funnel to remove any
grease/oil on the rod.

Note: If determining both
the HEM and the SGT-
HEM, clean and dry two
distillation flasks (one for
each procedure) in
advance. A third clean, dry
flask may be needed. See
the note under step 12.

Note: ApH of <2 is
required to hydrolyze
some oils and greases. A
pH of greater than 2
dissolves the sodium
sulfate used in step 8 and
causes an interference.

Note: Use the equivalent
amount of acid to
determine the blank and
all samples from each
sampling source.

* Equivalent to USEPA Method 1664.
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4. Add 20 mL of
n-hexane to the
separatory funnel.

Note: Spilled reagent will
affect test accuracy and is
hazardous to skin and
other materials.

Note: If the sample was
collected in a separate
container or if repeating
this step, rinse the
collecting
vessel/volumetric flask
which contained the
sample/water layer with
the 20 mL of n-hexane,
then add the 20-mL
n-hexane rinse to the
separatory funnel.



OIL AND GREASE, continued

5. Stopper the funnel.
Invert the funnel and

rel ease the gasesthrough
the stopcock. Then,
vigorousdly shake the
funnel for two minutes.

Note: To release gases
from the separatory
funnel, invert it and shake
it once very hard (support
the stopper with your
hand). Under a hood,
point the delivery tube in a
safe direction and
SLOWLY open the
stopcock to release any
gas. Close the stopcock.
Repeat the venting until
you no longer hear the
release of gases.

Note: Do not count the
venting time as part of the
two-minute shaking time.
Shaking for less than two
minutes may decrease the
results.

[}

6. Letthefunnel stand 7. SLOWLY drainthe 8. Drip-drainthe

undisturbed for at least
10 minutes to ensure
separation of the lower
water layer and the
upper solvent layer.

Note: The solvent layer
may be brown if a colored
oil is present.

Note: If an emulsion
forms, see Interferences
following this procedure.
An emulsion is a bubbly
layer between the
aqueous and solvent
layer.

Note: If you repeat this
step the third time and the
water layer is cloudy, allow
the separatory funnel to
stand undisturbed for 20
minutes for better
separation of the water
and solvent layers.

lower water layer from

the separatory flask into

the original sample
container or 500-mL
volumetric flask. This
should take about 3-4

minutes. Save the water

layer for step 9.

Note: To ensure water is
not transferred in step 8,
allow several drops of
solvent layer to drain into
the water layer until the
solvent layer is visible on
top of the water.

Note: If the water layer

drains too quickly, excess
water will be presentin the
solvent layer. This causes
sodium sulfate and water

interference.
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solvent layer into the
pre-weighed boiling
flask through a funnel
containing filter paper
and 10 g anhydrous
sodium sulfate. Gently
stir the sodium sulfate
with aglass stirring rod
whilethe solvent layer is
draining. Be careful not
to rip thefilter paper.

Note: Use the same filter,
funnel, and sodium sulfate
when repeating this step
for the second and third
extractions. Remove large,
hard sodium sulfate
chunks between
extractions to reduce
sodium sulfate
contamination.

Note: To set up the
filtering funnel, put the
glass funnel in the neck of
the distillation flask. Place
a folded 12.5 cm filter
paper in the funnel. Add
10 grams of anhydrous
sodium sulfate to the filter
paper. Rinse the sodium
sulfate with a small
amount of the hexane.
Discard the hexane

properly.
Note: Do not use any

plastic tubing to transfer
the solvent.



OIL AND GREASE, continued

Repeat Steps

4 through 9

9. Return the water 10. Repeat steps 4-9
layer to the separatory ~ two more times. After
funnel. the third extraction,

Note: Use the same glass discard the water layer.

funnel for the second and  Note: There may be small

third extraction (referredto  gmounts of acetone
in step 10). and/or n-hexane in the

Note: A second funnel water layer. See your

can be used to pour the
water layer into the
separatory funnel to
reduce spillage.

for proper disposal
instructions.

waste disposal procedure

11. Rinsethe
separatory funnel with
three separate 5-mL
aliquots of fresh
n-hexane to remove any
oil filmleft on the funnel
walls. Drain each aliquot
through the funnel
containing the sodium
sulfate into the
distillation flask.
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12. Rinsethetip of the
glass funnel with 5 mL
of n-hexane while
removing it from the
distillation flask. Check
for sodium sulfate
contamination.

Note: Sodium sulfate
contamination will appear
as cubic crystals at the
bottom of the distillation
flask. If present, re-filter
the solvent layer through
filter paper without sodium
sulfate. You must re-clean,
dry, and weigh the boiling
flask and boiling chips or
have an extra flask ready
in case this is necessary.



OIL AND GREASE, continued

For SGT-HEM
go to step 21.

See Figure 1
for Distillation

For HEM Assembly

go to step 14.

13. If only the 14. Using the 15. Disconnect the 16. Removethe
SGT-HEM isto be distillation assembly condenser/connector remaining solvent
determined and the shownin Figure 1 on portion of thedistillation vapors from the

HEM isknown, go to page 269, digtill off the assembly at the pinch digtillation flask by
step 21. If HEM istobe n-hexane. Digtillationis clamp and removethe  attaching the vacuum

determined, go to completewhen there are distillation flask from connector/gas inlet
step 14. no boiling bubblesor the the heat sourcewithan  adapter to the flask.
digtillation flask anti-lint cloth or tongs.  Apply avacuum for

Note: If only the SGT- . .
HEM is to be analyzed, ~ aPpearsdry. Note: The distilled 1-2 minutes or until
n-hexane solvent vapors

the HEM is needed to Note: Use a steam bath or Nn-hexane may be re-used
determine the amount of 4 ot plate to maintaina  in future HEM extractions, have been removed.
silica gel needed forthe  \yater bath at the proper  but is not recommended
SGT-HEM. Foreach group  temperature for the for SGT-HEM due to the
of samples from a distillation. Do not place  potential increased water

discharge, determine the e flask directly on a hot ~ content of the solvent.
HEM before the

Note: Crystals on the
bottom of the flask
indicate that sodium
sulfate may have been

SGT-HEM. plate. This V_V'“ cause low dissolved in the extraction
results and is danggrous steps. Re-dissolve the
beca_use n-hexane is extract in n-hexane, filter
volatile. into another pre-weighed
Note: Evaporation will be flask and repeat steps
faster if the long vertical 13-15. This is not
arm of the connector is necessarily true for the
wrapped with insulation “standard” extraction since
(paper towel, cloth, or stearic acid is cryst.alline
asbestos insulating tape). below 69 °C. If sodium
The distillation should take sulfate is present in the
less than 30 minutes. standard, big cubical

crystals (not the flattened
stearic acid crystals) will
be visible. Also, you will
calculate an unusually
high yield compared to the
expected value.
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OIL AND GREASE, continued

Distillation Assembly

Figure 1
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OIL AND GREASE, continued

17. Placetheflaskina
desiccator for 30
minutes (or longer if
necessary) until it cools
to room temperature.

Note: If the silica gel
indicator has turned red,
replace the silica gel.

18. Using an analytical
balance, weigh the flask
to the nearest 0.1 mg.
Record thisweight. Do
not touch the flask after
weighing; fingerprints
will add weight.

Note: Always use tongs or
a lint-free wipe when
handling the flask. If you
touch the flask, clean the
flask with lint-free wipes.

Note: Precise weighing is
necessary for accurate
results; multiple weight
measurements are
recommended. Re-wipe
the flask before each
measurement to ensure
all contaminants are
removed. Record each
weight; use the lowest
repeatable value for
calculations.

A-B -
Sample Volume

mg/L HEM

19. cCalculate the test
results:

A-B _
Sample Volume
mg/L HEM

A= Weight (mg) of flask and
residue

B= Weight (mg) of flask with
boiling chips.

Note: If yield is less than
15 mg/L and additional
precision is needed, use a
1-liter sample.

Example:

A =92.4659 g
B =92.4206 g
Sample vol. =0.350 L

92.4659 — 92.4206
0.350 L

=0.1294 g/L (129.4 mg/L)
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20. If only calculating
the HEM, stop here. If
continuing with SGT-
HEM at Step 21, re-
dissolve residue with
approximately 85 mL of
fresh n-hexane. Heat
dightly to ensure all
HEM materials dissolve.

Note: For a 350 mL water
sample, dilute if the HEM
is >2850 mg/L (for a 1-liter
sample, dilute if the HEM
is more than 1000 mg/L).

Note: To dilute to a

1000 mg/L sample, pour
the re-dissolved HEM into
a 100-mL volumetric flask.
Rinse the distillation flask
3-4 times with 2-3 mL of
n-hexane. Fill the
volumetric flask to volume
with n-hexane. Mix well.
Into a 100-mL beaker,
volumetrically pipet the
amount (V,) determined

by this equation:
vV = 100000
a Wh

where:

Vg = Volume of aliquot to be
withdrawn (mL) to get
1000 mg of HEM.

Wy, = Weight of HEM (A-B in
step 19 (mg)). Dilute to
about 100 mL with n-
hexane.



OIL AND GREASE, continued

21. Put amagnetic stir
bar and the correct
amount of silicagel
based on the equation
bel ow into the flask with
the solvent/product from
step 20.

3xmg of HEM _
100

silica gel (g £0.3)

b minutes

22. Stir solution on a
magnetic stirrer for a
minimum of

five minutes.

A

23. Pre-clean, dry and
weigh adistillation flask
with 3-5 boiling chipsin
it. Place afunnel on the
digtillation flask. Place a
12.5 cm filter paper in
the funnel. Pre-moisten
the filter paper with
fresh n-hexane. Filter the
solution through

filter paper.

Rinse the beaker
containing remaining
silicagel 3 timeswith
5 mL aliquots of fresh
n-hexane and pour the
aliquotsinto the
distillation flask.

Note: Any spillage will
cause inaccurate results.
To reduce spillage, use a
glass rod as a guide while
pouring solution into filter.

Perform steps
14-19.

24. Follow steps
14-19. Weigh the
product left in the
bottom of the flask and
calculate your results
using the equation
below:
A-B
Sample Volume
mg/L SGT-HEM

where:

A = Weight (mg) of flask and
residue

B = Weight (mg) of flask
with boiling chips.

Sampling and Storage
Collect samplesin wide-mouth glass bottles or directly in the
separatory funnel for immediate analysis. Collection of sample
may be done directly into the separatory funnel. M easure 350 mL
of water with a graduated cylinder. Pour this into the separatory
funnel. Use alaboratory pen to mark the 350-mL level. Fill with
sample to this mark. Do not pre-rinse the bottle or separatory
funnel with the sample.
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OIL AND GREASE, continued

If analysisis delayed for more than afew hours, add 6 mL of 1:1
Hydrochloric Acid Solution for each liter or quart of sample.
Check the pH to ensureit is 2 or less. Do not place the pH paper
directly into the sample, but dip aglass rod into the sample and
touch the pH paper with a drop of sample. Rinse the rod with
n-hexane directly back into sample container after the pH has
been determined to ensure no product has adhered to the glass
rod. If necessary, add more acid to bring pH below 2. Store the
sample between 04 °C (32-39 °F). Preserved samples can be
stored for 28 days.

Handling Glassware
Before analysis, careful cleaning and drying of the glassware and
bailing chipsis necessary. Clean the chips and distillation flask
by washing with hot water and detergent, rinsing with distilled
water, and then rinsing with acetone or n-hexane. Place the
cleaned flask and boiling chipsin adrying oven at 105-115 °C for
two hours. Cool to room temperature in a desiccator for at |east
30 minutes. Store in the desiccator until needed.

To eliminate errors, always handle the flask with tongs or an anti-
lint wipe. If the same flasks are used repeatedly, record their
weights after drying in the oven without boiling chips. The drying
step may be skipped if the flasks weigh the same after the acetone
or n-hexane rinse as it does after drying. Boiling chipswill vary
in weight; their weight should be added to the flask weight.

Definition of HEM and SGT-HEM
Qil and grease is the conventional term used to define pollutants
of this nature. The new term “n-hexane extractable materials’
(HEM) indicates this method may be applied to materials other
than oils and greases.

Likewise, the term “total petroleum hydrocarbons’ (TPH) was
traditionally used to classify aliphatic hydrocarbon materials. The
new term “silica gel treated n-hexane extractable material”
(SGT-HEM), indicates that this method may be applied to
materials other than aliphatic petroleum hydrocarbons that are not
adsorbed by silicagel.
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OIL AND GREASE, continued

Limit of Detection

This method is not applicable to measurements of materials that
volatilize at temperatures below approximately 85 °C. Petroleum
fuels from gasoline through #2 fuel oil may be partially lost in the
solvent removal operation. Some crude oils and heavy fuel oils
contain a significant percentage of materials that are not soluble
in n-hexane. Recoveries of these materials may be low.

The method is capable of measuring HEM and SGT-HEM in the
range of 15 to 3000 mg/L when using a 350 mL sample, and may
be decreased to aslow as5 mg/L if al liter sampleisused. When
using the 1-liter sample volume, use the amount of reagents listed
for the one liter size in the EPA Monitoring and Testing
Procedures and M odifications section.

Standard Preparation

1. Transfer 400 £4 mg stearic acid and 400 +4 mg hexadecane
into a 100-mL volumetric flask.

2. Pour 75 mL of acetone into the flask. Cover with awatch
glass and stir gently. Heat slightly until all material isin
solution. Over-heating with the watch glass on causes
pressure buildup.

Note: Acetone (step 2) is highly flammable. Do not use near an
open flame.

3. Fill to volume with acetone. Cover. Allow to equilibrate to
room temperature and continueto fill to volume until solution
is at stable volume.

4. Using avolumetric pipet, transfer 5 mL of the solution from
step 3 into 350 mL of deionized reagent water. This standard
solution should be 114.3 mg/L HEM or 57.1 mg/L SGT-
HEM. If using a 1-liter water sample, 5 mL gives a 40 mg/L
HEM and a20 mg/L SGT-HEM. To verify the concentration,
pipet 5 mL of the solution from step 3 in apre-weighed flask,
place in hood, and allow acetone to evaporate off. Weigh the
flask. Verify that the weight difference before and after
solution addition is 40 +1 mg.
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OIL AND GREASE, continued

I nterferences

Substances extracted from samples will vary from source to
source, depending upon the diversity of the site being sampled.
Some samples may contain high amounts of detergents or
particulates that can interfere with the extraction procedure. For
these samples, it may be necessary to use a 350-mL sample size
rather than one liter (which is optional). In this circumstance, the
350 mL sample sizeis EPA accepted for reporting. Wash all
glassware in hot water with detergent, rinse with tap and distilled
water and rinse with n-hexane or acetone.

If an emulsion forms between the two phases (at step 6) and is
greater than one-third the volume of the solvent layer, filter the
emulsion and solvent layer through afunnel with glasswooal in it.
If an emulsion still exists, other possible solutions include:
stirring the solvent and emulsion layer with a stir bar, using
solvent phase separation paper, centrifugation, using an ultrasonic
bath with ice, addition of NaCl, or other physical methods (solid
phase or other extraction techniques would fall under
performance based modifications).

A milky solvent/product layer in the distillation flask indicates
water in the solvent layer. Let the flask stand one hour to allow
the water to settle. Re-filter the solvent layer through sodium
sulfate to remove remaining water.

Extremely low yields could mean a poor extraction (steps 5
through 8) and a high yield could indicate a problem in the
solvent drying (step 8). Follow procedure steps 5-8 very carefully
and run your blank before you run samplesin order to identify
any possible interference due to these steps. If your blank
indicates ayield above 1 mg per test, you should identify the
source of contamination before continuing. Likely sources are
sodium sulfate contamination and improperly rinsed glassware.
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OIL AND GREASE, continued

EPA Monitoring and Testing Procedures and M odifications
If the Oil and Grease tests are used for compliance reporting to
the USEPA, make the following changes to the procedure:

1. Useal-liter samplein a2000 mL separatory funnel rather
than a 350-mL samplein a500 mL separatory funnel (step 1).

2. Use6mL (instead of 4 mL) of 1:1 hydrochloric acid to bring
the pH below 2 (step 2), and 30 mL of n-hexane instead of
20 mL of n-hexane for the extraction (step 4).

Before beginning to test real samplesfor oil and grease, you must
be able to obtain aMDL (Minimum Detection Limit) less than or
equal to the EPA’s reported MDL and to report an IPR (Initial
Precision and Recovery). Before attempting the MDL and I PR,
it is highly recommended to run laboratory reagent water
blanksto eliminate all interference.

MDL: The USEPA-documented MDL is extremely difficult to
reproduce if the slightest sodium sulfate contamination occurs.
EPA Method 1664 requiresthe MDL to be<1.4 mg/L for HEM
and <1.6 mg/L for SGT-HEM. Thisis calculated by determining
the standard deviation of seven standard samplesfor HEM or
seven standards for SGT-HEM and multiplying their respective
standard deviations by 3.143 (Student’st test).

The recommended standard concentration for determining the
MDL isabout 5 mg/L. To prepare the standard for HEM follow
steps 1-3in Section on page 273, but change step 1 to transfer
100 +4 mg stearic acid and 100 mg +4 mg hexadecane to a 250-
mL volumetric flask. To prepare the SGT-HEM standard, transfer
200 £4 mg of decahexane only into a 250-mL volumetric flask.
Transfer 5 mL of either standard into one liter of reagent water.
Analysis of the standard should give 5 mg/L for either HEM or
SGT-HEM.

IPR: Follow the procedure for HEM and SGT-HEM, using
deionized water (void of any oil and grease) asthe blank. Perform
the procedure four separate times using 5 mL of the standard

(40 mg/L 1:1 stearic acid/hexadecane (prepared in Section on
page 273) diluted into one liter of deionized water. Report the
average percent recovery (X) and the standard deviation of the
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OIL AND GREASE, continued

percent recovery (s) for both HEM and SGT-HEM. X and s
should fall within these parameters:

a. HEM: Precision(s) £10%; Recovery(X) 83%—101%.

b. SGT-HEM: Precision(s) <13%; Recovery(X)
83%—116%.

If not within these ranges, correct the problem and repeat | PR.

Once the MDL and IPR have been established, keep records for
EPA verification or for future reference.

Oil and Grease Reporting to EPA
To report the HEM and/or SGT-HEM, include the following data
for each set of up to ten samples.

1. BLANK: Must belessthan 5.0 mg/L for HEM and

Note: For compliance
monitoring, it may be
necessary to use a
standard that either
matches the regulatory
concentration limit or is 1
to 5 times higher than the
concentration of the
sample (B), whichever is
greater. The concentration
of the spike (T) needs to be
divided by 2 for SGT-HEM
if using the standard (40
mg/L 1:1 stearic
acid/hexadecane).

SGT-HEM.

OPR (Ongoing Precision and Recovery): Determine the
amount of analyte in aone-liter sample containing 5 mL of
the standard (40 mg/L 1:1 stearic acid/hexadecane). Continue
onif the HEM recovery is 70%—114% and the

SGT-HEM recovery is 66%—114%. If recovery islower, an
interference may be present or analysis technique may be
faulty. Identify the cause and repeat OPR until within range.

M S and M SD (matrix spike and matrix spike duplicate):
Determine the background concentration (B) of your sample
by running HEM and SGT-HEM on the discharge water.
Spike two one-liter discharge water sampleswith 5 mL of
standard and measure concentration of analyte after spiking
(thisisvalue A).

Determine the Percent Recovery (P) as follows:

p _ 100x(A-B)
HEM (40mg/L) ~— T

p _ 100x(A-B)
SGT-HEM T/2
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OIL AND GREASE, continued

If HEM Recovery is 79-114% and SGT-HEM Recovery is
66%0—114%, then calculate the Relative Percent Difference
(RPD). If recovery islower, an interference may be present.
Identify and correct the interference, then repeat MS and MSD.

‘ConCMS - ConCMSD‘

RPD = x 200

Conc,\/IS + ConCMSD

If RPD for HEM<18 and RPD for SGT-HEM<24, then continue
with step 4. If recovery islower, an interference may be present.
Identify and correct the interference, then repeat MS and MSD.

After every five MS/IMSD tests, compute the average percent
recovery (Pp) and standard deviation of the percent recovery (s).
Record these numbers as P, £2s;,

4. Calibrateyour analytical balance at 2 mg and 1000 mg using
class“S’ weights to ensure calibration within £10%.

5. Analyze up to 10 samples from the source used in the MS
and MSD before starting back at step 1. Every 10 samples
you must determine a new blank, OPR, RPD, MS and MSD.

Summary: Each laboratory must first verify the MDL and IPR
and ensure they are within proper parameters before reporting Oil
and Grease test results to the EPA. Oncethisis established for a
laboratory, it does not need to be done again.

For every 10 samples per discharge source, one must calibrate the
bal ance, report one blank, one OPR, one M S, and one MSD. Logs
must be kept on percent recovery and rel ative percent differences
for MS/MSD tests. For every five MS/IMSD tests, calculate and
record the average percent recovery and standard deviation.
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continued

Summary of Method

Oil and Grease & Tota Petroleum Hydrocarbons (TPH) include
any material that may be recovered as a substance that is soluble
in the n-hexane extractant. These include substances such as
relatively non-volatile hydrocarbons, vegetable oils, animal fats,
waxes, soaps, greases, and rel ated materials. When measuring oil
and grease (HEM) gravimetrically, the substances are extracted
from the sample with n-hexane, then the n-hexane is evaporated.
Theresidue left is weighed to determine the concentration of ail
and grease materialsin mg/L.

When measuring Total Petroleum Hydrocarbons (SGT-HEM)
gravimetrically, the substances are extracted from the sample
with n-hexane, then mixed with silica gel to absorb non-TPH
components. Then the n-hexane is evaporated. Likethe HEM, the
residue | eft is weighed to determine the concentration of total
petroleum hydrocarbons. Careful technique is required to obtain
accurate and precise results.
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OIL AND GREASE, continued

REQUIRED REAGENTS

Quantity required

Description per test Unit
ACEIONE, ACS ...ttt r e e e e e e e e aea e eees varies.....500 mL
HEXadeCaNE, 9990 .......ccveeeeeee ettt ee e e e e e e e eees 400 mg ...100 mL
Hydrochloric Acid Standard Solution, 1:1 (6N) ................. 4mL .....500 mL
Hexane, ACS grade........cccocvvveeveieceesese e <200 mL ..500 mL
pH Paper, 0—14 pH UNItS ..o varies.... 100/pkg
Silica Gel with indicator (for desiccator) ........ccoccvvveveienene varies........ 454 g
SilicaGel, 100200 MESh.........cceeiereriereeeeeesese e 1-30g....... 500 g
Sodium sulfate, anhydrous............cceeeriereeienene e 10g........ 1139
SEEAMC ACIH. ..o 400 mg ... 500 gm
REQUIRED APPARATUS

Adapter, vacuum connector/gasinlet, 28/15..........cccccecvenenee. Lo, each
ASPIrator, VBCUUM ......cc.ceierieieeerireeeeeeesiesee e eeeeesee e eneeseeseeens Lo, each
Balance, analytical (0.001-210 g, readsto 0.1 mg) ............... Lo each
Boiling Chips ....cc.ooeeee e 3-10......... 500 g
Clamp, pinch type, NO. 28.........ccceceveeeeese e 2, each
Clamp, 3-ProNg......ccceieieeriieiiesese e e e e e see e sreens 2 each
Clamp, OIS ........cooiiiieeeece e 2 each
Condenser, reflux, w/ground glass joints, 28/15.................... i each
Cylinder, graduated, 500 ML.......ccccceevievieesircee e Lo, each
Cylinder, graduated, 50 ML .........ccocevvreeeereeeeereree e Lo, each
DESICCALON ......ueeueti ettt sttt Lo, each
DESICCALOr PlaL........cvieeeiirieieeeeie et Lo, each
Filter Funnel, 65 mm, Short Stem ........cccooevervncnine e Lo, each
Filter Paper, 12.5 cm, folded ... 1. 100/pkg
Flask, Erlenmeyer, 125 ML ......cccooviieieeneeeeee e Lo, each
Flask, Erlenmeyer, 125 mL, w/ground glass joint 28/15 ....... 2o each
Funnel, separatory, 500 ML .........cccovvveeeeve e Lo, each
Hot Plate, 120 V, 5O HzZ.......cooeiiiriiesee e Lo, each
Oven, drying, 120 V, 50 Hz........ccccevv e Lo, each
PeN, LabOratOrY .....c.ceceeeieeeeee et Lo, each
PH Paper, 0-14 pH UNITS......cccooiriieeieineseseeseeeee e varies.... 100/pkg
Pipettefiller, safety DUID..........cooiiiieee Lo each
Pipette, serological, 5 ML .....ccocveviiiiere e Lo each
RO, gI8SS...cciiiiiecie e T 3/pkg
Separatory funnel, 2 [Iters.......cccccve v Lo each
Stirrer, magnetic 120 V ......ooveviieieee e Lo, each
Stir Bar, 22.2 X 7.9 MM eeeeiiieee e i T each
SUPPOIT SEANG. ... i each

Cat No.

.............. 14429-49

.............. 14478-49
.............. 26013-00
.............. 14269-01
.............. 26650-34
................ 7099-14

.............. 14339-00
................ 2131-00
.............. 26103-00
.............. 20557-34

.............. 14337-00
.............. 20885-49

508-41

.............. 20920-00
.............. 26013-00
.............. 14651-00



OIL AND GREASE, continued

REQUIRED APPARATUS (continued)

Quantity required

Description per test Unit Cat No.
Tongs, crucible, 9-iNCh..........cccoovi i, T eCh.ocveiiiin, 569-00
Tube, connecting, J-shaped, w/ground glassjoint, 28/15....... | each............. 18143-00
Tubing, black rubber, 7.9 X 2.4 MM.......cccccoevieevieeieeceeceeen, i OTT— 36M.iiiiiiinns 560-19
Steam bath, 8-inch, 5-MNg.......cccccoiiieeec e Lo each............. 23479-00
OPTIONAL APPARATUS

Beaker, 400 mL (for SGT-HEM dilution).........ccccocvvvevevieiiesene e, eaCh....ccccoeueeen. 500-48
Bottle, Storage, glass, amber, 473 ML .....coccveveieceece e 6/pKg....ccccn..... 7144-21
Bottle, Storage, glass, amber, 1000 ML ......cccccevvevieeciecieerieeree e 6/pkg.....ccn..... 7144-63
Cap, polypropylene (for 473 mL DOLtIE) ........ccecveervririiceeecese 6/pKg .. 21587-06
Cap, polypropylene (for 2000 ML DOIE) ........ccceervreriiiereeeceeeen (7] ¢/2( IRU 23710-06
Hot Plate, 240V, B0 HZ ........ooiiiiiceeie e each............ 23441-02
Oven, drying, 240V, B0 HzZ ........c.ccoceeeee e each............ 14289-02
Ring Stand, 5-iNCH ID .....ocveiecie e each............ 26831-00
Stirrer, MagnetiC, 240V ......ocv e ee et ene e each............. 23436-02
Thermometer, =10 10 110 CC .. ech..c.......... 1877-01
Vacuum pump, hand operated (Nalgene)...........oooeeeereenineneneseseeenns each............ 14283-00
Volumetric flask, 200 ML ......ccecieiiiiiece e e each............. 14574-42
Volumetric flask, 500 ML .......cocvveiiiirecce e e each............. 14574-49
Volumetric flask, 1000 mL (if using 1 L sampl€) .......ccccovvvecvvcniveriennene each............ 14574-53
VOIUMELIC PIPEL, 5 ML . each............ 14515-37
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M ethod 8043
OXYGEN DEMAND, BIOCHEMICAL

Dilution M ethod* (USEPA Accepted)

:1
Sample Volume?
o:@ Ohj

1. Prepare sample 2. Determinetherange 3. With aserologicad 4. Add two shots of
dilution water usinga  of sample volumes pipet, measure a Nitrification Inhibitor
BOD Nutrient Buffer required for your graduated series of at (approx. 0.16 g) to each
Pillow; see Dilution sample; see Choosing least four, but preferably  bottle, if desired.
Water Prepa_ratmn Sa_lmple Szefollowing  fiveor six, portions of Note: Use of Nitrification
following this this procedure. well-mixed sampleand | hibitor will inhibit the
procedure. Note-: If the minimum transfer to separate 300-  oxidation of nitrogen
sample volume is 3 mL or mL glass-stoppered compounds if only
more, determine the BOD bottles. Stir the carbonaceous oxygen

dissolved oxygen in the sample with the pipet demapd is desired. Itis
undiluted sample. This before pipetting each especially recommended
can be omitted when portion. for samples with low
analyzing sewage and BODs.

settled effluents known to  Note: See Interferences

have a dissolved oxygen  following this procedure

content near 0 mgl/L. when analyzing
chlorinated or industrial

effluents.

Note: Do not add sample
to one BOD bottle. This
will be the dilution water
blank. For additional proof
of accuracy, see Accuracy
Check following these
steps.

* Adapted from Standard Methods for the Examination of Water and Wastewater and from Klein, R.L.,
Gibbs, C., Journal Water Pollution Control Federation, 51 (9), 2257 (1979).
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OXYGEN DEMAND, BIOCHEMICAL, continued

5. Fill exchbottleto 6. Stopper thebottle, 7. Add enough dilution 8. Place aplastic
just below thelip with  being careful not to trap  water to the lip of the overcap over the lip of

seeded or unseeded any air bubbles. Presson BOD bottleto makea  each bottle and place
dilution water. When the stopper of the bottle  water seal. bottlesin an incubator at
adding the water, allow  with your finger; then 20+ 1° C. Incubatein

it to flow dowly down  invert the bottle severa the dark for five days.

the sides of the bottleto  times to mix.
prevent formation of

Note: Determine initial
bubbles.

DO'’s if following the
Standard Methods’
procedure. This is not
necessary if using the
graphical method.
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OXYGEN DEMAND, BIOCHEMICAL, continued

Determine
DO

after five days

9. When the five-day
incubation period is
complete, determine the
dissolved oxygen
content (mg/L DO
remaining) in each bottle
as described in the
Dissolved Oxygen,
Procedurein this
manual, or potentio-
metrically by using a
dissolved oxygen probe.

Note: This procedure has
been EPA approved. But,
the graphical method
outlined in step 10 has
not. See Calculating
Results: Standard
Methods (following these
steps), for the EPA
Approved calculation.

Calculate
BOD

10. Determinethe
BOD using the graphical
method as follows; see
Calculating Results:
Grapical Method for
more information.

a. Plot the mg/L DO
remaining in each
diluted sample versus
the mL sample taken;
then draw the best
straight line through the
plotted points.

Note: An erroneous point
is visually evident and can
be disregarded. However,
at least three points
should be on the line or
very close to it. For
unseeded dilution water,
the line should cross the
“mg/L oxygen remaining”
scale near or below the
oxygen saturation value
for the altitude of the
laboratory (see Dilution
Water Preparation).

b. To calculate the BOD,
use the following
equation which is
mathematically
equivalent to the BOD
equation in

Standard Methods.

mg/L BOD =
(Ax300)-B+C

Where:

A = the slope. The slope

of the line is equal to the
mg/L DO consumed per mL
of sample taken. Take any
point on the line and
subtract the mg/L DO
remaining at that point from
the mg/L DO where the line
crosses the DO scale

(Y intercept, mg/L DO
remaining). Divide the
difference by the mL of
sample at the point chosen.

300 = the volume of
the BOD bottle
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B =the Y intercept. This is
the DO value where the line
crosses the “DO remaining”
scale. (This should be very
close to the actual dilution
water blank value.)

C = the sample DO. This is
the DO of the undiluted
sample.

Another way to write this
equation is:

mg/L BOD =
(Slope x 300) -
Y intercept + Sample DO

Note: If the best straight
line is obtained by linear
regression through use of
a calculator, the sign (-) of
the slope must be
changed (+) before
multiplying by 300.



OXYGEN DEMAND, BIOCHEMICAL, continued

Dilution Water Preparation

Note: The DO uptake in
five days at 20 °C should
not exceed 0.2 mg/L.

Note: The bubbling
apparatus should be
cleaned before and after
use.

The BOD test requires very high quality water be used for
diluting samples. Water must be free of all toxic substances, such
as small amounts of chlorine, copper and mercury, aswell asfree
of organic matter. If organic matter is present in dilution water, it
will create an oxygen demand.

The most practical way to produce water of low organic content
on aconsistent basisis by distillation from alkaline permanganate
(Sodium Hydroxide Pellets and Potassium Permanganate).
Commercial stills which automatically produce high quality
distilled water are available.

Direct use of deionized water from ion exchange columnsis not
recommended because of the erratic release of organic materials
from the cartridges, especially new ones. These organic materials
will not be detected with conductivity measurements but may
show up in the final results as an oxygen demand. Bacterial
growth also may be present on the column.

Distilled water, asit is produced from a still, is usually and not
saturated with oxygen. The temperature of the BOD dilution
water must be 20 °C at the time of use and near or at saturation
with oxygen. It isrecommended that distilled water be stored in a
BOD incubator until it reaches 20 °C and dilution water be
prepared immediately before use. The distilled water can be
placed in one-gallon jugs by filling each of them with three liters
or by filling two-gallon jugs with six liters. The jugs should be
capped and placed in the incubator for storage. After 24 hours or
more, the temperature will be 20 °C and the water will be
saturated or nearly saturated with oxygen furnished by the air
above the water in the jugs.

If five-gallon containers are used, the distilled water should be
saturated with oxygen by bubbling in filtered air from a hose
connected to an aguarium pump or air Compressor.

It is not necessary to use seeded dilution water when analyzing
sewage, sewage plant effluent (unless it has been chlorinated) or
river water. However, there are certain samples such as industrial
or trade wastes or chlorinated sewage which do not contain
sufficient bacteria to oxidize the organic matter that is present.
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OXYGEN DEMAND, BIOCHEMICAL, continued

To test such samples, some bacterial seed must be added to the
samples. Thisis done by adding a small, measured volume of
water known to contain a good bacterial population to the
dilution water.

Raw sewage is recommended as a source of seed. This material
should be stored at 20°C for 24 to 36 hours before use. When
using domestic sewage as seed, it should be allowed to stand
undisturbed until most solids settle. Pipet from the upper portion
of the bottle of seed material. It has been found that the addition
of 3.0 mL of raw domestic sewage seed to each liter of dilution
water isample. Seed that hasaBOD of 200 mg/L (atypical range
for domestic sewage) when added at the rate of 3 mL per liter of
dilution water will deplete 0.6 mg/L DO. An alternative to raw
sewage as a source of seed is USEPA-approved Polyseed® BOD
Seed Inoculum (Cat. No. 24712-00), adehydrated seed inoculum.

Using BOD Nutrient Buffer Pillows

To prepare dilution water, select the BOD Nutrient Buffer Pillow
for the amount of dilution water you wish to prepare; see Table 1.
Shake the pillow, cut it open, and add the contentsto ajug
containing the proper amount of 20 °C distilled water. Choose a
container which will be only partially filled by the solution. Cap
the jug and shake vigorously for one minute to dissolve the slurry
and to saturate the water with oxygen.

Table 1
Description Cat. No.
BOD Nutrient Buffer Pillows:
for preparing 300 mL of dilution water 14160-66
for preparing 3 liters of dilution water 14861-66
for preparing 6 liters of dilution water 14862-66
for preparing 19 liters of dilution water 14863-98

Following Conventional M ethod

To prepare dilution water by the conventional method, pipet 1 mL
of each of the following solutions per liter of distilled water at
20 °C: Calcium Chloride Solution, Ferric Chloride Solution,
Magnesium Sulfate Solution, and Phosphate Buffer Solution.
Cap the bottle and shake vigorously for one minute.

The Phosphate Buffer Solution should be refrigerated to decrease
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the rate of biological growth. Use care with all solutionsto avoid
contamination.

Choosing Sample Size
The range of sample volumes to be diluted depends on two
factors: type of sample and the laboratory’s elevation.

If the sample contains high levels of organic material, such asraw
sewage, its BOD will be high and small portions must be diluted
in thetest. If asample hasalow BOD, such as polluted river
water, larger portions will be necessary; see Table 2.

The laboratory’s elevation influences the amount of oxygen that
can be dissolved in the dilution water. At sealevel and normal
barometric pressure, water can be saturated with up to 9.2 mg/L
DO at 20 °C.

At higher elevations, the amount of oxygen that can dissolvein
water decreases, so less oxygen is available to microorganisms.
Refer to Table 4. Smaller portions of sample must be taken so
there will be dissolved oxygen remaining in the BOD bottle after
five days of incubation. For most accurate results, sample sizes
should be chosen so that at least 2.0 mg/L of dissolved oxygen
are consumed during the incubation period, but 1.0 mg/L DO is
left in the BOD bottle. (Table 2 has done this for you).

Follow these stepsto deter mine the range of sample
volumesto use:

a. Estimate the BOD of your particular sample type (see
Table 2 ). Sewage has approximately 300 mg/L BOD;
oxidized effluents have about 50 mg/L or less.

b. Determine the minimum sample volume that can be used
for the estimated BOD of your sample from Table 2.
For example, if a sewage sampleis estimated to contain
300 mg/L BOD, the smallest allowable sample volumeis
2 mL. For sewage effluent with an estimated BOD of
40 mg/L, the volumeis 15 mL.

c. Determine the laboratory’s atitude.
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Table 2 Determining Minimum Sample Volume

Sample Type Estimated BOD mg/L mL of Sample*
Strong Trade Waste 600 1
Raw and Settled Sewage 300 2
200 3
150 4
120 5
100 6
75 8
60 10
Oxidized Effluents 50 12
40 15
30 20
20 30
10 60
Polluted River Waters 6 100
4 200
2 300

* mL of sample taken and diluted to 300 mL in standard BOD bottle

d. Determine the maximum sample volume for the atitude
of your laboratory from Table 3. At 1,000 feet an
estimated BOD of 300 mg/L, the largest sample portion
should be 8 mL. For aBOD of 40 mg/L the maximum
volumeis 60 mL.

e. Choose three other sample volumes between the
minimum and maximum volumes so the total number of
portionsisfive or greater. In the two cases given in step d
above, aseriesof 2, 4, 5, 6 and 8 mL portionsis
suggested for an estimated BOD of 300 mg/L and a
series of 15, 25, 35, 45 and 60 mL portions for aBOD of
40 mg/L.
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Table 3 Determining Maximum Sample Volume

Estimated BOD at
sea level 1000 ft. 5000 ft. mL of Sample*
300 m 1500 m
2460 2380 2032 1
1230 1189 1016 >
820 793 677 3
615 595 508 2
492 476 406 5
410 397 339 6
304 294 251 8
246 238 203 10
205 198 169 12
164 158 135 15
123 119 101 20
82 79 68 20
41 40 34 50
2 24 21 100
12 12 10 200
8 8 ’ 300

* mL of sample taken and diluted to 300 mL in standard BOD bottle

Table 4 Oxygen Saturation Values at Various Altitudes

Oxygen Saturation Sea 1000 ft. | 2000 ft. | 3000 ft. | 4000 ft. | 5000 ft. | 6000 ft.

Value Level 300 m 600 m 900 m 1200m | 1500 m | 1800 m

(at 20 °C) 9.2mg/L | 89 mg/L | 86mg/L | 8.2mg/L | 7.9 mg/L | 7.6 mg/L | 7.4 mg/L
Interferences

Many chlorinated and industrial effluentsrequire special handling
to ensure reliable BOD results. Usually, careful experimentation
with the particular sample will indicate what modifications
should be made to the test procedure.

Toxins in the sample will adversely affect any microorganisms
present and result in lower BODs.
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1. To eliminate small amounts of residual chlorine*, allow the
sampleto stand for one to two hours at room temperature. For
larger quantities, determine the amount of sodium thiosulfate
to add to the sample asfollows:

a.

Measure 100 mL of sample into a 250-mL Erlenmeyer
flask. Using a 10-mL serological pipet and a pipet filler,
add 10 mL of 0.020 N Sulfuric Acid Standard Solution
and 10 mL of Potassium lodide Solution, 100 g/L, to
the flask.

Add three full droppers of Starch Indicator Solution and
swirl to mix.

Fill a25-mL buret with 0.025 N Sodium Thiosulfate
Standard Solution and titrate the sample from dark blue
to colorless.

Calculate the amount of 0.025 N Sodium Thiosulfate
Standard Solution to add to the sample:

mL 0.025N sodium

€.

thiosulfate

mL titrant used x volume of remaining sample

required - 100

Add the required amount of 0.025 N Sodium
Thiosulfate Standard Solution to the sample. Mix well.
Wait 10 to 20 minutes before running the BOD test.

2. To eliminate the effect of phenols, heavy metals or cyanide,
dilute the sample with high quality distilled water.
Alternately, the seed used in the dilution water may be
acclimatized to tolerate such materials. Acclimatize seed as
follows:

a. Fill aone-galon stainless steel or plastic container with

b.

domestic sewage and aerate for 24 hours. Allow the
heavier material to settle.

After settling for one hour, siphon off three quarts of
material and discard.

* Measure chlorine with Hach Water Quality Chlorine Test Strips (Cat. No. 27450-50).
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Calculating Results

c. Fill the container with amixture of 90% sewage and 10%
wastes containing the toxic material.

d. Aeratefor 24 hours. Repeat steps b and ¢ with increasing
amounts of waste until the container holds 100% toxic
waste material.

3. Optimum pH for BOD test is between 6.5 and 7.5. Adjust
samplesto pH 7.2 with Phosphate Buffer Solution or 1 N
(or more dilute) Sulfuric Acid or Sodium Hydroxide
Standard Solution if the pH is not in this range.

4. Cold samples may be supersaturated with oxygen and will
have low BOD results. Fill aone-quart bottle about halfway
with cold sample and shake vigoroudly for two minutes.
Allow sample temperature to reach 20 °C before testing.

Graphical Method

The mg/L DO remaining was determined for a series of four
dilutions of domestic sewage after five days of incubation.
Results were as follows:

mL of sample taken mg/L DO remaining
2.0 7.50
3.0 6.75
6.0 4.50
9.0 2.25

The DO values were plotted versus the mL of sampletaken and a
straight line drawn asin Figure 1. If aset of BOD dilutionsis
run correctly with a homogeneous sample, a graph of the

mg/L DO remaining versus the sample volume should result in a
straight line. The value where the line intersectsthe y axisis
equal to the DO content of the dilution water after incubation,
although thisisnot actually measured. In this case, it was equal to
9.0 mg/L and the DO of the domestic sewage sample was
assumed to be zero. If another type of sampleis used, the DO of
an undiluted sample should be measured either by the Winkler
titration or potentiometrically.
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The American Public Health Association formulafor calculating
BOD also can be written as follows (not approved for reporting
purposes):

mg/L DO remaining mg/L DO remaining

(smaller sample) — (larger sample) x 300 - DOp + S =BOD
mL (larger sample) — mL (smaller sample)

Using thisinformation in the previous example:
mg/L DO remaining with smaller sample volume = 7.50
mg/L DO remaining with larger sample volume = 2.25
mL of larger sample volume = 9.0
mL of smaller sample volume = 2.0
300 = volume (mL) of BOD bottle
DOp = mg/L DO of dilution water = 9.0

S = mg/L DO of sample = assumed in this case to be zero

Therefore:

2958:33)5 x300-9 +0 = mg/L BOD

%&300_9

0.75x300-9

225-9 =

216 = mg/L BOD
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Figure 1

91—V intercept

mg/L DO Remaining

T 1 T T T
0o 2 4 6 8 10 12

mL of sample

Using the equation in step 10:
(slope x 300) —Y intercept + sample DO = mg/L BOD
Where:

slope = we arbitrarily select point A in Figure 1. At this point the mg/L
DO remaining is equal to 3.0 mg/L. The mL of sample at this point is 8
mL. The difference between the Y intercept of 9.0 mg/L and 3.0 mg/L
equals 6 mg/L. 6 mg/L divided by 8 mL = 0.75 mg/L per mL.

Y intercept = 9.0 mg/L

sample DO = 0; because the sample is domestic sewage, this was
assumed to be 0.

Therefore:
(0.75 x 300) =9.0 + 0 = mg/L BOD

225-9 = 216 mg/L BOD
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Standard M ethods*

When dilution water is not seeded:
D,-D,

P
When dilution water is seeded:

BOD5, mg/L =

(D, -D,) (B, ~B.)f
P

BOD5, mg/L =
Where:

D, = DO of diluted sample immediately after preparation, mg/L

D, = DO of diluted sample after 5 d incubation at 20 °C, mg/L

P = decimal volumetric fraction of sample used

B, = DO of seed control before incubation, mg/L

B, = DO of seed control after incubation, mg/L

f = ratio of seed in diluted sample to seed in seed control =
(% seed in diluted sample)/(% seed in seed control)

If seed material isadded directly to sample or to seed control bottles:

f = (volume of seed in diluted sample)/(volume of seed in seed control)

Report results as CBOD; if nitrification isinhibited. If more than
one sample dilution meets the criteria of aresidual DO of at least
1 mg/L and aDO depletion of at least 2 mg/L and thereisno
evidence of toxicity at higher sample concentrations or the
existence of an obvious anomaly, average resultsin the
acceptable range.

* Adapted from Standard Methods for the Examination of Water and Wastewater
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Accuracy Check

A standard mixture of glucose and glutamic acid is available to
check the accuracy of BOD results. Follow the directions below:

a.

g.

Snap the neck off aBOD Voluette® Ampule Standard
Solution for BOD, dilution method.

