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HYDROGEOLOG!~ INVESTIGATION 

AT THE AVX FACILITY, OLEAN, NEH YORK 

INTRODUCTION 

In August 1984 the AVX corporation retained Geraghty & 

Miller, Inc. to implement a hydrogeologic investigation at 

the AVX facility in Olean, New York. This investigation was 

undertaken in r~sponse to an Administrative order (Index No. 

II-RCRA-3013-40202) from the U.S. Environmental Protection 

Agency's (USEPA) Region II office. The Administrative Order 

was signed on October 9, 1984 and the project was started 

soon after. The work plan on which this investigation is 

based was approved and incorporated into the Administrative 

Order. 

The study was designed to assess hydrogeologic, 

ground-water quality, and soil-quality conditions in the 

vicinity of the AVX facility. This project is one of 

several investigations that have been carried out to 

determine the effect of volatile organic chemicals on The 

Olean "City Aquifer". 
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The investigation at the AVX facility included the 

following \vork: 

o Installation of three 4-inch diameter monitoring 

wells. Two monitoring wells (AVX-I and AVX-2) 

were screened in the city Aquifer, and are located 

east and south of the existing AVX production 

well. The third monitoring well (AVX-3), 

installed adj acent to AVX-l, was screened in a 

shallow water-table zone. Soil samples were 

collected during the drilling of the deep wells 

and analyzed for volatile organic compounds. 

Water· samples were collected from all three 

monitoring wells and from the AVX production well 

and were also analyzed for volatile organic 

compounds. The locations of these wells are shown 

on Figure 1. 

o Surface soil-sampling program. Soil samples were 

collected to a depth of 18 inches below ground 

surface at one hundred locations in the southern 

portion of the AVX facility and analyzed for 

volatile organic compounds. 

o Sarnpl ing and analys is of AVX and off-site 

monitoring wells for landfill leachate parameters. 

Part of the property now owned by AVX was used 

as a municipal landfill prior to 1960 .. The 

n 
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approximate extent of this former landfill is 

shown on Figure 1. In order to evaluate possible 

impacts on ground-water quality from former 

activities at this landfill, water samples from 

two of the three AVX monitoring wells and from 

eight off-site monitoring wells installed by 

others during previous investigations 

analyzed for leachate indicators. 

were 

o Recovery test of the AVX production well. The AVX 

production well was shut down for 48 hours and 

water levels were measured in all wells at the AVX 

facility and in several off-site wells. The 

recovery test data were used to calculate 

hydraulic characteristics of the City Aq~ifer and 

to evaluate the effects of the AVX production well 

pumpage on water levels in the City Aquifer. 

n n7 
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FIELD PROGRAM 

The field program was carried out in accordance with 

the final Work Plan and the Quality Assurance/Quality 

Control (QA/QC) Document prepared by Geraghty & Miller, Inc. 

and approved by the USEPA. The QA/QC Document is appended 

to this report (Appendix A) . 

Monitoring Well Drilling and Installation 

Between October 22 and October 27, 1984, three 

monitoring wells were installed by Buffalo Drilling Company, 

Inc. of Kenmore, New York, under the direction of Geraghty & 

Miller, Inc. The wells were drilled by the hollow-stem 

auger method using augers with an inside diameter of 6.25 

inches and an outside diameter of approximately 10 inches. 

The monitoring well locations are shown on Figures 1 and 2. 

Split-spoon samples were collected at five-foot 

intervals during the drilling of the two deep monitoring 

wells (AVX-l and AVX-2). The samples were examined and 

described by the Geraghty & Miller, Inc. field 

hydrogeologist. The intervals beb.,reen split-spoon samples 

were logged on the basis of drill cuttings and drilling 

characteristics. The split-spoon samples were subsequently 

exa.mined by another Geraghty & Miller, Inc. hydrogeologist 

10 os 
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to verify the field interpretations of the field 

hydrogeologist. The geologic logs for the deep AVX 

monitoring wells are presented in Appendix B.l 

The four-inch diameter monitoring wells are constructed 

of 4-inch diameter black steel pipe and stainless steel 

screen. During well installation the casing and screen 

assembly was installed inside the hollow-stem augers. The 

lowermost section of the black steel pipe was threaded and 

screwed into the la-foot section of stainless steel screen 

(0. 010 inch slot). Subsequent lengths of -steel pipe were 

welded together. Cape May No. 2 gravel was poured down the 

inside of the augers as the augers were extracted from the 

bore hole. This procedure was repeated until the annular 

space around the screen was filled with gravel to a level 

approximately two to four feet above the screen. The augers 

were then pulled back an additional two feet and bentonite 

pellets were poured down the inside of the augers to create 

a seal above the gravel pack. After the bentonite pellets 

were emplaced, the augers were removed from the borehole. 2 

1. The geologic materials penetrated in drilling AVX-3 are 
those described for the upJ?6r 12 feet of AVX-l since 
these wells are approximately 10 feet apart. 

2. The :oentonite seal 'VIas emplaced in the annulus in AVX-3, 
as the top of tl1e gravei pack is only 0.5 feet bel~v 
land surface. The cement grout used to fix the 
protective pipe in place serves as a surface seal for 
this well. 

10 no , v 
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The remainder of the annular space was then filled with a 

grout composed of approximately five parts Portland cement 

to one part bentonite. Table I summarizes the construction 

details of the completed monitoring wells and construction 

diagrams for each well are presented in Appendix B. 

The three monitoring wells were developed from october 

30 to November 2. Development of the wells was accomplished 

n 
J 

by pumping and agitation with compressed air as called for 

in the QA/QC Plan. The wells were pumped until they 

1 produced water that was relatively clear and free of 

r 
sediment. Water levels were measured in the AVX monitoring 

and production wells during the field program and are 

~ summarized in Table 2. 

[ A six-inch diameter steel protective pipe with a 

covering plate was cemented in place over each well. Each 

protective pipe has two tabs sticking up through the plate; 

padlocks were placed through holes in these tabs to protect 

the wells. Keys to the locks were sent to EPA and DEC. The 

well number and screened interval were stamped on the inside 

cover of each well. A triangular array of 2-inch diameter 

G.I. pipe was also installed around each well for additional 

protection. The elevation of the top of each 4-inch 

monitoring well was determined by Michael Canada, a surveyor 

licensed in the State of New York. The surveyor also 

determined the elevation of a hole that was cut into the 
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TABLE 1. G!1fc:.-i [Y;;;19U .. !)~c,! i..~..J"gL...b'lX Prorluc!;ign HelL.slruL!1Qll1!.Qri~h 

Feet Below Land Surface 
<--------------------------------------------------------------------------------> 

SCR£E!I 

rATE 
!ill1._ IH!?TMIU2 

CASiriG & 
SCld.£!1 

01 At-!:. :ER 
lln!'.·:,;nl. 

TOTAL 
DEPTH 

Q.L1Fl fiI lli! 
SCRF.EUED 
!!lHRYbJ, 

5101' 
SIZE 

iln..C;tl!1lll. 
ARTIFICIAL 
Qll.ll.llLL.Ei\.CK 

A\'X-I !0/2~/64 79.0 68.55 - 78.77 0.010 65.0 - 7B.77 

AVX-2 10/27/84 8 .. 0 70.0 - 80.0 0.010 66.0 - 00.5 

AVX-) 10/2S/8~ 15.0 1.5 - 11.7 O. 010 0.5 - ~2.0 

A'/X-I'H 19 ~') 1: 76.0 61.0 - 65.0 0.010 4) Natul:al 

1) 

2) 

) ) 

4) 

5) 

65.0 - 67.0 0.040 
67.0 - 72.0 0.060 
72.0 - 74.0 0.035 
74.0 - 76.0 0.016 

5:1 Mixture of Portland/Bentonite. 

forr.:.ltl(.n collapse from 54' to 62' below land surface. 

A bento~lte seal was not emplaced due to proximity of gravel pack to 
the lan,l surf3ce (0.5 ft. BLS). Some space was needed to allow for 
protectlve pipe to be cemented in place. The grout mixture used to 
cement the protect ~ ve pipe In place serves to seal the top of the 
a"nulus. 

Screen slot size information provided by well driller (W.E. 
Lanphere. Shinglehouse, PAl. 

Measuring point on production well is a hole cut into the pump base. 

nmrOtl!T.LfiEAL 

62.0 - 65.0 

63.0 - 66.0 

lIone 3) 

7 

r f';!1f.!!'Lflll("?t!T 1) 

o - 54. 0 2) 

o - 63.0 

o - 0.5 

? 

HEIGHT OF 
MEASURr:t-1EIIT POll1T 

(STICK-UP) 
l\W1YL!A!HLiiI1BfM:L! t~~U 

.2. B 

),6 

).) 

2.9 

Feet Above Mean Sea Lev 

lLl:VATIOtl 
Of llEASURH:EIIT 
POll1T (TOP Of 

;;" .£l!?lt!G.l 

1.4~0.49 

1,07.)8 

1,09.81 

1.~42.29 5) 

ELEVATIC 
Of GROUN 
SURfACE 
1l[I~LQL~ 

1,07.7 

I,OL8 

1.436.~ 

1,09.4 

I-" 
(:::;,; 



10 12 

BLE 2. Water Levels in AVX Production Well and Monitoring Wells. 

ELEVATION OF DEPTH TO WATER LEVEL 
HEASURING POINT WATER ELEVATION 

~vELL (ft, msl) (ft) ( ft, msl) DATE COMMENTS 

AVX-PW 1442.29 32.56 1409.73 11/07/84 Pumping 
36.17 1406.12 11/09/84 Pumping 
31.16 1411.13 11/11/84 After 48 hrs of 

recovery 
36.15 1406.14 11/12/84 After 11 hrs of 

pumping 
35.85 1406.44 11/13/84 Pumping 

AVX-l 1440.49 29.27 1411. 22 11/07/84 AVX-PW pumping 
r 29.05 1411. 44 11/08/84 AVX-PW pumping I 
j 29.85 1410.64 11/09/84 AVX-PW pumping 

28.52 1411. 97 11/11/84 AVX-PW off 48 hr , ·29.77 1410.72 11/12/84 AVX-PW pumping 
I 11 hrs 

29.78 1410.71 11/13/84 AVX-PW pumping 

VX-2 1437.38 26.80 1410.58 11/07/84 AVX-PH pumping 
26.97 1410.41 11/08/84 AVX-PW pumping 
27.19 1410.19 11/09/84 AVX-P~v pumping 
26.15 1411. 23 11/11/84 AVX-PW off 48 hr 
27.05 1410.33 11/12/84 AVX-P~v pumping 

l 
11 hrs 

27.15 1410.23 11/13/84 AVX-PW pumping 

- )~ -

AVX-3 1439.81 5.07 1434.74 11/07/84 
5.50 1434.31 11/08/84 
5.37 1434.44 11/09/84 
3.40 1436.41 11/10/84 Response to 

rainfall event 
3.68 1436.13 11/11/84 
3.79 1436.02 11/12/84 
4.05 1435.76 11/13/84 
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pump base of the AVX production well through which wate 

levels were measured during the recovery test. 

Soil and Water Samples from the AVX Monitoring Wells 

As specified in the EPA Work Plan, portions of each 

split-spoon sample collected from the boreholes of 

monitoring wells AVX-l and AVX-2 were transferred to sample 

] bottles for analysis of volatile organic compounds (VOCs). 

The samples were collected and transferred in accordance 

I with the relevant protocol specified in Appendix A, and sent 

r to Cambridge Analytical Associates (CM) of Boston, 

.. Massachussetts for the analysis of VOCs by EPA Method 601 . 
, 

Duplicate samples were collected from the split-spoon 

t for each five-foot interval and labeled "A" and "B". The 

~ 
three samples collected over a fifteen-foot interval were 

placed together in a plastic zip-lock bag for shipment. The 

three "A" samples, collected over each fifteen-foot 

• interval, were composited in the laboratory prior to 

analysis. As specified in the Work Plan, one "B" sample 

group, corresponding to the "A" sample group \-lith the 

highest combined concentration of VOCs, was analyzed using 

EPA Hethod 624. 

Water samples were collected from the three AVX 

monitoring wells and the AVX production well on November 8, 

1984 and were analyzed for VOCs by EPA Method 624. The 



I 

L 

.... 

If 
li 

I 
TI ... 

" 

~ 

~ 
T , .. 

.. 

Geraghty & Miller, Inc. 8 10 

wells were sampled in accordance with the pertinent protocol 

in Appendix A. Replicate samples, labeled MW-4 and MW-5, 

were collected from monitoring well AVX-l and the AVX 

production well, respectively. 

The results of all of the soil and water analyses are 

discussed in a later section of this report. 

Surface Soil Samples 

Samples of the upper soils were collected at one 

hundred locatiops in the undeveloped, southern portion of 

the AVX property. A grid measuring 1,000 feet in an 

east-west direction and 200 feet in a north-south directicn 

was established. This grid was divided into 20 square 

subgrids measuring 100 feet on a side. The configuration of 

the soil sampling grid is shown on Figure 2. 

Soil samples were collected at five locations within 

each subgrid . These locations were approximately one 

quarter of the distance from each corner on the diagonal and 

at the intersection of the two diagonals of each subgrid. 

At each location a hole 12 to 18 inches deep was made with a 

hand auger and two soil samples were collected from the 

bottom of each hole in accordance with the pertinent 

protocol in Appendix A. 
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Duplicate samples collected at each sampling location 

were labeled "c" and "D". The five "c" samples within each 

subgrid were composited in the laboratory and analyzed for 

VOCs by EPA Method 601. TIIIO "D" samples, corresponding to 

the two groups of "c" samples with the highest combined 

concentration of VOCs, were composited in the laboratory and 

analyzed by EPA Method 624. 

~ 
II 

1 
Water Samnles from Off-site Monitoring Wells 

r In an effort to evaluate the potential impacts of the 

former municipa.l landfill on ground-water quality, 'tvater 

samples were collected on October 27 and 28, 1984 from eight 

monitoring wells installed by others during previous 

investigations of the city Aquifer. The off-site wells 

sampled were D&H (Dames & Moore) -7, D&H-7A, D&H-9, D&H-9A, 

D&M-IO, D&H-IOA, D&M-IOB, and NUS-l. Samples from 

monitoring wells AVX-l and AVX-3 were also collected for the 

analysis of landfill indicator parameters on November 8, 

1984. 

These water samples were collected in accordance with 

the relevant protocol in Appendix A. The samples were 

analyzed for pH, specific conductance, alkalinity, ammonia, 

chloride, sulfate, potassium, and iron. In addi tion, the 

samples from the off-site wells were analyzed for VOCs using 

EPA Method 624. 
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GROUND-HATER AND SOIL QUALITY 

Ground-Water Analyses 

Volatile Organic Compounds: Water samples were collected 

from eight off-site monitoring wells (D&M-7, D&M-7A, D&M-9, 

D&M-9A, D&M-IO, D&H-I0A, D&M-IOB, and NUS-I) on October 27 

and 28, 1984 and from the AVX monitoring wells and the AVX 

production well (AVX-Ptv) on November 8, 1984. These 

samples, along with a trip blank, were sent to CAA for VOC 

analysis. The results of this work are summarized in Table 

3 and the complete laboratory report is provided in Appendix 

C. 

As part of the QA/QC plan, replicate water samples were 

collected from AVX-l (labeled MW-4) and AVX-PW (labeled 

mv-5) and were analyzed for VOCs utilizing EPA Method 624. 

Neither of the two samples collected from AVX-l had 

detectable amounts of any of the VOcs tested for, and there 

was excellent agreement between the analytical results (51 

vs. 52 ppb of trichloroethylene) for the two samples from 

the AVX production well. In order to evaluate the potential 

for contamination of the samples during shipment, an 

unopened trip blank was packaged with the water samples and 

analyzed for the same parameters. No VOCs were detected in 

the trip blank. In addition to analyzing for the volatile 

organic compounds listed in EPA Method 624, all of the water 

10 
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samples 

peaks. 

were analyzed for other major volatile organic 

No other major peaks were identified in any of the 

water samples. 

Inorganic Parameters: Water samples collected from the 

eight off-site wells listed above and AVX-1 and AVX-3 were 

analyzed for inorganic parameters that might be indicative 

of landfill leachate. The results of the inorganic analysis 

are summarized in Table 4. The complete laboratory report 

is included in Appendix C. 

Soil Analyses 

Monitoring Well Soil Samoles: As discussed earlier, 

portions of the split-spoon samples from the boreholes of 

AVX-1 and AVX-2 were transferred to 40 ml vials and sent to 

CAA for VOC analysis. Duplicate samples were collected and 

labeled "A" or liB". The "A" samples from each IS-foot 

interval were composited in the laboratory and analyzed for 

VOCs by EPA Method 601. The results of this analysis are 

summarized in Table S. The complete laboratory report is 

included in Appendix C. 

As specified in the Work Plan, one "B" sample group, 

corresponding to the II A" sample group with the highest 

combined concentration of VOCs, was to be composited in the 

laboratory and analyzed by EPA Method 624. The "B" samples 

10 1 
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for the interval of 0 to 15 ft from AVX-l were selected for 

the EPA Method 624 analysis. The results of this analysis 

are presented in Table 5 and the complete laboratory report 

is included in Appendix C. 

Surface-Sampl ing Grid: soil samples were collected at a 

depth of 12 to 18 inches in 20 5ubgrids measuring 100 feet 

by 100 feet and sent to CAA for VOC analysis. The locations 

of the grids are shown on Figure 2. As discussed in an 

earlier section of this report, two samples were collected 

at five discrete locations within each subgrid. The two 

samples were labeled "c" and "0". The five "C" samples from 

each subgrid were composited in the laboratory and analyzed 

by EPA Method 601. The concentrations of VOCs detected in 

these surface soil samples are summarized in Table 6. Only 

those subgrids in which VOCs \-lere detected are listed. 

Samples from subgrids not listed in Table 6 had no 

detectable VOC concentrations. The complete laboratory 

report is included in Appendix C. 

As specified in the Work Plan, the two "0" sample 

groups corresponding with the two "c" sample groups having 

the highest combined concentrations of VOCs were composited 

in the laboratory and analyzed using EPA Method 624. The 

results of this EPA Hethod 624 analysis are summarized in 

Table 6. The complete laboratory report is included in 

Appendix C. 
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REVIEW OF SELECTED REPORTS FROH PREVIOUS INVESTIGATIONS 

Aerial Photogranh Analysis 

Aerial photographs of the AVXjformer landfill site and 

surrounding areas taken in 1956, 1966, and 1980 were ordered 

by Geraghty & Miller, Inc. from the U.S. Department of 

Agriculture's Aerial Photography Field Office in Salt Lake 

City, utah on October 2, 1984. Due to backlogs in 

processing requests at this agency, the photographs had not 

been received as of January 14, 1984. 

During the field investigation at the AVX site, EPA 

representatives made available for inspection aerial 

photographs taken of the AVX area in 1955 (believed to be 

the first aerial photograph of this site)/ 1960, and 1966. 

The 1955 photograph shows that the landfill was active at 

that time. The extent of the landfill shown on Figure 1 was 

determined from this photograph. By 1960 the landfill was 

no longer active and was completely covered by vegetation. 

It is not possible to determine from the 1955 photograph 

what type of refuse was disposed of in the landfill. 

The aerial photographs indicate an excavated area 300 

to 600 feet east of the intersection of Seneca Avenue and 

10 1 
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Dugan Road. This area is not owned by AVX. The photographs 

taken in 1955 and 1960 show pools of standing liquid within 

this excavated area. 

Review of the Technos Geophysical study 

Technos, Inc. carried out a geophysical investigation 

in the East Olean area. The study consisted of shallow high 

resolution electromagnetic profile mapping and a high 

density resistivity sounding program. A preliminary report, 

dated March 1983, was submitted by Technos, Inc. to 

Engineering Science, Inc. This report was reviewed by 

Geraghty & Miller, Inc. for any data concerning the AVX site 

and the former landfill site. 

The electromagnetic (EM) mapping measured the bulk 

electrical conductivity of the upper twenty feet of soil. 

According to Technos, the mapping revealed an increase in EM 

values from the McGraw Edison site to the west. This may 

indicate a decreasing permeability of the shallow sediments 

in this direction. An area of anomalously high EM values 

between Butler Avenue and AVX corresponds with the area 

occupied by the old landfill. The EM mapping revealed 

little or no evidence of a conductive plume near the edges 

of the landfill. However, it should be noted that the area 

between the railroad tracks and East State Street was not 

investigated due to the concentration of buildings, buried 

10 02 
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utility lines, and other obstacles. 

The resisti vi ty soundings, as interpreted by Technos I 

Inc., indicate that, in some areas of Olean, the subsurface 

materials are composed of two permeable sand and gravel 

zones separated by a clay layer of varying thickness. The 

soundings made in the vicinity of AVX and the old landfill 

indicate that the upper sand and gravel zones are missing in 

this area and that the AVX/landfill area is underlain 

directly by sUbstantial thicknesses of clay and till. 

Technos, Inc. further states that "both upper and lower 

(sand and gravel) uni ts are thin or absent in the area 

around the AVX. and municipal landfill sites". Geraghty & 

Miller, Inc. I s review of the Technos study indicates that 

the resistivity soundings may be less reliable with 

increased depth, as the geologic logs of the deep AVX 

monitoring wells and CDM(Camp, Dresser & McKee)-14 indicate 

a deep sand and gravel zone, the top of which was 

encountered at depths from 46 to 69 feet in this area. 

Previously Collected Geologic and Water-Quality Data 

Geologic logs for CDH-14 and CDH-9 (located halfway 

between D&H 10 and East state street) were compared to the 

logs of the AVX monitoring wells. The logs of CDM-14 and 

AVX-2 are very similar in that the deep sand and gravel zone 

is split by a 20-foot thick zone of silty till 

10 2 
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(56-76 feet deep) at CDM-14 and 13 feet thick (61 to 74 feet 

deep) at AVX-2. The upper part of the deep sand and gravel 

zone is apparently absent at AVX-l. 

The log of CD11-9 indicates that the deep sand and 

gravel zone thickens to the south; it occurs from a depth of 

46 to at least 86 feet below land surface and is not split 

by a till layer such as was found at CDM-14 and AVX-2. An 

upper sand and gravel zone was encountered at CDM-9 at a 

depth of 36 to 46 feet. As the logs of the Dames & Moore 

wells (referred to in the Work Plan as CW-7, CW-9, CW-IO and 

BP-l) were not made available by USEPA or the N.Y. 

Department of Environmental Conservation (NYDEC), these logs 

could not be used to aid in the interpretation of the AVX 

field data. 

Water-quality data for the CDM monitoring wells and 36 

domestic, industrial, and public-supply wells were reviewed 

as part of this study. Results of the water-quality 

analyses from the Dames & Moore wells (referred to in the 

Work Plan as CW-7, CW-9, DW-I0 and BP-l) were not available 

at the time this report was prepared. The available 

water-quality data must be viewed in light of the fact that 

the various monitoring and supply wells are screened at 

several different intervals, and few data are available 

concerning construction details of many domestic wells. 
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The available water-quality results indicate that 

trichloroethylene is the major contaminant in both the city 

Aquifer and shallower aquifer units. The area in which 

detectable amounts of trichloroethylene were noted extends 

from Dugan Avenue to beyond Clark street. In general, the 

area in which concentrations of trichloroethylene exceeded 

1,000 ppb occupies a band extending from Dugan Avenue 

(ap9roximately 1,000 feet south of Seneca Avenue) to 

T Public-Supply Wells 37M and 38M . 
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RECOVERY TEST 

A controlled aquifer recovery test was carried out on 

the AVX production well (AVX-PW) between 9:00 pm on November 

9, 1984 and 9:00 pm on November II, 1984 after turning off 

the well. Automatic water-level recorders were installed on 

AVX-l and AVX-2, and water levels were also measured in 

AVX-3. Periodic vlater-level measurements vlere made in eight 

off-site wells (D&M-19, D&M-19A, CDM-14, D&M-9, D&M-9A, 

D&M-10, D&M-10A and D&M-10B) in order to measure the lateral 

extent of aquifer response. 

Pre-Test Measurements 

Water levels were measured three or four ..... ... ~mes in 

AVX-PW, AVX-l, AVX-2, and AVX-3 in the eight-hour period 

prior to the beginning of the recovery test. During this 

period there were minor water-level fluctuations in these 

wells, the maximum being 0.04 feet in AVX-PW over the eight-

hour period. 

Water levels were measured once in the eight off-site 

wells prior to shutdown. These measurements were made 

betHeen 2:00 pm and 4:00 pm on November 9, 1984, five to 

seven hours before turning off AVX-PW. 



Geraghty & Miller. Inc. 19 10 00 5 

RecQyery Test Procedures 

AVX-PH was shut off at 9:00 pm on November 9, 1984. 

Hater level measurements were taken every 30 seconds in 

AVX-P\v for the first ten minutes after shutdovTn and at 

increasing intervals thereafter. Water levels were measured 

with an M-scope (a battery-operated electric sensing device) 

through a hole cut into the pump base. 

] 
Automatic water-level recorders were installed on AVX-l 

and AVX-2. The recorders were set up so that the pen moved 

r 
across the length of the drum in 12 hours, and one complete 

. turn of the dru~ was equivalent to a change in water level 

of 5.0 feet. The depth to water from the top of the well 

casing was measured with a chalked steel tape prior to the 

test and noted on the recorded chart. As a check on the 

recorder clock accuracy, the recorders were "ticked" 

approximately every two hours and the actual time noted. 

The depth to water 'VIas measured with a chalked steel tape 

approximately every twelve hours, when the pen on the 

recorder was reset. 

Water levels were measured in the eight off-site wells 

tvlO to three hours after AVX-PH was shut off. The water 

levels in these wells were measured three times on November 

10, and once on November 11 while AVX-PW was shut down. A 

USEPA geologist \.vho was on-site during most of the field 



L 

1 

L 
[ 

ru 

rn 

IT 
..... 
i' .... 

IT 

rn 

u 

[ 

Geraghty & Miller. lnc. 20 

work, measured water levels in other off-site wells 

periodically during both the recovery and pumping periods. 

The field data sheets of water-level measurements in AVX-PW, 

AVX-3, the eight off-site wells, and the recorder charts for 

AVX-1 and AVX-2 are included in Appendix D. 

A recording barometer was set up at the AVX site eight 

hours prior to the start of the recovery test and was 

monitored during the test to detect relative changes in 

barometric pressure. The barometer pressure dropped 

approximately 0.5 inch from 1 pm on November 9 to 7:30 am on 

November 12. The chart from the recording barometer is 

included in App~ndix D . 

Pumo start-Uo and Post-Test Measurement~ 

AVX-PW was started up at 9:00 pm on November 11, 1984, 

after being shut down for 48 hours. The recorders installed 

on AVX-1 and AVX-2 were recalibrated approximately two and 

one half hours prior to start-up. Water levels in AVX-P~v 

were measured on the same logarithmic time scale employed in 

the recovery test for three-hours after the well was turned 

on, and water levels in AVX-3 were measured five times 

during this three hour interval. 

10 
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~¥ater levels in the eight off-site wells were measured 

approximately two hours after AVX-PW was turned back on and 

remeasured the following morning, approximately 12 hours 

after start-up. 

The water level in AVX-PH was measured at 8: 00 am on 

November 12, approximately 11 hours after start-up, and the 

pumping level was almost identical to the pumping level 

im~ediately prior to the recovery test on November 9. Soon 

after this measurement on November 12, an attempt was made 

to determine the pumping rate. The discharge of AVX-PW 

cannot be measured directly, as the well pumps water into 

the plant where it is used for cooling in various processes. 

After going through the plant processes, the water from 

AVX-PW is discharged through a corrugated metal pipe outside 

(south of) the south fence. The open end of this corrugated 

pipe is only two feet above the ground, which places a 

restriction on the size of a container that can be placed 

underneath it. 

A seven-gallon bucket and a stopwatch were used to 

measure the flow from the torrugated pipe. A total of six 

measurements were made; it took an average of 1.1 seconds to 

fill the seven-gallon bucket. This is equivalent to a flow 

rate of 380 gallons per minute (gpm). AVX personnel stated 

that all of the water discharged from the corrugated pipe 

originated from the production well. 

10 0 
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Recovery Test Analvsis 

Recovery Data: 

AVX-PH, AVX-l, 

The water-level 5_nformation collected from 

and AVX-2 during the 48-hour recovery test 

was used to construct semi-logarithmic plots of water-level 

recovery versus time. These plots are shown on Figures 3, 

4, and 5. The water level recovery at a particular instant 

was calculated by subtracting the depth to water at that 

instant from the depth to water at the start of the test, 

under pumping conditions. The assumption was made that 

water levels in these three wells had stabilized with 

respect to pumpage of AVX-PH prior to the beginning of the 

recovery test. 

Dra~·ldm·m Data: The vlater-level information collected from 

AVX-PW, AVX-l, and AVX-2 after AVX-PW was turned back on was 

similarly used to construct semi-logarithmic plots of 

water-level drawdown versus time. These plots are shown on 

Figures 6, 7, and 8. 

Aquifer Parameters 

Aquifer hydraulic characteristics were calculated using 

the data collected during the recovery and drawdown periods. 

The recovery data were plotted (Figures 3 through 5) on 

semi-logarithmic graph paper with water-level recovery on 

the arithmetic scale and time on the logarithmic scale. The 

10 
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calculated values of aquifer transmissivity are shown on 

these figures. 

The water-level drawdown data were similarly plotted on 

semi-logarithmic graph paper (Figures 6 through 8) and the 

Cooper-Jacob non-equilibrium method was used to calculate 

aquifer transmissivity and storativity. The calculated 

values of transmissivity and storativity are presented in 

Table 7. 

Response of AVX-3 (I.'1ater Table l'1ell) 

The water level in the well screened in the shallow 

water-table zone (MH-3) did not show an immediate response 

to the shut-down of AVX-PW at 9:00 pm on November 9, 1984. 

The water level in this well, however, did rise rapidly from 

11: 45 pm on November 9 until 9: 15 am the follmving morning. 

This rise of approximately 2.0 feet in water level is 

interpreted as being in direct response to a rainfall event. 

Rain, intermittently heavy, fell from 11:00 pm on November 9 

to 7:30 am on November 10. 

After rising in response to this rainfall event, the 

water level in MW-3 slowly dropped from 9:15 am on November 

10 until 3: 00 am on November 11. Another rainfall event, 

from 2: 00 am to 8: 00 am on November 11, caused the water 

level in HW-3 to rise again, this time by only 0.25 foot, 
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TABLE 7. Summary of Aquifer Hydraulic Characteristics (Calculated 
from Recovery and Pumping Test Data). 

TYPE OF DATA 
HELL ANALYZED 

AVX-PW Recovery 

AVX-PW Drawdown 

AVX-1 Recovery 

iWX-1 Drawdown 

AVX-2 Recovery 

AVX-2 Drawdown 

TRANSMISSIVITY 
(gpd/ft) 

401,000 

287,000 

436,000 

386,000 

436,000 

386,000 

STORATIVITY 
(dimensionless) 

1. 6 x 10 -5 

4.6 x 10 -5 

5.1 x 10 -5 

1. 5 x 10 -4 
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from 3:00 am to 1:00 pm on November 11. At its highest, the 

water level in MW-3 Has 0.5 foot belm-l ground surface. 

ResDonse of Off-Site Wells 

Water levels in seven of the eight off-site wells 

responded rapidly to the turning off and starting up of 

AVX-Hl. The only vlell that did not respond Has D&H-I0B, 

which is screened in the shallo~v ~-later-table zone. The 

maximum water-level recovery in each well (after 

approximately 43 hours of recovery) and the maximum 

subsequent water-level drawdown (measured after 

approximately 1'3 hours of resumed pumping of AVX-PH) are 

summarized in Table 8. 

Respectfully Submitted, 

GERAGHTY & MILLER, INC. 

Daniel A. Nachman, 
Staff Scientist V J J .. hl\. 
Vincent W. Uhl, Jr., 
senior scientist 

\ I' ," 
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Ii: ""M \,"'J"" ~\\ ... _ \. I '1.'-" > ) '-"- \./ '-" ~ ..... , 

William J. ~eevers 
Vice President 
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TABLE 8. Response of Off-site Wells to Shut-Down and Subsequent 
Start-up of AVX-Plv. 

APPROXIMATE INITIAL MAXIMUM MAXIMUM SUBSEQUENT 
DISTANCE FR011 RECOVERY (ft) RECOVERY (ft) DRAWDOWN (ft) 

AVX-PH (AVX-PW (AVX-PW (AVX-PW 
WELL (ft) Off 2 hours) Off 43 hours) pUIDning 13 hours) 

CDN-14 300 0.50 0.86 0.76 

D&M-19 600 0.38 0.71 0.65 

D&:N-19A 600 0.22 0.58_ 0.54 

D&M-9 700 0.35 0.60 0.46 

D&M-9A 700 0.36 0.61 0.46 

D&M-I0 1000 0.33 0.60 0.43 

D&I1-10A 1000 0.34 0.60 0.46 

D&M-I0B 1000 0.01 0.01 0.06 
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I certify that I have personally examined and am 
familiar with the information submitted above this 
certification. Based upon my own knowlege and upon my 
inquiry of those individuals responsible for obtaining the 
information presented, the foregoing information is true, 
accurate and complete. I am aware that this information is 
being requested· for the purpose of determining compliance 
with local, state and federal laws and may be submitted to 
appropriate governmental regulatory agencies for those 
purposes. I am aware that there are significant penalties 
for submitting false information to such agencies, including 
the possibility of fine and imprisonment. 

January 1985 

\ ( ~- ,j ,"'1 \' 
\j -- \ 

Vincent w. Uhl, Jr., 
Authorized Representative 
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APPENDIX A 

Quality Assurance/Quality Control Document 
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QUALITY ASSURANCE/QUALITY CONTROL 

DOCUMENT 

AVX FACILITY 
OLEAN, NEW YORK 

Geraghty & Miller, Inc. 
Ground-Water Consultants 

7 Atlantic street 
Hackensack, New Jersey 07601 
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4. 

5. 

6. 

7. 

QUALITY ASSURANCE I QUALITY CONTROL DOCUMENT 

Project Name: AVX, Olean, New York. 

Project Requested By: U. S. Environmental Protection Agency_ 

Date of Reauest: 

Date of Proj ect.I}'li t:Jation: October 9, 1984 

Project Officer: William J. Seevers 

Quality Assurpnce Officer: Vincent W. Uhl, Jr. 

Project Description 

A. Objective, Scope, Design, and Rationale 

Geraghty & Miller, Inc. has prepared this Quality 

Assurance/Qtiality Control document for the hydrogeologic 

investigation to be carried out at the AVX facility in 

Olean, New York. This work was mandated by a Consent 

Order issued by the U. S. Environmental Protection 

Agency. The project was initiated on October 9, 1984 

with the approval of the revised Work Plan by the USEPA. 

William J. Seevers, Vice- President of the firm, will 

serve as Project Officer. The Quality Assurance Officer 

vlill be Vincent H. Uhl, Jr., Manager of the firm I s New 

Jersey Office. 
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In general the investigation will consist of the following 

phases (refer to Appendices and Work Plan for details) : 

1) The installation of three monitoring wells at the 

AVX facility. Monitoring well AVX-l will be located 

east of the AVX production well, between the 

production well and the former municipal landfill. 

