
- CARBON, TOTAL ORGANIC AND ISOHGASIC ^_j

Carbon niay exist in sediment and water samples as either
inorganic or organic compounds. Inorganic carton is present as carbo-
nates, bicarbonates, and possibly free carbon dioxide. Specific types
of compounds that are considered to be included in the organic carbon
fraction are nonvolatile organic compounds (sugars), volatile organic
compounds (mercaptans), partially volatile compounds (oils), and
particulate carbonaceous materials (cellulose).1*2

The basis of the method is the catalytic or chemical
oxidation of carbon in carbon-containing compounds to carbon dioxide
followed by the quantification of the carbon dioxide produced.
Alternately, the carbon may be reduced to methane and appropriately
quantified. It follows, then, that the distinction between inorganic
carbon and organic carbon is the method of sample pretreatment. There
are presently two procedures for defining this separation. One method
is based on sample treatment with a strong acid. Analysis of an
untreated sample is a measure of total carbon while analysis of the \̂ _J
acid-treated fraction is a measure of organic carbon. Inorganic carbon
is calculated by subtraction. The second method of separation is
based on differential thermal combustion with organic compounds being
converted to carbon dioxide at 500°C to 650eClv* and inorganic carbon
being converted to carbon dioxide at 950°C to 1300°C.*t$

Sample Handling and Storage

Flowcharts for the handling of samples intended for organic
carbon and Inorganic carbon analysis are presented in Figure 3-6 and
Figure 3-7. Water and sediment samples to be analyzed for' Inorganic
carbon may be stored In glass or plastic containers. There is no
effective preservative because of the carbon dioxide reserve in the
atmosphere. The only precaution that can be taken for inorganic

41 References for this procedure can be found on page 3-76. A R 3 Q I 3 6 2
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carbon is to completely fill the sample container at the time of
sampling (exclude all air bubbles), tightly seal the container, and
complete the analysis immediately (Figure '3-6).

Water samples for organic carbon analysis should be stored
in glass containers unless substitute containers have been shown not
to iffect"total organic carbon (TOC) analyses. Samples should be
processed as soon as possible (within 2U hr if possible) to minimize
change due to chemical or biological oxidation. Atmospheric uptake
of carbon dioxide is less critical since it would be evolved when the
sample is acidified prior to analysis. Sediment samples for organic
carbon analysis may be stored in either plastic or glass containers
(Figure 3-7). Air drying of sediments (S2) may lead to low TOC
results due to oxidation or volatilization. Therefore, moist storage
(S1D) or frozen storage (S3) would be the preferred method of storage.
If samples are frozen, excessive temperatures should not be used to
thaw the samples.

AR30I365. - - - - -
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Procedure for Water Samples (VI. V2. S1A)

Method 1: Infrared Analysis8'7
Apparatus
Sample homogenizer such as a Waring blender or ultrasonic blender
Magnetic stirrer
Hypodermic syringe
Total carbon analyzer, either a single channel or a dual channel

instrument (Dow-Beckman Carbonaceous Analyzer Model
No. 915» Dohrmann Savirotech DC-50 carbon analyzer,
Oceanography International Total Carbon Analyzer, Leco,
or equivalent)

Reagents
Distilled water: the distilled water used in the preparation of

standards and dilution of samples should be of the
highest quality in order to have a small blank.

Organic carbon, stock solution, 1000 mg/S C: dissolve 2.125 g
anhydrous potassium biphthalate, JCHCs H*0», in distilled
water and dilute to 1 A in a volumetric flask.

Organic carbon, standard solutions: prepare standard solution by \
dilution of the stock solution as required. "̂ ~/

Inorganic carbon, stock solution, 1000 mg/2: dissolve 3.500 g sodium
bicarbonate, NaHCOj, and U.U13 g sodium carbonate, NaaCOs,
in distilled water in a 1-& volumetric flask and make up
to the mark.

Inorganic carbon, standard solution: prepare standards from the stock
solution as required.

Packing for total carbon tube: dissolve 20 g cobalt nitrate,
CO(N03)2 • 6H20, in 50 al distilled water. Add this
solution to 15 g long-fiber asbestos in a porcelain
evaporating dish. Mix and evaporate to dryness on a
steam bath. Place the dish in a muffle furnace and
bring to 950°C. After 1 to 2 hr at this temperature,
remove the dish and allow to cool. Break up any large
lumps and mix adequately but not excessively. With the
combustion tube held in a vertical position, taper joint
up, put about 1/2 in. of untreated asbestos in the tube
first, then transfer la small amounts, approximately 1 g
of catalyst into the tube with forceps or tweezers. As
it is added, tap or push the material gently vita a lA-in.
glass rod. 'Do not force the packing. The weight of the
rod itself is sufficient to compress the material. When
completed, the length of the packing should be â ft̂ SPQ̂  3 6 6

/ 6 ea. Test the packed tube by measuring the fl
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gas through it at room temperature, and then at 75C3C.
The rate should not drop more than 20 percent."

Packing for carbonate tube (dual channel instrument): place a snail wad
of quartz wool or asbestos near the exit end of the
carbonate evolution tube. From the entrance end add 6 to
12 mesh quartz chips, allowing these to collect against the
wad to a length of 10 cm. Pour an excess of 85 percent
phosphoric acid, HjPOi,, into the tube while holding it
vertically and allow the excess to drain out.

Nitrogen gas, carbon dioxide free.
Procedure

Turn on the infrared analyzer, recorder, and tube furnaces,
setting the total carbon furnace at 950°C and the carbonate furnace at
175°C. Allow sufficient warm-up time for stable, drift-free operation;
about 2 hr is required. If used daily, the analyzer can be left on
continuously. Adjust the oxygen flow rate to 80 to 100 ml/min through
the total carbon tube. With other instruments, follow manufacturer's
directions to warm up the instrument*.

Immediately prior to carrying out calibrations or analyses,
inject several portions of the appropriate standard into the tube to be
used, until constant readings are obtained. The actual injection
technique is as follows: rinse the syringe several times with the
solution to be analyzed, fill, and adjust the volume to be pipeted.
Wipe off the excess with soft paper tissue, taking care that no lint
adheres to the needle. Remove the plug from the syringe holder, insert
the sample syringe, and inject the sample into the combustion tube with
a single, rapid movement of the thumb. Leave the syringe in the holder
until the flow rate returns to normal, then replace it with the plug.

Successively introduce a convenient sized aliquot (20 to
50 ul) of each organic carbon standard and a blank into the total carbon
tube and record peak heights. Between injections allow the recorder
pen to return to its baseline. When a dual channel instrument is used,
the standardization procedure must be repeated using carbonate standards
to calibrate the low temperature channel.

Thoroughly mix the sample. Inject a convenient sized
aliquot (20 to 50 ul) of the sample into the total carbon tube

3-70



( record the peak-height. This result is a measure of the organic carbcr. j
1 concentration and the inorganic carbon concentration of the sample.

Thoroughly mix the sample u-sing a Waring blender or an ultra-
sonic homogenizer. Transfer 10 to 15 ml of sample to a 30-ral beaker and
acidify with concentrated HC1 to a pH of 2 or less. Purge the sample.
with carbon dioxide free nitrogen gas for 5 to 10 min. Plastic tubing

1 should not be used during the purging process unless it has been
previously shown that it will not add organic carbon to the sample.

j Mix the acidified sample on a magnetic stirrer. While
stirring, withdraw a subs ample from the beaker using a hypodermic

• needle with a 150-ua opening. Inject the sample into the carbon
analyzer to be used and record the peak height. This result is a

' measure of the organic carbon concentration of the sample.
Using either clear or filtered water samples, analytical

I precision will approach 1 to 2 percent or 1 to 2 mg/1 carbon, whichever
* is greater. Analytical precision for unfiltered water samples will
I increase to 5 to 10 percent because of the difficulty associated with

sampling particulate matter and the fact that the needle opening of
the syringe limits the maximum size of the particles that can be

I included in the sample.
Calculations

Dual-channel instrument. Prepare calibration curves
derived from the peak heights obtained with the standard total carbon
and inorganic carbon solutions.

Determine the concentration of total carbon and inorganic
carbon in the sample by comparing sample peak heights with the call-
brat ioa curves.

Determine the concentration of total inorganic carbon in
the sample by subtracting the organic carbon value from the total
carbon value.

Single-channel Instrument. Prepare a calibration curve
derived from the peak heights obtained with the standard total carbon
solutions. Determine the total carbon concentration la the sample by
comparing the peak height of the first sample injection v|J:p( §b§ 1368

v_ '
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calibration curve. "Determine the organic carbon concentration in the
sample by comparing the peak height of the second sample injection with
the calibration curve. Inorganic carbon concentrations are calculated
by subtracting the organic carbon concentration from the total carbon
concentration.

i
L,
i

AR30I369
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Procedures for Sediment Samples (SIP. S3) J

Method 1: Sample Ignition
Apparatus
Induction furnace such as the Leco WR-12, Dohrmann DC-50, Coleman CH

analyzer, or Parkin Elmer 2̂ 0 elemental analyzer
Combustion boats
Microbalance
Desiccator
Reagents
10 percent hydrochloric acid: mix 100 ml concentrated HC1 with 900 ml

distilled vater.
Copper oxide fines.
Benzole acid.
Procedure

Dry at 70°C and grind the sediment sample.
Weigh a combustion boat and record the weight. Place 0.2

to 0.5 g homogenized sediment in the combustion boat and reweigh.
Combustion boats should not be handled with the bare hand during this \*~s
process.

I " If total carbon or inorganic carbon is to be determined,
Cupric oxide fines may be added to the sample to assist in combustion.

I Combust the sample la aa induction furnace. Record the result as total
carbon.

| If organic carbon is to be determined, treat a known weight
of dried sediment with several drops of 10 percent HC1. Wait until

; the effervescing is completed and add more acid. Continue this process
until the incremental addition of acid causes no further effervescence.
Do not add too much acid at one time as this nay cause loss of sample
due to frothing.

Dry the sample at 70°C and place la & desiccator. Add
Cupric oxide fines, combust the sample ia aa inductioa furnace, and

i
record the result as organic carbon.

» AR301370
i ^—^
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Calculations " ;
The carbon content of the sample can be calculated as:
*« _ weight of tube (after-before) __ OQ•*v- * ' H . — . - ————— * 27.29sample weight

Derivation of factor:

27 20 c 12.011 (molecular weight carbon) inr*1
* bit. Oil (molecular weight carbon dioxide). * J

When the total sample results are used, the result is
percent carbon in the sample. When acid-treated samples are used, the
result is percent organic carbon. Inorganic carbon is calculated as
total carbon minus organic carbon.

Method 2: Differential Combustion** $
Apparatus
Sargent programmed microcombustion apparatus or equivalent
Microbalance
Procedure . .

Air dry the sediment sample. Using a mortar and pestle,
I grind the sample to pass a 100-mesh screen.

Combust a known weight of sediment at a programmed heating
rate of 300° to 950°C in 10 min and then maintain 950°C for 20 min.
Trap the COj in ascarite and record the weight as total carbon. A
sample size should be selected that will produce 25 to 50 mg COj.

Weigh a second portion of the dried sediment. Combust this
sample at a programmed rate of 300° to 650°C in 10 min and maintain
650°C for 20 min. Trap the COz in ascarite and record the weight as
organic carbon.
Calculations

The total carbon concentration, ct» of the sample (in mg/g)
is calculated as follows:

ct « (rt)

where * AR30-I37I
xt * weight of COt evolved at 950°C, ng



V S " weight" of sample combusted, s

The. organic carbon, CQ, concentration of the sample {in =5/5}
is calculated as follows:

where

xo .» weight of COj evolved at 650°C, mg
g 3 weight of sample combusted, g

Inorganic carbon, C , (in mg/g) is calculated as:

Method 3: Wet Combustion11*9
A third method has been used for carbon in sediments. This

is based oa the oxidation of the sample with dichr ornate and back titra-
tion of the sample with ferrous ammonium sulfate. References are
provided for the procedure but details are not given. The procedure
is similar to the chemical oxygen demand test which is not specific
for carbon. The wet combustion method is a redox procedure and any
reduced chemicals in the sediment samples (ferrous iron, manganous
manganese, sulfide) will react with the dichr ornate. Therefore, this
procedure is not recommended unless other instrumentation is not
available.

AR30I372
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1.0 SCOPE AND APPLICATION

METHOD 9045

SOU PH

I
I

1.1 Method 9045 1s an electrometric procedure <which has been approved
-for measuring pH in calcareous and noncalcareous soils.,

2.0 SUMMARY OF METHOD

2.1 The soil sample ts nixed either with Type 11 water or with a calcium
chloride solution (see Section 5.0), dependftrg on whether the soil is
'Considered calcareous--t)r.-7fflncalrareotis.-.--"Fhe pH vf the solution is then
measured with ApH meter.

3.0 INTERFERENCES

3.1 Samples with very Tower veryhtgh pHiiay "give liicunect ̂readings on
the meter. For samples with a true pfi of >10, the measured pH may Jj*
incorrectly low. This error can. Ja t̂haiotzed iyjsfnga Iow-sod1ua-error
el ectrode. - Strong acid.solutions, *rJia a ±n» -pH m O* say Jlive incorrectly
high pH measurements.

3.2 Temperatur8>"ifliictihitlons -will 'cause tttd&urenont errors.
3.3 Errors will occur when the electrodes become coated. If an

electrode becomes coated with an oily material that will not rinse free, the
electrode can either (!) IM -cleaned-with an ultrasonic aata, ur (2) t» washed
with detergent, rinsed several times with water, placed 1n 1UO HC1 so that
the lower third of the electrode is submersed, and then thoroughly rinsed with
water.

4.0 APPARATUS AND HAH8IALS

4.1 pH Heter nIth "neans"for'"tcnperature compensation.
4.2 Electrodes;

4.2.1 Calotttl electrode.
4.2.2 Glass *3<ctrode.
4.2.3 A ct*b1natton electrode ran be employed instead of calomel or

glass.
4.5 Beakers

904S-1
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*

4.6 Volumetric flask; 2-L1ter.

4.7 Volumetric flask: 1-Liter. s
.

5.0 REAGENTS

5.1 ASTM Type II water (ASTM 01193): Water should be monitored for
Impurities.

5.2 Primary standard buffer salts are available from the National Bureau
of Standards (NBS) and should be used In situations where extreme accuracy 1s
necessary. Preparation of reference solutions from these salts requires some
special precautions and handling, such as low-conductivity dilution water,
drying ovens, and carbon-dioxide-free purge gas. These solutions should be
replaced at least mice each month.

5.3 Secondary standard buffers may be prepared from NBS salts or
purchased as solutions from commercial vendors. These commercially available
solutions, which have been validated by comparison with NBS standards, are
recommended for routine use.

5.4 Stock calcium chloride solution (CaCl?). 3.6 M: Dissolve 1059 g of
*2H20 in Type II water in a 2-liter volumetric flask. Cool the solution,

dilute 1t to volume with Type II water, and mix It well. Dilute 20 ml of this
I solution to 1 liter with Type II water In a volumetric flask and standardize

it by titrating a 25-mL aliquot of the diluted solution with standard O.I N
using 1 ml of 5X KgCrt̂  as the indicator.

- II

5.5 Calcium chloride (CaCl?). 0.01 Ht Dilute 50 mL of stock 3.6 M CaCl g
> to IB liters with Type II water. If the pH of this solution Is not between 5

and €.5, adjust the pH by adding a little Ca(OH)2 or HC1. As a check on the
( p r e p a r a t i o n of this solution, measure Its electrical conductivity. The speci-

-' fie conductivity should be 2.32 + 0.08 mmno per cm at 25'C.

6.D SAMPLE rDLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must be collected using a sampling plan that addresses
the considerations discussed in Chapter Nine of this manual.

5.2 Samples should be analyzed as soon as possible.

7.D PROCEDURE

7.1 Calibration:
7.1.1 Because of the wide variety of pH meters and accessories,

detailed operating procedures cannot be Incorporated into this method.
Each analyst must be acquainted with the operation of each system and
familiar with all instrument functions. Special attention to care of the
electrodes U recommended.

9045-2 AR30I375
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1 _ 7.1.2 Each Instrument/electrode system must be calibrated at a
minimum of two points that bracket the expected pH of the samples and are
approximately three pH units or more apart. Repeat adjustments on
successive portions of the two buffer solutions until readings are within

( 0.05 pH units of the buffer solution value. j
7.2 Sample preparation and oH measurement of noncalcareous soils;

7.2.1 To 20 g of soil In a 50-mL beaker, add 20 mL of Type II water
and stir the suspension several times during the next 30 min.

7.2.2 Let the soil suspension stand for about 1 hr to allow most of
the suspended clay to settle out from the suspension.

7.2.3 Adjust the electrodes In the clamps of the electrode holder
so that, upon lowering the electrodes Into the beaker, the glass
electrode will be Immersed just deep enough Into the clear supernatant
solution to establish a good electrical contact through the ground-glass
joint or the fiber-capillary hole. Insert the electrodes into the sample
solution in this manner. For combination electrodes, Immerse just below
the suspension.

! 7.2.4 If the sample temperature differs by more than 2'C from the
i buffer solution, the measured pH values must be corrected.
I 7.2.5 Report the results as "soil pH measured In water.*
* 7.3 Sample preparation and pH measurement of calcareous soils;
R 7 . 3 . 1 To 10 g of soil In a 50-mL beaker, add 20 mL of 0.01 H CaCl2 " ,

(Step 5.5) solution and stir the suspension several times during the next \^/
30 min.