Using Class A volumetric pipets and a pipet filler, pipet
1.00, 2.00, 3.00, and 4.00 mL of standard into four BOD
bottles.

Fill bottles with seeded dilution water and incubate at
20°C for five days.

Determine the DO remaining in each bottle; then plot the
mg/L remaining DO versus the volume of standard used.

Draw the best straight line through the plotted points.

Determine the BOD of the standard according to step 10
of the procedure.

Divide the value by two.

Note: Since the BOD standard contains 300 mg/L each of glucose

and glutamic acid, the BOD value determined from the graph
must be divided by 2 to correspond with values reported in
Standard Methods. Your result should be within the standard
deviation listed.

Note: On the basis of a mixed primary standard containing

150 mg/L each of glucose and glutamic acid, Standard Methods
determines that the average five-day BOD would be
198+ 30.5 mg/L*.

* Datataken from Standard Methods for the Examination of Water and Wastewater, 19th ed., p.5-6

(1995).
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Summary of Methods
Biochemical Oxygen Demand (BOD) isan empirical
measurement of the oxygen requirements of municipal and
industrial wastewaters and sewage. The test results are used to
calculate the effect of waste discharges on the oxygen resources
of the recelving waters. The BOD test is of limited value in
measuring the actual oxygen demand because temperature
change, biological population, water movement, sunlight, oxygen
concentration and other environmental factors cannot be
reproduced accurately in the laboratory. The BOD test is of
greatest value after patterns of oxygen uptake for a specific
effluent and receiving water have been established.

The BOD is performed by incubating a sealed wastewater sample
(or aprepared dilution) for the standard five-day period and then
determining the change in dissolved oxygen content. The BOD
value can then be calculated from the results of the dissolved
oxygen tests.

REQUIRED REAGENTSAND APPARATUS

Quantity Required

Description Per Test Unit Cat. No.
BOD Nutrient Buffer Pillows,

preparing 3 liters of dilution water ..........cccccovveveveceeciennne 1o 50/pkg......c...... 14861-66
Bottle, glass-stoppered, 300 ML........ccooeeeeeviveceesecc e (S each........ce.... 621-00
Bottle, Wash, 500 ML .....eeeeiiiiieeceeeeee e eeeeeeee e e e ee e e e e eaaans Lo, each....ccoueve.. 620-11
ClipPErS, [arQE ..o Lo each.....cccceee.e. 968-00
BOD BOtE Cap ....coveeeveeieeeriesieieee st (ST 6/pKg....cevneen. 2419-06
PIPEE IO e e Lo each............. 12189-00
Select one or more based on sample volume:
Pipet, serological, 1 ML.......ccooeioireiieeere e varies.......... eaCh......coeeunee. 532-35
Pipet, serological, 5 ML.......ccocviiireiieeee e varies.......... each......coeeuee. 532-37
Pipet, serological, 10 ML.......ccooeererieieiee e varies.......... each.....cceeuee. 532-38
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OPTIONAL REAGENTS

Description Unit
BOD Standard Solution, Voluette™ ampule, 300 mg/L,

10 mL, dilution MEtNO ........ccveeeiiiee e 16/pkg
BOD Nutrient Buffer Pillows

for preparing 300 mL of dilution water ............cceovvveieve v, 50/pkg

for preparing 6 liters of dilution Water ...........ccocvvveveiiece e, 50/pkg

for preparing 19 liters of dilution Water .............cccveveeinenenencneennne 25/pkg
Buffer Solution, APHA, for BOD, pH 7.2, phosphate type...................... 1L
Calcium Chloride Solution, APHA, for BOD ......cccccevvviei e 1L
Ferric Chloride Solution, APHA, fOor BOD ......cccccceeeviiieie e 1L
Magnesium Sulfate Solution, APHA, for BOD..........cccecvvvevene i, 1L
Nitrification INNIDITO.........coceeiiii e 359
Polyseed® BOD INOCUIUM.........ccoriicieieerineeieieieesesseseesesesssesesssessenes 50/pkg
Potassium lodide Solution, 100 g/L......ccovecevieecere e 500 mL
Potassium PErmanganale ........cecceeieeveecieeseeseesee e e sreeseesaes e seee e 454 g
Sodium Hydroxide, PElELS .......cccoviieiee e 5009
Sodium Hydroxide Standard Solution, 1.000 N ...................... 100 mL MDB
Sodium Thiosulfate Standard Solution, 0.025 N .........ccccccevevevieciecienens 1L
Starch Indicator SOlULioN ..........cccccevcevie v 100 mL MDB
Sulfuric Acid Standard Solution, 0.020 N .........cooeeeeiiviiie e, 1L
Sulfuric Acid Standard Solution, 1.000 N .......cccooeeeeriiciie e 1L

OPTIONAL APPARATUS

Description Unit
Bottle, 4 L, With SPIgOL .......eoeeee e each
Bottle, 10 L, With SPIQOL .....ccvevviciiciececeee e each
Buret, Teflon StopCock, 25 ML .....ccveieciiee e each
Clamp, buret doubBIe...........ccoieeieii e each
Cylinder, graduated, 100 ML ......cccevieieeiiecee e e each
Dispenser Cap, for Nitrification Inhibitor (35 bottle only)...................... each
Flask, Erlenmeyer, 250 ML .......cooviiirciee et each
Meter, Dissolved Oxygen, sensiON™6, portable, w/ probe.................... each
Pipet, serological, 25 ML .......ccoieiieciee e each
SAMPIEr, SEWBGE. .....eeeeeeiecie sttt sttt re e b ne e each
Still, laboratory, 2=3 liter/hour, 110V ......cocovevieeiecee e each
SUpPOrt Base and ROG...........cooiiiieeeneseeeeese e each
Thermometer, -10 10 110 °C....oevveviiiiieeeeeesie e each
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Method 10099

Respirometric Method (using the BODTrak appar atus)

/] ][a]

1. Heat or cool the
sample to within 2 °C
of itsincubation
temperature (typically
20 °C (68 °F).

2. Usingaclean 3. Placea3.8-cm
graduated cylinder, pour (1¥%z-in.) magnetic stir
the correct sample bar in each sample

volumeinto aBODTrak bottle.
sample bottle (see

Table 1). Seethe Sample
Dilutions section for

more information on

BOD range selection.

Table 1 Selection of Sample Volume

4. Addthe contents of
one BOD Nutrient Buffer
Pillow to each bottle for
optimum bacteriagrowth.

Note: Step 4 is optional.

If simulation of original
sample characteristics is
required, do not add the BOD
Nutrient Buffer.

BOD Range (mg/L) Required Volume (mL)
0-35 420
0-70 355
0-350 160
0-700 95
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5. Apply stopcock 6. Placeasea cupin 7. Usingthefunne,add 8. Place the bottleson

greaseto the seal lip of  the neck of each bottle.  the contentsof one the base of the

each bottleand to thetop Lithium Hydroxide BODTrak. Connect the

of each seal cup. Powder Fillowtoeachsed  appropriate tube to the
cup. Do not allow sample bottle and firmly
lithium hydroxide tighten the cap. Each

particlestofall intothe tubeistagged with the

sample. If this occurs, channel number, and the

discard the sampleand  channel number setup

prepare a fresh one. will be reflected on the
control panel.

<>

9. Placetheinstrument 10. Starttheinstrument 11. Makesuredl stir  12. To select atest

in the incubator. (connect the electrica barsarerotating. If astir duration, simultaneously

Note: . plug and turn the bar didestothesideof  pressand hold the left
ote: The American . . .

Public Health Association Instrument on). the bottle, lift the bottle  and the right arrow keys

(APHA) recommends a off theunitand gently  until the time menu

solution incubation replace. Do not start the  appears. Press the

temperature of 20 +1 °C channel until the stir bar CHANNEL 6 key to

(68 £1 °F) for the BOD is rotating properly. activate the test length

test. Adjust your incubator parameter. Usethe arrow

to the appropriate
temperature setting for
each sample volume used

keysto choose a
5-, 7-, or 10-day test

in this test. This (test Iength is shown on

temperature value varies the last line of the

with incubator circulation. screen). Press OFF to
save selections and exit
the menu.
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» @ ®
@ ® ®

13. Tostart atet,
press the channel
number corresponding
to the sample bottle.

Note: Each channel (1-6)
must be started
individually.

14. PresstheoNkey. A
menu for selecting the
BOD range will be

displayed.

<>

15. For 0-350 mg/L
range, press the right
arrow key. For 0—700
mg/L press the right
arrow key a second time.

For 0-35 mg/L range,
pressthe left key.

For 0—70 mg/L pressthe
left arrow key a second
time.
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16. Pressand hold the
ON key to start atest.

A graph will be
displayed. To cancel a
test, press OFF.

Note: Repeat steps 13 to
16 for each channel used.

Note: The BODTrak
automatically stops each
channel after the selected
time has passed. A
channel can be manually
stopped by depressing the
OFF key for several
seconds. The display
status will change from
RUN to END.
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®» @ ®

@ & ®

17. Readthe BOD
results directly from the
BODTrak display by
pressing the key
corresponding to each
sample channel.

Note: See Downloading
Test Results in the
Instrument Manual for
information on transferring
data to a computer or
printer.

18. Useabrushand hot
soapy water to clean all
bottles, stir bars, and
seal cups. Rinse
thoroughly with distilled
water.

Sampling and Storage

Sample Dilutions

For best results, analyze samplesimmediately after collection. If
thisis not possible, preserve samples at low temperature (4 °C)
for no longer than 24 hours.

If the sample’s BOD is unknown, you can generally assume that
effluent isnormally in the 0-70 mg/L range while influent is
usually in the 0-700 mg/L range.

If a sample does not contain sufficient nutrients for optimum
bacteria growth, add the contents of one BOD nutrient Buffer
Pillow to each bottle. Do not add the BOD Nutrient Buffer Pillow
if close simulation of original sample characteristicsis required.

When Oxygen Demand Exceeds 700 mg/L

When the O, demand of a sample exceeds 700 mg/L, dilute the
sample with high-quality dilution water. M ake the dilution water
with distilled water that does not contain organic matter or traces
of toxic substances such as chlorine, copper, and mercury.

300



OXYGEN DEMAND, BIOCHEMICAL, continued

Sample Seeding

Demineralizers can release undetected organic matter that will
create an objectionable oxygen demand. The most practical way
to consistently produce water of low organic content is by
digtillation from alkaline permanganate. (For example, add 2 g
KMnO, and 4 g NaOH for every liter of water.)

After digtillation, place 3 L of distilled water in ajug and bring
the water temperature to 20 °C. Add the contents of one BOD
Nutrient Buffer Pillow for 3 L to ensure sufficient nutrient
concentration for diluted samples. Cap the jug and shake it
vigoroudly for one minute to saturate the water with oxygen.

Do not store the solution.

Preparing Several | dentical Samples

Perform asingle dilution for all samples when several identical
samples are needed. After the dilution, multiply the reading by
the dilution factor.

Example:

Prepare a 1:5 dilution by multiplying the original sample volume
by 5 and adding dilution water until the new volume is obtained.
If the sample volumeis 200 mL:

5x200 = 1000 mL

Dilute the 200-mL sample to 1000 mL using the dilution water.
Multiply the reading corresponding to the diluted sample by 5.

After sampledilution, refer to Table 1 to select volume and range.

Determining BOD of Seed

Certain types of BOD samples, such as many industrial
discharges, do not contain sufficient bacteriato oxidize organic
matter present in the sample. Some sewage treatment plant
effluents are chlorinated to the extent that they are essentially
sterile, making it impossible to perform adirect BOD test. To test
such samples, seed each bottle with water known to contain an
abundant bacterial population (e.g., domestic sewage or Polyseed
Inoculum, Cat. No. 24712-00).
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The BOD of the seed must be known in order to calculate the
BOD of the sample. To determine the BOD of the seed, follow the
same procedure used to determine the BOD of the sample. Run a
BOD test on the seed and sample at the same time. For seed
acclimation information, see Seed Acclimatization on page 307.

Determining Sample BOD
After determining the BOD of the seed, apply the following
formulato determine the sample BOD.

BOD observed — (Decimal fraction of seed used x BOD seed)

BOD sample =
P Decimal fraction of sample used

Example:
A seeded sample is 10% seed and 90% sample (by volume). The
observed BOD is 60 mg/L, and the pure seed BOD is 150 mg/L.

BOD sample = (60 mg/L) _(8';8 x 150 mg/L) gq mg/L

Variationsin Initial Bacterial Populations

Low seed concentrations are more critical than those that are too
high. They delay the start of oxidation and cause low BOD
results. Use the trial and error method to determine the optimum
concentration of seed for a specific waste material.

Choose the seed concentration yielding the highest corrected
waste sample BOD. This seed percentage can range from 2—-30%,
depending on the waste material tested.

Interpreting Test Results
If the test proceeds correctly, the display should produce a curve
similar to Curve A in Figure 1.
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Figure 1 Example of BOD curves
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If such a curve does not occur, one or more of the following
problems may have occurred: bottle leak, time lag, high oxygen
demand, or nitrification. These potential problems are discussed
in detail in the next four sections.

Bottle L eak
A leak between the bottle cap and seal cup may cause readings
similar to those plotted as Curve B in Figure 1, or may cause no
response from the system. If such a response to BOD changes
occurs, check for dirt inside the bottle cap and under the seal cup.
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TimelLag

Tests that begin with insufficient bacteria during the incubation
period produce data similar to that of Curve H in Figure 1. For
sampl e processing when insufficient bacteria are present, seed the
sample as described in Sample Seeding on page 301.

Bacterial acclimation also produces conditions that could
generate Curve H in Figure 1. This sometimes occurs when
running standards, even though seed has been added.

High Oxygen Demand

Nitrification

Samples that are over range (for example, aBOD over 350 mg/L
when a 160-mL sampleistaken) will produce results as shownin
CurveK in Figure 1. Dilute the sample according to the Sample
Dilutions section, or use a higher BOD range and a different
sample volume as directed in Table 1.

When the BOD range of asample is unknown, use the results
from the Chemical Oxygen Demand (COD) test, or the results
from aseries of BOD tests using the same sample but different
volumes, or dilution ratios to select an appropriate BOD range.
Generally, effluent normally isin the 0—70 mg/L range while
influent isin the 0—700 mg/L range. When the BOD of the
sampleis greater than 700 mg/L, prepare a sample dilution (see
Sample Dilutions on page 300).

The condition shown by Curve Ay in Figure 1 isan example of
nitrification. Biological oxidation of organic nitrogen usually
occurs after five days with normal domestic waste because it
takes that long for the nitrifying bacteria to develop; however, an
abnormally high uptake of oxygen (especially when testing final
effluent) is evidence of nitrifying bacteria adding appreciably to
the oxygen demand.

Control nitrification problems with Hach Nitrification Inhibitor
(Cat. No. 2533-35). Dispense the inhibitor powder into an empty
sampl e bottle and then add the sample. When using the Hach
Dispenser Cap (Cat No. 459-01), dispense two shots
(approximately 0.16 grams) into the empty bottle.
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Accuracy Check

To check test accuracy and proper performance of the BODTrak

Apparatus, test a standard BOD sample and evaluate it for one or
more of the mechanical, physical, or biological effects described
in Interpreting Test Results.

Use a mixture of 150 mg/L each of glucose and glutamic acid as
the BOD standard. A prepared BOD standard solution,

3000 mg/L each of glucose and glutamic acid, is available as the
Voluette Ampule Standard for the Manometric Method

(Cat. No. 14866-10). A 1:20 dilution of this standard (to

150 mg/L) isincorporated in the following procedure. Follow this
procedure to analyze the 3000 mg/L prepared standard sample:

1. Shakethreelitersof distilled water in apartly filled container
for one minute to saturate the water with oxygen.

2. Add the contents of one BOD Nutrient Buffer Pillow
(Cat. No. 14861-98) for 3 L, and invert several timesto mix.

3. Snap the neck off a Voluette Ampule Standard for BOD
(Cat. No. 14866-10) and pipet 7 mL of standard into a
sample bottle.

4. Add 133 mL of the nutrient buffer solution, prepared in
step 2, and 15 mL seed. A 10% by volume of seed in solution
will result. See Sample Seeding.

5. Follow the genera procedure for the BOD test using the
0-350 mg/L BOD range and a five-day test period.

6. Also perform afull strength BOD test on the pure seed to
determine its BOD while determining the BOD of
the standard.

7. To determine the BOD result, see Determining Sample BOD.
The corrected BOD of the standard solution should be
198 +£30.5 mg/L.

Sample Temperature

The American Public Health Association (APHA) recommends a
solution temperature of 20 +1 °C (68 °F) for conducting the BOD
test. Obtain this temperature by placing the BODTrak instrument
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I nterferences

Chlorine

in an appropriate incubator and adjusting the temperature until
the solution reaches 20 £1 °C. An undercounter BOD Incubator
and a combination BOD Incubator/Refrigerator are available (see
OPTIONAL APPARATUS).

Samples should be cooled to incubation temperature. Seeding of
samples with initially high sample temperatures may also be
necessary because samples may have insufficient bacteria (see
Sample Seeding). Determine the BOD of the seed and the BOD of
the sample at the same time.

Other BOD Test Temperatures

The BOD test can be conducted at temperatures other than 20 °C.
Tool’s! results indicate that the five-day, 20 °C value can be
obtained in 2.5 days at 35 °C. Middlebrooks? presents
nomographs for converting BOD tests to temperatures other than
20°C.

Industrial and chlorinated samples often contain toxic substances
and require special considerations when running BOD tests. The
presence of toxic substances in the sample will cause decreased
BOD values. Either remove the toxic substances or eliminate
their effects by diluting the sample.

Low chlorine3 concentrations may be dissipated by maintaining
the sample at room temperature for 1-2 hours before testing.
Remove the chlorine from samples with high chlorine levels by
adding sodium thiosulfate as described bel ow:

1. Add 10 mL of 0.02 N Sulfuric Acid Standard Solution and
10 mL of 100 mg/L Potassium lodide Solution to a 100-mL
portion of sample in a250-mL Erlenmeyer flask.

1 H. R. Tool, Manometric M easurement of the Biochemical Oxygen Demand, Water and Sewage Works

Journal, 114; 211-218, 1967.

2 E.J. Middlebrooks, A Nomograph for Solution of the BOD Equation, Water and Sewage Works

Journal, 112; R230, 1965.

3 Measure chlorine with Hach Water Quality Chlorine Test Strips (Cat No. 27450-50).
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OXYGEN DEMAND, BIOCHEMICAL, continued

2. Addthreefull droppers of Starch Indicator Solution and swirl
to mix.

3. Titrate from dark blue to colorless with 0.025 N Sodium
Thiosulfate Standard Solution.

4. Calculate the amount of Sodium Thiosulfate Standard
Solution necessary to dechlorinate the remaining sample:

e = (mL used)(mL sample to be dechlorinated)

mL of Sodium Thiosulfat 100

5. Add the required amount of 0.025 N Sodium Thiosulfate
Standard Solution to the sample and mix thoroughly. Wait 10
to 20 minutes before running the BOD test.

Other Toxic Materials
Determine the concentrations of other toxic materials such as
phenols, heavy metals, and cyanides.

Dilute the sample with distilled water to eliminate the effect of
these materials. The correct BOD is obtained when two
successive dilutions result in the same sample BOD value. Or, the
seed used in the dilution water may be acclimatized to tolerate
such materials.

Seed Acclimatization
Domestic sewage or Polyseed Inoculum can provide seed for
most samples. Polyseed Inoculum is ideally suited for domestic
and industrial wastewater because it provides a constant seed
source and is free of nitrifying microorganisms.

Pour the contents of one polyseed capsule into dilution water to
rehydrate (refer to the procedure packaged with the Polyseed).
Aerate and stir for one hour. Use enough of this solution so that it
makes up 10 to 30% of the overall sample volume. The exact
percentage of seed must be determined for each sample type.

For more information, Sandard Methods for the Examination of
Water and Wastewater, 19th edition emphasizes the importance of
selecting the proper seed for specific wastes.
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pH Effect

Super saturation

Summary of Method

If the waste sample to be tested contains toxic materials such as
phenoal, formaldehyde, or other microbic inhibitory agents, use
acclimated seed. Acclimate the seed in any non-metal or stainless
steel gallon container fitted with an aeration system. Proceed as
follows:

1. Aerate domestic sewage for about 24 hours. Allow one hour
settling time for heavier materials to settle.

2. After the one hour settling, siphon and discard the top
two-thirds of the volume.

3. Refill the container to the original volume with domestic
sewage containing 10% of the waste material in question.

4. Repeat steps 1-3, increasing the addition of waste material
by 10%. Stop the procedure when 100% waste material has
been reached.

Low BOD test results occur when the pH of atest waste material
exceeds the 6-8 range. The operator may maintain this pH to
simulate original sample conditions or may adjust the pH to
approach neutrality (buffered at pH 7). Neutralize samples
containing caustic alkalinity or acidity by using 1.0 N (or weaker)
sulfuric acid or sodium hydroxide, respectively.

Reduce supersaturated cold samples (containing more than

9 mg/L dissolved oxygen at 20 °C) to saturation. To do o, first
bring the sample temperature to about 20 °C. Then partly fill a
sample bottle with sample and shake vigorously for two minutes,
or aerate with filtered compressed air for two hours.

Biochemica Oxygen Demand (BOD) is an empirical
measurement of the oxygen requirements of municipal and
industrial wastewaters and sewage. The test results are used to
calculate the effect of waste discharges on the oxygen resources
of the recelving waters.
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OXYGEN DEMAND, BIOCHEMICAL, continued

BOD measures the amount of oxygen used by bacteria as they
oxidize organic matter in the sample. The waste sampleisput in
an amber BOD bottle with an ample amount of air |eft above the
sample. The bottle is connected to a pressure sensor. The bacteria
use dissolved oxygen, which is replaced by the air above the
sample. This causes adrop in air pressure in the bottle, which is
registered by the pressure sensor. The drop can beread directly as
mg/L BOD off the graphical display. Carbon dioxide produced
by oxidation is removed by the lithium hydroxide crystalsin the
seal cup.

REQUIRED REAGENTS

Quantity Required

Description Per Test Unit Cat. No.
BOD Nutrient Buffer Pillows, for preparing 300 mL ........... 1o 50/pKg.....ccrvne 14160-66
BOD Nutrient Buffer Pillows, for preparing 3L .................. 1o 50/pKg....cccenee 14861-66
Grease, Stopcock, tUDE.........ccveviiiiieeie e varies.......... 750 e, 562-75
Lithium Hydroxide, Powder PiIllOWS...........ccceeveeeieniccienene, 1. 100/pkg.............. 14163-69
REQUIRED APPARATUS

BODTrak™ Apparatus, 115/230V .......ccccceevervirerienieienesieneens Lo, each.............. 26197-00
Bottle, BOD, QMDET.........ocoeieiieiee i e s I 6/pKg....ceveeeee 7144-21
FUNNEL, POWAES .....c.eeeee e Lo, each.............. 22644-67
SEAl CUP -t s Lo 6/pKg...ccveenene 10977-52
Stir bar, MAgNELIC .....eevveveceeceee e 1o 6/pkg......coeu... 10764-16
POWEr COId, 115V ..ot Lo, each.............. 18010-00
POWer COrd, 230V .....cviirieriiieieiees e Lo, each.............. 46836-00
Power Supply, 110/230 VAC........coieiereeeeeieeese e Lo, each.............. 26249-00
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OPTIONAL REAGENTS

Description Unit
BOD Nutrient Buffer Pillows, for preparing 6 L ..........cccoeviviieneenns 50/pkg
BOD Nutrient Buffer Pillows, for preparing 19 L .......cccooveevvvnenienee 25/pkg
Buffer Solution, phosphate type, pH 7.2 ......coveeevececeeece e 1000 mL
Calcium Chloride SOIULION ........cvveiirieieierere e 1L
Ferric Chloride SOIULION ..o 1L
Magnesium SUlfate SOIULION.........cceeerire e 1L
Chromic Acid Cleaning SOIULION..........cccovioreiiieeee e 500 mL
Nitrification INNIDITOr...........ooiiii e 359
Polyseed INOCUIUM...........ooi e pkg/50
Potassium lodide Solution, 100 g/L......ccccceeveveeeceese e 500 mL
POtassium Permanganate ........ccecvieeeerieneereesieseeee e sesseesae e sreense e 454 g
Sodium Hydroxide ACS Pellets.........oovieeieiieieeeeeeeee e 500 g
Sodium Hydroxide Standard Solution, LON ........ccccecvvevviecieeennen. 900 mL
Sodium Sulfite Anhydrous, ACS.........ccooiieieer e 454 ¢g
Sodium Thiosulfate Standard Solution, 0.025 N .........cccceevrierenine 1000 mL
Starch INdicator SOIULTON .......cc.evveeeieiie s 100 mL MDB
Sulfuric Acid, ACS:

(0010100 011 7= =0 RS 500 mL
0.02 N Standard SOIULION.........ccceeieiereece e 1000 mL
1.0 N Standard SOIULION........ccceiiiecie e 1000 mL
Voluette Ampule Standard for BOD,

for manometric, 3000 mg/L10-mL ampule........cccoeeveeriennereinnieeiienns 16/pkg
Water Quality Test strips, Chlorine.........ccocovvviieeii e 50/pkg
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OPTIONAL APPARATUS

Description Unit
Bottle, polyethylene, With Spigot...........cceiviiierie e 4L
Brush, CYliNAEr, SIZE 2 ......cuvceeee ettt e each
Buret, straight stopcock, Teflon plug, 25 ML .......cccoevveceveveecece e, each
Clamp, buret, doUDIE..........ccveiceceeecec e each
Cylinders, graduated:

0 1 0 each
22 1 | each
LSO 1 | each
00 3 o O each
250 1 R each
LS00 1 3 each
00O N 1 each
Dispenser Cap for 35g bottle (used with Nitrification Inhibitor)............ each
Flask, Erlenmeyer, 500 ML ......cccoooiiieiiniiiere e each
Flask, vOlUMELric, 1000 ML ....ccoeveriieiieceiee ettt each
Incubator, under counter, Model 205, 120V ........ccoceeeeeeiceieicrercieee e each
Incubator, under counter, Model 205, 240V ........ccoceeeeeeiceieccierceeee e each
Incubator/Refrigerator, Model 207, 120V ........coccvvvreeirieneenene e each
Incubator/Refrigerator, Model 207, 240V ........ccoocevvieeieineeesene e each
IncuTrol®/2, Temperature Regulator, 115V ..........cccceveveveeeveeevererererennen each
IncuTrol®/2, Temperature Regulator, 220V ............cccceeveeeeeeeereererenennns each
T o= 1= U each
Pipet, serological:

0L N 0 | R each
0 | R each
Printer, 115 V, Epson Model LQ-570+ (graphicC).......ccceeveeeerereennneenne each
[ 101 e o] [ each
SAMPIEr, SEWBZE.....cuveiie e cetete sttt sttt st e e e enaesreere s each

311

Cat. No.

.............. 14868-17

.............. 26198-00
.............. 26198-02
................ 2597-00
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M ethod 8000
OXYGEN DEMAND, CHEMICAL

Dichromate Reactor Digestion Method! (USEPA approved for wastewater analysis)2

Introduction

The Chemical Oxygen Demand (COD) test is used widely to
estimate the amount of organic matter in wastewater. Itisa
measurement of the oxygen equivalent of the materials present in
the wastewater that are subject to oxidation by a strong chemical
oxidant, in this case dichromate. When wastewater contains only
readily available organic bacterial food and no toxic matter, the
COD test results provide a good estimate of BOD (Biochemical
Oxygen Demand) values. In most real-world cases, COD has
correlated well with COD values.

In the Dichromate Reactor Digestion Method test, the COD
procedure is greatly simplified over the Dichromate Reflux
Method. Small volumes of the water sample are pipetted into
vials containing the premeasured reagents, including catalysts
and chloride compensator. The vials are incubated until digestion
is complete and then cooled. The COD measurement is made
either with the spectrophotometer (accepted for reporting by the
U.S. Environmental Protection Agency) or by titration.

Material Safety Data Sheetsand L abels

Material Safety Data Sheets (MSDS) are supplied with all
reagents. It is good laboratory practice to read the MSDS and the
reagent container labels to familiarize yourself with the reagents
used in this procedure.

Analysis Procedure

Both the titrimetric measurement and the colorimetric
measurement for determining Dichromate Chemical Oxygen
Demand (COD) are detailed in this procedure. Sample digestion
is required for both methods, with the choice of the final
measurement method | eft to the analyst. Colorimetric
measurement is the ssimpler and quicker of the two and is USEPA
approved. Hach's titrimetric measurement should be used if
turbidity or colored species remain after digestion; it is not
USEPA approved.

1Jirka, A.M.; Carter, M.J. Analytical Chemistry, 47(8), 1397, 1975.

2 Federal Register, April 21, 1980, 45(78), 26811-26812. The UltraLow Range (0-40mg/L) COD Vials
are not USEPA approved. High Range Plus (0-15000 mg/L) vias are not approved. The titrimetric
measurement is not USEPA approved.
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OXYGEN DEMAND, CHEMICAL, continued

Digestion

1. Homogenize
100 mL of samplefor
30 seconds in a blender.

Note: Mix the sample
prior to homogenization.
To improve accuracy and
reproducibility pour the
homogenized sample into
a 250-mL beaker and
gently stir with a magnetic
stir plate. For samples
containing large amounts
of solids, increase the
homogenization time.

Note: Some of the
chemicals and apparatus
used in this procedure
may be hazardous to the
health and safety of the
user ifimproperly handled.
Please read all warnings
and the safety section of
this manual. Wear
appropriate eye protection
and clothing for adequate
user protection. If contact
occurs, flush the affected
area with running water.
Follow instructions
carefully.

2. Turn onthe COD
Reactor. Preheat to

150 °C. Place theplastic
shield in front of the

Note: Ensure safety
devices are in place to
protect analyst from
splattering should reagent
leaking occur.

3. Removethecapofa 4. Holdthevial ata

COD Digestion Reagent
Vial for the appropriate
range:

Sample COD

Conc. Digestion

Range Reagent Vial

(mg/L) Type

0to 40 Ultra Low
Range

0to 150 Low Range

0 to 1500 High Range

0to 15000 | High Range
Plus

Note: The reagent mixture
is light-sensitive. Keep
unused vials in the
opaque shipping
container, in a refrigerator
if possible. The light
striking the vials during
the test will not affect
results.
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45-degree angle. Pipet
2.00 mL (0.2 mL for the
0 to 15000 mg/L range)
of sampleinto the vial.

Note: For the 0-15000
mg/L range, pipet only
0.20 mL of sample, not
2.00 mL of sample, using
a TenSette Pipet. For
greater accuracy a
minimum of three
replicates should be
analyzed and the results
averaged.

Note: Spilled reagent will
affect test accuracy and is
hazardous to skin and
other materials. Do not
run tests with vials which
have been spilled. If spills
occur, wash with running
water.



OXYGEN DEMAND, CHEMICAL, continued

e B

5. Replacethevia cap 6. Hold thevia by the

tightly. Rinsethe outside cap and over asink.

of the COD vial with Invert gently several

deionized water and times to mix the

wipethevial clean with contents. Place the vial

a paper towel. in the preheated COD
Reactor.

Note: The vial will
become very hot during
mixing.

10. Invert each vid
several times while still
warm. Placethe vials
into arack. Wait until
the vials have cooled to
room temperature.

9. Turn the reactor off.
Wait about 20 minutes
for thevialsto cool to
120 °Cor less.

Note: If a pure green color
appears in the reacted
sample, measure the
COD and, if necessary,
repeat the test with a
diluted sample.

7. Prepare ablank by
repeating steps 3 to 6,
substituting 2.00 mL
(0.2 mL fortheOto
15000 mg/L range)
deionized water for the
sample.

Note: Be sure the pipet
is clean.

Note: One blank must be
run with each set of
samples. Run samples
and blanks with the same
lot of vials.

Choose arange

11. Useoneof the
following techniques to
measure the COD:

» Colorimetric method,
040 mg/L COD

» Colorimetric method,
0-150 mg/L COD

» Colorimetric method,
0-1500 mg/L COD

» Colorimetric method,
0-15000 mg/L COD

« Titrimetric method,
0-150, 0-1500,
0-15000 mg/L COD
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HRS MIN SEC

8. Heat thevialsfor
2 hours.

Note: Many samples are
digested completely in
less than two hours. If
desired, measure the
concentration (while still
hot) at 15-minute intervals
until the reading remains
unchanged. Cool the vials
to room temperature for
final measurement.



OXYGEN DEMAND, CHEMICAL, continued

Colorimetric Measurement, 0 to 40 mg/L

Hn
d

1. Placethe COD/TNT 2. Cleantheoutsideof 3. Placetheblankinto 4. Zero theinstrument

Via Adapter into the
instrument cell holder.

Note: The COD/TNT
Adapter is NOT designed
to allow readings on hot
vials (150 °C).

¥

=

the vials with atowel.

Note: Wiping with a damp
towel, followed by a dry
one removes fingerprints
or other marks.

5. Placethesampleinto 6. Read the mg/L COD

the adapter with the
Hach logo facing the
front of the instrument.
Close the light shield.

Note: If the display shows
45 mg/L COD or greater,
repeat the test with a
diluted sample or use a
Low Range or High Range
COD Reagent Vial.
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the adapter with the
Hach logo facing the
front of the instrument.
Close thelight shield.

Note: Preparation of the
blank is described in the
digestion procedure.

Note: The blank is stable
when stored in the dark;
see Blanks For

Measurement following

with the blank, using the
settings bel ow.

DR/800s
Program No. NA

DR/2010
Program No. NA
DR/4000
Program No. 2700
350 nm

Note: Ultra Low Range
Vials may be used only
with spectrophotometers
with 350-nm capability
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Colorimetric Measurement, 0to 150 mg/L COD

1. Placethe COD/TNT
Via Adapter into the
cell holder.

¥

A’

5. Placethesampleinto
the adapter with the
Hach logo facing the
front of the instrument.
Close the light shield.

2. Clean the outside of
the vials with atowel.

Note: Wiping with a damp
towel, followed by a dry
one, removes fingerprints
or other marks.

6. Read the mg/L
COD.

Note: For most accurate

results with samples near
150 mgl/L, repeat the test
with a diluted sample.

¥

=,

3. Placethe blank into
the adapter with the
Hach logo facing the
front of the instrument.
Place the cover on the
adapter.

Note: The blank is stable
when stored in the dark;
see Blanks for
Colorimetric
Determination following
these procedures.
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4. Zerotheinstrument
with the blank, using the
settings bel ow.

DR/800s
Program No. 16

DR/2010
Program No. 430
420 nm

DR/4000
Program No. 2710
420 nm
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Colorimetric Measurement, 0 to 1500 and 0 to 15000 mg/L

1. PlacetheCOD/ TNT
Via Adapter into the
cell holder.

¥

,’

5. Placethesampleinto
the adapter with the
Hach logo facing the
front of the instrument.
Close the light shield.

2. Clean the outside of
the vials with atowel.

Note: Wiping with a damp
towel followed by a dry
one removes fingerprints
or other marks.

6. Read the mg/L
COD.

Note: For most accurate
results with samples near
1500 or 15,000mg/L,
repeat the test with a
diluted sample.

Note: When using High

Range Plus Vials, multiply

the reading by 10.

¥

Q

3. Placethe blank into
the adapter with the
Hach logo facing the
front of the instrument.
Place the cover on the
adapter.

Note: The blank is stable
when stored in the dark.
See Blanks for
Colorimetric
Measurement following
these procedures.
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4. Zerotheinstrument
with the blank, using the
settings bel ow.

DR/800s
Program No. 17

DR/2010
Program No. 435
620 nm

DR/4000
Program No. 2720
620 nm
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Titrametric Measurement, 0-150, 0-1500 and 0-15000 mg/L COD

J

N Stir Bar

1. Carefullyremovethe 2. Add asmall Teflon-

cap of adigested vial.
Rinsetheinside walls
with less than 1 mL of
deionized water.

coated stirring bar and
one drop of the
appropriate Ferroin
Indicator Solution.
When using the Low
Range COD Digestion
Vials, use Low Range
Ferroin Indicator
Solution. When using
the High Range or High
Range Plus COD
Digestion Reagent
Vials, use High Range
Ferroin Indicator
Solution.

Note: If the color of the
prepared sample changes
from blue-green to
orange-brown, the COD
value is out of range.
Dilute the sample and
repeat the digestion.
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3. Placethevia onthe 4. Titrate with the
titration stand. Turn on
the magnetic stirrer.

appropriate Ferrous
Ammonium Sulfate
Standard Solution (FAS)
until the sample color
changes sharply from
greenish-blue to orange-
brown. When using the
Low Range COD
Digestion Reagent Vials,
use0.0125N FAS. When
using the High Range or
High Range Plus COD
Digestion Reagent Vials,
use0.125N FAS. Record
themL of titrant
required. The mL
required for the prepared
sampleisvalue B. The
mL required for the
blank isvalue A.

Note: Mix the FAS bottle
well before using.

Note: Values A and B are
used in step 8.
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5. Pipet 2.00 mL of
Potassium Dichromate
Standard Solution into
an empty vial. When
using the Low Range
COD Digestion Reagent
Vials, usea0.025 N
solution. When using
High Range or High
Range Plus COD
Digestion Reagent Vials,
use a0.25 N solution.

Add 3 ml of sulfuricacid
tothevial. Swirl tomix.
Wait for the solution to
cool until thevial is
comfortable to touch.

Note: Steps 5 through 7
need only be done daily
because the FAS
deteriorates over time.

6. Addonedrop of the Add astir bar and titrate

Ferroin Indicator
Solution selected in
step 2.
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with the Ferrous Ammonium
Sulfate Standard Solution
selected in step 4 until the
color changes from
greenish-blue to orange-
brown. Record the number
of mL required. This is value
C in the following equation.

Note: Mix the FAS bottle
well before using.

Note: To remove the stir
bar from the vial, tip the
vial at an angle in one
hand and hold the stir bar
retriever in the other.
Place the retriever near
the bottom of the vial on
the OUTSIDE. Move the
retriever up the wall to the
top of the vial.

2000
X X

(A-B)
mg/L COD

M =

7. Determinethe
mg/L COD according to
the following equation:

(A-B) xz—OCOO xM

= mg/L COD

Where:

A = mL used in titration of
reagent blank

B = mL used in titration of
prepared sample

C = mL used in titration of
standard solution in step 7
above

M = 0.1 when using Low
Range Digestion Vials

M = 1 when using High
Range Digestion Vials

M = 10 when using High
Range Plus Digestion Vials

For example, when using
Low Range COD Reagent
Vials:

A=3.95mL
B =2.00 mL
C=4.00 mL
M=0.1

mg/L COD =

(3.95-2.0) x 2200

4.00 0.1

=975
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Sampling and Storage

Accuracy Check

Collect samplesin glass bottles. Use plastic bottles only if they
are known to be free of organic contamination. Test biologically
active samples as soon as possible. Homogenize samples
containing solids to assure representative samples. Samples
treated with sulfuric acid to apH of less than 2 (about 2 mL per
liter) and refrigerated at 4 °C can be stored up to 28 days. When
significant amounts of preservatives are used, avolume
correction should be made for the extra acid by dividing the total
volume (sample + acid) by the sample volume and multiplying
this value by the fina test reading.

Standard Solution M ethod

Check the accuracy of the 0 to 40 mg/L range with a 30 mg/L
COD standard solution. Using Class A glassware, prepare a
1000-mg/L solution by diluting 0.85 g of dried (120 °C,
overnight) potassium acid phthalate (KHP) in 2000 mL of
organic-free deionized water. Prepare a 30 mg/L dilution by
diluting 3.00 mL of this solution into a 100.0 mL volumetric
flask. Dilute to volume with deionized water, stopper, and invert
10 times to mix.

Check the accuracy of the 0 to 150 mg/L range with a 100 mg/L
standard. Prepare by dissolving 0.85 g of dried (120 °C,
overnight) potassium acid phthalate (KHP) in one liter of
deionized water. Use 2 mL as the sample volume. The expected
result will be 100 mg/L COD. Or, dilute 10 mL of 1000-mg/L
COD Standard Solution to 100 mL to produce a 100-mg/L
standard.

Check the accuracy of the 0 to 1500 mg/L range by using either a
300 mg/L or 1000 mg/L COD Standard Solution. Use 2 mL of
one of these solutions as the sample volume; the expected result
will be 300 or 1000 mg/L COD respectively.

Or, prepare a 500 mg/L standard by dissolving 0.425 g of dried
(120 °C, overnight) KHP. Dilute to one liter with deionized water.

Check the accuracy of the 0 to 15000 mg/L range by using a
10,000 mg/L COD standard solution. Prepare the 10,000 mg/L
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solution by dissolving 8.500 g of dried (120 °C, overnight) KHP
in one liter of deionized water. Use 0.2 mL of this solution as the
sample volume; the expected result will be 10,000 mg/L COD.

Preparing Organic-Free Water
To prepare organic-free water with no measurable COD:

1. Pour 1.0 liter of deionized water with low COD in a2-liter
Erlenmeyer flask.

2. Add the contents of one Potassium Persulfate Powder Pillow
to the flask. Swirl to dissolve.

3. Suspend aUV lamp in the flask so the glass portion of the
bulb isimmersed and the black bakelite portion is above the
solution. Follow the safety and operation instructions
recommended in the UV lamp kit. Safety UV goggles should
be worn for eye protection.

4. Irradiate the solution with UV light for at least two hours
(overnight isfine).

5. Removethelamp from the solution. Add one level 0.05-gram
scoop of Nickel Sulfate to the solution.

6. Heat the water to aboil. Remove the flask from the hot plate
and cover it with awatch glass.

7. Lettheflask cools to room temperature. The water will have
zero oxygen demand. Seal the flask top with aluminum fail to
prevent organic contamination. The water should stay free of
oxygen demand for one week if properly sealed.

Blanksfor Colorimetric Measurement
The blank may be used repeatedly for measurements using the
same lot of vials. Storeit in the dark. Monitor decomposition by
measuring the absorbance at the appropriate wavel ength
350, 420, or 620 nm.) Zero the instrument in the absorbance
mode, using a culture tube (see Optional Apparatus) containing 5
mL of deionized water. Measure the absorbance of the blank and
record the value. Prepare a blank when the absorbance has
changed by approximately 0.010 absorbance units.
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I nterferences

Bromide interference will not be controlled by mercuric sulfate.

Chloridel is the primary interference when determining COD
concentration. Each COD vial contains mercuric sulfate that will
eliminate chloride interference up to the level specified in column
1in the table below. Samples with higher chloride concentrations
should be diluted. Dilute the sample enough to reduce the
chloride concentration to the level given in column 2.

If sampledilution will cause the COD concentration to be too low
for accurate determination, add 0.50 g of mercuric sulfate
(HgSO,) to each COD vial before the sampleis added. The
additional mercuric sulfate will raise the maximum chloride
concentration allowable to the leve given in column 3.

Maximum ClI- Suggested ClI- Maximum CI- concentration in

Vial Type Used concentration in concentration of sample with 0.5 g HgSO,4

sample (mg/L) diluted sample (mg/L) Added (mg/L)

Ultra Low Range 2000 1000 NA

Low Range 2000 1000 8000

High Range 2000 1000 4000

Ultra High Range 20000 10000 40000

Waste M anagement

Summary of Method

Final sampleswill contain mercury, silver, and chromium at
concentration levels regul ated as hazardous waste by the Federal
RCRA. Contact your governing local, state, or federal agency for
further information on proper disposal of these materials.

Themg/L COD results are defined as the mg of O, consumed per
liter of sample under conditions of this procedure. In this
procedure, the sample is heated for two hours with a strong
oxidizing agent, potassium dichromate. Oxidizable organic
compounds react, reducing the dichromate ion (Cr,0,2-) to green
chromic ion (Cr3+). When the 0-40 mg/L or 0-150 mg/L
colorimetric measurement is used, the amount of Cr6+ remaining
is determined. When the 0-1500 mg/L or 0-15000 mg/L

1 Measure chloride with Hach Water Quality Test Strips, High Range Chloride (Cat. No. 27513-40).
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colorimetric measurement is used, the amount of Cr3+ produced
is determined. The COD reagent also contains silver and mercury
ions. Silver isacatalyst, and mercury is used to complex chloride
interferences.

REQUIRED REAGENTS (for colorimetric measurement)

Quantity Required

Description Per Test Unit Cat. No.
Select the appropriate COD Digestion Reagent Vial:

UltraLow Range, 0t0 40 mg/L COD .......ccccevveiecnreenenne 1to2....... 25/pkg............. 24158-25
Low Range, 010 150 Mg/L COD.......cccevvreeeenrrereeneeenene 1lto2....... 25/pkg............. 21258-25
High Range, 0to 1500 mg/L COD ........ccccevvveecier e 1to2....... 25/pkg ... 21259-25
High Range Plus, 0to 15000 mg/L COD.........ccccevevvrnenee. lto2....... 25/pKg ...c.eeneee. 24159-25
Water, deioNiZEd...........ooeiriiirieeeee s varies........... AL s 272-56

REQUIRED REAGENTS (for titrimetric measurement)**

Pick one or both Potassium Dichromate Standard Solutions:

001245\ R 2mL....500mL ................. 164-49
010225 R 2mL...1000 mL ............... 1809-53
SUITURIC ACIA, ACS ...t 3mL...500mLL............. 979-49
Water, DEIONIZEA..........c.oooeieeeee e Varies........... AL e, 272-56
Pick the appropriate COD Digestion Reagent Vial:

LOW RANGE ..ottt 1-2.....25/pkg* ............. 21258-25
HIgh RANGE ....ooveee e 1-2.....25/pkg* ............. 21259-25
High RaNge PIUS ..o 1-2...... 25/pkg............. 24159-25
Pick one or both Ferroin Indicator Solutions:

LOW RENGE ... 1-2 drops...29mL DB ........ 20551-33
High RaNge .....ooeeiieeeee e 1-2drops..29mL DB .......... 1812-33
Pick oneor both Ferrous Ammonium Sulfate Standard Solutions:?

