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This manual contains the physical and chemical analysis procedures for 
bottom sediments and related process waters in partial fulfilhent of 
the requirements of Section 404 (b) of Public Law 92G500, Th2 Federal 
Water Pollution Control Act Amendments of 1972. 

Most of the procedures in this manual are based on established standaxd 
methods, while others were developed (some published) by Region V, United 
States Environmental Protection Agency, Central Regional Laboratory 
personnel. 

These procedures represent interim ones at best, but nevertheless pro- 
vide some indication of the general chemical composition and pollutional 
nat-&e of sediments. 

The _pllutionab nature of bottom sediments, supplemented by results 
from elutriate testing are generally sufficient to enable managers and 
district engineers to decide whether the sediments should be " CorLfined" 
or "open-lake" disposed. 

.-  

?. 
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Descri_ation of Fiela Sampling and 
Laboratory Kandlinq Procedures 

Bottom sediment samples are generally collected by Eield personnel 
in such a manner that they are representative of the site from 
which they were collected. Petersen or Shipek-type collected sanp%es 
are generally drained of excess water. Hopper-dredge collected 
samples gen@rally contain more water than Petersen and other claw- 
,type dredge-colJected samples. BerisdicalEy, samples are collected 
using a core sampler. 

Since the laboratory is now analyzing for trace organicsr the sample 
should be collected either with a glass sampler or stainless steel one 
(no copper) manually mixed in the field, placed in a glass container 
and stored at 4OC (iced) until analysis. Sample containers should 
be filled only 3.4 full to prevent cracking when frozen. 

If it is impossible to collect ?ne sample for organics and inorganics, 
then it is acceptable to collect the trace organic samples with a 
metal sampler placed in a glass jarF and collect the inorganic sample 
with a plastic sampler and place ib7. a plastic jar. %is system may 
aronse questions of representativeness of sample, however. 

Laboratory Handling 

1. 

2. 

3. 

Preservatives axe not added to the sample, but the sample is kept 
between 2 and B°C at all times in a walk-in refrigerator. 

When the analyst is ready to proceed, the iced sample is allowed 
to thaw to 15-25OC. It is then manually mixed in a large flat 
bake-bike or other contaminant-free containers and different 
fractions are weighed €or the analysis listed in the schematic 
shown on the Figure. It is left up to the judgement of the analyst 
whther the sample should be sieved prior to weighing aliquots for 
analysis. If the sample does require sieving, it is passed through 
a 820 polypropylene sieve by forcing it through the screen with a 
glass beaker. A portion of the sieved sample is also taken €or 
total solids. Any material retained by the sieve will be dried 
weighed and incllzded in the total solids calculation as a dilution 
factor 

Under no conditions is the sample for PCB's,' phthalates and pesti- 
cides sieved. The total solids result from the unsieved sample is 
used to calculate dry weight for the unoieved trace organics. 

Bbi results are reported in milligrams per kilograms dry basis 
exc~pt solids, which are reported in -percent. 
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Schematic Analysis of Sediment 

(Sediiraent Sample From the Field In Glass Jar) 

Manual Mixing In b 

' IUOP id e 

I .. . - . 

monia-N 

TMN 
TP 

COD 
Mercury at 4°C 

5 ml j 

Analysis 
(Dry Sievisl 

Flat Container 

PCB' s 
Pesticides 
Phthalates 
Oil & Grease 

250-300 g 3 

50 ml Sediment 
200 ml Process Water 

Density or 
Spec if y 
Gravity 

Elutriates 

W e n  Dry af 105°C Wenight 

Tot21 Metal: 

Total Solids 

Iqnite Residue at 550-600°C For 1 Hour 

Total Volatile Solids 

i 

Figure 
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Determination of Tbtal Residue of Sediments 
CRL Method No. 444 

Scope and Application i 

This method is applicable to the determination of percent residue in sediments 
and other solid samples. 

S~a~nwary of Method 

a portion of the unsiwed sample is add@d to a tared evaporating dish and dried 
to constant weight at f05OC. 

Equipment 

Drying oven 

Desiccator 

Evaporating dishes 

ProceauPa 

1. Tare the evaparatinq dishes by igniting them in the muffle furnace for one 
hour at 550 2 50oC, COOL and place in a desiccator for a minimum of one hour. 

2. Weigh the empty dishes to five figures (example - 90.345). 
3. Place. 310 to 20 grams of wet, well mixed sediment sample into the tared 

evaporating dishes (include all sticks and stones if the sample is not 
sieved). 
dish. Sf the sample is sieved for other testsr use the weight of the 
smple which includes sticks and stones for final calculations. 

Record the weight of the sediment sample plus the evaporating 

4. Dry the sample at 105OC overnight ox until constant weight is obtained. 

5. cool, place in desiccator for a minimum of 1 hour, then weigh. 

Na1it.y CORtsPel . e  

A duplicate of one of the sedirents is analyzed with each group of samples. If 
twenty or mare samples are analyzed, a mininum of two duplicates are analyzed. 

?me analytical balance is calibrated and set to zero before each sample is weighed. 



I 
Calculations 

1 

Total Residue ( % I  I = (Init w?. of sample and dish-final wt. of sample and dish-orig. sample wt.) x 100 
(Original Sample Weight) 

1 
i 

REFEFEXCE 

1 
Standard Methods for the Bcaminatk~n of Water and Wastewater , 14th ed. , 
19'95, A P m ,  AWWA, WBCF, Washington, D.C. p. 91-92. 

i 

. ." .' 

I 
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Determination of Total Volatile Solids in 
Sediments and Ocher Solids 

CRL Method NQ. 447 

Scope and Application 

This method is an estimate of those inorganic and organic compunds which 
are lost from the sample when ignited to 550 2 

1 I 50°C. 

Summary of Method 

' The volatile and fixed components raaining after the sample has been (%pied 

The loss in weight represents the amount of volatile matter 
at 105OC are determined by igniting the dried sample in a muffle furnace 
at 550 2 50°C. 
in the sample. 

i Equipment 
I 

Porcelain evaporating dishes 
Muffle furnace 
bnalytieal balance (4 to 5 significant places) 

I Desiccator 

Procedure I 
I , 

1. Record the weight of khe sample and dish determined for total solids. 

2. Ignite the residue from the total solids determination in a muffle 
I furnace at 550 2 50°C for one hour. 

3. Remove carefully from the furnace, air cool for about one minute on 
j a hard fire-proof finish (not the counter top) and place in a desiccator 

for a minilaura of 15 minutes or until constant weight is obtained. 

4. Ascertain whether constant weight has been attained by weighing the 
sample to 5 significant figures hexamples 85*235) with no change in the 
fourth place. 

I 

Quality Control 

A duplicate of one sample in each group o€ samples is analyzed. When there 
are twenty samples 01: more, a minimum of two duplicates are analyzed. The 
analytical balance is calibrated and set to zero before each s-ple is weighed. 

"otal Volatile Solids (%) = [wt. of dried solids - weight of ash] x 100 
[weight of dried solids] 

1. Standard Methods for the mamination of Water and Wastes, 14th ed., 1975, 
pp* 95-98. 
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Determination of Percent Moisture of Sediments 
CR& Method No. 445 

Scope and Application 

This method is applicable to the determination of moisture in sediments 
anif other solid samples. 

Summary of Method 

A po,rtion of the -sieved sample is added, to a tared evaporating dish and 
dried to constant weight at 105°C. 

Equipment 

Drying oven 
-sic cat0 r 
EtTaporating ftishes 
Five significant place balance, 200 g capacity 
Muffle furnace 

Pro e edur- 

1. Tare the evaporating dishes by igniting them in the muLefle furnace for 
one hsur at 550 p 50°C. 
of one hour. 

Cool and place in a desiccator for a minimum 

2. Weigh the mpti dishes to five figures (example - 90,345). 
3. Place 10 to 20 grams of wet, well mixed sediment into the tared 

evaporating \dishes and record the weight of the sediment sample plus 
the evaporating dish. 

4, Dry the sample at 1059C for 24 hours or until constant weight. is obtained. 

5. Cool, place in desiccator for a minimum of one hour, then weigh until 
conszank weight is obtained. 

I .~ 
6 -  Cool, place in desiccator for a minimum of one hour, then weigh. 

Quality Control 

A duplicate of one of the sediments is analyzed with each group of samples. 
If twenty or more samples are analyzed, a minimum of two duplicates are 
analyzed. 

The analytical balance is calibrated and set to zero before each sample 
is weighed. 

, 

I 

- 1  
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Calculations 

j Percent woist-txre = initial wt. of sample & dish - final wt. sample and dish x 100 
Net weight of initial sample 

1 
l or total residue in % - 100 = % moisture 
1 

FZFERENCE 

E. Standard 14ethods for the Examination of Water and Wastewater, 14th ede, 
i 
i 

b975, a PXA, AWWA-WBCF, F32sk., D.C- pp. 91-92. 
, 
I 
I 
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Determination of Density of Sediments and 
Bther Solids 

CRL Method Number 446 

%e and Application 

This method is applicable to all sediments and solids which contain visible 
amounts sf water. 

Summary of Method 

A measured volume of the sediment-water is weighed on an analytical balance. 
Density is determined by the weight of the measured volume of the sample. 

Equipment 

~ a u r  or five significant place balancep 250 ml Erlenmeyer flask or bottle. 

Procedure I 
I 

1. Calibrate a 250 ml Erlenmeyer flask, by measuring 250 ml of distilled 
water ints it and markinq the 250 ml graduation level with a felt tip pen. 

to the nearest 0.1 g- I 
1 

I 
I 

2. Shake dl1 of the water out of the flask, and weigh the calibrated flask 

3. Fill the flask .completely to the marked graduated level with unsiwed 
sample, record the weighz. The volume is considered 250 ml. (If the 
sanple does not flow readily, add as much sample to the flask as pssible, 
and weighd Mzer weighbg, mark the level to which the sampie was poured, 
empty and rinse the flask. 
srarked level and re-weiqh) - Refill the flask with distilled water to the 

I 

A duplicate of one of the samples is anaLyzed for each group of samples. If 
t'ienty or more samples are analyzed, a minimum of two duplicates should be 
ana1yzzE 

The analytical balance is calibrated and set zero before eaeh sample is 
weighed, 

I ' I  
.' I 

Calculations 

Density I [weiqht of s m d e  and flask - weight of flask] 
[volume of sample] 

I 
REFERENCE 

1. Standard Methods for the mamination of Water and Wastes, 14th ea., 1975, I 
pa 121. I 
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Determination of Specific Gravity of Sediment and 
Other &lids 

C m  Method NO. 448 

Scope and Zipplication - 
This method is applicable to all sediments and solids which contain visible 
amounts of tsater. 

Summary of Method 

A weighted volume of sawpka is cmpar@ to an equal volume of distilled water. 

Equipment 

Foux or five significant place balanced 250 ml Exlenmeyer flask or bottle. 

Procedure 

l. Weigh to the nearest 0.1 g, an empty wide mouth flask or bottle of 
about 250 ~l capacity. 

2. Fill the container completely with distilled water m d  weigh again. 

3. Discard the distilled water and shake all of it out of the flask- Fill 
the flask or bottle completely with msieved sample and reweigh. 
the sample does not flow readily, add as much sample to the flask as 
pbsssible, and weigh. 
was poured, empty and rinse the flask. Refill the flask.with distilled 
water to the marked level and reweigh). 

(If 

After weighing, mark the level to which the sample 

Quality C s n t g  

W duplicate of one of the samples is analyzed for each group of samples. 
twenty or more samples are analyzed, a minimum of two duplicatss should be 
analyzed. 

If 

The analytical balance is calibrated and set to zero before each sample is 
Weigh@ d s 

Calculations 

Specific Gravity r: [wt. of sample and flask - wt. of flask] 
[wt. of distilled water and flask - wt. of flask] 

REFERENCE 

1. Standard Methods for the Examination of Water and Wastes, 14th ed., 
1975, p. 121. 
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Determination of Settling Rates of 
Sediments and Other Solids 

CKL Method No. 486 

Scope and Application 

This method is applicable to sediments, sludges and solid samples. 

Summary of Met= 

The settling rate is obtained by measuring the suspended solids content 
of a E0 ml aliquot withdrawn from the cdriginal sample at P, 3, 5, 10, 
28 minutes, e'cc., - t h e  intervals. Th@ suspended solids curve is 
determined and the values are plotted against time intervals. The settling 
rate is obtained from fhe slope of the linear portion of the curve. The 
W e n  curve could also be obtained by plotting % suspended solid versus 
time. 

Equipment 

Tiraer . 
Oxford pipet'b (10 ml capacity) with disposable tips. 

settling jar vessel long enough to hold 1-2 biter ca$acity with a wide 
mouth * 

Fibtration apparatus:. suitable for the type of filter selected, with 
suction flask of 500 ml capacity and filter holder. 

Glass filter disks: 

W e n  adjusted to 105°C. 

ParocecAblk-e 

Wc;;kgh exactly 50-100 g-rams of we11 mixed sediment. 

Add 1 liter 0%' distilled water or preferably 1 liter of the natural 
!process) wake% [laka, riverl lagoon] from which the sediment samples 
were taken. 

, 

* 

.~ ? 

Recap the j w  and shake the sample by turning the jar upside down 
several times until a homogenous distribution is obtained- 

Return the j a ~  or vessel to an upright position. Open the lid and 
start the timer. 
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I 

 with the Oxford pipett equipped with special filter tips, [cut the narrow 
~pbd of the tip to minimize filtration effect] withdraw a 10 rnl aliquot 

1 from the middle of the sample bulk. [Withdrawal _pint could be fixed by 
j allowing the Oxford pbpett to descend to a certain length, already masked 
pn the other pipett and aligned with vessel mouth.] 

1 Transfer the aliquot to a 100 ml measuring cylinder with a glass cap. 

Deternine the suspended solids content of the sample using CRL Method 
I 
I number 441. 
Csnst&ct an arithmetic plot of mg/l of suspended solids versus time 

i and draw a line of best fit through the linear -portion of the curve. 
; The negative slope of such line will be the settling rate in mg/l/min. 

Quality Control 

! To plot the Oden curve, calculate the % suspended solids by using the 
following formula: 

1 
% S U S ~  solids = [sus. solids of aiiwot-susp.solid of blk in mglll 

1 wt. of original sample (gm) x 10 

I 
Plot &% SUB. solids versus time. 

I RGFEmCES 

1. Sedimentation mgineering Report, the American Society of Civil 
Engineers Manual , 1973. 

iimeric’an Society for %sting and Materials, “Method for main Size 
Analysis of Soil“, D422-63, part 11, 1966, pp. 193-201. 

j 2. 

! 
I 3. Standard Methods for the Exmination of Water and Wastewater, 14th ed, 

mer. Public Health Association, New York, 1975, pp. 129-132. 
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eain Size Analysis by Washing 
(Approximate Estimation f 

(Wet Sieving ) 
CRL Method #483 

Scope and Application 

This method is a fast m d  approximate estimation of 
applicable. only to mud, sedkents and clay samples. 

grain sizes and . 

Summary of Method 

A sample is thoroughly homogenized and the excess water is poured off and 
drained. 
sieves and the % retained on each sieve is recorded (water content of 
sample is included.) 

. A wet weight of the sample is washed through a set of pre-weighed 

Apparatus 

Top loading. balance (1500 gram capacity) 
A series of U,S. Standard sieves siees 10, 20, 60 and 200. 

Procedure 

1. 

2. 

3. 

4, 

5. 

6. 

7. 

8. 

9. 

Remove non representative objeczs fram the sample, such as large Stones, 
debris, leaves, etc. 

Wain the water accumulated on the top of the sample (as much as you can) 

Thoroughly mix the sample, (use a metal spatula). 

Weigh a. 18Q cp of sample (in a beaker). 

Select the nest of sieves to be used. Weigh them and record the 
weight as sieve + tare weight. 

Arrange them in descending order ( p r e  size), with #200 at the bottom. 

Transfer the sample to the top sieve and wash the sample with tap water 
until separation is emplete. 

Separate the sieves and let them stand €or some time to drain the 
e?XC@SS water. 

--weigh the shwos with the particles retained on it. 

A riuplicate of one of the sediments is analyzed with each group of samples. 
If twenty or more samples are analyzed, a minimum of two duplicates are 
analyzed. A precision study by wet sisving technique is attached. 
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Calculations 

The percent of material by weight retained on the various sieves is computed 
as follows: 

% retained I sieve !# weight - sieve W tare weight 100 
mtal amount of sample 

% passed #200 =total a t .  of sample - at. retained on all sieves LOO 
lbtal mount of sample 

I Ref exence 

United States Environmental Protection Agency, Region V, Central Regional Laboratory, 
Chicago, Illinois, 1976, unpublished. 

. .. 

1 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

February 23, 1947 

Precision Study of Sleve Test on Sediments 

Brvey ?=bntcpmery, Chemist 
Borganic Chemistry Section CRL 

Fifes 

Four deteminations of the sieve test were made on sediment samples 
from Les Chenaux Harbor. The samples of sediment were thoroughly 
homogenized for each test. ApFoximate3.y 100 grams was weighed to 
the nearest gram. Number PO, 20, 60, and 200 sieves were placed in 
the sink. *e samples was washed into the #10 sieve, thru #20, thsu 
$60, and finally the #200 sievef and then down the drain. Care was 
taken to avoid any material being washed over the side of the sieve. 

The sample was pressed by my fingers so as much material was made to 
go through the sieve as possible. The sieves were weighed with an 
average amount of water on the sieve. %is weight is constant. The 
sieves were weighed after the sanple was washed. The mount of 
sample x 100 divided by the total weight is the percent retained. 

"he ;ariation observed in percent retained is caused by several factars. 
The naaterial is composed of rocks, organic material, clay, and sand. 

Enclosure {data of study) 

.... . 

cc: 3. Fairloss, CRL 

, 
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SIEVE TEST 

1/19/79 

_ I i  ia 
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2 21 

25 

AVE. 
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71 
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AVE e 

PI. 

. 19 

6 

10 

STD 
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% RETAINED 
NO s 60 

17 
9 
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24 
16 
19 

7 
7 
4 

I 

8 
13 
10 I 

I 
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main Size Afialysis (Dry Sieving) 
CRL Method No. 485 

Scope and kpplieation 

This method is applicable to sang, clays, sediments and soil samples. The 
method also covers the determination of materials finer than No. 200 sieve" 
(by washing ) . 
summary of Pilethod 

A sample is dried an6 certain weight of the santple is first washed though 
#200 sieve. The loss in weight, resulting from the wash treatment, is 
calculated and is reported as the % passing X200. The amount retained on 
the #200 sieve is passed through a nest of sieves and the percentage of 
material retained at each sieve is calculated from the weight of material. I 

Def ipition 

Grain size analysis is a process in which the psrcentage of material of each I 
grain size present in given soils is determined by passing a known amount of 
the material through a set of sieves in order to separate the different 
particle sizeso I 

i 
1 

Apparatus 

A series of U.S. standard sieves, 3/8, 4, 10, 16, 28, 50, 100, 200 bottom and i 
i ,  cover plate (additional sieve #'s could be added). 

Sfeve shaker: a mechanical device to shake the sample with certain amplitude, I 
usually equipped with a timer. (Model Fritsch Analysette or comparable to it) I 

i Top fcad balance (1500 gm capacity) (0.1 gm sensitivity). 

Proce&sE 

1. SamPle Preparation 

Thoroughly mix the sample (use metal spatula), remove non representative 
objects, such as large stones, debris, leaves, etc., add small amount of 
water to homogenize the sample ifmecessary. 



-17- ’ 

Weigh 150-200 gm of the sample into a pre-weighed clean, dry crucible. 

%en dry the sample at b05OC to a constant weight (preferably overnight). 

13alow to cool. 

Transfer the sample to a piece of heavy paper. Loosen the aggregates 
with hands or use the Mortar and Rubber pestle if necessary. 

Weigh 100 grams of the dry sample (use clean prcebain dish or beaker). 

TYaansfer this mount to #200 sieve other khan the one to be used 
with the nest of sieves. 

Wash the sample with tap water in order to pass through those particles 
which are finer than the #200 sieve; then with distilled water. 

Oven dry the amount of sample retained on the #200 sieve (the #ZOO 
sieve with the material can be placed directly into the oven at lOS0,C). 

Transfer the amount retained on.#200 sieve to a pre-weighed beaker by 
turning the sieve over and brushing the back with the wire brush (use 
a funnel if necessary. 

Weigh this mount and record a5 tctal. amount retained by #200. 

Select a nest of sieves, weigh them and record the tare weights as 
sieve +$ tare weights. 

Place the nest of sieves in the shaking machine in the following descending 
srdes: 3/8, 4, 10, 16, 50, 100, 200 and the bottom plate. 

Rwr the amount retained on #200 s h v e  on the top sieve (3/8). SeCuPe 
the cover plate (tighten screws). 

Adjust timer to 15 minutes. 

’Tarn on the shaker with an amplitude of 10. 

Mter the shaking time is over, remove the nest of sieves from the 
shaker. Beginning with the top sieve, weigh it on the balance and 
record the weights RS sieve f weight. 

Quality Control 

A duplicate of one sample is analyzed with each group of samples. For 
twenty or more samplesr a minimum of two duplicates are analyzed. 

Tne anabyTieal top load balance is set to zero before each weighing. 

Experimental recovery data are attached for the dry sieve procedure. 
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Calculations 

The percent of material by weight retained on the various sieves is computed 
as 

1. 

2. 

Percent retained. = sieve # weight - sieve # tare weight 100 
TOTaZi amount of sample 

Percent passed #200 = TOTAL alzount of sample - total amt. ret. # Z O O  100 
TOTAL mount of sample 

REFE3ENCES 

American Society for %sting and Materials (ASTM), "Standard Method or 
Test for Sieve or Screen Analysis of Fine and Coarse Aggregates", 
Designation C 136-71, American National Standard A378, Sept. 1971, 
pp. 87-88 

American Society for Testing and Materials (ASTM) , "Standard Method or 
Test for Materials Finer than No. 200 (75-um) Sieve in Mineral 
Agg-regates by 'Hashing", Designation C117-69 American National Standard 
A374, 1970, October 1969, pp. 68-69. 

i 
" j  
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Determination of Fluorides in Sediments 
and Other Sobids 
CRL mthoa w380 

Scope and Application 

"%his method is zppbicable to the measurement of fluoride in sediments 
and other solids (other than glass Fiber filters). 

Summary of Method 

I 

I 

Fluoride is determined by manual distillation of the sediment sample 
at 180°C from 50% sulfuric acid solution followed by potentiometric 
analysis using a fluoride selective ion electrode. 

Equipment 

500 ml or 1000 ml flat bottom distilling flask equipped with a thermometer 
adaptor and Graham or other condenser. 

. 

Erlenmeyer Flask 

Analytical Balance 

Specific Ion Neter (See C€?L Method $378, Attached) 

Fluoride Specific Ion Electrode (See CRL Method #398, Attached) 

Reagents 

m l f w i e  Acid, Concentrated 

B.sffe.,r Solution !See Ci?i, Method #378, Attached) 

1 

b e  Ict a 590 ml boiling flask, carefully add with stirring 100 ml of 
csnceneratsd sulfuric acid to 200 ml of distilled-deionized water - 

2. Distill into a2 Erlemurmayer flask until the contents of the boiling 
flask reaches 180°C. Discard the distillate. 

3. Cool the acid mixture remaining in the flask to 90°C. 

4. X?d 2 to 5 grams of wet, well mixed sediment sample. 
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5. Mix throughly and distill until the temperature re$ches 18O0C. 
Em not exceed 180°C to prevent Sulfate carryover. 

Note: If the sample is known to have a high chloride contentb 
add silver sulfate to the €ask at the rate sf 5 mg Ag2SO4 per 

mil%igram of chloride in the sample. 