Monitoring well AVX-2 will be drilled approximately 

480 feet south of the north property line and 

approximately 420 feet east of the western property 

boundary. Monitoring wells AVX-l and AVX-2 will be 

drilled to a depth of approximately 80 feet, the 

assumed depth of the AVX production well. Monitor-

ring well AVX-3 will be drilled approximately 10 

feet west of well AVX-l, and will be drilled to the 

lower part of the upper aquifer, or to a depth of at 

least 6 feet below the top of the water table if no 

confining layer is encountered. It is estimated 

that AVX-3 will have a final depth of approximately 

40 feet. Soil samples from monitoring wells AVX-l 

and AVX-2 will be composited and analyzed for 

chlorinated volatile organics. 

2) Samoling of the AVX production well, the three moni-

toring wells, and other existing monitoring wells in 

the vicinity of the AVX facility. The wells at the 

3 
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AVX facility will be sampled for volatile organics 

and landfill indicator parameters; some of the 

existing monitoring wells surrounding the AVX site 

will be sampled for landfill indicator parameters 

and volatile organics. (See appendix B for list of 

parameters) . 

Soil samples will be collected in the undeveloped 

area in the southern part of the AVX facility for 

analysis of chlorinated volatile organics. The soil 

samples will be collected from the upper 18 inches 

of soil in a grid extending one thousand feet in an 

east-west direction and two hundred feet in a 

north-south direction. 

A water-level recovery test will be carried out at 

the AVX facility. The production well, which 

currently operates 24 hours a day, will be shut down 

for approximately 48 hours. Water levels will be 

measured in the production well, the AVX monitoring 

wells, and selected existing monitoring wells 

surrounding the AVX facility. Water levels in all 

of these wells will be measured periodically before 

and after the recovery test. 
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B. Data Usage 

The design and rationale of the project was developed by 

EPA after discussion with both AVX and their consultants. 

In accordance with the EPA Work Plan, the data collected 

during this project will be submitted to EPA. It is 

understood that EPA will turn it over to consultants to 

the Neiv York state Department of Environmental 

Conservation investigating ground water contamination in 

the vicinity of Olean, New York. 

This Quality Assurance/Quality Control document has been 

prepared to ensure consistency, accuracy and reliability of the 

data collected during the field investigation. The Quality 

Assurance/Quality Control document consists of the following 

elements: 

Appendix A - Specifications for the Installation of Monitoring 

Wells. 

Appendix B - Ground-Water Sampling Protocol. 

Appendix C - Soil Sampling Protocol for Drilled Samples. 

Appendix D - Soil Sanpling Protocol for Surface Samples. 

5 
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Appendix E - Protocol for Water-Level Recovery Test. 

8 . 

9. 

Appendix F - Document and Data Management. 

Appendix G - Cambridge Analytical Associates QA/QC Procedures . 

Schedule of Tasks and Products 

The field investigation and report preparation is expected to 

follow the schedule contained in Part VI of tne EPA work plan. 

The actual dates during which field work is carried'out will 

be recorded on ,appropriate field logs and other control 

paperwork. This control paperwork will be used to determine 

if the project is on schedule. 

Project Organization and Responsibility 

Project Officer - William J. Seevers - (516) 921-6060 

Project Manager - Vincent W. Uhl, Jr. - (201) 646-1400 

Sampling Operations - Daniel Nachman - (201) 646-1400 

Sampling Q. C. - Daniel Nachman - (201) 646-1400 

1 04 
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Laboratory Analysis - Mr. Ed Lawler 

Laboratory Q. C. senior Analytical Chemist 

cambridge Analytical Assoc. 

1106 Commonwealth Ave. 

Boston, Mass. 02215 

(617) 232-2207 

Data Processing Activities - Daniel Nachman - (201) 646-1400 

Data Processing Q. C. - Daniel Nachman 

Data Quality Review - Vincent W. Uhl, Jr. - (201) 646-1400 

Overall Q. A. - Yincent W. Uhl, Jr . 

Overall Project Coordination - Vincent W. Uhl, Jr. 

Drilling Contractor - Buffalo Drilling Co., Inc. 

1965 Sheridan Drive 

Kenmore, New York 14223 

(716) 875-0906 

10. Data Quality Requirements and Assessments 

The validity of the ground-water quality data must be 

confirmed by quality-control measures instituted during 

sampling, sample handling, and analysis. Contradictory 

results are inevitable in a program of this size, and without 

check on the procedures, incomplete or incorrect conclusions 

may result. 

1 
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Quality control begins with proper sampling procedures, which 

include specifications for well development, well purging on 

the day of sampling, methods of sample removal from the well 

(including acceptable materials for any equipment or supplies 

that are in contact with samples: pumps, tubing, bailers, 

etc. ) , sample processing (for example, filtration, 

preservation, bottle filling), and sample shipment (Appendix 

B). For all sampling activities, we will prepare these 

specifications, which will be in accord with technically sound 

standard practice (for example, EPA-600 4-8-2-029, "Handbook 

for Sampling and Sample Preservation of Water and 

wastewater"), subject to revisions based on local regulatory 

or field requirements . 

Samples taken for volatile organic analysis are the most 

fragile and the use of extra quality control samples is 

necessary to monitor sampling and laboratory performance. A 

trip blank (a vial filled in the laboratory with organic-free 

water that travels unopened to the site and back to the 

laboratory) should accompany each round and preferably each 

day's shipment of samples. Detection of contamination during 

shipment or in the laboratory often results from analysis of 

trip blanks. In addition, reproducibility of results c~n be 

estimated by splitting one well's sample in the field (field 

replicates) and sending the differently labeled samples to the 

laboratory. A comparison of field replicates can provide the 

1 
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information needed to determine whether the ground-water 

quality in two wells is significantly different and whether 

ground-water quality is changing with time. In general, we 

recommend that 10 to 20 percent of wells be replicated 

(minimum of two wells replicated) with higher percentage of 

wells replicated in crucial areas or when particularly 

important decisions must be made. Our recommendation 

encompasses a compromise of data certainty requirements and 

cost for the general case based on our experience. We will 

adjust the extent of quality-control sampling to meet the 

needs of specific parts of the program as they evolve . 

Laboratory quality control includes established routines for 

instrument standardization and data workup. Geraghty & 

Miller, Inc. 's geochemists will work closely with the 

laboratory to assure that samples are reaching the laboratory 

in proper condition and to solve analytical problems resulting 

from complex groundwater samples. In addition Geraghty & 

Miller, Inc. will assess the reported data for internal 

consistency and interpret the results in light of constituents 

expected from previous land use and from chemical and 

biochemical transformations that may have occurred in the 

aquifer. 

1 
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,11. Data Representativeness - The principal concern with respect 

to data representativeness relates to the representativeness 

of ground water samples collected during the sampling program. 

'In this regard the wells will be pumped (purged) prior to 

sampling and at least 5 

to sample collection. 

casing volumes will be removed 

Since the work plan dictates 

prior 

the 

loca~lon of the various soil samples, representativeness is 

not an issue. 

12. Data Comparability - Since there will be only one sampling 

event as per the EPA work plan, this is not an issue or 

concern. However sampling methodology, analytical procedures, 

etc. are specified herein for the purpose of data comparison 

with other projects that have been carried out within the 

overall problem area. 

13. Data Completeness - The 

relates specifically to 

QA/QC plan and work outlined herein 

a work plan mandated by EPA and we 

have within this QA/QC plan addressed pertinent issues related 

to the work plan. 

14. Samnling Procedure 

Refer to Appendices B, C, and D. 

5 
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15 Sample custody Procedures 

Chain of custody documentation and preparation and handling of 

sample containers is provided in Appendix G. 

16. Calibration Procedu~es and Preventive Maintenance 

IT Field Ecuinment 
U 

~ Instrument 

T 
PH meter: Clean and calibrate after each sample 

Conductivity Meter: Clean and calibrate after each sample 

Calibration procedures with respect to laboratory equipment is 

outlined in Appendix G. 

17. Documentation, Data Reduction, and Reporting 

Refer to Appendix F. 

18. Data Validation 

Refer to Section 11 and Appendices B & G with respect to water 

sample collection and laboratory data validation. 

In terms of field operations, transmittal of both soil and 

water samples will be field checked by two individuals. 

Geologic logs developed for the monitoring wells will be 
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independently checked by a Geraghty & Miller geologist not 

involved otherwise in the project. pumping test data will be 

checked both in the field and office. 

19. Performance and system Audits 

Laboratory performance will be checked with Trip Blanks and 

Replicate Samples. The work will be conducted by a laboratory 

ascribing to EPA QA/QC requirements. 

The drilling of monitoring wells will be audited by on-site 

geologists. Prior to the final selection of a drilling 

subcontractor, reference checks were made. 

The pumping test and soil sampling will be audited and 

performed by on-site geologist(s) . 

20. Corrective Action - The work and data generated during the 

project will be continually reviewed by Vincent W. Uhl, Jr. 

and if any problems occur during the project, they will be 

addressed in a timely matter and an appropriate corrective 

action plan will be formulated. 

~Q 
4# ¥.; 
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APPENDIX A. MONITORING WELL SPECIFICATIONS 

1. GENERAL 

1.01 THE CONTRACT DOCUMENTS apply to this section. 

1.02 DESCRIPTION OF THE SYSTEM 

A. THE MONITORING WELLS described herein are part of a 
program to monitor ground-water quality at the AVX 
facility in Olean, N.Y. It is propos~d to drill three 
test borings and install three monitoring wells. The 
three test borings in which the monitoring wells will be 
installed will be used to obtain soil samples at five 
foot intervals . 

1.03 DRILLING SITE 

A • 

B. 

DRILLING will be carried out at the AVX plant in Olean, 
N.Y. 

THE WELL locations will be shown to the driller by the 
Consultant. 

[ 1.04 LOCAL GEOLOGY 

~ 
A. THE AVX SITE is reportedly underlain by a clayey and 

silty till with sand layers of varying thickness (50-60 
feet thick). The till overlies an art~sian zone of sand 
and gravel averaging 20 feet in thickness. 

B. INFORMATION regarding subsurface conditions is intended 
to assist the Driller in preparing his bid. The 
Consultant does not guarantee its accuracy or that it is 
necessarily indicative of conditions to be encountered in 
drilling the wells. The Driller shall satisfy himself 
regarding all local conditions affecting this work by 
personal investigation and neither the information on 
local geology nor that derived from maps or drawings, nor 
from the Consultant or his agents or employees shall act 
to relieve the Driller of any responsibility hereunder or 
from fulfilling all of the terms and requirements and 
Specifi~ations. 
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2. PRODUCTS 

2.01 GRAVEL 

A. THE GRAVEL shall be free of foreign material and water 
washed prior to emplacement . 

B. THE GRAVEL shall be clean quartz gravel free of silt or 
clay. 

C. THE SIZE of the gravel shall be determined 
Consultant prior to the startup of drilling. 

by the 

2.02 BENTONITE PELLETS 

A. 

2.03 GROUT 

BENTONITE PELLETS shall 
diameter and must be dry 
annulus. 

be not larger ~han 1/2 inch in 
prior to placement in the well 

A. GROUT shall consist of a mixture of 6 parts Portland Type 
1 cement to 3 parts water to 1 part bentonite. 

2.04 CASINGS 

A. THE WELL CASINGS shall be 4-inch diameter black steel 
pipe having wall thickness of 1j4-inch (schedule 80). 
No grease shall be used when joining casing sections 
together. 

2.05 SCREENS 

A. THE WELL SCREEN shall be 
wire-wound stainless steel 
0.010 inch. 

3. EXECUTION 

3.01 DRILLING METHOD 

4-inch diameter 
screen, having 

UOP Johnson 
openings of 

A. THE CONVENTIONAL hollow-stem-auger method of drilling 
using 6 1/4-inch ID augers shall be employed. However, 
when the Consultant determines that the hollow-stem­
auger method is ineffective due to local geologic 
conditions, then the mud rotary method will be employed. 
Any drilling fluid utilized must be approved by AVX and 
EPA prior to its use. The diameter of the finished hole 
must be a minimum of 8 inches and a maximum of 12 inches. 

4 
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3.02 DRILLING 

A. THREE MONITORING WELLS will be 
approximate depths specified below: 

installed to 

WELL NO. 

3.03 FOR}lliTION SN1PLES 

- MH - 1 
MW - 2 
ID'1 - 3 

APPROXIMATE DEPTH 1!!l 

80 
80 
15 

the 

A. SOIL SAMPLES will be taken during the drilling of each 
monitoring well at 5-foot intervals or at intervals 
specified by the Consultant. The ~riller will be 
required to use a standard 2-inch split spoon sampling 
device to obtain soil samples. 

B. ACTUAL SAMPLING DEPTHS 
information-derived during 
directed by the Consultant. 

3.04 SCREEN AND CASING 

shall be determined from 
drilling operations and as 

A. THE CASING AND SCREENS shall be installed to depths 
designated by the Consultant. Alternate depths suggested 
because casing cannot be set to depth, because of 
equipment problems, hole straightness problems, or for 
any other reason will not be given consideration. The 
Driller must insure that the hole stays open to the final 
depth during the installation of casing, screen, gravel 
and grout. 

B. IT IS ESTIMATED that ten feet of screen will be installed 
in each of the monitoring wells. 

3.05 SAND BACKFILLING AND CEHENTING, SCREEN AND CASING 

A. AFTER SETTING THE SCREEN AND CASING to the bottom of the 
hole, gravel will be placed in the annulus between the 
auger flight and the casing/screen to 3 to 5 feet above 
the top of the screen in the wells. A three-foot thick 
layer of bentonite pellets will be placed over the sand 
backfill. The gravel will be emplaced by carefully 
pouring in by hand and washed down with water or by means 
of a one-inch diameter tremie pipe, if the method of 
drilling is changed to mud rotary. 



B. CEMENT GROUT will be emplaced in the 
the bentonite seal to land surface. 
mixed to a density approved by 
emplaced by means of a tremie pipe. 

A-4 

hole from the top of 
The cement will be 

the Consultant and 

C. THE WELL shall be completed with a six-inch diameter, 
locking well head assembly set in a concrete pad. A 
protective triangular array made of 2-inch diameter G.I. 
pipe will be installed around each well head for 
additional protection. 

3.06 DEVELOPING THE WELL 

A. AFTER THE GROUT h~s set for 12 hours in the well annulus, 
the well shall be developed to the satisfaction of the 
Consultant. The well will be developed using compressed 
air and/or a suitable pump. The Driller may also be 
required to surge the well with a surge-block plunger of 
the apprcpriate diameter. 

3.07 DECONTAMINATION OF EQUIPHENT 

A. AFTER THE DRILLING, SAMPLING AND INSTALLATION of each 
well, and prior to the drilling of the first well, the 
Driller shall decontaminate all augers, rods, split-spoon 
samplers, tremie pipes and any other tools to be used in 
the drilling operations. 

B. THE DRILLER shall have a steam-cleaning unit on the work 
site to be used for the decontamination of his equipment. 

C. ALL CASING AND SCREEN shall be steam cleaned prior to 
being emplaced in the drilled hole. 

D. ALL SPLIT-SPOON samples shall be scrubbed and washed 
between each use. The samplers will be washed in Micro 
solution and then rinsed in fresh water of known quality. 

3.08 ABANDONHENT OF WELLS 

A. IN THE EVENT that the Driller shall fail to drill a well 
or place the casings to the depth specified or to such 
lesser depths as ordered by the Consultant or should 
abandon the well because of loss of tools or for any 
other cause, he shall, if requested and as directed by 
the Consultant, remove salvageable casings and equipment 
and fill the abandoned hole in accordance with state 
and/or local regulations. The Driller shall then move 
over and drill a new hole at a location approved by the 
Consultant. This work shall be done at the Driller's 
expense employing the use of salvaged materials, if 
usable, at the discretion of the Consultant. 
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3.09 BORING LOG 

A. THE DRILLER shall maintain a detailed boring log of the 
operations during all drilling procedures. The log shall 
give a complete description of all formations en­
countered, footage, size of the hole drilled, depth, 
sizes of all casings installed, water-level changes and 
depths at which they occurred, a description of cementing 
operations, and other such pertinent data as may be 
requested by the Consultant. The daily log shall be 
maintained on the site and be available for inspection by 
the Consultant at all times. 
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APPENDIX B. GROUND-WATER SAMPLING PROTOCOL 

AVX FACILITY 

COLLECTION OF WATER SAMPLES 

Water samples will be collected from the existing production well 

and the proposed new monitoring wells for volatile organic compounds 

(VOCs) and landfill indicator parameters. In addition, water samples 

will be collected from existing monitoring wells lOA, B, C, and 9A and 

B, 7A and B, and MW-I for an analysis of landfill indicator parameters 

and volatile organic compounds. 

The samples collected for volatile organic analysis will be 

analyzed with the procedures, and for the parameters, set forth in EPA 

Method 624 (other major peaks will also be identified and quantified). 

The landfill indicator parameters to be analyzed for are: 

conductance, pH, temperature, alkalinity, chloride, potassium, 

sulfate, ammonia, and iron. 

In addition to the samples outlined above, we will split samples 

from two wells (field replicates) and send the differently labeled 

samples to the laboratory for VOC analysis. This procedure serves as 

a check on the precision of the analytical procedures used by the 

laboratory. 

A rigorous protocol will be followed prior to and during 

sampling to insure that all samples represent conditions in the 

formation tapped by the well. Prior to sampling, five volumes of 

8 
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standing water will be removed from each monitoring well capable of 

sustaining a significant (measurable) yield. This will be 

accomplished using a centrifugal pump for the wells where the depth to 

water does not exceed 20 feet and a submersible pump for wells with a 

water levels below suction limits. Samples from the monitoring wells 

will be collected with a teflon bailer. The sample from the 

production well will be collected from the pump discharge, during 

normal pumping conditions. 

1 1.0 Well Evacuation Procedures 
1 

f 1.1 Identify the well and record its number. 

1.2 Clean the top of the well with a clean cloth. 

1.3 Remove the well cap or plug, wipe the inside of the casing with a 

clean cloth and place the cap on plastic material. 

1.4 Clean the first 5 feet of the steel measuring tape with distilled 

water and then measure the depth to water from the top of the 

well casing. 

1.5 compute the volume of water in the 4-inch diameter well (height 

of water column (feet) x 0.65 gallons/foot). 

1.6 Remove five times the volume of standing water in the well using 

a centrifugal pump or a submersible pump, depending upon the 

depth to water. 

1.6.1 The intake opening of the pump hose should be positioned 

and maintained just below the water surface in the well 

casing to ensure that the well is properly flushed. 
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If there is aslight decrease in the well's water level as a 

result of pumping, the intake line should be lowered as needed. 

This procedure does not have to be followed for those wells 

having a low specific capacity, which is indicated by a rapid and 

pronounced decline in the water level, even to the point where 

the \..;ell is pumped dry . 

1. 6.2 If the well has been pumped or developed recently, the 

water level may not yet have. recovered or returned to its 

normal level. This does not require a change in the 

evacuation procedures outlined above. - Although the actual 

volume of water in the casing under such conditions is 

less than normally found, the removal of five times this 

volume is sufficient to provide samples for analysis that 

are representative of the water in the surrounding 

formation. 

1.6.3 If the well is pumped dry during this procedure and shows 

essentially complete recovery within 15 minutes, removal 

of water should continue for four additional pump down and 

recovery periods. If recovery is less than 75 percent 

during the 15 minutes after complete evacuation, sampling 

can begin with the next appearance of water. However, the 

initial volume which eventually becomes available may not 

be large enough to complete the sampling in the brief 

period of time normally required. 
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2.0 Well Sampling Procedure 

2.1 Sample the wells with a teflon bailer. Each AVX well will have a 

dedicated bailer to avoid cross contamination. In addition, a 

disposable plastic line will be used to lower the bailer. This 

will reduce the ·chance of introducing foreign objects into the 

bailer. 

r: 

L 2.2 Samples will be collected in a glass bottle that is large enough 

~ 
J 

to fill all of the individual sample con~ainers. The large 

collection bottle will be thoroughly rinsed with distilled water 

and then rinsed with water from the well prior to the actual 

collection of the samples. 

2.2.1 If a well will not yield the volume of water necessary to 

immediately fill all of the same containers, each 

container should be filled in succession as ground water 

enters the well. 

2.3 Once samples have been collected they will be prepared and 

preserved in the following manner: 

Constituent 

pH, specific 
conductance, 
temperature 

Iron 

Container/Size 

Beaker 

Plastic 
0.5-1 liter 

Preoaration 

Analyze in field 

Filter/cool to 
4 degrees C 

Acidification 

None 

pH <2 with 
nitric acid 
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constituent Container/size Prenaration --- Acidification 

Chloride, Plastic/glass Cool to None 
sulfate, 1 liter 4 degrees C 
potasium, 
alkalinity 

Ammonia Plastic/glass Cool to PH <2 with 
1 liter 4 degrees C sulfuric acid 

.. VOcs Two 40 ml bottles Cool to None 
with teflon septa 4 degrees C 
and screw caps 

2.4.1 All water samples designated for iron analysis will be 

filtered through a 0.45 micrometer membrane filter prior 

to acidification. This is done to ensure that only iron 

ions initially in solution will be measured. (acidifica-

tion can displace metal ions absorbed on particles in the 

sample that are not initially removed. Therefore, the 

unfiltered sample usually shows much higher metal concen-

trations; the higher value corresponds to the "dissolved 

plus displaceable" metal-ion concentration). As the 

membrane may become clogged by sample turbidity, 

prefiltration through paper and/or fiberglass may be 

required to expedite the filtration process. 
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APPENDIX C. SOIL S&~PLING PROTOCOL FOR DRILLED SM1PLES 

Split spoon samples will be taken during the drilling of 

monitoring wells AVX-l and AVX-2. Samples will be collected at 

five-foot intervals up to the screen setting. The samples will be 

collected according to the following procedure: 

~ 1.0 Sample Handling and Bottling 
I, 

] 

] 1.1 Each split spoon will be opened on a clean piece of plastic 

n 

; 

sheeting, and handled with disposable plastic gloves. 

1.2 The split spoon core will be trimmed with a clean knife and 

spatula. The outside of each core will be trimmed off, and two 

samples will be cut to the size of a 40 ml VOC bottle. 

1.3 Two samples will be collected from each split spoon core and 

placed within separate 40 ml glass VOC bottles. The two samples 

will be identified with the well number and the depth sampled. 

In addition, one of the two samples will be labeled "A" and the 

second "B". 

1.4 The samples will be handled and bottled as efficiently and 

expeditiously as possible, in order to minimize loss of volatile 

organic compounds. 
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2.0 

, 2.1 

2.2 

2.3 

C-2 

Sampling Packaging and Analysis 

The split spoon samples for each IS-foot interval (three samples) 

will be placed in a self-sealing plastic bag. The "A" samples 

will be bundled separately from the "B" samples. 

The "A" samples bagged 

laboratory and will be 

together 

analyzed 

will 

by 

be composited in 

EPA method 601 

the 

for 

trichloroethylene, 

ethylene. 

l/l,l-trichloroethane, and tetrachloro-

The "B" samples are to be retained by the laboratory until the 

"A" samples have been analyzed and the results evaluated. The 

"B" sample corresponding to the composited "A" sample with the 

highest combined concentration of the three compounds will be 

analyzed for volatile organic compounds using EPA Method 624 

(with additional major peaks identified and quantified). 

3.0 Decontamination Procedures 

3.1 The split-spoon samplers, knives, and spatulas used in the 

collection and trimming of the soil samples will be thoroughly 

cleaned before the collection of each sample. 

3.2 The samplers, knives and spatulas will be rinsed and scrubbed in 

Micro solution, followed by a rinse in distilled water. 
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3.3 The geologist bottling the samples will use clean disposal gloves 

for handling each sample, and the sheet of plastic covering the 

work surface will be cleaned between each sample. 
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APPENDIX D. SOIL Sfu~PLING PROTOCOL FOR SURFACE SAMPLING 

Surface soil samples will be collected in the undeveloped area in 

the southern part of the AVX facility. The soil samples will be 

collected according to the following protocol: 

1.0 Soil Sampling Grid 

Beginning at a point along the western property line, 

approximatelY 450 feet south of the north property line (or 

approximately 50 feet north of the south fence line), a grid 

1,000 feet long (extending toward the east property line) and 200 

feet wide (extending toward the south property line) will be 

established. This grid will be broken into 20 subgrids each 100 

feet by 100 feet in dimension. Shallow borings (12 to 18 inches 

in depth) will be collected within each subgrid. The approximate 

location of the borings will be on the intersecting diagonals 

drawn from each corner of the subgrid. Four samples will be 

taken within each subgrid, at points approximately 1/4 of the 

distance from each corner on the diagonal, and a fifth sample 

will be taken at the approximate location of the intersection of 

the two subgrid diagonals. 
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2.0 Method of Sample Collection 

2.1 At each sampling location, surface debris (leaves, twigs, etc.) 

will be cleared away . 

2.2 Each boring will be advanced to a depth of 12 to 18 inches by 

means of a hand auger. The soil excavated will be piled at least 

two feet away from t~e hole. A plastic sheet with a hole pierced 

in the middle will be placed over the hole. The plastic sheeting 

is intended to provide a clean work place and a clean surface for 

sample bottles, tools, etc. 

2.3 The soil samples will be collected from the excavated hole with a 

clean trowel. Two samples will be collected at each location, 

one labeled "e" and the other "D". The samples will be 

transferred directly to 40 ml VOC bottles, filled with as much 

soil as possible. 

2.4 The geologist collecting the soil samples will wear disposable 

plastic gloves during the sampling. The samples will be 

transferred to the voe bottles as expeditiously as possible to 

minimize volatilization of organic compounds. 

2.5 The trowel used to collect the soil samples will be cleaned 

between each sampling location, employing the decontamination 

procedures described in Appendix C. 
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3.0 Sample Packaging and Analysis 

3.1 Each sample bottle will be labeled with the subgrid number, the 

sampling location within the subgrid (NE, NW, SE, SW, or C for 

center), and either "c" or "D". 

3.2 The five "C" samples collected within each subgrid will be 

bagged together for shipping to the laboratory. The "D" samples 

will be similarly packaged. 

3.3 The five "c" samples from each subgrid will be composited in the 

laboratory and a~alyzed for trichloroethylene, l,l,l-trichloro­

ethane and tetrachloroethylene in accordance with EPA Method 601. 

3.4 The "D" samples are to be retained by the laboratory until the 

"c" samples have been analyzed and the results reviewed. The "D" 

samples corresponding to the two composited "c" samples with the 

highest concentrations of the three compounds will be composited 

in the laboratory and analyzed for volatile organic compounds by 

EPA Method 624 (with additional major peaks identified and 

quantified). 
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APPENDIX E. PROTOCOL FOR WATER-LEVEL RECOVERY TEST 

A water-level recovery test will be carried out by shutting off 

the AVX production well and measuring water levels in the production 

well, the AVX monitoring wells, and other monitoring wells in the 

vicinity of the AVX facility. The other monitoring wells to be 

measured during the test are Wells 19A, 19B, 14, lOA, lOB, 10C, 9A and 

9B. 

A rigorous protocol will be followed prior to, during and after 

the test to insure that the water-level data collected are accurate 

and consistent. All measurements will be made to the nearest 0.01 

foot. 

Prior to Shut Down 

1.0 Surveying 

1.1 The three monitoring wells to be installed at the AVX facility 

will be surveyed by a licensed surveyor in order to convert all 

water levels to msl. 

1.2 A point on the top of the 4-inch well casing will be identified 

with paint. This point will be surveyed to the nearest 0.01 

foot. 
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1.3 A point on the pump base or cement block of the AVX production 

well will be identified with paint. This point will also be 

surveyed to the nearest 0.01 foot. 

~ 1.4 The other monitoring wells that are to be measured during the 

n n 

~ 

" i 

test will be resurveyed by the same surveyor who surveys the AVX 

monitoring wells and production wells. 

2.0 Pre-Test Measurements 

2.1 Water-level recorders will be installed on monitoring wells 

AVX-l, AVX-2, and AVX-3 as soon as those wells are developed. 

The recorders will be equipped with 24-hour clocks. The data 

from these recorders will provide information to aid in the 

assessment of regional trends and the effects of pumping wells in 

the area. 

2.2 pumping water levels will be periodically measured in the AVX 

production well. 

2.3 Water-levels will be periodically measured in the other 

monitoring wells (19A, 19B, 14, lOA, lOB, 10C, 9A, and 9B. The 

static water level in these wells will be measured within three 

hours of the beginning of the test. 

7 
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2.4 A barometer will be installed near the AVX production well at 

least 24 hours prior to the beginning of the test. The barometer 

will either be of the recording type, or readings will be taken 

every 30 minutes during the test. The barometric pressure will 

also be recorded for 24 hours following the test. 

~ During the Test 

il 3.0 AVX Monitoring Wells 

I -
! 
! 

3.1 Eight-hour clocks will be put on the recorders previously 

installed on the AVX monitoring wells. These recorders will be 

periodically monitored during the test, and the charts will be 

1 changed every eight hours. 

[ 
4.0 AVX Production Well 

4.1 The water-level in the AVX production well will be measured just 

prior to shut-down. Once the well is shut down, the water level 

will be measured on a regular schedule, set forth on page E-5. 

The water levels will be recorded on a standardized form, an 

example of which is shown on page E-6. 

7 
% 
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5.0 Other Monitoring Wells 

5.1 The water levels in monitoring wells 19A, 19B, 14, lOA, lOB, lOCI 

9A and 9B will be measured once every hour for the initial six 

hours of the recovery test, and every two hours after that. 

Water-level measurements will be measured to the nearest 0.01 

foot, and each measurement will be repeated twice to ensure 

[ accu:::-Clcy. 

r: 
u 

Post-Test Measurements 

6.0 AVX Monitoring Wells 

6.1 The recorders on the monitoring wells will be equipped with 

8-hour clocks for the 24-hour period after the production well is 

put back in service. 

6.2 The 8-hour clocks will be replaced with 8-day clocks for the week 

following the test. 

7.0 AVX Production Well 

7.1 Frequent water-level measurements in the production well will be 

taken for the 3-hour period after the well is put back in 

service. 
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7.2 The water-level in the production well will be measured hourly 

from 3 hours to 8 hours following the test, and after that it 

will be checked every 2 or 3 hours until 24 hours after the well 

is put back in service. 

8.0 Other Monitoring Wells 

T 8.1 The water-levels in the monitoring wells listed in 5.0 will be 
.11 

measured hourly in the 3-hour period following the end of the 
'T' 

11 recovery test, and every 2 or 3 hours after-that until 24 hours 

TI 
after the production well is put back in service. 

.. 
8.2 Periodic water-level measurements will be taken in these we~ls 

during the second and third day after the AVX production well is 

r put back in service. 
'" 

~ 

I -
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OLEAN, NEW YORK 

2 day test 

Elapsed Time (minutes) Frequency of Measurements 

1 - 5 Every 30 seconds 

5 - 10 Every minute 

10 - 30 Every 2 minutes 

30 - 60 Every 5 minutes 

60 - 120 (2 hours) Every -10 minutes 

120 - 180 (3 hours) Every 20 minutes 

180 - 360 (6 hours) Every 30 minutes 

360 - 720 (12 hours) Every hour 

720 - 2,880 (48 hours) Every 2 hours 
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Environmental Monitoring and Support 
Laboratory- Cincinnati, Ohio 45268, 
March 1979. 
g. "EPA Method Validation Study 23, 
Method 601 (Purgeable Halocarbonsl," 
Report for EPA Contract 68·03-2856 

, (In preparation). 

10 
Table 1. Chromatographic Conditions and Method Detection Limits 

Retention Time Method 
(min. ) Detection Limit 

Parameter Column 1 Column 2 HillL 
Chloromethane 1.50 5,28 0.08 
Bromomethane 2.17 7.05 1.18 
Dichlorodifluoromethane 2.62 nd 1.81 
Vinyl chloride 2.67 528 0.18 
Chloroethane 3.33 8.6B 0.52 
Methylene chloride 5.25 10. 1 0.25 
Trichlorofluoromethane 7.1 B nd nd 
1, '·Oichloroethene 7.93 7.72 0.13 
" 1-0ichloroethane 9.30 12.6 0.07 
trans· " 2-0Jchloroethene 10.1 9.3B 0.10 
Chloroform 10.7 12.1 0.05 
1,2 ·Oichloroethane 11.4 15.4 0.03 
" " 1- Trichloroethane 12.6 13. 1 0.03 
Carbon tetrachloride 13.0 14.4 0.12 
Bromodichloromethane 13.7 14.6 0.10 
1,2-0ichloropropane 14.9 16.6 0.04 
trans· " 3-0ichloropropene 15.2 16.6 0.34 
Trichloroethene 15.8 13. 1 0.12 
Dibromochloromethane 16.5 16.6 0.09 
" 1,2-TriChloroethane 16.5 18. 1 0.02 
cis· " 3-0ichloropropene 16.5 18.0 0.20 
2-Chloroethylvinyl ether 18.0 nd 0.13 
Bromoform 19.2 19.2 0.20 
" 1,2,2-Tetrachloroethane 21.6 nd 0.03 
Tetrachloroethene 21.7 15.0 0.03 
Chlorobenzene 24.2 18.8 0.25 
1,3-0ichlorobenzene 34.0 22.4 0.32 
1,2-0ichlorobenzene 34.9 23.5 0.15 
1,4-0ichlorobenzene 35.4 22.3 0.24 

nd = not determined 
Column 1 conditions: Carbopack B 60/80 mesh coated with 1 % SP·T 000 packed in 

an 8 ft x 0.1 in 10 stainless steel or glass column with helium carrier gas at 40 
mUmin flow rate. Column temperature held at 45°C for 3 min. rhenprogrammed 
at 8°C/min. to 220 ° and held for 15 min. 

Column 2 conditions: Porasi/·C 100/120 mesh coated with n·octane packed in a 6 ft 
x O. 1 in 10 stainless steel or glass column with helium carrier gas at 40 mUmin 
flow rate, Column temperature held at 50°C for 3 min then programmed at 
6°C/min to 170 ° and held for 4 min, 

601-7 July 1982 

75 



L 

L 

[ 

ru 

W 

] 

1 
j 

I 
~ 

Table 2. Single Operator Accuracy and Precision 

Average 
Percenr 

ethane 100.9 
89.5 

Bromomethane 105.0 
Carbon tetrachloride 82.5 
Chlorobenzene 93.9 
Chloroethane 91.5 
2-Chloroethylvinyl ether 96.3 
Chloroform TO;.7 
Chloromethane 91.4 
Oibromochloromethane 98.3 
l,2-Dichlorobenzene 10.20 
1,3-Dlchlorobenzene 91.6 
1,4 ·Dichlorobenzene 97.5 
Oichlorodifluoromethane 87.8 
1, l-Dichloroethane 102.3 
1,2·Dichloroechane 97.8 
I, l-Dichloroethene 10 1.1 
trans- 1,2 -Dichloroerhene 91.0 
1,2-Dichloropropane 97.7 
cis- I, 3-Dichloropropene 86.7 
trans-l,3-Dichloropropene 73.5 
Methylene chloride 97.9 
1, 1,2,2-Tetrachloroethane 91.9 
Tetrachloroethene 94.1 
" " 1-Trichloroethane 75.1 
1, 1,2- Trichloroethane 91.0 
Trichloroerhene 106.1 
Tr;chlorof/uoromethane 89.3 
Vinyl chloride 101.9 

Standard 
Deviation 

% 

5.0 
9.0 

17.3 
25.6 

8.9 
22.4 

9.9 
20.6 
13.4 
6.5 
2.0 
4.3 
9.3 

18.0 
5.5 
4.8 

21.7 
19.3 
8.8 
6.0 

17.2 
2.6 

15.0 
lB.l 
12.5 
25.1 

7.4 
13_9 
11.4 

Spike 
Range 
IUIJ!/.f 

0.43·46.7 
1.45·50 
3.39-49.2 
0.55-50 
2.21-50 
3.95-50 
4.39-133 
0.44-50 
0.55-23.9 
0.75-93.0 
4.89-154· 
2.94-46.7 
2.99-51.6 
2.18-43.4 
0.44-46.7 
0.44-46.7 
0.37-50 
0.44-98.0 
0.29-39.0 
0.44-46.7 
0.43-50 
0.73-46.7 
0.46·46.7 
0.50-35.0 
0.37-29.0 
0.45-50 
0.38-46.7 
149 
0.82-32.3 

Number 
of Matrix 

21 3 
20 3 
21 3 
19 3 
20 3 
21 3 
20 3 
20 3 
21 3 
21 3 
21 3 
21 3 
21 3 
21 3 
21 3 
21 3 
19 3 
20 3 
21 3 
21 3 
20 3 
21 3 
21 3 
21 3 
21 3 
21 3 
21 3 
14 2 
21 3 

OptionS'Q£xit '/, in. 
Foam 0.0. 
Trap _14mm 

O.D. 
Inlet '/, in. 