001225 Y AN TR varies.. 1000 mL ............. 14237-53
L0 025\ R varies....500 mL ............. 20548-49

1 Contact Hach for larger sizes.

2 Ferrous ammonium sulfate standard solutions, as prepared by Hach, have cadmium pelletsin each
bottle. The cadmium pellets help preserve the standard solution. Before filling the buret, the bottle
should be swirled to bring the upper layer of solution in contact with the pellets. When titrating these
solutions, do not return unused portions from the buret to the bottle or allow solution to stand in the
buret for long periods of time. Do NOT use an automatic buret with areservoir that holds more solution
than can be used in one day.
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REQUIRED APPARATUS (for colorimetric measurement)

Quantity Required

Description Per Test Unit
Cap Tool, COD (for High Range Plusvias).........ccccceeeeeennee. Lo each
COD Reactor, 120/240 Vac, North American fuses and plug 1.............. each
COD Reactor, 230 Vac, 50 Hz, European fuses

aNd POWEN COMd.....vivieiiiiiceecese e Lo, each
COD Test Tube Adapter, DR/4000 .........ccccoovvveeeniecieeie e Lo, each
COD Via Adapter, DR/2010 .......cccoovreeeenineniesieseseeeseneas Lo, each
COD/TNT Adapter, DR/BO0.........ccouiieeeeneeeeeeseerieeee e i each
Pipet, TenSette®, 0.110 1.0 ML ...c.cvcvevcucrcrereicecierereee e Lo, each
Pipet Tips, for 19700-01 TenSette® Pipét.........cccocveverennnee. varies.... 50/pkg*
Pipet, volumetric, Class A, 200 ML .....ccccccvveveevieieieeeeee, (T each
Pipet Filler, safety bulb.........ccoovieiiiiiceceeee e Lo, each
Safety Shield, laboratory bench ..., Lo, each
Test TUDE RECK ..o 1to2 ......... each

REQUIRED APPARATUS (for titrimetric measurement)

Bottle, Wash, 500 ML .....eveeiiiiieeeeeeeee e e e e e e ee e e e e eaaans Lo, each
Buret Clamp, double .........cccooeeereeeeee e Lo, each
Buret, automatic, Class A, 5.00 ML ......coovvevvivinineresee Lo each
COD Reactor, 120/240 Vec,

North American fuses and plug.......c.ccoeevveveveneece s, Lo, each
COD Reactor, 120/240 Vac

with European fuses and power Cord ..........oooerereeveeeeenenn. Lo each
Pipet, volumetric, Class A, 200 ML .....ccoovveveeirieeeeeeene Lo, each
Pipet, Mohr, 5,00 ML .....cccooeeieiice e Lo, each
Pipet filler, safety bulb ........ccccoovieiie e, Lo each
Safety Shield, laboratory bench ..., Lo, each
S L =T | S Lo each
Stir Bar REIHEVEN ..o Lo each
Stirrer, magnetic, 120 Vac, 50/60 Hz .........cccovevieieienee, Lo, each
Stirrer, magnetic, 240 Vac, 50/60 Hz .........cccoocevvevevceiierie, Lo, each
SUPPOIt SEANA .....cvecieiee e Lo, each
Test Tube Rack, 8 place (2 recommended) ..........cccccevvvennnnen. Lo, each
Titration Stand, tESETUDE ......cveeeeiieee e Lo, each

325

Cat. No
45587-00
45600-00

45600-02
48189-00
44799-00
48464-00
19700-01
21856-96
14515-36
14651-00
50030-00
18641-00

45600-00

45600-02
14515-36
20934-37
14651-00
50030-00
20549-59
15232-00
23444-00
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OPTIONAL REAGENTS

Description Unit
COD Digestion Reagent Vials, 0to 40 mg/L COD.......c.cceecveeeeene 150/pkg
COD Digestion Reagent Vials, 0to 150 mg/L COD........cccccceevenennee. 150/pkg
COD Digestion Reagent Vials, 0to 1500 mg/L COD..........ccceeuee.e. 150/pkg
COD Standard Solution, 300 MQ/L........cccevveveeeerierieceesee e 200 mL
COD Standard Solution, 2000 MQ/L........cccceveveerereseereese e 200 mL
MeErcuric SUIFAte, ACS.......oo et 28.3 grams
NICKEl SUITALE, ACS...... et 25 grams
Potassium Acid Phthalate, ACS.........ccoeii i 500 g
SUIFUMC ACIH, ACS....oiiieeee ettt 500 mL1
Potassium Persulfate Powder PIHIOWS..........cccoeviiiciecinc e, 100/pkg
Water Quality Test Strips for High Range Chloride..........c.ccccocvennne. 40/pkg

OPTIONAL APPARATUS

Balance, analytical, 115V .....coovieiee ettt each
Balance, analytical, 230V .....cccocveiie e ee e each
BEAKET, 250 ML ..ottt ettt ettt e e e e e e e e e e e e s e e e e e e s saeeranreeeees each
Blender, 120 Vac, 1.2-L, 2-SPEEQ.......cccveiiieceesece e each
Blender, 240 Vac, 1.2-L, 2-SPEEQ........coceeiiieceesece e each
Culture TUDE, 16 X 100 .....cccueieiiie ettt vee s sree s s snaee s each
CUTUIE TUDE €A ...ttt each
Cylinder, graduated, 5 ML ......cccce e each
Electromagnetic Stirrer, 120 V, with electrode stand..............cccccvvenenneee. each
Electromagnetic Stirrer, 230 V, with electrode standS..........cccccceeveeenens each
Flask, volumetric, Class A, 1000 ML ......ooovviiiieieiiee et each
Flask, volumetric, Class A, 100 ML ....cccvevieeeiiiie et each
pH Indicator Paper, 110 11 PH ...ocvoeeiiiieieeeenereseseseeei 5rolls/pkg
Pipet, Serological, 5 ML ......ooeoii e each
Pipet, volumetric, Class A, 10 ML ....ocoiiiieieereeee e each
Spoon, MEASUNING, 0.5 Q...vveeeirieeee et each
Stir Bar, 22.2 X 4.76 MM (7/8 X 316 IN.) c..cveveverereeerereeeeeveeeeeeeeeeereresevennns each
ST ST R (S A=Y= SR each
UV Lamp Kit, 115 VaAC ....cceeiiiieeeie e each
UV Lamp Kit, 230 VBC ....cceeiiieeeee e each

1 Contact Hach for larger sizes.
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Method 10067

Manganese | Il Reactor Digestion Method (without chloride removal)*
Range: 30 to 18000 mg/L (may require dilution)

The Manganese || COD method is an alternative to the
dichromate COD methods. The Manganese |11 COD reagent does
not contain metals that are regulated for disposal under RCRA,
and neither do the Chloride Removal Cartridges used in the
method that requires chloride removal. The results of both
methods are similar. Results of the Manganese |11 COD method
show agood correlation to results from the dichromate COD and
five-day BOD methods. Use this method when proper disposal is
not available for dichromate COD vials or disposal istoo
expensive. This method is not approved by the USEPA.

1. Turnonthe COD
Reactor and heat to

150 °C. Place the shield
in front of the reactor.

Note: To determine if the
sample contains chloride,
use Water Quality Test
Strips for Low range
Chloride. If the sample
contains chloride use the
method that removes
chloride form the sample
(follows this method).

2. Homogenize
100 mL of samplefor
30 seconds in a blender.

Note: Continue mixing the
sample while pipetting if
suspended solids are
present. Blending
promotes even distribution
of solids and improves
accuracy and
reproducibility.

* U.S. Patent 5,556,787 on method.

.

3. Pipet 0.50 ml of
homogenized sample
intoaMn Il COD vid.
Cap and invert several
times to mix.

Note: If the sample COD
value is not between
30-1000 mg/L, dilute the
sample with deionized

water to obtain this range.

Multiply the final result by
the dilution factor.

327

PREPARE
BLANK

4. Prepare ablank by
substituting 0.50 mL of
deionized water for the
sample.

Note: The reagent blank
is stable and can be
reused. Verify reagent
blank quality by measuring
the absorbance of the
blank vs. a clean COD vial
filled with deionized
water. The absorbance
range should be about
1.4-1.5.
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5. Placethevialsinthe
COD Reactor that is
preheated to 150 °C.
Digest for one hour.

Note: Boiling sample in
the vials during digestion
indicates the vial is not
properly sealed,; test
results will be invalid.

Note: Samples can be
digested up to four hours
to oxidize more resistant
organics. Treat the
prepared blank in

the same manner.

Note: Ensure safety
devices are in place to
protect the analyst from
splattering if leaks occur.
Spilled reagent will affect
test accuracy and is
hazardous. Do not run
tests with vials which have
been spilled.

2:00 minutes

6. Removethevials 7. Removethevials 8. Place the COD
and placethemin a from the water and wipe Vial Adapter into the
cooling rack for two with aclean, dry paper  cell holder.
minutesto air cool. Then towel. Invert thevials

cool the vialsto room several timesto mix.

temperature in a cool

water bath or running

tap water. Thisusually

takes about three

minutes.

Note: Occasionally a vial
will develop a colorless
upper layer and a purple
lower layer. Invert the vial
several times to mix and
proceed.

Note: The Hach COD Vial
Lifter allows the transfer of
several vials at once.
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9. Placetheblankin  10. Placethesamplein
the instrument. Zero the the sample cell adapter.

instrument using the Place the cover on the

settings bel ow. adapter. Read the mg/L

DR/800s CcOD.

Program No. 18 Note: Adjust the results
for any sample dilution in

DR/2010 step 2.

Program No. 432

510 nm

DR/4000

Program No. 2730

510 nm

Additional Information
For information about Sampling and Storage, Accuracy Checks,
Interferences, Summary of Method, Reagents and Apparatus, see
the following procedure.
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Method 10067

Manganese | || Reactor Digestion Method (with chloride removal)*

Range: 20 to 18000 mg/L

1. Turnonthe COD
Reactor and heat to
150 °C while preparing
the sample and blank.

2. Homogenize
100 mL of samplefor
30 seconds in a blender.

Note: Blending promotes
even distribution of solids
and improves accuracy
and reproducibility.

Note: If suspended solids
are present, continue
mixing the sample while

pipetting.

3. Using a TenSette
Pipet or apipet and
safety bulb, pipet 9.0 mL
of homogenized sample
into an empty glass
mixing cell. If the
sample COD exceeds
1000 mg/L, dilute the
sample as described in
Table 1 on page 332.

4. Using an automatic
dispenser or TenSette
Pipet, add 1.0 mL of
concentrated sulfuric
acid to the mixing cell.

Note: Mixing concentrated
sulfuric acid and water
does not give a volume
addition. Adding 1.0 mL of
concentrated sulfuric acid
to 9.0 mL of sample does
not result in a final volume
of 10.0 mL. This factor is
built into the calibration
curve.

Caution:

Some of the chemicals and apparatus
used in this procedure may be
hazardous if inappropriately handled
or accidentally misused. Wear
appropriate eye protection and
clothing. If contact occurs, wash the
affected area with running water.
Follow all directions carefully.

* U.S. Patent 5,556,787 on method. U.S. patents 5,667,754 and 5,683,914 for Chloride Removal
Cartridge. Patent pending on Vacuum Pretreatment Device.
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Table 1 Dilution Table

Sample (mL) Deionized Water (mL) Range (mg/L COD) Multiplication Factor
6.0 3.0 30-1500 1.5
3.0 6.0 60-3000
1.0 8.0 180-9000
0.5 85 360-18000 18

All dilutions require that the ratio of sample to sulfuric acid remain at 9:1. For other dilutions that are not
listed in Table 1, simply add the sample volume + deionized water and divide by the sample volume to
obtain the multiplication factor.

Example:
Dilute the sample to a range of 90-4500 mg/L COD

Sample Volume (2.0 mL) + Demineralized water (7.0 mL) = Total Volume (9.0 mL)
Total Volume _ 9.0 mL
Sample Volume 2.0 mL

Standard test range is 50-1000 mg/L COD
Example Test Range = 4.5 (50) to 4.5 (1000) = 225-4500 mg/L COD

Multiplication Factor = =45

It is best to use 0.5 mL or more of sample for diluting. If sample values exceed 18,000 mg/L COD, use a
separate sample dilution before the sample chloride removal procedure.
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-

5. Capthecell tightly
and invert it several
times. The solution will
become hot. Cool to
room temperature before
proceeding.

Note: Acidified samples
are stable for several
months when refrigerated
at4 °C.

PREPARE
BLANK

6. Prepare ablank by
repeating steps 3-5,
substituting 9.0 mL of
deionized water for the
sample.

Note: The reagent blank
is stable and can be
reused. Verify reagent
blank quality by measuring
the absorbance of the
blank vs. a clean COD vial
filled with deionized water.
The absorbance range,
when using chloride
removal, should be about
1.4-1.5.

Note: Use a clean pipet or
rinse it thoroughly.

Note: Prepare one blank
for each lot of reagents (lot
number is on the container
label).

== TO VACUUM PUMP

7. Label eachMn Il
COD vial and remove
the cap. Placethevial in
one of the numbered
holes in the Vacuum
Pretreatment Device
(VPD) base.

Note: The VPD must be
attached to a vacuum
pump (not an aspirator-
type vacuum) that can
create a vacuum of 20 to
25 inches of mercury.
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== TO VACUUM PUMP

8. Placethe VPD top
on the base. Insert a
fresh Chloride Removal
Cartridge (CRC) directly
above each Mn 111 COD
Reagent Vial. Be sure
the CRC filter islaying
flat on the bottom grid of
the sample cavity. Plug
any open holesin the
VPD top using the
stoppers provided.
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9. Turn the vacuum
pump on and adjust the
vacuum regul ator valve
on top of the VPD until
the internal gauge reads
20 inches of water.

Note: The optimum
setting allows the sample
to flow through the CRC in
about 30 to 45 seconds.

€= TO VACUUM PUMP

10. Pipet 0.60 mL of
acidified sample (made
in steps 3-5) into the
CRC. Pipet 0.60 mL of
acidified blank into
another CRC.

Note: If the sample does
not flow through the CRC,
increase the vacuum until
flow starts, then reduce
the vacuum to 20 inches
of water and proceed.

i

1
.

-
== TO VACUUM PUMP

11. Closethevacuum 12. Turn the pump off.

regulator valve Remove the VPD top
completely to achieve  and set it beside
full vacuum. After the base.

one minute under full
vacuum, open the VPD
vacuum regulator valve
to release the vacuum.

Note: The maximum
range of the vacuum
gauge in the VPD is

40 inches of water; the
gauge will not indicate the
full vacuum level obtained.
Full vacuum is 20-25
inches of mercury; this
can be measured at the
vacuum pump with a
gauge that is calibrated

in inches of mercury.
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d
!

13. Useforcepsto
remove the filter from
the top of each CRC.
Place each filter in the
corresponding Mn 111
COD Vid (usethe
numbers on the VPD
asaguide).

Note: To remove the CRC
filter, slide the forceps tip
down the inside wall of the
cartridge and grasp the
edge of the filter. Carefully
withdraw the filter, being
careful not to lose any
sample solids.

Note: Clean forcep tips
between samples by
wiping with a clean towel
or rinsing with deionized
water.

14. RemovetheMn Il
COD via fromthe
vacuum chamber and
replace the original cap.

Screw the cap on tightly.

Invert several times
to mix.

Note: Dispose of the
used Chloride Removal

Cartridge. Do not reuse it.

15. Placetheviasin
the COD Reactor that
has been preheated to
150 °C. Place the safety
shield in front of the
reactor. Digest for one
hour.

Note: Boiling sample in
the vials indicates the vial
is not properly sealed; test
results will be invalid.

Note: Samples can be
digested up to 4 hours to
oxidize more resistant
organics. Treat the
prepared blank in

the same manner.

Note: Ensure safety
devices are in place to
protect against splattering
if leaks occur. Leaked
reagent will affect test
results and is hazardous.
Do not continue testing
with these vials.
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2:00 minutes

16. Removethevials
and placethemin a
cooling rack for two
minutestoair cool. Then
cool the vialsto room
temperature in a cool
water bath or running
tap water. Thisusually
takes about three
minutes.

Note: Occasionally a vial
will develop a colorless
upper layer and a purple
lower layer. Invert the vial
several times to mix and
proceed.

Note: Use the Hach COD
Vial Lifter to transfer
several vials at once.
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YES YES NO

17. Removethevias 18. Placethe COD 19. Placetheblankin  20. Makesurethefilter
from the water and wipe Vial Adapter into the the instrument. Zero the discisnot suspended in

dry with aclean paper  cell holder. instrument using the the middle of the vial; it
towel. Invert the vials settings bel ow. can interfere with the
several timesto mix. DR/800s mstrur_nent_ reading.
Move it with gentle
Program No. 18 - X
swirling or by lightly
DR/2010 tapping the vial on the
Program No. 432 table top.
510 nm
DR/4000
Program No. 2730
510 nm

21. Placethesamplein
the sample cell adapter.
Place the cover on the
adapter. Read the mg/L
COD.

Note: Adjust the results
for any sample dilution in
Table 1.
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Sampling and Storage

Accuracy Check

I nterferences

Collect ssmplesin clean glass bottles. Use plastic bottles only if
they are known to be free of organic contamination. Test
biologically active samples as soon as possible. Homogenize
samples containing solids to assure representative samples.
Samples adjusted with concentrated sulfuric acid to a pH of less
than 2 (about 2 mL per liter) and refrigerated at 4 °C can be stored
up to 28 days. Correct results for volume additions.

Standard Solution M ethod

Prepare an 800-mg/L COD standard solution by adding 0.6808 g
of dried (103 °C, overnight) potassium acid phthalate (KHP) to
one liter of deionized water. Use 0.50 mL of this solution

(0.60 mL for the chloride removal procedure) as the sample
volume. The result should be 800 +£26 mg/L COD. An 800-mg/L
COD solution can also be purchased from Hach (see Optional
Reagents).

Inorganic materials may be oxidized by trivalent manganese and
cause a positive interference if present in significant amounts.
Chloride*, the most common interference, is removed by sample
pretreatment with the Chloride Removal Cartridge. If chlorideis
absent or present in insignificant levels, the pretreatment can be
omitted. To determine if chloride will affect test results, run
routine samples with and without the chloride removal, then
compare results. Other inorganic interferences (i.e., nitrite,
ferrousiron, sulfide) are not usually present in significant
amounts. If necessary, the analyst can correct for these
interferences after determining their concentrations with separate
methods and subtracting the interference value from the COD
test results. Ammonia nitrogen is known to interfere in the
presence of chloride; it does not interfere if chloride is absent.

* Measure chloride with Hach Quantab titrators for Low range chloride (27449-40).
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Summary of Method

Chemical oxygen demand (COD) is*“... ameasure of the oxygen
equivalent of the organic matter content of asamplethat is
susceptible to oxidation by a strong chemical oxidant”

(APHA Standard Methods, 19th ed., 1995). Trivalent manganese
is a strong, hon-carcinogenic chemical oxidant that changes
quantitatively from purple to colorless when it reacts with organic
matter. It typically oxidizes about 80% of the organic compounds.
Studies have shown that the reactions are highly reproducible and
test results correlate closely to Biochemical Oxygen Demand
(BOD) values and hexava ent chromium COD tests. None of the
oxygen demand tests oxidize100% of all organic compounds.

A calibration is provided which is based on the oxidation of
Potassium Acid Phthalate (KHP). Response may vary with
different wastewaters. The KHP calibration is adequate for
most applications. The highest degree of accuracy is obtained
when test results are correlated to a standard reference
method such as BOD or one of the chromium COD methods.
Special waste streams or classes will require a separate
calibration to obtain an accurate mg/L COD reading or to
generate a correction factor for the precalibrated KHP response.
Sample digestion time can be extended up to four hours for
samples which are difficult to oxidize.
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REQUIRED REAGENTS

Quantity Required

Description Per Test Unit
Chloride Removal Cartridges (CRC) .......ccoeveveeeneneernene 1. 25/pkg
Manganese |1l COD Reagent Vials..........cccoeevveveeveeieenennien, 1o 25/pkg
Sulfuric Acid, concentrated, ACS........ooocveeeeveee e 1mL......... 25L
Water, deionized.........cccovviveeiece e varies............ 4L
REQUIRED APPARATUS

Adapter, COD, DR/2010.......ccccoereririerieieeeeresie e Lo, each
Blender, Osterizer, 120 Vac, 14-speed .......ccovveveeececiecieeenne, Lo, each
Blender Container, 50-250 ML ......cceeeeiveieei e i 2/pkg
Cap, with inert Teflon liner, for mixing bottle..................... varies.......... each
Chloride Removal Cartridge .......ccccovvveveeienieeeeseneee e 1. 25/pkg
COD ReaCtor, 120V ..ottt Lo, each
COD ReACLOr, 240V ..ottt Lo, each
Forceps, extrafine point..........cccooveveeveee v Lo, each
Mixing Bottle, glass, for sample + acid .......ccccceeeeevenrrcnenne i each
Pipet, TenSette®, 1.010 10.0 ML ....cueveeeeeuereeieceeeeeeee e Lo, each
Pipet Tips, for 19700-10 TENSELED .........cccoeevvrevreerrrricrceeenns 2. 50/pkg
Pipet Tips, for 19700-10 TENSEE® .........cccccvveererererererererennas 2. 250/pkg
Pipet, TenSette®, 0.110 1.0 ML ...vcvcveveeereeereececeereeereeerevereveaenes X I each
Pipet Tips, for 19700-01 TeNSEE® .........cccccveereverererererereienns 2 50/pkg
Pipet Tips, for 19700-01 TENSELE® .........ccccovvreeeeerrrrecrcieenn, 2...... 1000/pkg
Safety Shield, laboratory bench ..., Lo each
Test Tube Rack, StANIESS SLEE] ..o Lo, each
Vacuum Pretreatment Device (VPD) ....ccccovvvvvevevieciecee, Lo, each
Vacuum PUMP, 115V ..o Lo, each
Vacuum PUMP, 230 V... Lo, each

OPTIONAL REAGENTSAND APPARATUS

COD Standard Solution, 800 mg/L COD.......cccccoevieeveesenniee e 200 mL
Dispenser, for SUIfUric aCid ..........ccooiiieeniiee e each
Potassium Acid Phthalate, ACS. ..o 500 g
Water Quality Test Stripsfor Low Range Chloride............ccccveueeeee. 40/pkg
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Cat. No.

44799-00
26747-00
26748-00
24018-12
26618-25
45600-00
45600-02
26696-00
24277-00
19700-10
21997-96
21997-25
19700-01
21856-96
21856-28
50030-00
18641-00
49000-00
14697-00
14697-02
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OXYGEN, DISSOLVED*

M ethods 8215 and 8332

Azide M odification of Winkler Method With Digital Titrator
Using a 300-mL BOD Bottle

ii=a

1. Collect awater
samplein aclean
300-mL BOD Battle.

Note: Allow the sample to
overflow the bottle for

2-3 minutes to ensure air
bubbles are not trapped.

Note: If samples cannot
be analyzed immediately,
see Sampling and Storage
following these steps.

2. Add the contents of
one Manganous Sulfate
Powder Pillow and one
Alkaline lodide-Azide

Reagent Powder Pillow.

3. Immediately insert
the stopper so air is not
trapped in the bottle.
Invert several timesto
mix.

Note: A flocculent
precipitate will form.

It will be orange-brown if
oxygen is present or white
if oxygen is absent. The
floc settles slowly in salt
water and normally
requires 5 additional
minutes before
proceeding to Step 5.

Method 8215

4. Wait until theflocin
the solution has settled.
Again invert the bottle
several times and wait
until the floc has settled.

Note: Waiting until floc
has settled twice assures
complete reaction of the
sample and reagents.

* For reporting purposes, use the USEPA-approved buret titration, available on request (method 8229).
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OXYGEN, DISSOLVED, continued

5. Remove the stopper
and add the contents of
one Sulfamic Acid
Powder Pillow. Replace
the stopper without
trapping air in the bottle
and invert the sample
several timesto mix.

Note: The floc will
dissolve and leave a
yellow color if oxygen is
present.

9. Useagraduated
cylinder to measure the
sample volume from
Table 1. Transfer the
sample into a 250-mL
Erlenmeyer flask.

6. Select asample
volume and Sodium
Thiosulfate Titration
Cartridge corresponding
to the expected dissolved
oxygen (D.O.)
concentration from
Table 1.

10. Placethe delivery
tubetip into the solution
and swirl the flask while
titrating with sodium
thiosulfate to apale
yellow color.

7. Insert aclean
delivery tube into the
titration cartridge.
Attach the cartridge to
the titrator body.

11. Addtwo 1-mL
droppers of Starch
Indicator Solution and
swirl to mix.

Note: A dark blue color
will develop.
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8. Turn the delivery
knob to gject afew drops
of titrant. Reset the
counter to zero and wipe
the tip.

Note: For added
convenience use the
TitraStir stirring apparatus.

12. Continuethe
titration to a colorless
end point. Record the
number of digits
required.



OXYGEN, DISSOLVED, continued

Digits
Required

Digit
Multiplier

x

= mg/L Dissolved
Oxygen

13. Cdculate:

Digits Required x Digit
Multiplier = mg/L Dissolved
Oxygen

Using a 60-mL BOD Bottle

1. Collect awater
samplein aclean 60-mL
glass-stoppered BOD
Bottle.

Note: Allow the sample to
overflow the bottle for

2-3 minutes to ensure air
bubbles are not trapped.

Note: If samples cannot
be analyzed immediately,
see Sampling and Storage
following these steps.

Note: Follow this
procedure when using the
60-mL glass-stoppered
BOD Bottle supplied with
DREL Portable
Laboratories.

2. Add the contents of
one Dissolved Oxygen 1
Reagent Powder Pillow
and one Dissolved
Oxygen 2 Reagent
Powder Pillow

3. Immediately insert
the stopper so air is not
trapped in the bottle.
Invert several timesto
mix.

Note: A flocculent
precipitate will form. It will
be orange-brown if oxygen
is present or white if
oxygen is absent. The floc
settles slowly in salt water
and normally requires 5
additional minutes before
proceeding to Step 5.
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Table 1
Range Sample Titration Cat. No Digit
mg/L Volume (mL) Cartridge (N) T Multiplier
1-5 200 0.200 22675-01 0.01
2-10 100 0.200 22675-01 0.02
>10 200 2.000 14401-01 0.1
Method 8332

4. Wait until theflocin
the solution has settled
and the top half of the
solution is clear. Again
invert the bottle several
times and wait until the
floc has settled.

Note: Results are not
affected if the floc does
not settle or if some of
the reagent powder does
not dissolve.



OXYGEN, DISSOLVED, continued

5. Removethestopper 6. Accurately measure 7. Attach aclean

and add the contentsof 20 mL of the prepared  straight-stem delivery
one Dissolved Oxygen 3 sample and transfer itto tubeto a0.2000 N
Powder Pillow. Replace  a250-mL Erlenmeyer  Sodium Thiosulfate
the stopper without flask. Titration Cartridge.
trapping air in the bottle. Twist the cartridge onto
Invert several timesto the titrator body.

mix.

Note: The floc will
dissolve and leave a
yellow color if oxygen is
present.

Digits

0.1
Required b

= mg/L Dissolved Oxygen

9. Titratethe prepared  10. Calculate:
solution with 0.2000 N
Sodium Thiosulfate until
the sample changesfrom
yellow to colorless.
Record the number of
digits used.

Digits required x 0.1 = mg/L Dissolved Oxygen
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8. Flush the delivery
tube by turning the
delivery knob to gect a
few drops of titrant.
Reset the counter to zero
and wipe the tip.

Note: For added
convenience use the
TitraStir stirring apparatus.



OXYGEN, DISSOLVED, continued

Sampling and Storage

Accuracy Check

I nterferences

Summary of Method

Sampling and sample handling are important in obtaining
meaningful results. The dissolved oxygen content of the sample
changes with depth, turbulence, temperature, sludge deposits,
light, microbial action, mixing, travel time, and other factors. A
single dissolved oxygen test rarely reflects the over-all condition
of abody of water. Several samples taken at different times,
locations and depths are recommended for most reliable results.

Collect samplesin clean BOD Bottles (see step 1). If storageis
necessary, run steps 1-4 of the procedure and store in the dark at
10-20 °C. Seal the bottle with water by pouring asmall volume of
water into the flared lip area of a stopper bottle. Snap aBOD
Bottle Cap over the flared lip. Samples preserved like this can be
held 4-8 hours. Begin with step 5 when analyzing.

An lodate-lodide Standard Solution which is equivaent to
10-mg/L dissolved oxygen is available for checking the strength
of the sodium thiosulfate titrant. For the 300-mL procedure, begin
at step 5, adding the Sulfamic Acid Powder Pillow. For the
60-mg/L procedure, begin the analysis at Step 5, adding the
Dissolved Oxygen 3 Powder Pillow. The titration should take

10 mL. If morethan 10.5 mL isrequired to reach the end point,
replace the Sodium Thiosulfate Solution.

Nitrite interference is eliminated by the azide in the reagents.
Other reducing or oxidizing substances may interfere.

If these are present, use an alternate method, such as the High
Range Dissolved Oxygen Method (colorimetric) or a dissolved
oxygen electrode.

Samples are treated with manganous sulfate and alkaline
iodide-azide reagent to form an orange-brown precipitate. Upon
acidification of the sample, thisfloc reacts with iodide to produce
freeiodine astriiodide in proportion to the oxygen concentration.
Theiodineistitrated with sodium thiosulfate to a colorless

end point.
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OXYGEN, DISSOLVED, continued

REQUIRED REAGENTSfor 300-mL BOD BOTTLE

(Varies with sample characteristics)

Dissolved Oxygen Reagent Set (about 50 tESES) ....cccevvceeicieerieriee e eee e 22722-00
Includes: (2) Cat. N0.1072-68, (2) Cat. N0.1071-68, (1)Cat. No. 22675-01,

(1) Cat. No. 349-32, (2) Cat. No. 20762-68

Quantity Required
Description Per Test Unit Cat. No.
Alkaline lodide-Azide Powder PIllOWS ..........ccccooieiiicennens 1o 50/pKg ..cvenvenne 1072-66
Manganous Sulfate Powder PillowS ........cccccvvveveivccececienen, 1o 50/pKg....ccevenee. 1071-66
Sodium Thiosulfate Titration Cartridge, 0.2000 N ................. Lo each........... 22675-01
Sodium Thiosulfate Titration Cartridge. 200 N..................... Lo each............. 14401-01
Starch Indicator SOIULION .........cocvveeiiieieeee e 2mL...100 mL MDB*....349-32
Sulfamic Acid Powder PIIOWS..........ccooiiiiininenccecneins 1o 50/pKg ..ceveneenene 20762-66

REQUIRED APPARATUS for 300-mL BOD BOTTLE

Bottle, with stopper, BOD, 300-ML.......ccccceveieeirieneeeeee Lo, each.....ccouu.. 621-00
Clippers, for opening pillows..........cccoovveevieiecceesese e, Lo eaCh...ccccovvuenen. 968-00
Cylinder, graduated, 250-ML ........ccoceveireevere e Lo (27 P 508-46
Digital TItrator .o.vecueeeee e Lo each............. 16900-01
Flask, Erlenmeyer, 250-ML ......ccoceeoeeveviecce e e Lo, each.....cccon.. 505-46

REQUIRED REAGENTSfor 60-mL BOD BOTTLE

Dissolved Oxygen 1 Reagent Powder Pillows..........cc.cc........ 1. 100/pKg -eeveeneeennee 981-99
Dissolved Oxygen 2 Reagent Powder Pillows.............cc........ 1. 100/pKg -eeeveeneeennee 982-99
Dissolved Oxygen 3 Reagent Powder Pillows..........c.cccc........ 1o 25/pKg..eeceeeiinnns 987-68
Sodium Thiosulfate Titration Cartridge, 0.2000 N ................. Lo each............ 22675-01

REQUIRED APPARATUS for 60-mL BOD BOTTLE

Bottle, with stopper, BOD, 60-ML.........cccccevvveevieieieereeee T each............... 1909-02
Clippers, for opening pillows..........cccovoeieieniiierere e 1o eaCh ....ccccvvuenees 968-00
Cylinder, graduated, 50-ML .......cccoeeverieenienre e Lo, each......cccou.. 508-41
Digital TItrator ...c.ceceeiee e | each............. 16900-01
Flask, Erlenmeyer, 125 ML .......cccoeeveieveeiece e (T each ..o, 505-43
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OXYGEN, DISSOLVED, continued

OPTIONAL REAGENTS
lodate-1odide Standard Solution, 10 mg/L asDO..........ccccecceevunneee. 500 mL* ..o, 401-49

OPTIONAL APPARATUS

Description Unit Cat. No
Cap, BOD BOttle, PlaStiC......c.coveiveeeiiriiriesiesieese s 6/PKg...ccvevernes 2419-06
ClampP HOIAEN ........eeieie et ere each.......ccoueeee. 326-00
Clamp, 2-prong, extension, 38 MM ........cccccceeveveieeeeseseseese e seeee e each.............. 21145-00
Delivery Tubes, with 180° hOOK...........cccoveeeiie i 5/pKg...cceueenee. 17205-00
Delivery Tubes, 90° With hOOK...........cocviiieeie e 5/pkg...ceenenee. 41578-00
Sewage Sampler, LaD-Line ... each...coeenennn. 427-00
SUPPOIT NG SEANG ... s each......ccceeneeene 563-00
TitraStir Mixer/Stand Assembly, 115VaC.......ccccccvoveeveieieeneseeee e each.............. 19400-00
TitraStir Mixer/Stand Assembly, 230 Vac.........ccccocveeveviceese e eaCh.............. 19400-10

* Contact Hach for larger sizes.
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Method 8157
OXYGEN, DISSOLVED

Polar ogr aphic Electrode M ethod (using the Hach sensilON™6 DO M eter)
Range: 0-20 mg/L O,

=
‘| [ |
1. Preparetheprobe 2. Cdibratetheprobe 3. Fill astandard 4. Insert the overflow
and connect it to the according to the 300-mL BOD bottle funnel into the BOD
meter. directionsinthe meter  with sample. bottle.
Note: See the instrument manual. Note: If measuring a
manual for complete Note: Use the Hach BOD Ssample stream, lower the
instructions on preparing  Accessory Kit with a probe into the sample.
the probe and using the magnetic stirrer and a Wait for a stable reading,
meter. standard 300-mL BOD then record the result.
bottle.

LR
mo s
s

5. Inserttheprobeinto 6. PlacetheBOD bottle 7. Startthemagnetic 8. Wait for astable

the funnel/bottle. onamagnetic stirrer so  stirrer and increasethe  reading, then record or
that the probe is over the speed until the rotor store the result
center of the stir plate.  losesit cycle. Then (i.e, 5.75mg/L)
decrease the speed until

S Note: Press CONC % to
the rOtor_ StarFS spinning. change the units from
Mark thispoint onthe  mg/L 1o % saturation.

speed scaleonthestirrer.
Thisisthe optimum
working point.

Note: Insufficient stirring.
will cause low results.
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OXYGEN, DISSOLVED, continued

SUMMARY OF METHOD

The dissolved oxygen meter is supplied with a Clark-type
polarographic electrode equipped with atemperature
compensating thermistor. The sensor is a gold cathode and a
silver anode surrounded by a potassium chloride electrolyte.

A thin oxygen permeable Teflon®* membrane stretched over the
sensor isolates the sensor from the environment. When a
polarizing current is applied across the probe, it reduces oxygen
at the cathode, causing a current to flow. The current produced is
proportional to the dissolved oxygen in the sample.

REQUIRED APPARATUS
Quantity Required

Description Per Test Unit
sensi ON™6 Dissolved Oxygen Meter, portable...................... Lo, each
OPTIONAL APPARATUS

Batteries, AA ..o e 4/pkg
BOD ACCESSONY Kit...cviiiecieiecisicic st each
Bottle, BOD, 300 ML, W/ SLOPPEN ....ceveeereeeeeeenieeeeeseesiesee e see e eee e e each
D.O. MEMDIANES .....cooviiieeieieeeeee e 2/pkg
D.O. FilliNg SOIULION ..ot 59mL
D.O. Probe, 1 meter Cable........oovvieiiriiiieeeeeeee s each
D.O. Probe, 3meter Cable .......ooeveevirieeeee e each
D.O. Probe, 15 meter CabIe........coiiirieiiiririeseeeeeee e each
D.O. Service Kit (includes membranes, filling solution, polishing discs, and
sponges for LIS chamber) ..o each
Docking Station, for meter, 115 V, North American plug.......c.cccceeeene. each
Docking Station, for meter, 230 V, Continental European plug.............. each
Electrode Stand with Electromagnetic stirrer, 115V .....ccccoovvvieviveceennnn, each
Electrode Stand with Electromagnetic stirrer, 230V .....cccovveveviveceennnns each
Low lonic Strength Chamber...........cccoiiiiicieceec s each

* Teflon is aregistered trademark of |.E. DuPont.
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Cat. No.
............. 51850-00

............. 51973-00
............. 27591-26
............. 51970-00
............. 51970-03
............. 51970-15

............. 51968-00
............. 51875-01
............. 51875-02
............. 45300-01
............. 45300-02
............. 51899-00



Method 10053
PCB IN SOIL

Immunoassay M ethod
Range: 1 or 10 ppm threshold

Enter stored Select 450 nm
program for wavelength

Absorbance

1. Enter the stored 2. Select awavelength
program for absorbance. of 450 nm (the DR/800s

For DRI2010, press: will automatically select

0 ENTER 420 nm).
Note: The Pour-Thru Cell
For DR/4000, pressthe cannot be used.
soft key under SINGLE

A, then press the soft key
under GO TO A.

For the DR/800s, press
PRGM 42 ENTER.

Phase 1 Soil Extraction

TARE
1. Fill the extraction 2. Placeaplastic 3. Weighout10+0.1g 4. Cap the extraction
via tothe0.75-0zline  weighing boat on an of soil inthe plastic via tightly and shake
with Soil Extractant analytical balance. Tare  weighing boat. Carefully vigorously for
Solution. the balance. pour the soil from the one minute.
Note: This is equivalent Note: Use either the weighi pg bc.)at into the
to adding 20 mL of Soil portable AccuLab Pocket extraction vial.
Extractant Solution. Pro or a laboratory balance

(see Optional Equipment
and Supplies).
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PCB IN SOIL, continued

5. Allowtosettlefor 6. Using the disposable

1 minute. Gently open bulb pipet, withdraw

the extraction vial. 1.0-1.5mL fromthe
liquid (top) layer in the
extraction vial. Transfer
this aliquot into the
filtration barrel (the
bottom part of the
filtering assembly;
the plunger isinserted
into it).

Note: Do not transfer more
than 1.5 mL into the barrel.
The pipet is marked in
0.25-mL increments.

4

7. Insert thefiltration
plunger into the filtration
barrel. Press firmly on
the plunger until at least
0.5 mL of filtered sample
is collected in the center
of the plunger.

Note: The liquid will be
forced up through the filter.
The liquid in the plunger is
the filtered extract.

Note: It may be necessary
to place the filtration
assembly on a table and
press down on the plunger
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PCB IN SOIL, continued

Phase 2 Preparing Sample and Standards

std ppm
1 ; ' R
' ppm ppm ppm

1. Toprepareal-ppm 2. Using the WireTrol® 3. To prepare a10-ppm 4. To prepare the
threshold dilution, snap  pipet, withdraw 100 uL  threshold, snapopena  standard, snap open a

open al-ppm Dilution (0.1 mL) of sample 10-ppm Dilution PCB Standard Ampule.
Ampule. Label the extract from thefiltration Ampule. Label the Snap open a 1-ppm
Dilution Ampule with plunger and add it tothe Dilution Ampule. Dilution Ampule. Label

appropriate information.  1-ppm Dilution Ampule. Using a TenSette Pipet, the Dilution Ampule as
Swirl to mix. Discard the withdraw 1.0 mL from  “Standard.”
capillary tube. the 1-ppm Dilution
Ampule (step 2), and add
it to the 10-ppm Dilution
Ampule. Swirl to mix.

S
)

5. Using the WireTrol
pipet withdraw 100 pl
(0.2 mL) of the standard
and add it to the 1-ppm
Dilution Ampule. Swirl
to mix thoroughly.

Note: Dispense standard
and sample below the level
of the solution in the
Dilution Ampules.

Note: Use the standard
dilution prepared above for
both 1-ppm and 10-ppm
thresholds. Do not further
dilute the standard.
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PCB IN SOIL, continued

Phase 3 | mmunoassay

HRS MIN SEC

& L -
1. Label two PCB 2. UseaTenSette Pipet 3. BeginalO-minute 4. Attheend of the
Antibody Tubesfor each toaddal.0-mL aliquot reaction period. 10-minute reaction
dilution ampule. Label ~ from each dilution period, decant the
two PCB Enzyme ampule prepared (1-ppm solution from the
Conjugate tubes for or 10-ppm) to the bottom Antibody Tubesinto
each dilution ampule. of each appropriately the respective Enzyme

labeled PCB Antibody Conjugate Tubes.

Note: The PCB Conjugate .
and PCB Antibody tubes  1UPe- Do thisfor each

are matched lots. Mixing ~ Sampleand standard. Use

with other lots will cause ~ anew pipet tip for each
erroneous results. solution.

Note: Do not touch the
inside walls of the tubes.

HRS MIN SEC

\

5. Invert and placethe 6. Beginafiveminute 7. Immediately invert 8. Place the Antibody
Antibody Tubes over reaction period. the solution repeatedly ~ Tube in the rack and

the Enzyme Conjugate Note: Immediately until the Antibody Tube remove the Enzyme
'I_'ubes until they fit proceed with the next step. has beenfilled four times Conjugate Tube f_rom the
tightly onto the Enzyme and the Enzyme mouth of the Antibody
Conjugate Tubes. Conjugate has been Tube. Discard the used

dissolved. After thelast Enzyme Conjugate Tube.
inversion make sure that

all of the solutionisin

the Antibody Tube and

that it is upright.
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PCB IN SOIL, continued

9. After thefiveminute 10. Wash each tube

period, discard the
contents of the PCB
Antibody Tubesinto an
appropriate waste
container.

thoroughly and
forcefully 4 times with
Wash Solution. Empty
the tubesinto an
appropriate waste
container. Shake well
to ensure most of the
Wash Solution drains
after each wash.

Note: Wash Solution is a
harmless detergent.

Continue to

Phase 4

11. Continuetothenext
phase immediately.

Note: Ensure most of the
Wash Solution is drained
from the tubes by turning
the tubes upside down and
gently tapping them on a
paper towel to drain. Some
foam may be left from the
Wash Solution; this will not
affect results.
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PCB IN SOIL, continued

Phase 4 Color Development
Check reagent labels car efully.

Reagents must be added in proper order!

Solution

Solution

1. Add 5 dropsof
Solution A to each tube.
Replace the bottle cap.
B to each tube. Swirl
to mix. Replace the
bottle cap.

Note: Hold all reagent
bottles vertically for
accurate delivery or
erroneous results may

Note: Add drops to the
occur.

tubes in the same order
to ensure proper timing

2. Begina2.5-minute
period and immediately
add 5 drops of Solution

(i.e., left to right) Solution

will turn blue in some or
of the tubes.

all
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Stop
Solution

3. Let each tube react
for exactly 2.5 minutes.
Then add 5 drops of
Immunoassay Stop
Solution to each tube.
Replace the bottle cap.

Note: Blue solutions will
turn yellow when Stop
Solution is added. PCB
concentration is inversely
proportional to color
development; a lighter
color indicates higher
levels of PCB.

4. Using the TenSette
Pipet and a new tip, add
0.5 mL of deionized
water to each tube.

Swirl to mix.



PCB IN SOIL, continued

Phase 5 Measuring the Color

U

1. Fill aZeroing Tube 2.

Insert the Immuno-
with deionized water (the assay adapter into
blank). Wipe the outside the sample cell

of al thetubeswith a
tissueto remove smudges
and fingerprints.

compartment.

Note: For DR/4000s, use
the Microcell Adapter.
Note: For DR/4000s, fill a

1-cm sample cell; handle

by the frosted sides.

3. Placetheblank in

the cell holder. Place the

cover on the adapter.

Repeat
Steps 5and 6

for
Standard #2

4. Press: ZERO
The display will show:
0.000 ABS

6. Record the
absorbance reading.

5. Insert Standard #1
Antibody Tubeinto the
cell holder. Place the
cover on the adapter.

7. Repeat teps5and6 8. Insert the Sample #1

for the Standard #2
Antibody Tube.