6. Place 25 mf of the distillate in a 3-00 ml beaker and add 25 rid 
of buffer. Place on a magnetic stirrer and mix at medim speed. 
Immerse the probe h the solution and absexrve the meter reading 
'while mixing (See CRL Method 1378, Attached)- 

. -  
4. PLLlow the probe to remain in the solution for at least three (3) 

minutes or until the reading has stabilized. (At lower concentra- 
tions bslaw 0.50 ppm, it sometimes takes 5 minutes to reach a stable 
meter reading. 

8. Read the fluoriae level of the sample directly in mg/l on the fluoride 
scale - 

Quality Control 

PI field reagent blank (which contains 200 ml sf distilled-deionized 

water e3111 100 ml of Cmc. H2§04)' one or two F- Stanftards and a 
duplicate of one of the samples are distilled and analyzed for each 
group of samples. If twenty are more samples are analyzed a minimum 

of two field blanks, F' standards and duplicates are distilled and 
analyzed. 

The analytical balance is set to zero before each weighing. 

The manufacturer's instructions are followed concerning operation of 
the specific ion meter. 

mg/kgF- (dry basis) = ~ / 1  Pieaag from Method #378 x ml of sample used 
Wig. wet wt. in grams x decimal fraction % soLids 

References 

1. '8S'-,andard Methods for the mamination of Water and Wastewaters, 
p. 171, Method No. 121 A, Preliminary Distillation Steps (Bellack), 
13th Edition, 1971. 

2. Manual of "Methods far Chemical Analysis of Water and Waskes", Office 
of Technology Transfer, Washington, DC, 1974, p. 65. 
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Fluoride (Electrode) in Waters 
CRL,Method No. 378 

Scope and Application 

This method is applicable to the measuraent of fluoride in drinking, 
surface, and saline waters, domestic and industrial wastes. 

Concentrations of fluoride from 0.10 up 'rep 1000 mg/l may be measisred. 

The-Bellack distillation must be perfamed on industrial waste samples 
priQ'r to electrode analysis;, 

Summary of Method 

The fluoride is determined potentiometrically using a selective ion 
fluoride electrode in conjunction with a selective ion meter having 
a direct concentration scale for fluoride. 

-The fluoride electroCie consists of a lanthanum fluoride crystal across 
which a patential is developed by fiuoride ions. 

Interferences 

A high pH interferes; sample pH should not be greater than 10. polyvalent 
cations of Si+4, Fei3, Bi3, and Mi3 interfere by farming complexes with 
fluoride. The degree of interference depends upon the concentration of 
the eomplexing cations, the concentration of fluoride and the p€I of the 
sample. The adation a€ a pH 5.0 buffer (described below) containing a 

interference), ironl and eleminates the pH problem. 

I 

, 
1 
I 

strongp chelating agent! preferentially complexes aluminum (the common I 

AJJ~az3.tQs i 
1 

Specific ion meter such as the -ion model 407. 
F1.scaride caznXnation electrode, such as Orion no. 96-09-00. 
.hacpetic mixer, Teflon coated stirring bars e I 

I 

Sulfmic acic? I conccntzated e 
Buffer solution, pB 5.0 - 5.5: To approximately 500 ml of distilled water 
in a E liter beaker add 57 ml of glacial acetic acid, 58g of sodium chloride 
and 29 of slI2-eyclohexylene dinitxilo tetraacetic acid (CDTA) (Mathieson, 
colaqan & Bell, Cat. No. P866l) or cyclohexane diamine tetraacetic acid 
(Merck-Titriplex IV or Baker Cat. No. G083). Stir to dissolve and cool to 
room temperature. Adjust pH ole solution to between 5.0 and 5-5 with SN 
sodium hydroxide (about 150 ml will be required). Transfer solution to a 
1 liter volumetric flask and ailute to volume with distilled water. For 
work with brines, additional sodium chloride should be added to raise the 

' ,  
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cialoride level to twi I the high 
Sodium f auoride, stock solution: 

st expected level of chloride in the sample. 

distilled water and dilute to 1 liter in a volumetric flask. 1.0 ELL = 0.1 mg 
fbaoride a Stare in polyethylene. %;Odium fluoride, standard solution: Dilute 
50 ml of sodium fluoride stock solution to 500 ml with distilled water. 1.0 ml 
= 0 .O% mg/m.l fluoride. 

Dissolve 0.22107 of sodium fluoride in 

Calibration 

Check zero adjustment: W$th the b c k i o n  Switch in the off psition, the needle 
should point to exactly center scale (L,O). 
until. the needle is exactl-y on center scale. 

If not, turn the zero adjust screw 

Check batteries: 
not stop in or to the right of the green battery ok area on the meter, replace 
batteries. However, the meter is line operated in the laboratory. 

m r n  hznction Swith to the battery position. If the needle does 

Prepare three standards containing 0.40, 1.0 and 4.0 mg/l by pipetting 20,50 and 
200 ml of standard fluoride solution into three 500 ml volumetric flasks and make 
up %o volume with distilled water. Store standards in polyethylene bottles and 
store at room temperature. These standards are stable at room temperature. 

Pipet% 25 ml of each of the standards into a 100 ml beaker and add 25 ml of buffer 
sslutioa, Place the 1 mg/l standard on the magnetic stirrer, the probe in the 
solation an8 stir for five minutes. If the meter does not read 1 mg/l, adjust by 
means of the calibratian control knob to read 1 spg/l. 

Follow same procedure for the 0.40 mg/f standard. If the meter docs not read 0.40 
rwg/l, turn temperature compensator knob until the needle points to 0.40 mg/l. Nave 
the slope indicator until the arrow of the temperature compensator points to the 
temperature of the solution. 

Follow same procedure for the 4.0 mg/l standard. The meter should read very close 
to 4.0 mg/P or within 0.10 or 0.20 mg/l. 

Pr oc e dur e 

Waste Samples: 
1. 

2. 

3. 

Place 400 id of distilled water into a one liter distilling flask and add 
200 rrrl of concentrated sulfuric acid, with stirring. Distill until the 
contents of the flask reaches exactly L8OoC. Discard the distillate. This 
process serves to remove fluoride oontaminstion and adjust the acidFwater 
ratio for subsequent dis.til.lations. 

after cooLing the acid mixture remaining from the steps outlined in step 1, or 
previous distillations, to 9OoC or below, add 100. ml of sample, nix thoroughly, 
and &istia.l as before until the temperature reaches 180eC. 7 3  prevent sulfate 
carry-over, do not permit the temperature to exceed 180°C. 

Use the sulfuric acid solution repeatedly until the contaminants from the samples 
accumulate to an extent that recovery is affected or interferences appear in the 
distillate- Check suitability of the acid periodically by distilling standard 
fluoride samples. 
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1 
I 4. Place 25 ml of the distillate in a 100 ml beaker and add 25 ml of buffer. Place 

1 
! 

on a magnetic stirrer and mix at medium speed. 
and observe the meter reading while mixing. 

under 0.50 rng/ll it may require as long as five minutes to reach a stable meter 
reading. 

Immerse the probe in the solution 
The probe must remain in the solution 

for at least three minutes or until the reading has stabilized. At concentrations 

1 &ad the fluoride level in the unknown directly in mg/l on the fluoride 
scale i 

5. Drinking an8 surface waters. 
Place 25 ml of saBpPs in a 100 inl beaker and add 25 ml or" buffer solution. 
follow the pzsceaue dcser2bed in step 4. 

Quality Control 

A blank and duplicate of one of the samples is analyzed with each group of 
samples. If twenty or more samples are analyzes, a minimum of two blanks 
and standards ar analyzed. 

Precision 

The precision between-runs is 0.04 pg/l. 
The precision within-runs is 0.03 mg/l. 
These precision values were taken from Quality Control Data for the period 
February 2, 1975 thru June 2, 1975 consisting of eighteen analyses. 

Calculations 

Reading is directly in rnq/l OW the specific ion meter providing 25 ml of 
sample is used. 

References 

Mznual of Methods for Water and Wastes, U.S. Environmental Protection Agency, 
Qffice of Technology Tz-ansferI WashLngtan, De, 1974, pp. 65-67, 

I Then 1 
1 

1 
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Determination or' Wtal Cyanides 
in Sediment and Other Solids 

~FLL Method No. 366 

Scope and Application 

This method is applicable 'co the detexmination of cyanide in sediments 
and other solidsY 

Saasnwary of Method 

Cyanide is released from its compounds and converted to HCN by means of 
a reflux-distillation catalyzed by copper chloride which decomposes metallic 
cyanide complexes. The cyanide is absorbed in a 0.2 N NaOH solution and 
analyzed spectrophotometically using an automated system. The color 
reaction is based on reaction of cyanide with chloramine-T to form 
cyanogen chloride (CNCl') followed by reaction of the CNCE' with 
pyridine-barbituric acid to form at red color at 578 nrn. 

Equipment 

Reflux distillation apparatus consisting of one liter or 500 ml boiling 
~ 

i 
I 

i 
flask with inlet tube and condenser. 

Technicon XI Sys6;e~ (See CRL Method No. 360, Atkached) 

Heating Mantles or Burners I 

Analytical Balance 

(SN mciEI 

Cuprous Chloride, 2%, Acid Washed (See CW, Method 360) 

Sulfuric Acid Concentrated 

Chloramine-T Solution - (See CHI, Method No. 360) 

Pyridine-Barbiixric Acid Salcntion 

Prseedur e 

l. Weigh 2-5 g of wet, we31 mixed sediment. 

2. Transfer to the distillation flask. 

3. Add 500 ml of distilled water and 5 ml of 6 N NaOH to the flask. 
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40 

5. 

6. 

7" 

8. 

9. 

10. 

11. 

Add 50 ml. of 1.25 NaOH to the gas absorbing tube and dilute until 
the spiral is cover. 

Connect the boiling flask, condenser and absorber, turn on the 
condenser cooling water and heating mantle. 

Slowly add 25 ml of conc. H2SO4 t"mough the aix inlet tube. 
RinseI allow 3 minutes for the acid to mix with the sample, 
then pour 10 ml of copper chloride (Cu2 Cl.2) solution into 
the inlet tubs an.d rinse with distilled water. 

Heat the solaation to boiling, taking care to prevent the 
LoPution from backing up into the air Inlet tube. 

Reflux for one hour. 

Tarn off the heat and continue the air flow €or 15 minutes. 
After cooling the boiling flask, disconnect the absorbs and 
turn oPf the vacuum. 

Drain the solution from the absorber into a 250 volumetric 
flask. Rinse the distillation frain into the flask and 
dilute k~ 250 ml 

I , Store under refrigeration until colorimetric analysis is J 

comducted using CBL Method 360, (Attached). 
i 

One field reage~t blank (which contains 5 mJ. of 6N NaoH), one 
stacdarfi am3 one rluplicate a m  distilled and analyzed with each 
goup of samp%es. If twenty samples are &.nalyz@d, a m i n b m  of 
two blanks, stantlards and duplicates are distilled and analyzed. 

%e balance is set to aero before each sample is weighed. 

The na~*~uf,act P instructions are followed for operation of 
the Technicon AuroandFyzer a 

i 

mg/kg CX- (dry basis) = mg/l (from curve using Method 360) x 250 
(orig. wet w-k of sediment in grams)xdecimal fraction 

of % solids) 

Reference 

1. Na~uaZ or' "&%?%hod5 for Chemical Analysis of Water and Wastes", 
United States Environmental Agency, Office of Technology Transfer 
1974, Washinaton, DC, pp 40-46. 
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Total Cyanide 
CF& Method No. 360 

(Automated Pyridine-Barbituric Acid With 

This method is applicable to the determination 
saline, domestic and industrial waste waters. 

Manual Distillation 1 

of cyanide in drinking, surface, 

Summary of Method 

Cyanide is released from its cmpurmda and converted to EKX by means of a reflux- 
distillation. It is absorbed in a solution of NaOH. This solution is then analyzed 
spectrsphometrically using an automated system. 

3 3  the spectrophotometric determination, the cyanide reacts with chloramine-T at a 
gH of <$ to form CNCl. Addition of a pyridine - barbituric acid reagent produces a 
red calor which absorbs at 578 nm. 

s m w l e  Hmcili~g. and Preservation , 

Samples are collected in new polyethylene bottles. 

Samples are presemed at the t h e  of collection by the addition of 5 ml of 6N NaOH/l 
of sample, (pfE :la). Samples ar diately cooled to 4'C: for stQrag@- 

Sarqles should be analyzed as soon as possible after collection. 

Interferences 

Interferences are eliminated or reduced by following the distillation procedure 
described in step 1. 

Sulfides adversely affect the colorimetric procedure. After distillation, samples 
are treated with a small amount of cadmium carbonate. If the sample contains sulfide, 
as indicated by a _precipitate of yellow cadmium sulfide, additional cadmium carbonate 
is added just until precipitation is complete. 
analysis. 

If residual chlorine is present in the sample, an excess of NaAsO2 is added to reduce 
the ckloiine before distillation. 

Only the supernatant is taken for 

* P  

Reflux distillation apparatus consisting of 1R boiling flask with inlet tube and 
condenserp plus a gas absorbtsr. 

Heating mantles. 
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Powerstats, 10 amps & 120 volts. 

Technicon Auto Analyzer I1 (3) 

7 
I '  

I 

i 

Sampler III or IV 

Pump E1 or 1x1 

Cyanide cartridge 

I Cblorheter with 15 m KLswceLls and 570 m filters. 

& c Q r d e r I 

Digital Winter 

Reagents 

1.25 N sodium hydroxide: 
dilute to 1%. 

Dissolve 50 q of NaOH in diskilled water. Cool and 

cadmium carbonate: pwdered reagent. 

Sodium arsenite: powdered reagent. 

Cuprous chloride: Weigh 20 g of finely powdered Ca2 Cl2 into an 800 ml beaker. 

water. Add 250 rnl of distilled water and then 120 ml of conc HC1. Continue to 
add HCl as necessary for dissolution. 
skore in a tightly stoppered bottle or flask containing copper metal which extends 
the anzkre length of the container. 

I 

1 

1 Wash twice with 250 snl portions of (l:49) H2SO4 and then twice with distilled i 
I 

Dilute ta 12 with distilled water and 

1 I 

Sulfuric a&.d : bneentrated 
I 

Stock cyanide ~~Lution: Dissolve 2.51 g of K m  and 2 g of KOH in 1 L  of distilled 

Dilute to the appropriate concentration so that 1 ml = i mg CN= 
7 

water* Stanaaxaize with 0.0192 N AgNO3 as described in Standard Methods (2) 

1 
I 
1 Standard cyanide sabution ( intermediate) : Dilute 10 ml of Stock cyanide SOlukiQ:1 

plus 1 U  g 03 Ma03 ts 100 mL with distilled water (1 ml = 0.1 mg CN). Store at 4OC. 

Working standards: Dilute 0, 0.5, 1-0 and 2.0 ml of intermediate standard plus 
10 g of MaOH to 1% wikh distilled water for standards of 0, 0.050, 0.100 and 
0.200 mg CN/P. Store at 4OC. 

Standard silver nitrate solution, 0.0192 N: Prepare by crushing about 5 q of 
AgNO3 crystals and drying to constant weight at 40oC. 
AgN03 in distilled water and dilute to 1 g  (1 ml 

Dissolve 3.2647 of dried 
1 mq CN) . 
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Rkadaniwe indicator: 
in 100 rnl of acetone. 

phosphate buffer: 
ta LE. Aad 0.5 ml of Brij-35. Store at 4eC. 

Chloraanine - T solution: Dissolve Oo4 g of chloramine - 'F in distilled water and 
dilute to 3-00 ml. Prepare daily. 

Pyridine - barbituric acid solution: Transfer 25 g of barbituric acid into a 12 
volumetric flasko Add about 100 m3. o€ distilled water and swirl. the flask, Add 
75 ail of pyridine and mix. Add 25 m% of cowc HCl a d  mix. Dilute to about 900 ml 
with distilled water and mix until. the barbituric acid is dissolved. Dilute to 1% 
with distilled water. Store at 4BC. 

Sampler Wash: Dissolve 10 g of NaOH in distilled water and dlute to 1 liter. 

Dissolve 20 mg of p - dimethyl - mino - benzalrhodanine 
Dissolve 138 g of NaH2 €O4'H20 in distilled water and dilute 

Pro ce duse 

Manual ~ s t i l  lation 

E. 

2. 

3. 

4. 

c 
d m  

6. 

7. 

8- 

9. 

Add 58 mP of 1.25N NaOH to the gas sabsorbing tube and dilute with distilled 
water until the spiral is covered. 

Heaswe SO0 ml of sample into the boiling flask. Also distill one blank, one 
standard, %ad one duplicate with each sat. 

Connect -the boiling flask, condenser, and absorber. Turn on the condenser water. 

Start a slow stream of air entering the boiling flask by adjusting the vacuum 
somee. Adjust the vacuum so that about one bubble of air per second enters 
the boiling flask through the ais inlet tube. NOTE: The vacuum will need to 
be readjusted occasionally to maintain this rate. 

Slowly add 25 ml of conc H2SO4 through the air inlet tube. 
distilled water. Allow the acid to mix with the sample for 3 min. Then p u r  
10 rnl of eU2c12 reagent into the inlet tube and rinse the tube with distilled 
water e 

Rhnse the tube with 

Beat the solution "LO boilingp taking care to prevent the solution from bzcking 
up into the air inlet tube. Reflux for one hour. W n  off the heat and continue 
the air flow for 15 mia. After cooling the boiling flank disconnect the absorber 
and turn off the vacuum. 

Drain the solution from the absorber into a 250 mP volumetric flask. Wash the 
dbsorker with distilled water and add the washings to the volumetric flask. 
Dilute ts 250 m1. Samples may be stored for future spectrophotometric analysis. 

Set up the Auto Analyzer PI as shown in the diagram. 

Calibrate the system using standards of 0.200, 0.100, 0.050 and 0 mg m/le 
Analyze control standarcls CS1 and CS2, then analyze the distilled samples. 
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Detection Edit 

The detection limit is 0.005 IlgCN/l. 

puality Control 

A blank, one standard and. a duplicate are distilled with each sample set. The 
results are recorded in the QC book. 

Contro1 standards CSP arnd CS2, a blank, and one duplicate are analyzed every 
40 s?xnples. 
are recorded in the g book. 

They musk be within contro.l limits if %he data is used, The results 

The date of preparation of all reagents and standards is recorded in the QC book. 

Calculations 

The concentrations of calibration standards and control standards in u4/1 are 
obtained difectly from the Digital -inter. 

Twice the concentration of the distilled sample in e is obtained from the 
Digital 'Printer. (The concentration factor of 2 is the result of having 
distilled 500 rnl of sample-into 250 ma). The results obtained on the print-out 
must be divided by two. 

The cyaniae concentration must be reported as mg CN/1. 'phis is obtained by 

I 
I 

dividing the pg/l concentration by 1000. 1 
References 

b. "P.fir%ual of Netf.iolis for chemical. Analysis of Water and Wastes", 
U,S, mviram-entsf Protection Agency, Cincinnati, 08, 1995, p. 40. 

2. "Standard Methods for the Exambation of Water and Wastewater", 14th ed., 
A T R ~ x - ~ c ~ ~  hrSEiz Health Association, New York, N.Y., 1975, p. 3616 
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Determination of Cyanide 
in Water and Wasteswater 

(Completety Automated Procedure) 
rn Method No. 359 

Scope and Application 

The procedure is applicable to cyanide in water and wastewater, 
generally rased at this laboratory only following the elutriate test and 
€or the analysis of lake waterso Presently, it is not used for the 
analysis of wastewaters which are governed by the Nationah Pollution Discharge 
Elimination System (NpDES) Permit e 

It is 

Summary of Method 

Cyanide is determined using a completely automated system. 
is incorporated in the automated dkstillation step which converts complex 
cyanides to-simple cyanides. 
reacts with chloramine-T to form cyanogen chloride, followed by reaction 
with pyridene-barbituric acid to € o m  a red-colored complex, which is read 
at 570 nanometers. An average 30 samples per hour can be analyzed in the 
range from 5 to 280 micrograms per liter. 

A W digestion 

The solution is acified to form HCN which 

Equipment 

Technicon AA 12 system, equipped with W digestor, Sample IV, Fwnp 111 or IV, 
and Colorimeter. 

Preparation: Carefully add 250 ml of 85% phosphoric acid and 50 ml of hypophosphorus 
acid ts 700 ml. of distilled water and dilute to one liter with distilled water. 

Disodium Hydrogen Phosphate 

Distilled Water, g .s e 1000 ml 
( N a p O d  j 0.28 9 

Brij135* (Techicon No T21-0110) 0.5 ml 

1 
i 

I 

Preparation: Dissolve 13.6 9 of potassium dihydrogen phosphate and 0.28 g of disodium 
phosphate in 900 ml of distilled water and dilute to one liter. Add 9.5 ml of Brij-25 
and mix. 
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Preparation: 
Dissolve 2.0 g of chloramine-T in 500 ml of distilled water. 

Py-riBine Barbituric Acid Reagent 
Barbituric Acid (C4H44203 1 15 g 
Pyridine ( CsHsN) 95 rnl 
HyBrochloric Acid, cone a HC1) 15 ml 
Distilled Water, q-S. 1000 rnl 

Preparation : 
Place 15 g of barbituric acid in one liter beaker and add enough water (about EO0 ml) 

to wash the sides of the beaker and wet the barbituric acid. Add 75 ml of pyridine and 
mix, Add 15 ml of HC1 (sp. gr. 1.19) and mix. Dilute to about 900 ml with distilled 
water and mix until all the barbituric acid has dissolved. Transfer the solution to a 
one liter flask and dilute to volume with distilled water. 

Standards 

Stock Standard A, 100 mgjl 
Po2assim-n Cyanide (XI?] Q.250 9 
Sodium Xydrsxida, O.bN 

(NaOE), q.s. PO00 rnl 

Preparation: Dissolve 0.250 g of potassium cyanide in 800 ml of 0.1 N sodium hydroxide 
and dilute to one liter with 0.1 N of sodim hydroxide. 

WARWING: AVOID SKIN CONTACT WITH POTASSITJM CYANIDE. 

Stock Standard BI 10 mg/l 
Dilute to 100 ml of stock A to one liter with 0.1 N sodim hyc3roxide. 

Wxking Standards 

ml Stock B - u9/l 
1 100 
2 2 00 
3 50 

Preparation: pipette stock B into a 100 ml volumetric f b a s k m ~ ~  dilute to volume with’ 
Q.01 N sodim hydroxide. 
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Procedure 

1. 

2. 

3. 

4. 

. 5. 

6. 

7 s  

8. 

Set temperature of the heating bath at 150OC. 

Set the flow rate of the cooling water through the distillation 
apparatus at approx5.nlately 750 nil per minute at l4OC. 
Instruction Manual Tal-0213-00 for operation of distillation 
head) 

(See 

Position the controls of the Nodular Printer as fcnlfows: 

Control Position 
Mode Switch No renal 
Sampling RATE Switch 30 
Range Switch 200 
Decimal §with 000 
(See Technical Publication No. TU-0278-101 

Do not use the Modular Printer without a Linearizer. (The chemistry 
is linear up to 200 ug/l bnt a linearizer is needed for a linear 
response over the whole range). 

Alternate ranges may be obtained by utilization of the Std. -1. Control 
on the CoLurimeter. 

Make sure enough sodim hydroxide is added to the waste containers to keep 
the highly toxic e from escaping. 

1 

ILaalyze the smpbes using the attached manifold with a 0.01 N NaOH wash. 

F%E,R installing replacement liqht source in W Digestor, allow burn-in of 
-1 :a ZC l~ours to parnit new W lamp to equilibrate. (New l m p s  may 
generate undesirable levels of ozone, which may cause lower cyanide results. 

gualitv Control 

SA field reagent blank and duplicate are analyzed with each group of samples. If 
twenty or more samples are analyzed a minimum of two blanks and duplicates are 
anE2yzedu 

The Technicm Company Instructions are followed for opezation of the instrument, I 

Calculations 

mg/l CN"= Value read of the printer x dilution factor (if any) 

- 

Reference 

1. Industrial Method No. 315--74W", Technicon Industrial Systems, Tarrytown, MY, I 

August 1974. 
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i 

I---' DlSTlLLATlON 
LIV DIGESTOR I '1=048a-01 - A QRNIORN (0.42) REAGENT 

JLWBIMS I cn I i  BARBITURIC 

I W 
n GRVIGRY 11.00) FROM FIC 

Y 

OG Water, dilution 
** a360 ACIDFLEX (19&-0538-17) 
a034 POLYETHYLENE (562-2004.01) 

**** EEE WERAPING NOTE 8. . 

t ARK OF S M  COMPANY. 
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Determination of Ammonia-Nitrogen in 
Sediments and Other Solids 

CRL Method No. 324 

Scope and Application 

This procedure is applicable to those ammonia compounds which are readily 
leachable from sediments and other solids. 