I 7.3.2 Let the soil suspension stand for about 30 min to allow most
of the suspended clay to settle out from the suspension.

I 7.3.3 Adjust the electrodes In the clamps of the electrode holder
so that, upon lowering the electrodes Into the beaker, the glass
electrode will be immersed well into the partly settled suspension and

I the calomel electrode will be Immersed Just deep enough Into the clear
1 supernatant solution to establish a good electrical contact through the

ground-glass joint or the fiber-capillary hole. Insert the electrode
into the sample solution In this manner.

7.3.4 If the sample temperature differs by more than 2*C from the
buffer solution, the measured pH values must be corrected.

7.3.5 Report the results as "soil pH measured in 0.01 H CaCl2*.

I
I
I
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' 8.0 QUALITY CONTROL

j 8.1 Duplicate samples and check standards .should be analyzed routinely.
8«2 Electrodes must be thoroughly rinsed between samples.

9.0 METHOD PERFORMANCE

9.1 No data provided.

10.0 REFERENCES

10.1 None required.
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I
METHOO 9031

CATION-EXCHANGE CAPACITY OF SOILS (SODIUM ACETATE)

1.0 SCOPE AND APPLICATION -

1.1 Method 9031 Is applicable to most soils, Including calcareous and
noncalcareous soils. The method of cation-exchange capacity by summation
(Chapman, 1965, p. 900; see Paragraph 10.1) should be employed for distinctly
acid soils.

2.0 SUMMARY OF METHOO

2.1 The soil sample Is mixed with an excess of sodium acetate solution,
resulting In an exchange of the added sodium cations for the matrix cations.
Subsequently, the sample Is washed with Isopropyl alcohol. An ammonium
acetate solution is then added, which replaces the adsorbed sodium with
ammonium. The concentration of displaced sodium Is then determined by atomic
absorption, emission spectroscopy, or an equivalent means.

3.0 INTERFERENCES

I
K
I
I

3.1 Interferences can occur during analysis of the extract for sodlua
content. Thoroughly Investigate the chosen analytical method for potential'
Interferences.

4.0 APPARATUS AND MATERIALS

4.1 Centrifuge tube and stopper; 50-mL, round-bottom, narrow neck.
4.2 Mechanical shaker.
4.3 Volumetric flask; 100-mL.

5.0 REAGENTS

5.1 Sodium acetate (NaOAc), 1.0 Nt Dissolve 136 g of NaCaK̂ t̂bO In
water and dilute It to 1,000 ml. The pH of this solution should be 8.2. If
needed, add a few drops of acetic acid or NaOH solution to bring the reaction
of the solution to pH 8.2.

5.2 Ammonium acetate (NHiQAc), 1 N: Dilute 114 ml ofglacial acetic
acid (99.51) with water to a volume of approximately 1 liter. Then add 133 nL
of concentrated ammonium hydroxide (NHdOH) and add water to obtain a volume of
about 1,980 mL. Check the pH of the resulting solution, add more NHiOH, as
needed, to obtain a pH of 7, and dilute the solution to a volume of 2 liters
with water.

gosi-i /JR30I380
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5.3 Isopropyl alcohol? 991. ;; , t

^ .6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must be collected using a sampling plan that addresses
the considerations discussed In Chapter Nine of this manual.

7.0 PROCEDURE

7.1 Weigh 4 g of medium- or fine-textured soil or 6 g of coarse-textured
soil and transfer the sample to a 50-mL, round-bottom, narrow-neck centrifuge
tube. (A fine soil has >50X of the particles <0.074 mm, medium soil has >50X
>0.425 mm, while a coarse soil has more than SOX of Its particles >2 mm.

7.2 Add 33 mL of 1.0 N NaOAc solution, stopper the tube, shake it in a
mechanical shaker for 5 min, and centrifuge it until the supernatant liquid is
clear.

7.3 Decant the liquid, and repeat Paragraph 7.2 three more times.
j 7.4 Add 33 mL of 99X Isopropyl alcohol, stopper the tube, shake It in a

mechanical shaker for 5 min, and centrifuge It until the supernatant liquid Is
. - clear.
•

I

7.5 Repeat the procedure described In Paragraph 7.4 two more times.
1 7 . 6 Add 33 mL of NH4OAc solution, stopper the tube, shake It in a

mechanical shaker for 5 min, and centrifuge it until the supernatant liquid is
clear. Decant the washing Into a 100-mL volumetric flask.

r
- I V̂ ĵ̂m ̂*r̂

I -
7.8 Dilute the combined washing to the 100-mL mark with ammonium acetate

I solution and determine the sodium concentration by atomic absorption, emission
* sneetrosronv. OP an eaulvalent method.

7.7 Repeat the procedure described in Paragraph 7.6 two more times.
7.8 Dilute the combined washing 1
tlon and determine the sodium conc<

spectroscopy, or an equivalent method.

! 8.0 QUALITY CONTROL

8.1 All quality control data should be maintained and available for easy
reference or Inspection.

8.2 Employ a minimum of one blank per sample batch to determine If
contamination or any memory effects are occurring.

8.3 Materials of known cation-exchange capacity mist be routinely
analyzed.

9081 — 2
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J 9.0 METHOD PERFORMANCE-

9.1 No data provided.

( 10.0 REFERENCES "
I 10.1 This method Is based on Chapman, H.O., 'Cation-exchange Capacity,"

pp. 891-900, in C.A. Black (ed.). Method of Soil Analysis, Part 2: .Chemical
t and Microbiological Properties, Am. Soc. Agron., Madison, Wisconsin (1965).

f
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Ebasco Services Incoiporated | REM III SAS No. |
REM III Program | _________L
Zone Program Management Office î /̂ -j /% a
2000 15th street North 6^3 0\
Arlington, VA 22201
Phone: (703) 558-7553

REM III TERM LRBORATORY
SPECIAL ANALYTICAL SERVICES
Regional Office Request

Regional Transmittal J__I Telephone Request

A. Regional Office: NU5-Pittsburdi____and Site NametCroydon TCB

B. Regional Laboratory Service Coordinator:__Grjg_
C. Telephone Number: f 412 ) 733-1030______

D. Date of Requestt September 22. 1983

Please provide below a description of your request for Special Analytical
Services under the REH HZ Program, m order to most efficiently obtain
capability for your request, please address the following considerations/
if applicable. Incomplete or erroneous infoT̂ tion nay result in delay in
processing your request* Provide response on additional sheets or attach
supplementary information as needed.
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1. General description of analytical service requested; Analysis of 4
Soil samples for BIU. Percent Ash, and TOC.___________:_____

2. Definition and mmber of work units involved (specify whether whole
samples or fractions; whether organics or inorganics; whether aqueous
or soil and sediments; or whether low, medium, or high concentration:
4 low concentration soil samoles.

3. Purpose of analysis (specify whether Remedial or Enforcement Action,
HPDES, etc.lt RI/FS__________________________

4. Data Quality Objectives (specify whether screening analysis,
engineering support or conf itmational analysis) t Encrineeriner Support
POO Level HI.____________- ,- • •__________________

5. Estimated date(s) of collectioni Kovember 7 - 11. 1988

Hr3"OI385



S. Estimated date(3) and method of aMpiynfc* November 7 - 11. 1988.
Samples will be shipped by overnight air c3*Tt£T« These dates are-
tentative and are dependent on the project remaining on schedule.

7. Approximate mmi-wr Of days results are required after receipt of
samples by laboratory! 40 days_________,_______________

8. Analytical protocol required (attach copy if protocol other than.;
currently approved under this contract or CLP program) t _____
HTO - ASTM D 3286-83_______________All methods ara attached.
Percent Ash - ASTM D 2974-84____________________________
TOC - page 3-73 from "Procedures for Handling and Chemical Analysis of
Sediment and Water Samoles". EPA. Mav 1931.

9. Special technical instructions (if outside protocol requirements,
specify compound names, detection limits, etc.):

10. Analytical results required (if known, specify format for data sheets,
QVQC reports, chain-of-custody, documentation, etc.). If not
completed, fonnat of results will be left to discretion of the
laboratoryi Data sheets, chain-of-custody forma, all calculations.

11.

12.

and SAS Request Form.

Other inŝ rivjtion9 (use additional
infoHna.tion, as needed) x

Name of sampling/shipping contact:.

sheets or attach supplementary

Greer Zimmerman
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Phone :__£412L 788-1080i
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I. DA33V REQUIREMENTS

mg/1 PRECISION DESIRED
____PARAMETER_____ D-.'i'lA.'i'lON LDHT (+ % or Oono.)

BUT____________ Not Specified______ Not Specified____
Percent Ash_______ Not Specified______ Not Specified____
TOC____________ Not Specified______ Not Specified____

H. QUALITY CONTROL REQUIREMENTS

SAMPLES CONTROL PRECISION DESIRED
OOr/i'ML>L RBODlKCU .FKmjOENCY OF SAMPLES LPtiTB (•» or Cone.)

None Specified

HI. ACTION REQUIRED 17 LIMITS ARE EXCEEDED!

Nona Specified_____________________________

BR3QI388
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Designation: DttH-13

Standard Test Mtthod for
GROSS CALORIFIC VALUE OF COAL AND COKE BY THE
ISOTHERMAL-JACKET BOMB CALORIMETER1

Thn vi jrtjjrj •% >>«uoj v"\k' ikt A<f4 0ni|MiM« O Jit*. il>» Simhtf imiwduu*) folk»in| the Joi|ajJtua iftjKiw the >ni of
.•tfiiui ftjutaw* tir i«t(*ej*i»fr»v«'0« tb*ytwuflji4(T»riioii. * «umtt»i»pMiA*t»ni«4»-»t»u>if>«iiu<'ijar»jpp'»«J
4 Mcrrxnpi rpMhi* it) mOirtic* I* M|Mnil rMi>|t «nct (Iv tut tniMM or rrippruTit

I. Scope- 3. Terminology
I.I This test method covers the Jetermination 3.1 Defmiiuw:

of the irost calorific value of coal ind coke by 3.1. 1 (ativ̂ ie rotor— the heal produced by
the isothermal-jacket bomb calorimeter. combustion of • unit quantity of a substance

1.2 The vatun stated in SI units ire to h* under specified condition*. Il it expressed i« thi»
rvpr&d as the standard. test method in British thermal units per pound

1.3 llti* vundarti »wy inwlrr ttti:ur<tvu.< >na- (Btu/lb). Calorific value may also be expressed
trriah. vperatitmi. and ê aiimtfni. Thi\ nandtird in cilonn per |T>m (cil/|) or in the International
diw» m* ptirpiHt n> address all of the safrtypfob- System of Units (SI), joules per (ram (J/|). when
U-n» osuniatrtl nnh us ust. It iuhe rrsimmibil' required. The unit equivalents ait |iven in TaWe
ity of H-AivtiT ws thh standard to tontub and I .
4-o/rtWfc* ttpprtiprioif tttftty and fiftiM practlrts 3. 1 .2 pms catt>ri/k vatuf (gtta h«x if eon*
tiHi/AifrmtnfUitiippHi-aMltyiifrffiitahifyliHit' t>nilitnifHwuai«votunieJ.Q,(Jtraw—ietDtt'
tutiiMi prior tawf Specific precitttioniry sta«» ini«fonsDl2l.
menu are jivcn in Section 9. 3.1.3 net tatari/lr valuffnet hrat t<fe»»nbuf
2.App««WtDocum«n(i-

., B.. /», -M ««A«'W«T-M«««Hn«>«stesi method.OiSiOcJaiiiwit of Terms Relating to Coal contisw ofihe twmh and i» comenti the caJo.
-??rF. ! ̂  ,*..,. ^ *„ . nmeter vewel (tmeket) with stirrtr. the water inD J46 Method of Collwiion and PreparaiJOB whkh th* bomb l» immersed, and the portions
t̂ Coke&mpleiforî borawrjrAnalys.s* of the thermometer and the iinitionJealsuithin

Rii?2 Jf̂S8'!?." f0f f "S"1, y**1! , in* calorimeter vessel.D20I3 Method of Preparinj Coal Samples for Jt2 toxriptttm ,/ fifinv .V/-./J, M /Ai.
Analysis' Siumtard

D.H73 Test Method foe Moiuure in the Anal* 3>2.l iwiirrt/h'mpirtf/ttwn.Tî -the temper.
>s» Sanph r of Coal and Coke* Muft ̂  lhe nMmtin C8UJle<, hy tN p,̂ ^

0.11 J7 Tesi Mrthod* for Total Sulrui m the ,ha, ĵ,, in|Wf |hf ̂n,̂  ,„„, „ lhf t)|̂ rvW
AnalyMsSampleofCwIandroke* lemperature change corrected for vurUw effects

D.IIWlMrthoJftwCalculattniCoalamKukr u noted in 10.4.1*
Anal>so fmm AvDctcrmincd to Diffirnrnl

u.dk.wi r... C.. t«*..« i_ ih_ A ».!..,«Method rm Sulfur m ihrAnalywi
of Cviil iinj r«>kr lN»n| lli|h

Tube Furnaie rtifflhuumn «'wi»<« f*iwn a«»~«l *«> .*iIUPC lunwie MimruMwn
Mifthodi*

i: I S|xvili«tkin for ASTM
F. wlmwmM PraVtut l«r Sale i:« of _
th>gcn Comhuilion flomhi * tnwwi *«4 ̂  MI w MW*A^> v^ 14 n;

«. flR30!390c ' • : ~ ~ ~ ' -•
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NOTI I— Temperature it measured in either dcjirct evaluating the effectiveness of bencftciationproc*

Celuu* or tfaren tamhM Thermometer coree; . «,«. or f0f revirch purposes.
iwnithourabf applied. Temprrttutci may be ncordrd ' •* f .,..in ohim or ether arbiirar) «nnt inwcid of dejreri. •• App«r_f« an« FacMitiei

iiniu muH he «ted in standjrdiiation arid 6,1 Tea 5/wa—-A room or area free from

i*mpf r«u« idwrvai ov«r which «ti irw* irt -.j«ir rofm temperature ror the
must MI »ir> u much that an error greater than determination. The apparatus shall be shielded
onorc«ouWr<rsufctJ. from direct sunlight and radiation from other
3.2.2 fwigv eqwafent. heat (opacity, or *«- *** «°ur<» Thermostatic control of room tern*

uf ̂ww/tw-ihe energy required to raise the * tu« «nd wntroMed itlat.ve hunuduy are
lemperature of the calorimeter one arbitrary unit, . , » • . , . . , . jThis it the quantity that, when multiplied by the ,6-2 CJ»»»A«I//W» Bvnt ,tXM ê constructed
corrected lemperaturc riie. then adjusted for ei- of matenals thai are not affected by the combus-
traneous heat effects, and divided by the mau of «oni^eHori^ucUttfll«nUytotntroduce
the sample. |Jve* the fross calorific value. raeasurabk heat teput cfalttration of end prod%

'per tram of sample corroponds txxity u in? recovered by washing the inner aurfacei There
number or Em's prr pound 9fMmpi«.Forb«»«>Miei* must be ho fal (eakaie during a iett. The bomb

'per inm II/4JJ.JH The ewi> euui»al«B« of ihi ."*l"2 "»! f » M« C3000 piff) at roomeiionmeterhatthruniui8iu/)bMimn(i/dei).Cen. tempertture without itreninf any part beyond
I" «emon w other uniii tf diicwued in Append!* XJ. fticlatllc Kmlt.

Time it ewretwJ in mfnum. Mtu is npmird Jn e.3 At«/tf«»-A Ir̂ Ofatory balance having the
•*mi- eapibility to wtifh the fjmpli to the nearest
4. SimtMrj of Method 0.0ooi g. The balawt ahould be checked period.

1 4 . 1 Calorific value I* determined in this lest fcafly to determine hi iccuncy.
method by burning a weighed wmpf?. in oxygen. 6.4 Catorimeter Veurt. made of meu! with a

.̂̂  in a calibrated isoihcrmal-javket bomb calorim. ternlsh-rtsistant coating, and with afl outer tur>
eicr under controlled condition*. The catorimeter faces highly polished. Its size shall be such that

I7 is sian4ardi?cd by burning bcnroic acid The the bomb wHl be completely immersed in water
valonfic value of the sample is computed from when the calorimeter is assembled. It thai! have
temperature observations made before, during, a device for ttirring the water thoroughly and at
and after combustion, and making proper allow, a uniform rate but with minimum heat input.