Note: If standard 1 and
Standard 2 are more than
0.350 absorbance units
apart, repeat the test
beginning at Phase 2,
Standard Preparation.
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Antibody Tubeinto the
cell holder. Place the
cover on the adapter.

Note: PCB concentration
is inversely proportional to
the color intensity (or
absorbance value). More
color means less PCB in
the sample.



PCB IN SOIL, continued

— = Repeat
/ Steps 8 and 9
for
Standard #2
9. Record the 10. Repeat steps 8 and
absorbance reading. 9 for the Sample #2

Antibody Tube. See
Table 1 below tointerpret
results.

Interpreting the Results

Use Table 1 to interpret the results.

Table 1

If sample absorbance is. ..

1 ppm Threshold

10 ppm Threshold

... less than the highest
standard absorbance

1 ppm

Sample PCB is greater than

Sample PCB is greater than 10
ppm

. . . greater than the highest
standard absorbance

1 ppm

Sample PCB is less than

Sample PCB is less than
10 ppm
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PCB IN SOIL, continued

Sensitivity
Compound _Conce_r_ltration Required to Result
in Positive Test at 1-ppm Threshold
PCBs
Arochlor 1260 0.4
Arochlor 1254 0.4
Arochlor 1248 1
Arochlor 1242 2
Arochlor 1016 4
Arochlor 1232 4
Other Halogenated Compounds
2,4,6-trichloro-p-terphenyl >10,000
Halowax 1013 10,000
Halowax 1051 1,000
0,p-DDT >10,000
2,4-D 10,000
Silvex 1,000
bifenox 1,000
tetradifon 100
Dicofop, methyl 1,000
dichlorofenthion 10,000
trichloroethylene >10,000
1,2,4-trichlorobenzene 10,000
2,4-dichloro-1-naphthol 50
2,4-dichlorophenyl benzene sulfonate 1,000
1-chloronaphthalene >10,000
pentachlorobenzene >10,000
hexachlorobenzene >10,000
2,5-dichloroaniline >10,000
Miscellaneous Compounds
toluene >10,000
Naphthalene >10,000
DIALA(R) Oil AX >10,000
R-Temp fluid >10,000
Envirotemp 200 fluid >10,000
diesel fuel >10,000
gasoline >10,000
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PCB IN SOIL, continued

Storing and Handling Reagents

Accuracy Check

Summary of Method

* Wear protective gloves and eye wear.

e Store reagents at room temperature and out of direct sunlight
(lessthan 80 °F or 27 °C).

¢ Keep aluminized pouch that contains antibody-coated tubes
sealed when not in use.

¢ If Stop Solution or liquid from the extraction jar comesin
contact with eyes, wash thoroughly with cold water and seek
immediate medical help.

* Operational temperature of the reagentsis 40-90 °F
(5-32°C).

To confirm results, use the standard method approved by the
USEPA, Method 8015. This method is equivalent to SW-846
Method 4020 (USEPA letter, 1994).

Samples, standard, and col or-devel opment reagents are added to
test tubes coated with an antibody specific for PCB. The sample
PCB concentration is determined by comparing the developed
color intensity to that of a PCB standard. The PCB concentration
isinversely proportional to the color development; alighter color
indicates a higher PCB concentration.

Pollution Prevention and Waste M anagement

The soil extractant (methanol) is an ignitable (D001) waste
regulated by the Federal RCRA. Collect this material with
laboratory solvents for disposal. If the soil samples being
analyzed are contaminated with hazardous waste, the samples and
resulting test waste may also need to be disposed of in
accordance with RCRA.
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PCB IN SOIL, continued

REQUIRED REAGENTSAND STANDARDS

Cat. No.
PCB ReagENT SEL (5 TESS) 1.vvuveueeierieriesiereeieeee e se st esee e sesse e seesaesee e snesre e neeneas 25859-00
Includes al consumable reagents and apparatus used in the test except PCB
Standard Ampules
PCB Standard Ampules, U.S.A. orders, 350 UG/L, LML ....cooveeeiiiiieeeiecece e, 25851-05

(required reagent, must be ordered separately from the PCB Reagent Set. Not available for
shipment outside the U.S.)

PCB Standard Ampules, International orders, 350 Pg/L, 1ML ....ccoovieeiviceiieieceenene 26663-05
(required reagent, must be ordered separately from the PCB Reagent Set)

REQUIRED EQUIPMENT AND SUPPLIES

Quantity Required
Description Per Test Unit Cat. No.
Adapter, Immunoassay, DR/2010 ..........cccccvvoeveeinirieeeene | each....... 46820-00
Adapter, Microcell, DR/4000...........cceoerereereneneeseeseeeeeeens | each....... 48588-00
Adapter, Immunoassay, DR/800 ...........cccccevveveveseceee e i each....... 48467-00
Clippers, large, for opening powder pillows.........ccccccevenennee. Lo, each........... 968-00
Gloves, poly, medium (large 25504-03)......c.cccceevervireennene. 1pair........... 100/box ....... 25504-02
Goggles, safety, Vented.........ccoooeevereieeieeereeee e Lo each....... 25507-00
Microcell, 1-cm, for DR/4000, disposable..........cccoceivreennne. 4o 100/pkg........ 26295-00
Pen, laboratory, permanent, black ..........c.ccooveriinieiieeee i each....... 20920-00
Pipet, TenSette®, 0.1-1.0 ML ...cocoocvevereiieeeceeeeeeee e, Lo each....... 19700-01
Pipet Tips, TenSette®, for 19700-01 ........ccceveveveveverrrererenees Varies............. 50/pkg....... 21856-96
THMIE b Lo each....... 23480-00
WireTrol® Pipet, 50/100 pL, w/ 250 capillary tubes........... (Y2 (1= each...... 25689-05
WA= o ] 1o T U o Lo, each....... 26228-00
RaCK, P SEYI€. ...t Lo, each....... 25873-00

OPTIONAL REAGENTSAND STANDARDS
Water, ABIONIZE ........ooieeieceeecee ettt e 4 liters........... 272-56
Water, ABIONIZE .......oeiiieeicec et srae s 100 mL ........... 272-42

OPTIONAL EQUIPMENT AND SUPPLIES

AMPUIE BIEBKET ...t each....... 21968-00
BalanCe, ACCUL D ...ttt ettt e e e e e e e e e e e s e sas e aeeeeeeeaans each....... 25568-00
Balance, Laboratory, Model SL 500 ........ccccoeieriiienir e esee e see e svee e each....... 26105-00
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pH

Method 8156

Platinum Series Combination Electrode Method (with sensiON™ pH meters)
Sample pH Measurement (calibration required)

1. PresstheDispenser 2. Inspect the end of
Button once (it will the electrode for the
click). presence of gel. If gel is
Note: See the two-point not VIS'_ny oozing from
calibration on the next the tubing, pressthe

page to calibrate the Dispenser Button again.
meter.

5. Rinsethe electrode
thoroughly with
deionized water and
blot dry.

3. Place the electrode
in the sample. Be sure
theentire sensing end is
submerged and that
there are no air bubbles
under the electrode.

Note: Directly measure
the pH of aqueous
solutions. For solids,
sludges, and nonaqueous
liquids, mix an
approximate 10% slurry of
the substance and
deionized water. Then
take measurements on the
agueous portion.
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4. Record the pH value
when the display is
stable.

Note: The sension2, 3
and 4 can store sample
information. See the meter
manual for more
information.



pH, continued

Two-Point Calibration (with Temperature Probe)

Prepare two

pH standards

1. Preparetwo buffers 2. Turnthemeteron. 3. Pressthe CAL key.
ofdand7pHor7and by pressingthe /EXIT  Thedisplay will show
10 pH. Turnthemeter  key. If necessary, press  Standard 17

on. Thestandardsshould the PH/MV key to put the Note: Hach buffers are

bracket the sample pH.  meter in pH mode. available as powders or
Note: Other buffers may  Note: Be sure no air solutions. They are color-
be used for calibration. bubbles are trapped inside ¢oded for convenience.
See the meter manual for  the glass bulb of the

details. electrode and that gel is

present at the tubing end.

D

exit

5. WhenastablepH is 7. Placetheelectrode 8. After the last

determined, thedisplay in 7.0 (or 10.0) pH calibration point has

will show Standard 2?. buffer. stabilized and the

6. Removethe PressENTER. display reads
Standard 3?, press

electrode from the cup, EXIT

rinse, and blot dry.
Note: For a three-point
calibration, repeat steps
11-13 with an additional
buffer before pressing
EXIT.
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4. Placethe electrode
into apH 4 buffer
solution. PressENTER.
The display will show
Stabilizing...

Note: Buffer solutions

(pH 4, 7 and 10) may be
used in any order.

9. Thedisplay will
show Store?. Press
ENTER to store the
calibration or EXIT to
leave the calibration
mode without storing the
value.



pH, continued

Sampling and Storage

Interferences

Collect ssmplesin clean plastic or glass bottles. Fill completely
and cap tightly. Cool to 4 °C (39 °F) and determine pH within six
hours. If samples cannot be analyzed within six hours, report the
actual holding time with the results.

e Aciderrorisnegligible.

e Sodium error, usually present in alkaline solutions, islow, but
increases at pH values higher than pH 11.

Platinum Series pH Electrode

Storage

Proper storage, conditioning, and maintenance of pH electrodesis
critical. The glass sensing membrane is a dynamic material that
needs proper care to function properly. The optimum storage of
the electrode is an environment that both hydrates the glass and
also creates an osmotically-neutral effect to avoid leaching the
pH-sensing properties of the glass. pH Electrode Storage
Solutions, or appropriate buffer solution such as pH 7 buffer,
create this environment very well, offering chemical components
that assist hydration and create enough ionic strength to avoid
leaching salts from the glass. Electrode Storage Solutions also
maintain an approximately-neutral pH environment.

To properly address the storage and conditioning of electrodes, it
isimportant to consider the sample typeto be tested. An electrode
that has been reserved in storage solution, buffer, or other strong
ionic solution for along time will take longer to respond in
samples of low ionic strength. This slow response isdueto a
carry-over effect from the buffering components and a purging or
reset of the sensing membrane.

Short term storage and long term storage (more than two weeks)
reguire different treatments. See the electrode manual for
complete storage instructions.
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pH, continued

Summary of Method

Normal Cleaning

If the electrode response time dlows, the cause may be afouled
reference element or a contaminated glass bulb. Usually, fouling
of the reference element is non-reversible; however, sometimes
glass bulbs can be rejuvenated. Normal cleaning or
reconditioning of the electrode can be performed in the
following manner:

Immerse the electrode tip in 0.1 N Hydrochloric Acid followed
by immersion in 0.1N Sodium Hydroxide and again in 0.1N
Hydrochloric Acid, each for a 2-minute period. Rinse with
deionized water and soak in deionized water for at |east

15 minutes.

Remove oils and fats by immersing the electrodetip in a
detergent solution such as Alconox™. Use a brush or ultrasonic
bath if necessary. Avoid scratching the glass bulb.

Remove organic filmsfrom the glass bulb by using an appropriate
solvent, such as methanol or acetone.

Conditioning of the electrode is required after every cleaning,
prior to use. If these steps fail to improve electrode response,
replace the electrode.

The Platinum Series Combination pH Electrode responds to the
hydrogen ion concentration (activity) by developing an electrical
potential at the glass/liquid interface. At a constant temperature,
this potential varies linearly with the pH of the solution being
measured. The electrode has a free-diffusion junction that
eliminates clogging problems and has been proved to provide
fast, accurate results.

366



pH, continued

REQUIRED REAGENTSAND APPARATUS

Quantity Required
Description Per Test Unit
Buffer Powder Pillows, pH 4 and 7, (10 of each) .................. 1. 20/pkg
Beaker, Griffin, LOO ML ...oooviiieeceeeeee e eeeeeeee e e e eeeeeeeeeeeans i T each
Clippers, for opening powder pillows.........ccocevveveieneenene. Lo each
KCl Reference Electrolyte Gel Cartridge............ccovvuvvveinenee. Lo 3/pkg
pH Meter, portable, senslON™1, w/ electrode...........cccuvunee. Lo, each
Platinum Series Combination pH Electrode w/Temp ............ Lo, each
OPTIONAL REAGENTS
Buffer Powder Pillows, pH 4 (red) ........ccooiieieieieree e 50/pkg
Buffer Powder Pillows, pH 7 (YEITOW) ....oooviiiieeiiiiceeseeere e 50/pkg
Buffer Powder PillOwS, PH 9.....c.ooviiiiiceee e 50/pkg
Buffer Powder Pillows, pH 10 (bIUE) ........covvvvveieieieceecec e, 50/pkg
Buffer Solution, pH 4 (red) .......ccccovveeveiece e 500 mL
Buffer Solution, pH 7 (YETOW)....cccecuveieeceeee e 500 mL
Buffer Solution, pH 10 (DIUE) .....oovvieieee e 500 mL
pH Electrode Storage SOIULION...........cocveiriiiieeieeeesese e 500 mL
pH Electrode Storage Solution Powder Pillows...........cc.ccoeieicvninnee. 20/pkg
Water, dEIONIZEA .........cooiriiriiiieee e 4L
OPTIONAL APPARATUS
Beaker, POlY, 50 ML ....c.ooieeeece e each
Clippers, for opening powder pilloOwWS...........cccoveieniecevieseece e each
Comb. pH Electrode with Temperature (Gel Filled) .......cccoevivieeinnnns each
Comb. pH Electrode (Refillabl€).........coeoiiieieieeeee e each
Conductivity Meter, portable, SenSION™5 ..o each
Cylinder, mixing, graduated, 50 ML .......c.ccoevveiiieiiece e each
Electromagnetic stirrer and electrode holder,
(115 V NOMh AMENICAN) ...eoveeciiceeie sttt s ere s each
Electromagnetic stirrer and electrode holder, (230 V) ...oocveevveeeeneenenne each
pH/ISE Meter, portable, SENSION™2............oovveeeieeeseeeeeeeeeesee s each
pH Meter, laboratory, SensiON™3............oveveeeeeeeseeeeeeeseese s each
pH/ISE Meter, laboratory, SeNSION™4............ooevvueeereeeeeeeseeeeeeseeeenees each
Stir Bar, 22.2 X 4.76 MM (7/8 X 3/16 IN.) w.vcvrveererereeeeeeeeeeeseeeeesesesesenans each
Temperature Probe, 5-PiN........cccoeie e e e each
Temperature Probe, 3.5 mm phone-tip........ccccovvrirencneinene e each
Temperature Probe, DIN ........ooiiee e each
Thermometer, armored, =100 110 PC ...oviiviiiiceeeee et each
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Cat. No.

.............. 22992-64

.............. 25469-02
.............. 51700-10
.............. 51910-00

.............. 22269-66
.............. 22270-66
.............. 14107-66
.............. 22271-66
.............. 22834-49
.............. 22835-49
.............. 22836-49
.............. 50301-49
.............. 26573-64

.............. 45300-01
.............. 45300-02
.............. 51725-10
.............. 51750-10
.............. 51775-10
.............. 45315-00
.............. 51980-00
.............. 51980-11
.............. 51980-22

1877-01
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Method 8047
PHENOLS

4-Aminoantipyrene M ethod*

Range: 0-0.200 mg/L
(USEPA accepted for reporting wastewater analysis)**

1. Setupthedigtillation 2. Placeastirbarinto 3. Measure 300 mL of 4. Using a serological
apparatus for thetest by the distillation flask. sample in a 500-mL pipet, add 1 mL of

assembling the genera graduated cylinder. Pour Methyl Orange Indicator
purpose apparatus as it into the distillation Solution to the
shown in the Hach flask. distillation flask.

Distillation Apparatus
Manual. Usethe 500-mL
erlenmeyer flask to
collect the distillate. It
may be necessary to
elevate the flask with a
laboratory jack.

Stir Control=5

5. Turnontheheater ~ 6. Add Phosphoric 7. Addthecontentsof 8. Turnon the water

power switch. Set the Acid Solution, 10%, one Copper Sulfate and adjust so a constant
stir control to 5. drop-wise, until the Powder Pillow andallow flow of water is
indicator changesfrom  to dissolve (omit this maintained through the
yellow to orange. step if copper sulfate condenser. Set the heat
was used to preserve the control to 10.
sample).

* Adapted from Standard Methods for the Examination of Water and Wastewater.
** Procedureis equivalent to USEPA method 420.1 for wastewater.
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PHENOLS, continued

9. Collect275mL of ~ 10. Usingagraduated 11. Turnthestill back 12. Using aclean, dry
digtillate in the flask, cylinder, add 25 mL of  on. Heat until another graduated cylinder,
then turn the still off. deionized water tothe 25 mL of distillateis re-measure the distillate
distillation flask. collected. to be sure 300 mL has
been collected. Proceed
to the colorimetric
procedure.

Colorimetric Procedure

L

1. Measure300mL of 2. Pourthemeasured 3. Measure 300 mL 4. Pour the measured

deionized water in a deionized waterintoa  of sampleina500-mL  sample into another

500-mL graduated 500-mL separatory graduated cylinder. 500-mL separatory

cylinder. funnel (the blank). funnel (the prepared
sample).

Note: Analyze samples
within four hours to avoid
oxidation; see Sampling
and Storage following
these steps.
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PHENOLS, continued

5. Add5mL of
Hardness 1 Buffer to

each separatory funnel.
Stopper. Shake to mix.

9. Invert each funnel
and temporarily vent.
Shake each funnel
briefly and vent. Then
vigorously shake each
funnel for atotal of
30 seconds.

6. Add the contents of
one Phenol Reagent
Powder Pillow to each
separatory funnel.
Stopper. Shake to
dissolve.

Note: Spilled reagent will
affect test accuracy and is
hazardous to skin and
other materials.

10. Removethe
stoppers. Allow both

7. Add the contents

Powder Pillow to each
separatory funnel.
Stopper. Shake to
dissolve.

11. Insert apeasize
cotton plug into the

funnelsto stand until the delivery tube of each
chloroform settlesto the funnel.

bottom of the funnel.

Note: The chloroform will
be yellow to amber if
phenol is present.
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8. Add 30 mL of
of one Phenol 2 Reagent chloroform to each

separatory funnel.
Stopper each funnel.

Note: Use chloroform
only with proper
ventilation. A fume hood is
ideal.

—_ —_
0 0
12. Drainthe

chloroform layer into
separate 25-mL sample
cells.

Note: The cotton removes
any suspended water or
particles from the
chloroform.

Note: Proceed promptly
through the rest of the
procedure; chloroform will
evaporate, causing high
readings.

Note: The Pour or Flow-
Thru cell can be used.



PHENOLS, continued

13. Placetheblankinto 14. Placethesamplein
thecell holder. Closethe the cell holder. Read the
light shield. mg/L phenols.

Zero theinstrument with
the blank, using the
settings bel ow.

DR/800s
Program No. NA

DR/2010
Program No. 470
460 nm

DR/4000
Program No0.2900
460 nm

Sampling and Storage
The most reliable results are obtained when samples are analyzed
within four hours after collection. The following storage
instructions are necessary only when prompt analysisis
impossible. Collect 500 mL of samplein clean glass containers
and add the contents of two Copper Sulfate Powder Pillows.
Adjust the sample pH to 4 or below with 10% Phosphoric Acid
Solution. Store at 4 °C (39 °F) or lower. Analyze within 24 hours.

Accuracy Check

Standard Solution M ethod

Verify accuracy of the test by performing the analysis using
known phenol standard solutionsin place of the test sample. For
greatest accuracy, standard solutions should be analyzed
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PHENOLS, continued

periodically to verify test accuracy and when new reagent lots are
first used. Prepare standards as follows:

a. Weigh out 1.00 g of phenol, ACS. Transfer to a
1-liter volumetric flask. Dilute to the mark with
freshly boiled and cooled deionized water. Thisisa
1-g/L stock solution.

b. Transfer 1 mL of the 1-g/L stock solution to a 100-mL
volumetric flask. Dilute to the mark with deionized water.
Thisisa 10-mg/L working solution.

c. Prepare0.06, 0.12 and 0.18 mg/L standard solutions by
using a pipet to add 3, 6, and 9 mL of the 10-mg/L
working solution, respectively, to three separate 500-mL
volumetric flasks. Dilute each to the mark with
deionized water.

d. Perform the procedure with each of the three standard
solutions and verify that the test results are correct.

Interferences
The sample pH must be between 3 and 11.5 for the best results. In
the presence of sulfides or suspended matter, the following
pretreatment will be necessary:

a. Fill aclean 500-mL graduated cylinder to the 350-mL
mark with sample. Pour the sampleinto a clean 500-mL
Erlenmeyer flask.

b. Add the contents of one Sulfide Inhibitor Reagent
Powder Pillow. Swirl to mix.

c. Filter 300 mL of the sample through afolded filter paper.
Use this solution in step 4 of the colorimetric procedure.

Interference can be caused by reducing agents and oxidizing
agents such as chlorine.*

* Monitor chlorine using Hach Water Quality Chlorine Test Strips (27450-50).
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PHENOLS, continued

Summary of Method

The 4-aminoantipyrine method determines al ortho- and meta-
substituted phenols or napthols but not para-substituted phenals.
These phenols react with 4-aminoantipyrine in the presence of
potassium ferricyanide to form a colored antipyrine dye. Thisdye
is then extracted from aqueous solution with chloroform and the
color is measured at 460 nm.

Sensitivity of the method varies with the type of phenolic
compound. Because a water sample may contain various types of
phenolic compounds, the results of the test are expressed as the
equivalent concentration of phenol. Wastewater and seawater

samples may require pretreatment.

REQUIRED REAGENTS

Cat. No.
Phenols Reagent Set (100 TESES) ..ovveeeierieicie sttt st st 22439-00
Includes: (3) 424-49, (2) 14458-17, (2) 1836-99, (2) 872-99

Quantity Required

Description Per Test Unit Cat. No.
Buffer Solution, Hardn@SS 1 .......ooeeeeveeeeeeee e 10mL ....500 ML ..o 424-49
Chloroform, ACS ... e 60mL.......... 4L ... 14458-17
Phenol 2 Reagent Powder PillOW .......c.cccccovvvieeiinieenenne, 2 pillows..100/pkg............... 1836-99
Phenol Reagent Powder PIlIOW ..........ccooevvvvieececiecen, 2 pillows..100/pkg .......cv...... 872-99
Water, deioniZed ..........cccovviririnieeeee e 300mL.......... AL i, 272-56
REQUIRED APPARATUS
Clippers, for opening powder pillows ........ccccoooeeieieiieeneennne 1o each ..., 968-00
COottoN BallS ... 2. 100/pKg ..c.venvenene 2572-01
Cylinder, graduated, 50 ML ......cccoeeviiiieieece e Lo, ech.....ccooun.. 508-41
Cylinder, graduated, 500 ML .......ccoovvvieeviieceeese e Lo (27 P 508-49
Funnel, separatory, 500 ML .......ccoovivveerece e 2 (72 o IR 520-49
Pipet, volumetric, Class A, 500 ML .....c.cccoeveeveieeiere e, Lo, each............ 14515-37
Ring, support, 10 CM (41N.) ceeiieieee e 2 €aCh ...cccevveenee 580-01
Stand, support, 12.5x20cm (5x 8in.) base......cccceeevevnene j T (720! o I 563-00
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PHENOLS, continued

OPTIONAL REAGENTS

Description Unit
Copper Sulfate Powder PillOWS ..........cccoiiiiiieieeeesese e 50/pkg
Methyl Orange Indicator SOIUtiON .........cccccoeeeieieenene e 500 mL
Phenol, ACS ...t 113¢g
Phosphoric Acid SOlUtion, 10% ........cccceeevviiieeseceeee e 100 mL
Sulfide Inhibitor Reagent Powder PIlIOWS ..........cccocvvveveieiienienen, 100/pkg
Water Quality Test Strips, ChlOrNe .......ccoovveeeeri e 50/pkg
OPTIONAL APPARATUS

Balance, AcculLab Pocket Pro 150B, handheld, OV .........covvevvvvvciveeeeennn, each
Cylinder, 25 mL, graduated ...........ccceceevieeriennee e each
Distillation Apparatus General Purpose ACCESSONES ......cccvvevvviveeveriennes each
Digtillation Apparatus Heater, 115V .....cccvvvieveiecie e each
Digtillation Apparatus Heater, 230V .......cceevveieviieieese e each
Filter Paper, 12.5 cmfolded .........cccooeiiiniiieceeseeeeee 100/pkg
Flask, Erlenmeyer, 500 ML .....ccoooeiiieiieeeee e each
Flask, volumetric, Class A, 100 ML ....oooveeeieeeee e each
Flask, volumetric, Class A, 500 ML ......cccooereieriiineneseeeeeeee e each
Flask, volumetric, Class A, 1000 ML ......cooerrereriine e each
FUNNEl, 65 MM POIY ..oveeiececeee e e each
= o O = 0 = (o SRS each
pH Indicator Paper, 110 11 PH ..ooviviiieiceceeeeeeeeee e 5rolls/pkg
Pipet, serological, 1.0 ML ....ooooiiiee e each
Pipet, volumetric, Class A, .00 ML ....coecivieieeieeeee e each
Pipet, volumetric, Class A, 3.00 ML ....ccocvviecieieeeee e each
Pipet, volumetric, Class A, 6.00 ML .....cccccvveeiirieeeee e each
Pipet, volumetric, Class A, 9.00 ML ....ccooiiieeieeeee e each
Pipet Filler, safety DUID........ccooeeeeceee e each
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Selecting the Correct Phosphor us Procedure

Which phosphorus test does my
application require?

B | SN S

Acid Reactive Total
Hydrolyzable || phosphorus || Phosphorus
Phosphorus

Acid Acid

Hydrolyzable Persulfate

Digestion Digestion

Method Method

EPA
Approval  Yes
Required?
J1
S 2 S 2
N N N

Select one of the following color finish
procedures based on PO43'range.

JL

1L

0-45.0 mg/L POy4
Molybdovanadate Method
or
0-100.0 mg/L HR PQO4
TNT Molybdovanadate Method

or use
Test "N Tube PhosVer 3 Method

0 - 3.5 mg/L PO, for Total

0-250mg/L ¢

PhosVer 3
Method
(Ascorbic Acid)
EPA Approved

0-5mg/L PO43' for Acid Hydrolyzable and Reactive

N
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Method 8114
PHOSPHORUS, REACTIVE, High Range

M olybdovanadate M ethod, Test ‘N Tube Procedur e*
Range: 0.00 to 100.0 mg/L PO,3

HRS MIN SEC

1. UseaTenSette Pipet 2. UseaTenSette Pipet 3. Beginatwo-minute 4. During the reaction

to add 5.0 mL of to add 5.0 mL of sample reaction period. period, place the COD
deionized water to to a Reactive High Vial adapter into the cell
aReactive High Range  Range Phosphorus holder.

Phosphorus Test 'N Test "N Tube Via (the

Tube Vid (the blank). sample).
Capandinverttomix.  Cap and invert to mix.

Note: For non-preserved
samples with extreme pH,
see INTERFERENCES
following these steps.

* Adapted from Standard Methods for the Examination of Water and Wastewater.
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PHOSPHORUS, REACTIVE, High Range, continued

\ \

= =

5. Cleantheoutsideof 6. Placethesample 7. Zerotheinstrument 8. Placethesamplevia
the vial with atowel. vial inthe adapter. Place with thevial, usingthe into the adapter. Read

Note: Wiping with a the cover on the adapter. settings bel ow. the mg/L phosphate.
damp towel, followed by DR/800s
a dry one, will remove Program No. 86
fingerprints or other
marks. DR/ZO].O
Program No. 540
420 nm
DR/4000
Program No. 3000
420 nm

Sampling and Storage
Collect samplesin plastic or glass bottles that have been acid
cleaned with 1:1 Hydrochloric Acid Solution and rinsed with
deionized water. Do not use commercial detergents containing
phosphate for cleaning glassware used in this test.

For best results, analyze the samplesimmediately after collection.
If prompt analysisisimpossible, preserve the samples for up to
48 hours by filtering immediately and storing at 4 °C. The sample
should have a neutral (6-8) pH and be at room temperature
before analysis.
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PHOSPHORUS, REACTIVE, High Range, continued

Accuracy Check
Note: Clean glassware Standard Additions M ethod
with 1:1 hydrochloric
acid solution. Rinse again a. Fill three 10-mL graduated mixing cylinders with 10 mL
with deionized water. Do of sample.
not use detergents
containing phosphates to b. Snap the neck off a Phosphate Standard Solution,
clean glassware. 3
500 mg/L as PO, (Cat. No. 14242-10).

Cc. UseaTenSette Pipettoadd 0.1 mL, 0.2 mL and 0.3 mL,
respectively, to the three 10-mL aliquots of sample
prepared in step a. Mix well.

d. Analyze each sample from step c as described in the
procedure. Use 5.0 mL of the prepared sample for each
test. The concentration should increase: 5 mg/L,

10 mg/L, and 15 mg/L PO43-, respectively.

e. If theseincreases do not occur, an interferenceislikely.

Standard Solution M ethod

To check accuracy, prepare an 80 mg/L PO43 standard by
pipetting 8.0 mL of solution from a Voluette Ampule Standard for
Phosphate, 500 mg/L as PO43-, into an acid-cleaned 50-mL
Class A volumetric flask. Fill to the line with deionized water.
Substitute this standard for the sample and perform the procedure
as described.
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PHOSPHORUS, REACTIVE, High Range, continued

Interferences
Large amounts of sample turbidity may cause inconsistent results
in the test because the acid present in the reagents may dissolve
some of the suspended particles and because of variable
desorption of orthophosphate from the particles.
The following may interfere when present in concentrations
exceeding these listed bel ow:
Interfering Interference Level and Treatment
Substance
Arsenate Only interferes if the sample is heated.*
Iron, ferrous Blue color caused by ferrous iron does not interfere if iron concentration is less
than 100 mg/L.
Molybdate Causes negative interference above 1000 mg/L.
Silica Only interferes if the sample is heated.*
Sulfide Causes a negative interference. Remove interference as follows:
1. Measure 25 mL of sample into a 50-mL beaker.
2. Add Bromine Water drop-wise with constant swirling until a permanent
yellow color develops.
3. Add Phenol Solution drop-wise until the yellow color just disappears.
Proceed with step 1.
Extreme pH or May exceed buffering capacity of the reagents. Samples may require
highly buffered pretreatment. Sample pH should be about 7.
samples
Fluoride, thorium, Cause negative interference
bismuth, thiosulfate
or thiocyanate
Temperature Cold samples — cause a negative interference. For example, a sample at a
temperature of 13 °C (55 °F) has a reaction time of 15 minutes.
Hot samples — cause a positive interference. For example, a sample at a
temperature of 33 °C (91 °F) has a reaction time of 2 minutes.

The following do not interfere in concentrations up to 1000 mg/L:

Pyrophosphate, tetraborate, selenate, benzoate, citrate, oxalate, lactate, tartrate, formate, salicylate,
AR+, Fe3+, Mg2*, CaZ*, Ba2*, Sr2*, Li*, Nat, K*, NH,*, Cd2+, Mn2*, NOg~, NO,", SO42-, SO52, Ph2*,
Hg*, Hg2*, Sn2*, Cu2+, Ni2*, Ag*, U4, Zr4*, AsOg, Br-, CO52, CIO47, CN-, 1037, SiO44-.

* Gentle warming of the sample to reach room temperature will not cause this substance to interfere.
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PHOSPHORUS, REACTIVE, High Range, continued

Sample Disposal Information
Final sampleswill contain molybdenum. In addition, final
samples will have apH less than 2 and are considered corrosive
(D002) by the Federal RCRA. Consult the Material Data Saf ety
Data Sheet for information specific to the reagents used.

Summary of Method
Orthophosphate reacts with molybdate in an acid medium to
produce a phosphomolybdate complex. In the presence of
vanadium, yellow vanadomolybdophosphoric acid forms. The
intensity of the yellow color is proportional to the phosphate
concentration.

REQUIRED REAGENTS

Description Cat. No.
High Range Reactive Phosphorus Test 'N Tube™ Reagent Set ........ B0vidls.............. 27673-45

Includes: (50) Reactive HR Phosphorus Test ‘N Tube™ Reagent Vials*, (2) 272-42

Quantity Required

Description Per Test Unit Cat. No.
Reactive HR Phosphorus Test 'N Tube™ Reagent Vials....... 1o 50/PKG. . *
Water, dEIONIZE ........eeeeeeeee et e e e e e e e 5mL ... 100 ML ..ccveereeennns 272-42
REQUIRED APPARATUS

COD Via Adapter, DR/2010 ........ccoeoeierieeeene e T exch.............. 44799-00
COD Via Adapter, DR/A000 ........cccoeieiieeereeseeeeee e I each.............. 438189-00
COD Via Adapter, DR/B0 ........cccceeveeveiiieeecieceeseecee e T each.............. 48464-00
Pipet, TeNSette®, 110 10 ML ..c.cvvveveeeeeeeeceeeeereeeeeeeeeesenaenns Lo each.............. 19700-10
Pipet Tips, for 19700-10 TenSette® Pipet.........cccocererevnneee. i I 50/pKg.. e 21997-96
TSt TUDBE RACK ...t 1-3............ exch.............. 18641-00

* These items are not sold separately.
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PHOSPHORUS, REACTIVE, High Range, continued

OPTIONAL REAGENTS

Description Unit
Bromine Water, 30 G/L ......ccceeiieiee e cee et 29 mL*
Hydrochloric Acid Standard Solution, 6.0 N (1:1) ....cccvevieeieninnenn. 500 mL
Phenol Solution, 30 G/L ....ccccviiiieece e 29 mL
Phosphate Standard Solution, 50 mg/L asPO/3 ........ccccevvieeenineenen. 500 mL
Phosphate Standard Solution, PourRite™ ampule,

500 MG/L @SPO43", 2 ML et 20/pkg
Phosphate Standard Solution, Voluette™ ampule,

500 MG/L @SPO43, L0 ML ..ot 16/pkg

OPTIONAL APPARATUS

AMPUIE Breaker Kil......covoci oot se e s each
ASDITELOr, VBCUUIM .....ouvieieeeete st eeestesteseestestesraessestesreeseensessesneennensensens each
Cylinder, graduated, mixing, 10 mL, 3required............ccccvvveeesrcennnnne each
Filter Holder, 47 mm, 300 mL, graduated ..........c.cccoeverveeriernieevne e, each
Filter, membrane, 47 mm, 0.45 MICIONS..........occveeirieeie e sveee s 100/pkg
Flask, filtering, 500 ML .....cccoccirie et e et each
Flask, volumetric, Class A, 50-ML .....ccoveieinenineieee e each
pH Indicator Paper, 1t0 11 pH UNitS.......cccvevvveeeece e, 5rolls/pkg
Pipet, TenSette®, 0.1t0 1O ML ..cocveeveieveeeceeeeeeee e each
Pipet Tips, for 19700-01 TenSette® Pipet.........ccccvvvveerererirreeeinirenanas 50/pkg
Pipet Tips, for 19700-10 TenSette® Pipet........cccocoveverereerrreerreninenns 1000/pkg
Pipet, volumetric, Class A, 8.00-ML .......ccoveiiiieere e each
PourRite™ Ampule Breaker ...........ccoceveeie e i each

* Larger sizes available.
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Method 8048
PHOSPHORUS, REACTIVE

PhosVer 3 Test ‘N Tube Procedure*
Range: 0.00-5.00 mg/L PO43

¥

,’

1. UseaTenSette Pipet 2. PlacetheCOD Via 3. Cleantheoutsideof 4. Placethevia inthe

to add 5.0 mL of sample Adapter into the cell the vial with atowel. adapter. Place the cover
to a Reactive ’ hol der. Note: Wiping with a on the adapter.
PhOSthru_S TeSt_ N damp towel, followed by

Tube D”Unon Via. Cap a dry one, will remove

and mix. fingerprints or other

marks.
Note: Run a reagent blank

for this test. Use deionized
water in place of the
sample. Subtract this
result from all test results
run with this lot of PhosVer
3 Reagent.

* Procedure is equivalent to USEPA method 365.2 and Standard M ethod 4500-PE for wastewater.
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PHOSPHORUS, REACTIVE, continued

5. Zero theinstrument
with thevial, using the
settings bel ow.

DR/800s
Program No. 82

DR/2010
Program No. 535
890 nm

DR/4000
Program No. 3036
890 nm

O. After thetimer
beeps, wipe the outside
of the vial with atowel.

(=]
|

6. Using afunnel, add
the contents of one
PhosVer 3 Phosphate
Powder Pillow

to thevial.

¥

,’

10. Placethe prepared
sample via into the
adapter. Read the mg/L
phosphate.

/ HRS MIN SEC
] ]

7. Capthevia tightly 8. Beginatwo minute
and shake for 10-15 reaction period.
seconds.

Note: The powder will not
completely dissolve.
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PHOSPHORUS, REACTIVE, continued

Sampling and Storage

Accuracy Check

Note: Clean glassware
with 1:1 hydrochloric acid
solution. Rinse again with
deionized water. Do not
use detergents containing
phosphates to clean
glassware.

Collect sasmplesin plastic or glass bottles that have been acid
cleaned with 1:1 Hydrochloric Acid Solution and rinsed with
deionized water. Do not use commercial detergents containing
phosphate for cleaning glassware used in this test. The sample
should have a neutral pH (6-8 pH) and be at room temperature
before adding reagents.

Analyze samplesimmediately after collection for best results. If
prompt analysisis impossible, preserve samples for up to

48 hours by filtering immediately and storing at 4 °C. Warm to
room temperature before analysis.

Standard Additions M ethod

a. Fill three 25-mL graduated mixing cylinders with 25 mL
of sample.

b. Snap the neck off a Phosphate Voluette Ampule
Standard, 50 mg/L as PO43.

c. Usethe TenSette Pipet to add 0.1 mL, 0.2 mL and
0.3 mL, respectively, to the three 25-mL aliquots of
sample prepared in step a. Mix well.

d. Analyze each sample from Step C as described in the
procedure. Use 5 mL of the prepared sample for each
test. The concentration should increase as follows:
0.2mg/L, 0.4 mg/L, 0.6 mg/L PO,3, respectively.

e. If theseincreases do not occur, an interferenceislikely.

Standard Solution M ethod

To check accuracy, use a1.0 mg/L Phosphate Standard Solution
listed under Optional Reagents. Or, prepare by pipetting 2.0 mL
of solution from a Voluette Ampule Standard for Phosphate,

50 mg/L asPO,3, into a100-mL Class A volumetric flask. Fill to
the line with deionized water. Substitute this standard for the
sample and perform the procedure as described. The mg/L PO43
reading should be 1.0 mg/L.
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PHOSPHORUS, REACTIVE, continued

I nterferences

Large amounts of turbidity may cause inconsistent test results
because acid in the powder pillows may dissolve some of the
suspended particles and because of variable desorption of
orthophosphate from the particles.

The following may interfere when present in concentrations
exceeding these listed bel ow:

Aluminum 200 mg/L
Chromium 100 mg/L
Copper 10 mg/L
Iron 100 mg/L
Nickel 300 mg/L
Silica 50 mg/L
Silicate 10 mg/L
Sulfide 6 mg/L
Zinc 80 mg/L

Sulfide interference may be removed by oxidation with Bromine
Water asfollows:

a. Measure 25 mL of sampleinto a 50-mL beaker.

b. Swirling constantly, add Bromine Water drop-wise until a
permanent yellow color devel ops.

c. Swirling constantly, add Phenol Solution dropwise until
the yellow color just disappears. Proceed with step 3.

Arsenate interferes at all levels.

Highly buffered samples or extreme sample pH may exceed the
buffering capacity of the reagents and require sample
pretreatment.

Sample Disposal Information

Final samples will contain molybdenum. In addition, final
samples will have apH less than 2 and are considered corrosive
(D002) by the Federal RCRA.
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PHOSPHORUS, REACTIVE, continued

Summary of Method
Orthophosphate reacts with molybdate in an acid medium to
produce a phosphomolybdate complex. Ascorbic acid then
reduces the complex, giving an intense molybdenum blue color.

REQUIRED REAGENTS

Description Unit Cat. No.
Reactive Phosphorus Test 'N Tube™ Reagent Set ...........ccccvvvvveeenee. 50 tests.............. 27425-45
Includes: (1) 21060-46, (50) Ortho Phosphate Test 'N Tube™ Dilution Vials*
Quantity Required

Description Per Test Unit Cat. No.
PhosVer® 3 Phosphate Reagent Powder Pillows.................... Lo (0)]o/ (o TR 21060-46
Ortho Phosphate Test *N Tube™ Dilution Vials.................... 1o 50/PKG. e *
REQUIRED APPARATUS

TesSt "N TUDE™ VialS.....cieieiiicereeieeee e Lo 6/pKg...covevennens 22758-06
COD Via Adapter, DR/2010 .......cccooereiereeinenienieseseeeseneas Lo, each.............. 44799-00
COD Via Adapter, DR/A000 ........ccooereeereeenienienieseseeeseneas Lo, each.............. 48189-00
COD Via Adapter, DR/800 .........cocovirereeeeieenienieseeeeeseneas Lo each............. 48464-00
FUNNEL, MICTO ettt e e e e e e e i each.....cc..... 25843-35
Pipet, TenSette®, 110 10 ML ..c.ccieeeiecececceeeeee e Lo, eaCh....ccou..... 19700-10
Pipet Tips, for 19700-10 TenSette® Pipet .........cccocerevnnee. varies........ Yo/ (o 21997-96
TeSt TUDE RECK .....cviiiieeeee e 1-3. e each.............. 18641-00

* These items are not sold separately.
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PHOSPHORUS, REACTIVE, continued

OPTIONAL REAGENTS

Description Unit Cat. No.
Bromine Water, 30 QL ......coveeieeiee e e et te e e et st 29mL e, 2211-20
Hydrochloric Acid Standard Solution, 6.0 N (1:1) ....cccvevieeieninnenn. 500 mL ....cccenee 884-49
Phenol Solution, 30 G/L ....ccccviiiieece e 29mL ..o, 2112-20
Phosphate Standard Solution, 1 mg/L asPO43 ........ccccvevevieinieenen. 500 ML ............... 2569-49
Phosphate Standard Solution, Voluette™ Ampule,

50 MY/L @S PO43, 10 ML c.ceuiriiiiiricireeieiseret e 16/pKg v 171-10

OPTIONAL APPARATUS

AMPUIE BreaKer Kit.......ooov i each............ 21968-00
ASPITALOF, VBCUUM .....coiieietieieeieeieeeesteseeeeeeseeseesneeseessessesseesseseesseensesenssens ech............. 2131-00
Cylinder, graduated, miXing, 25 ML .......ccccveiieeverece e each............. 20886-40
Filter Holder, 47 mm, 300 mL, graduated ............ccoccveveveeieeseseeie e each............ 13529-00
Filter Membrane, 47 mm, 0.45 MIiCrONS.........ccccvveveerieneeseesesee e, 100/pkg ............. 13530-01
Flask, filtering, 500 ML .....cccoccieireie et re e e (720! o I 546-49
pH Indicator Paper, 1 t0 11 pH UNItS .....cceoviirireiireeseeeeeeene 5rolls/pkg.......cvue.. 391-33
pH Meter, sSenslON™L, POrtable ..........oveecveeeeeeeeeeeeeeeees e each............. 51700-10
Pipet Filler, Safety BUlb..........ccooiieeieice e each............ 14651-00
Pipet, TeNSEte®, 010 1O ML ...ocvvvicccecreieeceeeee e each............. 19700-01
Pipet Tips, for 19700-01 TeNSette® Pipet.........cccoveeveverereereererereeeennas 50/pkg.....c.c..... 21856-96
Pipet, volumetric, Class A, 5 ML ..o each............ 14515-37
Stopper, NO. 7, 0NE NOIE........eiiiie e 6/pKg .. 2119-07
BN o1 g0 R 0o o= 12feet..ccovveeennn. 560-19
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Method 8190
PHOSPHORUS, TOTAL

Acid Persulfate Digestion* (Also called Organic and Acid Hydroyzable Phosphor us)
USEPA Accepted for reporting wastewater analysis**

R
[\

1. Measure25mL of 2. Add the contents 3. Add 2.0 mL of 4. Placetheflask ona
sampleinto a50-mL (or of one Potassium 5.25 N Sulfuric Acid hot plate. Boil gently for
larger) Erlenmeyer flask Persulfate Powder Solution. 30 minutes.

“S'.”g agraduated Pillow. Swirl to mix. Note: Use the 1-mL Note: Concentrate
cylinder. calibrated dropper samples to less than 20
Note: Rinse all glassware provided. mL for best recovery. After
with 1:1 Hydrochloric Acid concentration maintain the

volume near 20 mL by
adding small amounts of
deionized water. Do not
exceed 20 mL.

Solution. Rinse again with
deionized water.

* Adapted from Standard Methods for the Examination of Water and Wastewater
** Procedureis equivalent to USEPA Method 365.2 and Standard Method 4500-P B,5 and P E.
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PHOSPHORUS, TOTAL, continued

———

5. Cool the sample to
room temperature.

6. Add2.0mL of
5.0 N Sodium
Hydroxide Solution.
Swirl to mix.

Note: Use the 1-mL

calibrated dropper
provided.

Note: Adjust the pH to 8.2
for PhosVer 3 method.

@

7. Pour the sampleinto
a25-mL graduated
cylinder. Return the
volume to 25 mL.

Note: Use deionized
water rinsings from the
flask to adjust the volume.