- O.Q. 
.j 

.' 
:: ,,__Ssmple Inlet 
.': ~-- 2-wey Syringe velve 

~
.: i[-17cm 20 gauge syringe needle 

'I, in._ 1 '6mm 0.0. Rubber Septum 
. 'I 

0.0. eXIt i. . 0 D 
': 10mm 0.0. 1/18 m. . . 

t ( '. V4;=- Inlet 1/ St lJin/ess Stsel 
. :, 1'1, in. 0. O. I 
Q, J o \ : :,..-' I 
E J ~: II ~ 13X moleculsr 
E (, 1 sisve purge 

'" I '/ I ~.~ gss filter 

~ ~ ! , f E ... o 

10mm glsss 'rit 
medium porosity 

;1 D 
1i :I-, ;'~~~::I:'! 

I 

!J---J 

Figura 1. Purging devics 
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Pack.ing procedure 

Gless 5mm U 
wool -I ;- . 

~I· l 
y • 

Acriveted 7.7cm:· i 
chercoel I r~: 

I " • 
I -... t, ' ~ 

-f m· .. ·· 

I" " Grade 15 V~~ 
Silica gel 7.7cm [>1 

I .. ~ ;-; 

-;. '-1 

Construction 

7"-1foor r-rP _ Compression fitting 

. resistence' c?~ nut and ferrules 

wife wrapped -
solid~ . 

(Double leyer) - 2 
Thermocouple/ 
controller 

15cm --.. 

2 .:r- sensor 

C.--.l 1'-----
Electronic 
temperature 
control 
and 

7-'Yfoot T.. i I pyrometer 
, ~ I I ,! 

Tenex 7. tcm .~:., 

3% OV-1 11·· 

resistance I ? 
wire wrapped I "';" Tubing 25 cm. 

solid I C~ '0.105 in. I.D. 
(Single layer) .::--: 0.125 in O.D. 

Bcm -: ,.::::--~,' stainless steel 
1cm! B Glass 

wool 5mm LJCJ 
Trep inlet 

Figure 2. Trep peckings end construction to include desorb cepability 

Carrier gas flow control 

Pressure regulator 

~ 

Liquid injection ports 
, ____ Column oven 

~~ru1.fUL!- - Confirmatory column I ~u_~~ To detector 
~-dlflJ U T ----Analytical column 

Purge gas 
flo w control '\. 

rl 13X mOle~ular y' 
,i ••• (,'" ~. " 

I c: PurgJn;s 
II ~ ~)--- device 

Nota: 
All lines between 
trap and GC 
should be heated 
to BODC 

Figure J. Schematic of purge and trap device - purge mode 

601·9 July 1982 

7 



\0. 

] 

] 

1 
.i 

1 

1 

I 
n 

J 

~ 
Carrier gas flow control Liquid injection ports C I 

.. 1. a umn oven 

~
'"' ,~ Pressure regulator .. .f:-1..;-J. -~ - -- -.i _ .Confirmatory column 

~ . hd ..::: I -'-.- .-- I) To detector J,. . 1 ri--:~: I'· . - - I ----Analytical column 

I· ~i ~ optional 4 ·port column 

Purge gas i I 6 ·port Trap inlet 
i /l selection valve 

v control' . II valve .I ReSist 
_ T / I~' L... /,Heater control 

.,. . I T 
.• .c .... Trap. ',_ Irap On 

13X molecular -:. ~ }: I - r : J ..-=t flow 180~r 
sieve filter: -))..'[- --; Note: I Alliin" b"weon I ~ . p. trap and GC I :::. durgmg should be heated 

, .,' e'llce to BOcC 

Figure 4. Schematic of purge and trap device - desorb mode 
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aEPA 

United States 
Environmental Protection 
Agency 

Researc:'\ and Development 

Tes! Method 

Purgeables -
Method 624 

1. Scope and Application 

1.1 This method covers the determi­
nation c: a number of purgeable 
organics. The following parameters 
may be determined by this method: 

Parameter 

Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethylvinyl ether 
Chloroform 
Chlorometnane 
Dibromochloromethane 
l,2-Dlchlorobenzene 
, .3-Dichlorobenzene 
1,4-Dlcnlorobenzene 
1.1-Dichloroethane 
1.2-0ichlcroethane 
1,1-0icnlcroethene 
trans- 1. 2-0lChloroethene 
1,2 -Oichloropropane 
cis·1,3·0ichloropropene 
trans· 1 .3-0lchloropropene 
Ethyl benzene 
Methylene chloride 
1.1,2.2-Tetrachloroethane 
Tetr achloroethene 
Toluene 
1,1,1-TroChloroethane 
1.1.2-Tflchloroethane 
Trichloroethene 
Trichlorofluoromethane 
Vinyl chloode 

'.2 The method may be extended to 
scree'" samples for acrolein (STORET 
No. 3.l2 10. CAS No.1 07-02-8) and 
acrylonJtrde ISTORET 34215, CAS No. 
107·13-1 I. however. the preferred 

6241 July 1982 
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Environmental Monitoring and 
Support Laboratory 
Cmclnnatl OH 45268 

STORET No. 

34030 
32101 
32104 
34413 
32102 
34301 
34311 
34576 
32106 
34418 
32105 
34536 
34566 
34571 
34496 
34531 
34501 
34546 
34541 
34704 
34699 
34371 
34423 
34516 
34475 
34010 
34506 
34511 
39180 
34488 
39175 

CAS No. 

71-43-2 
75-27-4 
75-25-2 
74-83-9 
56-23-5 

108-90-7 
75-0C-3 

110-75-8 
67-66-3 
74-87-3 

124-48-1 
95-50-1 

541-73-1 
106-46-7 

75-34-3 
107-06-2 

75-35-4 
156-60-5 

78-87-5 
10061-01-5 
10061-02-6 

100-41-4 
75-09-2 
79·34-5 

127-18-4 
108-88-3 

71-55-6 
79-00-5 
79-01-6 
75·69-4 
75-01-4 

method for these two compounds is 
method 603. 

1.3 This is a purge and trap gas 
chromatographic. mass spectrometer 

" 
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Ino 8 ---------------------------------------
(Gc, MS) method applicable to the 
determination of the compounds listed 
above In municipal and industrial 

arges as provided under 40 CFR 
.1. 

1.4 The method detection limit (MOL. 
defined in Section' 4.1 )111 for each 
parameter IS lis ted ,n Table' . The MOL 
for a specific wastewater differ from 
those listed. depending upon the 
nature of interferences In the sample 
matrix. 

1.5 Until the U.S. Environmental Pro­
tection Agency establishes perfor­
mance criteria based upon the results 
of interlaboratory testing. any 
alternative GC:MS method which 
meets the performance criteria 
described In Section 8.2 will be 
permitted. Performance must be 
verified for such t;1odification by 
analyzing wastewater as described in 
Section 8.2.2. In addition. the 
laboratory must successfully partici­
pate in the applicable performance 
evaluation studies. 

'.6 This method is restricted to use 
by or under the supervision of analysts 
experienced in the use of purge and 
trap systems and gas chromatograph/ 
mass spectrometers and skiiled in the 
interpretation of mass spectra. Each 

Iyst must demonstrate the ability to 
ate acceptable results with this 

method using the procedure described 
in Section 8.2. 

2. Summary of Method 

2.1 An inert gas is bubbled through a 
5-mL sample contained in a specially· 
designed purging chamber at ambient 
temperature. The purgeables are 
efficiently transferred from the 
aqueous phase to the vapor phase. The 
vapor is swept through a sorbent 
column where the purgeables are 
trapped. After purging is completed. 
the sorbent column is heated and 
back flushed with the inert gas to 
desorb the purgeables onto a gas 
chromatographic column. The gas 
chromatograph is tempera ture 
programmed to separate the 
purgeables which are then detected 
with a mass spectrometer!2.31. 

3. Interferences 

3.1 Impurities in the purge gas. 
organiC compounds out·gasslng from 
the plumbing ahead of the trap and 

ent vapors in the laboratory 
nt for the maJority of contamlna­

problems. The analytical system 
must be demonstrated to be free from 
contamination under the conditions of 

the analysis by running laboratory 
reagent blanks as descflbed in Section 
8.5, Theuse of non-TFE plastiC tubing. 
non- TFE thread sealants. or flow 
controllers with rubber components in 
the purging device shouid be avoided. 

3.2 Samples can be contaminated by 
diffUSion of volatile organics (particu­
larly fluorocarbons and methylene 
chloride) through the septum seal into 
the sample during shipment and 
storage. A field reagent blank prepared 
from reagent water and carried through 
the sampling and handling protocol can 
serve as a check on such 
contamination. 

3.3 Contamination by carryover can 
occur whenever high level and low 
level samples are sec;uen:lally 
analyzed. To reduce carryover. the 
purging device and sample syringe 
must be rinsed with reagent water 
between sample analyses. Whenever 
an unusually concentrated sample is 
encountered. it should be followed by 
an analysis of reagent water to check 
for cross contamination. For samples 
containing large amounts of water­
soluble materials. suspenced solids, 
high boiling compounds or high purge­

.able levels. it may be necessary to 
wash out the purging device with a 
detergent solution. rinse it with distilled 
watei', and then dry it in a '05 °C oven 
between analyses. The trap and other 
parts of the syst~m are a:so subject to 
contamination; therefore. frequent 
bake out and purging of the entire 
system may be required. 

4. Safety 

4.1 The toxicity or carcinogenicity of 
each reagent used in this method has 
not been precisely defined; however, 
each chemical compound should be 
treated as a potential health hazard. 
From this viewpoint, exposure to these 
chemicals must be reduced to the 
lowest possible level by whatever 
means available. The laboratory is 
responsible for maintaining a current 
awareness file of OSHA regulations 
regarding the safe handling of the 
chemicals specified in this method. A 
reference file of material data handling 
sheets should also be made available to 
all personnel involved in the chemical 
analysis. Additior.JI references to 
laboratory safety are available and 
have been identILed!S, 71 for the 
Information of the analyst. 

4.2 The following parameters 
covered by thiS method hJve been 
tentatively clasSlfted as known or 
suspected, human or mammalian 
carcinogens: benzene. carbon 
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tetrachloride. chloroform, 
1.4-dichlorobenzene. and vinyl 
chloriCe. Primary standards of these 
toxic compounds should be prepared in 
a hood. A NIOSH, MESA approved 
toxic gas respirator should be worn 
when the analyst handles high 
concentratlOr.s of these toxic 
compounds. 

5. Apparatus and Materials 

5.1 Sampling equipment, for discrete 
sampling. 

5.T.1 Vial-25·mL capacity or larger, 
equipped with a screw cap with hole in 
center (Pierce it' 3075 or equivalent). 
Detergent wash, rinse with tap and 
distilled water. and dry at 105°C 
before use. 

5.1.2 Septum- Teflen-faced silicone 
(Pierce #'2722 or equivalent!. 
Detergent wash. rinse with tap and 
distilled water, and dry at 105°C for 
one hour before use. 

5.2 Purge and trap device-The 
purge and trap device consists of three 
separate pieces of equipment: the 
sam pie purger. trap. and the desorber. 
Several complete devices are now 
commercially available. 

5.2.1 The sample pu!"ger must be 
designed to accept 5-ml samples with 
a water column at least 3 cm deep. 
The gaseous head space between the 
water column and the trap must have a 
total volume of less than 1 5-mL. The 
purge gas must pass through the water 
column as finely divided bubbles with a 
diameter of less than 3 mm at the 
origin. The purge gas must be intro­
duced no more than 5 mm from the 
base of the water column. The sample 
purger, illustrated in Figure 1. meets 
these design criteria. 

5.2.2 The trap must be at least 25 
cm long and have an inside diameter of 
at least 0.105 inch. The trap must be 
packed to contain the following mini­
mum lengths of adsorbents: 1.0 cm of 
methyl silicone coated packing (Sec­
tion 6.3.2). 15 cm of 2.6-diphenylene 
oxide polymer (Section 6.3. '), and 8 
cm of silica gel. (Section 6.3.3), The 
minimum specifications for the trap are 
illustrated In Figure 2. 

5.2.3 The desorber should be 
capable of rapidly heating the trap to 
180°C. The polymer section of the 
trap should not be heated higher than 
180°C and the remaining sections 
should not exceed 220 °C. The 
desorber deSign. illustrated in Figure 2, 
meets these cnteria. 



... 

'n 

j 

~ 
1 

.. 

J 

5.2.4 The purge and trap device may 
be assembled as a separate unit or be 
coupled to a gas chromatograph as 
illustrated in Figures 3 and 4. 

5.3 GC:MS system. 

5.3.1 Gas chromatograph- An ana· 
Iytical system complete with a temper­
ature programmable gas chromato­
graph sUitable for on-column injection 
and all required accessories including 
syringes, analytical columns, and 
gases. 

5.3.2 Column-6 ft long x 0.1 in ID 
stainless steel or glass, packed with 
1 % SP·l 000 on Carbopack B (60/80 
mesh) or equivalent. This column was 
used to develop the method perfor­
mance statements in Section 14. 
Guidelines for the use of alternate 
column pac kings are provided in 
Section 11.1. 

5,3.3 Mass spectrometer-Capable 
of scanning from 20 to 260 amu every 
seven seconds or less, utilizing 70 
volts (nomina!) electron energy in the 
electron impact ionization mode and 
producing a mass spectrum which 
meets all the criteria in Table 2 when 
50 ng of 4-bromofluorobenzene (BFa) 
is injected through the gas chromato­
graph inlet. . 

5.3.4 GC!MS interface-Any gas 
chromatograph to mass spectrometer 
interface that gives acceptable 
calibration points at 50 ng or less per 
injection for each of the parameters of 
interest and achieves a" acceptable 
performance criteria (see Section 10) 
may be used. Gas chromatograph to 
mass spectrometer interfaces con­
structed of a"-glass or glass-lined 
materials are recommended. Glass can 
be deactivated by silanizing with 
dichloro-dimethylsilane. 

5.3.5 Data system-A computer 
system must be inter! aced to the mass 
spectrometer that allows the 
continuous acquisition and storage on 
machine readable media of all mass 
spectra obtained throughout the 
duration of the chromatographic 
program. The computer must have 
software that allows searching any 
GCIMS data fde for ions of a specified 
mass and plotting such ion abundances 
versus time or scan number. This type 
of plot is defmed as an Extracted Ion 
Current Profde IEICP). Software must 
also be available that allows integrating 
the abundance In any EICP between 
specif,ed time or scan number limits. 

5.4 Syringes- 5-ml glass hypoder­
mic with Luerlok tiP (two each), If 
applicable to the purging device_ 

'-

5.5 Micro syringes- 25-mL. 0.006 
Inch ID needle. 

5.6 Syringe valve- two-way, with 
Luer ends (three each), if applicable to 
the purging device. 

5.7 Syringe - 5-ml. gas-tight with 
shut-off vaive. 

5.8 Botlle- 15-ml, screw-cap. with 
Teflon cap liner. 

5.9 Balance- Analytical, capable of 
accurately weighing 0.000 1 g. 

6. Reagents 

6.1 Reagent water- Reagent water is 
defined as a water in which an inter­
ferent is not observed at the MDl of 
tr.e parameters of interest. 

6. 1. 1 Reagent water may be gener­
ated by passing tap water through a 
carbon filter bed containing about 453 
g of activated carbon (Calgon Corp .• 
Filtrasorb-300 or equivalent). 

6.1.2 A water purification system 
(Millipore Super-Q or equivalent) may 
be used to generate reagent water. 

6.1.3 Reagent water may also be 
prepared by boiling water for 15 
minutes. Subsequently. while maintain­
ing the temperature at 90°C. bubble a 
contaminant-free inert gas through the 
water for one hour. While still hot, 
transfer the water to a narrow-mouth 
screw-cap bottle and seal with a 
Teflon-lined septum and cap. 

6.2 Sodium thiosulfate-(ACS) 
Granular. 

6.3 Trap materials 

6.3.1 2.6-Diphenylene oxide 
polymer- Tenax (60/80 mesh), 
chromatographic grade or equivalent. 

6.3.2 Methyl silicone packing - 3 % 
av·' on Chromosorb-W (60:80 mesh) 
or equivalent. 

6.3.3 Silica gel. Davison Chemical, 
(35/60 mesh). grade·l 5 or equivalent. 

6.4 Methanol- Pesticide quality or 
equivalent. 

6.5 StoCk standard solutions - Stock 
standard solutions may be prepared 
from pure standard materials or 
purchased as certified solutions. 
Prepare stock standard solutions in 
metnanol using assayed liquids or 
gases as appropriate. Because of the 
toxicity of some of the o(ganohalides. 
primary dilutions of these materials 
should be ;::repared in a hood. A 
NIOSH MESA approved tOXIC gas 
respirator should be used when the 
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'1 f) 81 
analyst handles high concentrations of 
such materials. 

6.5. 1 Place about S. 8 mL of 
methanol into a 1 O-mL ground glass 
stoppered volumetric flask. Allow the 
flask to stand, unSloppered, for about 
10 minutes or until a!1 alcohol wetted 
surfaces have dried. Weigh the flask to 
the nearest 0.1 mg. 

6.5.2 Add the assayed reference 
material as described below: 

6.5.2. 1 liquids - Using a 100-)Jl 
syringe. immedia:ely add two or more 
drops of assayed reference materiailo 
the flask. then reweigh. The liquid 
must fall directly into the alcohol 
without contacting the neck of the 
flask. 

6.5.2.2 Gases- To prepare standards 
for any of the four halocarbons that 
boil below 30°C (bromomethane. 
chloroethane. chloromethane, and vinyl 
chloride). fill a 5-mL valved gas-tight 
syringe with the reference standard to 
the 5.0-mL mark. lower the needle to 
5 mm above the methanol meniscus. 
Slowly introduce the reference stan­
dard above the surface of the liquid. 
T~e heavy gas rapidly dissolves in the 
methanol. 

6.5.3 Reweigh. dilute to volume, 
stopper, then mix by inverting the flask 
several times. Calculate the concentra· 
tion in micrograms per microliter from 
the net gain in v;eigh!. Vvr,c:; 
compound purity is assayed to be 96% 
or greater, the weight may be used 
without correction to calculate the 
concentration of the Slack standard. 
Commercially prepared stock standards 
may be used at any concentration if 
they are certified by the manufacturer 
or by an independent source. 

6.5.4 Transfer the stock standard 
solution into a Tefion-sealed screw-cap 
bottle. Store, with minimal headspace, 
at - 10 0 to - 20°C and protect from 
light. 

6.5.5 Prepare fresh standards weekly 
for the four gases and 2·chloroethyl· 
vinyl ether. All other standards must be 
replaced after one month, or sooner if 
comparison with check standards indl' 
cate a problem. 

6.6 Secondary dilution stand:lfds­
Using stock standard solutions. prepare 
secondary dilution standards in 
methanol that contain the compounds 
of interest. either slfigly or mixed 
together. The secondary dilution 
standards should be prepared at 
concentrations such that the aqueous 
calibration standards prepared Ifi 
Section 7.3.1 or 7.4.1 WI" br acket the 
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working range of the analytical system. 
Secondary dilution standards should be 
stored with mlnimql headspace and 

auld be checked frec;uently for signs 
degrada.tion or evaporation. espe­

claily just prior to preparing calibration 
standards from them. Quality control 
cr.eck standards that can used to 
determine the accuracy of calibration 
sta~cards. wdl be aV.ldabie from the 
U.S. Envlfonmental Protection Agency. 
Environmental Monitonng and Suoport 
Laboratory, CinCinnati. OhiO 45268. 

6.7 Surrogate standard spiking 
SOlution-Select a minimum of three 
surrogate compounds from Table 3. 
Prepare stock standard solutions for 
each surrogate standard in methanol as 
described In Section 6.5. Prepare a 
surrogate standard spiking solution 
from these stock standards at a con­
ce!".tratic:1 of 150 ;.-g; 1 0 ml in water. 
Store the spiking solution at 4°C in 
Teflon sealed glass containers with a 
minimum of headspace. The solutions 
should checked frequently for stability. 
They should be replaced after six 
months. The addition of 10 !-/l of this 
solution to 5 ml of sample or standard 
is equivalent to a concentration of 30 
)Jg.l of each surrogate standard. 
Surrogate standard spiking solutions, 
appropriate for use with this method, 

be available from the U.S. 
ronmental Protection Agency, 

nvironmental Monitoring and Suoport 
laboratory, Cincinnati, Ohio 45268. 

6.8 BFB Standard - Prepare a 25 
)Jg:jJL solution of BFB in methanol. 

7. Calibration 

7.1 Assemble a purge and trap 
device that meets the specifications in 
Sec!ion 5,2. Condition the trap over­
night at 180°C by back flushing with 
an inert gas flow of at !east 20 
mL'min, Prior to use, daily condition 
traps 10 minutes while back flushing at 
180°C_ 

7.2 Connect the purge and trap 
device to a gas chromatograph. The 
gas chromatograph must be operated 
usirg temperature and flow rate 
parameters equivalent to those in Table 
1. Calibrate the purge and trap-GC:MS 
system using either the external stan­
dard technique ISectlcn 7.3) or the 
internal standard technique (Section 
7Al. 

7.3 External standard calibration 
procedure: 

.1 Prepare call bra lion standards 
a minImum of three concentration 

leveis for each parameter by carefully 
adding 20.0 )oil of one or more sec on· 

dary dilution standards to 50. 250. or 
500 mL of reagent water. A 25'ill 
syringe With a 0.006 inch 10 needle 
should be used for this operation. One 
of the external standards should be at a 
concentration near, but above, the 
MOL (See Tabie 1) and the other 
concentrations should correspond to 
the expected range of concentrations 
found :n real samples or should define 
the working range of the GC'MS 
system. Aqueous standards may be 
stored UP to 24 hours, if held in sealed 
vials with zero headspace as described 
in Section 9.2. If not so stored, they 
.must be c,scarded after one hour. 

7.3.2 Anaiyze each calibration 
standard accorcing to Section 1 1, and 
tabulate the area response of the 
primary charac:eristic ion (See Table 4) 
against the ccncentration in the 
standard. The results can be used to 
prepars a ca!it:ratlon curve tor each 
compo(.;nd. A:!ernatively, if the ratio of 
resporse to concentration (caiibration 
factorl is a constant over the working 
range « 1 0 % relative standard devia­
tion, RSO). linearity through the origin 
can be assumed and the average ratio 
or calibration factor can be used in 
place of a calibration curve . 

7.3_3 The working calibration curve 
or calibration factor must be verified on 
each working day by the measurement 
of one or more calibration standards. If 
the response for any parameter varies 
from the predicted response by more 
than ± 10%, the test must be repeated 
using a fresh calibration standard. 
Alternatively, a new calibration curve 
or calibration factor must be prepared 
for that parameter. 

7.4 Internal standard calibration 
procedure. To use this approach, the 
analyst must select one or more 
internal standards that are similar in 
analytical behavior to the compounds 
of interest. The analyst must further 
demonstrate that the measurement of 
the internal standard is not affected by 
method or matrix interferences. 
Because of these limitations, no 
internal standard can be suggested that 
is applicable to all samples. Oue to their 
generally unique retention times, 
bromochlcromethane, 2- bromo-l­
chloropropane. and l,4-dichlorobutane 
have been used successfully as ,nternal 
stanCarCs. 

7.4.1 Prepare calibration standards 
at a minimum of three concentration 
levels for each parameter of Interest as 
descflbed in Section 7.3,1. 

7.4.2 Prepare a SPiking solution 
containing each of the internal 

624·4 July 1982 

1n n 
standards using the procedures 
descflbed in Sections 6.5 and 6.6. It is 
recommended that the secondary dilu­
tion standard be prepared at a concen­
tration of 15 ).Jg/mL of each internal 
standard compound. The addition of 
10)JL of thiS standard to 5.0 mL of 
sample or calibration standard would 
be equivalent to 30 ).Jg/l. 

7.4.3 Analyze each calibration 
standard. according to Section 11, 
adding 10 ill of internal standard 
spiking solution directly to the syringe 
(Section 1 1.4). Tabulate the area 
response of the characteristic ions 
against concentration for each 
compound and internal standard and 
calculate response factors (RF) for 
each compound using equation 1. 

Eq. 1 RF = (AsC,s)/{A"Cs) 
where: 

A, = Area of the characteristic ion 
for the parameter to be 
measured. 

A ,S Area of the characteristic ion 
for the internal standard. 

C's Concentration of the internal 
standard. 

C, = Concentration of the 
parameter to be measured. 

If the RF value over the working range 
is a constant « 1 0% RSOI. the RF can 
be assumed :0 be invariant and the 
average RF can be used for 
calculations. Alternatively, the results 
can be used to plot a calibration curve 
or response ratios, As/Ais. vs. RF. 

7.4.4 The working calibration curve 
or RF must be verified on each working 
day by the measurement of one or 
more calibration standards. If the 
response for any parameter varies from 
the predicted response by more than 
± 10%, the test must be repeated 
using a fresh calibration standard. 
Alternatively, a new calibration curve 
must be prepared for that compound. 

8. Quality Control 

8.1 Each laboratory that uses this 
method is required to operate a formal 
quality control program. The minimum 
requirements of this program consist of 
an initial demonstration of laboratory 
capability and the analysis of spiked 
samples as a continuing check on 
performance. The laboratory is required 
to maintain performance records to 
define the quality of data that is 
generated. Ongoing performance 
checks must be compared v'lIth 
established performance criteria to 
determine jf the results of analyses are 
wlth,n accuracy and preciSion limits 
expected of the method. 

) 
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B. 1. 1 Before performing any 
analyses, the analyst must 
demonstrate the ability to generate 
acceptable accuracy and precision with 

merhod. This abihty is established 
described in Section 8.2. 

B. 1.2 In recognition of the rapid 
advances that are occurring in chroma­
tography, the analyst is permitted to 
certain options to Improve the separa­
tions or lower the cost of measure­
ments. Each time such mooifications 
are made to the method, the analyst is 
required to repeat the procedure in 
Section 8.2. 

B.1.3 The laboratory must spike all 
samples with surrogate standards to 
monitor continuing laboratory 
performance. This procedure is 
described in Section 8.4. 

8.2 To establish the ability to 
generate acceptable accuracy and 
precision, the analyst must perform the 
following operations. 

B.2_ 1 Select a representative spike 
concentration for each par ameter to be 
measured. Using stock standards, 
prepare a quality control check sample 
concentrate in methanol 500 times 
more concentrated than the selected 
concentrations. Quality control check 
sample concentrates, appropriate for 
use with this method, will be available 

the U.S. Environmental Protection 
ency, Environmental Monitoring and 

UPDort Laboratory, Cincinnati, Ohio 
45268. 

B. 2. 2 Using a syringe, add 10 I-'L of 
the check sample concentrate and 10 
I-'L of the surrogate standard dosing 
solution (Section 6.7) to each of a 
minimum of four 5-mL aliquots of 
reagent water. A representative 
wastewater may be used in place of 
the reagent water, but one or more 
additional aliquots must be analyzed to 
determine background levels, and the 
spike level must exceed twice the 
background level for the test to be 
valid. Analyze the aliquots according to 
the method beginning in Section 1 1 _ 

B. 2. 3 Calculate the average percent 
recovery, (R), and the standard devia­
tion of the percent recovery (s), for all 
parameters and surrogate standards. 
Wastewater background corrections 
must be made before Rand s calcu· 
lations are performed. 

B.2.4 Using Table 5, note the 
average recovery (X) and standard 
deviation (pi expected for each method 

ar ameter. Compare these to the 
ulated values for Rand s. If s > p or 

- A: > p, review potential problem 
areas and repeat the test. 

8.2.5 The U.S. Environmental Pro· 
tection Agency plans to establish 
performance cflteria for Rand s based 
upon the results of interlaboratory 
testing. When they become available. 
these cflteria mus t be met before any 
samples may be analyzed. 

8.3 The analyst must calculate 
method performance criteria for each 
of the surrogate standards. 

8.3.1 Calculate upper and lower 
control limits for method performance 
for each surrogate standard, using the 
values for Rand s calculated in Section 
8.2.3: 

Upper Control Limit (UCl) = R + 3s 
Lower Control Limit (LCL) = R - 3s 

The UCL anC LCL can be used to 
construct co"t(ol charts lS) that are 
useful in observing trends in 
performance. The control limits above 
must be replaced by method perfor­
mance criteria as they become avail­
able from tr.e U.S. Environmental 
Protection Agency. 

8.3.2 For each surrogate standard, 
the laboratory must develop and main­
tain separate accuracy statements of 
laboratory performance tor wastewater 
samples. An accuracy statement for 
the method is defined as R ± s. The 
accuracy statement should be 
developed by the analysis of four 
aliquots of wastewater as described in 
Section 8.2.2. followed by the calcu­
lation of Rand s. Alternately, the 
analyst may use four wastewater data 
points gathered thrbugh the require­
ment for continuing quality control in 
Section 8.4. The accuracy statements 
should be updatetl regularlyIS). 

8.4 The laboratory is required to 
spike all of their samples with the 
surrogate standard spiking solution to 
monitor spike recoveries. If the 
recovery for any surrogate standard 
does not fall within the control limits 
for method performance, the results 
reported for that sample must be 
qualified as described in Section 13.3. 
The laboratory should monitor the 
frequency of data so qualified to 
ensure that it remains at or below 5%. 

8.5 Each day, the analyst must 
demonstrate. through the analysis of 
reagent water, that interferences from 
the analytical system are under control. 

8.6 It IS recommended that the 
laooratory adopt additional Quality 
assurance practices for use with this 
method. The specifiC practices that are 
most productive depend upon the 
needs of the laboratory and the nature 
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of the samples. Field duplicates May"b 
analyzed to mon.tor the preciSion of 
the sampling technique. V.Jhenever 
possible, the laboratory should perform 
anaLysis of standaId ref erenc.e. 
materials and participate in relevant 
performance evaluat.on studies. 

9. Sample Collection, 
Preservation, and Handling 

9.1 All samples must be iced or 
refrigerated from the time of collection 
until extraction. If the sample contains 
residual chlorine, add sodium 
thiosulfate preservative (10 mg!40 mL 
is sufficient for up to 5 ppm C1 2) to the 
empty sample bottles just prior to 
shipping to the sampling site. U.S. 
Environmental Protection Agency 
methods 330.4 and 330.5 may be 
used for measurement of residual 
chlorine I9 }. Field test kits are available 
for this purpose. 

9.2 Grab samples must be collected 
in glass containers having a total 
volume of at least 25 mL. Fill the 
samQle bottle just to overflowing in 
such a manner that no air bubbles pass 
through the sample as the bottle is 
being filled. Seal !tie bottle so that no 
air bubbles are entrapped in it. If 
preservative has been added, shake 
vigorously for one minute. Maintain the 
hermetic seal on the sample bottle until 
time of analysis. 

9.3 Experimental evidence indicates 
that some aromatic CC:7.pcunCs, 
notably benzene, toluene, and ethyl 
benzene are sU:iceptible to rapid 
biological degradation under certain 
environmental conditionsI3}. 
Refrigeration alor,g may not be 
adequate to preserve these compounds 
in wastewaters for more than seven 
days. For this reason, a separate 
sample should be collected, acidified, 
and analyzed when these aromatics are 
to be determined. Collect about 500 
mL of sample in a clean container. 
Adjust the pH of the sample to about 2 
by adding HCI (1 + 1) while stirring. 
Check pH with narrow range (1.4 to 
2.8) pH paper. Fill a sample container 
as described in Section 9.2. If chlorine 
residual is present, add sodium thio­
sulfate to another sample container 
and fill as in Section 9.2 and mix 
thoroughly. 

9.4 All samples must be analyze 
within 1 4 days of collection. 

'0_ Daily GC/MS Performance 
Tests 

10.1 A t the beginning of each day 
that analyses are to be performed, the 

o 
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GC MS system must be checked to see 
if acceptable oerformance criteria are 
achIeved for BFB' ~01. The performance 
test must b,e passed before any 

, blanks, or standards are 
zed, unless the Instrument has 

met.,rhe DFTPP test descrIbed In 
method 625 ear""r In :he day' Ill. 

10.2 These performance tests 
req,)lfe the follow:ng ,n'itrumental 
parameters. 

E!ectron Energy: 70 Volts (nom/Oal) 
Mass Rarge: 20 to 260 
Scan Time; to gIve at leas: 5 

scans per peak but 
not :0 exceed 7 
seconds per scan. 

[ 10.3 At tre begInning of each day, 
inj'?ct 2 "L of BFa solutIon directly on 
col'.Jmn. Alterl"'ately, add 2 "L of 8;:a 

ru' 

solution:o 5.0 mL of reagent water or 
'I standard sc!u!;on and analyze 
. accordIng to Sec:,on 1 ,. Obtain a 

background corrected mass spectrum 

U 
of BFa and check that all the key ion 
criteria in Table 2 are achieved. If all 
the criteria are not achieved. the 
analyst must retur.e the mass 

m spectrometer and repeat the test until 
I~I all criteria are achieved. 

~ 11. Sample Extraction and 
'"" Gas Chromatography 

Table 1 SUr>1marizes tne 
mmended operating conditions for 

the gas chromat09raph. This table 
IT includes re.tention times and n:ethod 
], detection l,mits that were achieved 

under these conditions. An example of 
the parameter separations achieved by 

] 

Column 1 is shown in Figure 5. Other 
packed columns or chromatographic 
conditions may be used if the 
requirements of Section 8,2 are met, 

D 11.2 After achievirg the key ion 
II abundance criteria in Section 10. 

calibrate the system daily as described 
in Section 7. 

11.3 Adjust the purge gas (helium) 
- flow rate to 40 ;: 3 mL:min. Attach 

the trap inlet to the pur91ng device. and 
set the device to purge. Open the 
syringe valve located on the purging 
deVice sample introduction needle. 