I aiwes for heat contributed by other processes. Continuous stirring for 10 min thai! not raise the
I and for thermometer and thcrmochemical cor. calorimeter temperature more than 0.01 *C

rections. (0.02'F) starting with identical temperatures in
, Nun J-OxWukm ificr umplinj of susceptible the calorimeter, room, and jackeu The immersed
I townni coil or N|RIK may mult in a rrtuciion ef portion of the itiner shall be coupled to the
1 SS5

, *, .« ,•.. 65 /tKift.idoubie-«Ikd.iir.orwajer.(Wled
5. SiialllcaaeeaM Ua« ĵlie,. The calorimeter than he insulated from

S.I The gross calorific value b ttsed to com. the jacket by an air snace. The sides, top. and
pute the total calorific content of the quantity of bottom of the calorimeter vcucl shall be appn»-
coal represented b> the sample for pgymenti>ur. imatety 10 mm fn»m the iniwf wan of the jacket
pmcs, provided the buyer and the seller mutually w minimi/e eonvectiwn curnrnts. Mechanical
agree upon (his. svpponi for the catoinieiervcvcl shall prdxidc
S.2 The gross calorific value is used in com* as little thermal conduction as possible. The

puling the calorific value versus sulfur con tenv to jacket shall be capable of maintaining the tern-
determine if the coal meets the regulaiory nt> perature constant to within tO.lV (H).2'F) of
quiremenu for industrial fuels. room temperature at • calorimeter temperature
5.3 The iron citeri/ic value may be used tor 2 Y MT) below, in. 2Y (4Tl or more ihove
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r»vm temrvMturc throughout the dtficrmina- change significantly bctwten tests. \^/
uon H a water-filled pckei is u*d. il shall ha»e 6.» />«//«»« H'w—The ignition wire shall he
j do lev lor Mirring tnc water at a uniform rate 100 mm tffO.IA-mm diameter (No. 34 B It S
-uh minimum hvat input: gage) rmkeUhrbmium alloy. (Chromel C) alloy.

ft fr /'/u-mw'wifm. used to measure tempera- or iron wire. Platinum wire or palladium. 0.10-
tum m the calorimeter and jacket shall be of mm diameter (No. 3ft B 4 S gage) may he used
any nf the following i>pct or combination provided constant ignition energy is supplied.
thereof: The length or mass of Ignition wire shall remain

6.6.1 l.wti<t-iH'G!a*i TUfrnumhtfr*. con- constant for all calibrations and calorific value
forming to the requirements for ASTM Ther* determinations.
mometers 56C. 36F. II6C. or H7C. as pre* 6.10 Ixnition Cirwii. for ignition purpose*
jcrilvd in Specification E I. The thermometers jh_l| provide a 6 to 16 V alternating or direct
shall be tested for accuracy against a known current to the ignition wire. An ammeter or pilot
standard (preferably by the National Bureau of light is required in the circuit to indicate when
Standards). For thermometers 5oC and 36F, the current is flowing. A step-down transformer, con-
calibration should be at intervals no larger than nected to an alternating current lighting circuit.
2.0*C or 2 J'F oyer the entire graduated scale, or batteries, may be used.
The minimum difference in correction between 6.11 BUM, used Tor the acid titration. shall
any two test points shall be no more than 0.02'C have 0.1 *mL divisions.
or 0.05'F. For thermometers II6C and I17C. (.12 .liatnnuted Ctmtnitter and TeiHpcnaurr
the calibration should be at intervals no larger Mcamrtnt Mtv*n>rici. may be used.
than 0.3 C over the entire calibrated range. The
nrnimum difference i« correction between any '• Rwi«-t»-
two test points Jtall not be more than 0.02'C 7.1 Rtageia H'oter. conforming to Type H of
6.A.2 lifikinann titfleretaial ThitmtMMt'r*. Specification D1193. shall be used for prepara*

ffliiwcnctosed scale, adjustable) having a range lion of reagents and washing of the bomb inte*
iif approximately &*C in 0.01'C tubdivisions rior.

up»»rJ und conforming to the require* 7.2 Amir (/Xitgrcnri—Reagent grade chcnv.
I mcntt for Thermometer I IJC. a« prev-rihcd in icals shall be med in all tests. Unless otherwise
• Spci'ikaiion F i. ma> Iv untl. Lath of thevf indicated, it is intended thai all reagents shall

iricrmomctcrv shall hvtrstnl for mvurav) ĵ iinM vonform to the speciliration of the Committee
|;. a Vmmn standard iprvforuW) b> the Njnonal on Analytk-nl Reagents of the American.Chemi'

; BU^-JU i>f Standards) at inter* alt no larger than cal Sonciy. where such ipcci/lcations are avail*
* ft over the cminr induated scale. The mail* able.* Other grades may be used, provided it is
• • mum diOVrcnce in the correction between any Ant ascertained thai the reagent is of sufficiently

I two ten points shall not be more than 0.01'C. high purity to permit itl use without lessening
6.6.3 Other Thermtunvtm. of an accuracy the accuracy of the determination.

equal to or better than O.OOfC. such as platinum 7.3 Q<-n:,»c Acid (C»H»COOH), shall be the
resistance or linear thermistor thermometers are National Burraa of Standards benzote acid. The

{ satisfactory and may be used if properly call* crystals shall be pelleted before use. Commcr.
hrated. A Whctttstone bridge and galvanometer dally prepared pellets may he used provided they
capable of measuring resistance to O.OOOl Q are are made from National Bureau of Standards
ncccswy for use with 23 tt platinum resistance henraic acKL The value of heal of comhistton of
thermometers. benzoic acid for use in the calihratioA calcula*
A.? fftiWhawwriivrtviw*— A magnifier i» tions shall he In accordance, with the value listed

rvquircd for reading liquid'iivglatt thermometer* in the National Bureau of Standards certificate
u» one tenth of the smaltest scale division. This issued with the standard.
ihaH have a lens and holder designed so u to 74 \trth\1 Orange. Mvtliyl Red. iv \hlh\1
introduce m» significant enwt due to paralla*. '

inum. quan/. or acceptable has«.meial Dloy.
Bjv«mclal .lluk .Tucihtn are aixtomhte if lAer ***•>• «» '*n*m O«*.*t» iM XtndanK* K Ju*j*IWH mmu a»u> vravirm are acvtpiaw «. aner ,IBMfc „ Vw ̂.̂^ ra> t(1, . ̂ ^ Vtrt. MV. ̂  lhr
a few preliminary firings, the weight does not
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CH DI2II--
/V/>A' Inttitiiittf. may be used to titrate the acid gaskets must meet industry safety code. Suitable
formed during combustion. The indicator used reducing »alu's and adaptors for 3 to 4-MPa (300
shall be the same for both calibration and cater- to M)U»psJ) discharge pressure are obtainable
ific value determinations. I'roni commercial sources of compressed gas
7.3 OWL shall be freeofeomhustible mat* equipment. The pressure gage shall be checked

ter. Only oxvjwn manufactured from liquid air. periodically for accuracy.
guaranteed to be greater than 99.5 *>> pure. 9.5 During ignition of a sample, the operator
should he used. 0\>gen made by the electrolytic must not permit any portion of her/his body to
procvss may contain a small amount of hydrogen o lend over the calorimeter.
rendering it unfit without purification. 9.ft When combustion aids are employed, ex*
7.6 SnttiumCttrhwatf StandardSotittiun, so- treme caution must be exercised not to exceed

dium carbonate (Na>CO>) should be dried for 24 the bomb manufacturer's recommendations and
h at I05T. Dissolve 20.9 g in water and dilute ttt avoid damage to the bomb. Do not fire loose
to l L. One millilitre of this solution is equivalent fluffy material, such as unpelleied benioie acid.
u> 10.0 Biu in ihe nitne acid (HNO)Mitration. unless thoroughly mixed with the coal sample.

9.7 Do not fire the bomb if the bomb has been
I. Stmplt • dropped or turned over after loading, or there is

X.I The sample shall be the material pulver- evidence of gas leakage when the bomb is sur>
iz*d to pass No. 60 (2SO>Mm) sieve, prepared in merged in the calorimeter water.
accordance with either Method D 346 for coke. 9.8 For manually operated calorimeters, the
or Method D 2013 for coat. ignition circuit twitch shall be of the momentary
g.3 A separate portion of the sample should double-contact type, normally open, except when

be analyzed simultaneously for moisture content held closed by the operator. The switch should
in accordance with Method D 2013 and Test be depressed only long enough to fire the charge.

( M e t h o d D 3173. to that calculations to other
bases can be made. 10. Siandardtzattai
1.3 Sulfur analysis shall be made in accord* 10.1 The calorimeter is standardized by com*

ance with Test Methods D 3177, tuition of benzole arid.
a «.•» ». t 10.2 Determine the energy equivalent of the9. Safety Precautions calorimeter for • specific temperature rise u the
9.1 The following precautions are recant* t veragccf • series of ten individual runs made

mended for ufe calorimeter operation. Addi* over 9 period of not lets than 3 days nor more
tional precautions are given in Recommended , than 5 days. To be acceptable, the standard de«
Practice E144, Also consult the calorimeter nation of the series shall be 6.5 fitu/*C (3.6 Btu/
equipment manufacturer's installation and e> *F) or ksi (see Table 2). Fcr this purpose, any .
crating instructions before using the calonmeter. individual test may be discarded only if there it
9.2 The mats of coal cr coke sample and the evidence indicating incomplete combustion. If

pressure of the oxygen admitted to the bomb this limitation is not met. Investigate for the
must not exceed the bomb manufacturer's i?c* source of the problem, correct it. then repeat the
ommendations. entire series to obtain »< standard deviation within
9.3 Bomb pans should be inspected carefully the acceptable limits.

after each use. Threads ef the main closure JO.J Praevtture:
should be checked frequently for wear. Cracked (0.3.1 Regulate the weights of the pciieis of
or significantly worn pans should be replaced, bewnie add in each series to yield approximate I)
The bomb should be returned to the manufac* the same temperature rise as that churned with
lurer occasionally Air inspection and possible the coals levied in ihe same lahuraior). the usual
proof firing. range of masses is from 0.9 to IJ g Weigh the
9.4 The oxygen supply cylinder should be pellet to the ncarcsi U.OGOI gin the sample holder

rqujpjvd with an approved type of safety device, in which it is to be burned, and rcntnl Ihe weight
»uch as a reducing valve, in addition to the needle as the mass.
%atve and pressure gage ined in regulating the 10.3.2 Rinse the bomb, inven to dram, and
mygen feed tu the bomb. Valves, gages, and leave undried. Add 1.0 ml of water to the bomb
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"pnof h* utotrmhi} for a determination. l-min inu'»-al$ for $ min or until the rate of

10.) \ Connect :i mcjMired length of ignition change has been near!) constant for 5 min. Use
wire to the ignition lermituK. with enough slack a magnifier when using ASTM Bomb Calonmc*
to allow the ignition wia- IK mjniiain contact let Thermor.eters 56C or 56F. and estimate all
with the wmpte of thr readings (wept incur during th* rapid-

1 11. .V4 -vx-mNc the homt* and charge it with rise pvnod) 10 the nearest U.002'C or O.OU5*F.
oyogvn to j continent pressure between 2 to 3 Estimate ASTM Thermometers I I5C. I I6C. or
MP~ lii' to W aunt. This pressure must remain I |7C readings to 0.001'C. and 25 U resistance
the umo KM each calibration and each calorific- thermometer readings to the nearest 0.000 1 It.
talu« determination. Admit the oxygen slowl) Tap mercury thermometers (for instance with a
into the bomb v> as not to Mow powdered ma* pencil) just before reading 10 avoid errors caused
U-rul from the timnlc holder. If the pressure by mercury sticking t<> the walls of the capillary.
occvdi ihe specified pressure, da not proceed Ignite ihe charge at the start of the sixth minute
with the combustion Instead, detach the filling and record the time. '. and the thermometer
connection an. exhaust the homtt in the usual reading, r. (Note 6). Take the next two reading*
manner, and discard the ample. 0.5 min and I min after finng because of the

IO.J.5 Fill ihe calorimeter ve«el l bucket) with rapid rise. Record subsequent readings at l«min
the measured (of weighed) quantity of water intervals on the minute untfl the difference r*-
jdjuMcd from l.o to 2.0T t2.U to 4.0'R below twcrn successive readings has been conwant for
the jacket temperature, but not lower than 20'C 5 min. If the Anal temperature is above the hath

I t f t X ' F i (Nine 4i t'w the same mass of water in temperature, the temperature rises to a maxi*
each test weighed 10 ±0.5 g. For 2000>mL calo* mum and then begins to (all: Record the time. /.
rtmetvn. tlw proper quantity van bv ulnaini-J by ant the ihtrrmumrter rtading, /> after ihr raw uf
uv of a vniumetnc Oa\i calibrated to deliver change has become uniform.
aw x 0.5 mL AS the dentil) of water varies
with temjvnture. maU suitaNe corrections if
list . wt temperature varies from the temper*
iurc at whk-h the Itak wa» calibrated. Place the method for rjdraitoa eormiwn is lo he usaJ.
asvmhhsl Nimh in the calorimeter tcwrl. Check Ann«Al.5.
that no oxygen bubMes are leaking from the
b»>mb. Pla\T the calorimeter »essel in the jacket: t° -W Open the ewer and remove ihc bomb.

I c i M i m x i the clectrwics: plxc the siirrcrs. ̂ hĉ  Rdeav ihc pressure at a uniform rote. Juch that
mometen and w»tf in position. Start the stir- lh* i>pwa««»i» will require not fe»» than I mm.
rcrt*) and vontinvr w operate it |lh<m) through* Open ih* hninh ami Mi<nim> ihf hmjib inwhof.
out the determination Examine the ihermome* Discard the test if unbumed sample or sooty

I t e r t for liquid vparatmn and iwrect any scp» . deposits are found. Wash the interior of the bomb
mtion N fwre pnvccvling. The staning tempera* *1<A CiMilled water containing the tiirauon mdi*
tore should be within ±(>.5*C t*» VF) of that vawr until the waxhinns an? fret of acid; and
ined in the analysis of coal or coke sample! titrate the waihings with standard sodium car*
**MI 4— the initial wmperatunr «<J;uttmem will bonate solution.

a rtnji wmprratgrc vlightl) *N«* ihai of the 10.3.1 Remove and measure, oe weigh, the
wnihincd piecCi of

™ n n
.*«vw{yiv«.unhu_*.i!wum* weight tudetermin*? the wire consumed in firing.

Nr awnl iii §n teta inctwlmi «»<«• If the wire is weighed, remove the ry II of midixed
. A tmjM fK.iff may Be MUi «m» the rtto. metal ftom the end of each PICVT uf wire beforenmcwrwthuifte JomrJK.nift| umpcniurc exn bs û i.hin*

easily iitilned. .SvT. t .
Xttn )->CTwl an lh4BkJ.in-sJJU ihrrmoffletcrs at I0-4 * atetomnxwiu oauy r«ir sny defects, fat narnpn. rrKked gnu. 10.4.1 Tvmpvtutuie m̂-— Uiing dau tirv

»'r tained as nnrsvrihed in 10.3.6. compute the cur*
10 3.6 Allow J min for atiainmeni of equiliN ntM temperature rise. I. as lWlows:

Hum; then record ihe calorimeter temperature at i«i.-i^*r, »f, »c; in

A830139U
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where: Nun 9— I'lini the iiniit ind eorrtciiont as given
i « ivrrtucd tcrnpvraturv rise. 'Cor T. in »ii.4.l and Itt4.t the miD'-jiwwilew.ef il»r

31 i<m.< .if tir .Mk'nmeicr is well tlwi thf wteoric titur of ihe cwfat urn*. of fir-
Inf • jvr |V«nJ wHen ihc mats ample u uirn in grains.

i, m finjl temperature reading. The uniit nf ihc ener|> equivalent art ihrrcforr iBio/
( '. « thermometer, emergent stem correction. M '""w* (i/d<l>

if required (sec Note 7 tr.d Annex A l. 41. 105 RtBCa, the procedure for a total of ten
. - thermometer seliin* correction. if re- determinatitmj. Compute ihc standard dcviaiion

quired (*c Note 7 and Annex A 1. 3), and ai illustraied in TaN« 2.
C. • radiation correction (ice Note 7 and An*

net A 1. 5). II. Resiandardtzalloa
\iui T— With «U mcrcwrj .in.jla« ihfmwmeten. 11 ( Make checks on the enerts eouivalcnt

of «i.wjix er «.»vrK in a calorimeter using changing any pan o'lhe calonmeter. and at least
imatclj SUM i ofwttcr. Bcrkmt on thtrmomr • once a month otherwise.

frit aho rwuirr t selling c orwciion Ind ar, Mrmrrsrnt , , , , ,f , ̂ e new ̂tutnton&m difien
swm cufTCLtion (Annct *l..1 ind AI4). Sotid-Strm r . lfc -M ....T,,.* „-•„, ̂  „ _,.,/v/4 _„./*STM Thcrmwneier* 36C an<t 5AF do not require J™m,lhc •» Manf ard value by 6 Blu/X1 (4 Btu/

item ivrrrdioni if all tests, iedudiflf tun- T» the old Standard value is suspect, thereby
arc pcrfiwme. within the same 5.5'C requiring t second test.