Sumnary of Hsthsd 

Five ml. of 20% sulfuric acid arc add& to 2 grms of wet sampler FolLowing 
standing and the addition of water, the sample is hsmocpnized, settled and 
stored at 4°C overnight and a portion is pipetted out for analysis using the 
automated colorimetric phenate method for smnonia-nitrogen (CRL method b 3121, 
Alkaline phenol and hypochlorite react with ammonia in the presence of sodium 
nitroprusside to form indophenol blue. 
proportional to the concentration of ammonia. 

Equipment I 

The intensity of the blue color is 

MettLer PR 700 balance 
360 ml high ciensity polyethylene bottles 
Self-sticking labels (yellow) 
Tekmar SDT homogenizer 
Technicon XI system (see CRL Method # 312, Attached) 

Reagents 

Twenty percent H2S04 a See CaZ Method # 312, Attached) 

1. 

2. 

30 

4. 

5. 

6. 

Place self-sticking lab9ls on the sample bottles and write the sample 
numbers and ?late prepared. Label one bottle "blank" and date it. 

Tare a plyethylene bottle on the PR 900 balance. 

W e i ~ h  1.5 to 2.0 g of homogenized bottom sediment directby anto the 
battle. Weigh out the larger mount far sandy sanplea, the lesser 
m.mt fnr sm-ples with Barge amounts of humic material. 

Record the weight, of the sample on the bottle label. 

Add 5 m!. of the 20% H2SO4 solution to the yellow labeled bottle. 

Shake the sediment-preservative mixture and let stand for 5 minutes, 
add 245 ml of distilled-deionized water to each bottle and shake. 
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7, 'Homogenize all samples with the Tehar SDT instrument for 1 minute at 
high speed, Rinse the shaft and generator between samples with 
distilled-deionized water and wipe dry with a Kim-Wipe. 

8. Sksre the sulfuric acid-presesvated samples at 4OC overnight (but 
slat longer than 24 hours if possible). 

9,  ill the autoanalyzer sampling cup with each sample using an Eppendorf 
pipet (usually 9-10 ml or a dilution of the ssmple), 

10, ,'Proceed with smsnia analysis using CRL Method t 31% (Attached) 

Quality Control 

Prepare every tenth sample in duplicate or one duplicate per sample set 
if the set contains less than 15 samples. 

Prepare a reagent blank for the H2SO4 preservative every day samples are 
prepared e 

The PR 700 balance is set at zero and re-calibrated for each weighing. 

Calculations 

dry e (g/l) = 4 solids(decima1 fractisn)~ wet wt, x 4 (if 250 ml osig. volume was used) 

References 

1.. Methods of Soil Analysis, RSA Monograph No. 9 part 2, 1965, "Inorganic 
Forms of Nitrogen'' by J.M. Bremner, Chapter 84, pp. 1179-1266. 

2. "EPW Metriods for Chemical Analysis of Water and Wastes", 1974, Office 
of Technology Transfer, Wash., DeC.e pp. 168-171. 
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( Automat€? 
Ammonia Nitrogen 
Colorimetric Phen 4 M 
CRL Method No. 312 

? 
thod) 

Scope and Applicat- 

This method is applicable Eo amface and waste waters. The range is from 0.63 to 
i 10.00 mg/l MIi3-Se Farty sarqles can be analyzed per hour. i 
I 

Summary of Method 
_.- 

I I Alkaline phenol and hypochlorite react with ammonia in the presence of sodim 
nitroprusside to form indophenol blue. 
proportional to the concentration of ammonia. 

Sample Handling and Preservation 

The intensity of the blue color is 

1 I 
Samples are-collected in polyethylene bottles, and are preserved with 1 rnl H2SO4 

are collected and analyzed with the aamples. 

, 
per liter of sample. Reagent blanks of 1 pnl H2SO4 per liter of distilled water ! 

- 1  

J Interferences 

The complsxing reagent of potassium sodium tartrate plus sodium citrate prevent th? 
precipitation of alkaline earth arid heavy metals from occurring. 1 
The pH of the final solution must maintained between 11.4 and 11.6. This method 
compensates for the acid used for preservation. 

1 

Saxzipla txxbidity may interfere. These samples can be decanted or filtered prior 
to analysis, 

Colored sapbes which absorb rat 630 nm result ira a positive interference. 

Metal iims La1 concentration up to 100 mg/l do not significantly interfere. 

Nitroprusside is present to stabilize the formation of indophenol blue and avoid an 
ir~reg1.5.a~ response in samples containing heavy mekals. 

I 
1 

EquipF*eat 
I 

Tecksison AA I1 system consisking of: 

Sampler IV 
Proportioning Pump 11 
Manifold with 1/5 dilution loop and 55OC internal heating bath 
Colorimeter with 15 m flowcell and 630 nm filters. 
Re c o r der 
Digital Printer 

- 1  

i 
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Distilled water: NH3 - free. All. reagents must be made with NW3-free water, 

Wash water: Add 1 ml, H2S.04 to b liter distilled water. 

Sulfuric acid (5Nj: Air scrubber solution. Carefully add 149 ml of cone. 
B2S04 to about 500 nil of distilled wa'cer. Cool and dilute to 1 liter with 
distilled water. 

Sodium phencjlate: Xn a E liter beaker containing about 500 mP distilled wafer 
tlis.s&bvaa 83 g phenol and 36 g NaOH, 
flask. Cool. and dilute to 1 liter. 

Txansfer the solution to a liter volumetric 

Sodim hypochlorite solution: Dilute 200 ml of a bleach solution containing 5.25% 
available chlorine (eg. Clorox) to 1 liter with distilled water. 

Complexing reagent: Dissolve 33 g of potassium sodium tartrate and 24 g of sodim i 
citrate in &out 500 rsll of distilled water. Add 7.6 ml of 10% NaOH solution and I 
dilute to 1 liter. Add 0.25 ml Brij.-35. I 

I 

I Sodium nitroprusside: Dissolve 0.5 g of sodium nitroprusside in 500 ml of distilled 
water and dilute to 1 liter. I 

I 

Stack standard solution A: nhydrous armonfun chloride, dried i 
at 105°C, in distilled water. and dilute to 1 liter 1.0 ml = 1 
1.0 mg NB3-N. 

Stock standard solutian B - Add 1 ml of H2SO4 to 100 ml stock standard solution A. 
Dilute to 1 liter. 1 ml = 0.1 mg NH3-N. 

Working standard solutions. Prepare the following stamdards by diluting suitable 
volmes of stock standard solution A to 1 liter with distilled water. (One ml 
H2S0.4 must also be added): 

I 

P - 
3, 00 
5.00 

%0.00 

ml std soh. B/l 
3.00 
5.00 

10.00 

Proc edure --- 
Set up manifold as iri fig. 1. Allow the colorimeter, recorderc and printer to warm 
up for at least 15 minutes. 
of 0.00 to 10.00 on the printer. A stable baseline should be obtained with a19 
reagents in about 15 min. 

Synchronize the spans of the 3 instruments with a range 
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Arrange standards and samples in the sampler tray. 
Oxford pipet with disposable tips should be used to dispense samples. 
pattern is suggested for use without the computer: 

To avoid contamination, an 
The following I 

5.0 std 

10.0 std 
10.Q std 
3.0 std 

BLK (1 m]I HzS04/1 dist. H20 
BLK 
Control std A. 
Control std B. 
ELK - 39. samples and sample blanks ( A  blank always 
40. Duplicate of a sample around position 20 

Note: Calibration standards are usea in the first 
blanks and duplicates are used in every wheel. 

5.0 sta 

3e0 sta 

i 
j 

i 
i I 

I 
1 

precedes a sample blank) 

wheel only. Control standards, 

Turn on sampler and begin analysi-s. Only the standards in the first wheel are I 
use6 to calibrate the instrument. 

Quality Control 

The concentrations of the control standards and the 
are recorded in the AQC book. The duplicate values 
recorded. 

If more than one item of quality control data falls 
(usaally +S standard deviations), the data for that 

When running without the computer8 the baseline may 

! 

I 
seconcl of each pair of blanks 

I and standard cal. reading are l 1 
I outside of the set control limits I 

I wheel must be discarded. 

be reset during the run when a 
, I 

pair of blanks is analyzed. However, only minor adjustments should be made. I 

Calculations 

The NH3-EJ concentration is obtained directly from the Digital Printer in mg/l. 

References 

1. Methods for Cehmical Analysis of Water and Wastes, (19741, p. 168. 

2. Technicon Industrial Method No. 1%-71W/Tentative (1971). 
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Modification €or Low Level kmonia 
CXL Hethod No. 315 

This method is applicable to surface and lake waters, 
1.000 mg/l WEI3-N. 

'%he range is from 0.003 to 
Forty samples can be analyzed per hour. 

'6ech;zicon AB 11 systen consisting sf: 

Sampler IV 

Mranifold with internal heating bath 
(Bypass the dilution loop.) 
Colorimeter with 15 mm. flowcell and 630 m filters. 
Recorder - 
Digital Printer 

~e agent s 

Working standard sslutlions: Prepare the following standards by diluting suitable 
vofmss of stock standard sohution B to 1 biter with distilled watero 
HaSD4 must also be added.): 

NH3-N mg/l ml std. sol'n S/l 

woportioning .PwlRp I11 

( h e  rnl 

2.0 
o e 2  6.0 
0 e 6  10.0 
1*0 

, ,. : 
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Determination of Total Kjeldahl Nitrogen in 
Sediments and Other Solids 

CBL Method No. 468 

This method is applicable to the determination of T m  from nierogen csmpsnents 
of sediments such as amino acids, proteins and peptides which are convertad to 
ammonia by strong acid-catalyzed digestion. Some industrial wastes such as 
mines, nitro comtpou=dsI hyeazones, oximes, smicarbazones and some refractory 
tertiary amines may not be converted to ammonia, hence low ~m values will result. 

Summary of Method 

The homogenized sample is digested with a concentrated solution of sulfuric acid- 
potassim sulfate-mercuric oxide, to SO3 fumes and until the solution becomes 
colorless or pale yellow. The residue is cooled diluted to voPume, centrifuged 
and analyzed by the automated colorimetric method for monia-nitrogen (CRL Method 
No. 312). Alkaline phenol and hypochlorite react with ammonia in the presence of 
sodim nitroprusside to form indophdnol blue. The intensity of the blue color is 
proportional to the concentration of Ammonia. 

Equipment 

Mettler PR 900 Balance 
Pyrex test tubes (1" x 8'' heavy wallea, See CRL Method 465, Attached) 
360 ml high density> polyethylene bottles 
Self-sticking labels (yellow) 
Te b a r  SDT homogeni zer 
Technicon AA 11 system (See CRL Method 465, Attached) 
Wutomatic pipetter 

Reagents 

40% H2S9)4 Solution. 

Digestion Solution: Dissolve 2.0 grams of HgO in 25 ml of 6N HpSO4. In a 
separate beaker, add 200 ml of concentrated H2SO4 carefully to 508 ml of 
water. Then add 134 grams of potassium su3.€ate to the hot solution. After 
the potassium sulfate has dissolved add the EigO solution, cool and dilute to 
one liter. Store dove 2OQC. 

Other Reagents (See CRL Method 465, Attached) . 

Procedure 

1. Place self-sticking labels on the sample bottles and m i t e  the sample 
number and date prepared. Label one bottle for the reagent blank and 
one for duplicates; date the bottles. 



-44- 

2. Tare each polyethylene bottle on the PR 700 balance. 
i 

3. Weigh 1.5 to 3.0 grams of homogenized sediment directly into the bottle. 
Weigh the larger amount fer sandy samples, the least amount for samples 
with large mounts of humic material. 

i 
I 
I 4. Record the weight. of the sampl-e orl the bottle label and lab sheet. 

5. Add 5 nil of khe 20% H2SQq to sample in the yellow labeled bottle. 

6. Shake the mixture, le's stand for 5 minutes then add 245 ml of distilled- 
deionized nater to mcla bottle a.nd shake. 

7. Blend (homogenize) fer 1 minute at high speed. Sandy samples require less 
t h e ,  mud samples more time. Rinse the shaft and generator between samples 
with distilled-deionized water and wipe dry with a Rim-Wipe or other tissue. 

8. Store the sulfuric acid-preserved samples at 4-C. 

9. In a test tube rack, place 3 teflon boiling chips (which were acid rinsed in 
1:1 HCI) into each clean, empty ,I8 x 8" test tube. 

10. Reblend the sample in the bottle. Take a representative aliquot usually 10 rnl 3 

QP less (or as determined from ammonia analysis values. Generally if armnonia 
was high, nCra will. also be high) and pipet into the tube containing boiling 
chips. Dilutions should be made with a blank solution which contains 2 ml of 
concentrated €$SO4 per liter of water. 
sample must be taken. 

J 

1 
i If the pen goes off scale, a smaller 

11. '6s each sample tube, pipet 2 ml of digestion solution. 

12. 'Pat each tube in the T@chnicon BB40, Block Dirgestor at low temperatude 
{2taO°C) and digest saxples for a minimum or 1 hour or until all lipid 
has evaporated. 

13* Tcansfer to the high temperature block digester and digest at 370OC while sulfur 
trxoxidb [SO,) fumes are being emitted. After 503 evolution has stopped, digest 
for 30 tc 40 minutes more ar. 37OOC. 

I$. Cosi for hpproxisoakely 5 to '4 minutes (not longer, otherwise, a solid, insoluble, 
liar6 mass will result). 

15. Add IO ml of distilled-&ionized water to each tube and cover the rack with foil. 

1 

36. Proceed with analysis using the manifold in C-RL Method No. 465, Attached). i 
I 
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QUaLitg Control 

One field reagent blank containing preservative and digestion? solution and one 
&apIicate arb analyzed for each group of samples. 
analyzed two blanks and duplicates are analyzed. 

gkbe autbanalyzzr is calibrated according to the manufacturers specifications. 

If twenty or more samples are 

The PR 700 balance i,s se% zero and recalj-brated for each weighing. 

Ca 1 calaticaas 

ug/kg (aryl T m  = mg/% from method 465 curve x 1000 g/ky 
g/l (dry wt. of original smple) 

dry ~o (g/l) = % solids (decimal fraction) x wet wt. x 1000 (osig. vollxree) - 
250 

References * 

b. '"PA Methods for Chemical Analysis of Water and Wastes", 1974, Office of 
Technology Transfer, Washington, DC, p. 175-181. 

2. "Ulk2Parnicres Semi-Arttomated Method For the Simultaneous Determination of 
Total Phosphorus and Total Kjeldahl Nitrogen in Wastewaters", dirka, A.Ma, 
Carter, M.Y., Mayp D e r  and FulEek, P.D., Envkxnmental Science and Technology 
Vole 10, 1976, p. 1038-1043- 
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Determination of Total Kjeldahl (TKN) Nitrogen 
and Total Phosphorus (TP) in Water and Wastewater 

CRL Method 8465 

This method 2.s an ultramicrotechnique for the digestion sf organic nitrogen and 
phosphorus comgiounhs in a vaarieky of wastewater samples. 
simultaneously for phosphnte and aimoiiia ill the range of 0.2 - 4.0 mg/l m d  
0005 - lD mg/1 at a rake of 30 samples per hour. 

TIIS digest is anzlyzea 

Summary of Method 

The samples are digested with sulfuric acid containing potassium sulfate and 
mercuric oxide as catalyst. 
heated In a technicon BD-AD Block digestor. 
automatically analyzed for TICN and TP using the Techicon AA I1 system. 

Then, in heavy walled pyrex tubes, the tiabes are 
The digested samples are then 

Equipment 

Technican BD-48-Block digestor. 

Technicon meoanaEyzer 11 consisting of 

Sampler IQ with 3Qfisus~ 2ml can, proportionating pump 111 with a dilution manifold. 
i 
i Phosphate manif old I 

C ~ l a ~ i ~ ? e t ~ r  equipped with 25 mm fibow call, S10 phokotube, 630 m interference filter 
for Trn. 

COlorPh-ieter equipped with SO mm flow cell, Si phototube and 880 nm interference filters 

1 

for TPe 

Dual pen reco:ecier 

Dual channel digital printer 

Ts-mar Plodel SDT homogenizer 

Oxford 5-LO rnl adjustable pipet'c 

Teflon boiling chips 

Vortex genic mixer 

Precision vari-hi speed centricore centrifuge 
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Reagents. 

All chemicals are X S  reagent grades 

Digestion Solution: Dissolve 2-0 gm of HgO in .25 ma of 6N PI2S04- 

Add 200 ml of conc. pI2SO4 carefully to 500 nil water. 
so1ution is still Hot, 134 cjm of K2S04 was dissolved in it. 
solution to sulfuric acid - sulfate solutibon, aLlow to cool and dilute to one 
liter, and skore above 20°C to avoid precipitation of K~SBQI. 

While the strong acid 
Add the HgO 

I 
Reagents far automated dilution inanifold: sample wash solution I 

Add 35 rral of conc. H2S04 to 500 ml of H20 and dilute to 1 liter with distilled 
water e 

Dilution Solution: Dilute 12.5 ml of 10 N NaOH to 1 liter with distilled water. 

%agents for automated ammonia manifold: Complexing reagent: 

I 
1 

Dissolve 33 gm of sodium tartrate, 24 gm of sodium citrate in 900 ml of distilled 
water, and dilute 1 liter and add 0.25 ml of Brig 35 wetting agent. I 

I 
I 

AlkaPine Bhensl Solution: Dissolve 83 gn of Phenol and 36 gm of NaOH in 900 na1 I 
QE 8istiIle8 waterI dilute to one biter, Store at 49C. 

Sodium Hypochlorite Solution: 
water e 

Dilute 200 ml of "Chl0~0x" to 1 liter with distilled 

Sodim nitropusside reagent: 
of water and dilute to 1 liter. Store at 4OC. 

Dissolve 0.5 gm of sodium nitroprusside in 900 ~pll 

Reagehts €or Automated Phosphate Manifold .* 

Sodimn Chloride Solution: Dissolve 5 gm of sodim chloride in 900 mL of diskilled : 
water, dilute to one liter. Add 0.25 ml of Levor PV wetting agent. 

8-9" Sulfuric: Acid: 
and dilute to one lj.ter. 

Add 136 ml of conc H2SO4 to 500 ml of distilled water, cool 

Amianirn Molybdate Solution: Dissolve 40 gm of (Na4)6 M07O24 4H20 in 900 ml af 
distilled water and dilute to one liter. 

Store at 4°C.. 

Ascorbic acid solution: Dissolve 18 gm of ascorbic acid in 900 ml of water and 
dilute to one liter. Store at 4OC. 

Ai1Yipn0p1~ Potassim Tartrate: Dissolve 3.0 of K(Sb0) C4H*Og.l/2 H20 in 900 nl 
sf distilled water and dilute to 1 liter. Store at 4OC. 
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Combined Color magents for TP 

Add 15 ml of Pam. Molybdate solution to 30 ml of ascorbic acid solution then add 
5 ml of 
each run. 

antimony _potassim tartrate. This reagent has to be prepared fresh before 1 J 
Standards: Stock nitrogen standard [0.1 rngX/ml] : Dissolve 1.05 gm of glutamic acid 
[dried at 1050C for one honr].and in 900 ml of distilled water, add 2 m1 of conc 
B2SO4 and dilute i=o one liter. I 

Stock phosphorus sizandard [ 0 1 mgP/d] 1 
i 

Combined StanAa+c?sz Prepare the followi~ig standards i 
1 

Dissolve 0,4398 gm Q% K ff2Po4 [dried at 1F5OC for one hour], in (308 ml csf distibJ.ed 
water8 arld 2 ml C O ~ C ~  HzSO4 and dilnte 1 Liter, 

ml P. Stock ml N. Stock 
1 

J 
0.4 mg ~ / l  +. 2.00 mgW1 4 20 
2.00 mg P/l -t 5.00 mgN/1 20 50 
4.00 mg P/1 + 10.00 mgN/1 40 100 

i 
Dilute each combination to one liter [add 1 ml- conc. €$SO4 for preservation before I 
diluting to one liter]. 

Blank Solution: 
liter. 

Add 1 rnl of X2SO4 to 900 rnl of distilled water and dilute to one j 
1 

1 

1 
All glassware should be rinsed with 1:l HC1 to prevent phosphorous contamination. 

tiistilled water. The tubes should be rinsed immediately after usage with hot water 
.$G prevent hardening of m y  deposits. 

Rinse the digestion tubes with hot water followed by 1:1 HC1 and finally with I 
1 

FOZ~QW this loading pattern in filling the tubes in the rack: set standardr 1 
foblowed by 3 blanks, 3 calibration standards, 2 control standards, field blanks, I 

samples then finally a duplicate at position 40. 

&ry non-unifom samples such as sewage, paper mill. waste,. farm wastes etc., 
should be blended for 30 seconds and aliquots withdrawn imediatly after blencling. I 

Add a few teflsn boi%hg chips or stones. 

A representative 10 ml aliquot of standards,- blanks, Q.C. standards and samples 
is delivered to the digestion tubes using the Oxford pipette with the disposable 
tips. Follow the loading pattern discribed in 2 above. 

Add 2 ml of digestion mixture to each tube. 

Place the rack of tubes in Block Digestor A [adjusted to 260°C] for l/2 hour 
to allow evaporation of the samples. 



I 

-49- 

9. 

LO. 

bl e 

12 a 

13 0 

E4 D 

15 * 

16 

13 * 

18 0 

Transfer the rack of tudes to Block digestor B [adjusted to 370°C] for another 
1/2 hour. The digestion should be complete by then. 

%move the rack and allow the tubes to cool to room temp. 

Add 10 mh of distilled water to each tube and mix the sample with the vortex 
mixes, Centifuge if necessary+ Suspended, aark materials present after digestion 
indicaee incomplete digestion and the sample should be discarded. 

Transfer each sample to a clean 15 x 85 mm test tube and place fn the teehnicosr 
sample tray in the same loading pattern described. 

Set up the manifold and reagents as shown in Figse 1, 2, 3 and a%law the eolari- 
meter1 recorder and printer to wa.m up. 

Feed all reagents through the lines with the sample probe at the wash cycle- 

Check the zero and full scale set on the colorimeter.- 

Switch to normal mode and adjust the baseline below the zero fine on the recorder 
to faciliate zeroing the instrument later with the blanks. 

Start the analysis. Synchronize the instrument with the set standard, then 
set the zero baseline with the 1st blank and calibrate the instrument with the 
1st calibration standard [a midscale or a full scale standard could be used]. 
The instrument is recalibrated for every 40 sample set. 

Samples following an off scale smpleCs) should be rerun at the end of the 
wheel to correct for carryover effects. 

Quality Contra1 

A minhum of two duplicates, field reagent blanks, and 2 quality control standards 
are run with every 40 samples or set. 

Calculations 

The TP and TKN concentrations in mg/l are obtained directly from the digital 
printer, times any dilution factor if necessary. 