11.4 Remove the plunger from a 
5·mL Syflnge and attach a closed 
syringe valve. Open the sample or 
standard bottle 'J\lhlch r>as been 
allowed to come to arrb,ent 
temperature. and carefully pour the 
sample into the s'r,nqe barrel to lust 

t of overflow.ng. Peplace the 
ge plunger and compress the 

mpie. Open the syflrge valve and 
vent any reSidual air .... h,le adjustmg the 

sample volume to 5 0 mL. Since this 
process of takmg an aliquot destroys 
the validity of the sample for future 
analysis. the anqlyst should. fill a 
secol"'d syringe at this time to protect 
against possible loss of data. Add 10.0 
).JL of the surrogate spiking solution 
(Section 6.7) and. tf applicable. 10.0 
).JL of the internal standard spiking 
solution (Section 7,4.2) through the 
valve bore. then close the valve. The 
surrogate and internal standards may 
be mixed and added as a single SPiking 
solution. 

11. 5 Attach the syringe-syringe 
valve assembly to the syringe valve on 
the purging device. Open the syringe 
valves and inject the sample into the 
purging chamber. 

11.6 Close both valves and purge the 
sample for 11.0 =: 0.1 minutes at 
ambient temperature. 

11.7 At the conclusion of the purge 
time. attach the trap to the 
chromat09raph. adjust the device to 
the desorb mode, and begin the gas 
chromatographic temperature program. 
Concurrently. introduce the trapped 
materials to the gas chromatographic 
column by rapidly heating the trap to 
180°C while back flushing the trap 
with an inert gas between 20 and 60 
mUmin for four minutes. If this rapid 
heating requirement cannot be met. the 
gas chromat09raphic column must be 
used as a secondary trap by cooling it 
to 30°C (or subambient, if problems 
persist) instead of the recommended 
initial temperature of 45°C. 

11.S While the trap is being desorbed 
into the gas chromatograph. empty the 
purging chamber using the sample 
introduction syringe. Wash the 
chamber with two 5-mL flushes of 
reagent water. 

11.9 After desorbing the sample for 
four minutes. recondition the trap by 
returning the purge and trap device to 
the purge mode. Wait 15 seconds then 
close the syringe valve on the purging 
device to begin gas flow through the 
trap. The trap temperature should be 
maintained at 180°C. Trap 
temperatures up to 230 °C may be 
employed. however. the higher 
temperature will shorten the useful life 
of the trap. After approximately seven 
minutes turn off the trap heater and 
open the syringe valve to stop the gas 
flow through t!-e trap. When COol. the 
trap :s ready for the next sample. 

11.10 If the response for any ion 
exceeds the working range of the 
system. dilute the sample aliquot in the 
second syringe with reagent water and 
reanalyze. 
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12. Qualitative Identification 

12.1 Obtain EICPs for the primary ion 
(Table 4) and at least two secondary 
ions for each parameter of interest. The 
following ctlteria must be met to make 
a qualitltative identification. 

12.1.1 The characteristic ions of 
each parameter of /Oterest must 
maXimize in the same or within one 
scan of each other. 

12.1.2 The retention time must fall 
within ± 30 seconds of the retention 
time of the auther.tic compound. 

12.1.3 The relative peak heights of 
the three charac:erlstic Ions in tne 
EICPs must fall within;: 20% of the 
relative intensities of these ions in a 
reference mass speCtrum. The 
reference mass spectrur.1 can be 
obtained from a standard analy zed in 
the GC,'MS sys:em or from a reference 
library. 

12.2 Structural isomers that have 
very similar mass spectra and less than 
30 seconds difference in retention 
time. can be expliCitly identified only if 
the resolution between authentic 
isomers in a standard mix is 
acceptable. Acceptable resolution is 
achieved if the baseline to valley height 
between the isomers is less than 25% 
of the sum of the two peak heights. 
Otherwise. structural isomers are 
identified as isomeric pairs. 

13. Calculations 

13.1 When a parameter has been 
identified. the quantitation of that 
parameter should be based on the 
integrated abundance from the EICP of 
the first listed characteristic ion given 
in Table 4. If the sample produces an 
interference for the primary ion. use a 
secondary characteristic ion to 
quantitate. Ouantitation may be 
performed using the ex ternal or internal 
standard techniques. 

13. 7. 1 If the ell ternal standard 
calibration procedure is used. calculate 
the concentration of the parameter 
being measured from the area of the 
characteristic ion using the calibration 
curve or calibration factor in Section 
7.3.2. 

13.1.2 If the Internal standard 
calibration procedure was used. 
calculate the concentration in the 
sample using the response factor (RF) 

determined tn Section 7.4.3 and 
equation 2. 

EQ.2. 
Concentrati"n /Jg.-l 
where: 

(A SC,S' 'I A,s"RF) 

) 
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As Area of the characteristic ion 
for the parameter or surrogate 
standard to be measured. 

A,s Area of the charactenstlC ion 
for the internal standard. 

C's Concentr ation of the Internal 
standard. 

13.2 Report results in micrograms 
per liter. The results for CIS' and 
trans·1 ,3 dichloropropene should be 
reported as total 1, 3-dlchlorcpropene 
(STORET No. 34561, CAS No. 
542·75·6), When duplicate and spiked 
sQmples are analyzed, report al/ data 
obtained with the sample results. 

13.3 If any of the surrogate standard 
recoveries fall outside the control limits 
which were established as directed in 
Section 8.4, data for all parameters 
determined by this method in that 
sample must be labeled as suspect. 

14, Method Performance 

14.1 The method detection limit 
(MOl) is defined as the minimum 
concentration of a substance that can 
be measured and reported with 9:3 % 
confidence that the value is above 
zerol!l. The MOL concentrations listed 
in Table 1 were obtained using reagent 
water! 121. Similar results were 
achieved using representative 
wastewaters. 

14.2 The average recoveries and the 
average standard deviations of the 
percent recoveries, presented in Table 
5, were the result of a study of the 
accuracy and precision of this method 
by several laboratories. The values 
listed represent the results from 2 to 4 
laboratories! 131. 

14.3 The U.S. Environmental Protec· 
tion Agency is in the process of 
conducting an interlaboratory method 
study to fully define the performance 
of this method. 
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Table 1. Chromatographic Conditions and Method Detection LimIts 

Retention Time Method 
(mm.! DetectIon 

Column 1 LImIt ("g/L) 

2.3 nd 
Bromomethane 3 1 nd 
Vinyl chloride 3.8 nd 
Chloroethane 4.6 nd 
/1I1erhylene chlonde 6.4 2.8 
Trichlorof/uoromet."'ane 8.3 nd 
1, 1·0ichloroethene 9.0 2.8 
1, 1-0ichloroethane f 0.1 4.7 
trans· " 2·0ichloroethene 10.8 1.6 
Chloroform 11.4 1.6 
1,2 -Oichloroethane 12. 1 2.8 
1, 1, 1· Trichloroethane 13.4 3.8 
Carbon tetrachloride 13.7 2.8 
Bromodichloromethane 14.3 2.2 
1.2·0ichloropropane 15.7 6.0 
trans· 1. 3-Dichloropropene 15.9 5.0 
Trichloroe thene 16.5 1.9 
Benzene 17.0 4.4 
Oibromochloromethane 17.1 3.1 
1, 1.2-Trichloroethane 17.2 5.0 
cis- 1, 3-0ichloropropene 17.2 nd 
2 -Chloroethylvinyl ether lB.6 nd 
Bromoform 19.8 4.7 
1, 1,2, 2· Tetrachloroethane 22.1 6.9 
Terrachloroethene 22.2 4.1 
Toluene 23.5 6.0 
Chlorobenzene 24.6 6.0 
Ethyl benzene 25.4 7.2 
1.3-0ichlorobenzene 33.9 nd 

35.0 nd 
35.4 nd 

nd = not determined 

Column conditions: Carbopak B (60/BO mesh) coated with 1 % SP- 1000 packed in a 
6 It by 2 mm 10 glass column with helium carrier gas at a flow rate of 30 mL'min. 
Column temperature is isothermal at 45°C for 3 min. then programmed at 8°C per 
minute to 220°C and held for 15 min. 

Tabls 2. 

Mass 

50 
75 
95 
96 

173 
174 
175 
175 
177 

BFB Key Ion Abundance Criteria 

Ion Abundance Criteria 

15 to 40"iJ of mass 95 
3D to 60% of mass 95 
Base Peak, 100% Relative Abundance 
5 to 9% of mass 95 
<2% of mass 174 
>50°{, of mass 95 
5 to 9 % of mass 1 74 
>95%but< 101Dbofmass 174 
5 to 9 % of mass 1 76 
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Table 3. Suggested Surrogate and Internal Standards 10 087 
Retention Time Primary Secondary 

Compound (min.)" Ion Ions 

:>gate Standards 
17.0 84 

enzene 28.3 95 174,176 
1,2-Dichloroethane d·4 12. 1 102 
1,4 -Difluorobenzene 19.6 114 63,88 
Ethylbenzene d-5 26.4 1 11 
Ethylbenzene d-l0 26.4 98 
Fluorobenzene 18.4 96 70 
Pen t a fluorobenzene 23.5 168 

Internal Standards 
Bromochloromethane 9.3 128 49, 130, 51 

lit 2-Bromo-l-chloropropane 19.2 77 79, 156 
1,4-Dichlorobutane 25.8 55 90, 92 

"For chromatographic conditions. see Table 1. 

Table 4_ Characteristic Ions for Purgeable Organics 

n Primary 

~ 
Parameter Ion Secondary Ions 

Chloromethane 50 52 
Bromomethane 94 96 
Vinyl chloride 62 64 
Chloroethane 64 66 
Methylene chloride 84 49,51,86 
Trichlorofluoromethane 101 103 

1-Dichloroethene 96 61,98 
-Dichloroethane 63 65, 83. 85, 98, 100 

1,2-Dichloroethene 96 61,98 
Chloroform 83 85 
1,2 -Dichloroethane 98 62,64, 100 
1, 1, 1- Trichloroethane 97 99,117,119 
Carbon tetrachloride 117 119, 121 
Bromodichlorome thane 127 83, B5, 129 
1,2-Dichloropropane 112 63,65,114 
trans- " 3-Dichloropropene 75 77 
Trichloroethene 130 95,97, 132 
Benzene 78 
D,bromochloromethane 127 129, 208, 206 
" 1,2- Trichloroethane 97 83, 85,99, 132, 134 
cis- " 3-Dichrloropropene 75 77 
2-Chloroethylvinyl ether 106 63,65 
Bromoform 173 171, 175.250,252,254,256 
1,1,2,2-Tetrachloroethane 168 83,85, 131, 133, 166 
Terrachloroethene 164 129, 131, 166 
Toluene 92 91 
Chlorobenzene 112 114 
Ethyl benzene 106 91 
1,3-Dichlorobenzene 146 148, 113 
1,2-Dlchlorobenzene 146 148.113 
1,4-Dichlorobenzene 146 148. 113 
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Tsbltl 5. Accuracy and Precision for Purgeable Organics 10 
Reagent Water 

Average Standard 
Percent Deviarion 

meter Recovery (%) 

Benzene 99 9 
Bromodichloromethane 102 12 
Bromoform 104- 14 
Bromomethane 100 20 
Carbon terrachloride 102 16 
Ch/orobenzene 100 7 
Chloroethane 97 22 
2·Chloroethylvinyl ether 101 13 
Chloroform 101 10 
Chloromethane 99 19 
Dibromochloromethane 103 11 
1. 1 ·Dlch/oroethane 101 10 
1.2 ·Dichloroethane 100 8 
1. 1-Dichloroethene 102 17 
trans-l.2-Dichloroethene 99 12 
1.2 -Oichloropropane 102 8 
cis- '. 3-Oichloropropene 105 15 
trans-l.3-0ichloropropene 104- 1 1 
Ethyl benzene 100 B 
Methylene chloride 96 16 
1.1.2.2-Terrachloroethane 102 9 
Tetrachloroethene 101 9 
Toluene 101 9 
1. 1. 1- Trichloroethane 101 11 
1. 1.2- TriChloroethane 101 10 
Trichloroethene 101 9 
Trich/orof/uoromethane 103 11 
Vinyl chloride 100 13 

were spiked between 10 and 1000 }JgfL. 

624·10 

Wastewater 

Average Standard 
Percent Deviation 

Recovery (%) 

98 
103 
105 
88 

104 
102 
103 
95 

10/ 
99 

104 
104 
102 
99 

101 
103 
102 
100 
103 
89 

104 
100 
98 

102 
104 
100 
107 
98 

10 
10 
16 
23 
15 

9 
31 
17 
12 
24 
14 
15 
10 
15 
10 
12 
19 
18 
10 
28 
14 
11 
14 
16 
15 
12 
19 
25 

! optionale_EXit 'I. in. I 
Foam J 0.0. I 

, Trap _ 14m-m '. 
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Inlet' I. in. 
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10mm glllss Irit 
medium porosity 

..,..--Sample Inlet 

~_ 2-way Syringe valve 
(-17cm 20 gauge syringe needle 

\,6mm 0.0. Rubber Septum 
I I _10mm 0.0. '/,a in. 0.0. 
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Figure 1. Purging device 
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Pacl<ing procedure 
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Construction 

Compression filling 
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-- wire wrapped solid 
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Electronic 
temperature 
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and 
pyrometer 
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Figure 2. Trap packings and construction (0 include desorb capability 

Liquid injection ports 
/ __ Column oven 

Pressure regUla~ 1\ I ~Lfl nJL-!- >_ Confirmatory column 

=~4=;~' \ I":1I,-.Lj I To detector '\. ~ L.;1J-f ---Analytical column 

Purge g8S 
flow control '\. 

, 
13X molecular _~ 
sieve filter ;r;" 

~: il i , optional4·porr column 
I, I: 6.port selection valve 
II II valve / Trap mlet 

I " . ReSistance wire 
II / ,-;?''''' ~, /He8ter control 
,I "-;?, 'I ' 
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ilJ \ P 220C tJ 1 flow~ ___ ~' 
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~ ~ I P' tr8p and GC 

II ::.. \-j_h... urgmg should be heated 
, (device to 800C 

Figure 3. Schematic of purge and trap device - purge mode 
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Till - clayey, silty, with medium gravel and 
some rock fragments and small pebbles. 
Gray. 

Sand, silty, clayey sand, very fine to fine, 
trace of medium gravel. Gray. Wet. 

Sand, fine to coarse, fine to medium gravel, 
pebbles and rock fragments. Brown. 

ftand, very fine to medium, trace of silt. Brown. 
/ Wet. 

( Till - silt, very fine to fine sand, fine 
\ to medium gravel, and clay. Brown. 
\''', 

Sand, very fine to fine, some silt. Brown. 

Sand, mostly medium, some silt. Brown. 
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TnlS "~,itJ":: ')u:::ma.-izes resuits of chemical analjses pe.-fu r li1ed on sc:~ples 

recejve1j 'Jj C;\,1. on i)ctooer 30, Hi<l. Analytical Inethods emrl10yed fo'- these 

analyses ere c~sc"'ibed in Section 2 and results are p'-esented in Section 3. 

Tne last section contains c;ualitj control data and cenifications supporting 

t ~i ~ ~:l d : J tic a 1 ,.. 2 S :J 1 t S • 

2. ANALYTICAL METHODS 

AnalyticallTI7!thoGs utilized fo: sample analysis are sumr:-lcrized in 

;atd~ 1. 

3. RESULTS 

Kesults of analyses a:e presented in Tables 2, 3 & 4. 
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APPENDIX F. DOCUMENT AND DATA MANAGEMENT 

This Quality Assurance Program component is designed to assure 

~ the reliability and safety of documents and data collected for 

r compliance and/or litigation purposes. This program includes a 
'-

document numbering system, inventory procedure and a filing system 

TI under the supervision of the Project Officer. 
~ 

~ 
1 
oil. 

!II 

-
Documents included in the program include original field notes 

and logbooks, field data records, correspondence, sample numbering and 

descriptions, laboratory data, and chain-of-custody records. 

All documents must be dated. Logbook entries made by individuals 

other than to whom the logbook was assigned must be signed by the 

person making the entry. 

All Field notes and logbooks must be turned over to the project 

manager at the end of a field assignment. 

Chain-of-custody 

All Samples shipped to a laboratory will be accompanied by a 

Chain-of-Custody Record which identifies the contents. The original 

Record will accompany the shipment and a copy will be retained by the 

Project Manager. 
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If sent by mail, the package will be registered with return 

receipt requested. If sent by common carrier, an airbill or Bill of 

Lading will be used. Receipts from post offices and bills of lading 

will be retained as part of the project documentation. 

Samples will be properly packaged for shipment and dispatched to 

the appropriate laboratory 

prepared for the laboratory. 

for analysis with a separate Record 

Shipping containers will be sealed. The 

"courier to the Airport" space on the Chain-of-custody Record shall be 

dated and signed. 

Field Data Records 

Where ordered by the project manager or officer, serialized field 

data records in the form of individual sheets or bound logbooks will 

be maintained for each sampling station or location. All in-situ 

measurements and field observations will be recorded along with all 

pertinent information necessary to explain and reconstruct sampling 

operations. Each page of the field data record will be dated and 

initialed by all individuals making entries on that page or engaged in 

field activities related to the entry. 

All working documents used in evaluating data should contain 

information sufficient to recall and describe each step of the 

analysis performed should the analyst be required to testify in 

subsequent enforcement proceedings. Sufficient information must be 
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provided to enable others to reconstruct the analysis if the analyst 

not be available to do so. If the analyst believes it necessary to 

deviate from a particular analytical method, the deviation shall be 

justified and documented. 

Document Correction and Changes 

No serialized documents are to be destroyed even if they are 

illegible or contain inaccuracies. When an error is made in a project 

logbook the individual may make corrections by crossing out the error 

and entering the correct information. Changes made in this manner 

must be dated and initialed. If an error is discovered on a chain­

of-custody record or field document, the person who made the error 

should correct it whenever possible. Corrections or insertions are 

made by writing "corrected", the date, and the person's initials 

beside the correction. 

Consistency of Documentation 

Before releasing any field data, laboratory data, or data 

evaluation, the project staff shall assemble and cross-check 

information on corresponding sample tags, custody records, laboratory 

reports, analyst logbooks, and field logbooks to ensure that data is 

consistent throughout the project record. 
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Project Files 

After a particular investigation is completed all documents 

generated as part of the project are to be assembled in a central 

file. Staff may retain clean (no handwritten comments) copies of 

[ documents for their personal files but only after personally verifying 

that the original or similar copy is in the project file. The project 

D manager is responsible for assuring the collection, assembly, and 

ru 

n 

m 

ru 

n 
r 
r 

L 
r 

inventory of all project documents at the time the project is 

completed. The file then becomes accountable and any records leaving 

the file must be signed out. 

All doc~nents in an accountable file are to be labeled with a 

serialized number. The following documents are to be included: 

Project Logbooks 
Field Data Records 
Sample Identification Documents 
Chain-of-Custody Records 
Analytical logbooks, Lab Data, Calculations 
Correspondence 
Report Notes and Drafts (including all changes requested by a client) 
References 
Miscellaneous - photos, maps, drawings, etc. 

Draft reports are numbered and accountable. They are stamped FOR 

REVIEH ONLY, DO NOT DUPLICATE on the cover. The author is responsible 

for disseminating draft reports for peer review. 

(l 
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SA\IPLE PRESERVATIO~ 

Complete and unequivocal preservation of samples, either domestic sewage, industri::l1 wastes, or 
natural waters, is a practical impossibility. Regardless of the nature of the sample, complete stability 
for every constituent can never be achieved. At best, preservation techniques can only retard the 
chemical and biological changes that inevitably continue after the sample is removed from the parent 
source. The changes that take place in a sample are either chemical or biological. In the former case, 
certain changes occur in the chemical structure of the constituents that are a function of physical 
conditions. Metal cations may precipitate as hydroxides or form complexes with other constituents; 
cations or anions may change vaJence states under certain reducing or oxidizing conditions; other 
constituents may dissolve or volatilize with the passage of time. Metal cations may also adsorb onto 
surfaces (glass, plastic, quartz, etc.), such as, iron and lead. Biological changes taking place in a 
sample may change the valence of an element-or a radical to a different valence. Soluble constituents 
may be converted to organically bound materials in cell structures. or £elllysis may result in release 
of cellular material into solution. The well known nitrogen and phosphorus cycles are examples of 
biological influence on sample composition. Therefore. as a general rule, it is best to analyze the 
samples as soon as possible after collection. This is especially true when the analyte conce:Hration is 
expected to be in the low ug/J range. 

Methods of preservation are relatively limited and are intended generally to (1) retard biologic:.:1 
action, (2) retard hydrolysis of chemical compounds and complexes. (3) reduce volatility of 
constituents, and (4) reduce absorption effects. Preservation methods are generally limited to pH 
control, chemical addition. refrigeration, and freezing. 

The recommended preservative for various constituents is given in Table 1. These choices are based 
on the accompanying references and on information supplied by various Quality Assurance 
Coordinators. As more data become available. these recommended holding times will be adjusted to 
reflect new information. Other information provided in the table is an estimation of the volume of 
sampk required for the analysis. the suggested type of container, and the maximum recommended 
holding times for samples properly pre~erved. 

.\ \ 
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TABLE 1 

RECO:\[\IE);DATIO~ FOR SA:\-IPLI~G A:\D PRESERV ATIO~ 
OF SA:\lPLES ACCORDI:\G TO I\IEASURE:\IE~T!I) 

Measurement 

100 Physical Properties 

Color 

Conductance 

Hardness 

Odor 

pH 

Residue 

Filterable 

Non-
Filterable 

Total 

Volatile 

Seltleable Matter 

Temperature 

Turbidity 

200 Metals 

Dissolved 

Suspended 

Total 

Vol. 
.Reg. 
(ml) 

50 

100 

100 

200 

25 

100 

100 

100 

100 

1000 

1000 

100 

"200 

200 

100 

ConlainC'r 2 PreserYati\'e 3
,4 

P,G Cool, 4°C 

P,G Cool, 4°C 

P,G H~O: to pH < 2 

G only Cool, 4°C 

P,G ~ont- Rl'q. 

P,G Cool, 4°C 

P,G Cool, 4'C 

P,G Cool, 4°C 

P,G Cool, 4°C 

P,G Cool. ·FC 

P,G None Req. 

P,G Cool, 4'C 

P,G Filter on site 
HNOJ to pH < 2 

Filter on site 

P,G HSO j to pH<2 

X\,1 

Holding 
Times 

18 Hrs. 

28 D;l~~ 

6 Mos. 

24 Hrs. 

An;d\'ll' 
1 !1IlTwd i ,It t' I ~ 

7 Days 

7 Days 

7 Days 

7 Days 

18 HI\. 

Analyzl' 
IllIllwdiat('ly 

48 Hrs. 

6 Mos. 

6 ~1(J'. 
18. 

6 Mo~. 

113 
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TABLE 1 (CO NT) 

Vol. 
Req. Holding 

Measurement (ml) Container 2 P . 34 T' 5 reserval1 vt' ' lint' 

Chromium·!! 200 P,G Cool. ·FC 21 Hrs. 

Mercury 
Dissolved 100 P,G Fi Iter 28 Days 

HNO) to pH<2 

TOlal WJ P,G HNOJ to pH<2 28 D3)'s 

300 Inor~anics. Non-:MetaIIics 

Acidity 100 P,G Cool. 4°C H Days 

Alkalinity 100 P,G Cool, 4°C H Days 

Bromide 100 P,G Nonr Req. 28 Days 

Chloride 50 P,G None Reg. 28 Days 

Chlorine 200 P,G None Req. Analyze 
Immediately 

Cyanides 500 P,G Cool. 4°C l~ DJ)'S 7 

NaOH to pH >I:? 

O.6g ascorbic acid" 

Fluoride 300 P,G None Req. 28 Days 

Iodide 100 P,G Cool, 4'C 24 Hrs. 

Nitrogen 

Ammonia 400 P.G Cool,4°C 28 Days 
H:S04 to pH < 2 

Kjeldahl, Total 500 P,G Cool, 4'C 28 Day\ 
H~S04 to pH < 2 

Nitrate plus Nitrite 100 P,G Cool, 4'C 28 Days 
H 2S04 to pH < 2 

Nitratt" \I 100 P,G Cool, 4'C ~8 Hr\. 

Nitrite 50 P,G Cool. 4'C 48 Hrs. 

'Xvii 
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Mc3surement 

Dissoh ed Oxygen 
Probe 

Winkler 

Phosphorus 
Ortho­
phosphate. 
Dissolved 

Hydrolyzable 

TOlal 

Total. 
Dissolved 

Silica 

Sulfate 

Sulfide 

Sulfite 

400 Org:mics 

BOD 

COD 

Oil & Gre3se 

Organic carbon 

Phenolic~ 

Vol. . 

Reg. 
(m!) 

300 

300 

50 

50 

50 

50 

50 

50 

500 

50 

1000 

50 

I(XX) 

25 

500 

TABLE 1 (CO~T) 

C
' . 2 
. ()Il[;lIncr I) . 34 

re~('l \';1 ( In' . 

(; hordl' and lOp :'\ Olll' Req. 

r. bOllie and lOp Fix Oil ~itl' 
and ~I()r(' 
ill (!:irk 

p.G 

P.G 

P.G 

P.G 

P only 

PtG 

P.G 

p.G 

P.G 

P.G 

G only 

P.G 

G only 

XVlII 

Filter on sile 
Cool. 4·C 

Cool. 4°C 
H1SO. to pH < 2 

Cool, 4°C 
H2SO. to pH < 2 

Filter on site 
Cool. 4°C 
H:!SO. [0 pH < 2 

Cool, 4°C 

Cool, 4"C 

Cool. -1 0 C: 
add:Z ml/ill( 
:I(l'I;II(' plll~ ;\aOIl 
10 pH >9 

:'\OIW Rt'q. 

Cool. 4°C 

Cord. Fe 
H;50. to pH < 2 

Cool. 4°C 
H"SO. 10 pH < 2 

Cool. 4°C 
H"SO. or HCI to pH < 2 

Cool. -toe 
H ~,,,o. to pI I <2 

Holding 
TimeS 

;\ n;d y /(' 
Illlf1lnli;lll'h 

8 Hours 

-lH Hr." 

28 Dan 

28 Days 

24 Hrs. 

28 Ihys 

2.'i Day., 

7 D<lY~ 

An;;lrze 
Immediately 

,18 I In. 

2S Dd\ \ 

21'(Ibn 

211 D.lY., 

28 Days 

l() 11 
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TABLE 1 (CO:-';T) 

Vol. 
Reg. Holding 

Measurement (m!) COI1t:li!1<..'r 
2 . 34 Preser\'Zi tI \'c ' 

~. 5 
lIme 

:\fBAS 250 P,G Cool, 4'C 48 HI .... 

NTA 50 P,G Cool, 4°C 24 Hrs. 

I. More specific instructions for preservation and sampling are found with each procedure as 
detailed in this manual. A general discu<;sion on sampling water and industrial waste',';ater may 
be found in ASTM, Part 31, p. 72-82 (1976) Method 0-3370. 

2. Plastic (P) or Glass (G). For metals, polyethylene with a polypropylene cap (no liner) IS 

preferred. 

3. Sample presef\';'lIion should be performed immediately upon sample collection. For 
composite s:lmpl<-s each aliquot should be prt'~(,f\('d at the time of collection. \\'I1t'n use of 
an autol11:Jted samplt'r makes it impos~ible to prt'~el'\'eea('h aliquot, dwn s:Jmpln may be 
presef\ed by maintaining:1I -iCC until compositing and sample splitting is completeU. 

4. \\'hen any sar:1plt' is,lo be shipped by common carrier or sent through the l'nift'd St:Jtes 
:\lails, it must (amply with thc Departmcnt of Transportation Haz:.Irdou:o> :-'falcri:d!> 
Rt'!-~lll:l!ions ,i9 CFR Par! 172), The person offering sllch materi;d for namport;ttion is 
r(,sp()Jl~ibk for ensuring sllch compliancc, For thc pre~er\'ation rcquiremcnh of Tabk I, 
tile Office of H:ll; . .lf(!ous :\btt'rials, :\1att'rials Tr:Jnsport:Jtion BUf(.':IU, Dl'panm(':ll of 
Trampurtalion has dt'termilled thaI the Hazardous :'.I'.IIerials Regulatiom do 1101 apply 10 

til(' foIlO\\'ing materials: Hydrochloric acid (Hel) in water solutions at conn'J1IJations of 
0.01(]~ by w('igh! or less (pH aboul 1.96 or greater); :-":ilric acid (H:\'03) in w:.Iter ~o!uti()ns al 

conn'n Ir;u iom of 0, I sao hy weiglu or less (pH about 1,62 or greater); Sulfuric acid (l-hS04) 
in \\';Jlcr solulions al conn'J1\,T;ttiom of O,3,=>"O by wcight or less (pH aboul 1.1.1 or gIC;Jll'f); 
Soditllll hydroxide' (:\'aOH) ill waJ('r solution., al concentrations of 0,080<>;' b~ \\"l'ighl or 
k., ... (pH ahout 12.:;001 Ie.,..,), 

:J. Satllpln .,hOllld be ;lllal~ It'd as .,OOlf a., po.,.,ibk afler collection, The timc'> li,It'd al(' Ihl' 
m;I'I;imlll11 lime., tlt;1I ,,;uI1Jlln JIlay be 11('ld b('folt, ;lI1alysi., and still cOJl'.iti('fnl \·;t1id. 
S;llllpln 1l1;1\ 1)(' held for 100fgt'J P('J iod ... only if the pnl11 it t('('. or moniloring Llbor;lIol\, 

!l;l\ d;II;1 Oil filt- to ~It()\\' th;1I Iht, .,P(·( ific Iypn of .,ampk under sludy art' .,t;dlk fOl 11ll' 

IOJlgel tilllt', and h:1:-' rcc ('j\('d a \·;ni;tJ\c (' flOIlJ tilt, Rt'gion;t1 AdministralOJ. SOI11t' .,;1111 pin 
JIl;IY 1IC11 bl' slal>l(' for tltt' maxjmum lilll(' period gin't1 in tlH' lab!l'. :\ p('lmifltT, OJ 
tIlonilorillg bbolalOI\, i ... o!Jlig;lI('(ilo hold tilt' sample [or a sho)'[t'lli!l1(, if I..nll\\·kdgt· 
n .. i~h 10 ~11O\\· Ihi, i.~ Ill'«(",~dl~ III 1Il,lillt;lill ~all1pk "tability, 

fl, SllfJlIld IJtll~ be u.,t,d in lilt' PJ nt'llt (' of rnidu;d (hloriJlt', 

XfX 
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ErlVITonm"ntal ProtectIon 
Agency 

S upper! Labor Jtory 
CtnClnnall OH 45268 

Resparch Jnd Oeveleprr,ent 'fflA118 

Test Method 

Inductively Coupled Plasma­
Atomic Emission Spectrometric 
Method for Trac-e Element 
Analysis of Water and 
Wastes-Method 200.7 

1. Scope and Application 

1.1 This method may be used for 
the det"rmlnatlon of dissolved, 
suspended, or total elements In 
drInking water, surface water. 
domestIc and Industnal wastewaters 

1.2 DIssolved elements are 
determIned In ftltered and acidified 
samples. Approprtate steps must be 
taken In all analyses to ensure that 
pOlential Interference are laken into 
account ThiS IS espeCially true when 
dIssolved solIds exceed 1500 mg' L­
(See 5) 

1.3 Total el"ments are determIned 
afler approp'lat" digestion procedures 
are performed SInce digestIon 
teChnIques Increase the dIssolved 
sOlIds content of the samples, 
appropflate steps must be taken to 
correct fur potent,al tnterference 
effects (See 5 ) 

1,4 Tablt:: 1 ll~ts elements for whIch 
thIS method applies a:ong WIth 
recommendt::d wClvelengths and 
tro.cal estImated Instrumental 
detect,on Itn1tts uSIng conventIonal 
pneumJIIC nebulizatIon Actual 
workIng det~c:lon !omIts are sample 
dependent and as the sample matrix 
varoes, these concentr:Jtlons mar also 
Vary In lIme. other elements may be 
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added as more tnformatlon becomes 
avatlable and as reqUIred 

1.5 Because of the differences 
between varIOus makes and models of 
satisfactory Instruments. no detatled 
instrumental operating InstruCllons 
can be prO·lIlded :nsteaa. :he anal''r's~ 
is referred to the instructIons prOVided 
by the manufacturer of the particular 
instrument. 

2. Summary of Method 

2.1 The method describes a 
teChnique for the simultaneous or 
sequential multielement 
determination of tr ace elements In 
solution. The baSIS of the method IS 
the measurement of atomIC emiSSion 
by an op\lcal spectroscop'c technique 
Samples are nebulIzed and the 
aerosol that is produced IS transported 
to the plasma torch where excitation 
occurs Charactertstic atomlc-hne 
emiSSIon spectra are produced by a 
rad,o·frt::Quency mductlvely coupled 
plasma (ICP) The spectra are 
dIspersed by a gr aung spectrometer 
a nd the IntenSities of the Itnes are 
monitored bV photomlOltlplter tubes 
The photocurrents from the 
photomultIplIer tubes are processed 
and controlled by a computer system 
A background correctIon technIque IS 
reqUired to compensate for vartable 
background contributIon to the 
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Background must be measured 
adjacent to analyte lines on samples 
during analYSIs The position selected 
for the background mtenSlty 
measurement. on either or both sides 
of the analyJtcZllftne. wrll be 
determined by the compleXity of the 
spectrum adjacent to the analyte Ime 
The position used must be free of 
spectral Interference and reflect the 
same change In background 
mtenSlty as occurs al the analyte 
wavelength measured Background 
correction IS not reC; .. Jlfed In cases of 
line broadening where a background 
correction measurement would 
actually degrade the analytical result 
The posslbdltv of additional 
interferences named m 5 1 (and les!s 
for Ihelr presence as descflbed m 52) 
should also be recognized and 
apprO;:J[late CorreClions mJde 

3. Definitions 

3.1 D,ssol'/ed - Those elements 
which wdl pass through a 045 pm 
membrane filter. 

3,2 Suspended - Those elements 
which are re:a;ned by a 045 pm 
membrane filter 

3,3 Total - The concentration 
determined on an unfiltered sample 
following vigorous digestion (93). or 
the sum of the dissolved plus 
suspended concentrations (9 1 plus 
9.21 . 