«t tf,t««'n«K«npfn'-«.«nirhe>fln<J |j.|J The difterence between the two new
ihi» limrt. t Jifufrntial cmrrgrni firm forrmiot JAB' -»,.-,-,:.,*,!.,-, «<»? «,« «..«̂ i • fti..fV*/« B.../uc» M 4»mu« hcawuirt n>ih*rtfmiftii«nwr.ture **"„ nationsmust noicuwdl Btu/T(S Btu/n«. .. m all •««. wdudmi sunjjrti«twi A rMiition «"»• «"* the average of the two new determina*
ttwmiion muti he made in «n test}, indudini sun- lions must not difiVr from ihe otd standard by
diurfi«tkw. morcthan4Biu/*C(3Btu/T>.lfihesertquire«
10.4.2 Th<tintirr,t>>Hi,nI CV̂ nrf/i-l.T (KC Ap* ""Cnts are mel. do not change Ih* calnrim«er

pendik K»>— Twrpuif the following for each standard.
icit: M I t irih*rwv»r»m«nti§fv«nin ll.Uar*

«'i « iiwrriiion fix the »»c«t «f formation of no« RIC'« t*o more determinations »i« he rvn.
UNO., in Btu. Each millilitre of stand' Tl" ninge of the tour values must not exceed 14
ard N4}CO» it equivalent to 10.0 Biu. B»*»/*C (« 8tu/*FX and the average of the foui
and new determinations must not differ from the old

o - correction for heat of combustion of fir* standard value by wore than 3 Biu/C (2 Blu/
ing wire, in Biu (Note ij. *F). If these requirements are met. do nni efcmp

» «.4 1 pju/mm or 2.6 Btu/mg fw No. 34 the calorimeter standard.
B*SgagcChromelC. ' 11.1.4 If the requirements given to 1 1.1.3 are

• 0.4', iu/rom or 3.2 Biu/mg for No. 34 ""< mci< • f'fth *nd sixth determination must be
B A S gage iron wire. "in. The range of the su new determinations

( s « . 1 1 «—Ti*n fciw «rm-tio« for pUiinom wire «uit not exceed |7 Btu/*C(lO Btu/*F). and Ihe
r*?.»N)ioiiliri|iiiini«efwrtrMcoi»um average of the six values must not differ Irom the

ld.4 3 Computcthecalorimeierenergyequiv. «*» •»«lx!«p-f »«'« h>; «wrtnan 2 Biu/T |2
alent. /.. by sumtuuting in ihe feltowlug; •Bio/THf these requirements are met. do not

* . i,n* . - * _.i* in Change Ihe calonineter standard.
A.Hl/e)*̂ ,*ft|A IJ) 1 1.1.5 If Ihe requirements gnen intl. 1.4 are

where: not met. four mart dcterminationt must he run
t: • calorimeter energy equivalent (Note 9), to 1-innplite a vries i»f ten run. The range of
// * heat of cumhistion «f henwic acid, as these k*n result* mu%t not euved 2(>RluA'i|2

kJdlrd in the National Bureau of Standards lHu/Tj. and ihc .\<Yiige of Ihe ten new value*
cenifK-ate. Biu/lh in oir. must not differ from the okl standard hy more

jr • ma>s( weight in air) of ben we acid. g. than I B<u/*Cll Blu/*Fl If ilinc requiremenu
n • Utrationeorrenion( 10.4.2k are met. di)mn change the calorimeter standard.
«t » fine wire correction I in.4.21 and II. I 6 lfihenrquii*nienikgi%enin ll.l.5«v
t * corrected temperature riw (10 4. 1) not met. the a»ewge value fr»»m Ihe If n new
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I »allies, mint tv ux-J for the new standard energt formation of H<SO. from the heal of
cqimakm. priuiOcJ thai the var-lard deviation formation HNOi. Btu.
odhc H-ruAtlov* not cuveJ h.5 niu.'*(*(3 f> Biu/ • 23.7 times percent of sulfur in sample
Ml. limes weight of sample. *

11 2 The tun«mjr\ of (he numerical require*
mcnts. Ji each suj|X' or a-vundanlt/atMm a given N< Ctlorine ̂  alue <Note I.»
inljbk'.V |4.l finnt (\itifillt Iirfm-— Calculate llx-

. ~ . .-. » . . gnnsc-hwificialuefvos* heat of combustion at15. l»rm-rdur» ft* Cual ind Cuke Samales (Ntxe Wfl4Unl volume) <?. (gross) as followi:
101

12.1 Thorough!* mix the analysis sample of

*•
through IO..U. . , , _ . _ ft* ••:.«•» - wrrertion* as pre*nNrf in 13.2.N»ir» nv—Far anthracite. f<J»c. iml mat of nith a_j
4<Ji inntcnt. that At not mdil> burn completely, on* "" ._-tl.,. .
iirift<R«il«twingprivcrfurc»arereeoinmcn(tedi/) The * , » mass of sample, g.
ia%Hk' of ihv «mf>k hoMer is lined complete!) «iti M.2 .Vif Calnriw I «jft««— Cak-ulate the net
lymtcd .nhntoi in a thin la»c» prnvJ wtll daw* inia colOritW »uloe (net heal of combustion at a con*
thejn»le_an4theumplei.ih«i.prmkW-.inJ»o»cr rt,n, wcl«_»i «_ (Mil a» followsthe vufxt rfihe *hcHoi Or The maaof ihe umplf njni »VC*!11IWI- *r> «""' » '««""
n») tv tanol w oWatn food i|nitioA. If (he mm i» ft Inetl • ̂  (grots) - IOJP til « «t
HI Hut ihr water cvuiulrm win he Knedun the ume ..4 ... . ., M.
wmr«rjn.reniei»ihaioHainrdwmniie new ample tt-'«-t» » net calonfie value. Ittu/lh.
wcifAi. ».'i A kmiwii amotini of hm/>m act. ma* hf (̂ . (gnHS) • l/iiw calorific value. Ulu/lK and
miuili>iihih«Siimp'ir. Pr.ifvrallini^iKvniuMtvmadr // • total h)Jrotcn. r«.

- - ' '. _
«.»mn*ihrt-j|i«rK»aluri'fi>ii:s3nir* Noil iJ-ThheiiJinihiiii* |ivc%«l.inft, «jtur m
Nun '

Man-

***
pic h> jii\ of ihe procedure* jncnM in 1 CM ' •*• ' T̂  rw"tlt» °f "w calurinV » alw nrn lv
Mcih».j» 1)3177. *i'|x»rtcvl on an) of a number of haw differing

from each other in the manner •*•" monture i»
13. Cikul«iii«»|N«>ieJ» trcjied.
13 I Compute the corrected temperature rise. '•*•• I1-* «he percentage of morturc in thr

'. a* shown in 10 4.1. wmplc pauing a No. M (2JO-pml v<\t. ICM
M 2 t'H-niHtlHi'inal < •»•<• n,»n (Append!* Methtxl D 31 73. in calculalv the nnull}. ol the

X I i-*'ompute the following lor eiicb lest: analysis sample Ui • dr> basis.
r, • convcnon fiv the hcai of formation of «.*..* Pmctdures fur convening the »alw o(w

UNO*, (tin Fach mllK'. T uT Mamlurj tamed «>n ihe analyw wmplr tn other
varKmale i» eq Jem tu !().« dvx-nKil in Method I) 3IKU.

•v • vivrvctum for hrai «/ .iimhuMMtn of i». '
nithin wire. Riu. IM IlK-Rillowinycriten. \InmM rv u-»tl i;.i

• » 4 1 liiu/mm or 2 ft Ittu/mg ft* Si. »4 jmfjtm» lire anvptahtlily ol roultv i«»« ', |*M}M.
HAS r •hnunel C wire. h,in> i on »p|it W)-nie4h (2?<Him) ̂mplev

• 0.49 Rtu/mm nr 3.2 ntu/mf for NIL .U IM l HtjiiaaMin— Dunlicut* w\ult» h>
If A S (Kip; iron wire (Not* Mi. .nd tliv «nie bhuralni) using ih* same opnator ami

«•, • cofrcrtnm for difference Nriwrrn heal «f cquipmrnt. slxniW not r» coniidcred

. «" AR30I396



u«lc»« the> difter h> more than J0 Biu/lh on a suspect unless Ihe two results differ by .more than
dr> Nisi*. 100 Biu/tb on a dry basis.

IM.2 Ktffixfufihtltiî  The results submit* 16.1.3 ftoh—There should be no bias because
ted 1»> two or more laboratories (different equip, the equipment is standardized with a compound
mcnt. operators, date of tcM. ami different per* having a known heat of combustion.
lion* of the same pulp) should not be considered

I t|IJ»- I <«WUk\it»r
• m»« .*> i

TAI1.C

rfl*»*-30
_

i «:» u MI
) 4«j» t a
J 441.4 |) JJJ
4 4401 I 44
S 4401 4 Mt 4«» a M
} 449V « II
I 4410 W 100
t 44 C 12 144

"~"
\v..Jf» . t - i

. . >
\4>um> • •' • *" """',. i * " " '

SunJji.l JriwtHM » t • «<JfM'kV • »ll»4 • t i*

• In iki« vi^mplr thr »ifnr% i*? Mur|i «jw»it?m trr Dpnil to i nltWMtn ««IiWnrd k> *«. iT ihr tvii
muMipliRl h tfit Kmprw«n me M *h|rm fftvvi f" S"* «r *jmpt» . uw oionJV- titwr «f ifcf itmplt

T4BI.I: S

•MM

I . f <4
I I » S4 s)4 u • gi (:
• i» iu s> a}

in UH« bNr WHT Km nni»M <flr*
•4ViWi>M. «•*] git ihtttluit IM prnivlt M • Niio Irum 1 1
»>IO
* t,

! 447
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A.NNF.X

(Mandatory Information) -

At. TIIERMOMCTRtC CORRECTIONS

41.1 TunmoftHUf CurrmtoM~» Nmt AI.J—Examplt Atiumc the mHiil reading.
M.I.I It it nrcnuf) to make the following individ- '-**» Wf. in* final reading, /* wit aVF. and ihai ihe

val kw«vfm>n* rf not making thr corf«iiwi», *cmM S**™* «?m ««»penitKrr. '-*»» «*F. and the tali*
rtiutt ill a* *<jui» sltnt cnanie of 5.0 fcv o» more. bration urmptrstunr. I* was 71F. thiw

Al.U CViK1rariitiiC«<rrrtiniH. shall be made i*ae* 0i"e?55ijS._t*m.eol!£?,̂ <4,1
eurflanet wiu» thr ealihalioa eeflifieaif furni.»ifd 6y • »-™w9 (16 - W) (U - T«
ihe calilMttoB authority. • "•W} '•

Al.l-J J4f/iitf Cû wtftNi. neceuaty for the Beck* AI.I.S Kajiutivn OvmTH<m»Thcic art used M
mann ihermomeitr. U shall bt midr in -KCnSivt cakvUit Ntai lots to the wairr jacket. They ire bated
withtiiedirtrtiotisrtirntthedbyiheealibrttioiiauUtor* On the Dickinun formula.' the ftrtn*uli>PCsundler
ity. furmula.' or th* U.S. Durnii of Mines method * Tne
Al.l.a DifltMiviat Knerftm 5»f"» Cometfa*. the i»mt methoil of dtterminini ihe ndisuon cortectton

edntlatiOA of diflSmntUI stem correction depends muti or uted eontiutnily ia ealibf»ticn and teu mta*
lliiuud. Two conditions art poitiMr Al.l.S.t OlrtftMiw Formula:
AI.I4.I ThtrmaiiifttnCalil»attili*Taeilmmtr' _ ,k „ ., ...

«u* itnj Uftd M furtM /wuwnliw-Thto tmerftitt C • - M* - « - i (f - M
stem eonmion to nude H foltewc whtre:

Coettrtioa • C* » K Ui *» M lb * I. • L •» 7^ C> • rsditllox correetloA.vcwmwii -,,, AW w w»'. «. », . rtw of rlw In temperwuri per minvtf m the
«here: preliminary eeriod.C« • emtrgrniitte m comctwn. ., • rtiettf rite of temperature per tninut* in ihe find
JC • 0.00t>lft to incrmomeun calibrated m T. and period lifte mpcruutf is fklllna. i is n*j«ii»f J.

0.00009 lot tnC***9Wfflftfft CftiiDfllCw IA r» / 9 Altai ictupcfitufff
i • scslerpdtng w which in* th*rmomrtei w«s inv ,, . «.BI| tfmxrature.' brini the fim trmpmiure

tetnra. iftrt whithihtrate ofthan$iiienn«an«.T • meut wmpefsivre of emrrunt sum. , . lim, „ umperaturt.»« mi»r
r. • iMiialiemptr*urere«Jlfl|,sntf b • time at temperature, r, * O.W it, • i.».r, • final temperature reading, m,R, In̂
Nm» At I—̂ .vwn̂ f Auumt the poini IM to .1 • ume it timp»ratur». >». min.

which the iticrmomner ŵ  immcneJ wit IVC: it. AI.I.J.J tntnaitli-ttoiuHtlft KriniJ*
ininjl rtddmi. t. wu J4.I J1*C. H» Anil rtfting, r» w» r ..
J7 STb. ihi m«m ttmperaiurt of ihi emrrv«i iwm. '

wherr
mJiatwa cvmctton.
number of minuin m thr

OUOU'C. bunionperiod.
At.1.4.2 Tlmniuwitf* Cdtbruhtt and t'wd m

Partial linnwr\tt* Hut & a Ihtkrrnl Tt>ntmuHrrtha*

DifT<rcnti«lKfmcitrreettoii.

C'orreiiiott • <; • X tif •;.)(».»»,» mlptrvxl.
mn(rr. 'I.'K'I . .». • suevetM.f ttmpffjiur* nxnrUnl
<', • tmericntstrmcorfection.
X • 0.<X4)llfdfthrrmum«fn»liKrsteiliAX'.sn«l — — .—

«, • tli A umpcrtture si which the Ditrmometer wu • -M»dw.i> .* 4n.it/u\t «*l I -«̂  «'>ut »*• < "•»" I
CSliNSttd. *•*>» ̂ Wiii-i ffNtfriM » M XM W ' 4. |i»* pp «•- 1 *

i
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, .
-̂"̂  during the cwmhutiion pi-nod jjcktt lemprratun coniunt. fin the bomh at the time

anJ • ' initial lempmiurr. and have in* time. lime, f * t.
i, - i • turn «f».. /;. *i ........ i, - i. dapcf (.2 s) bttwtcn ihc initial and final reading*

Determine the radiation comctiont for each «r the
AI.I.5J turtvu vfMmrt 1/crW—A ubtr of ra- acnn i»ri«mDrraiurr rim iitinf the Dickinton method

dution cormtran can hf cuaMithed to that onl) the (tit Al I.J.I), or the ReinauJl'Pfaundler method Iter
iniiiai and final reading lit required t<> determine the . Al.1.5.2) These eomctioni an constant for a given
hrat »atue «H an? fuel Thu ms) (r dor* hy ran)ing icmperaiuir me. from the tenet of reading! a table or
out a Krrin uf ic«i vtiluing ihe procedure Ocvribetf In gM»h '* ptolWd to show radiation cwtMian *enut
Vction IV. utinf the following condition}. Regulate tempriaturc rite. Onct the ufak or graph netublishett.
ite jflniunirfumplc burned ao thai a tenn of deter, irwadiaiioncnmciiontanbcubunedfromii IIMI)

' minaiioni it made la which tfiflVnni temprratun ritn there Is a major rhmie m the equipment.
i arr ohuined For all determinations, keep Ihe water

APPENDIXES

(Nonmanditory Information)
.VI. TIIERMOCHEMtCAl. CORRECTIONS

X I . I Kwffi iiffofataiim ntXHnt .<.«/— A eorrec* The auumption is ilto made that thr HjSO, it diuoUrf
ikw. r,. (10.4.2 and I J.2I n spplifd for the ackt mrj. cniirfl) ifl the wairr eundrnaed dunn| comrmtiion of
nun Thit conrciiefl it bated en the auumpuont I/) the tampte."
that all the arid tiirated H HNO> formed b> ihr follow* XI. M If a If timplr oTwch a lUd « hurneJ. thr
hi| rcjciion: •* Wng) •> Vi O, (f l * *> HfO | U • HNOi suiting H.-SQ. condmted w hh wjter formed an the
IMI jou mot HiOi. arut r.»i that the ener|> of rormaiion wjUt of the tamh wifl have a ratio of about 15 mul of
of HNOi in approximately SOO moi «f water under water 10 I mol of H>SO.. For ihit concemration UV
ln>nh rundiiKmt n minut }9.0 U/mol." enrm of the fraction $0; (g> « *? Oj (|) * HjO III*
M.I.I A convenient eoncentratkm cf N».-CO» » ll<SO4|m l5fM0rHiO>t>nuYrihf eonJuiomcfthe

tl J«J .ViM « | NaXXyiOno ml.) which IIVH f^ • 10 humh pruru i* -^5 U/mrt " Bjvn| the eakrHlatmn
muhipl) C. where I* h ihe tafume w NijCOi in «r«X) a timple uf cumpirittiel) tariY sulfur cwtirnt