References -- 

I 

Jirka, Andrea K., Carter, Mzark Y., Mayr Dorothy, and Fuller, wedrick D o t  
"Ul tr~icro-S~mi-Automated Method Fur the Simultaneow Determination of 
Total Phosphorus and Total Rjeldahl Nitrogen in Wastewaters", Environmentai 
Sciencs and Technology, Volurne 10, 1976, p. 1038-1043, 
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Determination of Total Pho.sphorus in 
Sediments and Other Solids 

CRL Method No. 435 

Seopend Application 

This method is applicable to the determination inorganic and organic phosphorus 
€ o m s  in sediment and other solid smp%ese 

The sample is dSgested with a strong sulfuric acid - ptiissim sulfate - mercuric 
oxide,solution to S ~ ~ l f m  trioxi&@ f m e s  eSO3) for 30-40 R I ~ I I U ~ ~ S  longer, The 
solution is cmled, dilaged, and an aliquot malyzed by the automated molybdate 
reaction. Ammonirnm rnobybate and antimony potassimtartrate reaet in an acid medium 
to form an antimony - phospho - molybdate complex, 
intensely blue-colored complex by ascorbic acid. 
phosphorus concentration. 

This complex is reduced to an 
The colos is proportional to the 

Equipment 

Pyrex test tubes (1'' x S:", heavy walled) see CRL Method 465 - Attached to CRL 
Method 468. 
Teckxicon AA TI System (see CRL Method 465, Attached to CRL Pilethod 468) 
Aatomatik Pipettsr 
Msttlsr PR 700 Balance 

Self - Sticking labels (yellow) 
!k kmar SDT homsgeni zer 

360 ml high density polyethyl 

Re agents 

20% HzSO4 Solution. 
' Digestion Solution: 
separate beaker, add 200 ml of concentrated E2804 carefully to 500 ml 02 
water. Then add 134 grams of potassim sulfate to the hot solution. Rfter 
the potassium sulfate has dissol.ved add the HgO solution, cool and dilute 

Dissolve 2.0 grams of Hgo in 25 ml of 6N H2SO4. In a 

I to one liter. Store above 20oC. 

Other Reagents (See CF& Method 465, Attached to CRL Method 468) 
I 
PVXS 

4. 

2. 

3. 

Place self-sticking labels on the sample bottles and write the sample numbers 
and date prepared. Label one bottle €or the reagmt blank and one for dupli- 
cate. Bate the bottles. 

Tare each polyethylene bottle on the PR 700 balance. 

Weigh 1.5 to 3.0 grams of homogenized sediment directly into the bottle. 
the larger amount far sandy samples, the lesser amount for samples with large 
amoats of humic material. 

Weigh 

- _  . .  
... -- 

I 

1 

I 

. .  . "  .. 
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4. 

5. 

6. 

7. 

8.3 

3, 

10 Y 

11. 

12. 

13. 

14. 

15 1) 

16 * 

Record the weight of the sample on the bottle label and lab sheet. 

Add 5 ml of the 20% H2SOg to sample in the yellow labeled bottle. 

Shake the mixture, let stand for five minutes then, add 245 mi of distilled- 
deionized water to each battle and shake. 

Blend (homogenize) for one minute at high speed. Sandy samples require less 
time, mud samples more the. Rinse the shaft and generator between samples 
with distilled-deionized wat.er and wipe dry with a Kim-Wipe or other tissue. 

Store the sulfuric acid-preserved samples at 4OC. 

Tz-i a test tube rackp place three teflsn boiling chips (which were acid rinsed 
with I:l HC1) into each cleanF empty lm x 8" test tube, 

&blend the sample in the bottle. Take a representative aliquot, (usually 
10 ml for calorimetric analysiss If an aliquot smaller than 10 ml is taken, 
dilutens should be made with a blank solution whish contains 2 ml of concen- 
Lrated HzSO~ per liter of water. 

To each sample tube, pipet 2 ml pf digestion solution. 

Put each tube in the Technicon BD40 Block Digestor at low temperatude (20C~~c) 
and digest samples ~ O K  a minimrun or one hour or until all liquid has evaporated. 

Transfer to the high temperature block digester and digest the samples at 37OOC 
while sulfur trioxide (SO31 fumes are being emitted. After SO3 evolution has 
stopped, digest for 30 to 40 minutes more at 37OOC. 

cos% for approxhately five to seven rnb-utes (not longer, otherwise a solid, 
bnaelubhe, hard mass will result). 

Add 10 mnP sf distilled-deionized water to each tube and cover rack with foil. 1 
or o"cher cover,. i 
Ersceed wi%h. analysis using the manifold in CR& Method No. 465, (Attached to CIU; 
Wtkod 458) 0 I 

I 

I 
( 

One field reagent blank centzining preservative and digestion solution and one 
duplicate are analyzed fer each cp-oup of samplese If twenty or more samples are 
analyzed I two 331 anlcs a d  dupliea'ces are analyzed. 

The autoanalyzer is calibrated according to the manufacturer's specifications 

The PR 300 balance is set to zero and recalibrated for each weighing. 
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Calculations 

; rng/kg (dry) Total P = mg/l from Method 465 curve x 1000 q/kp 
I (g/l (dry wt. of original sample) 

1 1, *%PA Methods for Chemisa'r Analysis of Water and Wastesuer 1974, Offlee of 
I Techno%ogy TsramsferI Washingtonp BC, p. 249-255, I 

2. "Uftrmicro Semi-Automated Method For ths Simultaneous Deeemfnatiax of 
I I Totab Phosphorus and Total Rjeldahl S?itrogen is Wastew~iters", Jirka, A.M., I 
I Carter, M.J., May, D., and Fuller, F.D., Environmental Science and Technology, 

Vole 10, October 1976, p. 1038-1043. 

i 
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Determination of Chemical Oxygen 
Demand in Sediments and Other Solids 

CRL Method No. 351 

Scope and Application 

This method is applicable to sediments asid other solids. 
measure of the quantity sf oxygen required to oxidize organic matter 
in sediments and solids mdev specl:kic conditions of oxidizing agent, 
temperature and t" :Sme 

It is a 

Summary of M e t h s  

Organic substances in the sample are oxidized by potassium dichromate 
in 50% sulfuric solution at reflux temperature. 
used as a catatyst and mercuric sulfate is added to remove chloride 
interference. Following digestion, an automated spectraphometric 
measurement of the appearance of chronim 111 at 600 nm is used to 
determine the Chemical Oxygen Demand (COD) of the sample. 

Silver sulfate is 

I 

1 
I 

Equipment 

Screw cap, teflon-lined culture test tubes (See CRL Method No; 342, Attached). 
Technicon AA PI System with Sample IV, and Pump 1x1 (See CRL Method 342, Attached). 

Oven 

I 

i 

I 

Reaqents 
1 

Dxgesticm S@l.utioar - 3issoive 10.2169 of K2Cr20-7r 169 ml of conc. 
R2SOqand 33*3 g OS HgSOq in 500 ml of water and dilute to 1 liter. 

Catalys? So3ution - Dissolve 22 g of Ag2SQ4 in a 9 lb. bottle of H2SO4- 
(%her Reagents - See CE;LT, Method 342, Attached). 
Prsceduz 

1, Place self-sticking labels on the sample bottles and write the 
sample numbers and date prepared. Label one bottle for the 
reagent blank and one for duplicates; date the bottles. 

! 

2. Tare each polyethylene bottle on the PR700 balance. 
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Weigh 1.5 to 3.0 grams of homogenized sediment directly into 
the bottle. Weigh the larger mount for sandy samples, the 
lesser amount for smples with large mounts of humic material. 

Record the weight of the sample on the bottle label and lab sheet, 

Add 5 n1 of the 20% H2S04 to sample in the yel%ow labeled bottleo 

Shake the mj.xturer hat stand for 5 minutes then add 245 mP of 
distilled-deionized waker to each bottle s-nd shake 

Blend (homogenize) for Y minute at high speed. Sandy samples 
require less time, mud saaplss more times. Rinse the shaft 
and generator between samples with distilled-deionized water 
and wipe ary with a Z';ini-Wipe or other tissue. 

Store the sulfuric acid-preserved samples at 4OC. 
i 

Wash all-of the culture tubes and caps with 20% H2S04 to prevent 
contamination. 

I 

, 

Shake the sample which was stored in the bottle and withdraw 
2.5 ml of sample into the culture t&e. 

Add 1.5 rnl of digestion soPution and 3.5 ma of catalyst solution 
carefizlly down the side of the tube so that the acid forms a 
layer on the bottom of the tube. 

Cap tightly and mix by shaking. 

Prepare blanks and standards of KKP in the same manner (See CRL 
Method' 342, Attached). 

Heat in .mi oven for 2 hours at 150°C (making sure that the sample 
is refluxing) e. 

Cool, remove from the oven and place in the Technicon Autoanalyzer 
santp!-ing tray c. 

F~oce@!il with the colorktstzic analysis using the manieold shown 
in GRL ~ethod 342, (Attached). 

_ e  
. .  

. .  
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Quality Control 

One field reagent blank (which includes 5 ml of 20% H2SO4 diluted 
to 250 ml) and a duplicate of one of the samples are analyzed for 
each group of samples. If twenty or more samples are analyzed, a 
minim- of two duplicates are analyzed. 

Calculations 

Reference 

1. "Micro Semi-Automated Analysis of Surface and Wastewaters for 
Chemical Oxygen Demand", Jirka, Andrea X., Carter, Mark J., 
Analyticd Chemistry, Vox. 47, July 1975, p. 1397. 

1 

.. , 



Betemination of Chemical Oxygen Demand in Water 
and Wastewater 

CRL, M@thod $342 

Scope and Application 

Thio method is applicable to waste water I lake waterE drinking water industrial 
wastes, raw and finished sewageo 

Seimmary of Method - 
The semiautomafed pmcedulre for the deteminatfon of COD zonilaines a irricrs sample 
digestion technique with an automated procedure bases on the spectropho-kor~ielsric 
measurement of Crcii at 600 m: The sample is combined with an acid -potassium 
dichromatel Elercuric sulfate and an acid silver sulfate solution in a specially 
capped culture tube. It is then digested in a 15OOC m e n  for two hours and the 
concentration of Cr- is measured at 600 nm in a 50 m flow cell, 
3-900 mg/l COD. 

The range is 

, 
Equipment 

Techicon Kutoanalyser IS consisting of 
Sarnp1.e~ IV with 40 x 3/l cam 
Proprtisn.ating ,amp PV with a dilgtion manifold 

Recorder TI 
Single channel digital printer earning No. 9949 16 x 100 me 
(Cap No.No, 99891 Culture Tubes 

Screw cap 

Tehar Model SDT Homogenizer 
Oven 

Rea qen t s, 

Digestion s~lu'ci~n: Add 10.216 gm of X2Csr20qr 164 ml of eonc. HZ504 and 
33-3 c p  of HgSDd to 500 mh of water and dilute the cooLed solution to 
1 liter, 

Sampler Wash Sobution: 504 sulfuric acid by volme. 

Standards: Dissolve 8.5 gm of a dried postion of XBS standard reference 
material (84h) in water and dilute to 1 liter. The strength of this 
bolutiorz is 10 ~ / l .  Working standards of 50, 200, 500, and €390 mg/l are 
prepared by taking the proper dilutions. 



1. 

20 

3. 

4. 

5, 

6. 

7, 

8. 

9. 

10 * 

11 * 

12 
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Procedure 

Wash all culture tubes and screw caps with 20% H2S04 before use. 

Place 2.5 rnl of sam$Lea and 1.5 rnl of digestion sofution into tubes. 

Carefully add 3.5 ml of catalyst solution down the sides of the culture 
kUbS . 

1 Cap '&he tube t.i$~Zly and then shake to mix the ccariteilts. 

grepaxe Eiva hfaiiks, a set of skandasdls and Wality CBntrol Skandards 
I 
1 CSP, cs2 with sach rack0 
1 

Heat all samples, blanks and stanaards in the oven at E O B C  for two hours. 

Set the analytical manifold and reagent as shown in Fig. (I) with a glass 
capillary as a sample probe. 

Set the Gtandard calibration control at 228. 

Adjust the zero ana full scale setting. 
1 

With all reagents passing through the lines and the sample probe in the 
wash cyclea turn the colorimeter to the proper damping and adjust the 

I 
I 

baseline bebow the zero Pine on the recorder, 1 

1 Start the analys$s and with the blanks, zero the baseline. 

Check the preset - calibration (std. cal. at 228) and slightly adjust if 
needed wifn the 530 ng/L standard. i 

I 

h w -  Ouality Control 

One field. reagent blank and A duplicate of one of the samples is analyzed with 
each p ? ~ p  O T  smpJles. If twenty or mors samples are analyzed, a minimum of 
kwo blanks an% twu Ciuplicates are ana.lyzed. 

CalcuEakioxas 

I The COD values of the m h o m  samples are obtained by direct printout in mg/l I 

times m y  dilution factor applicable. 

__r____ 

"Pliicro Semi-Automated Analysis of Surface and Wastewaters for Chemical Oxygen 
DEmand", Jirka, Andrea Me, Carter, Mark J., Analytical Chemistry, Vole 47, 
NO. 8, July 1975, pa 1397. 
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Determination of Total Mercury 
in Sediments and Other Solids 

CRL Method No. 393 

scope and Application 

This method is applicable to the determination qf inorganic and orgm-ic 
forms of mercury in sediments of virtually all types (dean, sandy, 
siltyB clay, oozy,. and organic-rich slndgel in the ranges from 0,1 mg/kg 
to 2 nag/kg (without dflu%-i.on? and h.igher. 

Summary of Method 

Aqueous s u ~ p ~ ~ ~ s f ~ n s  of homogenized sediment samples are automatically 
analyzed using the cold-vapor detection method following a persulfate 
oxidation and stannous chloride. Samples are analyzed at the rate of 
30 per hour with a routine detection limit of 0.1 mgHg/kg of sample and 
an average relative standard deviation of 6% at a level of 20-30 mg/kg 
of mercury e 

Equipment 

360 mP high density polyetPlylene bottles 

Se If-Sticking labels 

Tekmar SDT homogenizer 

pipets t wide tippeci) 

Mercury-free glassware ( See CF& Flethod 

spectra ~roducts ~srcury Analyzer With 
(see Cxx. ~ethcv2 390, Attached) 

Technicon AA XI System (See C'RL Method 

Reagents - 

3 90, Attached 1 

Parkin Elmer Model 56 Recorder 

390, Attached) 

I 

Preservative: To 500 ml of distilled water, add 250 ml of conce FINO3 
and 25 g of potassium dichromate (K$r207) and dilute to 1 liter. 

Potassium Persulfate 
Hydroxylamine Hydrochloride - Sodium Chloride 
Stannous Chloride 

In items 1, 2, and 3, see CRL Method 390 (Attached) 



1 
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i 

I Pr'ocedure 
I 

Place self-sticking labels BE the s m p 2 e  bottles and write the 
sample numbers and date prepared. Label reagent b L m k  and 
duplicate sample bottles and date them. 

Tare a polyethylene bottle on the PR 700 balance. 

Weigh appraxbtately 1.0 gzarn of homogenked sediment sample into %he 
tared 360 ml polyethylene bottle. For sandy samples, slightly larger 
amounts may be used (1,s tc) 2 grams) Larger sample sizes however 
sften resuRt in settling and cloqj-inej i~ the manifold. Pulverizing 
to, a finer ilassh allows usage sf a larger smpls size. 

Record the weight of the smple on the bottle label. 

Add 5 in1 of preservative solution to the sample. If the K2Cr207 
is reduceds (as evidenced by a green cobor), add an additional 
amount of preservative solution until the suspension color remains 
yellow. Let stand for 5 minutes or until foaming subsides (usually 
sulfides and other gases are driven off) 

If 5 811 of preservative was sufficient, add 245 ml of distilled- 
deionized water and homogenize at hiqh speed for 1 minute, followed 
by manus% shaking fer another ~inute, If more than 5 ml of preser- 
vative are added, reduce the vsErme of distilled deionizdd water 
accordingly [final volume 250 mb is desired). 

Rinse the shaft and generator between s&mplea with distilled-deionized 
water and wipe dry with a kim-wipe tissue. 

Store the sample overnight. ( S f  a green color develops on standing, 
add more preservative to a yellow color and note the € h a 1  volume) e 

Shake the sample and fill the autoanalyzer sampling cup. (Note-the 
autoanalyzer C O R ~ Z . ~ S  a cylindrical sterser which keeps the sample 
in suspension). 

Proceed with mercury analysis using CiiL Method No. 390 (Attached)r 

Quality Control 

One field reagent blank (which includes the H z S O ~ - K ~ C P ~ O ~  preservative) 
and a duplicate of one Of the samples are analyzed for each group of 

j 

1 samples. If twenty or more samples are analyzed; a minimum of two 
~ duplicates are analyzed. 
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1 
i 
1 

1 

mgHg/kg (dry basis) = ugHg/I (from curve using Method 390) x 25 1 
(mig. wt. in grams of sediment)x(detimal fraction of 4 solids) 1 

1 Reference 

l o  ;Ban ~utomatacl? m'ehod %or the &termination of Mercury in SeBi.mentsu'F 
Jirka, kidrea M, and Carter, Razk Ye, Analytical Chemistryr Tobe 50, 1 ,-Tmuary 1978, p. 91. j 

i 
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Total and Inorganic Mereawy in 
Water and Wastewater Samples 

CRL Methad No. 390 

Scope and Application 

This method is applicable to drinking waterb wast&watsrF effluents, ana a 
variety of environmental water matrices. 
of 28 per hourr with a routine detection limit of 0.1 ug/l an6 a warking 

Samples are analyzed at the rate 

range of 0.1-2 ug/%. 

Samples are automatically analyzed using the cold-vapor detection method 
following a persulfate oxidation and stannous chloride reduction. 
mercury vapor aerated from solution passes through a cell positioned in the 
light path of a spectrophstrneter mercury analyzer. Absorbance (peak heights) 
is measured as a function of mercury concentration. 

The 

WppaXatUS 

Speetro products mercury analyzer, model HG-2. 

Perkin Elmer model 56 multi-range chart recorder. 

Harmonically smoothed voltage stabilizer. 

Technicon Auto Analyzer unit consisting of 
a. Sampler IV 
b. Proportioning pump 111 
c. Heating bath with heating coil (20 ft. long 2.4 mm id) 

Absorption cell Fig. 1 
Gas liquid separator Fig. 2 

A rotameter to measure the rate of air flow in the gas liquid separator. 

B Tehar model SDT homogenizer- 

aeaoants 

Presemabive solution - add 250 ml of con~. piEa83, 25 gm of IC2Cr207 to 590 mT 

of distilled water and dilute to 1000 m%. 

Salfuris acid conc. - reagent grade, suitable for mercury decermination. 

-- 

Three percent hydroxylamine hydPochloride/hydrsch~oric acid reagent. Dissolve 
30 cjm of NaC1, 30 grn of hydroxylamine hydrochloride in one liter of distilled water. 

Four percent potassium persulfate reagent. 
in one liter of distilled water. 

Dissolve 40 gm of K2S2O7 salt 

I *  
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Stannous chloridefhydrochloric acid reagent. 
distilled water, add 10 cp of SNCl2 and dilute to 1 liter. 

Stock mercury solution - 1000 pm mercuric chloride ion methyl mercuric chloride 
could be used (reagent grade). 

Working meremy standard. Prepare O.LI 0.5, 9, 1.5, and 2 mg/1 standards Sy taking 
the appropriate dilution of the l Q O B  mg/l stock solution. 

Add 225 mf of HC1 to 500 ml of 

Nitric acid wad so.3.ution - add 1 B G  ml of eoncentrated HNOz to 500 ml of distilled 
water an6 dilute to one liter. 

Proc e&-> 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9, 

10 3 

bl J 

12. 

13. 

14 o 

I Set up manifold as in Fig. 3. 

Feeding all the reagents through the system with acid wash solution through 
sample liner the vapor liquid separator disconnected, adjust heating bath to 
P5Oo e 

I 1 
1 

I 
Turn on the coaling water for the jacket mixer. I 

Adjust the nitrogen gas flow to 4 to 5 division on the scale. i 
I 
j Turn on the mercury analyzer and adjust the "B" lamp to read. 100% full. scala, 

Allow 15-20 minutes for warm-up period and readjust the 100% scale far I 

the "B" lamp. I 

!Tun 011 the "Age" if the meter aeflects from the LOO% reading, xeadjust using I 
the p'&geP' adjuster knob. I 

B%Zmce the "El" I m p  by increasing the power to the "A" lamp until 0% reading , 
is obtained, 

Y ~ r a  on %ks% 'i0X (scale expansion) and with the zero fine adjuster readjust the 
I 

ZPrQ reading. j 
I 

,. I 
i 

m a n  0x1 the recorder and monitor Lhe baseline for 10 minutes or until a stable 
basebix is obtained. 1 

mnneet the gas separator to ths absorption cell. and monitor the baseline for 
5 minutes .. 
Bun 2, 1.0, 1, 0, 0.5, 0.1 uy/b standards, blanks. Prepare standard curve by ! 

plotting p@ak heights of processed standards against concentration values. 

Analyze the samples and determine the mercury content from the standard curve. 

- !  

I 

After the analysis is completed, disconnect the gas separator and put all the 
lines in the washing solution, to wash out the system, 
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115. Tarn off the recorder, the mercury analyzer and the nitrogen gas. 
I 
I 
16. 'Furm off the autoanalyzer p m p  and remove the plate. 

1 17, 
j Quality Control 

1 ' 

Unplug the heating bath. 

18. Turn off the cooling water. 

One field reagent blank bwnieh inelue%es the. HzSB$-K~CP$~~ preservative, and a 
duplicate of one of the samples are analyzed for each group of samples. 
twenty 09: more samples are ahla%yze% a minimum of two &qAicata are analyzed, 

If 

i Calculations * 
i 

ug/l mercury = ug/l (from curve) x dilution factor (if any) 
i 
1 *A computer program is also used frequently €or calculations. 

calculations ,of the peak heights versus standakd values using the best square fit. 
It involves 

1 
Ref erenee 

i 

1 
"Automated Nethod for the Determination of Total and Inorganic Mercury in Water 
and Wastewatnr Samples", El-AwaCiy, Mi41er and CarterB Analytical Chemistry, 
Vol. 48, No. 1, January 31976. 

I 

I 

i -  
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Figure 3 
Sampfcr tV 

1 -  
161 

LMC to Sampler 

253.7 nrn 

Recorder 



-6 9- 

Determination of Zlstal Metals in 
Sediments and Other Solids 
CRL Method Nos, 591 to 59% 

Scope and Applisatian 
^ I  

This procedure is applicable to the determination of calciuml magmesinmi 
sodium, potassium, alminum, barium, beryl%im, boronc cadmium, chromiw.., 
cobaltp copper, lead, manganese, moSybedenms micke4, silverE thallium, 
tin, titmiurn, vanadium., ytri 1.m and zinc in sediments and other solids 
It is not applicable to 1aercurpt7~ which ,$-s very volatile- 

Sumla37 of Method 

OPle gram 0%. the dried sample is digested with BE9 nitric acid and 308 
hydrogen peroxide, followed by heathy with 25 nl of a strong nitric- 
hydrochloric acid solution to solubilize transition and noble metals. 
The sample and washings are diluted to 100 ml and a portion of the smple 
is analyzed for all metals by Inductively Coupled Argon Plasma Atomic 
Emission (LCAP) spectrometry or by atomic absorption spectrometry. 

Equipment 

Jarrell-Ash Plasma Atom Comp, 750 equipped with exit slits for spectral 
lines of the elements listed under Scope and Application. Plasma Assembly- 
Composed of Cross Plow Nebulizer, spray. chamberp torch, c 
1.3 kilowatt power supply. 
or Atomic Absorption Spectrometer 
Beakers 
~iotplates ( non-metallic 1 
Wttler PR 700 balance 

Reasents 

50% 8s HN03 (Tiedistilbed) 
304 H202 
Conc BGl 

lo The dsisd sample from the total solids determination is ground with 
a porcelain mortar and pestle until the entire sample passes through 
a number ten mesh p~lypr~pylene sieve. The sieved sample is placed 
in a two ounce polypropylene bottle, capped and labeled.. 

Z e  m e  Il.00) gram of the sample is weighed into a 300 ml acid-washed 
tall f5m beaker. The beaker is placed in the hood. 

3. 0.5 mE of 304 hydrogen peroxide and 20 ml of 8N (50%) re-distilled 
nitric acid are added to the beaker, 
om the beaker. 