Choosereactive

phosphorus test

8. Proceed with a
reactive phosphorus
method starting at step 3
on page 399.

Note: Results of the
reactive phosphorus test
at this point will include
the organic phosphate
plus the orthophosphate
and the acid-hydrolyzable
(condensed) phosphate.
The organic phosphate
concentration is
determined by subtracting
results of an acid
hydrolyzable phosphorus
test from this result. Make
sure that both results are
in the same units before
taking the difference.

Sampling and Storage
Collect samplesin plastic or glass bottles that have been acid
cleaned with 1:1 Hydrochloric Acid Solution and rinsed with
deionized water. Do not use commercial detergents containing
phosphate for cleaning glassware used in this test.

Analyze samplesimmediately after collection for best results. If
prompt analysisisimpossible, preserve samples up to 28 days by
adjusting the pH to 2 or less with sulfuric acid (about 2 mL per
liter) and storing at 4 °C. Warm to room temperature before
testing. Adjust the sasmple to pH 8.2 if using the PhosVer method

finish. Correct results for volume additions.
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PHOSPHORUS, TOTAL, continued

Interferences

Summary of Method

For turbid samples, use 50 mL of sample and double the reagent
guantities. Use 25 mL of the reacted sample to zero the
instrument in the reactive phosphorus procedure. This
compensates for any color or turbidity destroyed by this
procedure. For alkaline or highly buffered samplesit may be
necessary to add additional acid in Step 3 to drop the pH of the
solution below 1.

Phosphates present in organic and condensed inorganic forms
(meta-, pyro- or other polyphosphates) must be converted to
reactive orthophosphate before analysis. Pretreatment of the
sample with acid and heat provides the conditions for hydrolysis
of the condensed inorganic forms. Organic phosphates are
converted to orthophosphate by heating with acid and persulfate.
Organically bound phosphates are thus determined indirectly by
subtracting the result of an acid hydrolyzable phosphorus test
from the total phosphorus result.

This procedure must be followed by one of the reactive
phosphorus (orthophosphate) analysis methods for determination
of the phosphorus content of the sample. If the ascorbic acid
(PhosVer 3) method is used to measure the reactive phosphorus,
this method is EPA approved for NPDES reporting.

The following reagents and apparatus are required besides those
required for the reactive phosphorus test.
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PHOSPHORUS, TOTAL, continued

REQUIRED REAGENTS

Quantity Required

Description Per Test Unit Cat. No.
Potassium Persulfate Powder PillOWS...........ccocovvicieeieeccniene. 1. 100/pKg ...eveveevene 2451-99
Sodium Hydroxide Solution, 5.0 N ......ccccccevivrceivecreece 2mL.....100 mL* MDB .... 2450-32
Sulfuric Acid SOlUution, 5.25 N ..o 2mL....100 mL* MDB .... 2449-32
REQUIRED APPARATUS

Cylinder, graduated, 25 ML .......cccceveieiierececeese e 2 (72 o I 508-40
Flask, Erlenmeyer, 5O ML .......ccovveieveieceeceese e Lo each....ccccoeeenee. 505-41
OPTIONAL REAGENTS

Hydrochloric ACid, 6 N ......cceeviiiceecee e 5101011 o| I 884-49
Sodium Hydroxide Solution, 5.0 N ......cccccvrirriiereceereeee e 1 I 2450-53
SUIFUFNIC ACI, ACS ...t 500mML ..vveeeeeeee 979-49
WWALEL, HEIONIZEM. ......eeeeee ettt e ettt e e e e e e et e e e e e e e et eeeeeeeesananees AL e, 272-56
OPTIONAL APPARATUS

Cylinder, graduated, 50 ML .......cccceieeeeeiicecce e eaCh....cccovuenen. 508-41
Flask, Erlenmeyer, 125 ML ......ccccciiieieeieceeeee et (72 P 505-43
Hot Plate, 10 cm (4 in.) diameter, 120 VaC........cccccecvevvveceece s each............. 12067-01
Hot Plate, 10 cm (4 in.) diameter, 240 VaC.........coccceeveeceevencee e ech.......... 12067-02
Pads, cooling, 10 X 10 CM (4 X 41N.) ceoveveeieeceeseecee e each............. 18376-00
pH Indicator Paper, 110 11 PH ...ovoeeiiieeieceesereseeeseeeias 5rolls/pkg ...cveveeennene 391-33
pH Meter, SenslON™ 1, POrtabIE .........c..oveeeeeeeeeeeeeeeeeeeeeeee e each............ 51700-10

* Contact Hach for larger sizes.
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PHOSPHORUS, ACID HYDROLYZABLE

Method 8180

Hydrolysisto Orthophosphate M ethod*

1. Measure 25 mL of
sample into a 50-mL (or
larger) Erlenmeyer flask
using a graduated
cylinder.

Note: Wash all glassware
with 6 N hydrochloric acid.
Rinse with deionized
water.

2. Add 2.0 mL of
5.25 N Sulfuric Acid
Solution.

Note: Use the 1-mL
calibrated dropper
provided.

30:00 minutes

3. Placetheflask (the
prepared sample) on a
hot plate. Bail gently for
30 minutes.

Note: Concentrate samples
to less than 20 mL for best
recovery. After
concentration, maintain
the volume near 20 mL by
adding small amounts of
deionized water. Do not
exceed 20 mL.

——

4. Cool the prepared
sample to room
temperature.

* Adapted from Standard Methods for the Examination of Water and Wastewater
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PHOSPHORUS, ACID HYDROLYZABLE, continued

~J

5. Add2.0mL of 50N 6. Pour the prepared

Sodium Hydroxide
Solution to the prepared
sample. Swirl to mix.

Note: Use the 1-mL
calibrated dropper
provided.

sample into a graduated
cylinder. Add deionized
water rinsings from the
flask to return the
volume to 25 mL.
Proceed with the
PhosVer 3 reactive
phosphorus test starting
with step 3 on page399.

Note: Results of the
reactive phosphorus test
at this point will include
the orthophosphate plus
the acid-hydrolyzable
(condensed) phosphate.
The condensed
phosphate concentration
is determined by
subtracting the results of a
reactive phosphorus test

on an untreated sample
from this result. Make sure
both results are in the
same units.

Sampling and Storage

Interferences

Summary of Method

The most reliable results are obtained when samples are analyzed
immediately. If prompt analysisis not possible, samples may be
preserved up to 48 hours by cooling to 4 °C (39 °F). Warm to
room temperature before testing.

If the sampleisturbid, use 50 mL of sample and double the
reagent volumes. Use 25 mL of the hydrolyzed sample to zero the
instrument in the reactive phosphorus procedure. This
compensates for any turbidity dissolved by this procedure.

This procedure lists the necessary steps to convert condensed
phosphate forms (meta-, pyro- or other polyphosphates) to
reactive orthophosphate before analysis. The procedure uses acid
and heat to hydrolyze the sample. Organic phosphates are not
converted to orthophosphate by this process, but avery small
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PHOSPHORUS, ACID HYDROLYZABLE, continued

fraction may be unavoidably included in the result. Thus, the
“acid hydrolyzable’ phosphate results are primarily a measure of
inorganic phosphorus. This procedure must be followed by one of
the reactive phosphorus (orthophosphate) analysis methods for
determination of the phosphorous content of the sample.

The following reagents and apparatus are reguired in addition to
those required for the reactive phosphorus test.

REQUIRED REAGENTS

Quantity Required

Description Per Test Unit Cat. No.
Sodium Hydroxide Solution, 5.0 N ......cccceovevviveeveccieeen, 2mL.....100 mL* MDB.....2450-32
Sulfuric Acid Solution, 5.25 N .....cccceveveiieve e, 2mL ......100mL* MDB ....2449-32
REQUIRED APPARATUS

Cylinder, graduated, 25 ML .......ccccceeveiievieece e 2 each.....c.ccoueee. 508-40
Flask, Erlenmeyer, 5OML ....ccccceveieeiee e Lo, €aCh.....cccveenne. 505-71
OPTIONAL REAGENTS

Hydrochloric ACid, BN .....ccoveiieie e 500mL oo 884-49
WaLEr, AEBIONIZEA ...ttt e e et e e e e e e e e e e e s s e e s eenreeeees AL i, 272-56
OPTIONAL APPARATUS

Cylinder, graduated, 50 ML ......ccceceiiiieeir e each....cococeeiiin, 508-41
Flask, Erlenmeyer, 125 ML .....cccooceiieiiiie e €aCh.....cccoveennn. 505-43
Hot Plate, 4" diameter, 120 VAC ........cceeeeiiiiieie e eaCh.............. 12067-01
Hot Plate, 10 cm (4 in.) diameter, 240 VaC .........cccccevveecevevieesiee e each.............. 12067-02
Pad, cooling, 10X 10 CM (4 X 4N, cccveveeceeeeie e each.............. 18376-00
pH indicator Paper, 110 11 pH ..ooeveieie e 5rolls/pkg....ccccvvvnneneee 391-33
pH Meter, SenslON™1, pOrtable...........oc.eveeeeeeeereeiereeceereeeeeeesees e, each.............. 51700-10

* Contact Hach for larger sizes.

397



398



PHOSPHORUS, TOTAL

Method 8048

PhosVer 3 Ascorbic Acid Method* USEPA Accepted for wastewater analysisreporting
Range: Liquids- 0.16-12500 mg/L ; Solids- 12.5-125000 mg/kg

/ o =
Digest
Sample

3. Fill asecond 10-mL 4. Add the contents of

1. Select sample
amount from tables
following these steps.
Digest the sample
according to the
procedure in Section 3.

Note: If sample cannot be
analyzed immediately
after collection, see
Sampling and Storage
following these steps.

Note: The Digesdahl is
not a USEPA approved
digestion. Samples
digested using the
Digesdahl may not be
used for reporting. For
reporting purposes, use
the Acid Persulfate
procedure, Hach Method
8190.

2. Usetheanalysis
volume in the same
table. Pipet the sample
analysisvolumeinto a
10-mL mixing cylinder.
If the aliquot is more
than 0.2 mL, adjust the
pH (see the note below).
Dilute to the 10-mL
mark with deionized
water.

Note: Adjust the pH to 8.2
for the PhosVer method
finish.

graduated mixing
cylinder with deionized
water (the blank).

one PhosVer 3

Reagent Powder Pillow
(for 10-mL samples) to
each cylinder.

Stopper the cylinders
and invert to mix.

Note: A blue color will
develop if phosphate is
present.

Note: Not all the powder
will dissolve.

* Adapted from Standard Methods for the Examination of Water and Wastewater. Procedure is
equivalent to USEPA Method 365.2 and Standard Method 4500-P-E for wastewater.
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PHOSPHORUS, TOTAL, continued

5. Pour the contents of
each cylinder into
separate 10-mL sample
cells.

9. Usethe equation
below the phosphorus
Sampleand Analysis
Volume Tablesto
calculate the true
phosphate concentration.

Note: For solid samples,
express results as mg/kg,
not mg/L.

HRS MIN SEC

6. Begin atwo minute
reaction period.

7. After thetimer
beeps, placethe blank in
the cell compartment.
Zero theinstrument with
the blank, using the
settings bel ow.

DR/800s
Program No. 79

DR/2010
Program No. 490
890 nm

DR/4000
Program No. 3025
890 nm

400

8. Placethe samplein
the cell compartment.
Read the mg/L
phosphate.

Note: The final solution
will contain molybdenum.
Use proper disposal
procedures.



PHOSPHORUS, TOTAL, continued

Sample and Analysis Volume Tables
Choose sample and analysis volumes based on expected
concentration in the sample.The values in these tables reflect the
narrowest concentration range for the DR/4000, DR/2010 and
DR/800s. Differences between these tables and those in the
Digesdahl Manual are dueto calculations based on a different set
of instruments.

Liquids
Cone. mgll) | Amount (L) | volume (mi) | D10
0.16-7.8 40.0 8.00 10 mL
0.7-31 20.0 4.00 10 mL
2.5-125 10.0 2.00 10 mL
25-1250 5.00 0.40 10 mL
250-12500 1.00 0.20 10 mL
Solids
Spectea s | aomite | o | owero
12.5-625 0.500 8.00 10 mL
32-1560 0.400 4.00 10 mL
85-4150 0.300 2.00 10 mL
625-31250 0.200 0.40 10 mL
2500-125000 0.100 0.20 10 mL

Calculation For Final Concentration:

Ax1000 _ mg/L or mg/kg Total Phosphorus
BxC

A = mg/L reading from instrument

B = g or mL sample amount from table

C = mL analysis volume from table
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PHOSPHORUS, TOTAL, continued

Sampling and Storage

Accuracy Check

Collect samplein plastic or glass bottles that have been cleaned
with 1:1 Hydrochloric Acid Solution and rinsed with deionized
water. Do not use commercia detergents containing phosphate
for cleaning glassware used in phosphate analysis.

Analyze samplesimmediately after collection for best results. If
prompt analysisisimpossible, preserve samples for up to
48 hours by filtering immediately and storing sasmples at 4 °C.

Standard Additions M ethod

a. Perform the phosphorus method and note the analysis
volume and the mg/L phosphate of the sample.

b. Pipet the same analysis volume into three 10-mL
graduated mixing cylinders.

c. Snap the neck off a Phosphate Voluette Ampule Standard
Solution, 50 mg/L PO,3..

d. Usethe TenSette Pipet to add 0.1 mL, 0.2 mL, and
0.3 mL of standard, respectively, to the three mixing
cylinders. Dilute to 10 mL. Stopper each and mix
thoroughly.

e. Analyze each standard addition sample as described in
the procedure. The phosphate concentration should
increase 0.5 mg/L for each 0.1 mL of standard added.

f. If theseincreases do not occur, an interferenceis likely.

Standard Solution M ethod

Prepare a 2.0 mg/L PO43 standard solution by pipetting 4.0 mL
of Phosphate Standard Solution, 50 mg/L as PO43-, into a
100-mL volumetric flask. Dilute to volume with deionized water.
Stopper and invert to mix. Use this solution in place of the sample
in the procedure to ensure the accuracy of the test. The mg/L
PO,3 reading should be 2 mg/L.
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PHOSPHORUS, TOTAL, continued

I nterferences

Summary of Method

Large amounts of turbidity may cause inconsistent resultsin the
phosphate tests because the acid present in the powder pillow
may dissolve some of the suspended particles and because of
variable desorption of orthophosphate from the particles.

For highly turbid or colored samples, add the contents of one
Phosphate Pretreatment Powder Pillow to 10 mL of sample.
Mix well. Use this solution to zero the instrument instead of a
reagent blank.

The PhosVer 3 Phosphate reagent Powder Pillows should be
stored in acool, dry environment.

The following may interfere when present in concentrations
exceeding these listed bel ow:

Aluminum 200 mg/L
Chromium 100 mg/L
Copper 10 mg/L*
Iron 100 mg/L*
Nickel 300 mg/L
Silica 50 mg/L
Silicate 10 mg/L
Zinc 80 mg/L

* Copper and iron may be measured by diluting the sample 1:20 and
using Water Quality Copper Test Strips (Cat. No. 27451-25) or Water
Quality Iron Test Strips (Cat. No. 274530-25).

Arsenate interferes.

Orthophosphate reacts with molybdate in an acid medium to
produce a Phosphomolybdate complex. Ascorbic acid then
reduces the complex, giving an intense molybdenum blue color.
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PHOSPHORUS, TOTAL, continued

REQUIRED REAGENTS

Quantity Required
Description Per Test Unit
PhosVer® 3 Phosphate Reagent Powder Pillows
10 ML SAMPIE SIZE ..o e 2. 100/pkg
WaLer, EIONIZEM. .......eeee ettt e e e varies........... 4L
REQUIRED APPARATUS
Cylinder, graduated, mixing, 10 ML ........ccccecvieeveieieeeeeee 2 each
Select one or more based an sample amount and analysis volume:
Pipet, volumetric, Class A, 8.0 ML ......cccocveveeciviieiece e, i each
Pipet, volumetric, Class A, 4.0 ML ......cccocveveeveieceece e, i each
Pipet, volumetric, Class A, 20 ML ......ccoovveveeveveciece e, i each
TenSette Pipet, 0.1-1.0 ML ..coviiiieeeee e Lo, each
Pipet Tips, for 19700-01 .......ccccovereriienieeeesese e 1o 50/pkg

OPTIONAL REAGENTS

Hydrochloric Acid Standard Solution, 6.0 N (1:1) .....ccccvevieevieennne 500 mL
Phosphate Pretreatment Powder PiIllOWS ..........cccooovveeveniccccecees 100/pkg
Phosphate Standard Solution, Voluette ampule,

50 MQ/L @S PO, 10 ML .ot seenes 16/pkg
Phosphate Standard Solution, 50 mg/L asPO43-.........ccccereveereneurenens 500 mL
Phosphate Standard Solution, 1 mg/L asPO43 ........cccovevrenireeneeeen. 500 mL
Water Quality Test Strips, total iron ........ccocceveeievereeee e, 25/pkg
Water Quality Test Strips, total COPPEN ......ccvvvveereeeeiecice e 25/pkg
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PHOSPHORUS, TOTAL, continued

OPTIONAL APPARATUS

Description Unit Cat. No.
Filter Holder, 47 mm, 300 mL, graduated...........cccccceeverrinsiericnsie e each.............. 13529-00
Filter, membrane, 47 mm, 0.45 MICIONS.......ccceeeveveeeeeeee e 100/pkg......c.n..... 13530-01
Flask, filtering, 500 ML .......ccccceiieiieiieiie e s each.....ccccevunee. 546-49
Flask, volumetric, Class A, 100 ML ......cccocveieieeiieceee e each.............. 14574-42
pH Indicator Paper, 1t0 L1 pH......cccoccveeevecee e 5rollgpkg.....ccccvenee. 391-33
pH Meter, senslON™1, pOrtable...........oc.eveeeeeeveceeereeeeereeeseeeseeeseenseene, each.............. 51700-10
Pipet, 2 ML SErOlOgiCal.......ccoeiuiieeeieeriereese e each...ooeenennn. 532-36
Pipet, TenSette®, 1.0 10 10.0 ML ....cucueviuevererercrereiereereaerceeee e eaCh....ccou..... 19700-10
Pipet Tips, for 19700-10 TenSette® Pipet ........cccocveevereeeerereeieeereeenn. 50/pKkg......cuee. 21997-96
Pipet Tips, for 19700-10 TenSette® Pipet.........ccocveeveveeerereeeeeeenn. 250/pKkg.......c..... 21997-25
Pipet, TenSette®, 0.1t0 1O ML .ocvcvvicrcrereeeeceeeeee e each.............. 19700-01
Pipet Tips, for 19700-01 Tensette® PIPet........cccocereriereerererereeeeennnn. 50/pKg..eceeeenene 21856-96
Stopper, NO. 7, 0NE NOIE.......ooviecie e 6/pKg....cveeenne 2119-07
Thermometer, -10 10 110 CC....ummeiiee it r e e e e e s reeaaeeeee s each...ooeee.. 1877-01
TUbING, TUDDEN ... e 12 feet.nnnnnnnnnne. 560-19
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Method 8190
PHOSPHORUS, TOTAL

PhosVer 3 Test ‘N Tube With Acid Per sulfate Digestion*
USEPA accepted for reporting wastewater analysis**
Range: 0.00-3.50 mg/L PO43

1. Turnonthe COD 2. Add5mL of sample 3. Usingafunnel,add 4. Captightly and

Reactor. Heat to 150 °C. to aTotal and Acid the contents of one shake to dissolve.
Placethe plastic shield  Hydrolyzable Test Vial. Potassium Persulfate
in front of the reactor. ) Powder Pillow for
Note: For unpreserved .
Note: Ensure safety samples with extreme pH, Phosphonate to the vial.
devices are in place to see Interferences

protect the analyst from  following these steps.
splattering should leakage

Note: Run areagent blank
occur.

for this test using

Note: See COD Reactor deionized water in place of
manual for temperature  the sample. Subtract the
adjustment instructions.  blank value from tests
results. Repeat for each
new lot of reagents.

||

5. Heat thevial for 6. Carefully removethe 7. After cooling, 8. Add2mL of 1.54 N

30 minutes. vial from the reactor. remove the cap from the Sodium Hydroxide
Placeit in atest tube vial. Standard solution to the
rack and alow to cool to vidl.

room temperature.

Note: Tubes will be hot.

* Adapted from Standard Methods for the Examination of Water and Wastewater.
** Procedureis equivalent to USEPA method 365.2 and Standard Method 4500-P B, 5 and PE.
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PHOSPHORUS, TOTAL, continued

9. Captightly and
shake to mix.

10. Placethe COD
Vial Adapter into the
cell holder.

13. Zerotheinstrument 14. Removethevia

with thevial, using the
settings bel ow.

DR/800s
Program No. 82

DR/2010
Program No. 535
890 nm

DR/4000
Program N0.3036
890 nm

from the instrument.

Note: For multiple
samples from the same
source, zero only on the
first sample. Read the
remaining samples after
adding the PhosVer 3
reagent. Subtract the
PhosVer 3 reagent blank
value from each reading.

11. Cleanthe outside
of thevial with atowel.

Note: Wiping with a
damp towel, followed by
a dry one, will remove
fingerprints or other
marks.

15. Using afunnel,
add the contents of one
PhosVer 3 Phosphate
Reagent Powder Pillow
tothevid.

408
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12. Placethe sample
via in the adapter. Place
the cover on the adapter.

16. Captightly and
shake for 10-15 seconds.

Note: The powder will not
completely dissolve.



PHOSPHORUS, TOTAL, continued

HRS MIN SEC
T 1) .
,’

17. Beginatwo-minute 18. After the timer 19. Placethe prepared

reaction period. beeps, wipethe outside samplevial into the
of thevial with atowel. adapter. Read the mg/L
phosphate.
IMPORTANT NOTE:
The test range for total

phosphateis limited to
0to 3.5mg/L PO43.
Values above 3.5 mg/L
may be used to estimate
dilution ratios, but
should NOT be used for
reporting purposes. If a
test overranges, dilute
the sample and repeat
the digestion and
colorimetric testing

for accurate results.

Sampling and Storage
Collect samplesin plastic or glass bottles that have been acid
cleaned with 1:1 Hydrochloric Acid Solution and rinsed with
deionized water. Do not use commercial detergents containing
phosphate for cleaning glassware used in this test.

Analyze samplesimmediately after collection for best results.

If prompt analysisisimpossible, preserve the sample for up to
28 days by adjusting the pH to 2 or less with concentrated sulfuric
acid (about 2 mL per liter) and refrigerating at 4 °C. Before
analysis, warm to room temperature and adjust the pH to 7.

Correct results for volume additions.
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PHOSPHORUS, TOTAL, continued

Accuracy Check

I nterferences

Standard Additions M ethod

a. Fill three 25 mL graduated mixing cylinders with 25 mL
of sample.

b. Snap the neck off a Phosphate Voluette Ampule
Standard, 50 mg/L as PO43-.

c. Usethe TenSette Pipet to add 0.1 mL, 0.2 mL and
0.3 mL, respectively, to the three 25-mL aliquots of a
water sample. Mix well.

d. Analyze samplesfrom Step C as described in the
procedure; use 5 mL of the prepared sample for each test.
The concentration should increase as follows: 0.20 mg/L,
0.40 mg/L, 0.60 mg/L PO43, respectively.

e. If theseincreases do not occur, an interferenceislikely.

Standard Solution Method

To check accuracy, use a1.0 mg/L Phosphate Standard Solution
listed under Optional Reagents. Or, this can be prepared by
pipetting 2 mL of solution from a Voluette Ampule Standard for
Phosphate, 50 mg/L as PO43-, into aClass A 100-mL volumetric
flask. Dilute to the mark with deionized water. Substitute this
standard for the sample and perform the procedure as described.
The mg/L PO43 reading should be 1.0 mg/L.

Large amounts of turbidity may cause inconsistent resultsin the
test because the acid present in the powder pillows may dissolve
some of the suspended particles and because of variable
desorption of orthophosphate from the particles.

The PhosVer 3 Phosphate Reagent Powder Pillows should be
stored in acool, dry environment.
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PHOSPHORUS, TOTAL, continued

The following may interfere when present in concentrations
these listed below:

Aluminum 200 mg/L
Chromium 100 mg/L
Copper 10 mg/L*
Iron 100 mg/L*
Nickel 300 mg/L
Silica 50 mg/L
Silicate 10 mg/L
Sulfate 90 mg/L
Zinc 80 mg/L

* Copper and iron may be measured by diluting the sample 1:20 and
using Water Quality Copper Test Strips (Cat. No. 27451-25) or Water
Quality Iron Test Strips (Cat. No. 274530-25).

Arsenate interferes at all levels.

Highly buffered samples or extreme sample pH may exceed the
buffering capacity of the reagents and require sample
pretreatment.

Sample Disposal | nformation
The phosphate vials will contain molybdenum, whichisa
regulated substance. Also, the pH of these solutionsislessthan 2.
Follow all Federal, state and local regulations for disposal.

Summary of Method
Phosphates present in organic and condensed inorganic forms
(meta-, pyro- or other polyphosphates) must be converted to
reactive orthophosphate before analysis. Pretreatment of the
sample with acid and heat provides the conditions for hydrolysis
of the condensed inorganic forms. Organic phosphates are
converted to orthophosphates by heating with acid and persulfate.

Orthophosphate reacts with molybdate in an acid medium to
produce a phosphomolybdate complex. Ascorbic acid then
reduces the complex, giving an intense molybdenum blue color.
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PHOSPHORUS, TOTAL, continued

REQUIRED REAGENTS

Description Cat. No.
Total Phosphorus Reagent Set, (50 tESES) ... ccovriieieieeieeeee e 27426-45
Includes: 50 PhosVer® 3 Phosphate Powder Pillows, 50 Potassium Persulfate for

Phosphonate Powder Pillows, 100 mL 1.54 N Sodium Hydroxide, 50 Total and Acid
Hydrolyzable Test Vials.

REQUIRED APPARATUS

Quantity Required
Description Per Test Unit Cat. No.
COD Via Adapter, DR/2010......ccccccovreeeiereseseseeeneeseneneens Lo, each............ 44799-00
COD Via Adapter, DR/A000...........cccoreeeerieniinierieieneeseseneens Lo each............ 48189-00
COD Via Adapter, DR/800.........cccourereeieierenierienieseeseseniens Lo each............ 48464-00
COD Reactor, 120/240 Vac (U.S.A. and Canada) .................. Lo eaxch........... 45600-00
COD Reactor, 120/240 Vac (EUrope) .......ccceeereeeneneseeneeneenn 1o, each............. 45600-02
FUNNEL, MICTO et e e | each............. 25843-35
Safety Shield, laboratory bench...........coooeeeiiieieiiee i T each............. 50030-00
TeSt TUDE RECK........ciiiiiriesieeeeree e 1-3. each............. 18641-00
Pipet, TenSette®, 110 10 ML ..c.ccveveecrereieeceecve e Lo each............. 19700-10
Pipet Tips, for 19700-10 TenSette® Pipet..........cccceveveveveennnes 2, 50/pkg.......c..... 21997-96
OPTIONAL REAGENTS
Hydrochloric Acid Standard Solution, 6.0 N (1:1) ....ccccovevvviveennene 500ML ..cooeveiee 884-49
Phosphate Standard Solution, 1 mg/L asPO43 ........cccovevrenirreneeenens 500ML .coeenreee.. 2569-49
Phosphate Standard Solution, Voluette™ Ampule,
50 MY/L @S PO43, 10 ML ..ot 16/pKg ..veveerree 171-10
Sodium Hydroxide Standard Solution, 5N ......cccceeeiiiiiieve e i 1 IR 2450-53
SUITUIIC ACI, ACS.....o e 500 ML ..cveveirene 979-49
Sulfuric Acid Standard Solution, 1.000 N .........cccecviiririneieinineneeens 1L s 1270-53
Total Acid Hydrolyzable Phosphorus Reagent Set, 50 tests.................... each............. 27427-45
VAT (S A (S0 aT4<. o I AL e 272-56
Water Quality Test Strips, total COPPEY .......ccvvvrrererreieeirese e 25/pKg e 27451-25
Water Quality Test Strips, total iron ........ccccceveeve v, 25/pkg.....c....... 27453-25
OPTIONAL APPARATUS
Cylinder, graduated, miXing, 25 ML .......ccccvevieevereiee e each............. 20886-40
Flask, volumetric, Class A, 100 ML ....oovveeriieeeeeeeee e eeeeeeeeee e e e e eeeneee e e each........... 14574-42
pH Indicator Paper, 1 t0 11 pH UNItS .....ccveiviirineieieeeeeeeeeeie 5rolls/pkg ..o 391-33
pH Meter, SenslON™L, POrtable ..........oveevveeeeceeereeeeeee e each............. 51700-10
Pipet Filler, safety BUID .......cccooiiieee e, each............. 14651-00
Pipet, volumetric, Class A, 5.00 ML .....ccocvevievieiieiese e each............ 14515-37
Pipet, volumetric, Class A, 200 ML ....ccocveveevieiieeece e e each............. 14515-36



PHOSPHORUS, TOTAL, High Range

Method 10127

M olybdovanadate M ethod, Test ‘N Tube Procedur e*

Range: 0.0 to 100.0 mg/L PO,3

1. Turnonthe COD
Reactor. Heat to to add 5.0 mL of

150 °C. Placethe plastic deionized water to a
shield in front of the Total and Phosphorus
reactor. Test Vial (the blank).

Note: Ensure safety
devices are in place to
protect the analyst

if splattering or leakage
occurs.

to add 5.0 mL of sample
to aTotal and
Phosphorus Test Vial
(the sample).

6. Placetheviasinthe
COD reactor. Heat for
30 minutes at 150 °C.

5. Captightly and
shake to dissolve.

7. Carefully removethe
vials from the reactor.
Place them in atest tube
rack and allow to cool to
18-25 °C.

Note: Tubes will be hot.

2. UseaTenSette Pipet 3. UseaTenSette Pipet 4. Using afunnel, add

the contents of one
Potassium Persulfate
Powder Pillow for
Phosphonate to each
vial.

8. Usea TenSette Pipet
toadd 2.0 mL of 1.54 N
sodium hydroxide to
each vial.

Cap and invert to mix.

* Adapted from Standard Methods for the Examination of Water and Wastewater.
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PHOSPHORUS, TOTAL, High Range, continued

0
LI_fi_f 1
HRS MIN SEC e
] i .
=
9. Beginaseven 10. Placethe COD 11. Cleantheoutside 12. Placethe sample
minute reaction period  Via Adapter into the of thevialswith atowel. vial in the adapter. Place
cell holder. the cover on the adapter.

Note: Wiping with a
damp towel, followed by
a dry one, will remove
fingerprints or other
marks.

¥

Q

13. Zerotheinstrument 14. Place the prepared
with thevial, usingthe  samplevid into the
settings bel ow. adapter. Read the mg/L

DR/800s phosphate.
Program No. 87

DR/2010
Program No. 541
420 nm

DR/4000
Program No. 3040
420 nm
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PHOSPHORUS, TOTAL, High Range, continued

Sampling and Storage
Collect sasmplesin plastic or glass bottles that have been acid
cleaned with 1:1 Hydrochloric Acid Solution and rinsed with
deionized water. Do not use commercial detergents containing
phosphate for cleaning glassware used in this test.

Analyze samplesimmediately after collection for best results.

If prompt analysisisimpossible, preserve the sample for up to
28 days by adjusting the pH to 2 or less with concentrated H,SO,4
(about 2 mL per liter) and storing at 4 °C. Warm the sample to
room temperature and neutralize with 5.0 N NaOH before
analysis. Correct results for volume additions.

Accuracy Check

Note: Clean glassware Standard Additions M ethod

with 1:1 hydrochloric acid

solution. Rinse again with a. Fill each of three 10-mL graduated mixing cylinderswith
deionized water. Do not 10 mL of sample.

use detergents containing

pIhOSF’hates to clean b. Snap the neck off a10-mL Voluette Ampule of Phosphate
gassware. Standard Solution, 500 mg/L as PO,3-.

c. UseaTenSette Pipettoadd 0.1 mL, 0.2 mL and 0.3 mL,
respectively, to the three 10-mL aliquots of the water
sample prepared in step a Mix well.

d. Anayze samplesfrom step ¢ as described in the
procedure. Use 5.0 mL of the prepared sample for each
test. The concentration should increase: 5 mg/L,

10 mg/L, and 15 mg/L PO43-, respectively.

e. If theseincreases do not occur, an interferenceislikely.

Standard Solution M ethod

To check accuracy, prepare a 80-mg/mL standard by pipetting
8.0 mL of solution from a Voluette Ampule of Phosphate
Standard Solution, 500 mg/L as PO43 into an acid-cleaned,
Class A, 50-mL volumetric flask. Dilute to the mark with
deionized water. Substitute this standard for the sample and
perform the procedure as described.

415



PHOSPHORUS, TOTAL, High Range, continued

I nterferences

Large amounts of sample turbidity may cause inconsistent results
in the test because the acid present in the reagents may dissolve
some of the suspended particles and because of variable
desorption of orthophosphate from the particles.

The following may interfere when present in concentrations
exceeding these listed bel ow:

Interfering Substance

Interference Level and Treatment

Arsenate

Causes positive interference if the sample is heated.*

Iron, ferrous

Blue color caused by ferrous iron does not interfere if iron
concentration is less than 100 mg/L.

Molybdate

Causes negative interference above 1000 mg/L.

Silica

Causes positive interference if the sample is heated.*

Extreme pH or highly
buffered samples

May exceed buffering capacity of the reagents. See pH Interferences in
Section | of the DR/2010 Procedures Manual. Samples may require
pretreatment. Sample pH should be about 7.

Fluoride, thorium, bismuth,
thiosulfate or thiocyanate

Cause negative interference

Temperature

Cold samples — cause a negative interference. For example, a sample
at a temperature of 13 °C (55 °F) has a reaction time of 15 minutes.

Hot samples — cause a positive interference. For example, a sample at
a temperature of 33 °C (91 °F) has a reaction time of 2 minutes.

The following do not interfere in concentrations up to 1000 mg/L:

Pyrophosphate, tetraborate, selenate, benzoate, citrate, oxalate, lactate, tartrate, formate, salicylate,
Al3+, Fe3+, Mg2+, CaZ*, Ba2+, Sr2*, Li+, Nat, K*, NH,*, Cd2*, MnZ*, NOg", NO,", SO,42, SO32, PbZ*,
Hg*, Hg2*, Sn2*, Cu2+, Ni2*, Ag*, U4, Zr4*, AsOg, Br-, CO52,, CIO,7, CN-, 1057, SiO44-.

* Gentle warming of the sample to reach room temperature will not cause this substance to interfere.
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PHOSPHORUS, TOTAL, High Range, continued

Sample Disposal Information

The final sampleswill contain molybdenum. In addition, the final
samples will have a pH less than 2 and are considered corrosive
(D002) by the Federal RCRA. Consult the Material Safety Data

Sheet for information specific to the reagents used.

Summary of Method

Phosphates present in organic and condensed inorganic forms

(meta-, pyro- or other polyphosphates) must be

converted to

reactive orthophosphate before analysis. Pretreatment of the
sample with acid and heat provides the conditions for hydrolysis
of the condensed inorganic forms. Organic phosphates are
converted to orthophosphates by heating with acid and persulfate.

Orthophosphate reacts with molybdate in an aci

d medium to

produce a phosphomolybdate complex. In the presence of
vanadium, yellow vanadomolybdophosphoric acid forms.
The intensity of the yellow color is proportional to the

phosphate concentration.

REQUIRED REAGENTS

Description Cat. No.
Total High Range Phosphorus Test 'N Tube™ Reagent Set, 50 vials.......cccccevveveennee. 27672-45
Includes: (50) Total and Phosphorus Test Vials*, (2) 272-42, (1) 20847-66

(1) 20760-26, (1) 27430-42

Quantity Required

Description Per Test Unit Cat. No.
Molybdovanadate Reagent ...........ccccvevveveieevevc e 05mL....25mL.............. 20760-26
Potassium Persulfate Powder PillOWS ..........cccocvviiiivcieceennn 1o 50/pKg....cccrvne. 20847-66
Sodium Hydroxide Solution, 1.54 N.........ccccceevievieiinnnnen, 2mL ... 100 mL.............. 27430-42
Total and Phosphorus Test Vials ........coccveveieenincneieceneen 1o (071 0/( FHRRR *
Water, deionized..........cccovvevieiiie e 100mL ...... Vari€sS....cooevvueenenn 272-42

* These items are not sold separately.
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PHOSPHORUS, TOTAL, High Range, continued

REQUIRED APPARATUS

Quantity Required
Description Per Test Unit
COD Reactor, 115/230 Vac (U.S.A. and Canada) .................. Lo each
COD Reactor, 115/230 Vac (EUrope) .......ccceevreeneeneseeneeneenn 1o each
COD Via Adapter, DR/2010.........cccceieiieeereereese e T, each
COD Via Adapter, DR/A000...........ccccrerereenenineresieneesisennens Lo each
COD Via Adapter, DR/800.........ccoeurerenienenenenenesiesieeenens Lo each
Dropper, LDPE, 0.5-1.0 ML ....cccceevicrceee e 1o 20/pkg
Pipet, TenSette®, 110 10 ML ...cvcvevevevereeeeeee e Lo, each
Pipet Tips, for 19700-10 TenSette® Pipet........cccocvvveeeeieerennes 2 e 50/pkg
Safety Shield, laboratory bench...........coocoeeeiiieieni i each
TeSt TUDE RECK........eeiieiriisieeerer e 13 each
OPTIONAL REAGENTS
Hydrochloric Acid Standard Solution, 6.0 N (1:1) ....ccccovevvvvveenene 500mL
Phosphate Standard Solution, PourRite™ ampule,
500 MQ/L @S PO, 2 ML .ot 20/pkg
Phosphate Standard Solution, Voluette™ Ampule,
500 MG/L @SPO43", L0 ML ..eeuieeiiririeieercseireeieeseee et 16/pkg
Sodium Hydroxide Standard Solution, 5.0 N .......cccevirveevievee e, 1L
Sulfuric Acid, ACS, CONCENrae........ccevveerereriieeees e 500 mL
OPTIONAL APPARATUS
AMPUIE Breaker Kil......covooi et s each
ASDITELOr, VBCUUIM .....ouvieeeeeetecte et eeestestesaee s e stesseesaestesreeseensessesneeneessensenns each
Cylinder, graduated, mixing, 10 mL (3 required) .........ccceeeveeeenereennnne each
Filter Holder, 47 mm, 300 mL, graduated ..........c.cccceeveeveeriercieevee e, each
Filter, membrane, 47 mm, 0.45 MICIONS..........cceeeeeirveeie e 100/pkg
Flask, filtering, 500 ML .....cceciieiie et re et re e s each
Flask, volumetric, Class A, 50 ML .....cccoveieinenineieee s each
pH Indicator Paper, 110 11 pH UNItS ......covvniveiiiniiniiniiie, 5rolls/pkg
pH Meter, senSION™L, portable ........ccccoeviieeieieceese e e each
Pipet Filler, Safety BUID........ccooveiieiieeeece e each
Pipet, TENSette®, 0.110 1.0 ML ...cvcvevevererererceeeierere et each
Pipet Tips, for 19700-01 ........cooeieieeere e 50 pkg
Pipet, volumetric, Class A, 8.00 ML .....ccccceevvevieiieieie s each
Stopper, NO. 70N€ NOIE......cuiieeeee e 6/pkg
BN o1 g0 R 0o o= S 12 feet
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POTASSIUM

M ethod 8049

Tetraphenylborate Method
Range: Liquids- 4-30000 mg/L ; Solids- 250-350000 mg/K g

Digest Sample

2. Select sample
amount from tables
following these steps.
Digest the sample
according to the
procedure in section 3.

1. This procedure
requires a user-entered
calibration before
sample measurement.
Seethe User-Calibration
Section in the DR/2010

Note: If sample cannot be
analyzed shortly after
sampling, see Sampling
and Storage following

Spectrophotometer
instrument manual and
Preparing Calibration
Sandards on page 423.

/

3. Usetheandysis
volume in the same
table. Pipet the sample
analysisvolumeinto a
25-mL mixing cylinder.
If the aliquot is more
than 0.5 mL, adjust the
pH according to the

4. Add the contents
of one Potassium 1
Reagent Pillow to the
sample. Add

the contents of one
Potassium 2 Reagent
Pillow to the sample.
Stopper. Invert several

instruction following the timesto mix.

digestion method.

Note: Fllter highly colored
or turbid samples. Use the
filtered sample in this step
and step 9.
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POTASSIUM, continued

(EEEED | N

HRS MIN SEC
(1]

5. After the solution 6. Beginathree-minute 7. Pour the solution 8. When the timer

clears, add the contents  reaction period. from the cylinder into beeps, fill a second

of one Potassium 3 asample cell (the sample cell (the blank)
Reagent Pillow Stopper. prepared sample). with 25 mL of sample.
Shake for 30 seconds. Placeit into the cell
Note: A white turbidity will holder.

form if potassium is Note: For clear samples
present. with low turbidity, use a

reagent blank to zero the
instrument instead of a
sample blank.

9. Zerotheinstrument 10. Placethesamplein 11. Usethe equation
with the blank, using the the cell holder. Read the below the Potassium

settings bel ow. %T and determinethe  Sample and Analysis
mg/L potassium from Volume Tables to

grl?)/ ?2213N0 NA the calibration curve.  calculate the true

9 : potassium concentration.

DR/2010 ) Note: For solid samples,

Program No. is express results as mg/kg,

User Entered not mg/L.

650 nm

DR/4000

Program No. is

User Entered

650 nm
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POTASSIUM, continued

Sample and Analysis Volume Tables

Choose sample and analysis volumes based on expected
concentration in the sample. The values in these tables reflect the
narrowest concentration range for the DR/4000, DR/2010 and
DR/800s. Differences between these tables and those in the
Digesdahl Manual are dueto calculations based on a different set
of instruments.

Liquids
Cone. (mall) | Amount(mL) | volume (my | DluteTo
4-20 40.0 20.0 25 mL
15-80 20.0 10.0 25 mL
60—300 10.0 5.00 25 mL
200-1000 5.0 3.00 25 mL
600—3000 5.00 1.00 25 mL
2000-10000 3.0 0.50 25 mL
6000—30000 1.00 0.50 25 mL
Solids
Cone. (maike) | Amount @ | volume myy | DluteTo
250-1750 0.500 20.0 25 mL
625-4375 0.400 10.0 25 mL
1680-11600 0.300 5.00 25 mL
12500-87500 0.200 1.00 25 mL
50000-350000 0.100 0.50 25 mL

Calculation For Final Concentr ation:

A x 2500

—=—— = mg/L or mg/kg Total K
BxC g g/kg

A = mg/L reading from instrument

B = g or mL sample amount from table

C = mL analysis volume from table
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POTASSIUM, continued

Sampling and Storage

Accuracy Check

Collect samplesin acid-washed plastic bottles. Adjust the pH to 2
or lesswith nitric acid (about 2 mL per liter). Preserved samples
may be stored at least six months at room temperature. Adjust the
pH to 4 to 5with 5.0 N sodium hydroxide before analysis. Do not
measure pH in the sample container with a pH electrode, asthis
will introduce potassium from the filling solution. Use pH paper
or pour off sample and test pH in a separate beaker. Correct the
test result for volume additions.

Standard Addition Method

a. Perform the potassium procedure and note the analysis
volume used and the mg/L potassium.

b. Pipet the same analysis volume into three 25-mL
graduated mixing cylinders.

C. Snap the neck off a Potassium Voluette Ampule Standard
Solution, 250 mg/L.

d. Usethe TenSette Pipet to add 0.1, 0.2, and 0.3 mL of
standard to three 25-mL samples. Mix each thoroughly.

e. Analyze each sample as described above. The potassium
concentration should increase 1.0 mg/L for each 0.1 mL
of standard added.

f. If theseincreases do not occur, an interferenceis likely.

Standard Solution Method

Check accuracy with a5.0 mg/L Potassium Standard Solution
(see OPTIONAL REAGENTYS). Or, prepare this standard by
diluting 5.00 mL of a 1000-mg/L Potassium Standard Solution to
one liter with deionized water.
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POTASSIUM, continued

Preparing Calibration Standards
Make calibration standards using a 100 mg/L Potassium Standard
Solution and Class A 100-mL volumetric flasks and pipets. Use at
least five standards prepared according to the following table.
Invert each flask to mix.

Table 1 Preparing Standards

ConcFeirr:ﬁlation Volume of 100-mg/L Volume of Deionized
(mg/L) Standard (mL) Water (mL)
0.0 0 100
1.0 1.0 100
2.0 2.0 100
3.0 3.0 100
4.0 4.0 100
5.0 5.0 100
6.0 6.0 100
7.0 7.0 100
8.0 8.0 100
I nterferences
Thefollowing ions do not interfere below the concentration
shown:
Substance Level Tested
Ammonium Nitrogen 15mg/Las N
Calcium 7000 mg/L as CaCOg
Chloride 15,000 mg/L*
Magnesium 6000 mg/L as CaCO3

* Monitor chloride by diluting sample 1:5 and using Water Quality Test
strips for High Range Chloride (27513-40).