. Thi1 ractor 10.0 IO..W4 K 59.0 * J JJfti M in rplucn ihc pmuNe u%eoJI ctnwv hevausr.
K- Mtnl »»w rt'vwljtini calorific »alur in Bi«/lb For pcrccnurtt «' wifur. ihr rurrcxlion n smaller.
«herunKiterT*NeX2.i. When lf£0>i»alw present. Vl.J /ws- tltmt urn) ir/v—TakuIate the
t nan uf ihr correnion for IIjSO. it conumrd m the contritxitnl n> tninunf Ihr fute win in iitni
n ciNTevtitui a nd ihe remainder in Ihe r» eorreciion. wah ih«r tf imiionv furnnhcil h> the tuppiirr i« the w w
XI.2 KmvfrvtfiirmutumotSiimmvAtHl—tyM' l-or ewmpu*. the rnrrf > cf the cwmKitlitffl «tl' Nc* JM

imiitioitrcDrfinitiontOIIDihegroucalonili-vilue W* S lift Chrome! f wire it 6.0 J/mg or anpw»i.
n ottainrd when Ihr pruduet of At combustion of matrf) o.u.« I/mm. For calcwJauni rj for IT* in Cq, 2
Mtlfitr in the tampfe it SOi (gl However, in •nuit am} J. they rte r) • 041 limn length tmnii of wire
Ninth romNttiion procrue- all ihe sulfur is found u ur .-, « 2.* hmrv «ei«ht (m|) nT win. Thr tneti\
Î SO, IA ihr homn wtshmgt. A currniion o itee 1 37) rniuit'J '" ftvh * pbmnum wire * ten-am fiv eat-h
n •pptirtf for ihe wlfuf that i* convened w HiSO.. ThH e*,vftnirnt if the vimr tnkiuni uf plitinum wire it
vtffrrviKm i» hjwd until ihr <nef|> of formation of uv«I A» ihr encr|) i» until, in cflhi M owntulh
H,SO. m toluiion*. tuvh ai wHI hr proem in ihr homb caikrtli,it nut in ihr rrtainMthi|> heiwevn ihr vUndard.
at ihc rmJ tf » rornhuuion. Hut enrrg) H takra at I/alum nivnomi* iml ihe calorific »»luc rfclrrmina.
- Jv>.o U/mol." A conmtan of 2 times 5«.0 U/moJ m̂ s. .ml it can hr n>|lrctrd The fectort btirit aN»r
wf sulfur wit applied in ihr r, rnmciion. to the adtfi. K*r i*j I JO 4 2 and IJ.2i ire suitable for eatalatint
«Miiuf rorrrcuon wceuao a 2l}& • (2 tunet 5» 0) • eiifunnV «alur in ftu/tb For mher vnitt.
ITTU/«o».«r5$2U/g«fwiirurinihenmple(53.2 XS. .I nmc» weifht «f samntr in grjmv limrt ptrctflt sulfur • — ~-
NI tamplri. Thn causn o to be 2X» limes weight of " raK;fcmv jr.* AM * v*n.«u4 iVr.
umr̂ et in gr«mt times ptfctnt sulfur ui samplf. The I"*,̂'5'>*'1V1''
ftv-wr2J.T(» >J2/2.J26)forf.lsee I. U) is to he used " * w ^

_
hydMgrn. t> »»i
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C» 0)211*-
RF.FOR11NG IKSIU.™ IN OTIIK1 UNITS

. ft'. «V. ami n" .
i X2.I I Theg«»i-3kxtflcvatureanl1we»prt«dti» TiMeX8.li
• joule* nvr i/am. calonei per grjm. or Rhuth thermal X2.I.4 For calculating grott catonAV value, i-Ha-

unitt pvr pound. The rrlaiion»nifH hvtwcrn thne uniia lute to, J' for E«i J-
o. ccmb.,,,0, tf «

maicrial t» mcaiured and amfirt l»jr «h< -hrr» i»r mnnin|i of ihr tymtxilt m Fa J' -ft ihr
Burna of StindjrJt in joules per gram, the tame at in Ei| J eacrpt that:

moH )irji(Mfor»jrJ uugr of tfi» reference mairnal tf.(|'««l • gruta coknRe value with unit* of
would to*! 10 ihc eakmfic value of ihe'fue! injovlea joulct ner gram (wri|h( in air).

To carry OTII iln» procedure, we nuke changrs /." » energy equivalent wiUi unilt of
lincilia \2. U through X2.I.5.' joule* per temperature unit, ami
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of H2SO4. Place the flask in an

,•>»_ and heat gradually. Then boil
t • solution clean. Continue boil-
iLaonal 30 min. CooL add about

Standard Test Methods for
MOISTURE, ASH, AND ORGANIC MATTER OF PEAT

1MATERIALS
Thil standard it itsued under the fixed designation D 2974: the number immediately following the designation indicates the >ear of
original adoption or. in the case of re>i»on. the year of last revision. A number in parentheses indicates ihe year of last reapproval
A wpencnpi epuloa li) indicates an editorial change tince the last tension or reapproval.

I. Scope 3. Apparatus
l.t These test methods2 cover measurement 3.1 Oven, regulated to a constant temperature *

of the weight percentage of moisture, ash. and of 105 ± 5*C.
organic matter in peat materials, including moss. 32 Muffle Furnace, regulated to t constant
humus, and reed-sedge types. temperature of 550"C.

1.2 This standard may involve hazardous ma- 3.3 Evaporating Dishes, high silica or porce-
terials. operations, and equipment This standard lain, not tea than 75-mL capacity.
does not purport to address all of the safety prob- 3.4 Blender, high-speed.
lems associated with its use. It is the responsibil- 3.5 Aluminum Foil, heavy-duty.
ity of whoever uses this standard to consult and 3.6 Porcelain pan. spoons, etc.
establish appropriate safety and health practices
and determine the applicability of regulatory limi- *• Preparation of Sample
tations prior to use. 4.1 Place a representative field sample on a

square rubber sheet, paper, or oil doth. Reduce
2. Summary of Methods u,e sample to the quantity required by quartering
2.1 Method /—Moisture is determined by and place in a moistureproof container. Work

drying a peat sample at IOS*C. The toss in weight rapidly to prevent moisture losses.
represents the total moisture content expressed
as percentage by weight of the as-received sample.
2.2 Method //—This is an alternative mots- 5. Procedure—Method ISB mmi

•TC 1O DC HMUC* _ _____ A _\i A «•»*__ _ _^. _̂ ^̂  4U.-. • _C k .•• a A€*_**

MOISTURE:

the total moisture determination in a muffle
furnance at S50*C. The substance remaining after ______
ignition is the ash. and this includes mineral 'These tea methods are under the juradKtwn of ASTM
impurities such as sand. The ash content fa ex-
pressed as a weight percentage of the oven-dried '*i£SS£Z£̂ 5£&i£\
sample.
2.4 Organic matter is determined b

ence. review by CommnucD>IS. —
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• W 02974-
6. CakutarJoo- Moisture. % - (50 - 5) * 2
6.1 Calculate the moisture content as follows: where:

Moisture. % - M - 5) * IOOJ/.4 .9 - grams of oven-dried sample.
where: ASH
A » grams of as-received test specimen, and
B -grams of oveiKiried test specimen. *• Proctduri" Standard Test Melt
NOTI—In geotechnical engineering the moisture 9-1 Place an uncovered (retain cover for SAND CONTENT

content is common!) expressed as a proportion of the weighing) high silica or porcelain dish containing
, oven-driedmast-Ore must be taken to indicate which the dried test specimen from the moisture deter-
, system is onng used. minations in a muffle furnace. Gradually bring This test method covers deterrai

7 Proee-un—Method II to 550T and hold until completely ashed. Cover peat
. rroCTu . with the retained aluminum foil cover, cool, and Formerly under the jurisdiction

, 7.1 Use Method II when pH. nitrogen, sand weign. This tea method was withdrawn
content, cation exchange capacity, etc.. are to be
tested. Mix thoroughly and weigh a 100 to 300- 10- Calculation
g representative sample and spread evenly on a IQ.I Calculate the ash content as follows:

; large flat pan. Crush soft tumps with a spoon or As]|> ^ _ (C- x iooj/5
j spatula and let the sample come to moisture .
' - equilibrium with room air. not less than 24 h. where:

, Stir occasionally to maintain maximum air ex- C * grams of ash. and
I p o s u r e of the entire sample. When the weight is -* ™ grams of oven-dried test specimen.

constant calculate the loss in weight as percent ORGANIC MATTER
moisture removed by air drying. Grind a repre-

.. seniative portion of the air-dried sample I to 2 II. Procedure
IT min in a high-speed blender. Use the ground ,u Determine the amount of organic maner
r- portion for moisture, ash. nitrogen, etc.. deter- ^ _ifference, „ f0|jow$:

.;: minations. __ . _ .„. _
~ 7.2 Thoroughly mix the air-dried, ground Organic matter. *-100.0 - D

I .&. sample and weigh to the nearest 0.0lg the equiv. where
I alent of 50 g of test specimen on the as-received O-weight percentage of ash.

-'•" basis. Determine the grams of air-dried sample REPORT
J equivalent to 50 g of as-received sample as fol-

lows: 12. Report
Equivalent sample weight I2.| Repon all results to the nearest 0.1 *.
g - 50.0 - [(50 » percent moisture £™£. 12.2 Indicate whether moisture contents are

I _. . . . . . . . ' by proportion of as-received mass or oven-driedPlace the weighed sample in an ignited and mass.
weighed (with fined heavy-duty aluminum foil
cover) high silica or porcelain evaporating dish 13. Precision and Bias
and proceed as in Method 1. 13.1 The precision and bias of these test meth-

r .u» ods have not been determined. Data are being
S. Calculation sought for use in developing a precision and bias

8.1 Calculate the moisture content as follows: statement.

i

TV 4mrrnail£«Nfi I
»nimnt HIT*mmnt*n-dmilii* Mandari Limnfilu* aandardarer\fmlradtî fdiliadaerminaiaiiiifthr raliduyaiaiKturk
patvv nfht\. and ihr n _ tl infnntrmem of tuck njrtn. art tntretr iliftr mat m/tmniMin

JTin vundard n tû nt M vnttim at am tint ftr ihr rnpemub/r inimical eommitet ant ma or rmrvtd ntrtfrt vean ant
il »* rrttwrf. fiitier rtappratrd or *nMra*n lour tonuntnu art tomtit falter lor rrtitum afltil standard, or far additional
uundur*. and •Jmutd hr aMraied n> .iST.tf Hradgtanm Your cnmmrnii .iff recrtrr careful considerate* at m meeting afiht
n.-\/ti*niNrinl>iHialn*Timii:rr «*ir» ITW mar attend If am feel ilia tTurnanmfnutiatenoi rerenei t (air hearing \om irtouti
mate n»ftir*\ii*m*Mif* iSTMCammuireoii Standard*. I«I6 Matr St.. Hulodrlplut. fl 19101 fl D O fl I
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I

. CARBON, TOTAL ORGANIC AND INORGANIC

Carbon may exist in sediment and water samples as either
inorganic or organic compounds. Inorganic carbon is present as carbo-
nates, bicarbonates, and possibly free carbon dioxide. Specific types
of compounds that are considered to be included in the organic carbon
fraction are nonvolatile organic compounds (sugars), volatile organic
compounds (mercaptans), partially volatile compounds (oils), and
particulate carbonaceous materials (cellulose).1'2

The basis of the method is the catalytic or chemical
oxidation of carbon in carbon-containing compounds to carbon dioxide
followed by the quantification of the carbon dioxide produced.
Alternately, the carbon may be reduced to methane and appropriately
quantified. It follows, then, that the distinction between inorganic
carbon and organic carbon is the method of sample pretreatment. There
are presently two procedures for defining this separation. One method
is based on sample treatment with a strong acid. Analysis of an
untreated sample is a measure of total carbon while analysis of the
acid-treated fraction is a measure of organic carbon. Inorganic carbon
is calculated by subtraction. The second method of separation is
based on differential thermal combustion with organic compounds being
converted to carbon dioxide at 500°C to 650°C*'* and inorganic carbon
being converted to carbon dioxide at 950°C to 1300°C.**5

Sample Handling and Storage

Flowcharts for the handling of samples intended for organic
carbon and inorganic carbon analysis are presented in Figure 3-C and
Figure 3-7. Water and sediment samples to be analyzed for inorganic
carbon may be stored in glass or plastic containers. There is no
effective preservative because of the carbon dioxide reserve in the
atmosphere. The only precaution that can be taken for inorganic

I * References for this procedure can be found on page 3-̂ 6. «n on 1 LQ3
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I
( carbon is to completely fill the sample container at the time of :
| sampling (exclude all air bubbles), tightly seal the container, and

complete the analysis immediately (Figure 3-6).
Water samples for organic carbon analysis should be stored

in glass containers unless substitute containers have been shown not
to affect total organic carbon (TOC) analyses. Samples should be
processed as soon as possible (vithin 2U hr if possible) to minimize
change due to chemical or biological oxidation. Atmospheric uptake
of carbon dioxide is less critical since it would bo evolved when the
sample is acidified prior to analysis. Sediment samples for organic

i carbon analysis may be stored in either plastic or glass containers
(Figure 3-7). Air drying of sediments (32) may lead to low TOC
results due to oxidation or volatilization. Therefore, moist storage

* (SID) or frozen storage (S3) would be the preferred method of storage.
, - If samples are frozen, excessive temperatures should not be used to
1 thaw the samples.

I
I
I

I
\

AR30U06
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Procedure for Water Samples (W1T '&. S1A)

Method- 1: - Infrared Analysis1'7
Apparatus
Sample homogenizer such as a Waring blender or ultrasonic blender
Magnetic stirrer
Hypodermic syringe •
Total carbon analyzer, either a single channel or a dual channel

instrument (Dow-Beclman Carbonaceous Analyzer Model
No. 915, Dohrmann Envirotech DC-50 carbon analyzer,
Oceanography International Total Carbon Analyzer, Leco,

I or equivalent)
Reagents
Distilled water: the distilled water used in the preparation of

standards and dilution of samples should be of the
highest quality in order to have a small blank.

Organic carbon, stock solution, 1000 mg/£ C: dissolve 2.125 g
] anhydrous potassium biphthalate, KHC« Ht>0*>, in distilled

water and dilute to 1 i in a volumetric flask.
I Organic carbon, standard solutions: prepare standard solution by

dilution of the stock solution as required.
Inorganic carbon, stock solution, 1000 mg/£: dissolve 3*500 g sodium

I bicarbonate, NaHCOi, end U.UlS g sodium carbonate, NazCOi,
in distilled water in a 1-2- volumetric flask and make up
to the mark.

Inorganic carbon, standard solution: prepare standards from the stock
solution as required.

Packing for total carbon tube: dissolve 20 g cobalt nitrate,
CO(NOj)2 • 6EZ0. in 50 ml distilled water. Add this
solution to 15 g long- fiber asbestos in a porcelain
evaporating dish. Mix and evaporate to dryness on a
steam bath. Place the dish in a muffle furnace and
bring to 950°C. After 1 to 2 hr at this temperature,
remove the dish and allow to cool. Break up any large
lumps and mix adequately but not excessively. With the
combustion tube held in a vertical position, taper Joint
up, put about 1/2 in. of untreated asbestos in the tube
first, then transfer in small amounts, approximately 1 g
of catalyst into the tube with forceps or tweezers. As
it is added, tap or push the material gently with a 1/U-in.
glass rod. 'Do not force the packing. The weight of the
rod itself is sufficient to compress the material. When
completed, the length of the packing should be about & <oin I LG7

, 6 cm. Test the packed tube by measuring the flow rtive VlM • H u
V? —
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gas through it at room temperature, and then at 750°C. vV
The rate should not drop more than 20 percent. ^^

Packing for carbonate tube (dual channel instrument): place a snail wad
of quartz wool or asbestos near the exit end of the
carbonate evolution tube. From the entrance end add 6 to
12 mesh quartz chips, allowing these to collect against the
wad to a length of 10 cm. Pour an excess of .35 percent
phosphoric acid, HjPOi,, into the tube while holding it
vertically and allow the excess to drain out.

Nitrcgen gas, carbon dioxide free.
Procedure

Turn on the infrared analyzer, recorder, and tube furnaces,
setting the total carbon furnace at 950°C and the carbonate furnace at
175°C. Allow sufficient warm-up time for stable, drift-free operation;
about 2 hr is required. If used daily, the analyzer can be left on
continuously. Adjust the oxygen flow rate to 80 to 100 ml/min through
the total carbon tube. With other instruments, follow manufacturer's
directions to warm up the instrument*.

Immediately prior to carrying out calibrations or analyses,
inject several portions of the appropriate standard Into the tube to be \
used, until constant readings are obtained. The actual injection
technique is as follows: rinse the syringe several times with the
solution to be analyzed, fill, and adjust the volume to be pipeted.
Wipe off the excess with soft paper tissue, taking care that no lint
adheres to the needle. Remove the plug from the syringe holder, insert
the sample syringe, and inject the sample into the combustion tube with
a single, rapid movement of the thumb. Leave the syringe in the holder
until the flow rate returns to normal, then replace it with the plug.

Successively introduce a convenient sized aliquot (20 to
50 ul) of each organic carbon standard and a blank into the total carbon
tube and record peak heights. Between injections allow the recorder
pen to return to its baseline. When a dual channel instrument is used,
the standardization procedure must be repeated using carbonate standards
to calibrate the lov temperature channel.

Thoroughly mix the sample. Inject a convenient sized
aliquot (20 to 50 ul) of the sample into the total carbon tube and . . _ _AR3QU08 ̂
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record the peak-height. This result is a measure of the organic carbcr.
concentration and the inorganic carbon concentration of the saaple.

Thoroughly mix the sample using a Waring blender or an ultra-
sonic homogenizer. Transfer 10 to 15 ml of sample to a 30-al beaker arid
acidify with concentrated HC1 to a pH of 2 or less. Purge the saaple
with carbon dioxide free nitrogen gas for 5 to 10 min. Plastic tubing
should not be used during the purging process unless it has beer.
previously shown that it will not add organic carbon to the saaple.

Mix the acidified sample on a magnetic stirrer. While
stirring, withdraw a subsample from, the beaker using a hypodermic
needle with a 150-um opening. Inject the sample into the carbon
analyzer to be used and record the peak height. This result is a
measure of the organic carbon concentration of the sample.

• Using either clear or filtered water samples, analytical
•~- precision will approach 1 to 2 percent or 1 to 2 mg/1 carbon, whichever

j : is greater. Analytical precision for unfiltered water samples will
~ increase to 5 to 10 percent because of the difficulty associated with

sampling particulate matter and the fact that the needle opening of
,_ the syringe limits the maximum size of the particles that can be

I :_ included in the sample.
Calculations

I Dual-channel instrument. Prepare calibration curves
derived from the peak heights obtained with the standard total carbon
and inorganic carbon solutions.

i Determine the concentration of total carbon and inorganic
carbon in the sample by comparing sample peak heights with the cali-
bration curves.