A ribbed watch glass is placed 
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4. 

5. 

6, 

7. 

8. 

9. 

10. 

13 0 

after heavy fomincy subsides, the mixture is swirled to aid mixing, 
then placed on a hot plate and gently heated to dryness (at 95OC or less). 

Thc beaker is removed from the hot plate, cooled and 25 ml of a mixture 
containing 50 ml of Concentrated HC1, 200 ml of concentrated HNO3 and 
750 ml of deionized water is added. 

The sample and acid mixture are heated for 15 minutes and cooled, 

The contents of the beaker transferred are filtered through a *  
quaneitative grads filter paper suck as Schlishtes and Schell. -- white __I__ label paper, into a clean 100 m1 vslw~etric flask. 
beaker and watch g-lass xxe rinsed with deionized water and a clean 
(rubber usually contains zinc) rubber policeman is used to remove m y  
8depos$tso 
filter into the volmstric falsk. 'Phe flask is diluted ts the mark, 
capped, and shaken. 

Approximately 50 ml of the sample is poured into one clean labeled 
2 ounce (60 ml) polyethelene bottle and the other 50 ml into another 
clean, labelled 2 ounce polyethylene bottle. ( m e  of the 2 ounce 
bottles are saved in case of re-checking at a later date). 

The empty 

Z'he washings are transfered to the filter and allowed to 

The bottle contents are analyzed direct1.y by aspiration into the ICAP 
(CRL Method Nos. 504 to 570 attached) or by AA. The ICAP procedures 
enable 21 metals to be determined simultaneously with about 10-12 
ml of smple. Zf the saix number of samples are done by &A, a much 
greater volume is rewired. 

Some samples will require dilution from 1 to 10, 1 to 100 and even 
greater. 

T~SU~'ES for ea.lsi-m, magneaim, sodium and po'-,assim are re-prted in 
milXibjrpptms per gram (mg/g) dry basis, whereas results for all other 
metals are reported as ngfkg (same as ug/q) dry weight basis. 

a %sian,k, duplicate End spike for every ten samples are carried through the 
same procedures as the samples. 

The manufac$a%rers instructions are followed for both the ICAP and AA 
pP@lcE?6i%es e 

The balance is set to zero before and after each reading- 

" I  Calculations I 

Using the ICAP 
mg/kg (ug/ql dry basis = lg/lOO ml x ICAP Reading in ug/l - i  10 
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mnsaal of Methods for Chemical M-aPyois of Water and Wastes, United 
States Environmental Protection .Pgency., Office of Technology Transfer I 
1974, pp.78-155. 

"Simultaneous MultiePement Analysis of Liq-t~idl Samples by Inductively 
Coupled Argon Plasma Atomic-ElsRissiow S p e c t r ~ s ~ o p y ~ ~  
Enviromen%aT Protection Agency, Region V, Central Regional LaboratoryE 
Chicagor %E (unpubliske8) 

United States 

" ~ ~ ~ a l y o i s  of Sediment 8&mp%es far Cadmium, €3xmmlump Cupper, IronI 
Manganesep Nickelp Lead apld Zinc using- Inductively Coupled aYgon 
Plasma (IC- 1 Detection" I Kirkpatstick James C. I Morris, John V. , 
United States Environmental Protection Agency, Region V, Central 
Piegional Laboratory, Chicago, Ellinois, November 1978 (unpublished). 
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Determination of Total Metals in Water 
and Wastewaters by Plasma Spectrometry 

CRL Method Nos. 504-570 

Scope and Application 

This procedure is applicable to the determination of calcium, rRagnesimp 
sodiumi, potassium, d l m i n m L I  barimp besyfium, boronl ca&nim, chromim, 
cobaPt copper ir lead, m m g m e s e  molyhdenm niclcel silver thallium. 
tin, titanium, vanadiumr ytrim and zinc in water and inaus'crial mmisikpal 
wastewaters. 

Summary of Method 

The sample is digested with 8 N nitric acid to near dryness followed by 
additional heating with HCl to solubilize transition and noble metals. 
The sample is cooled, dilcted to 50 rnl and analyzed using Inauctively 
Coupled Arqon Plasma Atomic Emission Spectrometry (ICAP). The alkali 
metals concentrations are expressed in milligrams per liter, whereas 
concentrations for other metals are expressed in micrograms per liter. 

".. 

Twenty-two metals are routinely analyzed. 

Jarrell Ash Atorncomp 750. 
spectrometer consisting of: 

bflductbvs?..~ coupled argon plasma emission 

a. IV' generator 

I. Water-cooled inauction coil 
2. Quartz torch 
3, Gross-elow nebulizer 
4. spray c h b e r  

c e Direct reacling spectrometer 

2.. LL+aancs slit 
2. 

4. Exit sHi";s 
5 Phototubes. 

l?efraetor plate at entrance slit 
3. GlratiPla 

d. Computer for instrument control 

e. Data output device. 

1 
! 

' i  

i 

i 

I 

I 

300 nl tall form beakers 
Mettler PR 700 Balance 
Corning Hot Platis 
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Reagents I Water I Glassware and Standards 

Redistilled Nitric Acid (1:1-8 Normal) e 
Rydrochloric Acid ( 1 : 1) Reagent Grade e 

Glassware: Beakars for digestionp after being- run through diswasher, are 
rinsed with distilled water an& placed in an aqua regia bath for at least two 
hourso They are then rinsed thoroughly a.nd allowed to air dry. Tke chemist 
performing the digestion will. select his or her beakers and give each a hot 
acid wash by following- then with I+:% HCl and placing on the hot plate for at 
least one half; hour. 

The laboratory distilled water is passed through an ultrapure mixed-bed resin 
col&n before useo 
through the mixed-bed resin (Super Q Water) 
Standartis: All standards are diluted from Fisher 3.000 ppm Atomic Absorption 
standards with the exception of silver and beryllium (varian) and Yytrium 
(made from ytritfn nitrate (Y(N0313). 
Standards used for the ICAP Calibration Procedure 

5000: Mixed-bed resin water {super Q water) 
SOOX: 

All water used unless ot!aerwise statedc has been passed 

dne ppm in all elements except silver and 

- i  

. 
calcium 

daily. 
AGCA: 1 ppm silver and 10 ppm calcium, made fresh 

1000: 1000 p p ~  calcium (Fisher) 
XXXX: 1000 p p  iron I~ishearj, FFFA matrix only, 

Procedure 
1. A designated aliquot (usually 50 ml) of well-shaken and preserved 

sample (pH<2) is poured off into a 300 ml tall-form beaker. Normal 
procedure is to place the beaker on an automatic-tare balance and 
deliver 50 g - drawing off excess with a disposable pipet. (This 
procedure assumes the sample is of sufficiently lsw Concentration that 
the specific gravity is not appreciably greater than one. The purpose of a 
mass determination rather than a volume one is to eliminate cross-contamine- 
tion). After the addition of 6 ml of 8N redistilled HN03, to the 
sample a ribbed beaker cover is placed on the beaker and the sample 
is heated to near drynesso (The sample is not taken to complete 
d~yness to avoid the loss sf boron). If the resiaae is dark colored 
after cooling, an additional 6 ml of 8N HNOJ is added and the sample 
is rehoaked. This process is continued until color change is 
detected e 

2, Following the digestion, 5 ml of l:l ECl is added and the residue is 
dissolved and/or placed in suspansisn by warming an a hot plate. 
After cooling, the sample is transferred to a pre-tared 2 ounce 
polyethylene bottle and diluted up to 50 g* If some solids remain 
undissolved, the sample is filtered into a 50 ml volumetric and then 
transferred to a polyethylene bottle fer sblbsequent analysis. 
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sper ating eondi tions I- 

40 

5. 

a. Incident RF power 1.1 kw 
b. Reflected RF power mimimized (410 w) 
cI Plasma observation height 15 uun above load coil 
d. Horizontal observation position...center 
eo Aspiration Pzgon flow rate O06 L/dn 

Plasma Argon flow rate 22 E/rrtim 

IC- Standardization Procedure and Sample haEysise 

Fallowing startup I the instrmtent is profiled with ‘the mercury monitor (I 
,%e ~iierametes reading is recorded on the sheet with the intere%ernen% 
correction values for $ha day. 

The matrix is brought onto core and time and date established. 
available matrices ar.e: 

The 

CCAS: correction for calcium 
FEAS: correction for calcium and iron 
UAS: correction for calcium and iron and . 

outpuks potassiw. 

The Q-string QEGGGAB is set far standization. 
will erase the burn buffers, execute three burns, average them, and 
print the average ~n the teletype. 

(It has been found that examining the standards in background modle allows 
a better judgement of the noise in a given channel). 

This string of commands 

The standards cited abavs are run. Once it has been verified that the 
standards cha,zk I the values for interelanent correction for iron and 
caicim are recorded and entared via the data base manager. In actual 
OpeKatbII it is possible that these may vary only s1ightl.y (5%) from day 
to day, in which case they need not be entered. 

Upon. return to the operating system, the matrix is recalled and the 
blank an5 2. ppxn standard are checked. 
zation, an instrument AQC solution is measured, This AQe solution 
is: simply the waste from the t?rain of the nebulizer, collected and 
held until. kt is deemed stable. The values for this sobution are 
recur8ecl Ln A lag bcmk and cornpaired with previous values. This is 
a check. for gross operator error &xing standardzation. 

Ef these remain with in standard- 

Once these criteria have been satisfies, the instrument is ready 
to run samples. 
every 30-45 min to establish that the instrument has not drifted. 
The blank should also be checked if values above detection limits 
are found for the field blanks or digested laboratory blanks. 

The blank and 1 p p  standard should be checked 

I 
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Samples are aspirated for 
QEeC which perform a single burn followed by output in concentration 
mode which includes interelement corrections. Longer flush times, 
may be desired for samples which follow hiqh 0 5 0 0  ppn) iron samples 
or high (>I000 ppm) sodium samples. No other elements have been 
encountered in sufficient quantities in real samples to result in 
noticeable K\=z~~oP~ effects, 

45 seconds before executing the Q string 

DJpXicakes and spikes should be cheeked against the correspnding 
samples before continuing, This is to establish whether deviations 
occur in the digestion OF measurement of samples on the ICAP. 9% 
it is found that the digestion is not at fault, restandardization 
on khe XCBT is recommended, 

Saiiples at high levels are routinely diluted 1O-foId to determine 
if results for all elements are valid or the result of intererence 
not accounted for by the matrix IECC1ss. 

The paper tape from the teletype is read into the DG NOVA and the 
report plus QC check is performed by programs written in BASIC. 

10 

2, 

3. 

4. 

Quality Control 
F o u  types of quality control samples are put through the digestion 
process at the same time as the samples, In a typical run of forty 
samples there are in additionr fo-m blanks, 4 BQC solutions, 2 dupli- 
cates , 2 spikes. 

Blanks: These are simply the laboratory super Q water carried 
through the same digestion process as the samples. The blank 
data is summarized periodically and is used to determine detec- 
tion limits for the method (average and 2 standard deviations). 

AQe Solutions: A series of solutions were made to cover the 
ranges measured for each parameter. 'Fhese were arranged in 
Youden pairs approxfrnately as follsws: 10 ppm - 8 ppm; 1 p p  - 
800 ppb: 100 ppb - 80 ppb. Two pairs of fhese solutions are 
digested as part of the run. 'This is separate from the instru- 
ment 4QC and calibration procedure mentioned earlier. 

Buplieates: WQ samples are chosen to be analyzed hi auplicates are 
earrid. through the digestion process. The results for these are 
expected to be within 10% of each other for each element, for concen- 
trations in the working range (blank one + 10 standard deviations) 

Spikes: Two samples are chosen to be analyzed as spikes- A table 
of spike concentrations in terns of final concentrations is formulated 
Spike recoveries are determined if the sample is less than 200% of 
the added spike. 
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Routine Ma inta inanc.e 

Following four days of operation the torch and nebulization spray chamber 
should be acid washed, Before the torch is removed and after it is repfaced, 
statisgical programs are r m  to determine the standard deviation of 891 the 
lines when aspirating blank water. Dark currents are axso examined in this 
mannerc %L reading of the profile meter is taken for each element both before 
and after claiming while aspirating both blank water and the 1 p p  standard, 
when the torch is replaced, caarse alignment is made using a %060 ppm yttrium 
standard to canter the bacge on the slit, 
made by ranxirniz-hq the signal to aaep~~e ratis on the leadl E R ~ ,  

Once a month, statistical programs are run to maintain an historical record of 
intensities obtained. on each line for the series of standards. 

Fine adjuslment of the ~ ~ E T O E  is 1 

1 

Calculations I I 
1 

These are dcrne by the computer program (written in basic) including 
insertion of diluticn factors to give results in mg/l €or calcium, 
magnesium and sodium and ug/l for,the other metals. 

Reference ( 
I 

l o  Flanual of "iuiethods for ChemicaP Analysis of Water and Was%esBpo J 

U. S. Environmental Protection Agency, Of Eice of Technology Transfer 
1 1974, Washington, DC, pp 78-155. 1 

I 
2. "Simultaneous Mdtie1emen-t Analysis of Liquid Samples by Tnductively 

Coupled Argon Plasma Atomic - Emission spectroscopy"r U.S. mvironmental 
Prokeckion Agency. Region V, Central Regional Laboratory, Chicago I 1 

Illinoisr (unpublished). 

1 

1 I I 
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Detemination of Total Anthony, Pssenic and 
Selenium and Thallium in Sediments and other Solids by 

Flameless Atomic Absorption 
CRL Method Nosu 631r 604, 607, and 595 

- Scope and Application 
This method is applicable to the deteminatiorL of total antimotry, arsenic and 
selenium and thallium in sed%Pnsnt:s and other ss.li&s, 

One gram of %he dried sample is digested with QW nitric acid and 30% hydrogen 
peroxidep followed by heating wLth 25 ml of a strong nitric-hydrochloric acid 
solution to solubilize transition and noble metals. The sample and washings 
are diluted to 100 ml and analyzed by atomic absorption, using the graphite 
furnace flameless standard additions technique. 

Atomic absorption spectrometer with graphite furnace attachment and autosampler 
hotplates (non-metallic) 

Beakers 

Nettler PR 900 balamsce 

Eppendorf pipets .1 

Reagents 

50% 8R HNO3 (redistilled) 

Procedme 

E, ljhe dried sample from the total solids determination is ground with a 
porcelain mortar and pestle until the entire saplc passes through a 
nmber ten mesh polypropylene sieve. The sieved sample is placed in 
a two ounce polypropylene bottle, capped and labeled. 

I 
1 -  Z e  m e  (1,OO) gram of the sample is weighed into a 300 ml acid-washed 

tall € o m  beaker. The beaker is placed in the hood. 

. - .  

3. 0.S ml of 30% hydrogen peroxide and 20 rnl of: 8N (50%) redistilled nitric 
acid are added to the beaker. A ribbed watch glass is placed on the beaker. 
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4. 

5. 

6. 

7. 

8. 

99 

PO 0 

bl e 

After heavy foaming slabsides, the mixture is swirled to aid mixing, then 
placed on a hot plate and gently heated to dryness (at 9 5 O  or less). 

The beaker is rernoved. from the hot plate, cooled and 25 rnl of a mixture 
containing 50 m% of Concentrated HCI, 200 ml of concentrated €IN03 and 
750 ml Gf deionized water is added. 

/ 

'%%le sample and acid mixture are heated for 15 minutes and cooled,o 

The eontexxts of tas beaker trmsferred 8x-e filtered through a quantitative 
pa& filter paper such as SchEichter an& Sehmell white babel paper, inLo 
a clean 101) ml vobm~izric flasko The empty beaker and watch glass are 
rinsed wit11 deL~nized water an& a clean [rubber nsua.l.%y contains zinc) 
rubber paliseman is asad to remove any deposits. 
transfer& to the filter and' allowed to filter into the volumetric Eask, 
The flask is diluted to the ~arle, capped and shaken. 

The washings axe 

Approximately 59 ml of the sample is purea into one clean, labeled 
2 ounce (60 ml) polyethylene bottle and the other 50 mP into another 
clean, labefed 2 ounce polyethylene bottleo (One of the 2 ounce 
bottles are saved in ease of re-checking at a later datelo 

fa portion of the sample is removed and aluted 1 to 10 prior to analysis. 
('fhis is to lessan $he chloride! matrix effects in the sample). 

The saple is analyzed by flameless atomic absorption using the Standard 
Additions Technique [CARL NethoCls 594, 600, 683 and 60GP Aktaehed) 

Generally, 20 nicroliters of the sample is injected into the furnace 
fcllawed by three spikes of sample plus the element of interesto 

I 
i 

QllaRitg cont%o% 

A fieEd sreagenat b:lank and duplicate is analyzed with each group of ten samples. I 

aamizpbe, The manu$a~~urers instructions are fsllowsd for the instrument, The I 

1 

I %e standard additions technique invo~ves spiking the real sartlples to comp6nsate 
f ~ r  maeuix eFfec-2~~ thereforep spike and recovery values are received for every 

balxxe is set to zero before ml! after each reading. 1 

rng/kg (ucgt*g) &y basis of metal = I g/fl)O ml x least scpilares value x dilution factor 1 

RXFERENCES 

1. FlanuaP of Methods for Chemical Analysis 
Environmental Protection Agency , Off ice 
pp. 78-155. 

I of Water and Wastesd United States 
of Technology Transfer, 1974, - 1  
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1 2. "'fhe Determination of ?mthony, -lrsenis, Beryliw, Cadmium, Selenium, 
k a d ,  Silver and Tellurium in Jikvironmermtal Water Samples by Flameless 
Atonic A ~ s Q I - ~ ~ ~ Q R "  I Netals Section Uni'eed States rnvirsnmentah Protection 

I Wgen~y, Region V, Central Regional. Moratory,. Chicago, Illinois. 

1 

. '- 

, 
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1 I 
Determination of Total Antimony, Arsenic, Selenium I 

Flameless Atomic Absorption I 
CRL Nethod Number 600, 603, 606, and 594 1 

and Thallium in Water and Wastewater by 

1 
! Scope and Application 1 

This method is applicable to the detemination of total antimonyr aPSESniCc 
i 

seleniumr and thallbum in surface snd drinking water I wastewaters and I 
1 inaastriai -tmstes 1 

i 

1 s-ry of C*a"eh& 

J Regular samples are analyzed by Flameless Atode Absorption followed by equal 
volumes of the regular samples spiked with a blank and standards containing 

i 
Sample values range generally from 2 to 20 ug/b for the elements (higher ranges J 

upon dilution of the samples). 
tion level of 10 ug/l* 1 

I 
1 EquiDment 

1 the element of interest to corsect results for possible unknown interferences. . 

Recoveries range from 90 to 110% at a concentra- 

I Perkin Elmer Model 503 Atomic Absorption Spectrometer equipped with an HGA 2100 I 
Graphite rFumace, deuterium baekgraunei correctorp Strip Chart ReeorBer Model PE 056 I 

and AS1 Automatic Samplero 

Electrodeless Discharge Lamp (EDL) for Antimony, Arsenic and Selenium i 
1 
I 

Disposable 1 ounce plastic cups 

cups to fit &Sa Samples 

Distillea &?atex-: 
pure mixed-bed resin column before use- 
skated, has been passed through the mixed-bed (super Q) water resin. 

'Fhe laboratory distilbed water is passed through an ultra- 
All water used unless otherwise 

Glassware: Beakers and glassware for standards run through dishwasher, are 
rinsed with distilled water and placed in an aqua regia bath for at least 
two hours. They are than rinsed thoroughly and allowed to air dry. The 
chemist performing the test will select his or her beakers and glassware and 
give each a hot acia wash by filling them with 1:l HC1 and placing on the hot 
plate for at least one half hour. 

Redistilled Nitric Acid (1:1), 8 Noma1 

Hydrochloric Acid, Reagent Grade 



-! 

-81- 

Calibration Standards 
FOUP standards per element are prepared f~esh daily from a stock solution 
of 1 ppm of the element of interest. 

i 

1 -  

Stock SO~U%~OR: Dilute 160 ni~ in a clean volumetric flask 100 ul of lOOB'ppm 
Fisher standard or equivalent with deionized water from the-prap lab column or 
equivalent plus 1 ml os" 1:l redistilled fSE903. 
add 1 m% of 1008 ppm Nickel Standard. 

For Arsenic and Selenium also 

Calibratisn Standards: Calibration staridards consi.st of a reagent 'blank Ea 1% 
solution of l.:l redistilled HNQQ 19 E ml 1000 ppm Si standard if ksR Se)! and 
three stamdard solutions far the mekhod of additions spiking. '%2.le5e usually 
range'fxom 5 to SO ppb and are listed for each elenrent wider itls ~ o ~ d i t i ~ n . ~  
for analysis listed Eater iSa this paper. a1 are appropriate dilutions of the 
1 ppm stock solution in 1% l:1 redistilled pIEJO3 brought to a final volume of 
180 mE, 1 ml of 1000 ppm Ni standard is added if As, Se, are to be analyzed. 
e.g.: 1000 ul (1 ml) of stock solution (1 ppm) in 100 ml = 10 ppb. 

I 

Note: Eppendorf disposable pipettes are used for all additions. Thorough 
shakiig to mix the solution is required- 
volumetrics containing some deionized water first before the nickel or 
stock solutions. 

Acid is always added to the 

Csntrol Standards: For arsenic a13 selenium znalysis a lab control standard 
is analyse& 

The LCS is spiked with only reilgent blank plus the two highest calibration 
standards on a 500 ul 1:l basisD 

The spectro might appear as: A least squares fit of the peak height versus 
spike concentration would produce a negative concentration value, (see section 
on calculation of data). fn actuality9 negative concentration values are what 
one wants, the absolute value is reported. 

Lab eontrol standaras (LCS) have o'l&Lom's values 

Arsenic: 26 ugpa 
Selenium: 26 ugll 

Note: H.istoric:aP data on the selenium LCS has averaged 19-28 ug/l after 
more than a year of analysis. 
as statistical analysis OR the results will be used later in quality 

LCS results are also kept and tabulated, 

CCSXYtrQ 1 o 

f. Turn on tne PE 856 strip chart p w e r  to amp. 
Reserve setting to Serve until ready to record peaks. 

2. Turn on the BGA 2100 &%were 

3. 'Pura an %he 503 AA power. 
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I 

4. Turn on the Supply. I 
By turning valve frm overhead gas columns clockwise, check to make sure 
gas is on by opening valve on HGA Power Supply and observing flowrate 
setting of 40, 
save on argon use: 
supply in the mechanical. roomo 

I 

Once argon is on, close valve on HGA Power Supply to 
Check argon supply before daily run by noting 

1 

I 

* 1  

5' Turn on water. i 

1 

J 

Note: Once pwer supply is turned on lamp is not necessarily one I 

Lighted match or other source of light if placed in front of 
lamp will usually initiate H3L lighting 

If p w e r  control on supply is slowly turned clockwise, meter 
may show increase in pawex to l a p  then suddenly increase, 
signizykng lamp has bit or meter may even decrease at five 
below the zero pin's and then suddenly increase. 

By setting lamp 1.5 watts bebow recommended power settingp 
will allow lamp warm-up drift: ( .5 watts) until steady 

1 I 
power output is attained (by noting deviation of meter on 
503 &A in Reverse Mode). 

Although still 1 watt below recanmended setting, this is at 
first acceptable, since at the higher recommended setting 
the Deuterium Arc Lanap cannot always balance the energy of the 

1 

EDL * I 

8.3 Slit width 

Time for the t h e e  segments of cycle 
Temperatures 
Atomisation time temperature and charring ( ashing ) 
E'urnace parameters used in this laboratory are given in Table I. 
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mying 
type a 
may be 

time, temperature and not&ly charring time are a function of sample 
A swple with high particulate matterI especially of an organic nature 
better analyzed if charred for a longer time. Smoke and thus light 

scatter will be minimized. The limiting factor is loss of the element of 
interest by removing the matrix in which the metal is contained. 
end of paper lists t h e  and temperature which provide adequate sensitivity for 
routine analysis 

The list at 

, 10. AZiquotvolme: The AS-1 at present has two pump sizes - 20 ul and 50 ul j 
I Tke choice of these 4s based upon the sensitivity requiredJ 

lb. Strip chart range: Orice the %amp (He% or EDLj is sufficiently stable (EDL's 
drift noto~iously during warm-up) the following parameters can be set- 

Wavelength: 
meter1 adjust wavelength to maximize energy reading. 