3.4 Total recoverable - The 
concentration determmed on an 
unfiltered sample follOWing treatment 
with hot, dilute minerai aCid (9 4) 

3,5 Instrumental detection Ilmll -
The concen!ratlon eC;UlvZllent to a 
Signal, dt;e to the analyte. which is 
equal to three times the standard 
deViation of a series of ten repllcate 
measurements of a reagent blank 
signal at the same wavelength 

3.6 SenSitivITy - The slope of the 
analytical curve. Ie funcltonal 
relationship between emiSSion 
Intenstly and concentration 

3.7 InSlru:~':n! Check S!Jndard - A 
multielement standard of known 
concentrations prepared by the 
analyst to monilor and verd,. 
tnstr urr,ent ..,erformance on a daily 
baSIS (See 7 6 1) 

3.8 Inlerference chec~ sample - A 
solution conta,ning bOt~l Inte.fellng 
and an a',1e elements of known 
concentration that can be u5ed to 

ve""y odc'grOU'Hl dno tr1{erelemenl 
correction factors (See 7.62) 

3.9 Ot;al,ry control sample - A 
solution obralned from an outSide 
source havmg known. concentration 
values IE} be used to verlfYlhe 
ca:lbratlon standards (See 7 6 3) 

3.10 Callbralion standards - a 
series of know standard solurlons 
used by the analyst for calibration of 
the Instrument (I e . preparation of thp­
analytical Curvel (See 74) 

3.11 Linear dynamiC range - The 
concentration range over which rhe 
analytical curve remains linear 

3.12 Reagent blank - A volume of 
deionized. distilled warer containing 
the same aCid marrlx as the 
calibration standards carried through 
Ine entire analytical scheme iSee 
7 5 2) 

3.13 CalibraTion blank - A volume 
of deionized. dlsidled water aCidified 
With HNO:, and HCI (See 7.5 1) 

3 14 1\"'3:'1od of standard addilion 
The standard addition technique 
Involves the use of the unknown and 
the unknO"':n plus a known amount of 
standard (See 1 0 6 1) 

4, Safety 

4.1 Tt1e IOlUClly or carClnogelllclty of 
each reagent used 111 thiS method Ilas 
not been preCIsely deftned. however. 
each chemical compound should be 
treated as a potenlla'! health hazard 
From thiS ViewpOint. exposure 10 

these chemicals muSt be reduced to 
the lowes! pOSSible level by whatever 
means avadable The laboratory IS 
responSible for malnlalnlng a current 
3','Jarene5S fde of OSHA regulatIOns 
regarding the safe handling of the 
chemicals specifIed In Ihls method A 
reference fde of material data 
handling sheets should also be made 
available to all personnel Involved In 
the chemical analySIS Additional 
references to laboratory safety are 
available and have been Identified 
(147.148 and 14 9) tor the 
Information of the analyst 

5. Interferences 

5 1 Several typt:s of Interference 
elf'~c!s ma, con;rltJlJ!t: to lftaCcuracles 
1ft the derermlnatlon of trace 
elemen:s They can be summilrtzed as 
follows 

5.1 1 Si}/:!.::tral interferences can be 
cateyu I;",J as 1) ov(>r lap of il spectr ill 
line frop1 another elf-me:lt. 21 
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U'l' e:'Olveo oveTiap 01 mOleCUlar Dano 
spectra. 3) background contTlbutlon 
from continuous or recombmatlon 
phenomena, and 4) background 
contribution from stray light from lhe 
Ime emission of high concentration 
elemenrs The 11(510/ theSe effects 
can be compensated by urillZlng a 
computer correctIOn of the raw data. 
requITIng the monitoring and 
measurement of the interfering 
element. The second effect may 
reqUire selection of an a!ternate 
wavelength The third and fourth 
effects can usually be compensated by 
a background correclton adjacent to 
the analyte line In additIOn, users of 
Simultaneous multielement 
instrumentation must assume the 
responSibility of verifYing the absence 
of spectral Interference from an 
element that could occur In a sample 
but for which there IS no channel In 
the Instrument array Listed In Table 2 
are some Interference effects for the 
recommended waveleng:'1s given In 
Table 1 The data In Table 2 are 
Iftlended for use only as a 
rudimentary guide for the indication of 
pOlentlal spectral Inlerferences. For 
thiS purpose. linear relallons between 
concentration and IntenSI:y for the 
ana!vles and the Interferents can be 
assumed. 

The Interference tnformatlon, which 
was Collected at the Ames Laboratory,' 
IS expressed at analyte concentration 
eqlvalents (I e false ana!y:e conce:1-
tratlons) ariSing from 100 mg L of the 
Iftierferenl element The suggesreo use 
of this information IS as follows 
Assume that arseniC (at 193 696 nm) 
IS to be determmed m a sample 
containing approximately 10 mg . L of 
a lum:num According to Table 2. 100 
mg l of alumtnum would Yield a false 
Slgn;)1 for arsenIC ec;Utvaler.: :0 
apprOXimately 1 3 mg L Therefore. 
10 mg/L of aluminum would result In 
a false Signal for arseniC equ:valent to 
appruxlmately 0 13 mg l The reader 
IS cautlonr~d ttlilt other anal) :Icill 
sys terns mill' exhibit somev.hat 
dlflerent levt:ls of U1terferE'nce than 
Ihose shown m Table 2. and that the 
Interference effects must be evaluated 
for e;lch IndiVidual system 

Only those tnlerfcrenrs listed wer" 
investigated and t!1f, blank spaces In 

Table 2 IndleiJlt: that measurable Inter· 
ferences were not ooser\i,:d for the 
Interferent concentrations listed In 
Tablt~ 3 Generally Interf,-rences were 
discernible If they produced peaks or 
hllckgrOlJnd stufts corresponding to 
2._5~~5!! _llle pea~s gent:rilfed by the 
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analyte concentrations also listed In 
Table 3 

At present. informalton on the listed 
stiver and potassium wavelengths are 
not available but It has been reported 
that second order eperg.y from the 

eSlum 383 231 nm waveleng:h 
eres with the listed potassium line 

66491 nm 

5.1.2 Physical Interferences are 
generally conSidered to be effects 
associated with the sample nebuliza­
tlOP and transport processes Such 
properties as change In VISCOSI:',' and 
surface tenSIOn can cause slgnlftcant 
inaccuracies especially In samples 

.. which may contain high dissolved 
solids and "or aCid concentratIOns The 
use of a peristaltic pump may lessen 
these Interferences If these types of 
interferences are operative. they must 
be reduced by dilution of the sample 

] 
and'or uttl:zatlon of standard addition 
techrllques Another problem which 
can occur from high dissolved solids 
is sa It buildup at the tip of the 

r· 
l 

nebulizer. Th;s affects aersol flow-rate 
causing instrumental drift Wetting 
the argon prior to nebulization, the 
use of a tiP washer. or sample dilution 
have been used to control this 
problem Also. it has been reported 
that betH::r control of the argon flow 
rate improves instrument 
performance This is accomplished 
with the use of mass flow controllers. 

.3 ChemIcal Interferences are 
aractenzed by molecular compound 

formation, Ionization effects and 
solute vaporizatIOn effects. Normally 
these effects are not pronounced With 
the ICP technique. however. If 
observed they can be minimized by 
careful selec\lon of opera ling 
conditions (that IS. inCident power. 
observation poslt.on. and so forth). by 
buffering of the sample. by matrix 
matChing, and by standard addition 
procedures These types of 
Interferences can be highly dependent 
on matrix type and the specIf.c 
analyte element. 

5.2 It IS recommended that 
whenever a new or unusual sample 
matrl), IS encountered. a series of 
tests be performed prior to reporting 
concentrat.on data for analyte 
elements These test~. as outlined In 
5 2 1 through 52 4. will ensure the 
analyst that ne'lher posltl"e nor 
negative Interference effects are 
op~ra\lve on any 01 ttle analyte el· 
emen:s t'lcre!Jy d,storting the 
accurac', of the reported values 

Seflal dtlurlon-If the ar.aiyte 
centratlon IS suff,clently high (min· 

Imalty a factor 01 lU aDOV!:: "'~ ... - .. -
mel"\tal detect.on limit after dtlulion), 
an analySIS of a dtlullon should agree 
within 5 % of the orlg,nal determlna· 
tlon (or with,n some acceptable con· 
trol limit (143l that has been estab­
lished for thillmatnx! If not. a 
chemlC31 or phYSical Interference ef­
fect should be s4spected 

5.2.2 SpIke addltlan- The recovery 
of a spike addition added at a 
mln.mum level of lOX the In­
strumental detection limit (maximum 
1 OOX) to the onglnal determination 
Should be recovered to wltt11n 90 to 
110 percent or Within the established 
control limit for that matrix If nol. a 
mawx effect should be suspected The 
use of a standard addition analySIS 
procedure can usually compensate for 
thiS eitect Caution. The standard ad­
dl: Ion technique does not detect COIn­
clcent spectral overiap If suspected. 
use of com;Julerlzed compensation. an 
alternate waveiength. or comparison 
WIth an alternate method IS recom­
mended (See 523) 

5.2.3 Comparison WIth alternate 
method of analysis-When investi­
gating a new sample matrix. compari­
son tests may be performed With other 
ar,alytlcal techniques such as atom,c 
absorplton spectrometry. or other 

. approved methodology. 

5.2.4 Wavelength scanning 01 
ar.alytel:ne reflian-If the appropriate 
equipment .s available. wavelength 
scanning can be performed to detect 
potential spectral interferences 

6. Apparatus 

6.1 Inductively Coupled Plasma· 
Atomic EmiSSion Spectrometer. 

6. 1.1 Computer controlled atomic 
emisSion spectrometer with background 
correction 

6.1.2 Radlofrequency generator 

6.1,3 Argon gas supply. welding 
grade or better. 

6.2 Operating conditions - Because 
of the differences between vaTious 
makes and models of satisfactory 
InStruments. no detatled operating 
.nstructlons carl be prOVided Instead, 
the analyst should follow the 
• nstructlons prOVided by thp. 
manufacturer ot the parllcul<"H 
.nstrument St:nslllvity. Instrumental 
drtectlon !'mlt. prec'Slon. itn/far dy· 
narrllc range. ilnd Intt!rferenc.e effects 
must be .nvestlg;)ted and established 
for CJCh IndiVidual analyt/' line on that 
partiCular Instrument II IS the 
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that the InStrument conflguralton ana 
operattng Conditions used satisfy the 
analytical requlfement5 and to 
maintain qualtty control data 
conflrrroing Instrument performance 
and anal~11cal resultS. 

7. Reagents and standards 

7.1 ACids used In the pre~2ratlon 
of standards and for sam~le procesSing 
must be ultra·hlgh purliy grace or 
eqUivalent Red'stdled aCids are 
acceptable 

7.1.1 AcetIC aCid. cone (sp gr , 06) 

7.1.2 Hydrochloric aCId. conc (Sp gr 
1 19) 

7.1.3 Hydrachloflc aCId. (1· 1) Add 
500 ml conc HCI (sp gr 1 19/ to 400 
ml de.onlzed. dlstrillec wa:er and 
dilute to 1 liter 

7.1.4 NllrtC aCId. conc {sp gr 1.41) 

7.1.5 Nitric aCld{'·') Add 500 mL 
conc. HNO J (sp gr , Ail to ':00 mL 
deionized. distilled water ar,d dilute to 
1 liter 

7,2 DionlZed. distilled ..... a:er. Prepare 
by passing dls:tlled wa:er L'1rough a 
mixed bed of cation ar.c a~,on ex­
change reSins Use d~lonlzed. d,su:!ed 
water for the prepara:io{'l of all 
reagents. ca/;bratlon stai,cards and as 
dilution water Tr,e purlt, of :h,s warer 
must be eqUivalent to ASTM i'yoe il 
reagent water of SpeCification 0 1193 
(146) 

7.3 Standard stocA salu/lons may be 
purchased or prepared from ultra high 
purity grade chemicals or metals All 
salts must be dried for 1 hat 105:C 
unless otherWise specIfied 
(CAUTION Many metal salts are ex­
tre-nely toxic and may be fatal If swal· 
lowed Wash hands thoroughly after 
handling) Typical st06 solut.on pre­
paration proced"Hes follow 

7.3.1 Alumtnum salurlon. srock, 
ml = 100 JIg AI Dissolve 0100 9 of 
alumtnum meta! In an ac.d mixture of 4 
mL of (1-1) HCI and 1 mL of cone HNO) 
In a beaker Warm ge{'ltly to effect 
solution. When solution .s complete. 
transter quantitatively to a liter flask. 
add an addl:lon;)i 10 ml 01 (1-') t-lCI 
and dilute to 1 000 ml wllh deionized . 
distilled water 

7.3.2 AntImony solu.'lon stocA. 1 ml 
= 100 pg Sb Dissolve 0 2669 g KISbO) 
C.H.O~ .n delon,ZE'd dls:illed water. 
add 10 mL (1-1) Hel and dilute 
to 1000 mL With de.on,zed. distilled 
water 
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7.3.3 Arsenic solution, stoel<., 1 mL :; 
100 iJ9 As Dissolve 0 1320 9 of As,O) 
In 100 mL of de.on.zed. d.stdled water 
contam.ng 0 4 9 NaOH Ac.dify the 
solution with 2 mL cone HNO) and 
ddute t() 1,000 mL wllh deionized. 
dlstdled water 

7.3.4 Baflum Solullon, SlOel<.. 1 mL 
:; 1 00 ~g 8a Dissolve 0 1516 9 8aCI, 
(d"ed at 250'C for 2 hrsi.n 10 mL 
de.onlzed, d.stliled waler w!l~ 1 mL 
(1-1) HCI Add 100 mL (1+1) HCI 
and ddule to 1,000 mL w!lh de.onlzed. 
dlsldled water. 

7,3.5 Beryllium Solullon. stoel<.. 
mL :; 100 /.1g 8e Do not dry DIs, 
solve 1 966 9 SeSO •. 4 4H,0 in 
deionized, dlstdled water add 100 mL 
conc HNO) and ddute to 1.000 mL 
With deionized. distilled water 

7.3.6 Boron solution. stod. 1 mL 
:; 100 I1g S Do not dry Dissolve 
05716 9 anhydrous H)80) In deIOnized 
distilled water ddute to 1,000 mL. 
Use a reagent meeting ACS speclflca· 
tlOns. keep the bottle tightly stoppered 
and store in a desiccator to prevent 
the entrance of atmospheric moisture 

7.3.7 Cadmium solulion. stocl<.. 1 
mL :; 100 /-Ig Cd Dissolve 0.1142 9 
CdO in a minim um amount of (1"1) 
HNO) Heat to Increase rate of dis· 
solution Add 100 mL conc. HNO) . 
and dilute to i .000 mL With deionized, 
distilled water. 

7.3.8 CalCIUm solullon. slOcl<.. 1 mL 
:; 100 ug Ca Suspend 0 2498 9 
CaCO} dried at 180:C for 1 h before 
weighing In deionized. distilled waler 
and dissolve cautiously with a min· 
imum amount of (1-1) HNO) Add 
100 mL conc HNO J and dt/ute to 
1.000 mL with deionized. distilled 
water 

7.3.9 Chromium solution. slOcl<.. 
mL :; 100 flg Cr D.ssolve 0 1923 
9 of CrO:; In deionized. d.s:dled 
water. When solut.on IS complete. 
aCld.ty with 10 mL cone HNO j and 
d'iule to 1.000 mL wqh deionized, 
dlsldled waler 

7.3.10 Cobalt solulton. stock.. 1 
mL = 100 Jig Co DIssolve 01000 9 
of cobalt melal In a m.nlmum amounl 
of(l'l)HNO J Add lCOmL(l'l)HCI 
and ddute to 1.000 mL w'lh de.onlzed. 
dlsidled water 

7.3 11 Copper SolullOIl. stocl<. 1 
mL = 100 I1g Cu D.ssolve 01252 9 
CuO ,n a mInimum amount of (1,1) 
HI\O, An(1100 mL conc HNO, and 
dd"t!: to 1 000 mL wttt1 deIonized, 
dlsldled watp.r 

7.3.12 Iron solution. SIOCI<.. 1 mL 
:; 100,ug Fe Dissolve 0.1430 9 
Fe,O) In a warm mixture of 20 mL 
(1-1) HCI and 2 mL of conc HNO J 
COOl add an additional 5 mL of conc 
HNO J and dilute to 1000 mL with 
deIonIzed, dlstdled water 

7.3.13 Lead soluflon. stock. 1 mL 
:; 100,ug Pb DIssolve 0 1599 9 
Pb(NO»), m mmlmum amount of 
(1·1) HNO) Add 100 mL cone. HNO) 
and dilute to 1.000 mL WIth delonlled, 
distilled water 

7.3.14 Magnesium solution. stocl<.. 
mL = 100,ug Mg Dissolve 0 1658 9 
MgO In a minImum amount of (1·1) 
HNO) Add 100 mL cor.c HNO) and 
dllu!" to 1.000 mL with d",on.zed. 
distilled water 

7.3.15 Manganese so/utlon. stock. 
mL = 100 pg ~J1n Dissolve 0 1000 9 
of manganese metal In the aCid miX' 
ture 10 mL cone HCI and 1 mL conc 
HNO). and ddule 10 1.000 mL With 
deionized. dlstdled water 

7.3.16 Molybdenum Solullon. stock, 
1 mL = 100 ,ug ~v10 Dissolve 02043 9 
(NHJ);-MoOJ In de.onlzed. distilled 
water and dilute to 1.000 mL 

7.3.17 Nickel solution. stocl<.. 
ml:; 100,ug NI Dissolve 0.1000 9 
of nickel melal In 10 ml hot conc 
HNO). cool and dilute to 1.000 mL 
With deionized, distIlled water 

7.3.18 Potassium solution. stock.. 
mL = 1 CO ,ug K. DIssolve 0 1907 9 
Kel. dried at 11 O"C, In deionized, 
dIstilled water ddute to 1,000 mL 

7.3.19 Selenium solution. stoel<.. 
mL = 100,ug Se Do not dry Dissolve 
01727 9 H,SeO, (actual assay 946°0) 
In deIonIzed. d.stilled water and ddute 
to 1.000 mL 

7.3.20 S,{lca solutIOn. SloCI<.. 1 mL 
= 100,ug S,OI Do not dry Dissolve 
04730 g Na;.S,OJ· 9H,0 In deionIzed. 
d.srdled water Add 100 mL conc 
H!'JO, and ddute to 1.000 mL wllh 
deionIzed. dIstIlled water 

7.3 21 Silver solution. SlOel<.. 1 
mL = 100/1g Ag Dissolve 01575 9 
AgNO) In 100 mL of deionIzed. d.s· 
tilled water and 10 mL cone HNO J 

Ddute to 100e mL WIth delonlied 
distilled water 

7322 Sodium solution. stoel<. 1 
mL = 100 Jig r.a DIssolve 0 2542 9 
N.1CI In dt',on,zea dlst.lled walf'r 
A,jd 100 rnL cone HNO, and dilute 
to 1 000 rnL WJ(h deIonIzed. d,sldled 
water 
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7.3.23 Thalhum solution. sloel<.. 1 
mL :; 100,ug TI. Dissolve 0 1303 
TINO) In de,o,.lIzed. dlstdled water 
Add 100 mL cone HNO:. and ddule 
to 1.000 mL With deIonized. dlstilied 
water 

7.3.24 VanadIum SOluIIOI1. slocl<. 
mL = 100,ug V DIssolve 02297 
NH.VO) In a minimum amount of 
conc. HNO) Heat to Increase rate 
of dlsS'olutlon Add 100 mL cone 
HNO J and dilute to 1.000 rnL With 
de.onlzed. dlstdled water 

7.3.25 line solution. SlOcl<.. 1 mL 
:; 100,ug Zn Dissolve 0 1245 9 ZnO 
In a minimum amount of dilule HNO J 

Add 100 mL cone HNO) and dilute 
to 1.000 mL wllh deionized. d,stdled 
water. 

7.4 Mixed calibration standard so· 
lutlons-Prepare mixed calibrallon 
standard solutions by comblnmg ap· 
proprlate volumes of the stock solu· 
t,ons In volumetriC flasks (See 7 4 1 
thru 7.4 5) Add 2 mL of (1·1) 
HCI and dIlute to 100 mL wJ!h 
deionized. dIstilled water (See Notes 
1- and 6) PrIOr to preparing the m.xed 
standardS. each stock solutIon should 
be analyzed separalely to determIne 
pOSSIble spectral Inlerfere:-lce or the 
presence of ImpuritIes. Care should 
be taken when preparing the mixed 
standards that the elements are com· 
patlble and stable Transfer the mixed 
standard solutIons to a FEP fluorc;· 
carbon or unused polyethylene bottle 
for storage Fresh ml>."J standards 
should be prepared as needed wllh 
the realizatIon that coneenlralion can 
change on aging Caltbratlon stand· 
ards must be Inilial/y verified uSing 
a quality control sample and monl' 
tored weekly for stabil.t, (See 7 6 3) 
Although not speclf,caliy reqUIred. 
some typical caltbratlon standard com­
bin allons follow wt1en uSing Ihose 
specifiC wavelengths lisled In Table 
1 

7.4.1 M"t!d slandiJfd salullon I .. · 
Manganc!>c. beryll.um. cadmIum. lead. 
and ZInc 

7.4.2 M"ed standrltd solution 1/_. 
8.:111um, eupper. Iton. vanadium. and 
cobi'llt 

7.4.3 /V1l<t,!.' standard S()",fll'" //1 
Mul,bd.'nurn. SillCil. al ~enIC. alld 
selenlulll 

74 4 A-1,.p(/ sti/nd.lfd so/u(J{)/J IV -
CalCIum, sudlum. potilSSII,m alum' 
num chrorlllum ano nlck~1 
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7.4.5 MIXer! standard Solullon V­
AntImony. boron. magnesIum. solver. 
and thallIum 

NOTE 1 If the addItIon of Sliver 
to thE' recommended aCId combInatIon 
results In an Inl\lalpreclpl:atlon. 
add 15 mL of deIonized dIstIlled 
water and w;)rm the flask until the 
solution clears Cool and dilute to 100 
mL with deIonIzed dlstolled water For 
thiS aCId ComOI!1at lor the solver con· 
centratlon should be limIted to 2 
mg L Solver under these condl:lons 
is stable Ifl a tap water matriX 
for 30 days HIgher concentrations 
of Sliver require additIonal HCI 

7.5 Two types of blar.ks are reqUired 
for the analYSIS The calibratIon blank 
(3 1 3)IS used In es:ablishmg the 
analytical Curve while the reagent 
blank (3. 12)ls used to correCt for 
possIble contamination resultm9 from 
varYIng amour.!s of the aCIds used In 
the sample processing 

7.5.1 The callbrallOn blank IS pre· 
pared by dilutIng 2 mL of (1-1) HNO! 
and 10 mL of (1-1) HCI to 100 mL 
with deIonized. dls:illed wilter (See 
Note 6 ) Prepare a suffICient Quan:,ty 
to bE' used to flUSh the system be· 
tween standards and samples 

7.5.2 The reagent bfanx must can· 
contain all the reagentS and m the 
same volumes as used In the pro­
cessing of the samples The reagent 
blank mUSl be camed through the 
complete procedure and con:alfl the 
same aCid concentration In the fmal 
solutIOn as the sample solutIOn 
used for analySIS 

7.6 In addllion to the calibration 
standards. an IIls;rument check stan­
dard (3 71. an interference check 
sample (38) and a Quality control 
samrle (39) are also requlfed for the 
analyses 

7.6.1 The instrument cheel<. standard 
IS prepared by the analySt by com­
blfllflg compatible elements at a con­
centration eqUivalent :0 the mldpOlllt 
of the" respectIve ca!;brallon curves 
(See 12 11) 

7.6.2 The Interference cheel< sample 
is prepared by the analyst In the 
follOWing m3nner Select a 
representative sample whiCh contains 
minimal conCentralions of the 
analytes of Iflterest by known con· 
centratlon of Interfeflng elements that 
wtll prOVide an adequate test of the 
correctIon factors Spike the sample 
With the elements of Interest at the 
apprOxImate concentration of either 
100 J.ly / L or 5 time!> the eSlimated 

detectIon limits given In Table 1. (For 
effluent samples of exrected hIgh 
concentratIons. spike at an 
appropriate level) If the type of 
samples analyzed iHe viHled. a 
synthetically prepared sample may be 
used If the above cflterta and tntent 
are met A lImIted supply of a 
synthetiC IIlterference check sample 
wlil be available from the Quality 
Assurance Branch of EMSL· 
CInCinnatI (See 12 1 2) 

76.3 The qualIty control sample 
should be prepared Ifl the same aCid 
ma;'Jx as the calibratIon standards 
at a concentralion near 1 mg 'L and tn 
accordance wl!h the tnSlructlons 
prOVIded by the supplier The Quality 
Assurance Branch of EMSL-ClnClflnal! 
wdl either supply a quality control 
sa'-:'ple or tnformatlon where one of 
eq;;ill Quality can be procured (See 
12 i 3) 

8. Sample handling an 
preservation 

8.1 For the determtnatlOn of trace 
elements. contamtnatlon and loss are 
of prime concern Dust in the labora­
tor,. environment. impufltles in 
reaf;ents and Impurities on laboratory 
ap;oaratus wh,ch the sample contacts 
are all sources of potentia I 
contamlllation. Sample containers can 
introduce either positive or negative 
errors in the measurement of tr ace 
elements by (a) contrlbuttng con­
tamtnants through leaching or surface 
desorption and fbI by depieting 
concentrations through adsorption 
Thus the collection and treatment of 
the sample prior to analysis requires 
particular attention. Laboratory 
glassware including the sample bottle 
(whether polyethylene. polyproplyene 
or FEP-fluorocarbon) Should be 
thoroughly washed with detergent 
and tap water; rtnsec with (1 + 1) nitric 
aCId. tap water. (1-1) hydrochloric 
aCid. tap acd fmally deionized. distilled 
water in that order (See Notes 2 and 
3) 
NOTE 2 ChromiC acid may be useful to 
remove organic deposits from glass­
ware. however. the analyst should be 
be cautIOned that the glassware must 
be thoroughly rtnsed With water to 
remove the last traces of chromium. 
n11S IS espeCially Important If chromium 
is to be Iflcluded tn the analytical 
scheme A commercial product. NOCH­
ROMIX. available from Godax Labor­
atofles. 6 Vaflck St.. New York. NY 
10013. may be used In place of 
chromiC aCid ChomlC aCid should not 
be used With plastIC bottles 
NOTE 3 If It can be documented through 
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an actIve analytical Quality con!rot 
progr am uSIng spiked samples and reo 
agent blanks. that certain steps In the 
cleaning procedure are not reQulfed lor 
routtne samples those steps may be 
eliminated from the procedure 

8.2 Before collectIon of the sample a 
deCISion must be made as 10 the type 
of data deSired, that IS dissolved 
suspended or total. so that the appro· 
pflate preservation and pretreatment 
steps may be accomplished Filtration, 
aCid preservatIOn. etc. are to be per­
formed at the time the sample IS . 
collected or as soon as pOSSIble 
_thereafter. 

8.2.1 For the determtnatlon of diS' 
solved elements t~,e sample must be 
filtered through a 0 45-tJm membrane 
filter as soon as pracllcal af,er collec­
tion (Glass or plastiC filtering appara­
tus are recommended to avoid POSSI­
ble contammatlon ) Use the first SO-
100 mL to rinse the filler flask. DIS­
card this portion and collect the 
reqUired volume of filtrate. ACidify the 
filtrate with (1·') HNO;, to a pH of 2 
or less. Normally, 3 mL of (1-1) aCid 
per-hter should be suffiCient to pre­
serve the sample. 

8.2.2 For the determination of sus­
pended elements a measured volume 
of unpreserved sample must be fd­
tered through a 0 45-l-'m membrane 
filter as soon as practical afler 
collection. The filter plus suspended 
material should be transferred to a 
su;table container for stcras;e and' or 
shipment. No preservative is required 

8.2.3 For the determination of total 
or total recoverable elements. the 
sample is aCidified With (1 +1) HN0 3 

to pH 2 or less as soon as pOSSible, 
preferable at the time of collection. 
The sample IS not filtered before 
procesSing 

9. Sample Preparation 
9.1 For the determinations of diS­
solved elements. the filtered. 
preserved sample may often be 
analyzed as received The aCid matflx 
and concentration of the samples and 
calibration standards must be the 
same. (See Note 6 ) If a preCipitate 
formed upon aCldlflcaiion of the 
sample or during tranSl! or storage. it 
must be redlssotved before the 
analySIS by adding additional acid 
and/or by heat as descnbed If1 9.3 

9.2 For the determmatlon of sus­
pended elements. transfer the mem­
brane filter contaIning the Insoluble 
matertal to a 150·mL Grtffln beaker 
and add 4 mL conc HNO J Cover the 
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beaker wl:h a watch glass and heal 
gently The wam aClc wlil soon diS' 
solve the membrane 

Increase the temperature of the 
hot plate and digest t~e maH~"al 
When .lfl.e .iICld hasnearlyell\lOQraled. 
cool the beaker and watch glass and 
add another 3 mL of conc HNO) 
Cover and continue heating untti the 
digestion IS complete genera"y,nd,­
cated by a light co!orec: d'gestare 
Evaporate to near dryness (2 mLl. cool. 
add 10 mL Helt1-') and 15 mL 
deionized. dls:dler1 water per 100 mL 
ddutlOn and warm the beaker ge:ltly 
for 15 min to dissolve any preclpl' 
tated or residue mateflal Allow to 

cool. wash down the watch glass and 
beaker wailS wllh deionized dlst"led 
water and fdter the sample to remove 
Insoluble material that could clog the 
nebulizer (See Note 4) Adjust the 
volume based on the expected con­
centrations of elements present ThiS 
volume will vary dependIng on the 
elements 10 be determined (See Note 
6) The sample IS now ready for 
analYSIS. Concentrations so determined 
shall be reported as "suspended .. 
NOTE 4 In place of fdterlng. the 
sample after dduting and mixing may 
be centnfuged or allowed to settle by 
gravity overnight to remove Insoluble 
material 

9.3 For the determina!lon of total· 
elements. choose a measured. volume 
of the well mixed aCid preserved 
sample appropriate for the expected 
level of elements and transfer to a 
Griffin beaker (See NOie 5) Add 3 mL 
of cone. HNO 3 Place the beaker on 
a hot plate and evaporate to near dry­
ness cautiously. making certain that 
the sample does not bo" and that no 
area of the bottom of the beaker IS 
allowed 10 go dry Cool the beaker and 
add another 5 mL portion of Conc 
HNO J Cover the beaker With a watch 
glass and return to the hot plate 
Increase the temperature of the hot 
plate so that a gentle reflux action 
occurs Continue healing. adding addi­
tional aCid as necessary. untd the 
dlgeslion IS complete (generally ,nd" 
cated when the dlges:ate is light 
In color or does not change in appear­
ance With continued refluxlng ) Again. 
evaporate to near dryness and cool 
the beaker Add 10 rnL of 1-1 HCI 
and 15 mL of deionized. distIlled 
water per 100 mL of final solutIon 
and warm the beaker gently for 15 
min to dIssolve any preCIpitate or 
reSIdue resulting from evaporation 
Allow to cool. wash down the beaker 
walls and watch glass With delonlled 
dlStdled water and ftiter the sample to 
remOve Insolub:e malerlal thaI could 

clog the nebulozer (See Note 4 ) Adjust 
the sample to a predetermined volume 
based on the expected concentrations 
of elements present The sample is 
now ready for analYSIS (See Note 6) 
COfl<;entra:.ons so determlnedshali be 
reported as "total .. 
NOTE 5 If low determinations of 
boron are cr'tIC31. quartz glassware 
should be use 
NOT!: 6 If the sample analySIS solution 
has a d,fferen: aCid concentration 
from that given In 94. but does not 
Introduce a phySical Interference or 
atlect the analytical result. the same 
calibration standards may be used 

94 For the determmatlon of total 
recoverable elements. choose a mea· 
sured volume of a well mixed. aCId 
preserved sample appropflale for the 
expected level of elements and trans­
fer to a Grtff.n beaker (See Note 5 ) 
Add 2 mL of (1-1) HNO J and 10 mL 
of ,1.1) HCI to the sample and heat 
on a steam bath or hot plate untd the 
volume has been reduced 10 near 25 
mL making certatn the sample does 
not boil After thIS treatment. cool 
the sample and filter to remove Inso­
luble material that could clog Ihe 
nebulizer (See NOle 4) Adjust the 
volume to 100 mL and mix. The sample 
IS now ready for analySIS Concentra­
lIons so determined shall be reported 
as "Iota I .. 

10. Procedure 

10. , Set up mSlr ume nt With proper 
operating parameters establtshed In 
62 The tnstrument must be allowed 
to become thermally stabie before be­
glnntng This usually requires at least 
30 min of operation prior to callbra­
\Jon 

10.2 InItiate appropriate operating 
conflgura\Jon of computer. 

10.3 Profile and calibrate instru· 
ment according to tnstrument 
manufacturers recommended 
procedures. uStng the tYPical mixed 
calibration standard solutIons 
descflbed In 7.4 Flush the system 
With the Calibration blank (7.5 1) 
between each standard. (See Note 7) 
(The use of the average tntenslty of 
multiple exposures for both 
standardization and sample analYSIS 
has been found to reduce random 
error) 
NOTE 7 For boron concentrations 
greater than 500 I1g/L extended flush 
times of 1 to 2 min may be reqUired. 

'0 4 Before begmning the sample 
run. reanalyle the hIghest mixed 
callbrat.on standard as If II were a 
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sample Concentration values obtamed 
should not deViate from the actual 
values by more than = 5 percent 
(or the estat::I!sheri control limits 
whichever IS lower) If they do, follow 
the recommendations of the Instru· 
ment milnufacturer to correct for thiS 
cond.tlon 

10.5 Begin the sar;,p1e run fl~sh 11"'9 

the system With the cahbratlon blank 
solutIOn (7 5 1) between each sample 
(See Note 7 ) Analyze the Instrument 
check standard (7 61) and the calibra­
tion blank (7.5 1) ~ach 10 samples 

10.6 If It has been found that 
method of standard addition are 
requlfed. the follOWing procedure IS 
recommended 

10.6.1 The standard addition tech· 
nlQue (142) tnvolves prepa ring new 
standards In the sample matrix by 
adding known amountS of standard to 
one or more allQuots of :he processed 
sample solution. ThiS technique com­
pensates for a sample constituent that 
enhances or depresses the analy1e 
signal thus produc.ng a different slope 
from that of the ca/lbratlon standards 
It Will not correct for addItive inter­
ference which causes a baseline shift 
The Simplest verSion of thIS technique 
is the single-additIon method The 
procedure is as follows. Two IdentIcal 
aliquots of the sample solution. each 
of volume V •. are taken. To the 
first (Iabe!ed A) IS added a small 
volume V, of a standard analyte 
solution of concen:ra:lon c. To the 
second. (labeled 6) is added the same 
volume V. of the solvent. The analy­
tical Signals of A and 6 are measured 
and corrected for nonanalyte signals 
The unknown sample concentratJon 
c. is calculated 

Cx = SeVSc~ 

(S •. Sa) V. 

where SA and Sa are the analytical 
Signals (corrected for the blank) of 
solutions A and B. respectively Vs 
and Cs should be chosen so that S. 
IS roughly tWIce Sa on the average It 
is best If Vs IS made much less than 
V x• and thus Cs IS much greater than 
Cx. to aVOid excess dIlutIon of the 
sample matflx If a separation or 
concentration step IS used Ihe 
additions are best made flfsl and 
carried through the entJre procedure 
For the results from thiS technique to 

be valid. the follOWing IlmJtatJons 
must be taken Into conSlderalJon 
,. The analytical curve must be linear 
2. The chemical form of the analyte 
added must respond the same as the 
analyte In the sample 
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j I he Interf,'rence eTleCt must De 
conS:iln: over Ihe workIng range of 
concern 
4 The Slgnill must be correcled for 
any adG,:,ve Interference 

11. Calculation 

11.1 Reagenl blanks (7.5 2) should 
be subuacled from all samples ThIS IS 
partlcul;;rl, I~;..:ortanl for digested 
Silmples requIring large quanlilles of 
aCIds 10 complele the digestIon 

".2 If ddut!ons were performed, 
the approprla:e faclar must be applied 
to sample values 

11.3 Data should be rounded to the 
thousandth place and all results 
should be reported In mg 'L up to 
three Significant figures 

12. Quality Control 
(Instrumental) 

12.1 Check the insr;ument 
standard,zat,on by analyzmg 
appropriate quality control check 
standards as follow 

12.1.1 Analyze an appropriate 
mstrumen: check standard (76 1) 
contaming the elements of mterest at 
a freque;";cy of 10°0 ThIS check 
standard IS used to determrne 
instrument drtf!. If agreement IS not 
wlthrn =5:0 of the expected values or· 
wl:hln the established control ',mits. 
v .. hlchever IS 10l,ver. the analySIS is Oul 
of control The analySIS should be 
termlnaled. the problem corrected. 
and the Instrument recallbrated 

Analyze the caltbra!lon blank (7.5 1) 
al a frec;uency of 10°0 The result 
should be wllh,n the established 
control Itml\s of two standard dev:a· 
tlons of the mean value. If not. repeat 
the anal) SIS two more times and 
av':?ragp :h", !hr~,? results If the 
average IS not Within the control limIt. 
termrn?:e the analYSIS. correct the 
~r(Jbl~rl ar.d recal,br;;le the 
Instrument 

12.1.2 To verify m:erelement and 
backgrcund corr ectlon factors ana Iyze 
thf' mterference check sample (7 6 2i 
at the bO:>9,nnrng. end. and at periodiC 
Inrervills throughout the sample run 
R"<;ults Shoulcl fall withrn the 
eSlc;IJI'!)"ed C(Jntrol limIts of 1 5 times 
11"lE: s:anCilf\j deViation of the mean 
Vill,,,, Jj not. terrnlnal'" the anillySIS. 
crl' ":CI ::IP pro:)lt~") il~d reC(llliJrate 
~tlt.· Irlstrun1ent 

12 1.3 A Quality c(!"HPI sample 
/7631 ob:a,nerj trom iln outS.(ie 
SOurce must forst bt.: u5~d for thf~ 
ltil~,a: .. -:fl~ICJ;lvfl 0f :Lt;' CJI,t)rdtle"n 

5{anUdrU~ '"" ilt:::::dl UIIU~IV" V' p ..... 

sample shall be anlayzed every week 
thereafter to monilor theIr stab,lity If 
the results are not withon =5°'0 of the 
true value listed for the control 
sample. prepare a new cal,bratIOn 
Standard and recahbrate the 
mstrument If thIS does not correct the 
problem, prepare a new stock 
Slandard and a new calibration 
standard and repeat the caltbrallOn 

Precision and Accuracy 

13.1 In an EPA round robin phase 
study, seven laboralOCies apolled the 
ICP technique to acid·d,stilled water 
matrices that had been dosed With 
vaCious metal concentrates Table 4 
lists the true value. the rr.ean reported 
value and the mean ~o relative 
standard deVIation. 
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1 VVlnge. R K. V.J Peterson. and 
V A Fassel. "Inductively COLipied 
Plasr:ia-Atomlc EmiSSion 
Spectroscopy: Promonent Lrnes." EPA· 
600 4-79-017. 