Determine the concentration of total inorganic carbon in
the sample by subtracting the organic carbon value from the total
carbon value.

Single-channel instrument. Prepare & calibration curve
derived from the peak heights obtained with the standard total carbon
solutions. Determine the total carbon concentration in the sample by

j comparing the peak height of the first sample injection wttt this i i r»q
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1

calibration curve. Determine the organic cirbon concentration in the
saaple by comparing the peak height of the second sample injection with
the calibration curve. Inorganic carbon concentrations are calculated
by subtracting the organic carbon concentration from the total carbon
concentration.

' AR30IMOI - -
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Procedures for Sediment Samples (S13. S3)

Method 1: Sample Ignition '•
Apparatus
Induction furnace such as the Leco WR-12, Dohrmann DC-50, Coleman CH

analyzer, or Per kin Elmer 2kO elemental analyzer
Combustion boats
Microbalance
Desiccator
Reagents
10 percent hydrochloric acid: mix 100 ml concentrated HC1 with 900 ml

distilled water.
Copper oxide fines.
Benzole acid.
Procedure

Dry at 70°C and grind the sediment sample.
Weigh a combustion boat and record the weight. Place 0.2

>to 0.5 g homogenized sediment in the combustion boat and reweigh.
-̂̂  Combustion boats should not be handled with the bare hand during this

process.
I " If total carbon or inorganic carbon is to be determined,

Cupric oxide fines may be added to the sample to assist in combustion.
I Combust the sample in an induction furnace. Record the result as total

carbon.
i If organic carbon is to be determined, treat a known weight

of dried sediment with several drops of 10 percent EC1. Wait until
the effervescing is completed end add more acid. Continue this process
until the incremental addition of acid causes no further effervescence.

, Do not add too much acid at one time as this may cause loss of sample
i '

i due to frothing.
Dry the sample at 70°C and place in ft desiccator. Add

Cupric oxide fines, combust the sample in an induction furnace, and
record the result as organic carbon.

AR30l-i.ll
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cV Calculations " \^J
The carbon content of the sample can be calculated as:
*r , weight of tube (after-before) ~- 5Q

sample weight * **'—y

Derivation of factor:

37 90 a 12.011 (molecular weight carbon) inn*
*' y UU.011 (molecular weight carbon dioxide) * AUU/*

When the total saaple results are-used, the result is
percent carbon in the sample. When acid-treated samples are used, the
result is percent organic carbon. Inorganic carbon is calculated as
total carbon minus organic carbon.

Method 2: Differential Combustion*'5
Apparatus

J ; Sargent programmed microcombustion apparatus or equivalent
Microbalance

t Procedure k
——————— v^X

Air dry the sediment sample. Using a mortar and pestle,
I v grind the sample to pass a 100-mesh screen.
I v . Combust a known weight of sediment at & programmed heating

rate of 300° to 950°C in 10 min and then maintain 9508C for 20 min.
| Trap the COj in ascarite and record the weight as total carbon. A

sample size should be selected that will produce 25 to 50 mg CO..
i Weigh a second portion of the dried sediment. Combust this

sample at a programmed rate of 300° to 650°C in 10 min and maintain
650°C for 20 sin. Trap the COa in ascarite and record the weight as
organic carbon.
Calculations,

The total carbon concentration, ct» of the sample (in mg/g)
is calculated as follows:

i f» a / ** \\«. —' V 6 /
t •___

(*>
BR30IM2

( t » weight of COj evolved at 950°C, mg
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g "weight of sample combusted, g

The organic carbon, CQ, concentration of the sample (in =5/5)
is calculated as follows:

where

xo ** weight of COj evolved at 650°C, mg
g = weight of sample combusted, g

Inorganic carbon, CT, (in mg/g) is calculated as:

Method3: Wet Combustion1"'
A third method has been used for carbon in sediments. This

is based on the oxidation of the sample with dichromate and back titra-
tion of the sample with ferrous ammonium, sulfate. References are
provided for the procedure but details are not given. The procedure
is similar to the chemical oxygen demand test which is not specific
for carbon. The wet combustion method is a redox procedure and any
reduced chemicals in the sediment samples (ferrous iron, manganous
manganese, sulfide) will react with the dichromate. Therefore, this
procedure is not recommended unless other instrumentation is not
available.

AR30UI3
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. - i
Ebasco Services Incorporated j REM ZH S&S Kb* |
REM IH Program I ____;_____I.
Zone Program Hanagament Office
2000 15th Street North
•Arlington, VA 22201
Phone: (703) 558-7555

REM ZZZ TEBM IABOR7_raRY
SPECIAL ANALYTICAL SERVICES
Regional Office Request-

^ J__L Regional Transmittal J__L Telephone Request

I V

A. Regional Off ice t NDS-Pittsburqh____and Site NaaetCroydon TCE

B. Regional Laboratory Service ooerdinatert Grecr Zlnroerman____

t v y ' C. Telephone Number: ( 412 } 788-1080 _______________

D. Date of Reouestt September 22. 1988

Please provide below & description of your request for Special Analytical
Services roidftr the REM in Program. In order to most efficiently obtain
capability for your request, please address *fr*> following considerations,
if applicable* Inoocrplete or erroneous infomation may result im delay in
processing your request. Provide response on additional sheets or attach
supplementary infcTTMti ffn as needed.
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'/~( 1. General description of analytical service requested: Analysis of 7
sediment samples for TOC. and Grain Sia

2. Definition and number of work units involved (specify whether whole
samples or fractions; whether organics or inorganics; whether aqueous

j or soil and sediments; or whether low, medium, or high concentration:
i 7 low concentration sedfaent sanol*?g«__________________________

I/ ~3. Purpose of analysis (specify whether Remedial or Enforcement Action,
• " ' " RCRA, NEDES, etc.): RI/F5____________________________

Data Quality Objectives (specify whether screening analysis,
engineering support or oonfixmational analysis): Engineering Support
POP Laval HI._____________________________________

3. Estimated date(s) of collection* November 14-13. 1983

c ____________________;_______AR30U16



6. Estimated date(s) and method of shipment! Noveniber 14 '- 18. 1988̂
Samples will be shipped bv overnight air carrier. These dates are
tentative and are dependent on the prelect remaining on schedule.

7. Approximate number of days results are required after receipt of
samples by laboratory: 40 days_________;______________

8. Analytical protocol required (attach copy if protocol other than
currently approved under this contract or dP program):
Grain Size Distribution - ASTM D 422-63______________________
TOC *• page 3-73 from "Procedures jfor Handlii
Sediment and Water Samples". EPA. Kav 1981.

All methods are attached.

Special technical instructions (if outside protocol requirements,
specify cxn,iu.nd names, detection limits, etc.):___________

10. Analytical results required (if known, specify format for data sheets,
QA/QC reports, chain-of-custody, documentation, etc.). If not
completed, format of results will be left to discretion of the
laboratory: Data sheets, chain-of -custody fotros, all calculations.

11.

12.

and SAS

Other ii
informal

Name of

ifltruction?? (w&$ ftMitif**!*1
tion, as needed):.

sailing/shipping contact:.

sheets or attach supplementary

AR31
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PARAML'l'EK

Grain Size
TOC

lu-
I

ing/1
DETECT'ION LIMIT

Not Specified
Not Specified

PRECISION DESIRED
(•f % or Cone.)

Not Specified
Not Specified

j SAMPLES_______________COtTTROL_________PRECISION DESIRED
CONTROL REOU) t*FT> FKEOP*i?NGy. OF SAMPT-**̂  y-TMITS f*K or Cone.)

None Specified .

III. ACTION RH^MIIWPT> yg INPUTS ARE EXCELUKD:
i

None Specified
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Designation: D 422 - 63 (Reapproved 1972)"

Standard Method for
Particle-Size Analysis, of Soils1
This standard is issued under the fixed designation D 422: the number immediateK follo»in| the destination indicates the year of
ontinal adoption or. m thr cue of revision, the year ofUsi revision. A number in parentheses indicates the year of last reapproval A
superscript epsilon i>) indicates an editorial change since the tan revision or reapproval

" Sort—Section i »as added editorial!) and subsequent section* renumbered m Jul> IW__________________

I. Scope- replaceable stirring paddle made of metal, plastic, or hard
I I This method covers the quantitative determination of rubber, as shown in Fig. I. The shaft shall be of such length

the distribution of panicle sizes in soils. The distribution of that the stirring paddle will operate not less than «* in. (19.0
particle sizes larger than 75 um (retained on the No. 200 mm) nor more than W in. (38.1 mm) above the bottom of
sieve) is determined by sieving, while the distribution of the dispersion cup. A special dispersion cup conforming to
particle sizes smaller than 75 urn is determined by a either of the designs shown in Fig. 2 shall be provided to hold
sedimentation process, using a hydrometer to secure the the sample while it is being dispersed.
necessary data (Notes I and 2). 3.2.2 Apparatus B shall consist of an air-jet dispersion
Son I—Separation may be made on the No. 4 (4.75-mm). No. 40 CUP* <Note 3> conforming to the general details shown in Fig.

(425-i>nt). or No. 200 (75-um) sieve instead of the No. 10. For whatever 3 (Notes 4 and 5).
sieve used, the size shall be indicated in the report. •
MOT! 2—Two types of dispersion devices are provided: (/) a NOTE 3—The amount of air required by an air-jet dispersion cup is

high-speed mechanical stintr. and (2} air dispersion. Extensive investi- of the order of 2 ft'/min: some small air compressors are not capable of
ptions indicate that air-dispersion devices produce a more positive supplying sufficient air to operate a cup.
dispersion of plastic soils below the 20-jira size and appreciably less NOTE 4—Another air-type dispersion device, known as a dispersion
degradation on all sizes when used with sand) soils. Because of the tube, developed by Chu and Davidson at Iowa State College, has been
definite advantages favoring air dispersion, its use is recommended- The shown to give results equivalent to those secured by the air-jetaispersio'-
results from the two types of devices difler in magnitude, dependini nyi When it is used, soaking of the sample can be done in tl j
upon soil type. leading to marked differences in particle size distnbu- sedimentation cylinder, thus eliminating the need for transferring thV
uon. especially for sizes finer than 20 urn. jjuny ŷ ^ Ae .ĵ p̂e-̂,, tube is used, it shall be so indicated in

r ~j rw_ *̂ * report.
2. Referenced Documents NoTI 5_water may condense in air lines when not in use. This
21 iSTW Standards- water must be renioved. either by using a water tnp on the air line, or by

, D42I Practice for Dry Preparation of Soil Samples for *£™**' water oul of *• Kne Mon "*"» Iny * ** * for
Panicle-Size Analysis and Determination of Soil o»P«-wn purposes.
Constants- 3.3 Hydrometer—An ASTM hydrometer, graduated to

Ell Specification for Wire-Cloth S.eves for Testing read in either specific gravity of the suspension or grams per
r ifJfSSfi,.,,;™ f«r ACTM Hvrfmm*t<«« Utre of susP60*00' »<* conforming to the requirements forE 100 Specification for ASTM Hydrometers hydrometen 15IH or I52H in Specifications E 100. Dimen-

3. Apparatus S*OQS of ̂^ Dy('*t>Ineten •"* t*1* ame- >ne scale being the

M̂aĝ Sam̂ baIî tus"A'oi B may be f® ** *****.the lOOO-mL mark is 36 ± 2 cm from the
_ - * * bottom on the inside.
Til Apparatus A shall consist of a mechanically oper- 3-5 Thermometer—A theraometer accurate to IT

I a t e d stirring device in which a suitably mounted electric (0.5*Q.
motor turns a vertical shaft at a speed of not less than 10 000 3.6 Sieves—A series of sieves, of square-mesh woven-wire
rpm without load. The shaft shall be equipped with a cloth, conforming to the requirements of Specification E II.

A full set of sieves includes the following (Note 6):
I ' This method is under the juriidicnc* of ASTM Committee D» lion Soil and ———————— fl R 3 0 I •! 2 0
tRock and a the direct responsibility of Subcommirue Dll.OJ on Texture. »Detailed verting drtwnp for this cup art avtuabwai a nominal COB try

PtaKity.aMr>osJt»Cnannemtia of Soils. the Amencui Society far Tesang and Materials, 1>W Race Su Philadelphia, R j
\ Cuneai editioa approved No». 21.19ftl. Ohpnally published I93S. Replace* 19103. Order Adjunct No. 12-404220-00. . /

DOJ-6I.
* Annual Book of ASTM Standards. Val 04.0«.
1 Annual took of ASTM StanavA. Vd 14.01
•Annual Book of ASTM Standards. VeJ 14.01.
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Chrome Plottd.

(fl)

-Punch
0.205'

r>. 0001 0049 0203 '* V.
mm 003 124 S16 117 HO

F1Q. 1 (totil of Stirring P«*S*o

, J-in rS-mm) No. I0(2.00.«ra>
2-in. (50-mm) No. 20 (JJO-tim)
l<-s-m. (J? 5-mm) No. 40 (425-nm>

i I-in (25 0-mm) No. 60 (230iim>
, iVm. (190-mm) No. I40(l06̂ im)
« -S-in. (9.5-mm) No. 200 (7S-u«n)

i, ,;N6.4 (4.73-mm)
NOTE 6—A set of sieves giving uniform spacing of points for the

graph, as required in Section 17. may be used if desired. This set consists
r' -*<c following sieves:
t;-Wn.(75.mm) No. I6(l.lt-mm)

— • l*4-m. i3?.S-mm) No. JO (eO&tiffl)
i««n. (19 0-mm) No. 50 (JOO-um)
Vin. (9 5-mm) No. 100 (ISÔ tffl)

IV No. 4 (4.75-mmi No. 200 (75-um)
.. _No. I C.J6-mm>

3.75»arer Bath or Constant-Temperature Room—A
water bath or constant-temperature room for maintaining

I he soil suspension at a constant temperature during the
I lydrometer analysis. A satisfactory water tank is an insulated
ta'nk that maintains the temperature of the suspension at a

i -onvenicnt constant temperature at or near 68T (20'C).
>uch a device is illustrated in Fig. 4. In cases where the work
is performed in a room at an automatically controlled
constant temperature, the water bath is not necessary.
3.8 Beaker—A beaker of 250-mL capacity. JL J? L* *"
3.9 Timing Device—A watch or dock with a second • w w

hand. no. 1 Otspmion&p* of Apparatus

J. DUpersing Agent be brought to the temperature that is expected to prevail
4.1 A solution of sodium hexametaphosphate (sometimes during the hydrometer test For example, if the sedimenta-

; called sodium metaphosphate) shall be used in distilled or tion cylinder is to be placed in the water bath, the distilled or
lemineralized water, at the rate of 40 g of sodium demineralized water to be used shall be brought to the

: lexametaphosphate/litre of solution (Note T). temperature of the controlled water bath; or, if the sedimen-
NOTE 7-Sdutions of this salt if addk. slowly revert or hydrolyze tttion «J*n-«' » "̂  ta * W001 *•* controfled tempera-

ack to the onhoohosphate form with t resultant decrease in dispersive ture, the water for the test shall be at the temperature of the
} -:-*n. Solutions should be prepared frequently (at lost once a month) room. The basic temperature for the hydrgmetec test iŝ SJF
i lusted to pH of! or 9 by means of sodium carbonate. Bonte (2o'C). Small variations of temperature WM l Iirf6-««ute
W ng »luuons should have the date of prepmnon marked on dafcia|n| ̂ m of p.̂ ^ jpfflww 'and do not
I "' prevent the use of corrections derived as prescribed.
I 4.2 All water used shall be either distilled or
demineralized water. The water for a hydrometer test shall A./O -V}\ ̂rZ-j
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C»OSS SU'iO*
C^4

4« .«»»•.• -J<f JL'ĵS'0..-.. n̂ -̂ -̂a

CU> * C»OS§ StC'KJN
CU» I

FH3. 3 Air-J*t Ditporslon Cupo of Apparatus B
i

5. Test Sample
5.1 Prepare the test sample for mechanical analysis as

outlined in Practice D421. During the preparation proce-
dure the sample is divided into two portions. One portion

.: contains only particles retained on the No. 10 (2.00-mm)
r sieve while the other portion contains only particles passing
: the No. 10 sieve. The mass of air-dried soil selected for
t purpose of tests, as prescribed in Practice D421, shall be
• sufficient to yield quantities for mechanical analysis as
-follows:
* - 5.1.1 The size of the portion retained on the No. 10 sieve
'shall depend on the maximum size of particle, according to
* the following schedule:
'' Nominal Diameter of
"" Larjea Particles. Approximate Minimum
t ia.imm) Maa of Portion, i

i•••*•i-«•>«

JxAomzeof Sfvef f**tof-

•
? i •>»»t - j

*r I

l" 12341 2000 *. >* 1 3 t* H yt
l«kf»il) 3000 mm 2»3 2S4 793 1583 3M 940

sooo na4
5.1.2 The size of the portion passing the No. 10 sieve shall , . .„ . ... . .,_,. ...,_.-

be approximately 113 g for sandy soils and approxiraatdy 65 j™; ̂ P™*. I5_ISL ̂ VS™̂  '/I0; (25.0*mm). %-in.
g for silt and day soils! (I9.0*mm), H-in. (9.5-mmK Na 4 (4.75-mmy. and No. 10
5.2 Provision is made in Section 5 of Practice D42I for «"***• or M many » may be needed depending on the