Summary of Method
Potassium in the sample combines with sodium tetraphenylborate
to form potassium tetraphenylborate, an insoluble white solid.
The amount of turbidity produced is proportional to the
potassium concentration.
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POTASSIUM, continued

REQUIRED REAGENTS

Description
Potassium Reagent Set (100 tESES) ....cveeveriiierie et
Includes: (4) 14321-98, (4) 14322-98, (1) 14323-99

Quantity Required
Description Per Test Unit
Potassium 1 Reagent PillOWS .......coooeoveeeiiieeiieeee 1pillow.....25/pkg
Potassium 2 Reagent PillOWS ........ccooceveeeveceece e 1pillow.....25/pkg
Potassium 3 Reagent PillOWS.........cccoceveveveceece e 1pillow...100/pkg
Potassium Standard Solution, 100 mg/L K........ccccceeuvenenee. varies.... 500 mL
Water, EIONIZE ......eeeeeeeeeeeeeeee et e e varies............ 4L
Select one or more based on sample amount and analysis volume:
Pipet, volumetric, Class A, 20.0 ML ......cocceeveeiereeieceeeeene, Lo, each
Pipet, volumetric, Class A, 10.0 ML ....cccooveveeierieeeeeeeeene, Lo, each
Pipet, volumetric, Class A, 5.0 ML ......ccoovieveiiieeeeeeeee, Lo, each
Pipet, volumetric, Class A, 20 ML ....ccccoeveeveeceiieeece e, i each
Pipet, volumetric, Class A, 0.5 ML ......cccooveveecviieeece e, i each
REQUIRED APPARATUS
Clippers, for opening powder pillows .........ccceeeeveveieeceenene, Lo each
Cylinder, mixing, graduated, 25 ML .......cccceeeveveeveeneesieeninne Toi, each

OPTIONAL REAGENTS

Potassium Standard Solution, 5Mg/L .....cccceveevievie s 500 mL
Potassium Standard Solution, 1000 Mg/L ....ccccvveveeveevien e e 100 mL
Potassium Standard Solution, Voluette™ Ampule,

250 MQO/L, L0 ML oo 16/pkg
Quantab Titrators for High Range Chloride...........cccooevevveceieieen, 40/pkg

OPTIONAL APPARATUS

AMPUIE BreaKer Kit.......ooov i each
Flask, volumetric, 250 ML, ClaSS A .....oooveiiieeeeeeeee ettt e e e e e e e each
Graph Paper, semilogarithmic, single cycle........ccoovoeveneecennnene 100/pkg
Pipet, TeNSette®, 0.1 10 1.0 ML ...cvcveveveeerereveeeeeeeeere ettt seseseaesenes each
Pipet Tips, for 19700-01 TenSette® Pipet.........ccccoevevevererererereerererenenns 50/pkg
Pipet, volumetric, Class A, 1.00 ML ....cccovieiieiiiieeere e each
Pipet, volumetric, Class A, 2.00 ML ....cccooieiieiiiieeere e each
Pipet, volumetric, Class A, 3.00 ML ....cccooiiiieiiiieeere e each
Pipet, volumetric, Class A, 4.00 ML .....ccocveveeieiieiese e each

Cat. No.
............. 24591-00

Cat. No.
............. 14321-98

............. 14515-20
............. 14515-38
............. 14515-37
............. 14515-35
............. 14515-34

............. 14790-10
............. 27513-40

............. 21968-00
............. 14574-46
............. 21108-00
............. 19700-01
............. 21856-96
............. 14515-35
............. 14515-36
............. 14515-03
............. 14515-04



Method 8194
SELENIUM

Diaminobenzidine M ethod (distillation required for total selenium analysis)
Range: 0-1.00 mg/L

1. Measure100mL of 2. Measure100mL of 3. Adda0.2-gscoop 4. Add a0.05-g scoop

deionized water intoa  sampleinto a second of TitraVer Hardness of diaminobenzidine
500-mL Erlenmeyer 500-mL Erlenmeyer Reagent to each flask.  tetrahydrochloride to
flask (label the flask flask (label the flask Swirl to mix. each flask. Swirl to mix.
“blank™). “sample”’).

Note: Selenium present
as Se2- or Seb+ is not
detected unless the
sample is distilled. See
Distillation following
these steps. Use the
distillate in step 2.

9
Al

5. Add 5.0 mL of 6. Heateachflaskona 7. Beginafiveminute 8. When the timer
Buffer Solution, sulfate  hot plate or over aflame, reaction period. beeps, remove both
type, pH 2.0, to each bringing the contentsto  Continue to boil the flasks. Cool to room
flask. Swirl to mix. agentle boil. contents gently during  temperature using a
Note: If the sample has this time period. water bath.

been distilled, omit the Note: A yellow color will ~ Note: Do not boil more
Buffer Solution. Adjust the develop if selenium is than one minute after the
distillate pH to 2.7 (£0.2 present. timer beeps.

pH) using 5 N Sodium
Hydroxide Standard
Solution. Adjust the blank
to the same pH value
using 5.25 N Sulfuric Acid
Standard Solution.
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SELENIUM, continued

9. Transfer the contents
of each flask to separate
250-mL separatory
funnels. Label the
funnels “blank” and
“sample’.

13. When the timer
beeps, drain the lower
water layer from each
funnel and discard.

Note: Do not wait more
than 5 minutes after the
timer beeps before
completing steps 14-16.

10. Add 2.0 mL of

12 N Potassium
Hydroxide Standard
Solution to each funnel
using acalibrated
1.0-mL plastic dropper.
Stopper. Shake each
funnel to mix.

i

14. Insert acotton plug
into the delivery tube of
each separatory funnel.
Slowly drain the toluene
into respective sample
cellslabeled “blank” and
“sample’. Stopper the
sample cells.

Note: Filtering the toluene
through dry absorbent
cotton will remove any
water or suspended
particles.

Note: The developed
color is stable but should
be measured as soon as
possible.

HRS MIN SEC

11. Add 30 mL of
toluene to each funnel.
Stopper. Shake each
funnel vigorously for
30 seconds.

12. Begin athree-
minute reaction period.

Note: Use toluene only
with adequate ventilation.

15. Placetheblankinto 16. Placethesamplein
the cell holder. Closethe the cell holder. Read the
light shield. Zero the mg/L selenium.
instrument with the

blank, using the settings

bel ow.

DR/800s
Program No. NA

DR/2010
Program No. 640
420 nm

DR/4000
Program No. 3300
420 nm
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SELENIUM, continued

Sampling and Storage
Collect samplesin clean glass or plastic containers. Adjust the pH
to 2 or lesswith nitric acid (about 1.5 mL per liter). Preserved
samples can be stored for up to six months at room temperature.
Correct the test result for volume additions.

Distillation

Always perform this procedure under afume hood! This
distillation involves the use of a strong acid and oxidizer at high
temperatures. To avoid personal injury, observe all laboratory
safety precautions when operating the distillation apparatus.

a.

b.

Measure 500 mL of sample into a 1000-mL beaker.

Add 1 mL of Methyl Orange Indicator Solution to the
beaker. Stir with aglass rod.

Using adropper, add 0.1 N Hydrochloric Acid Standard
Solution drop-wise until the solution turns pink. Add an
additional 2 mL.

Pipet 5.0 mL Calcium Chloride Solution. Mix well.

Using a dropper, add 1-g/L Potassium Permanganate
Standard Solution drop-wise until the solution is purple.

Place the beaker on a hot plate. Evaporate the solution to
approximately 250 mL . Periodically add 1-g/L Potassium
Permanganate Solution to keep the solution purple.

Note: Any precipitate formed at this step is manganese dioxide and

g.

may be ignored.

Cool the solution. While cooling, set up the distillation
apparatus for the general purpose distillation as shownin
the Hach Distillation Manual.

Pour the treated sample solution into the distillation
flask. Add a stirring bar to the flask.

Pipet 5.0 mL of 0.1 N Sodium Hydroxide Standard
Solution into the flask. Turn the stirrer power switch to
ON. Set the gtir control to 5.
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SELENIUM, continued

Turn on the water and adjust so a constant flow is
maintained through the condenser. Set the heat control
to 10.

. When only afew milliliters are left in the distillation

flask, turn the power switch off. Discard the distillate in
the erlenmeyer flask.

Perform this step under a hood. When the flask has
cooled, add 50 mL of 19.2 N Sulfuric Acid Standard
Solution to the flask. Add the contents of one Potassium
Bromide Powder Fillow to the flask.

. Fill a250-mL beaker to the 75-mL mark with deionized

water. Place it under the drip tube. Elevate the beaker
with alaboratory jack so the tube extends below the level
of the water.

. Add 1.0 mL of 30% Hydrogen Peroxide Solution to the

flask. Turn the stir control to 5 and the heat control to 10.
Cap the distillation flask.

Heat the distillation flask until the yellow color is gone
from the complete distillation apparatus, including the
J-tube and condenser. Remove the beaker from under the
drip tube.

Turn off the heater switch. When the J-tube and
condenser have cooled, rinse them with deionized water.
Add the washings to the 250-mL beaker. Total volumein
the beaker should be approximately 100 mL.

. Add the Phenol Solution drop-wise to the distilled

sampl e to discharge the bromine color (awhite
precipitate of tribromophenol will form.)

Allow the precipitate to settle. Using a dropper, collect
about 5 mL of theclear, colorless distillate and transfer it
to atest tube.
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SELENIUM, continued

Accuracy Check

Test the solution for compl eteness of precipitation by
adding 2 drops of Phenol Solution. If the solution
becomes cloudy or white precipitate forms, residual
bromineis till present (proceed to next step). If no
cloudiness occurs, the sampleisready for analysis.

Transfer the 5-mL aliquot back to the beaker and
continue to add Phenol Solution until no turbidity is
formed in subsequent 5-mL aliquots.

Transfer the sample into a 500-mL volumetric flask.
Rinse the beaker with deionized water and add the rinse
to the flask.

Dilute to volume with deionized water, stopper and mix
well. The digtillate is now ready for analysis.

Standard Additions M ethod

a. UseaTenSette Pipet to add 0.1, 0.2, and 0.3 mL of a

C.

Selenium Standard Solution, 100 mg/L, to three 100-mL
samples. Mix well.

Analyze as described above. Each 0.1 mL addition of
standard should increase the selenium concentration by
0.1 mg/L.

If these increases do not occur, an interference islikely.

Standard Solution M ethod
Prepare a 0.50-mg/L selenium standard solution as follows:

a. UseaTenSette Pipet or 1.00-mL volumetric pipet to add

1.00 mL of 100-mg/L Selenium Standard Solution to a
200-mL volumetric flask.

Diluteto the mark with deionized water. Transfer 100 mL
of the standard into a 500-mL Erlenmeyer flask. Perform
the test as described above.
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SELENIUM, continued

Interferences
There are no positive inorgani ¢ interferences with this method.

Strong oxidizing agents such as iodine, bromine, or chlorine can
react with the indicator to give low results.

Manganese and up to 2.5 mg/L ferric iron will not interfere.

Interferences will be eliminated by following the
distillation procedure.

Summary of Method
An EDTA masking agent is added to the sample to remove
interferences such asiron prior to the test. The addition of a
sulfate buffer adjusts the sample to the optimum pH of 1 to 2.
Under these conditions, diaminobenzidine reacts with all
selenium present as selenite (Se#*) to give a yellow-colored
piazselenol complex which is extracted and the color intensity
measured colorimetrically. Selenium present as Se2” or Seb* is
not detected unless the sampleis distilled.

REQUIRED REAGENTS

Description Cat. No.
Selenium Reagent Sat (45 TESES) ..vvevvvieieeiiie ettt sre s 22442-00
Includes; (1) 452-49, (1) 7062-22, (2) 230-32, (1) 204-26, (1) 14470-17

Quantity Required

Description Per Test Unit Cat. No.
Buffer Solution, sulfate type, pH 2.0 ......cccooovevviinierene 10mL....500 ML .....cooueeeee. 452-49
Diaminobenzidine, tetrahydrochloride...........cccccoeevevnnneee. 0.1g.ccunen. 50 7062-22
Potassium Hydroxide Standard Solution, 12 N ................... 4mL..100mL MDB........... 230-32
TitraVer Hardness Reagent ..........cccevvveieevesiesiese e 04g......... 100Q..ccccceennen. 204-26
TOIUENE, ACS.....oo et 60mL...... 4 liters............. 14470-17
Water, dBIONIZE........cccueiiieeiciecee e 100 mL .....4 liters....cueeeuneeee 272-56
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SELENIUM, continued

REQUIRED APPARATUS

Quantity Required
Description Per Test Unit Cat. No.
CottoN BallS......ceoeeiieiieccee e 1. 100/pKg....ocrveneee 2572-01
Cylinder, graduated, 100 ML ......cccoveceeveerieveeseeseeieeseeieens Lo, ech....cccccoeen. 508-42
Cylinder, graduated, 50 ML .......cccccvevierieeieece e, T eCh...occceerinn, 508-41
Dropper, 0.5 & 1.0 mL marks, glass .......ccceveevvviveveevieseeeene, i 5/pkg.....cc..... 14197-05
Flask, erlenmeyer, 500 ML .......cccovevviiveeneiecee e 2 €aCh....ccccevueeen. 505-49
Funnel, separatory, 250 ML .......cccceveevieveieeseese e 2, each.....cccouenee. 520-46
Pipet, vOlumetric, 5 ML ......coccoveiiiee e T eaCh............. 14515-37
Pipet Filler, safety bulb........ccoooviiiiieeeee e (T each............. 14651-00
Ring, support, 83 MM (30N.) .oeoiriiiieresreeee e 2. each.....c.c.o..... 580-00
Sample Cells, matched pair, 1-iN......cccccoveeveveice i 2, pair-............. 20950-00
Spoon, MEASUNNG, 0.2 0 .oveveeevveiesieeiese et se e see e i each.....cccevuenee. 638-00
Spoon, Measuring, 0.05  ...ccecvveveereie e (I €aCh....ccccevuveee. 492-00
Squeezer, 0.025-1.00 mL plastic dropper .........ccceeveveevenennens 1. 20/pkg............. 21247-20
Stand, support, 127 X 203 MM ....cceeeirereeeeeeseeeee e T, each....ccccoeeuuee. 563-00
Select one based on available voltage:
Hot Plate, 4" diameter, 120 VaC........cooveeeeievcee e | each............. 12067-01
Hot Plate, 4" diameter, 240 VaC.........oovceeeeveeee e | each............. 12067-02
OPTIONAL REAGENTS
ACEIONE, ACS ... 500 mL ............. 14429-49
Calcium Chloride SOIULION ... 1000 ML .....ocvenveee. 428-53
Hydrochloric Acid Standard Solution, 0.1 N ........ccccevvveecievenneene 1000 mL ............. 14812-53
Hydrogen PeroxXide, 30%0........cccueeerereeereeeee e A73 ML e 144-11
Methyl Orange Indicator Solution, 0.1 N (0.05%) .......c.ccceecvrvreeneene 500 ML ..cceeieeene 148-49
NItHC ACIH, ACS ...t e 500 mL................. 152-49
Phenol Solution, 30 Q/L ....ccccveeeeeiececeese e 29mlL ... 2112-20
Potassium Bromide Powder PilIOWS.........cccccocoveeeieiieiece e 100/pkg............. 14819-99
Potassium Permanganate Standard Solution ............cccceeeeeeeeveieenene, 100 mL............. 14164-42
Selenium Standard Solution, 1000 MG/L......ccceveereniereerese e 100mL............. 22407-42
Selenium Standard Solution, 100 mg/L, 2-mL ampules..................... 20/pKg.....cevvn. 12184-20
Sodium Hydroxide Standard Solution, 0.1 N........ccccceeevvceeveecieenne 1000 ML .cceeeeeeneeee 191-53
Sodium Hydroxide Standard Solution, 5.0 N.........ccccceveevenirnnnee 100 mL MDB................... 2450-32
Sulfuric Acid Standard Solution, 5.25 N........cocevvriirininenineee, 100 ML ...ooveneee 2449-32
Sulfuric Acid Standard Solution, 19.2 N........ccceveeininienenireee 500 mL ..o 2038-49
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SELENIUM, continued

OPTIONAL APPARATUS

Description Unit Cat. No.
BEAKET, 250 ML ..ttt ettt e e e e e e e e e e e e e s e e e e e e s s e ernreeeees eaCh.....ccceuneen. 500-46
Y= = 00 0Ny o TR ech.....cccoun.. 500-53
Bottle, wash, 500 ML .......oviiriirierieecsesee s eaCh ..., 620-11
Clippers, for opening powder pillows ........ccoveeevieieiie v €eaCh ...cccccvvuenen. 968-00
Cylinder, graduated, 500 ML ........ccooveeeiiiiiececse e eaCh....cccoevuenen. 508-49
Distillation apparatus for general PUrPOSE..........coeveeeimnerenereseesreeeiens each............ 22653-00
Distillation apparatus heater, 115V ........coovveeeieineneseseseseeseeeneenes each............ 22744-00
Distillation apparatus heater, 230 V........cocovveeeieeieneneseseeseseeseeeeenes each........... 22744-02
Dropper, 0.5and L ML MarkS......c.ccceieieeviieseeseseseesese e see e 6/pKg....ccveue.. 23185-06
Flask. volumetric, Class A, 500 ML ......ccooeirininiieeesesese e each............ 14574-49
JACK, [ADOrALONY .....eiviii et e each............ 22743-00
pH Meter, SenslON™, POrtable ..........cvuecvereeeeeereeeeeee e each............. 51700-10
Pipet, serological, 10 ML .......ooiiiieeeere e each.....ccooon.. 532-38
Pipet, TenSette,® 0.1 10 1.0 ML ...cvcveveveeerercrcreeiete et eaCh ....c....... 19700-01
Pipet Tips, for 19700-01 TeNnSette® Pipet.........cccccevevevererererereerererenenns 50/pkg.....c....... 21856-96
Pipet, volumetric, Class A, 1.00 ML ....ccovievieieiiceese e each............ 14515-35
PourRite™ Ampule Breaker ...........ccoceveeie e each............. 24846-00
RO, SHITING, GIaSS... e e et 3/pKg . 1770-01
Stoppers, for cells, hollow NO. 1 .......cooeiiiiiiiiceeee e 6/pKg ..ceveeenenns 14480-00
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SILVER

Method 8120

Colorimetric Method

Range: Liquids- 0.08-6000 mg/L; Solids- 6-60000 mg/kg

Digest / g
Sample

2. Usetheanalysis
volume in the same
table. Pipet the sample
analysisvolumeinto a
50-mL mixing cylinder.

1. Select sample
amount from tables
following these steps.
Digest the sample
according to the
procedure in Section 3.

Note: If samples cannot
be analyzed immediately,
see Sampling and Storage
following these steps.

Note: The Pour/Flow Thru
cell cannot be used with
this procedure.

Note: To screen for very
low levels (0-50 ppb) of
silver, use Hach's
RapidSilver™ Test Kit
(Cat. No. 26745-00).

3. Add one drop of 4. Diluteto the

Thymolphthalein 50 mL mark with
Indicator Solutionand  deionized water.
one drop of

Phenol phthalein

Indicator Solution to the
cylinder. Use sodium
hydroxide to adjust the
solution to apH of 9-10.
The solution should be
pink.

Note: A purple color
indicates a pH greater
than 10. To readjust the
pH, add a drop of sulfuric
acid and one drop of each
of the indicators and
repeat step 3.
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SILVER, continued

5. Add the contents

of one Silver 1 Powder
PFillow to aclean, dry
50-mL graduated mixing
cylinder.

Note: If the Silver 1
Powder becomes wet at
this point, the powder will
not dissolve completely,
which will inhibit color
development.

2 minutes

HRS MIN SEC

9. Beginatwo-minute
reaction period.

6. Add the contents of
one Silver 2 Reagent
Solution Pillow to the
cylinder. Swirl to
completely wet the
powder.

Note: If clumps of dry
powder are present when
the sample is poured in,
the powder will not
dissolve completely. This

will inhibit color formation.

10. Pour the portion
remaining in the
cylinder into a second
sample cell (the
prepared sample).

When the timer beeps,
place the blank in the

cell holder. Close the

light shield.

7. Pour the sample
from step 2 into the
cylinder containing the
reagent powder. Stopper.
Invert repeatedly for one
minute.

11. Zerotheinstrument
with the blank, using the
settings bel ow.

DR/800s
Program No. NA

DR/2010
Program No. 660
560 nm

DR/4000
Program No. 3400
560 nm
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8. Pour 25 mL of the
mixture into a sample
cell (the blank). Add
the contents of one
Thiosulfate Powder
PFillow to the sample
cell. Swirl for

30 seconds to mix.

Note: It is important to
generate a blank for each
sample.

12. Placethesamplein
the cell holder. Read the
mg/L silver.

Use the equation below
the Silver Sample and
Analysis Volume Tables
to calculate the true
silver concentration.

Note: For solid samples,
express results as mg/kg,
not mg/L.



SILVER, continued

Sample and Analysis Volume Tables
Choose sample and analysis volumes based on expected
concentration in the sample. The values in these tables reflect the
narrowest concentration range for the DR/4000, DR/2010 and
DR/800s. Differences between these tables and those in the
Digesdahl Manual are dueto calculations based on a different set
of instruments.

Liquids
E)é?]i?t(ﬁlgﬁg Amsoimnf I(?nL) VO'TLT r?wlg S(:ﬁ Ly | DiluteTo
0.08-3.7 40.0 20.0 50 mL
0.3-15 20.0 10.0 50 mL
1.2-60 10.0 5.00 50 mL
12-600 5.00 1.00 50 mL
120-6000 1.00 0.50 50 mL
Solids
Cone oty | Amoumt(@) | Volume (my | DiuteTo
6-300 0.500 20.0 50 mL
15-750 0.400 10.0 50 mL
40-2000 0.300 5.00 50 mL
300-15000 0.200 1.00 50 mL
1200-60000 0.100 0.50 50 mL

Calculation For Final Concentration:

A x5000

———— = mg/kg or mg/L Total A
BxC a/kg g g

A = mg/L reading from instrument

B = g or mL sample amount from table

C = mL analysis volume from table
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SILVER, continued

Sampling and Storage
Collect ssmplesin acid-cleaned plastic or glass bottles. Using pH
paper, adjust the pH to 2 or less with nitric acid (about 2
mL/liter). Store preserved samples at room temperature for up to
6 months. Before analysis, adjust the pH to 9-10 with 5.0 N
sodium hydroxide. Do not use a pH meter because of silver
contamination from the electrode. Correct for volume additions.

Accuracy Check
Standard Additions Method

a. Add5.0 mL of 1000-mg/L Silver Solution to a 100-mL
volumetric flask. Dilute to volume with deionized water.
Mix well. Thisisa 50-mg/L silver standard solution.

b. UseaTenSette Pipet to add 0.1, 0.2 and 0.3 mL of this
standard solution to three 50-mL samples (or sample
portions diluted to 50 mL). Mix well.

c. Analyze as described above. Each 0.1 mL addition of
standard should increase the silver concentration by
0.1 mg/L.

d. If theseincreases do not occur, an interferenceislikely.

Standard Solution M ethod
Prepare a 0.50-mg/L silver standard solution as follows:

a. UseaClass A 0.50-mL volumetric pipet to add 0.50 mL
of 1000-mg/L Silver Standard Solution to a 1000-mL
volumetric flask.

b. Diluteto the mark with deionized water and mix. Prepare
this solution daily. Perform the silver test as described.
Results should be between 0.45 and 0.55 mg/L Ag.

Interferences
Interference studies were conducted by preparing a known silver
solution (about 0.4 mg/L) and the potential interfering ion. The
ion was said to interfere when the silver concentration changed
by £10%.
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SILVER, continued

Negative Interference:

Aluminum 30 mg/L
Ammonia 750 mg/L
Cadmium 15 mg/L
Chloride 19 mg/L*
Chromiumé+ 90 mg/L
Copper 7 mg/L
Iron 30 mg/L
Lead 13 mg/L
Manganese 19 mg/L
Nickel 19 mg/L
Zinc 70 mg/L
Positive Interference:
Calcium 600 mg/L
Magnesium 2000 mg/L
Mercury 2 mg/L

* Monitor chloride with Hach Water Quality Test Strips for Low Range Chloride (Cat. No. 27449-40).

Summary of Method
Silver ionsin basic solution react with cadion 2B to form a green,
brown or red-purple complex. Sodium thiosulfate acts as a
decolorizing agent for the blank. The Silver 1 and Silver 2
reagents contain the buffer, indicator and masking agents.
Organic extractions are not necessary and this method does not
have as many interferences as the traditional dithizone method. It
may also be used for electroplating and silver strike solutions.

REQUIRED REAGENTS

Description Cat. No.
Silver Reagent Set (50 LESS) ..ouviiviiiereieiie ettt 22966-00
Includes; (1) 22935-66, (1) 22936-66, (1) 22937-66

Quantity Required

Description Per Test Units Cat. No.
Silver 1 Powder PilOW ......c.ccvvieieiice e 1 pillow.... 50/pkg.............. 22935-66
Silver 2 Solution PilOW ..o 1 pillow.... 50/pkg.............. 22936-66
Sodium Thiosulfate Powder Pillow...........ccccvviirineennene 1 pillow.... 50/pkg.............. 22937-66




SILVER, continued

REQUIRED APPARATUS

Clippers, for opening powder pillows.........cccccooveieieneeneeenne 1o €aCh ...cocceeenn. 968-00
Cylinder, graduated, 50 ML .......cccceveeeeie e (I each............. 21179-41
Cylinder, graduated, mixing, 50 ML .........cccovevviievieene s Lo eaCh ....cceeuee. 1896-41
Phenolphthalein Indicator Solution, 1 g/L ........ccceeveuvenenee. 1drop...15mL SCDB........ 1897-36
SUIfUFIC ACI, ACS ... varies........ 250 oo 979-09
Thymolphthalein Indicator Solution, 1 g/L .........cccevvennee. 1drop...15mL SCDB......21853-36
Water, dEIONIZE.........ooceeeeeeeee e 50mL........... AL e, 272-56
Select one or more based on sample amount and analysis volume:

Pipet, volumetric, Class A, 20.0 ML ....ccooceeveeierieeeeseeeene Lo, ech.......... 14515-20
Pipet, volumetric, Class A, 10.0 ML ....cccocceeveevevveiece e, 1o each............ 14515-38
Pipet, volumetric, Class A, 5.0 ML ......cccooveveevvvieiece e, i each............ 14515-37
Pipet, volumetric, Class A, 20 ML ....ccccovveeveeveveeiece e, i each............ 14515-35
Pipet, volumetric, Class A, 0.5 ML ......ccoviieveiiiieeeeeee, Toiis each............. 14515-34

OPTIONAL REAGENTS

[ 0110 S AV S 1= ) SRS eaxch............ 26745-00
Silver Standard Solution, 1000 MG/L AQ.....cccereererrieeneeneeeeee e 100mL ............. 14613-42
Sodium Hydroxide Solution, LON .....ccccooveveeviiiiiecece e, 100 mL MDB............... 1045-32
Sodium Hydroxide Solution, 5.0 N ......cccccoveveviiiveere e, 100 mL MDB................ 2450-32
Sodium HydroXide, 5090 ........ccceeeeiieeieeie e 500 mL ............... 2180-49
Water Quality Test Strips, low range chloride.........ccooeeeevviinccnnnens 40/pKg ...vennve. 27449-40

OPTIONAL APPARATUS

Description Unit Cat. No.
Boiling Chips, silicon carbide...........c.cooeeeieiieeieeeeeee e 500Q..cccnnnnnne 20557-34
Flask, volumetric, Class A, 100 ML ....oovveeiiieeeeeeee e eeeeeeeeee e e e e eeneeee e each........... 14574-42
Flask, volumetric, Class A, 1000 ML ...ooeoveeieereeeeeeeeeeeeeeeee e e e eeereeeee e e ech.......... 14574-53
pH Indicator Paper, L1toO L1 pH ...ccocvvvviici e 5rollg/pkg ...ccceveeneee. 391-33
Pipet, serological, 10.0 ML .....cccovieiiiiiiiece e each....ccccveeeee. 532-38
Pipet, TeNSette®, 0.1 10 1.0 ML ...cvcveveereieieiereeeeie et each............ 19700-01
Pipet, TenSette®, 0.1 10 10.0 ML ...cveviucucucecececieieeecreere e eaCh ... 19700-10
Pipet Tips, for 19700-01 PIPEL.........cceoveerererienieseeesese s 50/pKg ..cevenenneee 21856-96
Pipet Tips, for 19700-10 PIPEL........ccceoveererenesieseeeeeee s 50/pKg ..cevenenneee 21997-96
Pipet, volumetric, Class A, 0.50 ML .....ccocvevieiieiieiese e each............ 14515-34
Pipet Filler, safety BUID .......cc.oooiiiee e, each............. 14651-00
S 1= Y 00 o | = SR each............ 18421-00
Safety Shield, for Digestdahl ............ccooeviieieenieeres e each............. 50040-00
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SOLIDS, TOTAL

Method 8271

Gravimetric Method

3
..

1. Mix sample. Add
50 mL to a preweighed
(to nearest 0.1 mg)
aluminum dish.

Note: If volatile solids are
to be measured, ignite the
aluminum dishes for 1

hour at 550 °C before use.

5. Cdlculations:

mg/L Total Solids =

(A—=B) x 1000
Sample Volume in mL
Where:

A = Weight (mg) of
sample + dish

B = Weight (mg) of dish

2. Evaporate samplein 3. Takedish out of

anoven at 103-105°C.  ovenand allow to cool to

Note: Drying will take room temperature in a

approximately 6 hours.
The oven should be
preheated to ensure
adequate drying. Highly
mineralized water may
require prolonged drying.

4. Weighthedishtothe
nearest 0.1 mg using an
analytical balance.

Note: Repeat drying
(approximately 15
minutes) at 103-105 °C
until results do not differ
by more than 0.4 mg.
Successive weighings that
are identical for some
wastewater samples are
unlikely due to slow
organic volatilization.



SOLIDS, TOTAL, continued

REQUIRED APPARATUS

Description Unit Cat. No.
Balance, analYtiCal ..........ccceeiieriee e each............ 26103-00
(04 119 Te L= #0008 | eCh..ccocvvvnn, 508-41
Desiccant, Indicating Drierite........ccoocevvieevese e 454 g............ 20887-01
Desiccator, Without StOPCOCK ........ccuveieiiiieriee e each............ 14285-00
Desiccator Plate, CEramIC........ccvvuivieeiieie ettt each............ 14284-00
Dish, duminum (63 X 17.5 MM)......ccoeiiiieeieieeeere e 100/pkg ............ 21640-00
FUMNACE, MUFTIC...cii et e each............ 14296-00
Oven, laboratory, 120V, 60 HzZ.........cccceiieiirce et each............ 14289-00
Pipet, serological, 25 ML .....cccciiiieece e e each......cc....... 2066-40
0] TSR (27 ¢ 569-00
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SOLIDS, TOTAL VOLATILE AND FIXED

Method 8276

Gravimetric M ethod

1. Transfer the 2. Takedish out of 3. Calculations: Lossof
aluminum dish from furnace withtongsand  weight istotal volatile
step 4 of the Total Solids cool to room solids. Weighed residue
Method (8271) into temperatureina istotal fixed solids.
mufflefurnaceat 550 °C  desiccator.

for 30 minutes. Weigh dish to the mg/L Volatile Solids =
Note: The furnace should "o & 0.1 mgusing an (A—-B)*1000

be preheated to 550 °C to analytical balance. sample volume in mL

ensure adequate ignition.  Note: Repeat ignition until
two successive sample
weighings (Example:
A-Basinstep 3)donot A - \yeight (mg) of solids
differ by more than 4% or + dish before ignition
0.5 mg, whichever is less.
B = Weight (mg) of solids
+ dish after ignition

Where:

C = Weight (mg) of dish

REQUIRED APPARATUS

Description Unit
Balance, analYtiCal .........ccveieiii i each
Desiccant, DIieit@iNAICALON ........evevieiieeeeeeee et e et ee e e e e e reeeeeeee e s e e eaeaes 454 g
Desiccator, Without StOPCOCK .......ccccvivieieriiiirie e each
Desiccator Plat, CEraMIiC.......cueviveeieieiceeie ettt e each
Dishes, duminum (63 X 17.5 MM) .....ccccccvrievieiece e 100/pkg
[ g 0= o ST 0 010 (=TT each
Oven, laboratory, 120V, B0 HzZ.........cccovevreiieve et each
0 00 =TRSOOSR each
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Cat. No.

.............. 26103-00
.............. 20887-01
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Method 8158
SOLIDS, SUSPENDED, TOTAL & VOLATILE AND

TOTAL DISSOLVED SOLIDS

Total Suspended (Nonfilterable) Solids Gravimetric Method* (USEPA Accepted) )

1. Placea47-mmglass 2. Placethefilter 3. Removethedisc 4. Placeinadrying
fiber filter disc in the holder assembly inthe  from the filter holder oven at 103-105 °C for
filter holder with the filtering flask and add ~ and transfer to a one hour.
wrinkled surface up. 100 mL of deionized watch glass. Note:

ote: Preheat oven to
Note: A glass filter must water. Apply vacuum to 103° C to ensure
be used. ALWAYS use the ﬂa_Sk until all the adequate drying of the
tweezers to handle fiter ~ Water is drawn through filter disc.
discs. Fingers add the filter.

moisture which will cause
a weighing error.

* Adapted from Standard Methods for the Examination of Water and Wastewater and Methods for
Chemical Analysis of Water and Wastewater (USEPA).

443



SOLIDS, continued

5. Removethedisc 6. Removethe disc 7. Againplacethedisc 8. Filter 100 mL (or

with watch glassfrom  from the desiccator and  in the filter holder/flask

theoven and placeina  weigh to the nearest assembly with the
desiccator. Allow tocool 0.1 mg using an wrinkled surface
to room temperature. analytical balance. upward. Wet the disc

with deionized water to

Note: Use metal tongsto  Note: Remove the watch .
ensure adhesion to

transfer the watch glass glass and disc from the

and filter disc from the desiccator as a unitand  the holder.
oven directly into the place beside the analytical

desiccator. Cover balance. Use plastic

immediately. Allow the tweezers to remove the

vessel to cool slightly disc from the watch glass

before sealing the and to transfer the disc to

desiccator as pressure and from the weighing pan

from the heated air inside of the balance.
the desiccator can force

the cover off. Note: Repeat drying

procedure until a constant
weight is obtained or until
weight loss is <0.5 mg.

more if solids content is
low) of well-mixed,
representative water
sample by applying
vacuum to the flask.
Follow with three
separate 10-mL
washings of

deionized water.

Note: For greatest
accuracy, as much sample
as possible should be
filtered. However, using a
sample containing more
than 15 mg of solids will
result in premature
plugging of the filter. The
exact volume of the water
sample may have to be
adjusted (increased or
decreased) to achieve this
optimum condition.
Several completed tests
will show whether any
adjustment is necessary.



SOLIDS, continued

=
el

9. Slowly release the
vacuum from the
filtering system and
gently remove the filter
disc from the holder.
Placethedisc on awatch
glass. Inspect thefiltrate
(filtered water in flask)
to ensure that proper
trapping of solids was
accomplished on

the disc.

Note: Be sure to remove
any residue adhering to
the sides or bottom lip of
the filter holder. A rubber
policeman on the end of a
stirring rod is very helpful
in scraping this residue
loose, and small amounts
of deionized water will
help wash the residue
down onto the filter disc.

10. Again placethe
watch glass and filter in
adrying oven at
103-105 °C for

one hour.

11. Removethewatch
glass and filter from the

12. Carefully remove
the disc from the

oven, and carefully place desiccator and weigh to

in adesiccator. Cool to
room temperature.
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the nearest 0.1 mg using
an analytical balance.

Note: Take extreme care
when removing the lid of
the desiccator to not
disturb the dried
suspended matter on the
disc. Remove the watch
glass and disc from the
desiccator as a unit and
place beside the analytical
balance. Use plastic
tweezers to transfer the
disc to and from the
weighing pan of

the balance.



SOLIDS, continued

e

13. Returnthediscto
the watch glassif the
mg/L Volatile
Nonfilterable Residueis
to be determined. If not,
discard the disc.

Note: If Volatile
Nonfilterable Residue also
is to be determined, take
care not to lose any
portion of the suspended
matter on the disc.

Note: Repeat the drying
procedure until a constant
weight is obtained or until

the weight loss is <0.5 mg.

A-B
Sample Volume

in Liters

=mg/LTSS

14. Cadculate
Total Suspended Solids
(TSS):

A-B
Sample Volume in Liters
= mg/L TSS

Where:

A = Weight (mg) of
disc with residue

B = Weight (mg) of disc
Example:

A =955mg
B=81.5mg

Sample volume = 0.1 L

(95.5mg) —(81.5mg)
0.1Liters

=TSS

=

4.0

14.0 _ 140 mg/L TSS
01 mg
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SOLIDS, continued

Volatile Suspended (Nonfilterable) Solids

=3
@@

-
A 4

1. Placethewatchglass 2. Remove the watch

and filter disc from the
Total Suspended Solids
procedure (step 13) in
the muffle furnace and
ignite at 550 °C for

60 minutes.

Note: The muffle furnace
may be partially preheated
before inserting the watch
glass. However, placing
the watch glass in a 550°C
furnace could cause it to
shatter. The temperature
should be brought up to
550°C after placing the
filter and watch glass in
the oven and held at that
temperature for about

60 minutes. Use tongs to
transfer the watch glass
and filter disc into the oven
as a unit.

glass and filter from the
furnace and carefully
transfer into the
desiccator. Allow to cool
to room temperature.

Note: Use metal tongs to
transfer the watch glass
and filter disc from the
oven or furnace directly
into the desiccator. Cover
immediately. Allow the
vessel to cool slightly
before sealing the
desiccator as pressure
from the heated air inside
the desiccator can force
the cover off.

Method 8164

A-B
Sample Volume
In Liters

=mg/L VSS

3. Carefully removethe 4. Calculate Volatile

filter disc from the
desiccator and weigh to
the nearest 0.1 mg using
an analytical balance.

Note: Take extreme care
when removing the lid of
the desiccator to not
disturb the dried
suspended matter on the
disc. Remove the watch
glass from the desiccator
as a unit and place beside
the analytical balance.
Use plastic tweezers to
transfer the disc to and
from the weighing pan of
the balance. Discard the
filter disc.
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Suspended Solids
(VSS).
A-B
Sample Volume in Liters
= mg/L VSS

Where:

A = Weight (mg) of residue
and disc before ignition.

B = Weight (mg) of residue
and disc after ignition.

Example:
A =955mg
B =91.2mg

Sample Volume =0.1 L

(95.5 mg) —(91.2 mg)

0.1 Liters
= mg/L VSS
4.3
== = 43 mg/L VSS
0.1 g



SOLIDS, continued

Total Dissolved (Filterable) Solids

2. Assemblethe filter
hol der/flask assembly,
using aclean filter flask.
All residue should be
removed from the flask
by cleansing thoroughly
with a dilute solution of
ammonium hydroxide,
followed by rinsing with
distilled water.

1. Heat acleansed
evaporating dishin a
muffle furnace at 550 °C
for one hour. Transfer
directly into adesiccator
and store until needed.

Note: Use metal tongs to
transfer the evaporating
dish from the oven or
furnace directly into the
desiccator. Cover
immediately. Allow the
vessel to cool slightly
before sealing the
desiccator as pressure
from the heated air inside
the desiccator can force
the cover off.

3. Place a47-mm filter
disc in thefilter holder
with the wrinkled
surface upward and,
with vacuum applied to
the flask, wash the filter
with three separate
20-mL volumes of
distilled water. Remove
all traces of water by
continuing vacuum for
two to three minutes
after the water has

passed through thefilter.

Disconnect the vacuum,
and discard these

washings from the flask.
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Method 8163

4. Reconnect vacuum
to the filter holder/flask
assembly and, using a
clean 100-mL graduated
cylinder, filter 100 mL
(or moreif solids
content islow) of awell-
mixed representative
water sample.

Note: For greatest
accuracy, as much sample
as possible should be
filtered. However, using a
sample containing more
than 15 mg of solids will
result in premature
plugging of the filter. The
exact volume of the water
sample may have to be
adjusted (increased or
decreased) to achieve this
optimum condition.
Several completed tests
will show whether any
adjustment is necessary.



SOLIDS, continued

Apply Vacuum. 'I
=
———

<=

5. Apply vacuumfor 6. Usingtongs, transfer 7. Placethe steam bath 8. Pour the 100-mL

two to three minutes the evaporating dish
after the sample has from the desiccator to
passed through thefilter; the balance. Weigh to
then disconnect the nearest 0.1 mg and
the vacuum. record this weight.

on the hot plate, add
water and transfer the
evaporating dish from
the balance to the
steam bath.
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filtrate sample from the
filter flask into the
evaporating dish and
evaporate to dryness.

Note: Evaporation of

100 mL of filtrate may take
as long as four hours. Be
sure to check the reservoir
of the water bath
occasionally and add
more water when needed.



SOLIDS, continued

9. Using tongs, transfer
the evaporating dish
residue to adrying oven
and dry at 180 °C for
one hour. Transfer to a
desiccator and cool.

10. Weighthe
evaporating dish to the
nearest 0.1 mg on an
analytical balance and
record thisweight.

Sampling and Storage
Collect samplesin clean plastic or glass bottles. Samples should
be analyzed as soon as possible after collection but can be stored
up to seven days by cooling to 4 °C (39 °F).

Repeat Steps
9 and 10

11. Repeat step 9 and
step 10 until a constant
weight is obtained, or
the change is <4% or
0.5 mg.
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A-B
Sample Volume
in Liters

=mg/L TDS

12. Calculate Total
Dissolved Solids (TDS):

A-B
Sample Volume in Liters
= mg/L TDS

Where:

A = Weight (mg) of residue
and dish after drying.

B = Weight (mg) of dish.
Sample Volume = 0.1 L
Example:

A =20187.3 mg

B =20140.1 mg

20187.3 —20140.1

0.1
= mg/L TDS
47.2 = 475 mg/L TDS
01



SOLIDS, continued

REQUIRED REAGENTSAND APPARATUS
- For Total Suspended Solids

Quantity Required
Description Per Test Unit Cat. No.
ASDITaLOr, VBCUUIM .....ccveeiiiiieieeie e sreeee et eeesee e enee e ens Lo, each.....cccceuni. 2131-00
Balance, analytical .........cccoceveeii v Lo, each.............. 26103-00
Bottle, Wash, 500 ML .....eeeeieiiieeceeeeee e e e e e e e e e e eaaans Lo, each...ccoooveeiiin, 620-11
Cylinder, graduated, 100 ML ......ccccccevveeieeceere e Lo, each......ccceeeuen. 508-42
Desiccator plate, 230 MM.....ccoieereieeieere e i T each.............. 14284-00
Desiccator, 250 mm, without StopcocK ..........cccveeeeveiveeenene Lo, each.............. 14285-00
Drierite, with indicator ...........cccccvveveevene e, varies........ 454 ... 20887-01
Filter disc, glassfiber, 47 Mm .........cccoooovveevivecce e, 1. 100/pkg.....ccvnee. 2530-00
Filter Holder, magnetic.........ccccooeeeeiiieereeeee e i each.............. 13529-00
Flask, filtering, 1000 ML ......cccccoiiiiieiieeeeeerere e i eaCh......coceveennne. 546-53
Oven, laboratory, ambient to 200°C, £1 °C .......ccoovvvevrrnnee. i each.............. 14289-00
Stopper, rubber, one-hole, NO. 8 .........cccoceeciviceecece e, T 6/pKg....cvveenen. 2119-08
L0 - Lo, each.....c.cccoeuee. 569-00
Tubing, rubber, 7.9 X 2.4 MM .....ccccoiviieieeieseceee e T 36 M. 560-19
TWEEZEN'S, PlESLIC ..o Lo, each.............. 14282-00
WatCh GIasS, 100 MIM...ceiiiiiieeiieeeee e eeeeeeeeee e e e ee e e e e s e sareees i €aCh....ccocevrennen. 578-70
Water, dEIONIZE.........coiieeiiieeieee e Varies............ i I 272-56

REQUIRED APPARATUS- For Volatile Suspended Solids

For this test, use the Required Reagents and Apparatus listed above, plus the following:
Furnace, muffletype, 120V, 50/60 Hz ..........ccccovevevvvieenenne Lo, each.............. 14296-00
Furnace, muffletype, 240V, 50/60 Hz ...........ccccoeevevevieenenne. Lo, each.............. 14296-24

REQUIRED APPARATUS- For Total Dissolved Solids
For this test, use the Required Reagents and Apparatus listed above, plus the following:

Cylinder, graduated, 100 ML .......c.cccooeeveeieviceece e Lo, each.....cccceeuenen. 508-42
Evaporating dish, porcelain, 120 mL, 90mm, size2.............. Lo, €aCh..ccovveeeeiins 525-61
Hot Plate, Thermolyne CIMAREC, 120V, 50/60 Hz............ i each.............. 23441-00
Hot plate, Thermolyne CIMAREC, 240V, 50/60 Hz............. i each.............. 23441-02
Steam Bath, 8 in. diameter, copper w/concentric rings.......... Lo, each............. 23479-00
OPTIONAL REAGENTSAND APPARATUS

Ammonium Hydroxide, approX. 58% ACS .........cccceeveveevieieeieereesnenn, 500 mL.....ccccveneee. 106-49
Brush, cylinder, SIZE 2 ...t each......cccoueee. 687-00
Pump, vacuum, hand-operated ...........coveveeieeceeiee s each.............. 14283-00
Pump, vacuum/pressure, portable ... each............. 14697-00
Rubber policeman for 1/8-in. rod..........ccceeenieceerseeee s each.............. 14309-00
SEITING IO, GIASS ...eeeeeieeie e 3/pKg..eeenee 1770-01
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Method 8165
SOLIDS, SETTLEABLE MATTER

Direct Measurement Method (USEPA Approved)

O

1. Fill anImhoff cone 2. Letthesamplesit 3. Spinthecone 4. Let the sample sit
to the 1-liter mark witha undisturbed for forward and backward  undisturbed for
thoroughly 45 minutes. several timestodislodge 15 minutes.

mixed sample. materials on theinclined

side of the cone.