With 583 AA in Reverse Mode (observing energy of lamp on A& Energy 

m e  may not notice any fluctuation OR meter if the meter is on the low end. 
%creasing gain until a midseale reading is attained will allow observation 
of meter deflection (in Reverse Mode?). 

L a p  F ~ s f t i o ~ :  Again, we want to mqxknize the'lamp energy reaching the detector. 
Wnain in Reverse Mode and adjust vertical and horizontal lamp positions until 
maximum meter reazing is achieved. 

Energy Maxinrizai &ion * : 

A. Sat meter needle to fixed reference p i n t  on the scale using the gain 
control knob while remaining Reverse Mode, (preferably in the green area 
of the scale). 

€5- %lease Reverse Mode and adjust Deuterium Asc Tamp energy (now being 
observed on the meter, using the push buttons OR the D2 lamp power 
ssqply) to the reference point on the scale to which the KCL or EDL 
energy had previously been set. This is balancing the sample and back- 
ground beams energies e 

More often than not, the D2 lamp energy cannot be balanced at the same 
level. as the EDL or HCL if the EDL, HCE is set at it is reeommenaed 
value. This can be rectified in two ways. 

a. Decreasing EDL power or HCL current. Note: earlier i'c was 
recornended that the EDL's be set at 1.5 watts below noniinal 
power setting. after 0.5 watt drift upward, the lamp can 
usually be lePt at this setting arid still balance the beam 
energies. 

b. Sometimes if a high EDL or HCE energy level is desired for 
which the D2 lamp energy cannot be balanced, the line source 
energy may be set at a reference p i n t  within the energy may 
be set at a reference point within the energy meter's given 
area and the D2 1m.p energy set as high as possible. 
usually necessary when operating with an older lamp which 
requires higher energy output to offset baseline noise. 

This is 
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Note: Be careful not to allow the dark portion of the neutral density 
This can be checked blocking off filter into the optical path. 

the light from the line source and observing the light from the D2 
lamp with the mirror held at the end of the furnace. 1 I I 

C. Points A and B have to be repeated at regular intervals due to drift. 
Once the bine source reference point is reset an8 the b@st effort made I with the D2 lamp, press the Auto Zero to reset the baseline. I 

Thera are a few days when the beam energies cannot be balanced; This 
should not deter one from anz.6yses. 
obtained despite minhal B2 lamp cap&iLLties 

Good results can moat readily be I 
I 

1 13, b'k2Ck~~CS Qf &?a%pSiS 
At this paink ca9ihration. standards have been mader line mute (EBL or E L )  
has been warmed-up, the energy of the sample and backgrowd beams have been 
equalized (or best possible) and the baseline is not drifting severely, or i 
is extremely noisy (may check by having recorder on servo and switching from J 

operation). 1 

Auto to Manual or HGA Power module), Depending on the type of lamp, to attain 
all this-may take from 30 minutes (HCL operation) to 1.5 hours (good EDL 1 

1 

A. Sampler alignment (may be done any t h e  before analysis) 
f 
i 1. With AS-B ;3ox Power cff manually lift sampler ann, bring to I 

i With supplied mirror placed at right end of furnace observe 1 
sides or bottom of graphite tube. I 

psition as if to draw sample and take towards furnace. 

2. 
if sampler arm easily is placed into furnace without hitting 

I 
I 3. If aut of aligmsnt, release lock m d e r  auto smpler and adjust 

position with knobs at end of' sampler tabla. 

I =so if necessary, adjust depth of sawpler a m ,  see manual OR I 

auto sarrqpl~z position adjustment for placement sf controls. 

j a. Hake scire water and argon is turned on. 

5. Conc%ition by performing a high temperature "burn"' for 
approximately 10 seconds. 

2. It nsver hurts to give older tubes a high temperature "burn" 
for a few seconds before analysis either, as the graphite may ~ 

3se contaminated from the previous day's analyses. 

Note: New tubes should be used whenever lead is analyzecl, due 
to lead contamination. 

I 
I 

I I 
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1 ce Furnace blank 
1 
I 

1. Be sure recorder is on Servo. 

2. Manually press Program button on HGA Power Supply to 
initiate a burn cycle with its specified temperatures 
and timeso 

1. Photometer windows i 

I 
2. Furnace end windows 

(may require periodic cleaning as saapbe with smoke tend to 
leave particulates). 

I 

j Less Frequently 

1 move 
E o  Mirrors - clean with ethanol plus lens tissue, Careful not to 

I 

Furnace 
I 

I 

1. Graphite tube - change often as needed. Note severe cracking at 1 
spots other than the injection port. Also mota the function of 

! sample volumes used, times and temperatures and frequency of high 
i temperature burns. 

, 2. Graphite contact rings - rarely need replaeemerlt. Caod for six 
~ months ar better. If lead is eontinously analyzed, change more j 

often e 

If severely bad perfomanace of the D2 arc lamp is encountered, a service 
call is usually necessary. The lamp, the m a l l  mirror directly above the 
lam2 housing, and the adjustable slit (not to be confused with the slit in 
the monochrometer housing) may need alignment. 

Reagent blank plus three calibration standards 

1. U 1  samples are r w  using the method of standard additions, whereby a 
sample is spiked with varying concentrations OF the element of interest. 
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2. Using the P 02. plastic cupsI for the t h e e  calibration standards, place 
50 ul of each standard with an Eppendorf pipette into three cups being 
careful not rn lose any standard from "splashing". 

3. Place 500 ul of reagent blank into each cup SO that there is a 1:1 spike 
performed for each standard. . 

4" Kix well" 

50 W g h  injections with the reagent blank alone# then the three spiked 
standards e 

Ass&rig the Anto Banpfer is be.Lng usedd place 1 mP of the €om m l u t b n s  
into Lour Place the 

box. It is assumed that the AS-1 box has been powered by pressing the red 
Power button and noticing the flashing light in the start/stop button has 
gone out. 
set 

2 ml cups i~ increasing order of spike concentration, 1 cups an zm empty sample wheel sad press the start/stop button on the AS-1 i 

I The flashing takes place while the digital electronics are being 

6. The resultant run should ap-pear a6 shown in Figure 1. 

Note the linearity of the peak heights. If "perfectly" linear, with no 
reagent blank deflection f ~ c m  baseline, the calculation from plotting 
peak height versus spike muld pkcdauee an intercept of zero indicating 

of glassware, graphite tubes etc e and/or detector response fluctuation, 

I 
1 

1 
1 

zero concentration for the elenent ~f interest in the reagent blank. 
Unfortunately, &ne to variation in peak heights from actual contamination 

we often get a reading of either positive or negative concentration. The 
csbalatsd result of "'reagent blank concentration" are to be kept for cal- 
c-sLa$.ion caT detection 1L~Lt.s (X i 0) 

where: X - the mean calculated concentration 
I 
1 

o - the standard deviation from the mean 1 
9, All sanpSass are analysed as the E S  were - method of additions with rsagent 

blank plus the two highest calibration standards. I 
I 

8, Prepare ten samples at a timeo 

9, Bject 500 US. aL reagent. blank into the first cup beside each sample. 
I 

10. Next inject 500 ul of the next calibration standard into the second cup next 
to a sainple. , 

- 1  



- 7  

I I 

t 

5 

I 
m 
U 

74 a 

24 5 
r% 
a4 Q) 

-87- 

Figure 1 

\ 

i 
i 
'L 

Blank Std. 1 Sed. 2 Std. 3 

Illustration of Peak Heights 
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11. gnject 500 ul of the last calibration standards into the third cup next to 
each sample. 

These procedures save Eppndorf tips and your time. 

Shake each sample in turn and inject 500 rsl of sample into each of the three 
cups next to it. 

12. 

13. After 10 smples are prepared this way, mix each cupls c o ~ t e ~ t s  by shaking 
or j, %he case sf viscous samples, stir with the Eppenaoi-f pipette with a clean 
kip Q 

140 Fill a sample wheal with the PO smples (30 cups)p place on the tm*mta.bEar check 
again for energy beans being balanced and any ather conditions, press start/ 
stop on AS-1 box to begin analysis. 

Quality Control 

A field reagent blank and duplicate of one o€ the ten samples are analyzed. 
Data is only good when it passes quality control measures to assure accuracy. 

1. Acceptable data are obtained when peak heights are linear within statistical 
limits f ~ r  calibration OR stds. as well as real samples. 

2. %en Lab Control Standards (LCS) - are pun with eac group of twenkqr s=ples 
and are within acceptable limits of variationc 

3. Duplicates - agreement should be within limits set in Quality Control Manual 
( generally within 10% 1 . 

In order to properly keep track of samples analyzed, acquire data for statistical i 
I 
1 calculation of quality control parameters and keep record of maintenance ai the Mi, 

QC and T&gbcaok is kept. The book consists of various sections. 

Seckion 1. is c~mpleted at the end of each day.. I 
Section 2= fs also entered into each day. The frequency at which the analyst I ~ a f e : ~  

discretion e 1 

$0 use tihs running accumulation of data is left to his or her I 

Section 3. is entered only when notable changes in daily opeation service calls 
or operator maint- -nance occurs. I 
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Calculations 

Each peak height is measured in millimeters. Provided a samplegs peak are 
proportionally linear a least squares fit program to calculate the concen- 
tration may be used. 

GraphlcaELy, peak heights are plotted as a function of- S p i h  eonc@ntratisn (actblarLy 
spike plus sample concemtration). 
the concentration of the sample. 
m m a l I g  izncercepts at the (0,O) point. 
which cha.~ge~ the negative concentration axis intercepto 

A Pinear least square fit program accomplishes the same calculation and the present 
program on the NOVA is: 

The negative concentration axis intercept being 
m e  best fit line of the calibration standards 

It is the added absorbance of the sample 

~ a m e :  "Flameless" 

Results must-at present be transcribed from the CRT screen to paper as no hard copy 
report is now written. 

I 
i 
I I 

I 1 

A data storage file is not included either so that the raw spectra must be saved to i 
record data at a later dateo I 

REif@CS.nCeS 

I. "The Determination of Antimony, Arsenic, Berylium, Ca&itim, Selenium, Lead, 
Silver and Tellurium in Environmental Water Samples by Flameless Atomic 
Z4bsorption" Metals Section, United States Environmental Protection Agency, 
Region V, Central Regional Laboratory, Chicago, Illinois, (unpublished). 
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Tabbe I 
Instrumental Settings FOP the Esterenination 
of Arsenic, Anthomy, Selenium and Thallium 

AS Sb se 

193 0 7 217 o 6 196.0 

8.9 0.2 6.7 

8 8 6 

Atomize Temp., OC (Time, sec. 2700,(5) 

Argon Gas Flow, ml/min 50 

10 00 ( 40 ) 10 0 0 ( 40 1 

2200(5) 2700 (3 1 

TE 

2’766.8 

0.7 

40 
(interrupt) 
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Determination of Phenols in Sediments 

CRL Method 417 
J and Other Solids 

, I  
scope and Agp%icatjon 

This method is applicable to the determination of phenobic eompunds 
(except paracresols and similar parasubstituted phenols;) 
and other solids. 

in sediments 

Phenolic campunds are nianually diskilled to r e s ~ ~ ~ ~ e  b%erferencas 
The distillate reacts with buffered ferricyanide and 4 minoantippine 
s~ctrophotometrically at 505 nm. p;n automated system is used for the 
color development and measurement. 

Equipment 

Distillation apparatus, consisting of a 500 Pyrex flat-bottom distilling 
flask and a Graham condenser. * .  

250 zil or 500 ma Erlenmeyer flasks calibrated at 209 ml. I 
j 

Analytical Balance 1 

E. Stem 0u.t the distillation flasks before each use by boiling 
distilled water in the flasks without water running through 
the condenser. 

2. Weigh accurately l to 2 grams of wet, well-mixed sediment. 
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3. Transfer to the distillation flask. 

4. 

I 
1 

= Add bQO ml of distilbed water and 2 ml o€ 5% mSO4//B3PO$ solution. 
I 
1 5. Distill 100 ELL of sample (20-35 mb 0% distilled water may be added 

to assure &stillatboa of LOCI n'd. of smpPe into the erlenwyer fbaskle 
I 
I 6% ~ d d  E ~1 af LO% ~2604 and proceed with ana~ysis using elu, Method 

No. 408. 
weeks if 

(Samples way be stored at 4.C for a maxbmn of t h e e  

i (.&a%ity COpa"bK#k ' 

, A field blank which contains C M S O ~ R W ~ P O ~ ~  one or more standards and a I 
i duplicate of one of the smplesp are analyzed with each group of samples. 

If twenty or more samples are analyzed, a minimum of two field blanks, 
standards and duplicates are analyzed. 

1 The analytical balance is set to zero before each sample is weighed. 

"he manufactmers instructions are followed for operation of the 
i Tec.micon Autoanalyzer. 

Calculation 

wgr/kg Phenol (dry basis) = 
I 
, 

References 

I. "Manual of Methods for Chemical Analysis of Water and Wastes'', 
united States Environmental Protection Agency, Qffice of 
Technology Transfer, 1974, Washington, DC, p. 241-242. 

.. . . . .  
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Determination of Phenol 
Water and Wastewater 

(Automated 4-AAP Method With Manual 
CRL Nethod NO. 408 

Scope and Application 

T h f ~  method is applicdble to drinking, surface, 
waste waters 

S m a r y  or' Method 

in 

Distillation 1 1 
I 

1 

saliner domestic and industrial 

Phenolic eomps&ds are mamually distilled to remove interfering substances. The 
distillate reacts with buffered ferricyanide and 4-aninoantipyrine to-form a rea 
complex which is measured spec-aophotometrically at 505 m. An automated system 
is used for the color developent and spectrophotometric measurements. 

Interferences 

Interferences from sulfur compounds are eliminated at the time of collection by 
acidifying the samples to a pH of less than 4 with H3PO4 and adding Cu SO4. 

If residual chlorine is present Et is removed by the addition of an excess of 
~aAs02 to reduce the ch%orine prior to dintilbatl 'On. 

XLf other interferences are eliminated or minimized by the distillation procedure. 

Sample Handling and Preservatim 

New prlyethylene bottles are use6 for sample collection. 
phenolic resin). 

(Caps must not contain 

Samples are preserved with 20 mf of a solution containing 50 g CuS04.5H20 and 50 ml 
B3PC)$ per biter of sample. 

samples are stored at 4OC, 

Apparatus I 

Distillation apparatusr c~nsi~tiplg of a 900 RL Pyrex flat-bottom distilling flask 
and a Graham condenser. 

250 or 500 mL erlemeger flasks calibrated at 200 ml. 

Technicon Auto Analyzer I1 (3) 

Sampler IV 

Pump 111 

Phenol Cartridge I 

I 1 
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Colorimeter containing 50 mm flowcells and 505 run filters. 

&corder 

Digital Printer 

Reagents 

~ U S O ~  preservative: 
water and dilute to L liter. (Use 20 rnl/X sample). 

Dissolve 50 g of CuSO4.5K20 and 50 mh of 'ES3P04 in distilled 

B~ Sipd prescma$%ve: 
to 1 liter, (Use LO ml/l sample] 

Add LOO RE eonc Epp SOg to 800 ml of distilled water and dilute 

Stock phenol sGlution: 
Add LO ml of H2 SO4 preservative and dilute to I liter. 
4ec. 

Dissolve 1.00 g of reagent grade phenol in distilled water. 
(1 ml = 1000 ug). Store at 

Xntemediate phenol solution: 
distilled water (1 rnl = 100 ug). Prepare fresh daily. 

Working phenol standards: Dilute 0, 0.50, 1.00, and 2.00 rnl of intermediate phenol 

Dilute PO rnl of stock phenol solution to 100 m1 with 

solution to 1 liter with distilled water for blank, 50, 180 and 200 ug/l phenol 
s%andards e 

NOTE: The andards shoal e preserved with Cu SO4 preservative solution if 

if they are to be used €or instrument calibration.' 

Ammonia buffer: 
pH to 10.1 using NX4OH. Dilute to 1 liter. 

In P3aOH: Dissolve 40 g of NBOH in distilled water and dilute to 1 liter. 

sh~~uld be preserved with H2SB4 pres ative s.olution 

Dissolve 50 g of NH4 C1 in about 900 ml distilled water. Adjust the 

Potassim ferricyanide solution: Bdd to 800 ml of distilled water, 2.0 'j of K3 Fe(m)gr 
3.35 q of KCl and 44 ml of 1N NaOHI Dissolve and dilute to I liter. Adjust the pA to 
a O c l  and add O o 5  mX of Brij-35. Store at 4OC. Filter before each use. 

4-minoantipysine: Dissolve 9-65 g sf 4-ainoatipy~ine in distilled water and dilute 
to 1 biter. Store at 4OC, Filter before each use. 

Sampler wash solution: 
wat8,r * 

Dilute 10 ml of H2 SO4 preservative to I lites using distilled 
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Precedur e 

Di st ill at ion 

Stem out the distillation flasks before each use by boiling c2istilled water in the 
flasks with the condenser water off. 

Using a graduate, measure 200 mP of a m p b e  into each distilling flask. 
aut one blank, one standard, and one duplicate €0,- each runr 
water %e each flask* 

*Uss meast~e 
Add 35 rei1 caf distill@& 

Spectrophotometric Analysas 

Set up the Technicon AA-I1 systm as indicated in the diagram. 

Calibrate the system using standards containing 280, 100, 50 and 0 ug phenob/l. 

Also analyze control standards CSl and CS2 (See paragraph 2 under Quality Control) 

Analyze the distilled. s m ~ l e s ,  blznks 

Detection Esinit 

The detection limit is 5 ug phenol/l. 

Quality ~ Control 

and fiuplicates. 

One standard, one blank, and one duplicate zre distilled with each sample set. 

Mter calibraeion sf: the anaalgrticaL systeml 2 control standards are run. They 
nu.st be within control limits if the data is used. Results are records6 in the 
AQC book- 

?&E date af preparation of reagents and standards is records9 in the AQC book. 

CaP,alatAans 

The concentration of phen~a in ug/l. is obtained dkectly from the digital printer. 
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References 

1. s'standard Methods far the Examination si? Water an6 Wastewater" 14th ed. 
American Public Eealt'n Association, New York, N.Y., 1975, p. 574- 

2. "Manua1 of Methods for Chemical Lnalysis of Water and Wastes", UIS. 
En.viromentab E'rOteCtiOn Agency, Cincinnati, OH, 1974, p. 241. 
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Detesrrrination of Phenols in Water 
Automated Distillation and Automated Colorimetry 

CRL Method 414 

S c o ~ e  and Application 

%is method is applicable to the determination of phenolic compounds (except 
paracresols an6 sLmilar parasubstituted phenols) in lake, surfacea waters, 
elutriatss an9 other water medims which are not qcverned by the National. 
Pollution Discharge Elimination Systzem. 

Phenolic compounds are distilled OR the autoananlyzer at 150*C to r m o v e  
interferences. 
aminoantipyrine sIaectroPhotometrica~ly at 505 nm. 
used for color develo-pent and measurement. 
deteminatiqn of phenols in the ranges of 30-200 ug/l using.a completely 
automated system. 

The distillate reacts with buffered ferricyanide and 4- 
An automated system is 

This method involves the 

/ .  

Equipment 

Techicon Auto Psalyzer If 

Sampler IV 
aunp IS 
Phenol Carfridge 
Heating Bath With Distillation Coil 
Calorime",sr With 50 m-n Flow Cells and 505 m Filters 
ktF2 c 3r der 
Digital Printer 

Rea gents 

Distillation &agent (Techicon NO. T01-5017) 

phosphoric &cia, 85% (HrPO4) 100 an1 
Distilled Water, g .s 1.000 rnl 

k-aparation: 
Dilute to one Liter with distilled water. 

i2ar~E'ulI.y add 100 nl of phosphoric acid to 7140 ml of distilled water. 

Buffered Nodified Potassium Ferricyanide 2.0 
Potassium Ferricyanide (R3Fe(CbI) 61 - 1.0 g 
Boric Acid (H3B03) 3.1 q 
Potassium Chloride fKCl) 3.75 g 
Sodium Hydroxide, EN ( NaOH ) 44 ml 
Distilled Water, q.s. 1000 ml 
Brij-35* (Techicon No. T21-0190) 0.5 nl 

Preparation: Add to 800 rnl of distilled waterr 2.0 4 or' potassium ferricyanide, 
3.1 g of boric acid, 3.75 g of potassium chloride and 44 ml af 1N sodium 
hydroxide, Dissolve and dilute to one liter with distilled water. Adjust 
the pH to 10.1 and add 0.5 ml of Brij-35. 

" I  
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4-Aminoankipyrine (Technicon No Tlb-0021) 
4 -&miplo antip yr in e 0.65 g 

Distilled Water, q.s. a000 at1 
(CH3~(C,Hg)eOC(NH2):Ce93) 

preparation: 
Distil Ped water e 

Dissolve 0.65 of 4-minsantipyrine in 8 U O  nil of distilled watear a 

Standares 

Stock Standard A, LOO ng./l 
PhsnoP E C6H~O") Q.%QQ g 

' Hpdrochlsric k i d ,  0 0 5M, qe 8 io 00 nfl 

Preparation: 
Use 0.05N hydrochloric acid to assist in the transfer and mix until dissolved. 
Dilute to volume with 0.05N hydrochloric acid. 

Stock Standard B, 10 mg/l 

Transfer into a one %iter va9w~trie flask 0.POO g at: phenol. 

Dilute 100 101 of Stock A to one Liter with distilled water. 

Working Standards 

Fa. Stock B 

1 106 
2 200 
3 50 

Reparation: 
volme with distilled water. 

Pipette stock B into-a 100 ml volumetric flask and dilute to 

Note:. The stock standard B and the workbng standards are not stable and 
should be prepared fresh twice daily. 

Procedure 

1. rnbfl~wi~g. sample arrivalp unpresened samples should be presened with 
1 ml per liter concentrated suLfurfe acid (HzS04) if analysis is not to 
begin immediately - 

2. pi16 the Technicon Sampler Tv cups with sample (usually 8 to 10 ml), blank 
and working standards ranging from 40 to 200 ug/l. 

3. Use a wash cycle csntairring 1 KL HzS04 per liter. 

4. Set the tmperature of the heating bath to 150OC. 
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5, A&just the flow of cooling water through the distillation apparatus to 
approxbatehy 750 ml per minute at 14OC (See Technieon Publication Number 
'PA 1-0213-00 for  stilla at ion head operating instructions). 

For details of Modular -inter Operation see Tecimiccn hlblication Nunher 
TU-0 278-10 e 

7. If necessary, alternate ranges may be obtained by. utilization of the 
Std. Cal. control on the ca%orbmeter. 

Tke us@ OS muEtApEe working standards is only to establish linearity. 
For day to day operation, the 200 ug/l. standard is recamended for 
instrument calibratiara 

88 

A field re~gent blank and duplicate of one of the samples are analyzed with 
each group of samples. 
two blanks and duplicates are analyzed. 

bf twenty sac more samples are analyzed,., a rnfnianllm of 

The two control standards are re-malqrzed along with a duplicate sample each 
haw. Data is only acceptable when the control samples and duplicates are 
wikhh the control lbits. 33zsult.s are recorded in the AQC logbook. 

I 

i 

I 

ug/l Phenol = Reading from the printer in ug/l, times m y  dilution factor(5) 
applicable. 
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malysis e2 Sediments and 
other Solids for oil and Grease 

CIiL Method Number 739 

Scope a d  Application 

m i s  iaeet’md is applicable to the rneaswment wf freon extract&Pe matter 
from ssdimen$st sludges and other sobids which contain relatively non- 
volatile hydrocarbons, vegetable oils, animal Bats, soapsp waxesl greases 
and related compounds. 