— weighing of the air-dry soil selected for purpose of tests, the """P** or UP°° '«•» specifications for the material under
separation of the soil on the Na 10 sieve by dry-sieving and •**•
washing, and the weighing of the washed and dried fraction W Conduct the sieving operation by means of a lateral

v :i retained on the Na 10 sieve. From these two masses the »d vertical motion of the sieve, accompanied by a jarring
" percentages retained and passing the No. 10 sieve can be action in order to keep the sample moving continuously over

j calculated in accordance with 111. the surface of the sieve. In no case turn or manipulate
1 I Non »-A check oo the mass values and tht thoroughness of &a«P«ts in the sample through the sieve by hand. Continue

pulverization of the clods may be secured by weighing th< portion sieving until not more than I mass % of the residue on a
"̂ pusingtfaeNo. 10 neve and adding this vilue to themaa.of the washed sieve passes that sieve during 1 min of sieving. When.

tad oven-dried portion retained on tht Na 10 sieve, mechanical sieving is used, test the thorguĵ hpess, qf sieving
SIIVE ANALYSIS OF POETION RETAINED ON NO. 10(2j)o-aB) SIEVE 6-3 Determine the mass of each fraction -on a balant

, conforming to the requirements of 3.1. At the end or̂
I >t 6. Procedure • . «? . weighing, the sura of the masses retained on an the sieves
• 6.1 Separate the portion retained on the No. 10 (2.00- used should equal dosdy the original mass of the quantity

mm) sieve into a series of fractions using the 3-in.(75-mmX sieved.
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HYDROMETIR AND SIEVE ANALYSIS OF PORTION 9.2 Place the salplc m the 250-mL beaker and cover with
PASSING THE NO. 10 <2.oo-«m) SIEVE ,25 mL Of sodium hexametaphosphate solution (40 g/u

Stir until the soil is thoroughly wetted. Allow to soak for at
Determination of Composite Correction for Hydrometer- least 16 h.
Reading 9.3 At the end of the soaking period, disperse the sample
7. l Equations for percentages of soil remaining in suspcn- further' usin? eith5r rifling apparatus A or B. If stirring

sion. as given in 14.3. are based on the use of distilled or «W«-«« A « «*«-• transfer the soil * water slurry from the
demineralized water. A dispersing agent is used in the water. beak?r into •"* $PeciaJ dispersion cup shown in Rg. 2.
however, and the specific gravity of the resulting liquid is washtn* an* residue from th* beaker into *"« cup with
appreciablv greater than that of distilled or demineraJized distllled or demineralized water (Note 9). Add distilled or
water. ' demineralized water, if necessary, so that the cup is more

7. l .'l Both soil hydrometers are calibrated at 68*F (20*Q. than half fuU-Stir for a P*"**1 of ' min-
and variations in temperature from this standard tempera- Non 9—A large size syringe is a convenient device for handling the
ture produce inaccuracies in the actual hydrometer readings. water in the washing operation. Other devices include the wash-water
The amount of the inaccuracy increases as the variation bottle and a hose with nozzle connected to a pressurized distilled water

i from the standard temperature increases. Unk-
i 7.1.2 Hydrometers are graduated by the manufacturer to 9.4 If stirring apparatus B (Rg. 3) is used, remove the

be read at the bottom of the meniscus formed by the liquid cover cap and connect the cup to a compressed air supply by
on the stem. Since it is not possible to secure readings of soil means of a rubber hose. A air gage must be on the line

I suspensions at the bottom of the meniscus, readings must be between the cup and the control valve. Open the control
. taken at the top and a correction applied. valve so that the gage indicates 1 psi (7 kPa) pressure (Note

7.1.3 The net amount of the corrections for the three |0). Transfer the soil-water slurry from the beaker to the
i items enumerated is designated as the composite correction, air-jet dispersion cup by washing with distilled or
: and may be determined experimentally. demineralized water. Add distilled or demineralized water, if

7.2 For convenience, a graph or table of composite necessary, so that the total volume in the cup is 250 mL, but
corrections for a series of I* temperature differences for the no more.
range of expected test temperatures may be prepared and '-5.»*d. H»»M«fu*compô .«*-,
may be made at two temperatures spanning the range of * transferred to the dispersion cup.

-- -xpected test temperatures, and corrections for the interme- „ , _, . .
; -e temperatures calculated assuming a straight-line rela- 9-5 ,placf *« «*? «P on th« ««? «d °*** **«f

âship between the two observed values. control va|ve unnl *« S3*6 ?«*$««* is 20 psi (140 kPa).
7.3 Prepare 1000 mL of liquid composed of distilled or ^̂ ^ *« *>n according to the following schedule:

I demineralized water and dispersing agent in the same Dispersion Period.
proportion as will prevail in the sedimentation (hydrometer) rusticity inde* mm
test Place the liquid in a sedimentation cyclinder and the VluieTJ *
cylinder in the constant-temperature water bath, set for one o£t» is

l of the two temperatures to be used When the temperature of ... ... , . JL'• .. _*I the liquid becomes constant, insert the hydrometer, and. f°lls omtaiiung large percentages of mica,aeed be d̂ ened
afterashortintervaltopermitthehydrometertocometothe foronly » min. Afto the dispersion penc-i reduce the gage

, temperature of the liquid, read the hydrometer at the top of P̂ urew I pa preparatory to transfer of soil-water slurry
the meniscus formed on the stem. For hydrometer 151H the w ̂  *«-«nentation cylinder.
composite correction is the difference between this reading .
and one: for hydrometer I52H it is the difference between I0- Hydrometer Test

. the reading and zero. Bring the liquid and the hydrometer to 10.1 Immediately after disperskin. transfer the soil •water
I the other temperature to be used, and secure the composite sluny to the glass sedimentation cylinder, and add distilled

correction as before. or demineralized water until the total volume is 1000 mL.
, 10.2 Using the palm of the hand over the open end of the
i 8. Hygroscopic Moisture cylinder (or a rubber stopper in the open endX turn the
' „.„_ . ,. ...... j cylinder upside down and back for a period of I min to

8.1 When the sample is weighed for the hydrometer tesx complete the agitation of the slurry (Note IIX At the end of
. weigh out an auxiliary portion of from 10 to IS g m a small , min ̂  ^ ^^ io t convenient location and take
metalorglasscontainer.d̂ thê pleioaconsuntmassin hydrometer readings at the following intervals of time

» an oven at 230 ± 9*F (110 ± 5X1. and weigh again. Record (measured from the beginning of sedimentation), or as many
^ the masses. ^ as may be nĉ «l, depending on the «mple or the specifics
I t i o n f o r t h e material under test: 2 . 5 , I
0. Dispersion of Soil Sample 1440 min. If the controlled water bath

I
l ) I When the soil is mostly of the clay and silt sizes, weigh »tion *$<** should be placed in the bath between the 2-
I c£. a sample of air-dry soil of approximately 50 g. When the and 5-mm readings.sample of air-dry soil of approximately SO g. When the
soil is mostly sand the sample should be approximately 100 Nan n-The number of turns during this minute should *
g. approximately 60. counting the turn upside down and back as two tufl*

—•»• - g -'
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Vth »nv soil remaining >" the bonom of the cylinder during the first few TABLE 1 ValuM of Correction Factor, a. for CXfftrvnt Specific
I ) writ* should be loosened by wgorous snaking of the cylinder while it is QravttXs of Sott Ptrttc*.*
L frttfiWt™***™*- . S p * a f l e O « y « y — — — — — — — — — — — — —

|0.3 when it is desired to take a hydrometer reading. 29s OM
1 >le carefully insert the hydrometer about 20 to 25 s before the f ?? °w

't IB reading is due to approximately the depth it will have when . 2 5 o 97
'the r̂eading is taken. As soon as the reading is taken, carefully 2.7$ 09*
! 2. remove the hydrometer and place it with a spinning motion 2« °"
• th ina graduate of clean distilled or demineralized water. 2M 101
nnrl NOT* '2—*i >* important to remove the hydrometer immediately £f? ! jj*
"Ore . _.V _«i4»<« TtrtA'trtn eh ill N» tltrvn *t th» fm. nt ifc_ ««»««.» * 9W 1.03ifter each reading. Readings shall be taken at the top of ihe meniscus 2 «* I'M

formed by the suspension around the stem, since h is not possible to —————•—-— ——————————————'•————————
_̂ IIT* readins at the bottom of the meniscus. * '**" "•* ** •9u*°on for ptrcanugt of so* r«marng n msptnmn »**n usng
**•"*' ^ Hydrometer 152H.

I0.4 After each reading, take the temperature of the
suspension by inserting the thermometer into the suspen- .4.2 Calculate the mass of a total sample represented by
son- the mass of soil used in the hydrometer test, by dividing the

oven-dry mass used by the percentage passing the No. 10
11. Sieve Analysis (2.00-mm) sieve, and multiplying the result by 100. This

11.1 After taking the final hydrometer reading, transfer value is the weight W in the equation for percentage
the suspension to a No. 200 (75-um) sieve and wash with tap remaining in suspension.
water until the wash water is clear. Transfer the material on *4-3 The percentage of soil remaining in suspension at the
the No. 200 sieve to a suitable container, dry in an oven at •eve' •» which the hydrometer is measuring the density of the
230 ± 9*F (HO ± 5*Q and make a sieve analysis of the suspension may be calculated as follows (Note 13k For
portion retained, using as many sieves as desired, or required hydrometer 151 H:
for the material, or upon the specification of the material p* idOOOOO/ff) x G/(G-G,WR - <7,)
under test Non 13—The bracketed portion of the equation for hydrometer

I5IH is constant for a series of'readinp and may be calculated first and
CALCULATIONS AND REPORT then multiplied by the portoa ia the parentheses. . _

For hydrometer 152H: J
11 Slw Analysis Values for the Portion Cocrser than the f .»-...«...— -̂̂

I- 111 Calculate the percentage passing the No. 10 sieve by a .m 'correction faction to be applied to the reading of
\ ̂̂ î̂ ll?̂ 1̂?̂ ?̂™!̂ 5 ammeter .52H.̂ eŝ onUti;e1SS8are.
. originally split on the No. 10 sieve, and multiplying the result computed using a specific gravity of 2.6S. Correction
by 100. To obtain the m passing the No. lO sieve, subtract ^ m ̂  Jflgjf ft1"* conectlon
the mass retained on the No. 10 sieve from the original masi p m persxnlzSK _f „„ remaining in suspension at the level

J-ed '2.2 To secure the toul mass of soil passing the No 4 J ̂gte hydrorneter measurestiie density of the
eaee (4.73-mm) sieve, add to the mass of the material passing the susDcnsion.
"* Na 10 sieve the mass of the fraction passing the No. 4 sieve R . hŷ meter reading with composite correction ap-

and retained on the No. 10 neve. To secure the total mass of ph'ed (Section 7V.
l»r̂  ^ - ~* mass of soi, ia a total test sample repr.
the 'Vin. sieve and retained oa the No. 4 sieve. For the G m ̂ ^ ^̂  of̂  yjfcxMa, and
remaining sieves, continue the calculations in the same Gi m sScrifie mvitv of th* MouiSiJ
..._. . . . . . . suspended. Use numerical value of one ia both113 To determine the total percentage ptwng for each ĵ,̂  ̂  ̂  equation. In the first instance any

neve, divide the total maa passing (see I _J) by the total possible vajiatioa produces no significant effect, and
mass of sample and multiply the result by 100. ia the second instance, the compete correction for Jl

is based on a value of one for Gt.
13. Hygroscopic Moisture ComctJoo Factor 15. DfuBeterofSoOPartkks

13.1 The hydroscopic moisture correction factor is the 15.1 The diameter of a particle corresponding to the
ratio between the mass of the oven-dried sample and the percentage indicated by a givea hydrometer reading shall be
air-dry mass before drying. It is a number less than one, calculated according to Stokes* law (Note 14), on the basis
except when there is no hygroscopic moisture. that a particle of this diametei Ra$4*} thefstfrfice of the

Ttî pf̂ rioo it the beginning of wfaTncnwiop iwl had fettlff .
14. Percentages of Soil la Sospeosloo to the level at which the hydrometer is measuring the density-—"'

14.1 Calculate the oven-dry mass of soil used ia the of the suspensioa. According to Stokes' law;
hydrometer analysis by multiplying the air-dry mass by the ' D • vpOrt/980(G - «.»! x,
hygroscopic moisture correction factor.
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where: . ^Y* TABU 2 V«6*ilf Eff«cl»»t 0*p» 8«Md en HydnxMMr and
/> - diameter of particle, mm, _____ »«»m«m.tfon

« coefficient of viscosity of the suspending medium (in Hydrerw ism
this case water) in poises (varies with changes in ACU* t**&* Actual £««*«
temperature of the suspending medium), "**?"** °*ptfl' Htfnrm* Otpth. Hyo-mmr o*ctn.

£. « distance from the surface of the suspension to the *****.—iiSH———*****—-*1 "*•** *••«»
level at which the density of the suspension is being {*?? !!J J J" £ "•*
measured, cm. (For a given hydrometer and sedimen- ,002 is.a 2 So 33 109
tation cylinder, values vary according to the hydrbra- row is s 3 is e 34 10.7
eter readings. This distance is known as effective »w* 1S* * '*« *s '0«
depth (Table 2)). • • «« I5° 5 1SS

F « interval of time from beginning of sedimentation to i ooe 14.7 6 is 3 36 10.4
the taking of the reading, min. ioor U4 7 is.2 37 10.2

G « specific gravity of soil particles, and J-Jg |*| • J" » ^
<7/ • specific gravity (relative density) of suspending me- 1Ĉ  137 10 ,«* ^ |'

dium (value may be used as 1.000 for all practical
purposes). »«" '«« " MS 41 9.6
• 1.012 13.1 12 14.3 42 9.4

NOTE 14—Since Stokes' law considers the terminal velocity of • '-*1* ̂f '* 142 43 92
single sphere falling in an infinity of liquid, the sizes calculated represent J-J"* Jf-J . ]* J*J ** ••• . ,
the diameter of spheres that would tall at the same rate as the toil 101S 1ZJ « «• *» 8.9 F

1.016 12.1 16 13.7 «« e«
1.017 11.8 17 13.5 47 8.6

r
a

15.2 For convenience in calculations the above equation 141* us tg 113 a e* a
may be written as follows; 1.019 113 19 m 49 tx o

1.020 11.0 20 13.0 SO 8.1

«2 12.7 59 y«
constant depending on the temperature of the juspen- 1.023 10.2 23 i2.s S3 re
sion and the specific gravity of the soil particles. Values 1024 10.0 24 12.4 $4 . M

I of AT for a range of temperatures and specific gravities 1025 ••' as iiz 55 7.3
are given in Table 3. The value of K does not change for 1020 94 26 120 M 71
a series of readings constituting a test, while values of L rosr 17 27 119 s? 7.0 r\
and Tdo vary. tfll* «• » "•' sa «.i ''

1 1 5 . 3 Values of D may be computed with sufficient accu- JgJ J{ J \\* g Jj
racy, 'using an ordinary 10-in. slide rule.