5. Find the mark at the
top of the solids layer on
the graduated scale of
the Imhoff cone. Thisis
the mL/L of

settleable matter.
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SOLIDS, SETTLEABLE MATTER, continued

Sampling and Storage
Collect samplesin aclean plastic or glass bottle. If sample cannot
be analyzed immediately, store at 4 °C to minimize microbial
decomposition. Analyze within 24 hours.

Summary of Method

The amount of settleable matter in sewage treatment plant
influent and effluent gives an empirical estimate of the type and
extent of treatment required and the general quality of the water

being discharged.
REQUIRED APPARATUS
Quantity Required
Description Per Test Unit Cat. No.
IMNOFf CONB.L...eeee e e | each.....cco....... 2067-00
IMhoff CoNe SUPPOIT .......eeveeieeieieee et i each....ccccveueeen. 572-00
IMhOff CONEBIUSH .......veeivie e i €Ch....ueeeuneeee. 688-00
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SULFIDE

Method 8131

M ethylene Blue M ethod* (USEPA approved for reporting wastewater analysis)
Range: 00 0.600 mg/L S%

1. Pipet 25 mL of
sampleinto aclean
sample cell.

Note: Samples must be
analyzed immediately and
cannot be preserved for
later analysis. Avoid
excessive agitation. Use a
pipet to minimize loss of
sulfide in the sample.

HRS MIN SEC

5. Begin a5-minute
reaction period.

2. Fill asecond sample 3. Add 1.0 mL of 4. Add1.0mL of
cell with 25 mL of Sulfide 1 Reagent to Sulfide 2 Reagent to
deionized water (the each cell. Swirl tomix.  each cell. Immediately
blank). swirl to mix.

Note: A pink color will
develop, then the solution
will turn blue if sulfide is
present.

6. Zerotheinstrument 7. Immediately place
with the blank, using the the prepared sampleinto
settings bel ow. the cell holder. Closethe
DR/800S light shield. Read the

Program No. 93 mg/L sulfide.

DR/2010
Program No. 690
665 nm

DR/4000
Program No. 3500
665 nm

* Procedure is equivalent to USEPA method 376.2 of Standard Method 4500-S2- D for wastewater.
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SULFIDE, continued

Sampling and Storage
Collect sasmplesin clean plastic or glass bottles. Fill completely
and cap tightly. Avoid excessive agitation or prolonged exposure
to air. Analyze samplesimmediately.

Interferences
For turbid samples, prepare a sulfide-free blank asfollows. Useit
in place of the deionized water blank in the procedure.

a. Measure 25 mL of sampleinto a50-mL Erlenmeyer
flask.

b. Add Bromine Water dropwise with constant swirling
until a permanent yellow color just appears.

¢. Add Phenol Solution dropwise until the yellow color just
disappears. Use this solution in step 4 in place of
deionized water.

Strong reducing substances such as sulfite, thiosulfate and
hydrosulfite interfere by reducing the blue color or preventing its
development. High concentrations of sulfide may inhibit full
color development and require sample dilution. Some sulfide loss
may occur when the sasmpleis diluted.

Soluble Sulfides
Determine soluble sulfides by centrifuging the sample in
completely filled, capped tubes and anayzing the supernatant.
Insoluble sulfides are then estimated by subtracting the soluble
sulfide concentration from the total sulfide result.

Summary of Method
Hydrogen sulfide and acid-soluble metal sulfides react with
N, N-dimethyl-p-phenylenediamine oxa ate to form methylene
blue. The intensity of the blue color is proportional to the sulfide
concentration.

High sulfide levelsin oil field waters may be determined by
proper sample dilution.

456



SULFIDE, continued

REQUIRED REAGENTS

Cat. No.

Sulfide Reagent Set (100 tESES) ....ceecveieiieeieeieeeesreete et te e st be st s sresresre e b sreenis 22445-00
Includes: (2) 1816-32, (2) 1817-32
Quantity Required

Description Per Test Units Cat. No.
Sulfide 1 REAGENT ....cccveeee e 2mL...100mL MDB......... 1816-32
Sulfide 2 REAGENT ......ocveceeeiee e 2mL...100mL MDB......... 1817-32
Water, dBIONIZEA........coovieieeceecee e 25mL ........... AL e, 272-56
REQUIRED APPARATUS
Cylinder, graduated, 25 ML .........cccceeveieneesece e i I each......ccuo..... 508-40
Pipet, volumetric, Class A, 25.0 ML ....cccovvieveeirie e Lo, each.............. 14515-40
Pipet Filler, safety bulb.........cccoeeiieiieeeeee e Lo, each.............. 14651-00
OPTIONAL REAGENTS
Bromine Water, 30 G/ ....cccveeeeeieeee ettt 29mL..cccevnnne, 2211-20
Phenol SolUtion, 30 G/L ... 29mL.....ceneee. 2112-20
OPTIONAL APPARATUS
Bottle, Wash, 250 ML .......ceccieiieiiiceeceere ettt et re e each.................. 620-31
Dropper, for 1 0z. (29 mL) BOttIe.......ccocveveiiieece e each................ 2258-00
Flask, Erlenmeyer, 50 ML ......cccoveieiiiere et seeie et each...cooveenenn. 505-41
Pipet, TenSette®, 1.0 10 10.0 ML ....c.cucucuererercrererererere e eaCh....ccou..... 19700-10
Pipet, tips for TenSette® Pipet 19700-10..........ccccveerereereeerrerereneeeennn. 50/pKg..eeeennen. 21997-96
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Method 8028
SURFACTANTS, ANIONIC (also called Detergents)

Crystal Violet M ethod*
Range: 0-0.275 mg/L

1. Fill aclean500-mL 2. Add 10 mL of 3. Addthecontentsof 4. Add 30 mL of
graduated cylinder tothe Sulfate Buffer Solution. one Detergent Reagent  benzene to the funnel.
300-mL mark with Stopper the funnel. Powder Pillow to the Stopper the funnel and
sample. Pour the sample Shake the funnel for funnel. Stopper the shake gently for

into a clean 500-mL five seconds. funnel and shake to one minute.

separatory funnel. dissolve the powder.

Note: Spilled reagent will
affect test accuracy and is
hazardous to the skin and
other materials.

Note: Use benzene only
in a well-ventilated area.

* Analytical Chemistry, 38, 791 (1966).
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SURFACTANTS, ANIONIC (also called Detergents), continued

HRS MIN SEC

5. Placethe separatory 6. Begin a 30-minute

funnel ina
support stand.

HQW

—

9. Fill another sample
cell to the 25-mL mark
with pure benzene

(the blank).

reaction period.

Note: Excessive agitation
may cause an emulsion to
form, requiring a longer
time for phase separation.
For these samples,
remove most of the water
layer, then gently agitate
the funnel with a clean
inert object in the funnel
such as a Teflon-coated
magnetic stirring bar.

ZERO

B

7. After thetimer 8. Drainthetop
beeps, remove the benzene layer into a

stopper and drain the clean 25-mL sample cell

bottom water layer. (the prepared sample).

Discard this |ayer. Note: The benzene layer
cannot be filtered before
color measurement.
Filtration removes the
blue color.

READ

10. Zerotheinstrument 11. Placethe prepared
with the blank, using the sampleinto the cell

settings bel ow.

DR/800s
Program No. 26

DR/2010
Program No. 710
605 nm

DR/4000
Program N0.1850
605 nm

holder. Close the light
shield. Read the mg/L
anionic surfactants.

Note: Acetone may be
used to clean benzene
from glassware.

Note: The prepared
sample and blank must be
disposed of according to
current Federal, State,
and local regulations for
benzene.
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SURFACTANTS, ANIONIC (also called Detergents), continued

Sampling and Storage
Collect ssmplesin clean plastic or glass bottles. Analyze
samples as soon as possible, but they may be stored at least
24 hours by cooling to 4 °C (39 °F). Warm to room temperature
before testing.

Accuracy Check
Standard Additions M ethod

a. Snap the neck off a Detergent Voluette Ampule Standard
solution, 60 mg/L as LAS.

b. Using the TenSette Pipet, add 0.1, 0.2, and 0.3 mL of
standard to three 300-mL samples. Mix thoroughly.

c. Analyze each asdescribed above. The anionic surfactants
reading should increase 0.02 mg/L for each 0.1 mL of
standard added.

d. If theseincreases do not occur, an interferenceislikely.

Interferences
Perchlorate and periodate ions will interfere. High amounts of
chloride, such asthose levels found in brines and seawater, will
cause low results.

Summary of Method
Detergents, ABS (alkyl benzene sulfonate) or LAS (linear
alkylate sulfonate) are determined by association with crystal
violet dye and extraction of the ion-pair complex into benzene.

461



SURFACTANTS, ANIONIC (also called Detergents), continued

REQUIRED REAGENTS

Quantity Required
Description Per Test Unit Cat. No.
BENZENE, ACS ... .t r e e e ee e 55mL...500mL ............. 14440-49
Buffer Solution, sulfate type........ccoeevereere e 10mL....500 ML .....ovveeee... 452-49
Detergent Reagent Powder Pillow .........cccoccovvcieeceniieenien, 1pillow.....25/pkg .............. 1008-68
REQUIRED APPARATUS
Clippers, for opening powder pillows........c.ccccoveeveveieereenene Lo €aCh....cccceevenee. 968-00
Cylinder, graduated, 25 ML .......cccceveieieeiece e Lo each....cccoeuenee. 508-40
Cylinder, graduated, 50 ML .......cccccevvveieeveie e T each....ccceuenee. 508-41
Cylinder, graduated, 500 ML ......c.cceeevvieeiieeie e seeree e Tos each....ccccouee.. 508-49
Funnel, separatory, 500 ML ........ccoovviieenin e Toi, ech......ccooen. 520-49
Ring, SUPPOrt, 4-iNCH .......coeeiiiiee e Tois each....ccceeueee. 580-01
Stand, support, 127 X 203 MM ......ccccceveveeierieceereeseseeeenens (T each.....ccoueee. 563-00
OPTIONAL REAGENTS
ACEIONE, ACS ... 500 mL ............. 14429-49
Detergent Standard Solution, Voluette™ ampule,
B0 MO/L @SLAS, 10 ML oot 16/pkg............. 14271-10
OPTIONAL APPARATUS
AMPUIE BreaKer Kit.......cooieieie e each............ 21968-00
Pipet, TENSette®, 0.110 1.0 ML ...cvcvevcvercrereeceeieeeree et eaCh ...o....... 19700-01
Pipet Tips, for 19700-01 TeNSette® Pipet.........ccccoevevevererererereerererenenns 50/pkg......c....... 21856-96
S T = T= P 1] 0 SR P each............. 20953-48
Thermometer, 1010 110 °C.....ocieiiiiieee e each............... 1877-01
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TOXICITY*

Method 10017

ToxTrak™ Colorimetric M ethod**
Range: 0—-100% inhibition

I noculum Development

Using Indigenous
Biomass

1. Using oneof the

dropper pipets provided,

add 1.0 mL of source
culture to a Tryptic Soy
Broth Tube.

4

3. Remove the cap
from aLauryl Tryptose
Broth Tube and drop in
the Inoculum Disk.
Shake to dissolve

the disk.

2. Incubate until the
vial contents are visibly
turbid (turbidity
indicates bacterial
growth).

4. Incubate the Lauryl
Tryptose Broth Tube
until the mediumis
visibly turbid. Turbidity
will develop much faster
if incubation is done at
35 °Cinstead of room
temperature. At 35 °C,
10 hoursis

usually sufficient.

* U.S. Patent 5,413,916

Using Bactrol Disks

1. Flame sterilize
forceps by dipping into
alcohol and flamein
an alcohol or Bunsen
burner. Let the

forceps coal.

5. Inoculate anew
Lauryl Tryptose Broth
Tube by first inverting
the tubein step 4, and
then switching the caps
of the two tubes. Then
invert the new tube.
After incubation,
usethisnew vid in
subsequent tests.

** Liu, D., Bull Environ. Contam. Toxicol. 26, 145-149 (1981).
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2. Remove the cap
from the Bactrol
inoculum bottle. Pick
out one Bactrol
Inoculum Disk with the
sterilized forceps.

Note: In this way, several
medium vials may be
inoculated from one
Bactrol Disk.

Note: If testing on
consecutive days, keep
inoculum several days in
the incubator or at

room temperature.



TOXICITY, continued

Colorimetric Reaction

Measure

Absorbance.

“

1. Settheinstrumentup 2. Setthewavelength

to measure absorbance.

Note: For the DR/2010,
use the constant-on mode
and press 0 ENTER. For
the DR/4000, press the
soft key under SINGLE A.
For the DR/800s, press
PRGM, then enter 61.

5. Press: ZERO. The
display will show:

0.000Abs

to 603 nm.

Note: DR/800s will go to
610 nm automatically.

=
|

6. Label onesample
cell/tube as “control”.
Open one ToxTrak
Reagent Powder Pillow
and add the contentsto
the empty cell/tube.

3. Insert the
appropriate sample cell
adapter into

he instrument.

Note: Use a Test ‘N Tube
adapter for the DR/2010
and DR/800s. Use a 1-cm
square cell adapter for the
DR/4000.

7. For each sample or
dilution, repeat step 6.
Label each cell/tube
clearly.

464

4. Fill asample
cell/tube with deionized
water. Label it as
“blank”. Place the blank
into the adapter.

Note: Use a square 1-cm
cells for DR/4000s and a
Test ‘N Tube vial for the
DR/2010 and DR/800s.

u
8. Add5.0mL of
deionized water to the
control cell/tube. Cap.
Shake all tubes

vigorously for
30 seconds.



TOXICITY, continued

control
cell

9. Add5.0 mL of 10. Add 3 drops of 11. Add 0.5 mL of 12. Place the control
sample (or dilutions) to  Accelerator Solutionto  inoculum (previously cell/tube in the adapter.
thesamplecell/ tubes.  each cell/tube. Capand prepared) to each Cover the adapter.
invert to mix. cell/tube. Cap andinvert Record the absorbance.
to mix.

13. Repeat step 12 14. Allowthesolutions 15. Placethe blank 16. Press: ZERO

for all samples and to react until the prepared in step 4 in the . . )
dilutions. Be sureto absorbance of the adapter. Cover The display will show.
record each absorbance. control tube decreases  the adapter. 0.000

0.60 £0.10. This should

take about

45-75 minutes.

Note: Do not leave the
tubes in the sample
compartment during the
reaction period.
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TOXICITY, continued

17. Placethecontrol ~ 18. Placeeachsample 19. Calculate the %

cell/tubeinto the cell/tube into the Inhibition as follows:
adapter. Cover the adapter. Cover the %l = [1 _(AAbs samgle)] x 100
adapter. Record the adapter. Record the AAbs control
absorbance value. absorbance value of See the example below.

each sample.

Note: Invert each tube to Note: Some toxins

re-mix before reading it. increase respiration and
will give a negative %
inhibition on all
respiration-based toxicity
tests. After repeated
testing, samples which
always give a % inhibition
in step 19 that is more
negative than 10% should

be considered toxic.
Example:

The control tube (C) has an initial absorbance of 1.6 and decreases to 1.0 Abs. The sample tube
has an initial absorbance of 1.7 and decreases to 1.3 Abs.

Abs. Sample = 1.7-1.3 = 0.4
Abs. Control = 1.6-1.0 = 0.6

oo = (1-(24)) 100

%l = 33.3
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TOXICITY, continued

Disposal of Test Cultures
Dispose of active bacterial cultures using one of these methods:

1. Autoclave used test containers at 121 °C for 15 minutes at
15 pounds of pressure. Once the containers are sterile, pour
the contents down the drain with running water. The reaction
tubes may be washed and re-used.

2. Sterilize test containers by using a 1:10 dilution of
commercial laundry bleach. Pour the test container contents
and test containersinto the bleach solution. Allow 10-15
minutes of contact time with the bleach solution. Pour the
liquid down the drain and wash the reaction tubes for re-use.

Summary of Method

Thismethod is based on the reduction of resazurin, aredox-active
dye, by bacterial respiration. When it is reduced, resazurin
changes color from blue to pink. Toxic substances can inhibit the
rate of resazurin reduction. A chemical accelerant has been added
to shorten the reaction time.
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TOXICITY, continued

REQUIRED REAGENTS

Description Cat. No.
ToXTrak™ Reagent St (25 LESES) ..vveiveriieiieree e e see e ee e et e e te e e re e re e sre e e 25972-00
Includes: (1) 25607-66, (1) 25608-36, (1) 22336-15, (2) 21247-20, (2) 20962-08

Quantity Required
Description Per Test Unit Cat. No.
ToxTrak™ Reagent Powder PIllOWS..........ccccoviirciicnennns 1pillow....50/pkg............. 25607-66
ToxTrak™ Accelerator Solution.........ccccccvevieveecieveceenene, 2drops..15mL SCDB...... 25608-36
Tryptic SOy Broth TUDES.........cceiriiirinereeeeeer e 1o 15/pKg .coveneeneee 22336-15
REQUIRED APPARATUS
Adapter, Test ‘N Tube™, DR/2010 ........ccccorverererienieenieneens Lo, each............. 44798-00
Adapter, 1-cm, square, DR/4000 ........ccccoooeveneeereeneeceee e j ech............ 48584-00
Adapter, Test ‘N Tube™, DR/800.........ccccerereeeeeeneeeeeeee i each............. 48464-00
Clippers, to open powder PilloOWS ........cccevirriceenieneeeereee I each....cccoeeenee. 936-00
Tubes, Test ‘N TUDE™ ..o varies......10/pkg............. 20962-08
Dropper Pipet, LML ...ccccoeeeeicieeececece e varies......20/pkg.............. 21247-20
Forceps, flat SquUar€ tip.......coceeveveseecese e Lo each............. 14537-00
Pipet, Volumetric, 5.0 mL, CIass A ..o Varies.......... each............. 14515-37
Pipet Filler, Safety BUID........ccccoeiieiieece e Lo, each............. 14651-00
Sample Cell, 1 CM, SQUAE, ......cccovvrereeieeeeesenieseseeseesesennens 1o 10/pKg .c.venveeee 26275-10
OPTIONAL REAGENTS
Culture Set (Bactrol Discs & Lauryl Tryptose Broth Tubes) ....... 25 cultures............. 25978-00
Bactrol DisCS, E. COli ..cuuvuiriiriiiiiiiinierieieese st 25/bottle............. 25809-25
(ESTo] o 0] 0= 1o RSOSSN 500 mL ............. 14459-49
Lauryl Tryptose Broth TUDES..........ooeeeiiieeeere e 15/pkg...cceenne. 21623-15
OPTIONAL APPARATUS
Burner, AICONOI, B0 ML ...ttt e e e e e e e e e e e e ech............ 20877-42
BUIMNEL, BUNSEN ..ottt ettt et e e et e e e e e e e e e e e e e e s e sanreeneees ech............ 21627-00
Germicidal ClOth..........cciiiiiee e 50/pkg............. 24632-00
Incubator, Dri Bath, 25 well, 115-230 V, North American plug.............. each............. 45900-00
Incubator, Dri Bath, 25 well, 115-130 V, European plug ..........ccccveueenene each............. 45900-02
TeSt TUDE RBCK......coeeieeeeeee e each............ 24979-00
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Method 8196
VOLATILE ACIDS

Esterification M ethod*
Range: 0-2800 mg/L asHOAc

ol ol [

1. Pipet 0.5mL of 2. Filter or centrifuge 3. Pipet 0.5mL of the 4. Pipet 1.5 mL of
deionized water intoa 25 mL of the sample. filtrate or supernatant ethyleneglycol into each

dry 25-mL sample cell , . o into another dry 25-mL  sample cell. Swirl
Note: Centrifugation is .

(the blank). faster than filtration. sample cell (the to mix.

Note: The TenSette Pipet prepared sample).

may be used for pipetting Note: Use a Class A or

in this procedure. TenSette Pipet.

HRS MIN SEC
. ] ] |
N

—

5. Pipet 0.2 mL of 6. Placebothcellsinto 7. Begin a3-minute 8. When the timer
19.2 N Sulfuric Acid aboiling water bath. reaction period. beeps, cool solutions to
Standard Solution into Note: 25 °C (until cell feels
. . ote: Samples may be . .
each cell. Swirl tomiX.  oiied in a 600-mL beaker. cold) with running
tap water.

* Adapted from The Analyst, 87 949 (1962).
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VOLATILE ACIDS, continued

9. Pipet 0.5 mL 10. Pipet 2.0 mL 11. Add 10 mL of 12. Add 10 mL of

of Hydroxylamine of 4.5N Sodium Ferric Chloride Sulfuric  deionized water to
Hydrochloride Solution  Hydroxide Standard Acid Solution to each each cell. Swirl to mix.
into each cell. Swirl Solution into each cell.  cell. Swirl to mix.

to mix. Swirl to mix.

HRS MIN SEC

13. Begin athree- 14. When thetimer 15. Place the prepared

minute reaction period.  beeps, zero the sample into the cell
instrument with the holder. Close the light
blank, using the settings shield. Read the mg/L
below. volatile acids (as acetic

DR/800s acid).
Program No. 96

DR/2010
Program No. 770
495 nm

DR/4000
Program No. 3800
495 nm
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VOLATILE ACIDS, continued

Sampling and Storage
Collect samplesin plastic or glass bottles. Analyze samples as
soon as possible after collection. Samples can be stored up to
24 hours by cooling to 4 °C (39 °F) or below. Warm to room
temperature before running the test.

Accuracy Check
Standard Additions M ethod

a. Snap the neck off aVolatile Acids Voluette Ampule
Standard Solution, 62,500 mg/L as acetic acid.

b. Usethe TenSette Pipet to add 0.1, 0.2, and 0.3 mL of
standard, respectively, to three 25-mL graduated mixing
cylinders, each containing 25 mL of filtered sample.
Stopper. Shake well to mix.

¢c. Removea0.5 mL aliquot of sample from each cylinder;
add to three dry sample cells. Analyze al three samples
along with the original test sample beginning with step 6
of the procedure. The volatile acid concentration should
increase 250 mg/L volatile acids as acetic acid for each
0.1 mL of standard added.

d. If theseincreases do not occur, an interferenceislikely.

Standard Solution M ethod

Prepare a 500 mg/L volatile acid standard by using the TenSette
Pipet to add 0.8 mL of aVolatile Acids Voluette Ampule Standard
Solution (62,500 mg/L as acetic acid) to a 100-mL volumetric
flask. Dilute to volume with deionized water.

Summary of Method
The volatile acids test is designed specifically for the
determination of volatile acidsin digested sludges. The method is
based on esterification of the carboxylic acids present and
determination of the esters by the ferric hydroxamate reaction.
All volatile organic acids present are reported as their equivalent
mg/L acetic acid.

471



VOLATILE ACIDS, continued

REQUIRED REAGENTS

Cat. No.
Volatile Acids Reagent Set (90 tESES) ......ievuiecieerierieerer e er e see e sre e sre e e 22447-00
Includes: (1) 2039-53, (2) 2042-53, (1) 818-42, (1) 2040-53, (1) 2038-32

Quantity Required

Description Per Test Units Cat. No.
Ethylene, GIYCOI .......cooeeieee e 3mL...1000 mL ............... 2039-53
Ferric Chloride-Sulfuric Acid Solution ............c.cceeeverieneee. 20 mL.. 1000 ML ............... 2042-53
Hydroxylamine Hydrochloride Solution, 100 g/L ............... 1mL....100 mL ................ 818-42
Sodium Hydroxide Standard Solution, 45N ........ccc..c....... 4mL...1000 ML ............... 2040-53
Sulfuric Acid Standard Solution, 19.2 N .....ccccceeeveeeeeenen. 0.4 mL...100 mL MDB....... 2038-32
Water, dEIONIZE .....eeeeeeeeeeeeeeeeeeeeeeee et e e 205mL ......... AL e 272-56
REQUIRED APPARATUS
(0 (=0 1 0T = SRR 2 2/pkg...ccene. 14647-02
Cylinder, graduated, 10 ML .......cccevvierieiece e T each....ccceueee. 508-38
Filter Paper, folded, 12.5CM......ccccceeveieveeceee e 1. 100/pKg ..cvevenenn 1894-57
Flask, Erlenmeyer, 5O ML .......ccoovveievececeereese e Lo each.....ccoeeee. 505-41
Funnel, poly, B5 MM ... j each.............. 1083-67
Hot Plate, circular, 10 cmdiam., 120V ....oooooeveeeeeeeeeeeeeeeeenn, Lo, ech............ 12067-01
Hot Plate, circular, 10 crdiam., 240V .....oocovveeeeeeeeeeeeeeeeenn Toiiii, each.......... 12067-02
Pipet Filler, safety Bulb .......c.cooviviececee e Lo each............. 14651-00
Pipet, serological, 2 ML ......ccoevvvveiieiee e 2, each.....ccoveeee. 532-36
Pipet, volumetric, Class A, 0.5 ML ......ccoovveveevviiciececeee, I each............ 14515-34
Pipet, TenSette®, 1.0t0 10.0 ML ...cvcveveveveveeerererercveieveveveve e (T each ........... 19700-10
Pipet Tips, for TenSette® Pipet 19700-10.........cccccecvvrvrennee. varies......50/pkg ............. 21997-96
Water Bath and RacK ........ccooveiioiiiieceee e 1o, each............. 1955-55
OPTIONAL REAGENTS
Volatile Acids Standard Solution, Voluette™ ampule,
62,500 mg/L asacetic acid, L0 ML ......coceevvvieiecece e 16/pkg.......c..... 14270-10
OPTIONAL APPARATUS
AMPUIE Breaker Kil.......ooooi oot each............ 21968-00
BEAKET, BO0 ML ..ttt ettt ettt e e e e e e e e e e e e e sen e ereeessanereneeeeees each.....cccceunee.. 500-52
Cylinder, graduated, miXing, 25 ML ......cccccevievieeiieesee e e ech............. 1896-40
Cylinder, graduated, plastic, 250 ML .......cccecviieevieve e each.............. 1081-46
Flask, volumetric, Class A, 100 ML ......ccooeivenineieeesese e each............ 14574-42
Pipet, TenSette®, 0.1t0 1.0 ML ..cvcvcvivieciereieieeceerete e each........... 19700-01
Pipet Tips, for 19700-01 TenSette® Pipet.........ccccvvvveerenererreeeinenennnas 510 o/'(o PR— 21856-96



ZINC

M ethod 8009

Zincon Method* (USEPA Accepted for wastewater analysis)**
Range: Liquids- 0.3—20000 mg/L; Solids- 20-200000 mg/L

/ -
Digest
Sample

1. Select sample
amount from tables
following these steps.
Digest the sample
according to the
procedure in Section 3.

Note: If sample cannot be
analyzed immediately
after collection, see
Sampling and Storage
following these steps.

Note: The Digesdahl is
not a USEPA approved
digestion. Samples
digested using the
Digesdahl may not be
used for

reporting purposes.

2. Usetheanalysis
volume in the same
table. Pipet the sample
analysisvolumeinto a
25-mL mixing cylinder.
If the aliquot is more
than 0.2 mL, adjust the
pH according to the
instruction following the
digestion method. Dilute
to the 20-mL mark with
water.

Note: Use only glassware
and glass stoppers. Wash
glassware with 1:1
hydrochloric acid and
deionized water before
use to avoid errors.

3. Addthecontentsof 4. Measure 10 mL of
one ZincoVer 5 Reagent the solution into a
Powder Pillow to the sample cell (the blank).
cylinder. Stopper.

Invert several timesto
completely dissolve
the powder.

Note: Powder must be
completely dissolved.

Note: The sample should
be orange. If it is brown or
blue, dilute the sample
and repeat the test.

Caution: ZincoVer 5 containscyanide and isvery poisonousif taken
internally or inhaled. Do not add to an acidic sample. Store away
from water and acids.

* Adapted from Standard Methods for the Examination of Water and Wastewater
** Federal Register, 45 (105) 36166 (May 29, 1980). Approved only if preceded by an EPA-approved
nitric acid digestion. The Digsdahl procedure is not USEPA approved and cannot be used for reporting

purposes.
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ZINC, continued

! /’ I

5. Add 0.5 mL of 6. Stopperthecylinder. 7. Beginathree-minute 8. During the reaction
cyclohexanone to the Shake vigorously for reaction period. period pour the solution
remaining solutioninthe 30 seconds (the prepared from the cylinder into a
mixing cylinder. sample). 10-mL sample cell.
Note: Use a plastic Note: The sample will be

dropper as rubber bulbs red-orange, brown or blue,

may contaminate the depending on the zinc

cyclohexanone. concentration.

9. After thetimer 10. Placethesamplein 11. Usethe equation

beeps, zero the the cell holder. Read the below the Zinc Sample

instrument with the mg/L zinc. and Analysis Volume

blank, using the settings Tables to calculate the

bel ow. true zinc concentration.

DR/800s Note: For solid samples,

Program No. 97 express results as mg/kg,
not mg/L.

DR/2010

Program No. 780

620 nm

DR/4000

Program No. 3850

620 nm
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ZINC, continued

Sample and Analysis Volume Tables
Choose sample and analysis volumes based on expected
concentration in the sample. The values in these tables reflect the
narrowest concentration range for the DR/4000, DR/2010 and
DR/800s. Differences between these tables and those in the
Digesdahl Manual are dueto calculations based on a different set
of instruments.

Liquids
Cone.(mgil) | Amount(mL) | Velume (miy | DU To
0.3-12.5 40.0 8.00 20 mL
1-50 20.0 4.00 20 mL
4-200 10.0 2.00 20 mL
40-2000 5.00 0.40 20 mL
400-20000 1.00 0.20 20 mL
Solids
CEoance.C(trigli;) Ariirl?r?tlig) Vo?t?r?wlgs(::L) Dilute To
20-1000 0.500 8.00 20 mL
50-2500 0.400 4.00 20 mL
170-6600 0.300 2.00 20 mL
1000-50000 0.200 0.40 20 mL
4000-200000 0.100 0.20 20 mL

Calculation For Final Concentration:

A x2000_
BxC - mg/L or mg/kg Total Zn

A = mg/L reading from instrument

B = g or mL sample amount from table

C = mL analysis volume from table
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ZINC, continued

Sampling and Storage

Accuracy Check

Collect samplesin acid-washed plastic bottles. For storage, adjust
the pH to 2 or less with nitric acid (about 2 mL per liter). The
preserved samples can be stored up to six months at room
temperature.

Adjust the pH to 4-5 with 5.0 N sodium hydroxide before
analysis. Do not exceed pH 5, as zinc may belost as a precipitate.
Correct the test result for volume additions.

If only dissolved zinc isto be determined, filter the sample before
adding the acid.

Standard Addition M ethod

a. Perform the zinc method and note the analysis volume
and the mg/L Zn.

b. Pipet the same analysis volume into three 25-mL
graduated mixing cylinders.

c. Snap the neck off aZinc Voluette Ampule Standard,
25 mg/L.

d. Usethe TenSette Pipet to add 0.2, 0.4, and 0.6 mL of
standard to the three samples. Dilute to the 20-mL mark.
Mix each thoroughly.

e. Analyze each sample as described above. The zinc
concentration should increase 0.25 mg/L for each 0.2 mL
of standard added.

f. If theseincreases do not occur, an interferenceis likely.

Standard Solution M ethod

Prepare a 0.5 mg/L zinc standard solution by diluting 0.5 mL of
Zinc Standard Solution, 100 mg/L as Zn, to 100 mL with
deionized water. Prepare this solution daily. Perform the zinc
method as described in steps 3-12. The result should be 0.5 mg/L.
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ZINC, continued

I nterferences

The following may interfere when present in concentrations
exceeding those listed below.

Substance Concentration
Aluminum 6 mg/L
Cadmium 0.5 mg/L
Copper 5 mg/L*
Iron (ferric) 7 mg/L*
Manganese 5 mg/L
Nickel 5 mg/L

* Monitor copper and iron by diluting the final sample 1:2 and using Hach
Water Quality Copper Test Strips (Cat. No. 27451-25) and Hach Water
Quality Iron Test Strips (Cat. N0.27453-25).

Pollution Prevention and Waste M anagement

ZincoVer 5 reagent contains potassium cyanide, whichis
regulated as hazardous wastes by the Federal RCRA. Cyanide
should be collected for disposal asreactive (D003) waste. Be sure
that cyanide solutions are stored in a caustic solution with pH >11
to prevent the release of hydrogen cyanide gas.

In the event of a spill or release, clean up the area by using the
following procedure:

a. Useafume hood, supplied-air, or self-contained
breathing apparatus.

b. While stirring, add the waste to a beaker containing a
strong solution of sodium hydroxide and calcium
hypochlorite or sodium hypochlorite (household bleach).

c. Maintain astrong excess of hydroxide and hypochlorite.
L et the solution stand for 24 hours.

d. Neutralize and flush the solution down the drain with a
large excess of water.
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ZINC, continued

Summary of Method
Zinc and other metalsin the sample are complexed with cyanide.
Adding of cyclohexanone causes a selective release of zinc. Zinc
then reacts with the 2-carboxy-2'-hydroxy-5'-sulfoforamazy!|
benzene (zincon) indicator. The zinc concentration is proportional
to the resulting blue color.

REQUIRED REAGENTS

Cat. No.

Zinc Reagent Set, 10-mL sample Size (100 tESS) ....ceoveirieeriereeesieseee e see e 24293-00
Includes: (1) 14033-32, (1) 21066-69
Quantity Required

Description Per Test Units Cat. No.
CYCIONEXBNONE........coieeiiecee ettt nee s 1mL...100mL MDB....... 14033-32
ZincoVer® 5 Reagent Powder PillOWS..........cccevevevvenenee. 1 pillow. ........ 100/pkg....... 21066-69
Water, dEIONIZEA...........oiuiieieieeee e 4L........ 272-56
REQUIRED APPARATUS
Cylinder, graduated, mixing, 25 ML .......cccoeevevieeveeneesieenenne Lo, each....... 20886-40
Pipet, volumetric, Class A, 8.00 ML ........ccoevevvieeierreereenn. T each....... 14515-08
Pipet, volumetric, Class A, 4.00 ML .....ccoccoeveivieeieneeereene, T each....... 14515-04
Pipet, volumetric, Class A, 20 ML ......ccoovveveeveveeiece e, Lo, each....... 14515-36
Pipet, volumetric, Class A, 0.5 ML ......cccovveveviviciece e, Lo, each....... 14515-34
OPTIONAL REAGENTS
Bleach, household.............cooiiiieece e 1gdl....buy locally
Hydrochloric Acid Standard Solution, 6 N..........ccccevevieevirncen e ece e 500 mL........... 884-49
NItFIC ACIH, ACS.....o i eneas 500 mL........... 152-49
NITFC ACIH LiL oot 500 mL......... 2540-49
Sodium Hydroxide Standard Solution, 5.0 N .........ccccovvevvieevinienen. 50 mL SCDB......... 2450-26
Sodium hydroxide, 50% W/W........c.ccveeeiereieeie s 500 mL......... 2180-49
Water Quality Test Strips, total COPPES .....eccvevvereereeie e 25/pkg....... 27451-25
Water Quality Test Strips, total iron ........coeceeeeveeeeee e 25/pkg....... 27453-25
Zinc Standard Solution, 100 MQ/L ZN .....ooeeiiieeese e 100 mL......... 2378-42
Zinc Standard Solution, Voluette™ ampule,
25MQ/L @SZN, LO ML .eoeiiiieeie e 16/pkg....... 14246-10
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APPENDIX A

TROUBLESHOOTING

1.

If the results from any Hach chemistry are in doubt, follow
the instructions below:

a. Run aproof-of-accuracy check with a standard solution.
Take a known standard solution through all the same
steps as the original sample in question, including
sampling, storage, digestion, and the colorimetric
procedure. If the results on the standard solution are
correct, proceed to step 3. If the results differ
significantly from the standard concentration, proceed to
step 2.

If the results of the standard solution accuracy check do not
match expected results, the reagents may need replacing or
the analysis technique may be incorrect. Proceed to step a.

a. Determinethe age of the reagents used. Most Hach
reagents are stable for at least one year, but many factors
affect shelf life (heat, microbial contamination,
humidity). If onereagent is suspect, replace that chemical
and run the standard accuracy check again.

b. Runadeionized water blank through all portions of the
procedures, including sampling, storage, digestion, and
the colorimetric procedure. Some chemicals add a small
amount of color to atest, but thisis not considered
unusual. Look for color development in excess of 10% of
the range of the test. This can indicate a problem with
one of the reagents or the dilution water.

c. If thereagents seem to be working correctly, troubleshoot
the processing phases the sample goes through. First,
omit the storage/preservation phase and run the
digestions and colorimetric method on a standard
solution. If thistest gives the correct result, examine the
storage procedure. Make sure to follow the storage
instructions given in each procedure. Be sure to acidify
the sample with the correct acid to the correct pH and to
neutralize the sample to the proper pH before testing.

If the standard check still resultsin an incorrect value, omit
the digestion phase and run the colorimetric test on a
standard. If this value is correct, examine the digestion
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TROUBLESHOOTING, continued

procedure. Make sure correct amounts of acid and peroxide
are used and that the pH adjustment following the digestion is
followed. Refer to the procedure for the specific parameter to
confirm the correct reagents are used.

3. If the standard accuracy check from step a gives a correct
value, but the sample results are questionable, an interfering
substance may be present in the sample. Troubleshoot the
interference as follows:

a. Runastandard spike on the sample. This provides
more compl ete information about possible problems
than a single standard solution check because the
analysisincludes any interferences that may be present
in the sample.

b. Split afresh sampleinto two equal aliquots. Add aknown
amount of standard solution to one of them. Analyze both
the samples using the same reagents, instruments, and
techniques. The concentration increase should equal the
amount of analyte added. See Sandard Additions under
the Accuracy Check section in each procedure.

c. Calculate the percent recovery using these steps.
1. Measure the unknown sample concentration.

2. Cadlculate the theoretical concentration of the spiked
sample asfollows:
(c xVvy)+(CgxVy)
Vu + Vs

Theoretical concentration =

Where:
C, = measured concentration of the unknown sample
V, = volume of the unknown sample

C, = concentration of the standard
Vg = volume of the standard

3. Measure the spiked sample concentration.

4. Divide the spiked sample concentration by the
theoretical concentration.
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TROUBLESHOOTING, continued

5. Multiply the results from step 4 by 100. theresult is
the percent recovery.

Example

Sample result = 4.5 mg/L manganese

A separate 97-mL portion of sample was spiked with 3 mL of a
100-mg/L manganese standard. Using the same procedure, the
spiked sample result = 7.1 mg/L.

The theoretical concentration of the spike sample is:

(45 mg/L x 97 mL) +(3mL x100mg/L) _ - , mg/L
97 mL+3mL

The percent spiked recovery is:

7.1 mg/L ~ oro
7.2 mgL <100 = 96%

d. Perform aseries of dilutions on the sample. Because it
may not be possible to determine what the interfering
substance is, diluting the sample past the point of
interference may be the most economical means of
getting a correct resullt.

e. Make sure the analyte in the sample is within the test
range. High analyte levels can cause erroneous results
due to over developed or under developed color, excess
turbidity, or sample bleaching. Run a series of dilutions
to check for this possibility.

f. Sometimesit isnot possible to dilute the sample enough
to stop the interference. In this case, try to use adifferent
method to measure the parameter, such as a different
chemistry or an ion-selective electrode.
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TROUBLESHOOTING, continued

Frequently Asked Questions

Off-scale Reading

Reagent Blanks

If the reading on your instrument is off-scale, check the
concentration range in the tables following the procedure steps.
Use a smaller analysis volume and repeat the procedure (the
digestion does not need to be repeated unless there is not enough
digestate to repeat the colorimetric phase). Record the new
analysis volume and useit in the calculation.

First, determine any contribution the reagent blank makes to the
sample result by standardizing the instrument on distilled water.
If the blank has an insignificant value and you are using reagents
with the same lot number, areagent blank does not need to be run
with every analysis. If the blank contributes to the sample
reading, analyze ablank daily or subtract the reading from the
samplereading. If adaily reagent blank is not run, standardize the
instrument with deionized water.

Sample Amounts and Analysis Volumes

The sample amount and analysis volume in the tables included
with each procedure are suggested guidelines. Any agueous
solution or suspension up to 40 mL may be digested. Solid or
organic liquid samples require less that 0.5 g of anhydrous
material. Generally, 0.25 g of sample is used.

The amount of sample to be digested is critical. The volume of
the digestate used for analysisis also very important. The tables
following procedure steps can help determine these volumes. Use
the following procedure to optimize these amounts.

1. Determine the approximate concentration of the sample.

2. Determine the range of the colorimetric test being used and
the midpoint of the test range. The midpoint is optimum, but
can be lowered for very low analyte concentrations.
Determine the midpoint by subtracting the lower limit of the
range from the higher limit of the range and divide by 2.

3. Usethefollowing equations to refine sample and
analysis volumes.
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TROUBLESHOOTING, continued

A = BxCxD
ExF
Where:

A = Approximate sample concentration
B = midpoint of colorimetric test range
C = Final volume of the digestate

D = final analysis volume

E = sample amount to digest

F = analysis volume of digestate

Using algebr a, these two equations ar e obtained:

equation (1)

£ - BxCxD
AxF

equation (2)

F-BxCxD
AxE

Both equations contain two unknown values (E and F), and some trial
and error may be required to achieve the optimum values.

Example 1

Analyze for copper using the CuVer method and he DR/2010
spectrophotometer with an initial sample containing 150 mg/L
copper. Determine the amount of sample required for digestion
and the analysis volume.

In this case the test range is 0 to 5.00 mg/L, and the midpaint is
2.5mg/L.

When using the Digesdahl, the final volume of digestate is
100 mL and the analysis volumeis 25 mL.
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TROUBLESHOOTING, continued

So:

A =150

B=25

C=100

D =25

E and F are unknown

Substitute these valuesinto equation 1:

£ = 2:5x100x25
150 x F
E o AL7

Because CuVer Copper Reagent is pH sensitive, asmall analysis
volume (0.5mL) isbest so apH adjustment is not necessary. With
thisin mind, a0.5-mL analysis volume would give:

N

E = 1—5 = 83.4 mL sample digestion volume

0.

~

Since the maximum digestion amount is40 mL, a0.5-mL
analysis volume is not acceptable. Try a5.0-mL analysis volume:

N

E = Al7 - 8.0 mL sample digestion volume

5.0

~

(round to the nearest whole number for easy measurement)

An 8.0-mL sample would be digest and a 5.0-mL volume would
be taken for colorimetric analysis. A pH adjustment would be
necessary before anaysis.
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TROUBLESHOOTING, continued

Example 2

Use equation 2 when aminimum sample sizeis desired or when a
sample has already been digested for one parameter (such as
copper) and another parameter (such as zinc) also needsto be
measured.

The digestate from the above example contains 3 mg/L zinc and
the Zincon methodsis being used. Determine the analysisvolume
asfollows.

The midpoint of the Zincon test rangeis 1.25 mg/L.
So:

A=3

B=1.25

C=100

D =50

E = 8 (as determined above)

F = unknown

Substituting these values into equation 2 gives:

3x8

F = 260 mL

Thisis an extreme example, but it illustrates the need to compare
the values of D and F to assure that the volume of sample to be
digested(F) does not exceed the final analysis volume (D). The
analysis cannot be done if F exceeds D. If this occurs, use atest
with a more appropriate range or digest alarge sample volume.

Be sure that the volume of digestate taken for analysis (F) is
greater than 0.1 mL because accurately pipetting lessthan 0.1 mL
is difficult.

As a comparison, assume the zinc concentration is 75 mg/L
(A =75instead of 3). Substituting into equation 2 gives:

F - 125x100%50 _ 1op

75%x8
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TROUBLESHOOTING, continued

Here, the volume of sample to be digested is less than the
final analysis volume and the analysis my be done as stated in
the procedure.

Calculation Factor s of 75, 1000, 2000, 2500, and 5000
In al cases, the factor is a correction for the sample dilution.
For example, the factor is 2500 for the iron test. The Digesdahl
digestion total volumeis 100 mL and the analysis total volumeis
25mL.

So:
100 x 25 = 2500

ThemL units are not included with the factor because they cancel
out in the formula.

The factor 75 is an exception and is due to the fact that the
instrument programs were setup using a 25 mL digestion volume
and a3 mL samplefor analysis.