2 Wlnefordner. J D. "Trace 
Analys:s Spectroscopic Methods for 
Eler.oents." Chemical AnalYSIS. Vol 
46. pp 41-42. 

3. Handbook for Analytical Quality 
Control m \Valer and v\'astewater 
Laboratortes. EPA-600 4-79·019. 

4 Garbarmo. J.R and Tavlor. HE .. 
"An InductIvely-Coupled Plasma 
AtomiC EmIssion Spectrometric 
Method for Routme Water Qua!I!Y 
Testing." Applied Spectroscopy 33, 
No 3(1979) 

5 "Methods for Chemical AnalySIS of 
Water and Wastes," EPA-600 4· 79· 
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6 Annual Book of ASTM Standards. 
Pa rt 31 

7. "CarCinogens - Working W,th 
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8 "OSH";' Safely and Health Stan· 
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19101 Occup,ltIOn(l1 Safety and Health 
AdmInIstration. OSHA 2206. (ReVIsed. 
Janudry 197b) 
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Table t. Recommended Wavelengths' and ESf/maled Insrrumenlaf 
Detecflon LImIts 

[SIJmaled defec/lon 
Element Wavelength. nm Ilfnll. tJg/L 2 

Aluminum 308215 45 
Arsenic 193696 53 
Antimony 206833 32 
Barium 455403 2 
Beryllium 313042 03 

Boron 249 773 5 
Cadmium 226502 4 
CalCIUm 317933 70 
Chromium 267.716 7 
Cobalt 228616 7 

Copper 324754 6 
Iron 259940 7 
Lead 220353 42 
Magnesium 279079 30 
Manganese 257.610 2 

Molybdenum 202030 8 
Nickel 231 604 15 
PotassIum 766491 see" 
Selenium 196026 75 
Silica (Si02) 288.158 58 

Silver 328068 7 
SodIum 588995 29 
Thallium 190864 40 
VanadIum 292402 8 
Zinc 213856 2 

1 The wavelengths "sted are recommended because of their senslflvity and 
overall acceptance. Other wavelen.gths may be Subslituted if Ihey can 
provide the needed sensiflvity and are rrealed with the same corrective 
techniques for spectral Interference. (See 5. 1. I.). . 

2The estlmaled instrumental detectIOn Itmas as shown are taken from 
"Induclively Coupled Plasma·AlOmic EmiSSion Spectroscopy·Prominent 
Lines. "EPA,500,··4·79·017 They are ql,'en as a !juIce for an Instrumenta! 
limit. The actual melhod deleclion limilS are sample dependent and may vary 
as the sample matrix varies 

3Highly dependenr on operatmg conditions and plasma pOSlllon 

Dl!c • 98;' Me/a/s·27 
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! Table 2 An3/,te ConcentratIOn EQulvalenls (mg 'L) AT/sing From fnterferenrs at rhe 100 mg'L Level .. 
Anal,"t-' V'./a,·eleng:h. nm Inrerferenr 10 J~ 

----~ 

AI C3 Cr Cu Fe Mg Mn NI TI V 

Alummum 308215 021 T 4 
AntImony 206833 047 29 008 25 045 

( ArsenIc 193696 1 3 044 7 1 

1-
Baf/um ·:55403 
Berr-{flum 3:30':2 004 005 
BOlon 249773 004 032 

Cadrn;um 225502 003 002 
CalCIum 3 i 7 933 OC8 001 001 004 003 003 
Chromrum 267716 0003 004 004 

Cabal: 228616 003 0005 003 015 
Copper 324754 0003 005 0.02 ... Iron 259 fNO 0.12 

,.. Lead 220353 o 17 
Magnesium 279079 002 011 013 025 007 012 
Manganese 257610 0005 007 0.002 0.002 

Molybdenum 202030 005 0.03 

I Nlck.el 231604 
SelenIUm 196025 023 009 

Silteon 288158 0.07 001 

I SodIUm 588995 008 
ThallIum 190854 030 

VanadIum 292402 005 0005 002 

~ 
Zinc 213.856 o 14 029 

Jo 

1 Table 3. Interferenr and Analyre Elemental Coneen-
"' uailons Used tor Inrerterence A1easurer.;ents 

If) i abie 2 

~ Analyres (mg L) Interferents {mg/L} 

AI 10 AI 1000 
As 10 Ca 1000 

1 
B 10 Cr 200 
Ba 1 Cu 200 
Be Fe 1000 
Ca 1 Mg 1000 

r: Cd 10 Mn 200 
Co 1 NI 200 

It Cr TI 200 
Cu V 200 
Fe 
My 
Mil 1 
Mo 10 
N.1 10 
lVl 10 
Pb 10 
Sb 10 
Sf! 10 
SI 
T! 10 
V 1 
In 10 --------

Meta/s·28 Dec 1982 
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. Table 4. IC? PrecISIon and Accuracy Data 

Sample:; 1 

Meiln 
True Reported Mean 

Value Value Percent 
ent w; 'L j.lg:L RSD 

750 733 6.2 
Mn 350 345 27 
V 750 749 18 
As 200 208 75 
Cr )150 149 38 
Cu 250 235 5 1 
Fe 600 594 30 
AI 700 696 56 
Cd 50 48 12 
Co 500 512 10 
N, 250 245 58 
Pb 250 236 16 
Zn 200 201 5.5 
Se 40 32 219 

Not all elements ,'''ere analyzed by alllaboratofies 

Dec 1982 

Sample ::2 Sample ::3 
() 

j 1 
Mean Mean 

True Reported Mean True Reponed Mean 
Value Value Percent Value Value Percelli 
j.lg/L fJg/ L RSD J.i5]'[ M't RSD 

20 20 98 180 176 52 
15 15 67 100 99 33 
70 69 29 170 169 ; J 

22 19 23 60 63 17 
10 10 18 50 50 33 
11 11 40 70 67 79 
20 19 15 180 178 60 
60 62 33 160 161 13 
2.5 29 16 14 13 16 

20 20 4.1 120 108 21 
30 28 11 60 55 14 
24 30 32 80 80 14 
16 19 45 80 82 94 
6 85 42 10 85 83 

Meta/s·29 
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CHLORIDE 

t\Iethod 325:3 (Titrimetrie, ;\fc:'curie ~itrate) 

STORET l"O. 00940 

1. Scope and Arrlication 

2. 

3. 

4. 

5. 

1.1 This method is 3.pplic3.blc to drinking, surf3.ce, and saline W3.ters, domestic and industrial 
wastes, 

1.2 The method is suitable for all concentr::l!ion range~ of chloride content; however, in order 
to avoid large titration volume. a sample aliquot containing not more than 10 to 20 mg CI 
per 50 ml is used. 

1.3 Automated titration may be used, 
Summ3.ry of ~ethod 
2.1 An acidified sample is titrated with mercuric nitrate in the presence of mixed 

diphenylcarbazone-bromophenol blue indicator. The end point of the titration is the 
formation of the blue-violet mercury diphenylcarbazone complex. 

Comments 
3.1 Anions and cations at concentrations normally found in surface waters do not interfere. 
3.2 Sulfite interference can be eliminated by oxidizing the 50 ml of sample solution with 0.5 

to I ml of H 20:. 
Apparatus 
4.1 Standard labo:atory titrimetric equipment including a.1 ml or 5 ml microburet with 0.01 

ml graduations. 
Reagents 
5. I S I ;1l1(b, d ~()di UIll ( h lorid('. O.O:.?:) ~: Di.,.,oh C' 1.·.Jt) 13 g ± O.()O():2 g 'od i lIltt ( Id()l idd ,II i( '<I 

al fiOO =c: for I hOll!) in chlot i,k-fr('{' ,,'at(,1 in a I lilt't \'oltltlH'tri( fLI:'\- ;Illd dillll(' t() IItt· 
tll;11 \- I ttl I = ~o(i.:) pg Cl. 

5.2 Nitric acid. H1':Oj solution (3 + 997) 

5.3 Sodium hydroxide solution, 1':aOH, (10 gil) 
5.4 Hydrogen peroxide (30%). H;O: 
5.5 Hydroquinone solution (10 g/liter): Dissolve 1 g of purified hydroquinone in water in a 

100 ml volumetric and dilute to the mark. 
5.6 Mercuric nitrate titrant (0.141 ~): Dissolve 25 g Hg(NOj):·H:O in 900 ml of distilled 

water acidified with 5.0 ml conc. HNO j in a 1 liter volumetric flask and dilute to the 
m:uk with distilled water. Filter if necessary. Standardize against standard sodium 
chloride solution (5.1) using procedure 6. Adjust to exactly 0.141 N and check. Store in a 
dark bottle. A 1.00 ml aliquot is equivalent to 5.00 mg of chloride. 

5.7 Mercuric nitrate titrant (0.025 N): Dissolve 4.2830 g Hg(NOJ)~·I·I;O in 50 ml ofdistilkd 
water acidified with 0.5 ml conc. HNOJ (sp. gr. 1.42) in a 1 liter volumetric flask and 
dilute to the mark with distilled water. Filter if necessary. Standardize against stand3rd 

Approved for ~PDES 
Issued 1971 
Edilorial J('\i~iflll 1971'l alld I~JH:! 
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6. 

sodium chloride solution (5.1) using pmcedure 6. Adjust to exactly 0.025 N and check. 
Store in a dark bOllk. 

5.S Mercuric nitrate titrant (0.0141 N): Dissolve 2.4200 g Hg(NO»):"H:O in 25 ml of 
distilled water acidified with 0.25 ml of cone. HNO\ (sp. gr. 1.42) in a 1 liter volumetric 
flask and dilute to the mark with distilled water. Filter if necessary. Standardize against 
stand:lfd sodium chloride solution (5.1) using procedure 6. Adjust to exactly 0.0141 N 
and check. Store in a dark bottle. A 1 ml aliquot is equivalent to 500 ug of chloride. 

5.9 Mixed indicator reagent: Dissolve 0.5 g crystalline diphenylcarbazone and 0.05 g 
bromophenol blue powder in 75 ml 95% ethanol in a 100 ml volumetric flask and dilute 
to the mark with 959C ethanol. Store in brown bottle and discard after 6 months . 

. 1.10 X ~ It-t!(. ( ya Itok FF '>(JIlil iut!: D i ,,~()I \"(. o. OO;J g 1)1 :\ \ I ("Ill' (\;IIIO!t- FF d Y (' i II ~fJOo ct hat!ol 01 

i~()}lI()p.II](JI in ;t 100 III I nJIlIlll('tri( ;lI1d dillllt' to 11t(' Ill;1I k \\'itll ~FJ"~ t'th;lI101 or 

i~( )P' 0P;lt1() I. 
Procedure 

ti.l l . ~(' ;-J(l III I () I .,; Itll Jl It- ot ;111 a Ii q 1I ot () I .,; IlllI d l' d i ill t (.<1 I () :)0 III I \\' i tl t d i~ til kd \\'; It ('I. ,() t h.l t 
tlW(OIl('IlII;nioll 01 (ftl()lid('don 1101 (':\«('t'tl~() Illg ;diqtt()l. II tfll''';llllplt-OI aliquot 
(Otll.lilh I1lon' th;tll ~.:) Iltg 01 (hlOl ilk. 11',(' O.O:!."):\ tIl('1( uri( llittalt· lillal1l (:l./! ill .,!t'p 

ti.ti. If I hl' .,;1111 pit- ot ;r1 i q tlol ( Olll;1 i Ih k.,., tf t;11l 2.:") Illg 0 f ell lot id('. t1~(' 0.0 J.I J :\' I n('1 ( II I i( 
nill;I!t' lillalJl (S,H) ill ~tl'P 6.6. Iktl'lllliltl· ;111 illdicllot hl:!~lk Oil :)0 1111 (hlotid(··fIlT 
\,';11('1 t1~iltg~I('}l(i.6.1I tl«''';lInpk«()IlJ;jitl~ k:'>,~ Ih;ltlO.llllg 101 cltlotid('(()1l(('IlIJ;IIl';1I1 

;Ippl (Jpli;llt· \olulllt' to 50 ml. 

6.~ Add:) dtop~ 0/ Illi:\t'tl indicator l(';rgl'1J1 (;).9). sh;lkt, or s\\'itl solution. 

6,3 If a blue-violet or red color appears add H;-i03 solution (5.2) dropwise until the color 
changes to yellow, 

6.~ If;) yellow or ora;)ge color forms immdiatdy on addition of the mixed indicator, add 
NaOH solution (5.3) dropwise until the color changes to blue-violet; then add HNO J 

solution (5.2) dropwise until the color changes to yellow. 
6.5 Add I m) excess HNO J solution (5.2). 
6.6 Titrate with 0,025 N mercuric nitrate titrant (5,7) until a blue-violet color persists 

throughout the solution. See 6.1 for choice of titrant normality. :XyklJe <yannI 1-'1-' 
solution (5.10) may be added with the indicator to sharpen the end point. This will 
change color shades. Practice runs should be made. 

6,7 Additional steps to eliminate particular interferences: 
(;.7.1 II (11I()1I1dlt· i~ }ltt"('111 ;111<1 iJlIll i~ !lol 1,1('''('ltl tIlt' t'!ld IH)illt 111;1\ 1)(' dilfj( 1111 leI 

(kIn I. 

be: an olive-purple: color. 
6.7.2 If chromate is pre~ent at > 100 mg/I and iron is not pre!->C'nt, add 2 ml of fresh 

hydroquinon-: -"olution (5.5). 
6.7.3 Ifferric ion is pre<.,etlt usC' volul11e containing no more than 2,5 mg of ferric ion or 

fe:rri;: ion plus chrom:l!e: ion. Add 2 ml frc"h hydroquinone: solution (5.5). 
6.7A Ifsultite ion is prt:<.,C'IlI, add 0.5 ml of H .. O: solution (5.4) to 50 ml sampk and mix 

for I minute. 

325.3-2 
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7. Caku13tion 

mg chloride/I = 

where: 

(.-\ - B)~ :< 35.450 
mi ot :,amrle 

A = ml titr3.nt for sample 
B = ml titrant for blank 
N = normality mercuric nitrate titrant 

mg NaCI/I = mg chloride/} x 1.65 

8. Precision and Accuracy 

ln013 

1>.1 Forty two analysts in eighteen laboratories analyzed synthetic water samples containing 
exact increments of chloride, with the following results: 

Increment as Precision as Accuracy. as 
Chloride Standard Deviation Bias. Bias. 
mg/liter mg/liter % mg/liler 

17 1.54 +2.16 +0.4 
IS 1.32 +3.50 +0.6 
91 2.92 +0.11 +0.1 
97 3.16 -0.51 -D.S 

382 11.70 , -0.61 -2.3 
398 11.80 -1.19 -4.7 

(F\VPCA \1ethod Study 1. Miner3.1 and Physical Analyses) 

8.2 In a single laboratory (EMSL), using surface W3.ter samples at an average concentration 
of 3~ mg CI/ I. the st;.lndard deviat ion was ; 1.0. 

8.3 A synthetic unknown !>ampJe containing 241 mg/l chloride, lOS mg/I Ca. 82 mg/! ~1g. 
3.1 mg/I K. IQ.9 mg/I Na. 1.1 mg/I nitrate N. 0.25 mg/I nitrite N. 259 mg/I sulfate 
and 42.5 mg/I total alkalinity (contributed by NaHCO;) in distilled water was analyzed 
in 10 bboratories by the mercurimetric method, with a relative stand:lfd deviation of 
3.30C and a relative error of2.9%. 

Bibliography 

1. Annual Buok of ASTM Standards. Part 31. "Water", Standard D512-67, ~iethod A. p 270 
(1076). 
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SGLFATE 

i\lethod 375.4 (Turbidimetric) 

STORET NO. Total 00945 

I. Scope and Application 
1.1 This method is applicable to drinking and surface waters, domestic and industrial wastes. 
J.2 The method is suitable for all concentration ranges of sulfate; however, in order to obtain 

reliabie readings. use a sample aliquot containing not more than 40 mg SOJ!. 
1.3 The minimum detectable limit is approximately I mg!1 sulfate. 

2. Summary of Method 
2.1 Sulfate ion is convened to a barium sulf:lte suspension under controlled conditions. The 

resulting turbidity is determined by a nephelometer, filter photometer or 
spectrophotometer and compared to a curve prepared from standard sulfate solutions. 

2.2 Suspended matter and color interfere. Correct by running blanks from which the barium 
chloride has been omitted. 

2.3 Silica in concentrations over 500 mg/I will interfere. 
3. Comments 

3.1 Proprietary reagents, such as Hach Sulfaver or equivalent, are acceptable. 
3.2 Preserve by refrigeration at 4"C. 

4. Appar:Hus 
4.1 Magnetic stirrer, variable speed so that it can be held constant just below splashing. Use 

idc;::ical shape and size magnetic stirring bar!>. 
4.2 Photometer: one of the follo\ .... ing which are given in order of preference. 

4.2.1 Nephelometer 
4.2.2 Spectrophotometer for use at 420 nm with light path of 4 to 5 cm. 
4.2.3 Filter photometer with a violet filter having a maximum near 420 nm and a light 

path of 4 to 5 cm • 
4.3 Stopwatch, if the magnetic stirrer is not equipped with an accurate timer. 
4.4 Measuring spoon, capacity 0.2 to 0.3 ml. 

5. Reagents 
5.1 Cor.ditioning reagent: Pbce 30 ml conc. HCI, 300 ml distilkd water, 100 m195C:C ethanol 

or i~\.)propanol and 75 g ':--:aCI in solution in a container. Add 50 ml glycerol and mix. 
5.2 Barium chloride. BaCI:. crystab. 20 to 30 mesh. 
5.3 Sodium carbonate solution (arrroxinlJtely 0.05!':): Dry 3 to 5 g primary st:lndard 

l'\a.CO
J 

al 250'C for 4 hours and cool in :1 de"iccator. Weigh 2.5 :0.2 g (to the nearest 
mg). tran-;fer to a I liter volumetric na~k and fill to the m:uk with di<,tilled water. 

Arpr()\~J fllr SI'DES 
I.;,\u~d I q71 

Ed i {(1ri: .. ti n:\ i\i0n 197 S 
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5.4 Stand:ud sulfate solution (1.00 ml = 100 ug SO.): Prepare by either 5.4.1 or 5.4.2. 

5.4, I St;:mdard sulfate solution from H,SO. 
5.4.1.1 Standard sulfuric acid, O.IN: dilute 3.0 ml conc. H,SO" to 1 liter with 

distilled water. Standardize versus 40.00 ml of 0.05 N Na,CO) solution 
(5.3) with about 60 ml distilled water by titrating potentiometricaily to 
pH about 5. Lift electrodes and rinse into beaker. Boil gently for 3-5 
minutes under a watch glass cover. Cool to room temperature. Rinse 
cover glass into beaker. Continue titr:llion to the: pH inflection point. 
Calcubte normality using 

5.4,1.2 

5.4.1.3 

N= AxB ..... ,',~ 

where: 

A = g Na:CO] weighed into I liter 
B = ml Na:CO: solution 
C = ml acid used to inflection point 

Standard acid, 0.02 N: Dilute appropriate amount of standard acid, 0.1 
N (5A.I.I) to 1 liter (200.00 ml if 0.1000 N). Check by standardization 
versus 15 ml of 0.05 N Na:C03 solution (5.3). 
Place 10.41 ml standard sulfuric acid, 0.02 N (5.4.1.2) in a 100 ml 
volumetric and dilute to the mark. 

5.4.2 Standard sulfate solution from Na,SO.: Dissolve 147.9 mg anhydrous Na:SOJ in 
di~tilled water in a 1 liter volumetric flask and dilute to the mark with distilled 
water. 

Procedure 
6.1 Formation of barium sulfate turbidity 

6.1.1 Place 100 ml sample, or a suitable portion diluted to 100 ml, into a 250 Erlenmeyer 
flask, 

6.1.2 Add exactly 5.0 ml conditioning reagent (5.1). 
P 6.1.3 Mi.'( in the stirring apparatus. 
II 6.IA \Vhile the solution is being stirred, add a measuring spoonful ofBaCI: crystals (5.2) 

and begin timing immediately. 
6.1.5 Stir exactly 1.0 minutes at constant speed. 

6.2 Measurement of barium sulfate turbidity 
6.2.1 Immediately after the stirring period has ended, pOllr solution into absorbance cell. 
6.2.2 Measure turbidity at 30 second intervals for 4 minutes. 
6.2.3 Record the maximt:m reading,obtained in the 4 minute period. 

6.3 Preparation of calibration curve. 
6 .. \ J Prep:He calibr:llion curve using standard sulfate solution (5.4). 

6.3.2 Space standard:. at 5 mg/I increments in the()....40 mg/l sulfate range. 

375.4-2 
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6.3.3 Above 50 mg/I the accuracy decreases and the suspensions lose stability. 

6.3.4 Check reliability of calibration curve by running a standard with every 3 
samples. 

6.4 Correction for sample color and turbidity. 

In 1:~ 

6.4.1 Run a sample blank using the procedure 6.1 and 6.2 without the addition of barium 

chloride (6.1.4). 

7. CaIcubtions 

7.1 Read mg SO, from calibration curve 

8. Precision and Accuracy 

mg SO';l = mg SO. x 1,000 
ml sample 

8.1 Thirty-four analysts in 16 laboratories analyzed six synthetic water samples containing 

exact increments of inorganic sulfate \\'ith the following results: 

Increment as Precision as Accuracy as 
Sulfate Standard Deviation Bias, - BIas 

mg/liter mg/liter % mg/liter 

8.6 2.30 -3.72 -D.3 
9.2 1.78 -8.26 -D.8 
110 7.86 -3.01 -3.3 
122 7.50 -3.37 -4.1 
188 9.58 +O.~ .... 0.1 
199 11.8 -1.70 -3A 

(FWPCA Method Study I, Mineral and Physical Analyses). 

8.2 A synthetic unknown sample containing 259 mg/l sulfate, lOS mg/I Ca, 82 mg/l Mg, 
3.1 mg/J K, 19.9 mg/I Na, 241 mg/I chloride, 0.250 mg/I nitrite N, 1.1 mg/I nitrate 

N. and 42.5 mg/I total alkalinity (contributed by NaHCOJ ) was analyzed in 19 

laboratories by the turbidimetric method, with a relative standard deviation of9.1 o/c and 

a relative error of 1.29C. 

Bibliography 

1. Annual Book of ASTM Standards, Part 31, "Water", Standard D516-68. Method B, p 430 

(1976). 

2. Standard ~ethods for the Examination of Water and Wastev,,·ater. 14th Edition. p 496, 

Mdhod 427C, (1975). 
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ALKALI);ITY 

l\lethod 310.1 (Titrimetric, pH 4.5) 

STORET );0. oo·no 

I. Scope: and Application 
I. I This method is applicable to drinking, surface, and saline waters, domestic and indus:rial 

wastes. 
1.2 The method is suitable for all concentration ranges of alkalinity; however, ap?ropriale 

aliquots should be used to avoid a titration .... olume greater than 50 ml. 
1.3 Automated titrimetric analysis is equi .... alent. 

2. Summary of Method 
2.1 An unaltered sample is titrated to an electrometrically determined end point of pH 4.5. 

The sample must not be filtered, diluted, concentrated, or altered in any way. 
3. Comments 

3. I The sample should be refrigerated at 4°C and run as soon as practical. Do not open 
sample bottle before analysis. 

3.2 Substances. such as salts of weak organic and inorganic acids present in large amount:-., 
may cause interference in the electrometric pH measurements. 

3.3 For samples ha\'ing high concentrations of mineral acids. such as mine wastes and 
associated receiving waters, titrate to an electrometric endpoint of pH 3.9, using the 
procedure in: 
Annual Book of AST:vi Standards, Part 31, "Water", p 115, D-I067, Method D. (19,6). 

3.4 Oil and grease. by coating the pH electrode, may also interfere, causing sluggish 
response. 

4. App:uatus 
4.1 pH meter or i!lectrically operated titrator that uses a glass electrode and can be read to 

0.05 pH unit:). Standardize and calibrate according to manufacturer's instructions. If 
automatic temperature compensation is not provided, make titration at 25 : 2° C. 

4.2 Use an appropriate sized vessel to keep the air space above the solution at a minimum. 
Use a rubber ~topper fitted with holes for the glass electrode, refc:rence electrode (or 
combination eb:trudt:> and buret. 

4.3 Magnetic stirrer. pipets. t1a~ks and other standard laboratory equipment. 
4.4 Bureh. Pyrex 50, 25 and 10m!. 

5. Reage:nts 
5.1 Sodium Carb(lll:.Jte solutioll, apprmimately 0.05 N: Place: 2.5 : 0.2 g (10 ne:arest mg) 

1"a:CO. (dried at 250·C for -+ h()ur~ and cooled in desiccator) into a I liter volumetril' 
fb,k :H1d dilute to the mark. 

Approved f,)r ;\PDES 

h"ueJ 1971 
Edit0rial re:\i,ioll 1C)78 
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.s.2 Standard acid (sulfuric or hydrochloric). 0.1 N; Dilute 3.0 m! cone HoSO, or.8.3 ml COne 

HCI to 1 liter with distilled water. Standardize versus 40.0 ml of 0.05 N ~a:CO; solution 
with about 60 ml distilled water by titrating potentiometrically to pH of about 5. Lift 
electrode and rinse into beaker. Boil solution gently for 3-5 minutes under a watch glass 
co\er. Cool to room temperature. Rinse cover glass into beaker. Continue titration to the 
pH intlection point. Calculate normality using: 

N= A x B 
53.00 x C 

where: 
A = g Na;CO.; weighed into 1 liter 
B = ml Na:CO:. solution 
C = mlacid used to inflection point 

5.3 Standard acid (sulfuric or hydrochloric), 0.02 N: Dilute 200.0 ml of 0.1000 N standard 
acid to 1 liter with distilled water. Standardize by potentiometric titration of 15.0 ml 0.05 
N l"3:C03 solution as above. 

Procedure 
6.1 Sample size 

6.1.1 Use a sufficiently large volume of titrant (> 20 ml in a 50 ml buret) to obtain good 
precision while keeping volume low enough to permit sharp end point. 

6.1.2 For < 1000 mg CaCO/l use 0.02l" titrant ( 
6. J.3 For> 1000 mg CaCO/I use 0.1 N titrant 
6.1.4 A preliminary titration is helpful. 

6.2 Potentiometric titration 
6.2. I Place sample in flask by pipetting with pipet tip near bottom of flask 
6.2.2 Measure pH of sample 
6.2.3 Add standard acid (5.2 or 5.3), being careful to stir thoroughly but gently to allow 

needle to obtain equilibrium. 
6.2.4 Titrate to pH 4.5. Record volume of titrant. 

6.3 Potentiometric titration ofIow alkalinity 
6.3.1 For alkalinity of < 20 mg/I titrate 100-200 ml as above (6.2) using a 10 ml 

microburet and 0.02 N acid solution (5.3). 
6.3.2 Stop titration at pH in range of 4.3-4.7, record volume and exact pH. Very 

carefully add titrant to lower pH exactly 0.3 pH units and record volume. 
Calculations 
7.1 Potentiometric titration to pH 4.5 

Alkalinity. mg/l CaCO) = r\ x N x SO.O<X) 
mil)! ~amrk 

310.1-2 
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where: 
A = ml sl.1ndard acid 
~ = normality standard acid 

7.2 Potentiometric titration of low 3lkalinity: 

Total.1lkalinity. mg/J CaCO; = (28 - C) x N x 50.00() 
. ml 01 sampk 

where: 

B = ml titrant to first recorded pH 
C = total ml titrant to reach pH 0.3 units lower 
~ = normality of acid 

Precision and Accuracy 
8.1 Forty analysts in seventeen laboratories analyzed synthetic water samples containing 

increments of bicarbonate, with the following results: 

Increment as 
Alk::\lini:y 

mg/liter. CaCO j 

8 
9 

113 
119 

Precision as 
Standard Deyiation 
mg/liter, CaCO; 

1.27 
1.14 
5.28 
5.36 

Bias. 
% 

+ 10.61 
+22.29 
- 8.19 
- 7.42 

Accuracy as 
Bias. 

mg/l. CaCO, 

+0.85 
+2.0 
-9.3 
-8.8 

(FWPCA Method Study I, Mineral and Physical Analyses) 

8.2 In a single laboratory (EMSL) using surface water samples at an average concentration 
of 122 mg CaCOJI, the standard deviation was: 3. 
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~ITROGE~, A\I\10~IA 

\lethod 350.2 (Colorimetric; Titrimetric; Potentiometric 
Distillation Procedure) 

10013 

STORET NO. Total 00610 
Dissolved 00608 

Scope and Application 
1.1 This distillation method covas the determin:ltion of am monia-nitrogen e:xclu~ive of total 

Kjeldahl nitrogen. in drinking. surface and saline waters, domestic and industrial wastes. 
It is the method of choice where economics and sample load do not warrant the use of 
automated equipment. 

1.2 The method covers the range from about 0.05 to !.O mg NHj-N/i for the colorimetric 
procedure. from 1.0 to 25 mg/l for the titrimetric procedure. and from 0.05 to 1400 

mg/I for the electrode method. 
1.3 This method is described for macro glassware; however, micro distillation equipment 

may also be used. 
Summary of Method 
2.1 The sample is butTered at a pH of9.5 with a borate butTer in order to decrease hydrolysis 

of cyanates and. organic nit rogen compounds, and is then distilled into a solution of boric 
acid. The ammonia in the distillate can be determined colorimetrically by nesslerization. 
titrimetrically with standard sulfuric acid with the use of a mixed indicator. or 
potentiometrically by the ammonia electrode. The choice between the first two 

procedures depends on the concentration of the ammonia. 
Sample Handling and Preservation 
3.1 Samples may be preserved with 2 ml of conc. HcSO.l per liter and stored at 4°C. 
Interferences 
4.1 A number of aromatic and aliphatic amines. as well as other compounds. both organic 

and inorganic, will cause turbidity upon the addition of Nessler reagent. so direct 
nesslerization (i.e., without distiiiation), has been discarded as an official method. 

4.2 Cyanate, which may be encountered in certain industrial emuents. will hydrolyze 10 

some extent even at the pH of 9.5 at which distillation is carried out. Vol:Jtile alkaline 
compounds, such as certain ketones, aldehydes, and alcohols, m:JY c:Juse an otT-color 
upon nesslerization in the distillation method. Some of these, such as formaldehyde. may 
be eliminated by boiling otT at a low pH (approximately 2 to 3) prior. to distilbtion :JnJ 
nesslerization. 

4.3 Residual chlorine must also be removed by pretreatment of the sample with sodium 
thiosulfate before distillation. 

Approved for :\PDES 
Issued 1971 
Editorial re\i ... ion 1974 
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5. Apparatu" 
5.1 An all-gla~s distilling apparatus with an 800-1000 ml fla~k. 
5.2 Spectrophotometer or filter photometer for use at 425 nm and providing a light path of 

cm or more. 
5.3 

5.4 

!':essler tubes: \-iatched Nessler tubes (APHA Standard) about 300 mm iong. 17 mm 
inside diameter. and marked at 225 mm : 1.5 mm inside measurement from bottom. 
Erlenmeyer flasks: The distillate is collected in 500 ml glass-stoppered flasks. These 
fla~ks should be marked at the 350 and the 500 ml volumes. With such marking. it is not 
necessary to transfer the distilbte to volumetric flasks. 

6. Reagents 
6.1 Distilled water should be free of ammonia. Such water is best prepared by passage 

through an ion exchange column containing a strongly acidic cation exchange resin 
mixed with a strongly basic anion exchange resin. Regeneration of the column should be 
carried out according to the manufacturer's instructions. 
:\OTEl: All solutions must be made with ammonia-free \ .... ater. 

6.2 Ammonium chloride, stock solution: 1.0 ml = 1.0 mg NHrN. Dissolve 3.819 g :\H;C) 
in distilled water and bring to volume in a 1 liter volumetric flask. 

6.3 Ammonium chloride, standard solution: 1.0 ml = 0.01 mg. Dilute 10.0 ml of stock 
solution (6.2) to I liter in a volumetric flask. 

6.4 Boric acid solution (20 g/I): Dis50lve 20 g HjBO j in distilIed water and dilute to I liter. 
6.5 Mixed indicator: Mix 2 volumes ofO.2O/C methyl red in 95% ethyl alcohol with I volume 

of 0.2% methylene blue in 95o/c ethyl alcohol. This solution should be prepared fresh 
every 30 days. 
:\OTE 2: Specially denatured ethyl alcohol conforming to Formula 3A or 30 of the U.S. 
Bureau ofInternal Revenue may be substituted for 95% ethanol. 