This, znretkcd is not applicab1e to the aaeaswmsnt a% light hydrocarbons 
that volatilize at temperatures below 76oC. 
tbsracgh 82 fuel oil are complete3.y aa: substxatialby Lost in the solvent 
extraction process. 

This method is applicable in the rzbllge from 650 mg/kg to 100,000 rng/kg. 

PetroLem fuels from gasoline 

Sumnary of Method 

The acidified sediment or slid sampla is dried with magnesium sulfate 
monohydrate (avoid heating, which gives low results) and extracted with 
freon in a soxhlet apparatus for 4 horns. 

Eqxi-ment 

Extraction apparatus, ssxhlet. 
Vacuum pump or other source of vacipum~ 
Zxtraction thimble I paper. 

Reagents 

a. Hydrochloric acid, BCl, cone. 
b. Magnesium sulfate monohydrate: Prepare MgSO4HzO overnight 

e. Ereon (l,f,Z-trichlo~o-E,2,2,-tKigLuoreetkan), boiling _mint 
47°C. The solvent should leave no measurzble residue an 
evaporation; distill if necessary. 

5. Ckease-€ree cotton: tract non-absorbent cea%.ton with freon. 

PK.OC€AUiT@ 

In a 158 fnl beaker weigh a sample of wet sludge, 20 2 0*5 g of which the 
dry-sslids cont@nt is known. Acidi%y to pH 2-0 (generally, 6.3 ml conc 
ECl is sufficient). Add 25 g M ~ S O ~ R Z O .  Stir to’ a smooth paste and spread 
on ‘%he sides of the besker to facilitate subseqaent removal. Allow to stam3 
until solidified, 15 to 30 min. Remove the soli& and grind in a porcelain 
mortar. Add the powas to a paper atraetis~ thimble. Wipe the beaker and 
mortar with mall pieces of filter paper moistened with freor. and add to the 
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thimble. Fill the thimble with glass wool or small glass beads. &tract 
in a Soxhlet apparatus, using Ereon, at a rate of 20 eycles/hr for 4 hours. 

remove by filtering through grease-free cotton into another weighed flask, 
Rinse flask and cotton with freon. Distill the solvent from the extraction 
flask in water at 70°C. Place the flask on a warm s t e m  bath for 15 
minutes and &caw air through the flask by means of ap% applied vacum far 
the final one minute. Cos$ in a &?siceator for exilcrtly 30 minutes and weighe 

-If aa.y turbidity of suspnded matter is present in the extraction flask, 

i The analytical balance is calibrated m d  set at zero before each sanple is 
weighed. 1 

I 
Grease and oil as % dry solids 1 

Calculations 

- - gain in weight of flask, g x 100 
1 wt. of wet =Lids, g x % dry solids 

mFEmHcES 1 

1. Standard Pia,tfrcrds for tha Examination of Water and Wastes, 14th e d e r  1 

j 19 7’ 5 APHA-AWWA-WPCF , pp . 5 19- 5 2 0. 
2. BPA Mi~nua%~ ’‘Methods for Che?lical Analysis of Water and Wastes” 1974 

Gf-Zlce of TeehaoPogy Waiit;ferI Wash., B.C. I pp. 226-228. I 
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The Elutriate Test for the bandysis of 
Metals, Mercury, Cyanide, TKN, Total 

Ehosphorus, Ammonia and COD 
CBE Nethod No, 305 

Scoge and Application 

'This procedure is an estimate of the m s w t s  of chenieal substances which 
are exchanged (on a waxst-case basis) when a sample of dreaged s:s&iment 
is shaken with four pares water collected near the sedimewt= 

&le part of the wet sediment is added to fo-ar parts of process water I 

followed by mechanical shaking for 30 minutes at maxbctm speed. Following 
one hcur settling, the supernatant solution is centrifuged for 30 mimtes, 
filtered through a pre-washed 0.45 micran membrane filter, transferred to 
a 12 ounce bottle and distributed to different sections of the laboratory 
for analysis of metals, mercury, cyanide and nutrients. 

Blastic bottles (12 QZ and 2 oa) 
Burrell Fast OscilPating mdmrd.cal_ Shaker 
Analykical Balance 

Reagents 

See individual water proceftures cited earlier in this manual. 

1. 

2. 

3. 

4, 

5" 

6, 

7. 

Place 50 ml of the wet well-mixed sediment sample ana 200 ml of 
process water from the same area into a capped shaking bottle. 

IcpLis aixturs is shaken OR the Burrell Hechanicab Shaker for f/2 hour 
at rnurimura speed. 

Centrifuge at 15,.000 W M  for 1/2 hour- 

Filter through a pre-washed miblipore 0e45Lmicron filter and transfer 
to a 360 ml plastic bottle. 

Pour approximately 50 ml of sa~np%e into each of Eosur 2 ounce 
(60 I R ~ )  bottles 

P.eBresame as follows: 
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Analysis Preservative 

bottle E Metals 

bottle 2 Cyaside 

bottle 3 Nerb-asPy 

bottle 4 Nutrients 
(COD, TKN, TP, NH3) 

500 m m d a  (2.J (0.5 ml) of lE3 NaOH 

Fo%Towing are .tan@ ~ ~ y s i s  procsdwes which are used fox the parme2ers. 
Tkese are the same p-oeeilures whish are attached to CR% sediment procediires 
foz Metals, Mercury, COB, TKN, TP and Ammonia. The completely automated 
cyanide procedure is only used for elutriates, not for sedimentsp (See CRL 
Method Number 357). 

Metals - CHL Method Nos. 600, 603, 606 - Pxsenic, selenium and antimony 
by fl-ameless atomic absorption e 

Metabs - ClG Nethod Noso 504 - 570 - plasma metds b ICAP (22 metals) 
Cyanide - CYU, Method No. 357 - Total cyanide, automated dfstillatisa 
and colorimetry, (See pages 32-35 of this manual). 

Ammonia - CRZ Method No. 312 - Automated phenate method. 

I 

9* %he process water sample should be filteredp if necessary through a i I prr-washed, acid rinsed 0.45 micron filter. 

LO. It is then preserved accortiing to the procedures in step 7 above or 
m d y z e d  imediately using the proc&a~ses cited in step 8 above. 

1 

A blank and duplfcate are analyzed with each group of samples. If twenty 
or more %am;?leS are analyzed 2 blmks and 2 duplicates are analyzed. 

The balance is set to zero before and after each sample is weighed. I 

I The manufacturers instructions are followed for all instrments. 

Calculations i 
Saie as for water. See individual method calculations. 
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METHOD FOR ANALYSES OF PCB'S, PESTICIDES 
AND PHTEALATES IN SOILS AND BOTTOM SEDIMENTS 

CRS, PIETHQD NOS. 198 THRW 207 

Scope and Applica~tion 

The &sorption of ch%sr$nated hyarocarbons on s d l s  and muds is well aocu- 
meratedo 
mental F%?oteetisn Agency's National. Research Centers 
analyses of 25 pesticides, 2 phthalate esters and 4 p%ychlorinated bij$mnobs 
( ~ C B )  in mLxtucres. 
da%ek@icrne This wekhod is recornended for use only by persons experienced 
in chrmatographic and-yses. 
products here is far illust~ative pwpeses anPy and does not constitute an 
endorsement €or use by the Ehvironmental Protection Agency. 

%is procedure incorporates the recommendations of the gaviron- 
to bebucb &he 

These are listed in Tabbe 'I with their lbits of 

The me~tfsn of trade rimes or commercial 

Summary of Method 

The soil ordsedirnent sample is partially arisd, sieve3 to 20-60 mesh, and 
extracted f ~ r  16 hours by soxhlet extraction with a mixcure of 1:l acetone/ 
hexane (v :v) e '%ne extrzct is then concentrated, partitioned thu florisil 
and/or silicic acid. as necessary far elimination of interferences and separation 
of various pesticide mixkures 
liquid chramakography employing electron capture .or electrolytic csndactivfty 

Qaantitative determination is affected via gas 

detection arad two or more unlike cobmis. ~esults are 
per kilogram. 

Interferences 

1, 

2, 

3. 

4, 

5. 

6. 

re-mrkedl in milligrams 

sediment samples is 
the cgas cnrofnatog- &am. 
contaminants in 

of Pesticides, PC3'S 

10 0 OQC 

Suxhlet. extraction zpparatus capable or' holding cellulose 
thimbles of 33 x 80 m.- 

temp range. 

extraction 
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7. Distilled water, suitable for pesticide residue analysis. 

8. f;lmir,mL pans - agproxinately 9 x 12 x 2"= I 

1 

1. 

2. 

3. 

4. 

5. 

6, 

Procedures 

Transfer the seaiment into an alminm pan and spread it to dry over 
a period of 1-4 days in a fume hood at ambient temperature. Pulvsr- 
ize sediment after drying, using a mortar and pestle. 

As the final calculations will be made on a dry weight basisl the 
iworganjrc section will c3eteHnine the percentage of total solids 
in each maple using CRL Method M. 444, and provide the results 
to the &ganic section. 

Transfer the air dried sedbeiit into a saxhlet apparatus between two 
Payers of glass wool. laae glass woo% should be pre-extracted for 16 
hours with ac exane fv:v). Extract the sana 16 
hours with ac 

Concentrate the>extract to approximately 5 ml with a Kuderna Danish 
apparatus. Remove tube, rinsing joint with n-hexane. 

The sample is now ready for initial gas chromatographic screening. This 
io conducted as described in the corresponding section for analysis of 
aqueous media. Colored material usually indicates necessity for florisil 
chromatography. 

IIlter€erence ap,pear.ing as p a k s  5or high background as well as the general 
appearance and a knowledge of the nmple saurce will determine whether 
treatment of the sample to remove chemicaf interference (c~nrrronlq. laown 
as smp3e clean-up) is rewired. When these interfere with parameter 
maasmemernt or pose a threat to gas ckrmatoographic column life or detector 
sensitivity, proceed to see",iori entitled, ""Florisil Chromatography in Procedure 
for Aqueous Media". 



-119 - 

Quality Control 

1. Reagent blank - Beginning with the sample container a reagent blank 
is run with each set of 20 of fewer samples;. 
the ckteckion limits listed in Table I listed below. 

_. The control lbits are 
, 

2. Dhlplieate and Spiked Samples - m e  sample is selected from each of 
30 or fewer samples and &Tided into four alicpots after drying and 
mixing. 
(enough 20 wet the emtire sample) containing approximately 10 ppm 
,c~ncentsat,ians of the csmpbands of interest and the acetone Ls 
evaprakedc I?lb abiqots are then analyze.% as real samp%@se The 
control limits are as folfows: 
percznt difference (CEPD) should. be less than 50% at an average 
concentration sf 3x the above detection limit. The spike recovery 
should be calculated or described in ap-nendix 1 of the CRL QC Mangal 
and shouid be between 50 and 120%. 

'6wo of the four alicpots are spiked with an acetone Solution 

For duplicate analysis the relative 

3. Each tike a set of samples is run an extraction appasatGs is charged with 
glass mol for a method blank. , 

Calculations 

2. concentration of Festicide and PhtAitbate components in ssdhents. The 
weight (ug) of smple per unit volume of extract (m%) is calculated by 
comparing peak areas of %he sample chroma2agrun with that of a standard. 
T%is is accomplished with the aid of a gas chromatographic data system. 

A i: nanograq stanclard injected = 3 
standard peak area mm2 

P = sample peack area = m2 

Ws = weight in kg of sediment sample 
3. Concentration of P a  s as hraciom3 mixtures in sediments -g 

1 
I 

A. When a simple A?-odor is present, the Aroclar@ reference standards 
are empared to the sample. The areas of the unknown and corres-wnd- 
ing the reference Aroclor are measured with the aid of a gas chromato- 
graphic data system. At least five peaks and the ratios are used to 
calculate the Aroclor concentration in the followins. manner: 



--. (C Ai) (1) (coneenfration of standard) 3: 1 X (i=Y Bi) (n) { in Llg per d 

I 

r where: Ai = area of saapPe peak 
Bi = area of corresponding standaxd peak 
n = the number of peaks conpared 

B. For complex situations, the sample cRrom~egram is compared to 
each Aroclors standard and a portion of the chromatogram is 
assigned to areas in whish each of the Aroclors@ predominate.' 
The concentration of each BCB mixcure in the sample is calculated 
using the major peaks in the region after peak areas from the 
interfering mixtures are f actonred out e 
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TABLE I 

1311its of Detection for pes's, Pesticides and Phthalates 

Compound - Detection Lbit (mg/kg) 

2,4-~-isopropyl ester 
di-n-butyl-phthal ate 
BCPA 
Endosulfan 1 
Diel& in 
mar in 
Endosulfan 11 
di-2-ethylhexyl phthalate 
Tetradef on 
'Preflan 
Hexachlorobenzene 
Lindane 
beta-BHC - 
Heptachlor 
Ud-in 
Zytron 
Isodrin 
Heptachlor epoxide 
pnma-ch%ordme 

Dp_ 

0,pSDrn 

5 
10 
2 
2 
2 
3 
2 

PO 
10 
2 
2 
2 
1 
I 
1 

2 
2 
2 
1 
1 
3 
3 
a 
3 
5 
2 
2 
2 
2 

I J 
' ?  

I 
I 
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1. Reagent blank - Beginsing with the sample container a reagent blank 
is run with each set of 20 GE fewer samplesa The control limits are 
the detection limits listed in Table I abovee 

2. Daplieate and Spiked Samples - fine sample is selected from each of 
20 or fewer sample and fiividsd. b t ~  four alieprnnts after &yincg and 
mixing. Two of the four aliquots are spiked with ax-i acetone solutiari 
(enough to wet the entire rsampl.a) carataidng agproxki~ately 18 p p  
concentrations of the c o ~ - ~ u n d s  of Ln*,arest m d  the acetone is evaporated. 
All aliquots are then ana~yzad as rea% smphes. %e control limits are 
as follows: For duplicate analysis t n ~  relative percent difference 
(CRPD) should be less than 50% az an average concentration of 3x the 
above detection limit. '$?le spike recovery should be calculated or 
described in appndix 1 of the CRL Q2 Wnual and should be between 
50 and 120%. 
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Parameter 

akSClO* 1254 
Tatradefon 
Ri-n-butyl phthalate 
p r P -f3m 

p0pQ-Dm 
o,p'-DST 

. Enaosulfan I1 

Gamma Chlordane 

En& in 
0 ,p' -DDD 
Dieldrin 
Endosulfan I 
o ,p ' -DDE 
Heptachlor Epoxide 
DCPA 
di-ethylhexyl phthalate 
Beta EHC 
Lindane 

p e f  lan 
Alwin 

Elir ex 
xsoein 
Eept ac %or 
Hexaiehlorobenzene 

p,pf -DDD 

ZI4-D-ispr0p.vl 

-€?DE 

Average % 
Recovery 

5 87 
5 55 
8 83 
5 74 
5 71 

. 20 68 
3 74 
4 85 

10 68 
3 67 

10 74 
LO 72 
LO 73 
EO 113 

* 3  86 
6 70 

h 98 
3 77 
1Q 103 
5 79 
2 7s 
3 80 
5 78 
2 9'9 
1 89 
1 79 

20 78 

1 

! 



T.A. Beflar and J.J. Lichtanberg, 5CS5me Factors Affecting the 
Recovery of Polychlorinated Biphenyl from Water and Bottom Samples" 
presented at the sym-msim on Water Qaality Parameters, Burlington, 
Ontario, Mov. 1973. 

'This procedure is adapted frm: 

%Go Webb and B.C. McCalb, 2- Chrornatogr. 5, 11, 366 (i.973). 

3 
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PCB ' s PESTICIDES AN9 PI3TUTES 
IN AQUEOUS MEDIA 

CRL Method Nos. L44 To 183, 652 to 732 and 210 to 219 

? 

Interferences 

'fhe analyst mast be vigilant far contaminants in solvwtsI reagentsl 
glasswarep and ether apparatus that c m e s  cantact with samples as 
they wfl% yield discrete errcIxTeouEi axtifacts in gas sfucomatogzans. 
5s not p s s a l e  ta describe all interferences which may be encountered 
rasidu@ analysis, a metiad. blank described herein is used to mniror incer- 

1 
. I  

AS it 

1 



Rppa-ra2u.s and Materials 

a. 

2. 

3. 

4, 

F _. 
6.. 

3. 

8. 

9. 

1Q 0 

11. 

Gas Chromatograph aqxi-.pped with : 

a) glass linea injection port 

b) electron capture detector 

e) f~aghe photometric ae'rsctrar t@~ospbsaas m d e )  

a) potentiometric strig chart recazdi~r canpatibls wi"& detectors 

bas Ghxomtogpaphis Rateriabs: 

e) t*iwg - pyrex (8' x 4 m  ZD) 
b) glass wool - salanized 
c) solid support - supehes~rt (%OO-l20 mesh) 
a) liquid phases - expressed as weight pereeflt of solid sup-mrt: 

i) 1.95% SP22%0/1.5% SB2461 

ii) 4% S230/6$ SP24Ql 

Kuderna Danish Glassware': 
~ 

a) Spder COlUmnS - bEd* 

$1 evajprative flasks - 500 zd 
c) receiver ampule - 10 rGt graduated 
a) ampule stoppers 
Chromatographic Colwms: 

Kontes or Ace 400 wn long x 10 m ID with coarse fritted SSC at 
bottom and teflon stopcock, 250 rd reservoir bclb ?it top of colcm 

(Kuderna Danish 250 ml evawrstive flask). 
CapiLbary pipets dispssabbe (5 314 in.) with rubber bulb 

I3E?aa%ersr 100 al Zinc5 500 m% 
Erlerrmeyers - 300 ELI 
Micro syringes - IO* 25, and 50 
Segaratory f w e h  with teflon seapeescks, centrifuge tubes - 15 ~-2, 
g~aduatea, ~+lw,~eyer flasks - 125 riQ and 3000 m.l, 300 ml glass 

stoppered bottle 

Graauated cylinders - 10 E&, 250 and 1000 ml 

Plorisil - PR grade ( ~ Q - ~ C J O  mesh), purchase activated E& 1250 F and 

store wit21 glass stoppers or foil Lined screw caps. 
each batch for 4 hrs at 450 c h foil-covered glass container. Dezer- 

mine elution parkern with psrmetears o€ interest before use with samples. 

0 

Before user activate 
e: 



-118- 

j 
12. Silica gel - Davidson code 950-08-08-226 (60/8Q mesh) or 

Bio Rad - Bio Skl A la00/2QS mesh) 1 
i 13. wlture tubes, 16 x a25 m screw cap culture tubes, hrosilisate glass 

with teflsn-lined screw caps6 14 centzLfuge tubes, 25 ml with tefbon- 

lined screw caps 

Reagents, Solvents, a d  Stmelads 

1. Sodim sulfate - (ACS) gxan~lar~ anhydrousF soxtdi,tiQned for 4 ql~urs 
at GODOC 

Sulfuric acid - reagent grade - 50% h &istilled water 
Sodium hydroxide solution - reagent g~ade 10 m~lar in distilled water 2. 

3. 

4. Diethyl ether - Nanograde, redistilled Lz glass, peroxide-free I 

n-Hexrt?e - pesticide quality (not mixed hexanes) 1 

Acetonitrite & metkylene chloride, pesticide quality distilled in glass 1 

i 
1 5. Pesticide s;”,andards - those listed in Table I: 

Sznmlins 
1 
I A, Sample Contzbers: Acpilcous sunples are collectec! in clam 1-liter 1 

1 
azrraw m u t h  glass quart h ~ t l e s .  
teflsn liner. 

The caps are lined with alunLnm foil previously washed with acetone 

The molded screw cap must have a 

baide mouth glass jars are asloyea for mud samples. 
i 

and hewn@. 1 i B. Ijmsle Collection: Strrface wuter grzb samples are taken by iiersing I 

-on 

1. 3land +&e s m p % e  if suspended matter is present. 
pesticides are “io Se measured, adjust pH to near neutral (pH 6.5-7.5) 

with 5Q% sulfuric acid or IO normal sodium hyriroxide. 
Quantitatively transfer the sample into a two-liter separatory funnel. 

If arganophosphate 
I 

= I  

I 

2. 



n-hexane. 

Allow the organic phase "e:, szand over sodium sulfate for at Least one 

hour. 

- 
4. 

5. Concatrats the rsr-gmi.e extxa.et to approximte%y 5 rd in a Kudema 
Danish evaporator on a. hot water bath. 

to less than 4 ml using a stream cf dry nitrogen, an8 then diluted to 
exactly 4 ml. with %-hexane. 

The volume is first reduced 

6. If analysis for srgmophw&mxx.as pesticides is desired, the concentrated 
extract is divided Lato two 2-E& -mrkkons, A and B. 

Analysis of Organophosphorcus Pesticides (COrnFuPldS 9-15) 
1. Spike portion A wikh phorate 1% ug) arad inject 3-6 ySa. islto a gas chroma- 

tograph equi;~aed wi"& a flm~ photonetric detector. 

Gas CPlrcmatsgraphiz Condition: 

csbum packed ?hth 4% SE30/6% SP2401 ern 150-120 mesh Gas CF;lrom p is 
used €or the original analysis, a& a 1-54 SP22%0/1.95% sP2401. on 

100-120 mesh SupeIccspfl is used for-confirmation. Operating conditicns 
are: inlet taperatere 250 C, transfer ranit temperature 250 C, detector 

tenperature 245 C: and the ow- progr 
per nain, nitrogen carrier at 66 sOa/min. 

pbea 8 ft x 6 mmn OD x 4 mm ID coiled glass 

6 €2 

0 
ed from 200" to 2650C1 at 4" 

2. Tfte elution patterns relr3ti-v~ to phorate are listed in Tabhe 1. 

3. Determine pesticide saricentration by method outlined in "calcclations" 

section. 
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Analysis 05 Orqanochlorize Pesticides, Dhthalate Esters, and PCB's 

(co~po~ifs 15-45? 

A. Qraalita"cively analyze the smple. 
Approximately 5 
phosphate pesticides are to be malyz&) are injected onto a gas ckarom- 

tograph eq~ippd with an electron eap-ze detector. 

Gas e:xsmtographLps%ric Canditions: 

single inlet -20 dual column splitter, dual electron capture detectors 

m d  associated electronics, and dual 8 ft x 6 fgrm BE, glass columns 
packed with (a) 1.5% SP2250/1.95% SP2401 and bl 4% SE30/6% 572401 both 

on 100-120 mesh Supelcon AW6mS is employed. Operating conditions =e: 

Injector temperatme 256, C, coll%mn temperature 210 C, detector tempera- 

ture 325 

for c o l m  (a) and 50 mbbdn for ooluim 6bl 

%nte.zferences appearing as p~&s on high background as well as the 
appezzmce and a how'ledge of the samp%a source will determine whethex 
trea-Dent of the sample to rermve chemical interferences (corrrmanly 

'mown as ''5mp1e clean-up") is repired. 

ar% presersz with no htarfelrences, proceed with quantitative analysis 
accaz9ing to appropriate garmecnr as d.escsribed beLow- 

ences ccmplicate paraanetxx measmmnent QT pose a threat to gas chromato- 
graphic cslun life or d e t a c t ~ ~  sensitivity, proceed as follows: 

af the concentrated extract Cpxkion B sf orgmo- 

A gas c%rrem%ograph eqaipped with 3 

0 0 

0 5% metha~s:95% argon carrier with flow rate of 53 xnl/min 

If the parameters of interest 

When btesfer- 

3. Flsnrisil Column Aadsaqtion chromaeography 

1. Flace sodim sulfate b t c  *e chromatographic coh.m to one-half 

inch rn 

PTSU a slurry of l8 q m s  of FPerisil in 80 d %-=hexane into the 
c o b ~ w .  

ssdiwn sulfate. 