Reportingon a“Dry Basis’
Sometimes it is necessary to report atotal concentration on adry
basis when analyzing a slurry. Analyze the sample for moisture
content following the procedure on the next page to express
results on adry basis.
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TROUBLESHOOTING, continued

AnalysisFor “Dry Basis’

=

1. Weighanaluminum 2. Weighoutabout2g 3. Placethedishinan 4. Cool to room

dish and record of samplein the dish. over (103-105 °C) for temperature by placing
the weight. Record the exact two hours. the dish in a desiccator.
weight added.

5. Weightheauminum 6. Usethe following

dish with the dried formulato calculate the
sampleinit. sample “dry basis’.
Note: The oven-dried Test results as dry basis =
sample generally is AxB
unsuitable for additional C
testing and should
be discarded. Where:
A = total metal
concentration.

B = net weight of sample
taken for oven drying.

C = net weight of oven-
dried sample.
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TROUBLESHOOTING, continued

Containers, Preservation Techniques and Holding Times

Thistableis adapted from Table Il published in the Federal
Register, July 1, 1997, 40 CFR, Part 136.3, pages 26-28. Organic
tests are not included.

Parameter No./Name Containerl Preservation2.3 Ma}xmu.m
Holding Time4
Table 1A Bacterial Tests
1-4. Coliform, fecal and total PG Cool, 4 °C, 0.008%, 6 hours
Na252035
5. Fecal streptococci PG Cool, 4 °C, 0.008%, 6 hours
Na282035
Table 1B Inorganic Tests
1. Acidity PG Cool, 4 °C 14 days
2. Alkalinity PG Cool, 4 °C 14 days
4. Ammonia P, G Cool, 4 °C, H,S0O,4 to pH<2 28 days
9. Biochemical oxygen demand PG Cool, 4 °C 48 hours
(BOD)
10. Boron P, PFTE or HNOj3 to pH<2 6 months
quartz
11. Bromide PG None required 28 days
14. Biochemical oxygen PG Cool, 4 °C 48 hours
demand, carbonaceous
15. Chemical oxygen demand PG Cool, 4 °C, H,SO4 to pH<2 28 days
16. Chloride PG None required 28 days
17. Chlorine, total residual PG none required Analyze immedi-
ately
21. Color PG Cool, 4 °C 48 hours
23-24. Cyanide, total and PG Cool, 4 °C, NaOH to pH>12, 14 days
amenable to chlorination 0.6 g ascorbic acid®
25. Fluoride P None required 28 days
27. Hardness PG HNO3 to pH<2, H,SO, to 6 months
pH<2
28. Hydrogen ion (pH) PG None required Analyze immedi-
ately

31, 43. Kjeldahl and organic PG Cool 4 °C, H,SO4 to pH<2 28 days

nitrogen

488




TROUBLESHOOTING, continued

plus sodium hydroxide to
pH>9

Parameter No./Name Containerl Preservation?2:3 Ma}xmu.m
Holding Time4
Metals?
18. Chromium VI P, G Cool, 4 °C 24 hours
35. Mercury PG HNO;3 to pH<2 6 months
Metals, except boron, chromium PG
VI and mercury. 3, 5-8, 12, 13,
19, 20, 22, 26, 29, 30, 32-34, HNOj3 to pH<2 6 months
36, 37, 45, 47, 51, 52, 58-60,
62, 63, 70-72, 74, 758.
38. Nitrate PG Cool, 4 °C 48 hours
39. Nitrate-nitrite PG Cool 4°C, H,SO,4 to pH<2 28 days
40. Nitrite PG Cool, 4 °C 48 hours
41. Oil and grease G Cool, 4 °C, HCl or H,SO,4 to 28 days
pH<2
42. Organic Carbon PG Cool, 4 °C, HCl or H,S0O4 or 28 days
H3PO4 to pH<2
44. Orthophosphate P, G Filter immediately; Cool, 4°C 48 hours
46a. Oxygen, dissolved probe G Bottle and None required Analyze immedi-
top ately
46h. Oxygen, dissolved, G Bottle and Fix on site and store in dark 8 hours
Winkler top
48. Phenols G only Cool 4 °C, H,SO,4 to pH<2 28 days
49. Phosphorus, elemental G Cool, 4 °C 48 hours
50. Phosphorus, total PG Cool, 4°C, H,SO,4 to pH<2 28 days
53. Residue, total PG Cool, 4 °C 7 days
54. Residue, filterable PG Cool, 4 °C 7 days
55. Residue, Nonfilterable PG Cool, 4 °C 7 days
(TSS)
56. Residue, Settleable PG Cool, 4 °C 48 hours
57. Residue, volatile PG Cool, 4 °C 7 days
61. Silica P, PFTE or Cool, 4 °C 28 days
quartz

64. Specific conductance PG Cool, 4 °C 28 days
65. Sulfate PG Cool, 4 °C 28 days
66. Sulfide PG Cool 4 °C, add zinc acetate 7 days
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TROUBLESHOOTING, continued

Parameter No./Name Containerl Preservation?2:3 Ma}xmu_m
Holding Time4
67. Sulfite PG none required Analyze immedi-
ately
68. Surfactants PG Cool, 4 °C 48 hours
69. Temperature PG None required Analyze immedi-
ately
73. Turbidity PG Cool, 4 °C 48 hours

1. Polyethylene (P) or glass (G)

2 . Sample preservation should be performed immediately upon sample collection. For composite chem-
ical samples each aliquot should be preserved at the time of collection. When use of an automated sam-
pler makes it impossible to preserve each aliquot, then chemical samples may be preserved by
maintaining at 4 °C until compositing and sample splitting is completed.

3. When any sample is to be shipped by common carrier or sent through United States Mails, it must
comply with the Department of Transportation Hazardous Material Regulations (49 CFR Part 172). The
person offering such material for transportation is responsible for ensuring such compliance. For the
preservation requirements of Table Il, the Office of Hazardous Materials, Materials Transportation
Bureau, Department of Transportation has determined that the Hazardous Materials Regulations do not
apply to the following materials: Hydrochloric acid (HCI) in water solutions at concentrations of 0.04% by
weight or less (pH about 1.96 or greater); Nitric acid (HNO3) in water solutions at concentrations of 0.15%
by weight or less (pH about 1.62 or greater); Sulfuric acid (H,SO,) in water solutions at concentrations of
0.35% by weight or less (pH about 1.15 or greater); and Sodium hydroxide (NaOH) in water solutions at
concentrations of 0.080% by weight or less (pH < 12.30).

4 . Samples should be analyzed as soon as possible after collection. The times listed are the maximum
times that samples may be held before analysis and still be considered valid. Samples may be held for
longer periods only if the permitee, or monitoring laboratory, has data on file to show that the specific
types of samples under study are stable for the longer time, and has received a variance from the
Regional Administer under §136.3(e). Some samples may not be stable for the maximum time period
given in the table. A permitee, or monitoring laboratory, is obligated to hold the sample for a shorter time
if knowledge exists to show that this is necessary to maintain sample stability. See §136.3(e)

for details. “Analyze immediately” usually means within 15 minutes or less after sample collection.

5. Should only be used in the presence of residual chlorine

6 . Maximum holding time is 24 hours when sulfide is present. Optionally all samples may be tested with
lead acetate paper before pH adjustments in order to determine if sulfide is present. If sulfide is present,
it can be removed by the addition of cadmium nitrate powder until a negative spot test is obtained. The
sample is filtered and then NaOH is added to pH 12.

7 . For dissolved metals, samples should be filtered immediately on-site before adding preservative.
8 . Numbers refer to parameter number in 40 CFR, Part 136.3, Table 1B.
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TROUBLESHOOTING, continued

Related Literature

Hach has several other methods and reference materialsrelated to
biosolids and wastewater analysis. Please contact a Hach

Customer Service Representative at 800-227-4224 to request the
literature below. Refer to the Lit. # when requesting the material.

1. Microbiology Systems For Analysis Catalog (Lit. # 3986) —
contains a complete description of Hach
microbiological products.

2. Microbiologica Laboratory Start-Up Guide (Lit. # 7047) —
Contains streamlined information on products for a typical
lab start-up.

3. Caoliform Multiple Tube Fermentation Technique
(Lit. # 8368) — Contains procedures for use with Hach
prepared media.

4. Detecting Fecal Coliformsin Sludge (Lit. # 8391) —
Procedure for use with Hach A-1 Medium Broth.
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Tests Performed by Hach Photometers

Pocket DR/2010, DR/2000 DR/3000 DR/4000 DR/890
Colorimeter Spectrophotometers Spectrophotometer Spectrophotometer Colorimeter
Test
Wave- Wave- Wave- Wave-
Available (Rn«:sl\n/gs Pro’\lgoram length (Rn?n/gs Pro’\lgoram length (Rn?n/gs Pro’\lgoram length (Rn?n/gs Pro’\lgoram length
g ' (nm) g ' (nm) g ' (nm) g ' (nm)
Aluminum,
Aluminon Method yes 0-0.80 10 522 0-1.000 2 522 0-0.800 1000 522 0-0.8 1 520
Aluminum,
ECR Method 0-0.220 9 535 0-0.250 102 535 0-0.250 1010 535 N/A --- --
Ammonia
(See Nitrogen
Ammonia)
Arsenic 0-0.200 9-- 520 0-0.2 1 520 0-0.200 1050 520 N/A - -
Barium 0-100 20 450 N/A 0-100 1100 450 N/A
Barium (AccuVac) 0-100 25 450 N/A - - 0-100 1110 450 N/A - -
Benzotriazole 0-16.0 30 425 0-15.0 3 425 0-16.0 1200 425 0-16.0 3 420
Boron 0-14.0 40 605 0-20.0 5 605 0-14.0 1250 605 0-16.0 4 610
Boron, LR 0-1.5 45 410 0-15.0 N/A 410 0-1.5 1260 410 N/A - -
Bromine yes 0-4.50 50 530 0-4.00 6 530 0-4.50 1300 530 0-4.50 5 525
Bromine yes 0-4.50 55 530 0-4.00 80 530 0-4.50 1310 530 0-450 | 52041 | 525
(AccuVac)
Cadmium
(Dithizone) 0-80 pg/L 60 515 0-180 pg/L 7 515 0-80.0 ug/L | 1350 515 N/A
Calcium (See
Hardness,
Calcium)
Chloride 0-20.0 70 455 0-25 73 455 0-25.0 1400 455 N/A --- ---
Chlorine, Ultra
! DR/2000 | 0-500 pg/L 88 530 g g
Low Range for DR/2010 0-500 pg/L 86 515 0-500 pg/L N/A 510 0-500 pg/L 1490 515 N/A
wastewater
Chlorine, Ultra
! DR/2000 | 0-500 pg/L 88 530 g g
Low Range for DR/2010 0-500 pig/L 86 515 0-500 pg/L N/A 510 0-500 pg/L 1490 515 N/A
clean water
Chlorine, Free yes 0-2.0 80 530 0-1.70 8 530 0-2.00 1450 530 0-2.00 9 520
Chiorine, Free yes 0-2.00 85 530 0-2.00 81 530 0-2.00 1460 530 0-2.00 11 520
(AccuVac)
Chlorine, Free, HR 0-5.00° 1 530 0-5.00 N/A 530 0-5.00 1470 530 0-5.00 8 520
Chlorine, Total yes 0-2.00 80 530 0-1.70 8 530 0-2.00 1450 530 0-2.00 9 520
Chlorine, Total
(AccuVac) yes 0-2.00 85 530 0-2.00 81 530 0-2.00 1460 530 0-2.00 11 525

SpoYR |\l JeBWoIoyd yoeH



€6y

Tests Performed by Hach Photometers (Continued)

Pocket DR/2010, DR/2000 DR/3000 DR/4000 DR/890
Colorimeter Spectrophotometers Spectrophotometer Spectrophotometer Colorimeter
Test
Wave- Wave- Wave- Wave-
. Range Program Range Program Range Program Range Program
Available length length length length
(mg/L) No. (nm) (mg/L) No. (nm) (mg/L) No. (nm) (mg/L) No. (nm)
Chlorine, Total, HR 0-5.00 88 530 0-5.00 N/A 530 0-5.00 1470 530 0-5.00 8 520
Chlorine Dioxide,
High Range 0-700 75 445 0-700 11 445 0-1000 1520 445 N/A - ---
Chlorine Dioxide, N/A 0-50.0 10 360 0-50 1510 360 0-50.0 7 420
Medium Range
Chlorine Dioxide, 0-1.00 72 575 0-1.00 9 575 0-1.0 1500 575 N/A
Low Range
gg’g”“e Dioxide, yes 0-5.00 76 530 0-5.00 manual 530 0-5.00 1530 530 0-5.00 112 530
Chlorine Dioxide, es 0-5.00 77 530 0500 | manual | 530 0-5.00 1535 0-5.00 113 530
DPD, AccuVac Y . . . :
Chlorophyll a N/A - - N/A - - varies Manual several N/A - -
Chromium, yes 0-0.60 90 540 0-1.00 12 540 0-0.70 1560 540 0-0.60 13 560
Hexavalent
Chromium,
Hexavalent yes 0-0.60 95 540 0-1.00 82 540 0-0.70 1570 540 0-0.60 14 560
(AccuVac)
Chromium, Total 0-0.60 100 540 0-0.70 13 540 0-0.700 1580 540 0-0.600 15 560
Chromium,
Trivalent (not in 0-20.0 g/L 105 595 0-20.0 g/L 14 595 0-20. 0 g/L 1550 595 N/A - -
DR/2010)
Cobalt 0-2.00 110 620 0-2.00 15 620 0-2.00 1600 620 N/A - ---
COD (see Oxygen
Demand,
Chemical)
Color, ADMI N/A N/A 0-250 units 1660 700 N/A
golor, APHA Pt 0-500 units | 120 455 | os00units | 16 455 | 0-500 units | 1670 455 | o-s00units | 19 420
Color, NCASI 253 0-500 units 125 465 N/A 0-500 units 1680 465 N/A
Color, Tristimulus N/A N/A N/A 1666 780 N/A
& Chromicity
Color, Yellowness N/A --- --- N/A --- --- N/A 1668 780 N/A --- ---
Color, Gardner N/A --- --- N/A --- --- N/A 1664 780 N/A --- ---
Copper,
. 0-3.00 g/L 9-- 810 0-3g/L N/A 810 0-3.00 g/L 1690 810 N/A
Autocatalytic

panuiuod ‘spoyle |\ LPwoloyd yoeH



14514

Tests Performed by Hach Photometers (Continued)

Pocket DR/2010, DR/2000 DR/3000 DR/4000 DR/890
Colorimeter Spectrophotometers Spectrophotometer Spectrophotometer Colorimeter
Test
Wave- Wave- Wave- Wave-
Available Range Program length Range Program length Range Program length Range Program length
(mg/L) No. (nm) (mg/L) No. (nm) (mg/L) No. (nm) (mg/L) No. (nm)
Copper,
Bicinchoninate yes 0-5.00 135 560 0-5.00 17 560 0-5.000 1700 560 0-5.00 20 550
Method
Copper,
Bicinchoninate yes 0-5.00 140 560 0-5.00 83 560 0-5.000 1710 560 0-5.00 20 550
Method (AccuVac)
Copper, Porphyrin 0-210 pg/L 145 425 0-250 pg/L 18 425 0-210.0 pg/L| 1720 425 0-210 pg/L 22 420
Cyanide 0-0.200 160 612 0-0.240 19 612 0-0.240 1750 612 0-0.240 21 610
Cyanuric Acid 0-50 170 480 N/A N/A 7-55 24 520
DEHA
(Diethyl- 0-450 pg/L 180 562 0-600 pg/L 20 562 0-500 pg/L | 2738 562 0-500 pg/L 25 560
hydroxylamine)
Detergents
(See Surfactants)
Dissolved Oxygen
(See Oxygen,
Dissolved)
Erythorbic Acid 0-1500 pg/L | 180 562 |o-2100pgiL| 20 562 |0-1500 pgiL | 2742 562 | SeeDEHA | -
(See DEHA)
Fluoride yes 0-2.00 190 580 0-1.50 22 580 0-2.00 1900 580 0-2.00 27 610
Fluoride yes 0-2-4 195 580 0-2-4 79 580 0-2.00 1910 580 0-2.00 28 610
(AccuVac)
0-1300 pg/L 64 630
Formaldehyde 0-350 pg/L 200 630 0-500 pg/L 65 630 0-500 pg/L 1950 630 N/A - -
Hardness, 0-1.6 221 522 0-1.0 63 522 0-4.00 2020 522 0-4.00 30 520
Calcium
Hardness,
Calcium as 0-4.0 220 522 0-2.5 63 522 0-4.00 2020 522 N/A
CaCO4
Hardness, 0-1.0 226 522 0-0.48 62 522 0-4.00 2020 522 0-4.00 30 520
Magnesium
Hardness,
Magnesium as 0-4.0 225 522 0-2.0 62 522 0-4.00 2020 522 N/A
CaCO3
Hardness, Ultra
Low Range 0-1000 pg/L 227 669 0-1000 pg/L N/A 669 0-1000 pg/L | 2000 669 N/A
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Tests Performed by Hach Photometers (Continued)

Pocket DR/2010, DR/2000 DR/3000 DR/4000 DR/890
Colorimeter Spectrophotometers Spectrophotometer Spectrophotometer Colorimeter
Test
Wave- Wave- Wave- Wave-
. Range Program Range Program Range Program Range Program
Available length length length length
(mg/L) No. (nm) (mg/L) No. (nm) (mg/L) No. (nm) (mg/L) No. (nm)
Hydrazine 0-500 pg/L 231 455 0-600 pg/L 23 455 0-600 pg/L 2050 455 0-500 pg/L 31 420
Hydrazine
(Accuvac) 0-500 pg/L 232 455 N/A 0-600 pg/L | 2060 455 0-500 pg/L 32 420
Hydroquinone 0-1125 pg/L 180 562 0-1500 pg/L 20 562 0-1000 pg/L 2740 562 N/A
lodine 0-7.00 240 530 0-6.00 24 530 0-7.00 2100 530 N/A --- -
lodine (AccuVac) 0-7.00 242 530 0-6.00 84 530 0-7.00 2110 530 N/A - ---
Iron, Ferrous 0-3.00 255 510 0-3.000 25 510 0-3.00 2150 510 0-3.00 33 520
Iron, Ferrous 0-3.00 257 510 0-3.000 93 510 0-3.00 2155 510 0-3.00 33 520
(AccuVac)
'Fm”' Total, 0-1.80 275 590 0-1.80 77 590 0-1.800 2160 590 0-1.30 38 610
erroMo
Lon, Ferrozine 0-1.300 260 562 0-1.400 27 562 0-1.400 | 2175 562 0-1.300 37 560
Iron, Total,
FerroVer Method 0-3.00 265 510 0-3.000 26 510 0-3.00 2165 510 0-3.00 33 520
Iron, Total,
FerroVer Method 0-3.00 267 510 0-3.000 85 510 0-3.00 2170 510 0-3.00 33 520
(AccuVac)
:\;Ic;':hggta" TPTZ yes 0-1.80 270 590 0-1.000 77 590 0-1.800 | 2190 590 0-1.80 39 610
Iron, Total, TPTZ
Method (AccuVac) yes 0-1.80 272 590 0-1.000 86 590 0-1.800 2195 590 0-1.80 39 610
k/le;ﬂé?'th'm”e 0-160 pg/L | 280 515 | 0-300 pg/L 28 515 | 0-300 pg/L | 2200 515 N/A
Lead, LeadTrak
Fast Column 0-150 pg/L 283 477 0-150 pg/L 99 477 0-150 pg/L 2210 477 N/A --- -
Extraction
Magnesium (See
Hardness,
Magnesium)
Manganese, yes 0-20.0 295 525 0-20.0 29 525 0-20.0 2250 525 0-20.0 41 520
High Range
Manganese,
Low Range (PAN) yes 0-0.700 290 560 0-0.800 30 560 0-0.700 2260 560 0-0.700 43 560
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Tests Performed by Hach Photometers (Continued)

Pocket DR/2010, DR/2000 DR/3000 DR/4000 DR/890
Colorimeter Spectrophotometers Spectrophotometer Spectrophotometer Colorimeter
Test
Wave- Wave- Wave- Wave-
Available (Rn«:sl\n/gs Pro’\lgoram length (Rn«:sl\n/gs Pro’\lgoram length (Rn«:sl\n/gs Pro’\lgoram length (Rn«:sl\n/gs Pro’\lgoram length
g ' (nm) g ' (nm) g ' (nm) g ' (nm)
Methylethylketoxi
me 0-1575 pg/L 180 562 0-2100 pg/L 20 562 0-1000 pg/L 2744 562 See DEHA
(See DEHA)
Mercury, Cold
Vapor Method 0.1-25puglL| 312 412 |01-25uglL| N/A 412 |01-25pgiL| 2270 412 N/A
Molybdenum, High 0-35.0 320 420 0-20.0 31 365 0-50.0 2310 420 0-40.0 a4 420
Range (as Mo)
Molybdenum, High
Range (ACcLVao) 0-35.0 322 420 0-25.0 N/A 365 0-50.0 2320 420 0-40.0 44 420
Molybdenum, Low yes 0-3.00 315 610 0-3.00 94 610 0-3.00 2300 610 0-3.00 47 610
Range (as Mo)
Nickel, 0-8.00 g/L 330 720 0-8.00 g/L 78 720 0-8.00g/L | 2350 720 N/A
Autocatalytic
Nickel,
Heptoxime 0-1.80 335 430 0-1.80 32 430 0-1.80 2360 430 N/A
Method
R‘A'gm’dpAN yes 0-1.000 340 560 0-1.000 33 560 0-1.000 2370 560 0-1.000 48 560
ggfgg High yes 0-30.0 355 500 0-30.0 37 500 0-30.0 2530 500 0-30.0 51 520
Nitrate, High yes 0-30.0 361 500 0-30.0 88 500 0-30.0 2535 500 0-30.0 50 520
Range (AccuVac)
Nitrate, High 0-30.0 344 410 030.0 | manual | 410 0-30.0 2511 410 0-30.0 57 410
Range, TNT
ggﬁgi Low 0-0.40 351 507 0-0.50 39 507 0-0.50 2515 507 005 55 520
Nitrate, Mid Range 0-4.5 353 400 0-5.0 38 400 0-5.00 2520 400 0-5.00 54 420
Nitrate, Mid Range 045 359 400 05.0 87 400 05.0 2525 400 0-5.00 53 420
(AccuVac)
Nitrate, Total, High 10-150 395 410 10150 | manual | 410 10-150 2559 410 10-150 69 410
range TNT
gg:tgeé High 0-150 373 585 0-150 40 585 0-250 2600 585 0-150 59 560
Nitrite, Low Range 0-0.300 371 507 0-0.350 a1 507 0-0.3000 2610 507 0-0.350 60 520
Nitrite, Low Range 0-0.300 375 507 0-0.350 89 507 0-0.3000 2620 507 0-0.350 63 520
(AccuVac)
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Tests Performed by Hach Photometers (Continued)

Pocket DR/2010, DR/2000 DR/3000 DR/4000 DR/890
Colorimeter Spectrophotometers Spectrophotometer Spectrophotometer Colorimeter
Test
Wave- Wave- Wave- Wave-
. Range Program Range Program Range Program Range Program
Available length length length length
(mg/L) No. (nm) (mg/L) No. (nm) (mg/L) No. (nm) (mg/L) No. (nm)
Tpe: Low Range 0-0.50 345 507 0050 | manual | 507 0-0.50 2558 507 0-0.50 58 507
Nitrogen,
Ammonia, Nessler 0-2.50 380 425 0-3.00 34 425 0-2.50 2400 425 N/A --- ---
Method
Nitrogen,
Ammonia, yes 0-0.5 385 655 0-0.80 36 655 0.80 2455 655 0-0.5 64 610
Salicylate Method
Nitrogen,
Ammonia, High 0-50.0 343 655 0-50.0 manual 655 0-50.0 2465 655 0-50.0 67 655
Range, TNT
Nitrogen,
Ammonia, Low 0-2.50 342 655 0-2.50 manual 655 0-2.50 2460 655 0-2.50 66 655
Range, TNT,
%’\teroge”' Total, 0-25.0 350 410 0250 | manual 410 0-25.0 2558 410 0-25.0 58 410
Nitrogen, Total 0-25.0 347 655 0-25.0 635 655 0-25.0 2550 655 0-25.0 68 655
Inorganic, TNT
Nitrogen, Total
Kjeldahl (TKN) 0-150 399,9-- 460 0-200 42 460 0-150 2410 460 0-159 65 420
Nitrogen, yes 0-0.50 386 655 0-0.50 N/A 655 0-0.50 2470 655 0-0.50 49 610
Monochloramine
Nitrogen,
Monochloramine 0-0.50 386 655 0-0.50 N/A 655 0-0.50 2470 655 0-0.50 49 610
(AccuVac)
mogen, Free yes 0-0.50 386 655 0-0.50 N/A 655 0-0.50 2470 655 0-0.50 49 610
mmonia
Nitrogen, Free
Ammonia 0-0.50 386 655 0-0.50 N/A 655 0-0.50 2470 655 0-0.550 49 610
(AccuVac)
Nitrogen, Nitrate,
(direct reading) N/A -- --- N/A --- --- 0.0-10.2 2500 220 N/A --- -
Organic N/A N/A N/A 2460 | 2537 N/A
Constituents
Oxygen,
Dissolved, High yes 0-13 445 535 0-15 104 535 0-15.0 2660 535 0-15.0 70 520
Range (AccuVac)
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Tests Performed by Hach Photometers (Continued)

Pocket DR/2010, DR/2000 DR/3000 DR/4000 DR/890
Colorimeter Spectrophotometers Spectrophotometer Spectrophotometer Colorimeter
Test
Wave- Wave- Wave- Wave-
Available (Rn«:sl\n/gs Pro’\lgoram length (Rn«:sl\n/gs Pro’\lgoram length (Rn«:sl\n/gs Pro’\lgoram length (Rn«:sl\n/gs Pro’\lgoram length
9 ’ (nm) 9 ’ (nm) 9 ’ (nm) 9 ’ (nm)
Oxygen,
Dissolved, Low 0-800 pg/L 446 610 0-1000 pg/L 98 610 0-1000 pg/L 2650 610 0-1000 pg/L 71 610
Range (AccuVac)
Oxygen,
Dissolved, Super 0-45.0 448 680 N/A --- --- 0-40.0 2670 680 N/A --- -
High Range
Oxygen Demand,
Chemical, 0-800 440 600 0-8000 92 600 N/A N/A
Dichromate Reflux -
Method
N/A 0-40 103 350 0-40 2700 350 N/A
Qygen Demand, 0-150 Pl P 0-150 45 420 0-150 2710 420 0-150 e P
Digestion Method 0-1500 435 620 0-1500 46 620 0-1500 2720 620 0-1500 17 610
9 0-15,000 0-15,000 46 620 0-15,000 2720 620 0-15,000
Oxygen Demand,
Chemical 20-1000 432 510 20-1000 N/A 510 20-1000 | 2730 510 20-1000 18 420
Manganese IlI
Ozone, Indigo 0-0.25 454 600 0-0.25 95 600 0-0.25 2750 600 0-0.25 72 610
Methoé (Accuvac) yes 0-0.75 455 600 0-0.75 96 600 0-0.75 2760 600 0-0.75 73 610
0-1.50 456 600 0-1.50 97 600 0-1.50 2770 600 0-1.50 74 610
Palladium 0-250 460 420 N/A 0-250 2800 420 N/A
PCB in Soil yes threshold | Abs mode 450 N/A --- --- threshold Abs 450 threshold 42 420
Phenols 0-0.200 470 460 0-0.200 48 460 0-0.200 2900 460 N/A
Phosphonates yes 0-2.50-125 501 890 0-2.0 0-100 49 890 0-2.50 0-125| 2950 890 812255 80 610?
Phosphorus,
Reactive, Amino 0-30.00 485 530 0-20.00 50 530 0-30.00 3010 530 0-30.00 85 520
Acid Method
Phosphorus,
Reactive,
Molybdovanadate 0-45.0 480 430 0-20.00 75 400 0-45.0 3015 430 0-45.0 77 420
Method
Phosphorus,
Reactive,
Molybdovanadate 0-45.0 482 430 0-45.0 N/A 430 0-45.0 3020 430 0-45.0 78 420
(AccuVac)
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Tests Performed by Hach Photometers (Continued)

Pocket DR/2010, DR/2000 DR/3000 DR/4000 DR/890
Colorimeter Spectrophotometers Spectrophotometer Spectrophotometer Colorimeter
Test
Wave- Wave- Wave- Wave-
. Range Program Range Program Range Program Range Program
Available length length length length
(mg/L) No. (nm) (mg/L) No. (nm) (mg/L) No. (nm) (mg/L) No. (nm)
Phosp_horus, 540
Reactive, 541 for
Molybdovanadate, 0-100.0 420 0-100.0 manual 420 0-100.0 3000 420 0-100.0 86 420
TINT DR/2000
Phosphorus,
Reactive PhosVer yes 0-2.50 490 890 0-2.000 51 890 0-2.50 3025 890 0-2.50 79 610
Method
Phosphorus,
Reactive, Phosver | - yes 0-2.50 492 goo | 0200 91 890 0250 | 3030 890 0-2.50 79 610
Method (AccuVac)
Phosphorus,
Reactive, PhosVer 0.00-5.00 535 890 0.00-5.00 manual 890 0.00-5.00 3035 890 0.00-5.00 82 890
Method, TNT
Phosphorus, Total, 0-3.50 535 890 0-3.50 N/A 890 0-3.50 3036 890 0-3.50 82 610
Test ‘N Tube
Phosphorus, Total,
HR,
Molybdovanadate 0-100.0 541 420 0-100.0 manual 420 0-100.0 3040 420 0-100.0 87 420
Method
Phosphorus, Acid
Hydrolyzable, 0.00-5.00 535 890 0.00-5.00 manual 890 0.00-5.00 3037 890 0.00-5.00 82 890
TNT, PhosVer 3
. N/A
Platinum N/A --- --- N/A --- --- 0-10 g/L 3100 500 - -
Polyacrylic Acid:
Accumer 1100 0-20.0 560 482 0-20.0 555 482 0-20.0 3050 482 N/A . .
Accumer 1000 0-20.0 555 482 0-20.0 556 482 0-20.0 3060 482
Potassium 0-7.0 9-- 650 N/A --- --- 0-7.0 N/A 650 N/A --- ---
Quaternary
Ammonium 0-5.0 401 575 0-5.0 106 575 0-5.00 3200 575 N/A --- ---
Compound
Residue,
Nonfilterable 0-750 630 810 0-1000 52 810 N/A --- --- 0-750 94 610
Rhodium - N/A - N/A - - N/A - - N/A - -
Selenium 0-1.00 640 420 0-1.00 53 420 0-1.00 3300 420 N/A --- ---
Silica, High Range 0-100 656 452 0-30 54 410 0-100.0 3350 452 0-75 89 420
Silica, Low Range 0-1.600 651 815 0-1.600 55 815 0-1.600 3360 815 0-1.60 90 610
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Tests Performed by Hach Photometers (Continued)

Pocket DR/2010, DR/2000 DR/3000 DR/4000 DR/890
Colorimeter Spectrophotometers Spectrophotometer Spectrophotometer Colorimeter
Test
avaiable | Renge | Program | ongih | Range | program | joigiy | Renge | program | jgnin | Range | Program | ool
(nm) (nm) (nm) (nm)

ggﬁgéunra Low 0-1000 pg/L | 645 815 |0-999.9 ugiL| N/A 815 | 0-1000 pug/L| 3370 815 N/A
Silver 0-0.60 660 560 0-0.70 76 560 0-0.7 3400 560 N/A
Sodium Chromate 0-1100 670 460 0-1000 56 460 N/A N/A
Sulfate 0-70 680, 9-- 450 0-50 1 450 0-70.0 3450 450 0-70 91 520
Sulfate (AccuVac) 0-70 685, 9-- 450 N/A 0-70.0 3460 450 0-70 92 520
Sulfide 0-0.600 690 665 0-0.800 57 665 0-800 pg/L 3500 665 0-0.700 93 610
Surfactants,
Anionic 0-0.275 710 605 0-0.320 21 605 0-0.275 1850 605 0-0.300 26 610
(Detergents)
Tannin and Lignin 0-9.0 720 700 0-9.00 58 700 0-9.0 3550 700 0-9.00 98 610
Tolyltriazole 0-16.0 730 425 0-20.0 4 425 0-16.0 3600 425 0-16.0 3 420
Toxicity 0-100% Abs 603 0-100% Abs 603 0-100% Abs 603 0-100% 61 610
TPH in Water yes threshold | Abs mode 450 threshold Abs 450 threshold Abs 450 threshold 42 420
TPH in Soll yes threshold | Abs mode 450 threshold Abs 450 threshold Abs 450 threshold 42 420
Turbidity (.?_ ffgoFA% ;gg %56001 0-600 FTU 59 450 0-5000 FAU 3750 860 0-1000 FAU 95 520
Volatile Acids 0-2800 770 495 0-2800 60 495 0-2800 3800 495 0-2800 96 520
Zinc yes 0-2.00 780 620 0-2.500 61 620 0-3.000 3850 620 0-3.00 97 610

1 DR/2000 reads FTU at 450 nm; DR/2010 reads FAU at 860 nm.
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TECHNICAL SUPPORT

Technical Training Workshops
Hach offers avariety of training workshops targeting awide
range of applications. These workshops help anaysts from all
backgrounds understand analytical theory, gain practical
experience with the instrumentation and procedures, and return to
their jobs with increased understanding and confidence.

Workshops, held in Loveland, Colorado, are small, personalized,
and include lecture, classroom demonstration, and hands-on
experience in the laboratory. Registration feesinclude all
laboratory equipment, chemical reagents, and classroom
materials used throughout the course of the workshop, as well as
lunch and break refreshments. Attendance for workshops, most of
which are two or three daysin length, is limited and advanced
registration is mandatory. For current workshop schedules, fees,
and registration information, call 1-800-227-4224 extension
2391, fax 970-669-4807, or e-mail httc@hach.com.

Workshop contents are described below; please note they can be
subject to change. Check our latest workshop information at our
website, http:\\www.hach.com. Contact us, too, for information
about customized training.

Basic Water Analysis/ Nonpotable Water

Reviews colorimetric technique for parameters such as nitrate,
nitrite, ammonia, dissolved oxygen, low range phosphorus;
titrimetric technique for dissolved oxygen, hardness, or
akalinity; and electrochemical theory for pH and conductivity
measurement. Participants also apply sample digestion for total
phosphate. Tests include use of standard solutions as well as
actual samples and are completed with DR/2010 and DR/4000
Spectrophotometers, DR/800 Series Col orimeters, the Digesdahl
Digestion Apparatus for rapid sample preparation, pH Metersand
Electrodes, and Digital Titrators.

Basic Water Analysis/ Potable Water

Reviews colorimetric and electrochemical theory and techniques
associated with analyzing general water quality. Participants will
analyze standard solutions aswell as real samplesusing DR/2010
and DR/4000 Spectrophotometers, DR/800 Series Colorimeters,
turbidimeters, and pH/I SE Meters and Electrodes. Parameters
measured: chlorine, nitrate, fluoride, pH, conductivity, and
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TECHNICAL SUPPORT, continued

turbidity. Methods for microbiological analysiswill include rapid
tests using Presence/Absence Tests, MPN and MF techniques.

Wastewater Analysis

Details methodol ogies for COD and BOD theory and
measurement, el ectrochemical methods for pH and dissolved
oxygen, digestion for total Kjeldahl nitrogen analysis using the
Digesdahl® Digestion Apparatus, ToxTrak™ toxicity test
demonstration, and colorimetric measurement of chlorinein the
parts-per-billion range and different forms of nitrogen and
phosphate. Tests include use of standard solutions as well as
actual samples and are completed with DR/2010 and DR/4000
Spectrophotometers. Discussion aso includes on-line
measurement of some of these parameters for process control.

Boiler and Cooling Water Analysis

Reviews theory and techniques for colorimetric and
electrochemical analysis of water quality in boilers and cooling
towers as well as BART procedures for significant
microorganisms. Participants conduct tests on standard solutions
as well as actual samples using Hach DR/2010 and DR/4000
Spectrophotometers, pH Meters and Electrodes, and Digital
Titrators. Parameters measured: alkalinity, chlorine, copper,
hardness, iron, Langelier Index, phosphate, pH, silica, and
molybdate. Some process analysis for control purposes

is discussed.

Basic Water Analysisg/Corrosivity

Reviews principles of testing for corrosion, including
colorimetric measurement of iron, copper, chlorine, lead,
dissolved oxygen—severa methodol ogies are discussed and
standard solution checks are included. Tests are completed with
DR/2010 and DR/4000 Spectrophotometers and with
colorimeters. Participants al so discuss titrimetric measurement of
hardness and alkalinity, electrochemical determination of pH and
conductivity, the Langelier Index determination, and process
analysis for control purposes. Instructorsintroduce color
comparator discs, colorimeters, and spectrophotometers.

Microbiological Analysis

Review theory and proper enumeration, identification, and
sampling techniques for microbiological testing. Participants will
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TECHNICAL SUPPORT, continued

analyze potable and nonpotable water samples for total coliform,
fecal coliform and E. coli and evaluate and interpret results.
Methods applied are: BARTS, Presence/Absence Tests, Paddle
Testers, Heterotrophic Plate Count, MPN, and MF. Aseptic
disposal technique and testing recreational waters also

are discussed.

Science Educator s Wor kshop

Offered during the summer monthsin Loveland, Colorado, public
and private school educators review theory and techniques for
water analysis, and receive guidelines for curriculum
development appropriate for Grades 7-12. Workshop will cover
colorimetric chemistry, titrations, and electrochemistry, along
with guidelines on what to test, how to test, how the tests work,
and how to interpret the results of the data.

Participants will conduct field testing of stream and pond water
and will analyze standard solutions as well asreal samples, using
Hach test kits, the DR/2010 and DR/4000 Spectrophotometers,
DR/800 Colorimeters, pH Meters and Electrodes, Digital
Titrators, and comparator color wheels for easy,

direct measurement.

Applied Quality Assurance/Quality Control with:

DR/4000 UV-VIS Spectrophotometer, or

DR/2010 Datalogging and DR/2000 Spectrophotometer s
Topicsinclude using the spectrophotometer diagnostics, keyboard
functions, configuration, computer interface, and data storage.
QA/QC and Lab Management topics such as data quality,
accuracy, precision, method detection limits, and control charts
are discussed and determined using the spectrophotometers.
Participants also learn proper sample preparation and
preservation and preparing calibration curves using prepared
standard solutions.

Operation and Maintenance of:

1720 Series L ow-Range Turbidimeter, or

CL17 Chlorine Analyzer, or

Series 5000 Silica Analyzer

These workshops detail installation, start-up and keyboard
functions, calibration and routine maintenance, use of laboratory
instruments for comparison, and computer interface using

Aqua View+ Software.
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TECHNICAL SUPPORT, continued

Visit HACH Company on the World Wide Web at www.hach.com

You can get information from Hach 24 hours aday viathe
Internet. All you need is a computer, amodem and access to the
Internet.

Hach’'s Web site includes seven helpful sub-sections:

About Hach

Discusses Hach’s mission and goals, outlines a brief history and
describes how to reach us through conventional means, such as
telephone, fax and telex. Includes information about career
opportunities and jobs with Hach (e-mail: jobs@hach.com).

What’s New
Covers product news as well as recent enhancements to the
Web site.

Customer Relations

Provides alengthy Frequently Asked Questions (FAQ) page on
analytical testing, adirectory of sales representatives and dealers
closest to you, and forms for requesting literature, changing your
address and seeking technical assistance. Includes linksto our e-
mail addresses for technical support (techhelp@hach.com) and
literature requests (mar comlit@hach.com). You'll aso find
links to professional and regulatory agencies, such as AWWA,
WEF and the USEPA, to use as resources in your professional
decision-making.

Products

Providesinformation on many of the methods and instrumentswe
offer and lists common parameters monitored in specific business
areas, such as drinking water, industrial wastewater, aquaculture
or education. By clicking on the many hypertext links, you can
easily determine what method and instrument will work best in
your application with your resources.

Training
Describes workshops at the Hach Technical Training Center and

provides the schedul e of classes. You can register on-line or call
1-800-227-4224 extension 2391.

Feedback
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TECHNICAL SUPPORT, continued

We're hoping to hear from you—what you like about our web site
and our products, what changes would be useful, and how we can
continue to make your job easier.

Search
You can enter keywords and link directly to information on the
Hach Web site about your topic.

Technical and Application Assistance
A staff of trained technical service representatives and chemists
are available to handle your specific questions and make
application recommendations. Telephone numbers, fax numbers
and e-mail addresses are on the cover of this manual.

Ordering Infor mation
Contact the Hach office or authorized distributor serving your
areafor free quotations and specific product information.
Telephone numbers, fax numbers and e-mail addresses are on the
cover of this manual.

General Information
Hach's free newsletter provides up-to-date information for the
analyst. Published three times per year, News & Notes for the
Analyst contains updates on federal regulations, in-depth
discussions of chemical methods, application notesfor instrument
or test procedures, and a Hach product update.

Products for Analysis catalog describes laboratory, portable, and
on-line instruments, including microbiological testing products,
spectrophotometers, pH/ISE electrodes and meters, digestion
apparatus, and test kits, as well as labware, chemicals and
reagents. USA customers: request literature number 3226.
Customers outside the United States: request literature 3307.

For these and other free Hach publications, contact the Hach
office or authorized distributor serving your area. Telephone
numbers, fax numbers and e-mail addresses are on the cover of
this manual.
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(Gack)

GENERAL INFORMATION

At Hach Company, customer service is an
important part of every product we make.

With that in mind, we have compiled the
following information for your convenience.
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HOW TO ORDER

By Telephone: By Mail:
6:30 am. to 5:00 p.m. MST Hach Company
Monday through Friday P.O. Box 389

(800) 227-HACH Loveland, Colorado 80539-0389
(800-227-4224) U.SA.

By FAX: Orderinginformation by E-mail:
(970) 669-2932 orders@hach.com

Information Required

e Hach account number (if available) Billing address
* Your name and phone number * Shipping address
*  Purchase order number e Catalog number

Quantity

* Brief description or model number

Technical and Customer Service (U.S.A. only)
Hach Technical and Customer Service Department personnel
are eager to answer questions about our products and their use.
Specialists in analytical methods, they are happy to put their
talents to work for you. Call 1-800-227-4224 or E-mail
techhelp@hach.com.

International Customers
Hach maintains aworldwide network of dealers and distributors.
To locate the representative nearest you, send E-mail to
intl@hach. com or call (970) 669-3050.

In Canada:
Hach Sales & Service Canada Ltd.; Manitoba, Canada
Telephone: (204) 632-5598; FAX: (204) 694-5134

509



REPAIR SERVICE

Authorization must be obtained from Hach Company before
sending any items for repair. Please contact the Hach Service
Center serving your location.

In the United States:

Hach Company

100 Dayton Ave.

Ames, Iowa 50010

(800) 227-4224 (U.S.A. only)
Telephone: (515) 232-2533
FAX: (515) 232-1276

In Canada:

Hach Sales & Service Canada Ltd.
1313 Border Street, Unit 34
Winnipeg, Manitoba

R3H 0X4

(800) 665-7635 (Canada only)
Telephone: (204) 632-5598

FAX: (204) 694-5134

E-mail: canada@hach.com

Other locations:

Hach Company World Headquarters,
P.O. Box 389

Loveland, Colorado 80539-0389 U.S.A.
Telephone: (970) 669-3050

FAX: (970) 669-2932
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WARRANTY

Hach warrants most products against defective materials or
workmanship for at least one year from the date of shipment;
longer warranties may apply to some items.

HACH WARRANTS TO THE ORIGINAL BUYER THAT HACH
PRODUCTS WILL CONFORM TO ANY EXPRESS WRITTEN
WARRANTY GIVEN BY HACH TO THE BUYER. EXCEPT AS
EXPRESSLY SET FORTH IN THE PRECEDING SENTENCE,
HACH MAKES NO WARRANTY OF ANY KIND WHATSOEVER
WITH RESPECT TO ANY PRODUCTS. HACH EXPRESSLY
DISCLAIMS ANY WARRANTIES IMPLIED BY LAW,
INCLUDING BUT NOT BINDING TO ANY WARRANTY

OF MERCHANTABILITY OR FITNESS FOR A

PARTICULAR PURPOSE.

LIMITATION OF REMEDIES: Hach shall, at its option, replace
or repair nonconforming products or refund all amounts paid by
the buyer. THIS IS THE EXCLUSIVE REMEDY FOR ANY
BREACH OF WARRANTY.

LIMITATION OF DAMAGES: IN NO EVENT SHALL HACH

BE LIABLE FOR ANY INCIDENTAL OR CONSEQUENTIAL
DAMAGES OF ANY KIND FOR BREACH OF ANY WARRANTY,
NEGLIGENCE, ON THE BASIS OF STRICT LIABILITY, OR
OTHERWISE.

Thiswarranty applies only to Hach products purchased and
delivered in the United States.

Catalog descriptions, pictures and specifications, although

accurateto the best of our knowledge, are not a guarantee
or warranty.
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HACH COMPANY HACH EUROPE

WORLD HEADQUARTERS Chaussée de Namur, 1

P.O. Box 389 B-5150 Floriffoux (Namur), Belgium
Loveland, Colorado 80539-0389 Telephone: (32)(81) 44.71.71
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