" 1.031 8.1 , ._
NOTE IS— The value of 1 is divided by fusing the X*aod£-scales, 1.032 7.8 I

I the square root being indicated oo the £>-scale. Without ascertaining the l .033 76
value of the square root it may be multiplied by JC using either the C* or 1-034 7.3 NC

6.S
«16. Slew Analysis Values for Portoo Finer Chaa No. 10

(2.00-mm) Sieve 4vafcMor*fKft«0eettaracaiatttttftmttt*ô a«on:
16.1 Calculation of percentages passing the various sieves __.: ., • t, * w IL. - nv«)j ?

used in sieving the portion of the sample from the hydrom- "*"*
eter test involves several steps. The first step is to calculate
the mass of the fraction that would have been retained on the
No. 10 sieve had it not been removed. This mass is equal to
the total percentage retained on the No. 10 sieve (100 minus ..total percentage passing) times the mass of the total sample v*MuMaerctfcu^r*v«uMhT^ 2 ««**>«*:
represented by the mass of soil used (as calculated in I4.2X far nom imannrmei s. ISIB and isatt
and the result divided by 100. _? -"Jw

16.2 Calculate next the total mass passing the No. 200 £ _£jS
sieve. Add together the fractional masses retained on aU the for ityowwr ism
sieves, including the No. 10 sieve, and subtract this sum from *•! *»»WoniBrti«i*Q«n«o
the mass of the total sample (as calculated in 14.2V P*aŜ «S!T'-l-1*1 AR30I-f25

16.3 Calculate next the total masses passing each of the t, • u>.s cm to _rwdk^ MOO/IB*
r sieves, in a manner similar to that given in 12JL

. j.4 Calculate last the total percentages passing
viding the total mass passing (as calculated in 16.3)' by the . 17. Grafk

Calculate last the total percentages passing by di-
17. On

When the hydrometer analysis is performed, a grapboy
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41)) D422
______TABU > Vihjtt al K for UM In Eqmtton tot Computing DUmtttr of Ptrtfc* In Hydromtt* An«rytir.
T-imriiLrt-! •

\

pa

T««*r«*u». . SpnfleOnvtiytfSclPraciw
•C
18
17
18
19
20
21
22
23
24
25
28
27
28
29
30

245
. 0.01310
001511
0.01482
0.01474
0.01458
001438
001421
001404
0.01388
0.01372
0.01357
001342
0.01327
0.01312
0.01298

2.50
001505
0.01488
001487
0.01449
0.01431
0.01414
001397
0.01381
001365
0.01349
0.01334
0.01319
0.01304
0.01290
0.01276

255
001481
001462
0.01443
0.01425
0.01408
0.01391
0.01374
0.01358
0.01342
0.01327
0.01312

. 0.01297
0.01283
0.01269
0.01258

2.60
001457
0.01439
001421
0.01403
0.01368
0.01369
0.01353
0.01337
0.01321
0.01308
0.01291
0.01277
0.01264
0.01249
0.01238

265
0.01435
001417
0.01399
0.01382
0.01365
0.01348
0.01332
0.01317
001301
0.01268
0.01272
0.01258
0.01244
0.01230
0.01217

2.70
0.0141*
0.01398.
001378
0.01381
001344

0.01328
0.01312
0.01297
0.01262
0.01267
0.01253
0.01239
0.01255
0.01212
0.01199

2.7S
0.01394
0.01376
001359
0.01342
0.01325
0.01309
0.01294
0.01279
0.01264
0.01249
0.01235
0.01221
0.01208
0-01 19S
0.01182

280
001374
0.01358
0.01339
0.1323
0.01307
0.01291
0.01278
001281
0.01248
0.01232
0.01216
001204
0.01191
0.01178
0.01165

001358
001338
001321
0.01305
0.01289
001273
001258
0.01243
0.01229
001215
001201
0.01188
0.01175
0.01162
0.01149

of the test results sbaU be made, plotting the diameters of the almost entirely of panicles passing the No. 4 (4.75-mm)
particles on a logarithmic scale as the abscissa and the sieve, the results read from the graph may be reported as
percentages smaller than the corresponding diameters to an follows:
arithmetic scale as the ordinate. When the hydrometer (/) 0nvttJ«ia,>a.UdreuinedoaNo.4sieve ........ . *
analysis is not made on a portion of the sod, the preparation tf) s«n4pMBB«Na4_r*aajretaiaedooNo.20o«ie^ ..........%
of the graph is optional since values may be secured directly («)g^«4pMBr«N».4jiev«iadreuia€doa ..... ... .%
from tabulated data. c«Metfuâ ô8N*iOtiMtBd«ii».jo_ ..... .....n

No.40tieve
18. Report ^ {r)FlMaad.p«ia|Na40*vtudretsiaedooNo. ..........%
18.1 The report shall include the following: „, saSooMwooosma *
18.1.1 Maximum Size Of particles, «) CayaaanaOer than 0.005 am .....'.. ,
18.1.2 Percentage passing (or retained on) each sieve. Conoid* Mate thai 0.001 mo ..... ..̂  )

which may be tabulated or presented by plotting on a graph 1 3.4 For materials for which compliance • with definite
(Note 16). specifications is not indicated and when the soil contains
18.1.3 Description of sand and gravel particles: material retained on the Na 4 sieve sufficient to require a
18.1.3.1 Shape— rounded or angular, neve analysis on that portion, the results may be reported as
18.1.3.2 Hardness— hard and durable, soft, or weathered follows (Note 17):

and friable, SFVIAHAI.YSK-1 8. 1.4 Specific gravity, if unusually high or low, ***** AWALYSB-
18.1.5 Any difficulty to dispersing the fraction passing the slew Size-

No. 10 (2.00-mm) sieve, indicating any change in type and Vi&
amount of dispersing agent, and 2-<a.
18.1.6 The dispersion device used and the length of the ivwa,

dispersioa period.
Nort 16— This tabulatioa of grapa represents the gradation of the *•<_

sample tested. If particlo Urger than those contained ia the sunptewett Na.4(4.7S«a)
removed before testingi tbc report shall so saw giving tbc amount aad v 12{_vlr,m?>

18.2 For materials tested for compliance with) definite HYDROMm* ANALYSIS
specifications, the fractions called for ia such specifications 0.074 mm ...............
shall be reported. Thefractions smaller than the No. 10 sieve ĴS?00 ..............sbafl be read from the graph. »•«"•» ...............
18.3 For materials for which compliance with definite MOTS 17-Na 8 (2.36>ma) ud Na 50 (300̂ m) ncvo may be

specifications is not indicated and when the soil is composed substituted for Na 10 tad No. 40 oevts,

pirn riofcirt to r*<*Hrirqta*tol tuck r̂ tntttx̂ th*
wtfrt-V B mv Pf**-f M / nH II O U I *» _, U

^
tot troJi ot tdOnttta (o ASTU Httdqurttn. Yot cemmeo, wf no*r» ar& oot*io*r*& 1 1 mting of 0» r*eof*X*
net*** eemngM.



, . CARBON, TOTAL ORGANIC AND INORGANIC .

Carbon may exist in sediment and water samples as either
inorganic or organic compounds. Inorganic carbon is present as carbo-
nates, bicarbonates, and possibly free carbon dioxide. Specific types
of compounds that are considered to be included in the organic carbon
fraction are nonvolatile organic compounds (sugars), volatile organic
compounds (mercaptans), partially volatile compounds (oils), and
particulate carbonaceous materials (cellulose).1*2

The basis of the method is the catalytic or chemical
I oxidation of carbon in carbon-containing compounds to carbon dioxide

followed by the quantification of the carbon dioxide produced.
. Alternately, the carbon may be reduced to methane and appropriately
- quantified. It follows, then, that the distinction between inorganic

carbon and organic carbon is the method of sample pretreatment. There
J are presently two procedures for defining this separation. One methoVi

is based on sample treatment with a strong acid. Analysis of an
L , untreated sample is a measure of total carbon while analysis of the

acid-treated fraction is a measure of organic carbon. Inorganic carbon
I ~ is calculated by subtraction. The second method of separation is
• '' based on differential thermal combustion with organic compounds being
( c o n v e r t e d to carbon dioxide at 500°C to 650°C3'* and inorganic carbon

being converted to carbon dioxide at 950°C to 1300°C.*f*

{ _ Sample Handling and Storage

Flowcharts for the handling of samples intended for organic
carbon and inorganic carbon analysis are presented in Figure 3-£ and

| Figure 3-7. Water and sediment samples to be analyzed for inorganic
carbon may be stored in glass or plastic containers. There is no

I effective preservative because of the carbon dioxide reserve in the
atmosphere. The only precaution that can be taken for inorganic

' * References for this procedure can be found on page 3-76. A R 3 U I 4 2 /
J

3-S5I
1



j

i
1
1

1
1
1

_

!
i

•̂«
U0

1

2
—

"*

•••i
> i
1

•

-8

•

];
tari
S
%

^̂ M

'1

.

^̂ •M

i
-•

••— •

•̂̂ ^

I1
a
MMM

i ——— »

~̂

|
 

AC
IO
IF
V 
|

——*

• BM

5
i
l̂ M

•̂•1

9
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("~ carbon is to completely fill the sample container at the tine of
.. sampling (exclude all air bubbles), tightly seal the container, and

complete the analysis immediately (Figure 3-6).
Water samples for organic carbon analysis should be stored

in glass containers unless substitute containers have been shown not
to affect total organic carbon (TOC) analyses. Samples should be
processed as soon as possible (within 2U hr if possible) to minimize
change due to chemical or biological oxidation. Atmospheric uptake

I of carbon dioxide is less critical since it would bo evolved vhen thet

saaple is acidified prior to analysis. Sediment samples for organic
) carbon analysis say be stored in either plastic or glass containers

(Figure 3-7). Air drying of sediments (32) may lead to lov TOC
; results due to oxidation or volatilization. Therefore, moist storage
• (SID) or frozen storage (S3) would be the preferred method of storage.
. ~ If samples are frozen, excessive temperatures should not be used to
1 '- thaw the samples.

I
1

'. flR30U30, ( . - - - - - -
I 3-<3 . .
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Procedure for Water Samples (VI. W2. S1A)

Method 1: Infrared Analysis*'7
Apparatus .
Sample homcgenizer such as a Waring blender or ultrasonic blender

: Magnetic stirrer
! Hypodexmic syringe

Total carbon analyzer, either a single channel or a dual channel
instrument (Dow-Beckman Carbonaceous Analyzer Model
No. 915, Dohrmann Envirotech DC-50 carbon analyzer,
Oceanography International Total Carbon Analyzer, Leco,
or equivalent)

Reagents .
Distilled water: the distilled water used in the preparation of

i standards and dilution of samples should be of the
highest quality in order to have a small blank.

1 Organic carbon, stock solution, 1000 mg/£ C: dissolve 2.125 g
anhydrous potassium biphthalate, KECt HbOt, in distilled
water and dilute to 1 I in a volumetric flask.

Î ĵ Organic carbon, standard solutions: prepare standard solution by
dilution of the stock solution as required.

Inorganic carbon, stock solution, 1000 mg/£: dissolve 3*500 g sodium
I bicarbonate, NaHCOj, and U.U18 g sodium carbonate, NazCOj,
• di wr -£ v s d mak uin distilled water in a l-£ volumetric flask and make up

to the mark.
Inorganic carbon, standard solution: prepare standards from the stock

solution as required.
Packing for total carbon tube: dissolve 20 g cobalt nitrate,

CO(NO,)Z ' 6HzO, in 50 ml distilled water. Add this
solution to 15 g long-fiber asbestos in a porcelain
evaporating dish. Mix and evaporate to dryness on a
steam bath. Place the dish in a muffle furnace and
bring to 950° C. After 1 to 2 hr at this temperature ,
remove the dish and allow to cool. Break up any large
lumps and mix adequately but not excessively. With the
combustion tube held in a vertical position, taper Joint
up, put about 1/2 in. of untreated asbestos in the tube
first, then transfer in small amounts, approximately 1 g
of catalyst into the tube with forceps or tweezers. As
it is added, tap or push the material gently with a l/**-in.
glass rod. 'Do not force the packing. The weight of the
rod itself is sufficient to compress the material. When
completed, the length of the packing should be about 5 or
6 cm. Test the packed tube by measuring the flow rat£ f|f3 Q I *4 3 I

• . _ . _ . - .
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1
I

gas through it at room temperature, and then at T50°C.
The rate should not drop more than 20 percent.

Packing for carbonate tube (dual channel instrument): place a snail wad
of quartz wool or asbestos near the exit end of the
carbonate evolution tube. From the entrance end add c to
12 mesh quartz chips, allowing these to collect against the
wad to a length of 10 ca. Pour an excess of 85 percent
phosphoric acid, HjPOi,, into the tuba while holding it
vertically and allow the excess to drain out.

Nitrogen gas, carbon dioxide free.
Procedure

Turn on the infrared analyzer, recorder, and tube furnaces,
setting the total carbon furnace at 950°C and tha carbonate furnace at
1T5°C. Allow sufficient warn-up tine for stable, drift-free operation;
about 2 hr is required. If used daily, tha analyzer can be left on
continuously. Adjust the oxygen flow rate to 90 to 100 ml/sin through
the total carbon tube. With other instruments, follow manufacturer's
directions to warm up the instrument'.

Immediately prior to carrying out calibrations or analyses,
inject several portions of tha appropriate standard into tha tuba to be
used, until constant readings are obtained. Tha actual injection

( t e c h n i q u e is as follows: rinse the syringe several times with the
solution to ba analyzed, fill, and adjust the volume to be pipeted.
Wipe off the excess with soft paper tissue, taking care that no lint
adheres to the needle. Remove tha plug from tha syringe holder, insert
the sample syringe, and inject tha sample into the combustion tuba with

' a single, rapid movement of tha thumb.. Leave tha syringe in the holder
until the flow rata returns to normal, then replace it with the plug.

Successively introduce a convenient sized aliquot (20 to
50 ul) of each organic carbon standard and a blank into tha total carbon
tube and record peak heights. Between injections allow tha recorder
pen to return to its basalina. When a dual channel instrument is used,

i tha standardization procedure must be repeated using carbonate standards
to calibrate tha lov temperature channel.

Thoroughly mix tha sample. Inject a convenient sized
i aliquot (20 to 50 ul) of tha sample into the total carbon tube and AR30 I 4Ot

C
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record the peak -height. This result is a measure of the organic carton*?: . •
concentration and the inorganic carbon concentration of the saaple.

Thoroughly mix the sample using a Waring blender or an ultra-
sonic homogenizer. Transfer 10 to 15 ml of sample to a 30-al beaker and
acidify with concentrated HC1 to a pH of 2 or less. Purge the saaple
with carbon dioxide free nitrogen gas for 5 to 10 min. Plastic tubing
should not be used during the purging process unless it has been
previously shown that it. will not add organic carbon to the sample.

Mix the acidified sample on a magnetic stirrer. While
stirring, withdraw a subsample from the beaker using a hypodermic
needle with a 150-um opening. Inject the sample into the carbon
analyzer to be used and record the peak height. This result is a
measure of the organic carbon concentration of the sample.

. Using either clear or filtered water samples, analytical
precision will approach 1 to 2 percent or 1 to 2 mg/1 carbon, whichever
is greater. Analytical precision for unfiltered water samples will
increase to 5 to 10 percent because of the difficulty associated with
sampling particulate matter and the fact that the needle opening of
the syringe limits the mximum size of the particles that can be
included in the sample.
Calculations

Dual-channel instrument . Prepare calibration curves
derived frcm the peak heights obtained with the standard total carbon
and inorganic carbon solutions.

Determine the concentration of total carbon and inorganic
carbon in the sample by comparing sample peak heights with the cali-
bration curves.

Determine the concentration of total inorganic carbon in
the sample by subtracting the organic carbon value from the total
carbon value.

Single-channel Instrument. Prepare ft calibration curve
derived from the peak heights obtained with the standard total carbon
solutions. Determine the total carbon concentration in the sample by
comparing the peak height of the first sample injection vithftft̂  Q I *4 3 3

!
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calibration curve. Determine the organic carbon concentration in the
sanple by comparing the peak height of the second sample injection with
the calibration curve. Inorganic carbon concentrations are calculated
by subtracting the organic carbon concentration from the total carbon
concentration.

AR30|i*3l»
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i Procedures for Sediment Sanoles (SIP. S3)

Method 1: Sample Ignition
Apparatus
Induction furnace such as the Leco WR-12, Dohrmann DC-50, Colenan CH

analyzer, or Perkin Elmer 2̂ 0 elemental analyzer
Combustion boats
Microbalance
Desiccator
Reagents
10 percent hydrochloric acid: mix 100 ml concentrated EC1 with 900 ml

distilled water.
Copper oxide fines.
Benzole acid.
Procedure

Dry at TO°C and grind the sediment sample.
Weigh e combustion boat and record the weight. Place 0.2

(to 0.5 g homogenized sediment in the combustion boat and reweigh.
Combustion boats should not be handled with the bare hand during this
process.

If total carbon or inorganic carbon is to be determined,
Cupric oxide fines may be added to the sample to assist in c embus t ion.
Combust the sample in an induction furnace. Record the result as total
carbon.

If organic carbon is to be determined, treat a known weight
of dried sediment with several drops of 10 percent EC1. Wait until
the effervescing is completed and add more acid. Continue this process
until the incremental addition of acid causes no further effervescence.
Do not add too much acid at one time as this nay cause loss of sample
due to frothing.

Dry the sample at 70°C and place in a desiccator. Add
Cupric oxide fines, combust the sample in an induction furnace, and
record the result as organic carbon.

AR30|ii35
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( Calculations
The carbon content of the sample can be calculated as:
<r a weight of tube (after-b'efore) -- 9Q
"C sample weight " *7'29

Derivation of factor:

27 20 » 12.011 (molecular weight carbon) . no«f
* UU.011 (molecular weight carbon dioxide) * iuu/*

When the total saaple results are used, the result is
percent carbon in the sample. When acid-treated samples are used, the
result is percent organic carbon. Inorganic carbon is calculated as
total carbon minus organic carbon.

Method 2: Differential Combustion*'5
Apparatus
Sargent programmed aicrocombustion apparatus or equivalent
Microbalance
Procedure

Air dry the sediment sample. Using a mortar and pestle, ^-S
grind the sample to pass a 100-mesh screen.

Combust a known weight of sediment at a programmed heating
rate of 300° to 950°C in 10 min and then maintain 950°C for 20 min.
Trap the COa in ascarite and record tha weight as total carbon. A
sample size should ba selected that will produce 25 to 50 mg COa.

Weigh a second portion of tha dried sediment. Combust this
sample at a programmed rate of 300° to 650°C in 10 min and maintain
650°C for 20 min. Trap tha COj in ascarite and record tha weight as
organic carbon.
Calculations

Tha total carbon concentration, ̂ t* °*" the sample (in mg/g)
is calculated as follows:

Ct * (*t) (-H-)
Tgl

AR301436
*t » weight of COa evolved at 950°C, mg - -



t g « weight- of sample combusted, g

The organic carbon, CQ, concentration of the sample (in =£/_)
is calculated as follows:

1

I

where ' - ̂  .

xo * weight of COa evolved at 650°C, mg
g •* weight of sample combusted, g

Inorganic carbon, C_.t (in mg/g) is calculated as:

CI«Ct-Co

Method 3: Wet Combustion11**
A third method has been used for carbon in sediments. This

is based on the oxidation of the sample with dichromate and back titra-
tion of the sample with ferrous ammonium sulfate. References are
provided for the procedure but details are not given. The procedure

[ , is similar to the chemical oxygen demand test which is not specific
for carbon. The wet combustion method is a redox procedure and any

I , reduced chemicals in the sediment samples (ferrous iron, manganous
manganese, sulfide) will react with the dichromate. Therefore, this
procedure is not recommended unless other instrumentation is not
available.

AR30U37
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