2- 

Aftex settling "&e Plarisi2. add one-half inch layer of 

3. Pre-elute the c e l m ~ ,  discard the eluate just prior to exposure 
af the sulfate l~ye,r, puatitatively trarsfer the sample extract 
(psztion B if organophosphate pesticides are to be analyzed) with 
Subsequenr washings of the sample container with 2-hexane. Adjust 

&ne, elution rate ta about 5 n-d per minute and collect two eluates. L. 

4. Perfow tihe first elution with 208 m9 of 6% diethyl ether ip1 

1 

1 

i 
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- n-hexane (~:%r), and tho secorad with 56% di-etfaylether in n-hexme - 
(V:V). 

5. ccsmpourzds 28-50 in khe first eluate and compoezads 17 firu 27 axe 
contained in the seeo~d eluate. 
Concen*trate the e ~ a c e o  ts '5 EL Ln a e  ~ u d e m a  ~anish eva-pxator. 6. 

7, zinaPyze the sasond eluaee by electron capture gzs chromatography 

es oratlined in "ca%culaeioa" section, %f PCB'S asar? pastieides are 
presen~, in the first eluate, proceed with silica gel adscsprption 
chromatography e 

Separation of Pm's from Pesticides &pia Silica Gel Adsorption Chroma- 

tography 

C. 

1. Deactivation of Silica Gel: Place &out 8 gm of silica gel per 

sample (prewzshed with methylene chloride) in a glass clish or 

a3.uminxn-t foil lined pus no deeper t b  4 inch. 
for 16 houxs. %xmsfra- the sikica gel to a g1 stoppered bottle. 

eosd, ad.d dis",illcd water 1.0% y weight. St Well 

ed bottle in a dessisatsr prior o use. Silis be 

8 tivate at 180 C 

effectively stosrec% in this manner for several days. 

2. Preparation of Chromatographis Column 
a. Fill a cnromtographic column with E-hexane. Pack the lower 

one-half inch section of the column wich anhydrous sodiuin 
sulfate. 

Weigh out 6 gm of silica gel a d  cover with 60 ml r;-hexme. b. 
c. Canrefu1l.y add the slurry to the ~~lumpl wi-th gentle tapgdng 

making ~ u r e  there axe no air brtasbles in the solum- 

d. Turn stopcock to i~na fl5w rate, 
e. When the silica gel has settled, add sodim sulfate to € o m  

a one-half inch Layer atop the silica gel. 
f. Tux- off the stopcock just as the hexane enters the sodium 

sulfate lay@r* 

m e  column is now ready fer use. 
3. Chromatography of Sample 

a. Quantitatively tramfer the sample (the 69 dietkyl ether eluate 

(3) in g-hexme) concentrate onto the column witA the reservoir 
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4. 

c?isco.zmacted. AS the last of the sample passes into the 

sodium sulfate layerr rinse do-a the internal wall of the 

c o l w  twice with ca 0.25 nr% portions of x+mcane used to 
wash the sample container. 

the-? C#lrn. 

ThaassembPe the reservoir onto 

D@%adZistiQX2 Qf ElUtbla vGilUXiE?S 
a- The elatian volmes for pesticides and PGB's depend 0x1, a 

n e e r  af factors whicaa are difficult $0 control; these 
include variationas in.: 
i) mesh size of the silica gel 

ii) adsorption properties of the particular batch of silica 

gel - ;ii) polar cont9ntinants in sample extzact 

iv9 dimensions ~5 chromatographic column 
Henceb the optimum elution volume must be experbentally 

6eCerndned each time a varfabie is ericounteza8. ft is advSs- 

able to c h ~ m t o v a p k  a set of standards prior to each batch 
cf samples to monitor any change in elution paEcterns. 

b. To deternaine the elution urolmes add standard mixtures of 
%nd pesticides tQ the cralunrra axld collect PO ml 

sequential aliqaots. 

chcmatography and 8e.tezmhe .the cut off volume for both the 
- n-hexme (fraction E) a d  the acetonitrite, 2-hexane, methylene 

ckz.bride eluate (2z-actior.a F), At the CRL we f b d  that all 
the PCBss are generally eluted in the first 45 ml of g-hexane 
along wit21 hexashlora-bazene, airex, aldrin, and heptachlor. 

Analyze each bdivi2ual eluate by gas 

E%s&sum the m a u k  of el~ateam3 Laject 5-10 ~l into the gas chromtograph. 
If necessary adjust the vcalme of e2.uzt.e to give a response which can be 

measure8 at the same attenuatian as that fox the standard. 

E. Quarrtitation - Pesticides end Phthalates 
1 

- i  i M Q ~ S U ~  the. pedk heights or areas of %he known and the reference 
c m p u n d  and calculate the concentration as follows: 
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3 A = ng standard injected = 
standard peak. area 

1 

section is included and one liter when it is not. 

~ 2. At the Central Regional L%j3Bratoqr gas chromatograms of pesticides 

and phthalate esters are analyzed with the aid of a computerized gas 
chromatographic data system. 

into methods currently r@commat%ed by EPA for pesticide residue 

analysis Lad is avzilhle upon request. 

m e n  a single ~och~cx@ mixture is present, quantitative referenee 
standards (i.e. Arochlor nixcure) are compared with the unknown 

smple. An internal s t m d a ~ d  (Dieldrb@ and Lindaneq is added to 

monitor the gas chromatographic data system. 

relative to the internal. standards and peak areas are calculated by 

the data system.3 The eoncenqratisn of a PCB rrtixture in the sample 

is calculated by comparing ae least three individual peaks of the 

This sgrscem is readily incorporated 

3. PCBBa I 

63 

The retention time 

ranknown with G O Y X ~ S ~ Q ~ ~ B ~ ~  peaks from ths standard mixture on each of 

a_ 7 
the two columns as follows: 

Vi = final volme of the sample extxact (ml) from which the sa@-@ is 

injested .into the gas chromatograph 

= concentration of *a &oehlo S%ZLZT~=~ (ns/d 
vs = size of +>.e sample (grams of sail or liters of water) 
Ai= area of tlae individual sample peak 

Bi= area of the corresponding peak from the standard 

n = m d e r  of pairs of peaks used in the calculation 
Dl = area of the internal stadard peak in the sample which does not 
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interfere with peaks corresponding to the Pnrocbor@ sf interest 
area of corresponding peak from internal standard h the sample D2 = 

For complex situationsr the smple chromatogran is compared to each 

AzocLor@ standard and e portion 0% the c h ~ r ~ i . t ~ ~ a m  is assigned to 
areas in which each af the ~ B G ~ B X S  .preao&ate. '%he concentrztians 

of each PCB mixture in the sample is calculated using the major peaks 
in Chat regisn after pa& areas from iwteb-fering mixtares are Sactesrsd 

out 

Sulfur is a COIIW~OR interfezace h the chromatographic fraction 3. 
Sulfur rgzrmoval is outlined in Appendix I. 
When the concentragion of XB'S is less than 100 ngJ1, the samples are 

subjected to a perchlorhation 

s m ~ l e  is transferred to ;a pyrex culture tube (previously muf, 

400°C) and tfae vollame is seduced to 0.5 rid an6 then diluted with 2 
chlorsfcrm. 

of dry nitrogen at room temperature. 
add@% m d  the vaE%%me io agah reduced to 0.2 mpd. 

repeated a third time followed by the addition of 0.5 rid antbony 

pentachlaride, 

and heated far avernight at 175°C- 

ta rtaan teraperature, carefully vented (cautian, ~ 6 1  fumes)# and slowly 

diluted with 6 nil of 2N hydmchloric acid. 
9XtPactQd wi'tt 'Islasee 10 nnf ,aortions sf hexane.. 
>re co&ined and back-washed with a 5 n3. portion of 2M hydrocUoric 

acid, ma salution is trm.sEerred to a centrifuge tube, 5 drops of 

EX&AZZI.QX are &Caed, m d  the VCJL~ZIR~ reduced to 2 ILL. Hexabrombiphenyl 

is a8dcd 1% an internal stanadarc? and the solution analyzed by electron 
Captus@ gas chramtograpfay u s h g  a 6' x %" glass coluann packed with 
4% SE-30/6% QV-210 operated at 245OC.. 

sensitivity as t.he PCii is measured as a single peak. 

procedure does not reveal the identity of Lhe Arochlor@mixturo- or 
allow fclr any biphenyl present in the sample!. 

4. 

@ 

A measured aliquot of the 
at 

This solution is then concentzated to 0-2 ml with a streim 
A second 2 nil of ~ k b l ~ r ~ f ~ m  is 

This step is then 

The tube is sealed with a cap bine6 with a teflon aisc 
3he tube is than allowed to cool 

The aqueous solution is 
%%e organic extracts 

This procedure affords greater 

However, this 

I 

1 
I 

i 

- ,  
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I 

I 

Althouqh the perchlorination prsee&me is a valu&Pe tool, it is subject 
to lidtations. 

a PCB per ser can lead ts erroneous resdts at how levels. 

should review the ehromtogrm. of the sample before it is subjected 

to the perchlorination procedure. 

of p p  decachlorobiphenyl when this procedwa is used. 
&ure is used fox ~mtcita"e.iva confi-%iona it can be expressed as a 

specific %Lroclo 

The analyst musk be awue that biphenyl though not 

The analyst 

A$ Cw6, we express residues in terns 

the prese- 

h*en a eonversion factor is used.6 
D6B peak height of sample 
DCB peak height of standard 

ng in sample 
injection 

.. , 

I 

j 

! 
I 
, 

! 
- 1  

i 
: 
! 
I 

,j 
I 

.' i 
I 

I 

. ,  

i 
I 

I 
! I 
! 
I I 
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I 

A. Reagent B % d  
A background or bb& of each sf &e mageats ox- solvents used in thLs 
method are determined for each %et. The COAWC~OXXS to d e t e d n e  t!ne 

background or blank rriust be the same as those used in the analysis. 
This is particularly needea with solvents. Sodium sulfate and chroma- 

tographic colclrrvl packings are prone to contain phthalates in hiqh con- 

centration. 

” .  
B.. Method, Elank 

The IQethOd blank is determined by following the procedure with 1 L of 

distilled water, step by step to include all magents and solvents, 

in the quantity resyired by =the method. When - a s  cumdative blank 
htes2eres with detednation, steps must be taken to elWnate the 
interference. 

ence must be considered when calculating the concentrations of specific 

canstituants in the samples analyzed and the limits of detection. 
One b l m k  is analyzed with each set of ten or fewer samples. 

If this is not pssible, the magnitude of the interfer- 

c. 
&&.oratosrl~ control etamdards prepare8 in advance in sample bottles by 
ad9Lrg acetone stock pesticide/PCB sslakions (1.Q ad.) to distilled water 

ere analyzed with each set of LO or fewer samples. The coatso% b s t s  

for these samples are 50-150% %emvery (measured) of i5ae ”tme” value. 
The faboraf-,gry control standards are prepared separately from the 
hscrment calibration standads so each audit also compares twca sets 
of stmdards against one another. 

B. Limits of Detection 

These are estimated for each sample depending on chemical interferences 

foaand in that sample but usually the detection limits are less than 
10 ng/l for the chlorinated hydrocarbon pesticides, 1 ug/l for the 

o ~ g ~ ~ ~ o p h o s p h o r ~ s  pesticiaes, 200 ng/l for P C B ~ S  using the traditional 

method, and 20 ng/l, for decachlorobiphenyl. 

I 

1 

1 
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1 on A 
J Florisil Perform GC -lysis 

chromatography for Bhosphoreus Compounds 
I a NQ. 29 45 
1 fraction C Fraction D 

I wi"& Silica Gel for Compound 
Chromatograph Perfom G6 Analysis 

I No. 17 thbu 27' I 



Compound 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9' 

PO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
2-7 
28 
29 
30 
33. 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

-128- 

TABU Io 

physical .Parameters for Parameters 

Name 
Treflan I 

HexaehZasaben zene 
IA.ndans 
B-BHC 
ESeptaaehLor 
&Lain 
Zytron 
Xsodrin 

Gamma ChPordana 

p,p'-DDE 
o,p'-DDD 
o,p'-DDT 
p , p' -DDD 
p pp ' -DDT 
Mirex 
~e thox yc hlo r 

s_ 

Efeptachfear epoxide 

o l p *  -DDE 

OV17/0V210 
Relative Retention 

Time 
0*44b 

6.0213 
1.00 
1.3 
2.5 
2.5 
2*9 
3-1 
3.4 
4. k 
487 
509 
6.1 
905 
8*4 
9.1 
9.3 
9.7 
12.3 

SE30/OV210 
Relative Retention 

Time 
o.6W 

Limits of 
Bet eet ion 

U d l  
0 0 504 
0.04 
0.004 

0,004 
0.004 
0.01 
5c006 
0r004 
0.004 
0.006 
0.006 
0.006 
0.006 
0.006 
0.006 
0.01 
0.02 
0.04 
2 
00806 
0.0% 
0.01 
0.006 
0.01 
0,006 
0.02 
0.01 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
0.1 
0.1 
0.1 
0.1 
0.1 

00a04 

0.02 

1 

1 

1 
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4 

L 
0 

e 

$4 

Q 

1.5% OY-17t 1.35% ov.210 
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DETECT0 R RES P.ONSE 
t 

4 

23 

29 

3 9  



36 

3% 

36 

33 34 
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i 

Sulfur Removal 

&Ad a drop of wetzlic mercury t~ $he eluate containing BCB's in a 
cen"tzifuge tube. 

black precipitate indicates presence of sulfur. After approxbiately 

20 minutes the mercury may become entirely reacted or deactivated by 

Stopper a ~ d  place on a wzist aceion shaker. B 

the sulfur. Three treatments m y  be necessary to remove all the sulfur. 
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pesticides and RB's given at;ove, €our steps m y  be classified as king the 
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Determination of "Non Purg@&l@" 

Sample Preparation 

1, 

2. 

3. 

40 

Pr ioritqr Pollutants in Sediments 

'Pransfer the homogeneous sediment sample into an aluminum pan and spread 
it to dry over a period o€ 1-4 days in a fume hood at ambient temperacure. 
Pulverize sediment after drying, using a mo?ztal: and pestle and sieve 
through 20 mesh sieve into a 60 mesh sieve, 
sieve and sediment retained on the 60 mesh scxeen is used for extraction. 

Sieve again with 60 mesh 

As the final calculations will ba,rnade on a &cy weight basis, it is 
necessary to determine the percentage o2 total solids in each sample. 
Weigh ca 5 
the percent solids by: 

of the homogenous sediment. into a tared cruciblea Determine 

a. drying overnight at 105OC 

b. allow crucible to come to constant weight in a desiccator before 
weighing e 

Transfer 20 g of the air dri,ed sediment into a soxhlet apparatus between 
two layers of glass wool. The glass wool should be pre-extracted for 
16 hours with 1:l ace%one/hexane (v:&+). Extract the sample for E6 plows 
with l:1 acetone/hexane (v:v). 

C4ncentrate the extract to a cz 5 mP with a Kudernz-Danish apparatus. 

Remove tube., rinsing joint with n-hexane. 

j 
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Separation of Acids from Neutral-Basis Compounds 

I m e  concentrated extract is transferred to a one 1 separatory funnel 
and extracted three times with 100 m1 of 1.0N NaOB solution. (The Na3H 
solution is pre-extracted with methylens chloride to ranove any organic 
compaunds which may be present in the solution). 
dried over anhydrous sodium sulfate, concentrated to 4 ml in a Kuderna-Banish 
concentrator and transferred into two GC vials which are labeled as the base- 
neutral fraction (BN-I) - 

The organic phase is 

The aqwous extracts are returned 'eo the separatoq funnel, made acidic 
( p ~ 3 )  ,with concentrated sulfuric acid and ext'racted three times each wLth 
100 ml of methylene chlorideo The extracts are embin&, dsried over mkydrous 
sodium sulfate, concentrated to 2 ml transferred into a GC vial a d  labeled 
as the acid containhg fraction (A-I)* 

Quantff ication 

The extracts are analyzed by gas chromatography/inass spectroscopy as out- 
lined in the kethod for the analysis of priority pollutants in aqueous 
sm21es. 
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DETEIWPNATION OF PURGEABLE ORGAMXCS 

David N. Speis, Chemist 

O,.S Znviromental Protection 

IN SEBLMENT 

Agency 

Q8817 

The analysis of volatile organic compounds in sediment poses 
cha&.langing problems. 
low Concentrations of volatiles in sedhsnts, The reasons, behind 
this are twofold8 SeBiment analysis is usually lfrnited to a 50 gm 
sample size for ease of sample handling. A liquid extraction of a 
sediment sample this large would be difficult. The large volumes 
of solvent required could not be concentrated by any solvent 
stripping technique witbut loss of the organics in question. Head 
space analysis is limited to mall volume injections of low con- 
centsation resulting in a miniarenrn detectable limit of 25 ppb 
"EMSL, Cincinnati, Ohio" (1977). , 

Previous metbda have been hsensitive to 

By modifying a Tekmar LSC-1 bicpid sample concentrator to 
accommodate a 15 gntm sedbewt sample and sample chamber heater, 
the analyst is able to themKLly purge vslatila organics from 
sediments. With this systemr a minimum detectable limit of Oel 
ppb can be attained. 

The purge arad trap method is useful in the analysis of water 
samples for hydrocarbons and haLogenated hydrocarbons. An inert 
gas (helium) is bubbled through the sample transferring 'chose 
compounds favoring the vapor state from the aqueous phase to the 
gaseous phase. These gaseous compounds are then concentrated in 
a porous polymer trap at room temperature. (Fiqure 1) The trapped 
compounds are themally desorbed into a gas chromatograph inter- 
faced to an eleccron impact mass specmometer, electron capture, 
or Hal1 electrolytic conductivity detectors rvBBallar I Lichtenberg" 
(1974). (Figure 2). 
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A Tekmar LSC-1 with modified sample container was interfaced 
to a Finnigan 3200 electron impact, gas chromatograph/mass spectro- 
meter with a Systems Industries data system. 

Sediment samples are collected in the field in pre-weighed 

These vials have the capability 
Pierce.(or equivalent) 20 ml hypovials with uncrimped alumhum 
seals and tefbon backed septa. 
of holding up to 15 grams of wet sediment. 
vials should be filed to maximum capacity to reduce the amount 
of head space. 
sample collection. 
at wet ice temperature and equilibrated to room temperature for 
weighing and analysiso 
septum to allow the snug insertion 0f two l/8" glass tubes ts be 
used as a purge gas inlet and outlet. 
be extended to the bottom of the septum vial. The purge gas 
outlet should extend l/Z" below the septum (Figure 3). The vial 
is mapped in heating tape and the glass tubes are connected to 
the appropriate gas lines. 
five minutgs. At the conclusion of five mimutes, the sample 
chamber is parged with helium for 4 minutes at a rate of 68 ml/min, 
This effectively traps volatilized organics on the polymer trap. 
The trapped organics are then desorbed onto the chromatographic 
coPmm for analysis znd data collection. 

For best results, the 

The a3uminum seals are crimped in the field after 
3d.l samples should be transported and stored 

W o  holes are then drilled ipn'm the 

The purge gas inlet should 

The sample is then heated at 8OoC for 

A pre-selected sediment whose consistency was that of a loose 
fiela soil, was muffled at 6QOOC to remove any volatile organics. 
This sediment sewed as a media for spiking. A solution of fiv@ 
velatila organics was prepared in methanol. 

%sa Zixectly ii?%c: an mpky septum vials to be used as a 
ard. This elininates any matrix effects caused by the 

sediment so that an easy assessment sf recpvery can be made. Five 
dilutions of this ,stiandard were prepared in water. Ten mls of the 
diluted standard was pipetted into the septum vial containing 10- 
15 gra-ms of pre-weighed se6hment. The vial was sealed and allowed 
$0 stabilize for four hours. Five replicates of each concen- 
tratihan were malyzed as well as four uspiked sediments and four 
empty vials as blanks. 

This solution was 

KinLmm 6atectabl.e levels obtained were 1.0 ng/15 g r m s  of 
setlhnent ( e 0 7 ug/kql Mean recoveries were calculated for each 
c s m ~ m d  in each concentration g-roup. Recoveries ranged from a 
high 52% to a law of 24%. 
The dzta was quite linear over the range of operation (Table 2). 
The lowest. correlation coefficient was ,934 for chlorobenzene; 
howsver, three compounds had values greater than .99. 

The results are swmnarized in Table 1. 
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Minimum detectable levels oStained using this sediment 
purge and trap -procedzre represent a 350 fold improvement in 
detection limits over that reported for head space analysis 
techniques. Alkhough recoveries are on the low side, they are 
linear and reproducible, The results indicate that this can be 
a reliable method for detecting and determining low levels of 
volatile organics in sediments. This soil matrix represented the 
type of sample that would be taken as the result of an organic 
spill in apz uncontaminated area. The matrix used was very 

. difficult to purge of organics. The muffling served as an 
activation of a sediment that, otherwise, might not have held onto 
a purgeable eompund so tenaciously, Higher recoveries would be 
expected from a contaminated ummffled sediment. Limited avail- 
able data on spiked environmental samples gave recoveries of 
80-100% using this method. 

i 

! '  



2,061 

-149- 



-152- 

Residuep Total Non-filterable 
(Suspended Solids) 
CFSJ Method NO. 441 

scope and Application 

This method is applicable to drinking, surface, and saline water, domestic and 
industrial wastes. 

The practical range of the determination is EO mgfl to 20,000 rng/l. 

Se%TaPsaaPy 0f Method 

A well-mixed smp%e is filtered through a standard glass fiber filter, and the 
residue retained on the filter is dried to constant weight at 103-105eC. The 
filtrate from this method may be used for Residue, Totab Filterable. 

Definitions 

Non-filterable solids are defined as those solids which are retained by a standard 
glass fiber filter and dried to constant weight at 103-105°C. 

Sample Handling an6 Preservation 

Nan-homogeneous -particulates such as %eavesp sticksp fish, and lumps of fecal matter 
should be exclude8 %ram the sm2Ee. 

Preservation of the sample is not practical; analysis should begin as soon as 
possibl e 0 

Interferences 

%DO nueh residue on the filter will entrap wzter and may require proionged drying. 

Equipment 

Glass fiber. filter discs, 4.7 an or 2.2 ad withsut organic binder, Reeve Angel type 
934-8 or 984-E, Gehara t D e  A, or equivalent. 

FLlter holdwe, membrane filter fmnel or G o ~ c h  crucible adapter. 

used) 

of weighing to 0.1 mg. 
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Procedure 

Prbparation of glass fiber filter disc: place the aisc on the membrane filter 
apparatus or insert into bottom of a suitable Gooch crucible, While vacuum is 
applied, wash the disc with t h e e  successive 20 ml volumes of distilled water, 

Remove all traces of water by eontinuhag to apply vacuum after water had pzssad 
through. Remove filter from membrane filter apparatus or both c ~ ~ ~ e i b l e  a d  filter 
if @och crucible is used, and dry in an oven at 103-105°C for one hour. Remove 
to desiccator and store until needed. Weigh hec3iatal.y before usee 

Wssehble the filtering apparatus m d  begin suction. Shake the sample vigorousLy 
and rapidly transfer 100 ml to the funnel by means of a 100 ml volumetrico 

s -pending upon the suspended solids concentration, a smaller or larger volume may 
. be filtered. Wash the filter with 100 EL% of distilled water. 

Carefully remove the filter from the membrane filter funnel assembly. Alternativelyr 
remove crucible and filter from c-mcible adapter. Dry at least one hour at l03-105*C. 
Cool in a desiccator and weigh. Repeat the drying cycle until a constant weight is 
obtained or until weight loss is less than 0.5 mg. 

Quality Control 

Calculations 

Calculate non-filterable residue as follows: 

Hon-filt. residua, mg/l = (3-B) x $008 P- 

c 

where : 

A= weight of-filter + residue 
3 = weight of filter 
C = m% of sample filtered 

PPecision data are not available at this time. 
Accuracy data on actual samples cannot be ~ b t a L ~ e d ~  

This method is identical to -the one in the EPA Manual of Methods for Chezkal 
hnalysis of Waeer and Wastes, 1974, office of TachnoIogy Transfer, Washington, B2. 
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