6.6 Ne5sler reagent: Dissohe J 00 g of mercuric iodide and 70 g of potassium iodide in a small 
amount of water. Add this mixture slowly. with stirring, to a cooled solution of 160 g of 
NaOH in 500 ml of water. Dilute the mixture to J liter. If this reagent is stored in a Pyrex 
bottle out of direct sunlight, it will remain stable for a period of up to 1 year. 
Z"OTE 3: This reagent should give the characteristic color with ammonia within 10 
minutes after addition, and should not produce a precipitate with smaII amounts of 
ammonia (0.04 mg in a 50 ml volume). 

6.7 Borate buffer: Add 88 ml of 0.1 ~ NaOH solution to 500 ml of 0.025 \-1 sodium 
tetraborate solution (5.0 g anhydrous ~a~B .. O- or 9.5 g Na 2B.O;·]OH:O per liter) and 
dilute to 1 liter. 

6.8 Sulfuric acid. stand:Hd solution: (0.02 N, ] ml = 0.28 mg NH;-l'\). Prep:.He a stock 
solution of approximately O. I l'\ acid by diluting. 3 ml of conc. H:SO .. (sp. gr. 1.84) to 1 
liter with CO:-free distilIcd water. Dilute 200 ml of this solution to 1 liter \ .... ith CO:-free 
distilkd wata. 
:\OTE 4: An alternate and perhaps preferable method i~ to standardize the 
approximately 0.1 N H2SO. solution agaimt a 0.100 N Na;CO. solution. By proper 
dilution the 0.02 N acid can then be preparc:d. 
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6.8.1 Standardize the approximately 0.02 N acid against 0.0200 N Na=CO, solution. 
Tins last solution is prepared by dissolving 1.060 g anhydrous Na:CO;, oven-dried 
at i40"C, and diluting to 1000 ml with CO=-free distilled water. 

6.9 Sodium hydroxide, 1 N: Dissolve 40 g NaOH in ammonia-free water and dilute to I liter. 
6.10 Dechlorir,ating reagents: A number of dechlorinating reagents may be used to remove 

residuai chlorine prior to distillation. These include: 
a. Sodium thiosulfate (1170 l'): Dissolve 3.5 g Na:SPJ·SH:O in distilled water and 

dilute to 1 liter. One ml of this solution will remove I mg/1 of residual chlorine in 
500 ml of sample. 

b. Sodium arsenite (1/70 N): Dissolve 1.0 g NaAsO: in distilled water and dilute to 1 
liter. 

7. Procedure 
7.1 Preparation of equipment: Add 500 ml of distilled water to an 800 ml Kjeldahl flask. The 

addition of boiling chips which have been previously treated with dilute NaOH will 
prevent bumping. Steam out the distillation apparatus until the distillate shows no trace 
of ammonia with Nessler reagent. 

7.2 Sample preparation: Remove the residual chlorine in the sample by adding 
dechlorinating agent equivalent to the chlorine residual. To _400 ml of sample add 1 N 
NaOH (6.9). until the pH is 9.5, checking the pH during addition with a pH meter or by 
use of a short range pH paper. 

7.3 Distillation: Transfer the sample, the pH of which has been adjusted to 9.5. to an 800 ml 
Kjeldahl flask and add 25 ml of the borate buffer (6.7). Distill 300 ml at the rate of6-IO 
mlimin. into So"ml of2% boric acid (6.04) contained in a 500 ml Erlenmeyer flask. 
:\OTE 5: The condenser tip or an extension of the condenser tip must e.>;tend below the 
level of the boric acid solution. 

'Diiute the distillate to 500 ml with distilled water and nesslerize an aliquot to obtain an 
approximate value of the ammonia-nitrogen concentration. For concentrations above 1 
mg/I the ammonia should be determined titrimetrically. For concentrations below this 
value it is determined colorimetrically. The electrode method may also be used. 

7.4 Determination of ammonia in distillate: Determine the ammonia content of the distillate 
titrimetrically, colorimetrically or potentiometrically as described below. 
7.4.1 Titrimetric determination: Add 3 drops of the mixed indicator to the distillate and 

titrate the ammonia with the 0.02 N H:SO ... matching the end point against a blank 
containing the ~ame volume of distilled water and H;BO; solution. 
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7.4.2 Colorimetric determination: Prepare a series of Nessler tube standards as follows: 

ml of StJnd:Hd 
1.0 ml = 0.01 mg :\,H .-~ 

0.0 
0.5 
1.0 
2.0 
3.0 
4.0 
5.0 
8.0 

10:0 

mg NH,-N/50.0 ml 

0.0 
0.005 

0.01 
0.02 
0.03 
0.04 
0.05 
0.03 
0.10 

Dilute each tube to 50 ml with distilled water, add 2.0 ml of :\essler reagent (6.6) 

and mix. After 20 minutes read the absorbance at 425 nm apinst the blank. From 
the values obtained plot absorbance ',Is. mg NH3-N for the standard curve. 
Determine the ammonia in the distiIlate by nesslerizing 50 ml or an aliquot diluted 
to 50 ml and reading the absorbance at 425 nm as described above for the 
standards. Ammonia-nitrogen content is read from the ,?tandard curve. 

7.4.3 Potentiometric determination: Consult the method entitled !,\itrogen. Ammonia: 
Selective Ion Electrode ~fethod (:Method 350.3) in this manual. 

7.5 It is not imperative that alI standards be distilled in the same manner as the sarr:ples. It is 
recommended t.hat at least two standards (a high and low) be distilled and compared to 
similar values on the curve to insure that the distillation technique is reliable. If distilied 
standards do not agree wilh undistilled standards the operator should find the cause of 
the apparent error before proceeding. 

CaJcu la t ions 
8.1 Titrimetric 

8.2 

mg/I NH, _ N = A x 0.28 X 1,000 
S 

where: 
A = ml 0.02 j\; H.:SO~ used. 
S = ml sample. 
Spect rophotometric 

mg:1 :\,H. - N = A x 1,000 B 
o x C 

where: 
A = mg ~H\-N read from standJrd curve. 
B = ml total distillate colle~ted. induJing boric acid and dilution. 
C = ml di~tillate taken for ne~~lerizatiolJ. 
D = ml of original samrk taken. 
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8.3 Potentiometric 

mgil NH. - N 
500 

=-
D 

xA 

where: 
A = mg :\,Hj-!\/l from electrode method stand3rd curve. 
D = mi of original sample taken. 

1001,1 

9. Precision and Accuracy 
9.1 Twenty-four analysts in sixteen laboratoric:; analyzed natural water samples containing 

exact increments of an ammonium salt, with the following results: 

Increment as 
Nitrogen. Ammonia 

mg N/liter 

0.21 
0.26 
1.71 
1.92 

Precision as 
Standard Deviation 

mg~/liter 

0.122 
0.070 
0.244 
0.279 

Bias. 
9C 

-5.54 
-18.12 
+0.46 
-2.01 

Accuracy as 
Bias. 

mg !\/lirer 

-D.OI 
-D.OS 

+0.01 
-D. 04 

(FWPCA Method Study 2, Nutrient Analyses) 

I. 

2. 
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Purgeable Halocarbons­
Method 601 

1 . Scope and Application 

,. , This method covers the determi· 
nation of 29 purgeable halocarbons. 
The following parameters may be 
determined by this method: 

Parameter 

Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
2·Chloroethylvinyl ether 
Chloroform 
Chloromethane 
Dibromochlorome!hane 
l,2-Dichiorobenzene 
1.3·Dichlorobenzene 
l,4·Dichlorobenzene 
Dichlorodifluoromethane 
l,l·Dich:oroethane 
l,2·Dichloroethane 
1,1 ·Dichloroethene 
trans·l,2·Dichloroethene 
1,2 ·Dichloropropane 
cis·l ,3·Dichloropropene 
trans· 1 ,3·Dichloropropene 
Methylene chloride 
1,1,2,2· Tetrachloroethane 
Tetrachloroethene 
1,1,1' Trichloroethane 
l,1,2·Trichloroethane 
Trichloroethene 
T richlorofluoromethane 
Vinyl chloride 

'.2 This IS a purge and trap gas 
chromatographic method appllcaole to 
the determination of the compounds 
lis:ed above in municipal and industrial 
discharges as provided under 40 CFR 

601·1 July 1982 

STORET No. 

32101 
32104 
34413 
32102 
34301 
34311 
34576 
32106 
34418 
32105 
34536 
34566 
34571 
34668 
34496 
34531 
34501 
34546 
34541 
34704 
34699 
34423 
34516 
34475 
34506 
34511 
39180 
34488 
39175 

CAS No. 

75-27·4 
75·25·2 
74·83·9 
56·23·5 

108·90· 7 
75·00-3 

100·75·8 
67·66·3 
74·87·3 

, 24·48·1 
95·50·1 

541·73·1 
106·46· 7 
75·71·8 
75-34-3 

107·06·2 
75·35·4 

156·60· 5 
78·87·5 

10061·01·5 
10061·02·6 

75-09·2 
79·34·5 

127·18·4 
71·55·6 
79·00·5 
79·01·6 
75·69·4 
75·01-4 

136.1. When this method IS used to 
analyze unfamiliar samples for any Of 

all of the compounds above, compound 
identification should be supported by at 
least one addltlona: Qualitative 



technique. This method describes 
af1alytical conditions tor a ,~cond gas 
Chrornatograptnc column that can be 

sed to confirm measurem~nts made 
Ith the pflmary column. Me:hod 624 

vides gas chroma::ograph mass 
spectrometer IGC ~1Si C0(1(jllI0ns 
appropflate for the ~L.ali:atlve ard 
quantitative con~irmat:on of res:...!ts for 
most of the ;JarJrr:e'~Jrs iistec Joc'Je. 

1.3 The f":"'ethod detection limit iMDL. 
defined in Section 12 11' 11 for each 
p<Jrameter I.S listed In lab!e 1. Tne MOL 
for a specific wastewater may differ 
liem these listed. depending upen the 
nature of interferences ·n the sample 
matrix. 

1.4 Any modification of lr"s method, 
beyond those e xpressiy permitted, 
shall be cons.dered 3S major mOdifica­
tions subject to application af'd 
approval oi alternate test procedures 
under 40 CFR 136.4 and 136.5. 

1.5 This method is restricted to use 
by or under the supervision of analysts 
experienced in the operation of a pt.;rge 
and trap system and a gas chromato­
graph and in the interpretation of 
Chromatograms. Each analyst must 
demonstrate the ability to generate 
acceptable results with this method 
using the procedure cescribed in 

ion 8.2. 

Summary of Method 

2.1 An inert gas is bubbled through a 
5-mL water sample contained in a 
specially-designed purging chamber at 
ambient temperature. The halocarbons 
are efficiently transferred from the 
aqueous phase to the vapor phase. The 
vapor is swept through a sorbent trap 
where the halocarbons are trapped. 
A fter purging is completed, the trap is 
heated and back flushed with the inert 
gas to desorb the halocarbons onto a 
gas chromatographic column. The gas 
chromatograph is temperature pro­
grammed to separate the halocarbons 
which are then detected with a halide­
specific detector .12.3 1 

2.2 The method pro'"des an optional 
gas chromatographic column that may 
be helpful in resoh/lng the com;:lounds 
of interest from Interferences that may 
occur. 

3. Interferencos 

3.1 Impurrties In the ;:ll,irge gas and 
organic compounds out·gassing from 

plumbing ahead of tr.e trap account 
the maioflty of contamination 

prcb!ems. The analyt'cal system must 
be demonstrated to be free from 

contamination uf'der the conditions of 
the analysis by runnir.g laboratory 
reagent blanKS as d~scnbed j(\ Section 
8.5. The use of non·TFE plastic tubing, 
non· TFE thread sealants, or flow 
controllers With rubber components in 
the ;:l\..;rgl'1g C!e'/lce should be aVOided. 

3.2 Samples can be contamir.ated by 
diffUSion of volatile organics (partICu, 
larlv f'uorccarbons and rr.ethy!ere 
ct-Icnce) throuo;h the septum seal into 
the s.Jmple dunng shipment ar.d 
storage. A field reagent blank prepared 
frcm reagent water and carried through 
the sam piing and handling protocol can 

. serve as a check on such 
cor.tamlnatlon. 

3.3 Contamination by carry·over can 
occur whenever high level and :ow 
level samples are sequentially af'alyzed. 
To reduce carry-over, the purging 
device and sample syrir.ge must be 
rinsed with reagent water between 
sample analyses. vVhenever an 
unusually concentrated sample is 
encountered, it should be followed by 
an analysis of reagent water to check 
for cross contamination. For samples 
containir.g large amounts of water· 
solub!e materials, suspended solids, 
high boiling compounds or high 
erganohalide levels, it may be neces­
sary to wash out the purging device 
With a detergent solution, rinse it with 
distilled water, and then dry it in a 
105°C oven between analYSeS. The 
trap and other parts of the system are 
also subject to contamination; there­
fore, frequent bakeout and purging of 
the entire system may be required. 

4. Safety 

4.1 The toxicity or carcinogenicity of 
each reagent used in this method has 
not been preCisely defined; however, 
each chemical compound should be 
treated as a potential health hazard. 
From this viewpoint, exposure to these 
chemicals must be reduced to the 
lowest pOSSible level by whatever 
means available. The laboratory is 
responsible for maintaining a current 
awareness file of OSHA regulations 
regardiflg the safe handling of the 
chemicals specified in this method. A 
reference file of material data handling 
sheets shol;ld also be made available to 
all personnel involved in the chemical 
anal·/sls. Additional references to 
laboratory safety are available and 
have been identJ#led l4 61 for the mfor­
matlon of the analyst. 

4.2 The fOliowif1g ;:larameters 
co·.ered by th,s method have been ten­
tatively claSSified as known or 
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1 
suspected, human or mammalian 
carCinogens: carbon tetrachloride. 
chloroform, ,. .4-dichlorobenzene, and 
vinyl chloride Pflmary standards of 
these toxic compounds should be 
prepared In a '1ocd. A NIOSH,MESA 
approved tOXIC gas respirator should be 
worn when the ar.alyst handles high 
concentrations of It',ese toxic 
compoundS. 

5. Apparatus and Materials 

5.1 Sampling equipment, for discrete 
sampling. 

5.1.1 Vial- 25·mL capacity or larger, 
equipped with a screw cap with hole in 
center (Pierce 1113075 or equivalent). 
Detergent wash. rinse cap with tap and 
distdied water. and dry at 105°C 
before use. 

5. 1.2 Septum- Tefion-faced silicone 
(Pierce;;' 1 2722 or equivalen~). 
Detergent wash. rinse with tap and 
distilled water. and dry at 105°C for 
one hQur before use. 

5.2 Purge and trap device- The 
purge and trap device consists of three 
separate pieces of equipment: the 
sample purger. trap, and the desorber. 
Several complete devices are now 
commerciallyavailable. 

5.2. 1 The sample purger must be 
designed to accept 5-mL sarrples with 
a water column at least 3 cm deep. 
The gaseous head space between the 
water column ar.d the trap must have a 
total volume of less than 1 5-ml. The 
purge gas must pass through the water 
column as finely divided bubbles with a 
diameter of less than 3 mm at the 
origin. The purge gas must be intro­
duced no more than 5 mm from the 
base of the water column. The sample 
purger, illustrated in Figure 1, meets 
these design criteria. 

5.2.2 The trap must be at least 25 
cm long and have an inside diameter of 
at least 0.105 inch. The trap must be 
packed to contain the following 
minimum lengths of adsorbents: 1.0 
cm of methyl silicone coated backing 
(Section 6.3.3), 7.7 cm of 
2,6-diphenylene oxide polymer 
(Section 6.3.21, 7.7 cm of silica gel. 
7.7 gm of coconut charcoal (Section 
6.3.1). If it is r.ot necessary to analyze 
for dlchlorodlfluroromethane. the char­
coal can be eliminated, and the polymer 
section lengthened to 15 cm. The 
minimum specifications for the trap are 
illustrated in Figure 2. 

5.2.3 The desorber must be capable 
of rapidly heating tt'e trap to 180°C. 
The polymer section of me trap should 
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not be heated higher than 180°C and 
the remaining sections should not 
exceed 12'0 GC, The desorber design, 
illus~rated in Figure 2. meets these 
criteria. 

5.2.4 The purge and :r3p device may 
be assembled as a separate unit or be 
coupled to a gas chromatograph as 
illustrated in Figures 3 ana 4. 

5.3 Gas chromatograph-An analyti­
cal system complete with a tempera· 
ture programmable gas chromatograph 
suitable for on· column injection and all 
required accessories including syringes, 
analytical columns, gases, detector, 
and stnp-chart recorder. A data system 
is recommended for measur;ng peak 
areas. 

5.3.1 Column 1-8 It long x 0.1 in 
10 stainless steel or glass, packed with 
1 '% SP-l 000 on Carbopack B 160.80 
mesh) or equivalent. This column was 
used to develop the method perfor­
mance statements in Section 1 2. 
Guidelines for the use of alternate 
column pac kings are provided in 
Section 10.1. 

5.3.2 Column 2-6 ftlong x 0.1 in 
10 stainless steel or glass, packed with 
chemically bonded n-octane on Porasii­
C 1100; 120) mesh or equivalent. 

5.3.3 Oetector- Electrolytic conduc· 
tivity or microcoulometric. These types 
of detectors have prover, effective in 
the analysis of wastewaters for the 
parameters listed in the scope. The 
electrolytic conductivity detector was 
used to develop the method perfor­
mance statements ind MOL listed in 
Tables 1 and 2. Guidelines for the use 
of alternate detectors are provided in 
Section 10.1. 

5.4 Syringes- 5-mL glass hypo­
dermic with Luerlok tip Itwo each). if 
applicable to the purging device. 

5.5 Micro syringes-25 ;A. 0.006 in 
10 needle. 

5.6 Syringe valve- 2·way. with Luer 
ends Ithree each!. 

5.7 Syring"l- 5·mL. gas·tight with 
shut·off valve. 

5.8 Bottle- 1 5·mL. screw cap. with 
Teflon cap liner. 

5.9 Balance- Analytical. capable of 
accura:e!y weighing 0.0001 g. 

6. Reagents 

6.1 Reagen: water- Reage'it water IS 
defined as a water in which an 
ir,te"erent is 'lOt observed at the MDL 
of tne parameters of interest. 

S.1.1 Reagent water can be generated 
:)y passing tap waler through a carbon 
'ilter bed containing about 1 lb. of 
,ctiva:ed carbon (Fdtrasorb·300 or 
;quivalent ICalgon Corp.)). 

i.l.2 A waler purification system 
• 'v1i!hpore Super-Q or equivalent) may 
ue used to generate reagent water. 

u.r.3 Reagent water may also be 
ore;::;ared by boiling water for 15 
;,linutes. Subsequently. while maintain­
infj the temperature at 90°C. bubble a 
contaminant-free inert gas through the 
water for one hour. While still hot. 
transfer the water to a narrow mouth 
:;crew·cap bottle and seal with a 
Teflon·lined septum and cap. 

6.2 Sodium thiosulfate- (ACS) 
Granular. 

6.3 Trap Materials 

6.3.1 Coconut charcoal i6. 10 mesh 
sieved to 26 mesh), (Barnaby Chaney, 
CA·580·26 lot # M·2649 or 
equivalent) . 

6.3.2 2.6·Dipheny!ene oxide 
po!ymer- Tenax. (60/80 mesh). 
chromatographic grade or equivalent. 

6.3.3 Methyl silicone packing-3% 
OV-' on 60/80 mesh Chromosorb-W 
or equivalent. 

6.3.4 Silica gel-35:60 mesh. 
Davison. grade·l 5 or equivalent. 

6.4 Methyl Alcohol- Pesticide quality 
or equivalent. 

6.5 Stock standard solutions - Stock 
standard solutions may be prepared 
from pure standard materials or 
purchased as certified solutions. 
Prepare stock standard solutions in 
me thy! alcohol using assayed liquids or 
gas cylinders as appropriate. Because 
of the toxicity of some of the 
organohalides. primary dilutions of 
these materials should be prepared in a 
hood. A NIOSH/MESA approved toxic 
gas respirator should be used when the 
analyst handles high concentrations of 
such materials. 

6.5.1 Place about 9.8 mL of methyl 
alcohol into a 1 O·mL ground glass 
stoppered volumetric flask. Allow the 
flask to stand. unstoppered. for about 
10 minutes or until all alcohol wetted 
surfaces have dried. Weigh the flask to 
the nearest 0.1 mg. 

6.5.2 Add the assayed reference 
mateflal: 

6.5.2.1 Liquids - USing a 100·.uL 
syringe. immed,arely add two or more 
drops of assayed reference material to 
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the flask. then reweigh. Be sure Ihat 
the drops fall directly In\o the alcohol 
without contacting the neck of the 
flask. 

6.5.2.2 Gases - To prepare standards 
for any of the SIX halocarbons that bod 
below 30°C Ibromome:hane. chioro· 
ethane, chloromethane. dlchlorod" 
fluorornethane. trichlo'ofluorome~hane. 
vinyl chloride). fill a 5·mL valved gas· 
tight syringe with the reference 
standard to the 5.0-mL mark. Lower 
the needle to 5 mm above the methyl 
alcohol meniscus. Slowly introduce the 
reference standarc above the surface 
of the liquid Ithe heavy gas will rapld~y 
dissolve into the r.ethyl alcohol). 

6.5.3 Reweigh. dilute to volume. 
stopper, then mix by inver:ing the flask 
several times. Calculate the concentra· 
tion in micrograms per microliter from 
the net gain in weight. When compound 
purity is assayed to be 95% or greater. 
the weight can be used without correc­
tio!1 to calculate the concentration of 
the stock standard. Commercial!y pre· 
pared stock standards can be used at 
any concentration if they are certified 
by the manuf acturer or by an indepen­
dent source. 

6.5.4 Transfer the stock standard 
solution into a Teflon·sealed screw-cap 
bottle. Store. with minimal headspace. 
at - 10 to - 20°C and protect from 
light. 

6.5.5 Prepare fresh standards weekly 
for the six gases and 2'ch!oroethylvinyl 
ether. All other standarcs mUSt be 
replaced after one month. or sooner if 
comparison with che:k standards 
indicate a problem. 

6.6 Secondary dilution standards­
USing stock standard solutions. prepare 
secondary dilution standards in methyl 
alcohol that contain the compounds of 
interest. either singly or mixed together. 
The secondary dilution standards 
shou'd be prepared at concentrations 
such that the aqueous calibration 
standards prepared In Sections 7.3.1 
or 7.4.1 Will bracket tFle working range 
of the analytical system. Secon;;ary 
dilution standards shouid be stored 
with minimal headspace and should be 
checked frequently for Signs of degrad· 
ation or evaporation. espeCially just 
prior to preparing calibration standiirds 
from them. Quality control check 
standards that ca,' be used to 
determine the accuracy of calibration 
standards w'lI be avadable from the 
U. S. Environmental Protection Agency. 
Environ~ental MO"1ltopng a'id Support 
labor atory. In CinCinnati. OhiO. 

'1 {j 
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7. Calibration 

7.1 Assemble iJ purge and triJp device 
that rree:s the specif'cations In Section 

.2. Condition the trap overnight at 
80°C by back Ilushl('g with an Inert 

gas flow of at :east 20 mL min. Pnor to 
use. dally condition traps 10 m,nl,;!es 
while bacl..flushlng at 180 ·'C. 

7.2 Conr~ct the :J'-lrge ard trap 
deVice to a gas chromatograph. The 
gas chrOrT'atagr~ph must be operated 
uSing temperature ard flow rate paramo 
eters equivalent to those In T dble ,. 
Calibrate the purge and trap·gas 
chromatographic Sy stem using either 
the external standard recnnir;lJe 
(Section 7.31 or the Internal standard 
techn,ql,;e (Section 7.4l. 

7.3 E1(ter~al standard ;::albratoon 
proced",re: 

7.3.1 Prepare calibration standards 
at a minimum of tt-fee concentratIOn 
levels for each parameter by carefully 
adding 20.0 ;.tL oi one or more second· 
ary dilution stancards to 100. 500. or 
1000 mL of reagent water. A 25·j..:L 
syringe with a 0.006 Inch ID needle 
should be used for this operation. One 
of the external standards should be at a 
concentration rear. but above. the 
rr.ethod detection limit iSee Table 1) 

the other concentrations should 
rrespond to the expected range of 

centrations found in real samples or 
should define the working range of the 
detector. These aqueous standards can 
be stored up to 24 hours. if held in 
sealed vials with zero headspace as 
described in Section 9.2. If not so 
stored. they must be discarded after 
one hour. 

7.3.2 Analyze each calibration 
standard according to Section 10. and 
:J~uia:e pea;" r.e:g~t or area responses 
yersus the concentration in the 
standard. The results can be used to 
prepare a calibration Curve for each 
compound. Alternatively. if the ratio of 
response to concentration (calibration 
factor) is a constant over the working 
range {<1 0% relative star.dard devia­
tion. ASDI. linearity through the origin 
can be assumed and the average ratio 
or calibration factor can be used in 
place of a calibration curve. 

7.3.3 The wori<lng calibration curve 
or cailbratlon factor mUST be verified on 
c.3ch · ..... orl("ng cay by the measurement 
of one or more ca:,or atlon standards. If 
t~e resconse for any carameter varies 

tne ;:lreclc:ed response oy more 
n = 10",. the tes~ must be repeated 

uSing a fresn cal.::ra:'o,-, standard. 
A;ternatlve!y. a ne .... cai.br at:on Curve 

or calibration factor rr.ust be prepared 
for :hat parameter. 

7.4 Internal standard calibration 
procedure. To use this approach. the 
analyst must select one or more internal 
standards that are similar in analytical 
behavior to the compounds of interesl. 
The analyst must further derr.onstrate 
that the measurement of the internal 
standard is not affected by method or 
matrix interferences. Because of these 
lim,tatlons. no Internal standard can be 
suggested that is applicable to all 
samples. The compounds recommended 
for use as surrogate spikes in Section 
8.7 have been used successfully as 
inter"al standards. tecause of their 
generally unique retention tirr.es. 

7.4.1 Prepare calibration standards 
at a m;r.imum of three concentration 
levels for each parameter of Interest as 
descrited In Section 7.3.1. 

7.4.2 Prepare a spiking solution con· 
tainin; each of the internal standards 
using ::'e procedures described in 
Sections 6.5 and 6.6. It is recom­
meilded that the secondary dilution 
standard be prepared at a concentra­
tion of 1 5 fJg;mL of each internal 
standard compound. The addition of 
1 OfJL of this standard to 5.0 mL of 
sample or calibration stardard would 
be equivalent to 30 fJ gil. 

7.4.3 Analyze each calibratior. stand­
ard. according to Section 10. adding 
10 fJ L of internal standard spiking solu­
tion directly to the syrir.ge (Section 
10.4). Tabulate peak height or area 
responses against concentration for 
each compound and internal standard. 
and calculate response factors (RF) for 
each compound using equation ,. 

Eq. 1 RF = (AsC's):{A,sCsl 
where: 

As Response for the parameter to 
be measured. 

A,S Response for the internal 
standard. 

C's = Concentration of the internal 
standard. 

Cs Concentration of the 
parameter to be measured. 

If the RF value over the working range 
is a constant «10% RSO). the RF can 
be assumed to be invariant and the 
average RF can be used for calculations. 
Alternatively. the results can be used 
to plot a calibration cur.e of response 
ratios. A.:A,s' vs. RF. 

7.4.4 The ","orking calibration curve 
or RF must be verified on each ...... oric.ing 
day by tt'le l'T'eaSUrement of one or 
more calibration star.dards. If tne 
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response for any parameter Yar'es from 
the predlced response by more than 
:t 10%, the test must be repeated 
uSing a fresh cJI;bratlon standard. 
Alternatively. a new calibration curve 
must be preJared for that compound. 

8. Quality Control 

8.1 Each laboratory that uses :hls 
method is required to operate a formal 
Quality control program. The minimum 
requirements of this program corsist of 
an ,nitial demonstration of laboratory 
capability and the analysis of spiked 
samples as a continuing check on 
performance. The laboratory is required 
to maintain performance records :0 
define the quality of data that is 
generated. Ongoing perforrr.ance 
checks must be compared with estab· 
lished performance criteria to determine 
if the results of analyses are within 
accuracy and preCision limits expected 
of the method. 

8. 1.1 Before performing any 
analyses, the analyst must demonstrate 
the ability to generate acceptable 
accuracy and precision with this 
method. This ability is established as 
described in Section 8.2. 

8. 1.2 In recognition of the rapid 
advances that are occurring in chroma· 
tography. the analyst is permitted cer· 
tain options to improve the separations 
or lower the cost of measurements. 
Each time such modifications are made 
to the method, the analyst is raquired 
to repeat the procedure in Section 8.2. 

8.1.3 The laboratory must spike and 
analyze a minimum of 10% of all 
samples to monitor continuing labora­
tory performance. This procecure is 
described in Section 8.4. 

8.2 To establish the abinty to generate 
acceptable accuracy and precision. the 
analyst must perform the following 
operations. 

8.2. 1 Select a representative spike 
concentration for each compound to be 
measured. Using stock standards. 
prepare a quality control check sample 
concentrate in methyl alcohol 500 
times more concentrated than the 
selected concentrations. Quality 
control check sample concentrates. 
appropriate for use with this method. 
Will be available from the U.S. 
EnVironmental Protection Agency. 
Envlionmental MOOitoring and Support 
Laboratory, CiOciOnati, OhiO 45268. 

8.2.2 Using a syringe. add 10 fJL of 
the check sample concentrate to each 
of a minimum of four 5·mL aliQuots of 
reagent water. A representative waste-
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water may be used in place of the 
reagent wa.teI. but one or mRre addi­
tional aliquots must be analyzed to 
determine background levels, and the 
spike level must exceed tWice the 
background level for the test to be 
valid Anal {Ie the a!iquots according to 
the method begl,):1lng in Section 10. 

8.2.3 Ca!cula:::: the aver age percent 
recovery. (Rl. and the stannard devia· 
tion of the percent recovery (5), for the 
results. Wastewater background cor· 
rections must be made before Rand s 
calculations are performed. 

8.2.4 Using Table 2. note the average 
recovery (XI and standard deviation (pi 
expected for each method parameter. 
Compare these to the calculated values 
for Rand s. If s ::> 2p or :X - R, ::> 2p, 
review potential problem areas and 
repeat the test. 

8.3 The analyst must calculate 
method performance criteria and define 
the performance of the laC-oratory for 
each spike concentration and parameter 
being measu;ed. 

8.2.5 The U.S. Environmental 
Protection Agency plans to establish 
performance criteria for Rand s based 
upon the r::sults of interlaboratory 
testing. When they become available, 
these criteria must be met before any 
samples may be analyzed. 

8.3.1 Calculate upper and lower 
control limts for method performance: 

Upper Control Limit (UCL) = R + 3s 
Lower Control Limit (LCU = R - 3s 

where Rand s are calculated as in 
Section a.2.3. The UCL and LCL can 
be ;.)sed to construct control charts!71 
that are useful in observing trends in 
perforr"iance. The control limits above 
must be replaced by method perfor­
mance criteria as t'1ey become available 
from the U.S. EnVironmental Protection 
Agency. 

8.3.2 The laboratory must develop 
and ma,')tairl separate accuracy stale­
ments of laboralOry performance for 
waste",ater samples. An accuracy 
stateme .. t for the method is defined as 
R ::: s. The ac:uracy statement should 
be developed by rhe analysis of four 
ailauots of wastewater as described ;n 
SeCtion 8 2.2. fol:owed by the calcu­
lation 0; R ar.a s Aiternately, the 
analys: ma.,. use four wastewater data 
pOints gathered through the require· 
ment for contlnu:r'1g qua!lty cor.trol in 
Section 8 4 The accuracy state"'ents 
shOUld be updated regularly.17, 

8.4 The laboratory is required to 
collect a portion of their samples in 
duplicate to monilor spike recoveries. 
The frec;ue'1cy of spiked sample 
anal" sis must be at least 10% of all 
samples or one sarrple per month. 
whlc'iever IS greater. One aliquot of the 
sa mple must be spiked and analyzed as 
deSCribed ,f) Section 8.2. If the 
recovery for a ;:;articular par ameter 
does not fall within the control limits 
for method performance, the results 
reported for that parameter in all 
samples processed as part of the same 
set must be qualified as described in 
Section 11.3. The laDora:ory should 
monitor the frequency of data so 
qualified to ensure that it remains at or 
below 5°". 

8.5 Each day. the analyst must 
demonstrate through the analysis of 
reagent water, that interferences from 
the analytical system are under control. 

8.6 It is recommended that the 
laboratory adopt additional quality 
assurance practices for use with this 
method. The specific practices that are 
most productive depend upon the 
needs of the laboratory and the nature 
of the samples. Field duplicates may be 
analyzed to monitor the precisiOn of 
the sampling technique. When doubt 
exists over the identification of a peak 
on the chromatogram. confirmatory 
techniques such as gas chromatography 
with a dissimilar column, specific 
element detector. or mass spectrom­
eter must be used. Whenever possible, 
the laboratory should perform analysis 
of standard reference materials and 
participate in relevant performance 
evaluation studies. 

8.7 The analyst should maintain 
constant surveillance of both the per­
formance of the analytical system and 
the effectiveness of the method in 
dealing with each sample matrix by 
spiking each sample. standard and 
blank with surrogate halocarbons. A 
combination of bromochloromethane, 
2-bromo-1·chloropropane, and 
1,4-dichlorobutane is recommended to 
encompass the range of the tempera­
ture program used In this method. From 
stock standard solutions prepared as 
above, add a volume to give 7500 I-Ig 
of each st.;rrogate to 45 mL of reagent 
water contained in a 50·mL volumetric 
flask. mi-.: and dilute to volume (15 
ng ;.Ill. If the internal standard cahbra· 
tlon procedure IS beIng used. the 
surrogate compounds may be added 
dlfectly to the internal standard spiking 
solution (Section 7.4.21. Add 10l-lL of 
this surrogate sp,;..ing solution directly 
into toe 5·mL syflnge With every sample 
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and reference SI,Fl,jard analyzed. 
Prepare a fresh ~d"oga:e spiking 
solution on a we"'.iy basis. 

9. Sample:~ .Jiiection, 
Preservation, 'lnd Handling 

9.1 All samp:e, nus: be iced or 
refrigerated fron ::Ie time of collection 
until extraction. it the sample contains 
free or combined chlorine. add sodium 
thiosulfate preservative (10 mg'40 mL 
is sufficient for up to 5 ppm e1 2) to the 
empty sample bottle just prior to 
shipping to the sampling site. USEPA 
methods 330.4 and 330.5 may be 
used for measurement of residual 
chlorine .181 Field test kits are available 
for this purpose. 

9.2 Grab sampics must be collected 
in glass containers having a total 
volume of at least 25 mL. Fill the 
sample bottle just to overflowing in 
such a manner U-,at no air bubbles pass 
through the sample as the bottle is 
being fi!led. Seal the bottle so that no 
air bubbles are entrapped in it. If 
preservative has been added. shake 
vigorously for one minute. Maintain the 
h~rmetic seal on the sarr.ple bottle until 
time of analysis. 

9.3 All sar.'lples must be analyzed 
within 14 days of collection. 

10. Sample Extraction and 
Gas Chromatography 

10.' Table 1 summarizes the 
recommended operating conditions for 
the gas chromatograph. Included in this 
Table are estimated retention times and 
method detection limits that can be 
achieved by this method. An example 
of the separations achieved by Column 
1 is shown in Figure 5. Other packed 
columns, chromatographic conditions, 
or detectors may be used if the 
requirements of Section 8.2 are met. 

, 0.2 Calibrate the system daily as 
described in Section 7. 

, 0.3 Adjust the purge gas (nitrogen 
or heltuml flow rate to 40 mUmin. 
A ttach the trap inlet to the purging 
device. and set the device to purge. 
Open the syringe valve located on the 
purging device sample introduction 
needle. 

, 0.4 Allow sample to come to 
ambient temperature p"or to Introduc· 
ing it to the syrmge. Remove the 
plunger from a 5·mL syringe and attach 
a closed syringe valve Open the sample 
bottle (or standard) and carefully pour 
the sample into the syringe barrel to 
just short of ollerflo,..,ng. Replace the 
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syflnge plunger and compress the 
sample. Open the syrrnge valve ard 
vent any residual at{ while adIU!Wr.g :he 

ample volume to 5 0 ml. Since thiS 
oc~ss of taking an aliquot destroys 

he validity of the sar'ple for future 
analysIs, the ar"lalyst should f.!1 a 
second syringe at thiS time to protect 
aga'!"'st pOSSible loss of datJ. Add 
10.0 pI:: of the surr0gate splk'r"lg solu­
tion 18.7) and 10.0;.L of the Interna) 
stanC3'd spiking solution (Section 
7.4.2i, If applicable, through the valve 
bore, then close the valve. 

, 0.5 Attach the syrir"lge-syringe 
valve assembly to the syringe valve on 
the pt;rging device. Open the s'{flnge 
valves and inlect the sample into the 
purging chamber. 

10.6 Close both valves and ourge the 
sample for 11.0 :!: .1 minutes at 
amb,ent temperature. 

10.7 After the 11-minute purge time, 
attach the trap to the Chromatograph, 
adjust the device to the desorb mode, 
and begin to temperature program the 
gas chromatograph. Introduce the 
trapped materials to the GC column by 
rapidly heating the trap to 180 °C 
while back flushing the trap with an 
inert gas between 20 and 60 ml/min 
for four minutes. If rapid heating of the 

ap cannot be achieved, the gas 
hromatographic column must be used 

as a secondary traD by cooling it to 
30 °C (subambient temperature, if poor 
peak geometry or random retention 
time problems persist) instead of the 
initial program temperature of 45 °C. 

10.8 While the trap is being desorbed 
into the gas chromatograph, empty the 
purging chamber using the sample in­
troduction syringe. Wash the chamber 
with two 5-mL flushes of reagent 
water. 

10.9 After desorbing the sample for 
four minutes reconCition the trap by 
returning the purge and trap device to 
the purge mode. Wait 15 seconds then 
close the syringe valve on the purging 
device to begin gas flow through the 
trap. The trap temperature should be 
malntair"led at 180°C. After approxI­
mately seven minutes turn off the trap 
heater and open the syringe valve to 
stop the gJS flow through the trap. 
'lIt-en cool the trap is ready for the 
next sample, 

, 0.10 The width of the retention 
time .... indow used to make Identlfica­

should lJe tJ5ed upon measwe-
of actual retention time vaflat,ons 

of stardards over the COurse of a day. 
Three times the standard de'J,Jtlen of d 

retention time for d compound can be 
used to calculate a suggested Window 
size; however, the experience of the 
analyst should weigh neavdy In the 
interpretation of chromatograms. 

10.11 I f the response for the peak 
exceeds the working ranSe of tt">e 
system, prepare a dilution of the 
sample With reagent water from the 
aliquot in the second syringe and 
reanaiyze. 

11. Calculations 

11,1 Determine the concen:ra tien of 
individual compounds in the sample. 

11.1.1 If the extern<Ji srancard 
calibration procedure is used, calculate 
the concentration of material frem the 
peak response using the ca!:8rat:on 
Curve or calibration factor determined 
in Section 7.3.2. 

11_1_2 If the internal standard 
calib,ation procedure was used, calcu­
late the concentration in the sample 
using the response facter IRF: ceter­
mined in Section 7,4.3 and equation 2. 

Eq.2. 
Concentration pgiL = (AsC,s);(A.s)(RF) 
where: 

As Response for the parameter :0 
be measured. 

A.s Response for the internal 
standard. 

Cs Concentration of !he inter~al 
standard_ 

11.2 Report results in micrograms 
per liter. When duplicate and spiked 
samples are analyzed, report all data 
obtained with the sample results. 

11,3 For samples processed as part 
of a set where the spiked sample 
recovery falls outside of the control 
limits which were established accordirg 
to Section 8.3, data for the affected 
parameters must be labeled as suspect. 

12. Method Performance 

12,1 The method detection limit 
(MOL) is defined as the minimum 
concentration of a substance that can 
be measured and reported with 99~ 
confidence that the value is above 
zero.lll The MOL concentrations listed 
in Table 1 were obtained using reagent 
water.i9 1 Similar results were Jchieved 
using representative wastewaters. The 
MOL actually achieved in a given 
analysis will vary depending on Instru­
ment sensitivity and matrix effects. 

12.2 This method is recommer"lded 
for use in the concentration rar"lge from 
the MOL up to 1000 )( MOL. D,rect 
aqueous irjectlon techrllq ... es s~ouid be 
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used to measure concentration levels 
abo~e 1000 x MDl. 

12.3 In d single laboratory tMonSilf1?n 
Research), uSing reagent water and 
wastewaters spiked at or near back­
ground levels. the average recoveries 
presented in Table 2 were Obtalned'91. 
The standard deviation of the measure­
ment in percent recovery is also 
included in Table 2'91. 

12.4 The US. Environmental 
Protection Agency is in the process of 
conducting an interlaboratory method 
study to fully define the performance 
of this method. 
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.; I i -?n ~: :;';:i.),],"': ~, '·'i I I·:;r, I",.:. 

:'AA P:-t)j,,:c~ ~J~).: d.!-I.!v'i 

Sam:)l~ I·" 

,~.l.V=·;l:.~E. -\,\A!..YTI ~AL A',:)i):IAT:::j, I:"JC .. 

;~~>t~-:="';r~~I':"S ,)T )')Id!'"i!~ ')rj~f1ic CO''''lp':>'jnl; (~.~tnofj 601) 

O~t.~ S~rn~l~s ReC8i~ed: 

Odte An)1 isis Com~let~1: 

Concentration - u~/~q (C~~) 

c- !:)-5 

October 

~l()"enlber 

30, 

14. 

19.3·\ 

19:3·1 

C,;A I '~ . u. 

C-I07 

8407193 
C-I08 

8407194 
C-I09 

84J7195 

C-ll0 

8407196 'T1 COtnpot,; n1 jJ~~-==---=~~~ ~":J7192 

I: 

] 
( I ) c~ lorcm-ethane 

~~I===~I~rI=~~I~:I~~=============================================================================================== (3) chloroethane 

1 ~:~---~:~~~~:~;-:~~~~~~:-------------------------------------------------------------------------------------------
• (5) 1,I-dichlorcetn'{len:l 

-~~I===I~~:~I~~~§~§~£~~~~========================~~==============~~=============}~==============~~================== (7) 'trans-I,2-.jknloroetn·/l~na 64 I. 
,~------------------------~-------------------------------------------------------------------------------------hlorotor;n 

l2~z==i~I~~~~~~~~~~~~~~~~~~====================================ii~================================================= 
IT
· (11) carbon tetrachlori:::a 
,(i2)--b;~;.~;;T~hi~;;;;;th~~;--------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
~~~~--~!~:~~:~~~~~~~~~~~:----------------------------------------------------------------------------------------

ru 
( 14) 'trans-I, 3-.j i en I oropro;;en(? -------------------------------------------------------------------------------------------------------------------l!~~ __ !C~:~!~C~~!~1!=~= ___________________________ ~ ____________ ~; _____________ 2~ _____________ 2; _______________ _ 
(16) dibromochloromethane -------------------------------------------------------------------------------------------------------------------(17) I, 1,2-trjchloroeT~~n~ 

U
(i8i--~i~:i:3:di~hi~;~;;;;;;;-------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------(19) 2-eh loroethy I \li.'1y I etrler -------------------------------------------------------------------------------------------------------------------(20) ~r=ofcr.':l 

[
(2ii--i:i:2:2:t;t;~;hi~;~;th~;;--------------------------------------------------------------------------------=== 
(22)--t;t~~~hi~~~;thyi~~;----------------------4:--------------27-------------4:--------------5:--------------____________________________________________________________________________________________________________________ 

~!~~--~~~~~~~;~;;~=----------------------------------------------------------------------------------------------

r-=======================================================~=========================================~=============== -------------------------------------------------------------------------------------------------------------------
Jef8ct i.;n Li:ni t 0.4 0.4 0.4 0.5 0.4 

~----------------------------------------------------- --------------------------------------------------------------, 
'Conc,'!nrr-'ticr.-> I..:.?<;s thdn t~') det.)ctiun li""ljt .~re I~tr Ol~n~. 

f . 



10015 

f~AUt~KI='):: :"I';I_fTI.:-'!_ ·\.S~;:;CI.·\T::S. INi2. 

;.1': ! .:. :~~!"'.:} ":'01\,:t:!1~r"..!;,.;;··;';7 oi!)idti i,:~ Qr,:d'11.: ;:<) . ...,::.;.,J11d'j (\~t;t"'t.hl 601) 

_ I i ",r. ~ : :; ... r",:",,:- I '.t, i 1.:(". I-e. ')-j ~! :').-!r.191 j~'; R,~c~~ i" .. ;!~ : ·)C ;,J:':"" 3 'J, i ") ~-: 

-":AA Pro.;~cr :-:1).: d.!-j .. >'~j Gdt~ ,\nJI 'IS i s Com;ll ~te<J; ~·:O'l~~::::(" 14 I :.j:;.1 

Si!~~ 1_: I-~-

\.;om;ou;,,\;: CA . .\ I:): 

1:-1 II 
2:' '] 7 I') 7 

Concentration - ua!kn (opb) 

C-112 

8407198 

C-113 
84071,9 

C-114 

3..!07280 

C-115 
"J: '.' ~,.,.'\ I 
v"'VJ4V' 

D---------------------------------------------------------------------------------------lj 
u 

(1) chlcrom~t~ane 

l~~===~~~~f;~~~~~l~~=====================================================~=======:================================= -------------------------------------------------------------------------------------------------------------------(4) meThvlene chlorija 

f~I===i~i:~I~~~9~~~!~~~~~~====================================================_~~==================__=============== :6) 1,1-ji:nloro~tnane 2. 

1~~===~~f~~~~~~~~I~~~~~~~!~1~~~~=======~=====================================~99~================================== " 1:2:~T~;I~~;~~h~h~------------------------------~--------------------------------.-------------------.. --------
----------------------------------------------------------------------------------------------------------\ 1,1, I-triChloroethane ___________________ ~:! ______________________________ _ 

-----------------------------------------------------------(11) c~rbon teTre:~I~rioa _____________________________________________________ __ 

I
i2i--;;~;~;T~hl~;;;:.tn~;;--------------------------------- -____________________________________________________ _ 
--------------------------------------------------------------
~2~2 __ 2!~:~~:~~~~~E:~E:~; ________________________________ ~------------------------------------------------------__ _ (14) trans-l,3-dichloropropene ________________________________________________________________________ _ 

----------------------------------------- - 42 n15) tricnloroethylene ____________________ ! _________________________________ _ 

lll~I==~I~~~~~~~~~~~!~~~~================================= __ = ____________________________________________________ _ 
~Z~--2!~!~:!C~:~~~C:;!~:~; _______________________________________________________________________________________ _ 

~.~~~--:~~:~!~:~~:~~~~~=~~=;~:--------------------------------------------------------------------------------------I, 19) 2-Chlor?~thylvinyl eTher ________________________________________________ _ 
'------------------------------------------------------------------~3~~ __ ~C~~~!:~: ____________________________________________________________________________________________________ _ 
(21) I, 1,2,2-t~trdcnlcrc_:rna~~ _________________________________________________________________ ~-----

~~~I==:~:~~~~l~~~~!~r~~~~=================== ___________________________________ ~~ ____________________________ :! ___ _ 
~3~~ __ :~~:C~?=~~~~: _______________________________________________________________________________________________ _ 
-------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
·-----S;~~;~i~~-Li;it--------------------------O:4-------------0:5------------0:6-------------0:;-----------0:5----
-------------------------------------------------------------------------------------------------------------------
Cc;r~f;_:~ .. ,....!·i.:,,'> !.~') ... ~ !''''I.JO ~i\~ ~:.::t,~::tion I i'!1i!" .lrt~ I~tr ':;!Jni<. 



..: Ii '-:":-: .~.-:;- .j :i' ~ ; 

CA,; ?rl)j~·;t !'~).: 

Com~OUr'l:1 

1. 

) j;-' 

~ '-1; I I -=r, 

.,":-12'.1'5 

•• :...:. ... , .. t 

ir'l',: .. 

Scr:1::1~ ID: 
CAr ID: 

~A~~~l-)I;C: Af'~ALYTJ\>),L ASS{)(:t.l,T~St It-II:. 

~:'~·:~'~:·'J~i8r.:;.)r It:;i:!ril.:! ),,...,;.~,i-: ::yn:;()'ln!~ ~\.i_.:!,,~,...,,~ t';l) 

a-1 f-= Samp I es Rt":clo:? i .f~t!: 

1 015 

f:,.: r!)Jt-?:'" 
, , 
)Ij, Id·l 

D.)t~ An.J! {3 i S Cc"';>I(~t~1: ~JQ'J-~m: ~- I,t, :1:;3·: 

C-115 

a':C7202 

:cnc~~tr3tion - UO/kC (OO~) 

C-117 

c':J7203 
C-113 

84:)720': 
CIH 

",,072,J5 

:-12J 
a~o 7 2'J':; 

I iii===~i~~f=~~i~~i~~=============================================================================================== (3) ch/oroetndne 

(4) methylene Cni0ri~3 

r i~i===l~I~~I~~I~~~~~~~~~:=:::====:==============;~==============j~=======================:========================= (7) trans-I.2-~ic~lcroeTnylene. 7. 27. 

'! 
(8)---~hi~;~f~;;-----------------------------------------------li:-------------------------------------------------

-------------------------------------------------------------------------------------------------------------------
~ :!~:~~:~~~:~=~~:~:-------------------------------------------------------------------------------------------1,1. I-t~i:hloroerh~r.~ 23. __________ 33~~ ________________________________________________ _ 

------------------------------------------------- . 

! 
~~~~ __ ;~~~~_~~:~~=:~::~9: ________________________________________________________________________________________ _ 
~~~~ __ E~~~~~;~~~~~;!~~~; ________________________________________________________________________________________ _ 
~~~~ __ !~~:~~;~!9:9E:9E~~= _________________________________________________________________________________________ _ 
~~~~--!~:~~:2~~:~~;~~~~9E:~E~~; _________________________________________________________________________________ ---
i~~~ __ !:~;~~~~~~!~X~:~: _________________________ ~~ ____________ ~~E~ ________________________________________________ _ 
{16l dibromoChlorcmethana - -- --------------------------------------------------------II2I==I~I~3:!~1~~!~~~~!S~~;-========================_=_-=== _______________________________________________________ _ 

~ 
i~~~ __ ;~~:~!~:~~;~~~:~E:~E:~: _____________________________________________________________________________________ _ 
~~~~ __ ~:;~~9:~:!~~~~!~~~_~!~=: ____________________________________________________________________________________ _ 
~3~~ __ ~:~~!9~: ___________________________________________________________________________________________________ _ 
(21) I I 2 2-terrachlor·o~rh~"a ________ _ 

l~~I==!~!~~~~1~~~~!~11~~~=======================~~=============~~~======================================_= __ = _____ _ ~3~~ __ :~~9:9~;~;;~: _______________________________________________________________________________________________ _ 

-------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
------5;t~~ti;~-Li;it--------------------------O~7-------------O~4------------0:5-------------0:5-----------0:6----

-------------------------------------------------------------------------------------------------------------------
I 
C()nc~nr,..~!'ions I .. )s~ t~:!n "nd t1to?t~t:tion I i-nit .3re 18ft Dlr)ni<.. 



1 

CAiAbR1S,GE A~.ALffj'>'L J\5~fJ:t,\r::s. INC. 

I 
r,l:ll>!~. ':';"t;>!r~rjf!.)ns 'J' PC"!..)C"!~/ :J,)!lcJ~,jnr YJ!.jt!!.} Or'1dn1c CcrnpountlS (l.4etho.j 6:~) 

" '~I I.J('· : ';Ar,j,::i~1 .~ ~; i f-:r, 1'1:. 

I"'~ \ C .. • c' •• ,_." .. .:; 1·· .. ·ln rOJt?c .. .,J... • ... _J~ 

S~r:1J I"! Ie: 
r-[ :)Illpound 

_.-------------------------
CA-\ IJ: 

ile I I 7 

8407207 

o"'~.;! ~m;J!.;!<; R.;!c.!I'/ed: i):tob~r 30, !'iMJ 

D,j t e An ~ '" 5 I s Com;l! e r "l<l : ~"0vemoer ;3, ~/~.l 

____ COn_c..e_r:t..:_a_::.I_.::~_:._l!s!_I __ (_'~.I~.DJ ____________ _ 

Wei I 7:.. 

8407208 
Well 9 

8407209 
Well 9A 

84072:0 

-----------------'-------- --- ------.. - . 

lli,~~---:~~~~:~:~~:~:------------------------------------------------------------------------------------------------(2) bromom-erna:H! 

~
-3)---~I~~'-~hi;;id~----------------------------------------------------------------------------------------------­
------------------------------------------------------------------------------------------------------------------:i :~ ___ =~~~~~::!~;~: _______________________________________________________________________________________________ _ 

.5) m-ethylene c:llc:-ide 

(6)---i:i:di~i;;;;t~~i;;;-----------------------------------------------------------------------------------------
~-----------------------------------------------------------------------------------------------------------------­
IZ~---2!2:~~:~~~~~;!~;~~-------------------------------------------------------------------------------------------._3) Trans-l,2-dlchlcrc,=r~flene 13 
(;j---~;i~;~f~~;------------------------~-------------------------------------------------------------------------­
~:O)-~:2:di;;i;~~rh;~~-------------------------------------------------------------------------------------------

.lii1f~2~1~I:~~~~~~~:~~::~~~=======================================~~~I============================================ \;a;V carbon tetra:'1I'.)';.:e 
(13)--b;~;1i;;i;~~;r;~;~-----------------------------------------------------------------------------------------

JTi4i--~~;;i;~it;ii~-----------------------------------------------------------------------------------------------­
J-i5i--~~;~i~i;----------------------------------------------------------------------------------------------------­
(16j--i:2:~T~hi;r;pr;p;;;------------------------------------------------------------------------------------------

rn1~f==~~~~~~l~~~~~~~I~;~E~~~!~!====================~~~~:==:========~~~============~~~============~~~============:= 
(i9)--~hi~~;dib;;;~th;~~-----------------------------------------------------------------------------------------

[1~~f::~~~~~~~~I~~I~~~~~S~~~:=::::::==:==============:===:::==:==:===:==========:===:=::=:::==:====:======:========: 
\i2i--~is:i:3:di~;i;~;;~;;;~;-------------------------------------------------------------------------------------­
(23)--i:~;i;;;;rh~i:i~yi-~rh;~-------------------------------------------------------------------------------------

[i4i--b;;;~i~;----------------------------------------------------------------------------------------------------
~~S)--i:i:2:2:t~rr;~hi;r;;t;;h;------------------------------------------------------------------------------------
.(26i--t;t;;~;i~;;;th~i~h~------------------------------------------------------------------------------------------

r~~~~:=!~~~~~~====:========================:=:==::=======:=:==:=============:=========:=:=:=:=::=====:===~~=:~~::=== 28) chI0roo~nl~n~ 
'(2?i--;th;i;;~~;~;-------------------------------------------------------------------------------------------------

,7~0i--t;t~i-:~i;~;;------------------------------------------------------------------------------------------------

l ~=======================================================================~~=============~===========~~============= 
-------------------------------------------------------------------------------------------------------------- -~---

I-=====~~~~~~i~~~~~~~=================================~~=============~~=============~~=============i~===~========= 
tr,jti..ln-; !~s'; T'lj'\ ~"l~ ~~·,::;tt.)n 11,,1 t d.'" I.!ft :>I~nk. Conc"!"~r,jtlons b>3tw'}.!/l 1 .}n:j :0 tl.ndS t~d (j'J!.)ct:.)1l 

dr~ l1sTe<l .. h tr~:~ 1""/>315 (rR). C>3T':lctl'.)., 1III11ts tor dcrol.;!ln dnd dcr)'lonltrll~ dr~ :00 and 13 rl",,,,,> ·h:t 

:).)mlndl J.,r.:crl'.)'1 !hlft r~,,~"!ctl/"!(. 

1-

1 \Ii 



1 1 
:A~ER 1_~Gt A!~l.AL fT I ,>\L ."5 S,):: I.~ i=:S # I :-h': ~ 

r·,:)J~)o (,:-;n'r) '~n::~~'~:,",jri:Jn-; 0: iJrl..)ritv ?·)lliJr'.j:1t' Vl)I)"il~ Or:;Jf1iC (;omp.<)Un:; (\.t~~hC'! s2·~1 

eli "'?'r'I;-; ~ ... ~r.!.]~r{ t. 'A, ~ :~r. In-.:. 

,;,\A ?rOJ~'2; ';').: :l-!-:':!J 

S2M:)t~ !c: 

Ccm;::cund C.',,, I:: 

r ( 1) ,;h Icr:~r,e~':~~e 

H~I I 10 
o~07211 

Wei I lOA 

d41J7212 

G~~~ S~n~l~s R,!~~i~~~: 

Q.jr.~ An~!y·;i.:; C\Jm;:;l~to::?'l; 

1 
CcnC8n~r~ti~n - un/I (a:~) 

!)c t'):::-el" 3;), l,),q 

~Jov~n~~i 1,), 1 'J d·! 

\'1el I lOB 

(HO 7213 

Well Nus-l 

8407214 
Trip 3I,~n;' 

0407215 

~I ______ ----------------------------------------------______________________________________________________________ _ 

(2) bromometha~3 

-------------------------------------------------------------------------------------------------------------------,,~~2 ___ ::~!.:!~_::~!~~~~~ ____________________________________________________________________________________________ _ 
i~~~---:~~:~~::~;~: ______________________________________________________________ : ________________________________ _ 
J~~~ ___ ~:!~r~~~:_:~~~:~~: __________________________________________________________________________________________ _ 
(6) 1,1-,::Ii::hloroet",I<?:13 

1~2I===~~~:~~~~~~~~~!~~~~=========================================================================================== '~~ ___ !~~~~:2~~:~~::~~~:~=~~!~~!.:: ________________________________ ~~ ________________________________________________ _ 
(9) c"orofor~ . 

-------------------------------------------------------------------------------------------------------------------• {101. ~!.~:~~:~~:~~:~~:!.:: ____________________________________________________________ . ____ .. _________________________ _ 
2!2!2:!~~::2~~~~:!~~!.:: ______________________________________________________________________________________ _ 
carbon teTrdcnl0rid~ 

-------------------------------------------------------------------------------------------------------------------(13) bromodichiorometna:1~ 

lf~~~==~~~~f~~~!:I!~================================================================================================ (i6j--i:2:di~hi;;;;;;;;;;------------------------------------------------------------------------------------------

l
(i7j--;;~~~:i:3:di~hi;;;p;;p;;;------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------(18) trichloroethylene 210 TR(5) 130 
(i9j--~;i;;;di;;;;;;;;,;th~;;-----------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------
1

(20) 1,1,2-triChloroet hana 

-f~~~==~~~~~~~;;~;~~;;;;;~;;;;==::=====:============================================================================ 
(23j--2:;hi;~;;th~i:ih~i-~th;;-------------------------------------------------------------------------------------
(24)--b;;~t;~;----------------------------------------------------------------------------------------------------
(25j--i:i:2:2:t~t~~~hi;;;~th~h;------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------(26) t~trachlorCgTnylene TR(3) _________________________ _ 

-II~f;~iIj~f~!~jlil;~;;;~;;~;~;~~~~~;~;~~;;~~;~~~~~~~;~~~;~;~~~~;~~;~~;;;;~;;;~;;~~~;;;;~~~~~~~~~~~~~::~~;;~~~~~~ 
-------------------------------------------------------------------------------------------------------------------
--------------------.----------------------------------------------------------------------------------------------
------S~:~~~~:~-=il;i;---------------------------l~--- -----------,:-------------1:--------------1:------------1:----
-------------------------------------------------------------------------------------------------------------------

~rjtivn·j t~,;'j !"~jn r":t: (:dt&;('ti..Jn I i-ni t .jrt) It:ft ::>ldn1"l. r::onc~"tr~ti.:>ns b~Jt-"Jt3n 1 and 10 tim~'j tn~ u.~:-,.)cti,)n 

dr~ list.", a., rl",~C-! I~,,~IS (T'~). Jet~tiJI'l limits tor derolein dn,1 dCrylonitrile dre It.lQ dnd 10 timt.!S the 

nr;r.tln~1 !~t~ .. H.::riQn li'T\it rC'i;;~cti'/ef·;. 



... 1 i ~:,;: .J~r.!,;·,," I 'Ai I ; •• ,~ : 11.:,. 

,Jr")j~C: :"40.: ·j.!-:2~i 

Con':)ti t:.;enf ::1 i:::1~ I:; ... ~I I 

CAA IJ: ·34,)7207 

,.Fe (mg/l) <0.025 

- <. (mg/l) 19 

lAI~alj:1it, (mg/l) 5 i 

:h I or iCe (;"S/I) 12 

[SUlfate (::1g/1) 53 

n Ammon i d (119 /1 ) 0.76 

II 
- pH 7 ... 5 

., 
r-

.) 

(~mhC5/cm ~ 25 c) 22') 
oO 

~ 

I 
~ 

irj:J:'~.! ;:(~')'Jl t'S of ~:~-~~""iC.jf ;\./idt y ;.!,:; 

.//'" I I 7A 

d.!J7:':~B 

0.e2 

2.1 

7:. 

22 

99 

C.21 

6.75 

2.!:) 

II~II J II", I I 'fA 

ij-l072S9 8-1J7210 

4.3 <G.02; 

1 • ~ < 1 

23J 12·) 

31 .'3.5 

83 33 

0 • .32 O.2l! 

5.88 7.5.! 

50G 270 

W",I I 1<) 

3.\,)7211 

<0.025 

-:1 

111) 

8.5 

85 

0.27 

7.46 

240 

1 

We I I 1 ~J.'I lie I: 11)8 NUS-1 

8407212 3407213 a:072 1-1 

0.036 1.9 <0.025 

2.J 3.1 1 • .! 

260 350 29 

31 12 10 

38 220 15 

0.36 0.21 1.9 

7.26 7.05 9.82 

590 590 47 
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4. l):;':\l ITY ASSU;:(.:HiCE DOCU~!ENT.:1, r ION 

Ce,.cification 

7nis ~'I'Y'< !laS Jeen cn2c:<ed for accuracy 'Jy tne follov,ing staff per-sonnel: 

Dir-ecto", O"sanic 
Cne;ni s 'C r-j L-:nor-a tory 

Director, Inorganic 

Chemistry laboratory 

6\l) ;!-fi.0--T 
David L. Fiest 

/' J / '1 /1 Ji / T b· . .'ri (/1c-2"",{~(" . 

Keith A. Hausknecht 
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PROJECT NUMBER: 
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Geraghty & Mill~r, Inc. 
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Hackensack, NJ 07061 
Attn: M~. Dan Nachnan 

J8310L2 
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REPORT NUMBER: 84-1346 

PREPAREO BY: Ed .... ld ~d A. La\·!1 er 

l),\ fE PRt:PA~ED: Deceillbe'" 17. 1'.):-34 
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["I I" !n;;UC T I i)'1 

Thi'; r~jJO'·t SUll1lna"il~s resul ts of chel11ical analjses performed on samples 
I l recei'Ji::!:l by CA," on November 9, 1984. Analytical methods employed for these ... 

[ 
rrI 
l ' " 

IT 

~ 

rn 

m 

~ 

[ 

r-

,­

I. 

analyses ar <:! uescribed in Section 2 and results a"e presented in Section 3. 

The las: sec~ion contains quality control data and certi fications supporting 

tn~ dndljtical r~sults. 

2. AN~LYTICAL METHOOS 

Analytical methods utilized for sample analysis are summarized in 

Table 1. 

3 . RESULTS 

Results of analyses are presented in Tables 2 & 3. 

1 
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Table 1. Summar;:Jf AnalJ~icll i~,~thods 

Cons t i t'JF!'l:: ~etnod Reference :~ethod I)':';cri pt i on 

Iron (:=e) ~ethod 200.7 (1) ICP 

Potas'); 1.J;Ti ~ <) Method 200.7 (1) rcp 

Alkalini':} i'~ethod 310.1 (1) Titrimetric, pH 4.5 

Chhride Titrim~tric, mercuric nitrate 

Sulfate Turbidimc:tric 

Ammonia Colorim~tric, distillation 

pH El ectro![1I':tri c 

Conductivity Specific conductance 

Volatile 
Organ ic 
Compounds 

Method 325.3 (1) 

Method 375.4 (1) 

Method 350.2 (1) 

Method 150.1 (1) 

Method 120.1 (1) 

Method 624 (2) Purge and trap, gas chromatography/ 
mass sp~ctrOJiletry 

(l)U.S. EPA. 1979. Methods for Chemical Analysis of Water and Wastes. EPA 
600/4-79-020 (Revised, March 1983). EPA/EMSL, Cincinnati, Ohio. 

(2)U.S. EPA. 1982. Methods for Organic Chemical Analysis of Municipal and 
Industrial :~aste'tlater. EPA 600/4-82-057. EPA/Ef.fSL, Cincinnati, Ohio. 

ICP - Inductively coupled argon plasma emission sp~ctroscopy 
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CAMERI::;CE ~~lAll'TICAL ASSOCIAr::s. I~..c. 

T.JOI~ 2. ·:Gn<:~'1~r.Jfio"'s ot Pr;,:;"'i~'1 p,)II,J t d:1t Volari I~ Orqanir; Com00und<; (M"'t~o'l 52·1) 

I~ I i~" r: :;~r !:;~:- f ~ 'Ai I I ~r, ''1c .. 

;"A Pr,)j '=<: r /"-J.: 6.!-13':0 

Oat~ 5am~les Rer;~i~ed: 

O"te Analysis Comolete,); 

~jO',c_<nI",r '). 1984 

NOv'olml"'r 18. 198.\ 

... 
,- Sam!)le IJ: 

;om;lcuno CA.ll, 10: 

1 

P'II-I 

0':,J7.!81 

Con~Bntration - uc/I 

MII-l 

841)7.182 

:.lw-2 
8407483 

I 
( oDb) 

M'fi-3 

84074;;4 

J: I) ch loromathane 
(2)---b;~;~;;;~;;-------------------------------------------------------------------------------------------------

,~3)---~i~~i-~hi;;id;-----------------------------------------------------------------------------------------------

J~~I==~~~~~~~!~~~~===============================================================~================~~~============== (5) l1ethylene chloride TR(2l 
(6)---i:i:di~hi~~;~thyi;~;-------------------------------------------------------------------------11--------------

lt7)---1:i:di~h,;;;;rh~;;--------------------------------------------------------------------------950-------------­
-Z8)---t~;~;:i:2:di~hl;;;;th~I;;;------------------------------------------------------------------200--------------

(9)---~hi~;;f;;;---------------------------------------------------------------------------------------------------

~~~~--i:2:di~hl;;;;th~;;-------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------I-i~~--------------I I' t , oJ;) 

~-!-:!~~;~!~~:~-~~~:-------------------------------------------------------------------------------------------___ ~=~~~~_!=!~=;~!9~!~~ ________________________________________________________________________________________ _ 

]

{ 13) bromodichlcrcmetnanc __________________________________________________________________________ _ 

----------------------------------------. ~!:~ __ =~~X!~~!!~!!= ______________________________________________________________________________________________ __ 
_ 2~~ __ ~;~~!=!~ ____________________________________________________________________________________________________ _ 
(16) 1,2-dicnloropropane _______________________________________________ _ 

1KlzI==!~~~~:I~~:~1~~~~~~£~~£~~~=======================~============---------------180-------------270--------------~:18) trichloroethylene __________ ~ ____________________________________________________________ _ 

-------------------------------------------
~~~~--:~~~~~~~~~~~~~:!~~~=-----------------------------------------------------------------------------------------T(.ZO) I, I ,Z-trichloroethana _________________________________________________ _ 

11;----------------------------------------------------------------,( 21) ben zene ________________________________________ _ 

-(22)--~i;:1:3:~i~hl~;;D;;P~;;--------------------------------------------__ -______________________________________ _ 
------------------------------------------------------------------------- -,-~~~~-_~:;~~~~~~2~!~;~:!~_~~~~~ ____________________________________________________________________________________ _ 
:24) bromoform _________________________________________________ _ 

Li25)--i:I:2:2:t;t;~~hi;;;~th~~;---------------------------------- _________________________________________ _ 
, ------------------------------------------------------------------------- 210 (Zo) tetrachloroethylene _______________________________________________________________________ _ 

~~zI==!~~~~~~=============================_= ______________________________________________________________________ _ 
~~~~--:~~~~:::~~:~;-----------------------------------------------------------------------------------------------­
~~~~--:~~!!::~~:~:------------------------------------------------------------------------------------------------­
~~~~--!~:~!-~~!=~:~-----------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
·-----5;;~~ti=~-Li;i;--------------------------------j~-------------i~-------------i~--------------i~--------------
-------------------------------------------------------------------------------------------------------------------

~ntl"ativns I~ss than t!'\e d~t.Jctivn 

it are I ist~d as trace levels (TR). 

nominal Cet.:)cti';n li",it respectively. 

I imit are lett blank. Concentrations between 1.1I1d 10 times the detection 

Detection limits tor dcrolein dnd dcrylonitrll" "I"I) 100 and 10 times the 
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d. 

CA~ER I SGE ANALYTICAL ASS"C I A r::s, I ~IC. 

f,DI-e 2 (conrl.~) C<)nc~ntrarions • .)~ ?rioriry ?oll..Jtdnt Voldtile Orgonic Comt)O<J"!s (\1..,r~c.j (24) 

CI i~n': ;>,..~·;:-.r·1 ~ \1i II~r, Inc. 

CAA p;oJ~t ~JO.: d~ - 1346 

Semple ID: 

Compouna CAA 10: 

/>1'1/-4 

cl407485 

f)~tt? S<lmp1es Rec~;"~'l: NOv<:"'!'::er 9, 19t1·! 

Ddte An31ysis C'.:mpl~re(j: 

I 
Concentration - UJ!I (pob) 

MW-5 

84074.:36 

NO'I"""o~r 1,03. 1934 

~ 
,~ ~22 _______________________________________________________________________________________________________________ _ chlorcm~t!'le:1e 

(2) orc~cme~ndr.e 
-------------------------------------------------------------------------------------------------------------------

n iii===~~~~f~~~~~~;~;~i====================:-====================~============_=:==============:==~-=:=~==:====: (5) I,I-dicnloroethylene ___________________________________________________________________ _ 

1 1~I===2~~:~~~~~~~~~!~~~~======================= ___________________________________________________________________ _ - ~~~ ___ !~~~~:2!~:~~5~~~:~~!~X~~~~ __________________________________________________________________________________ _ 
i~~ ___ 5~~~:~!~:: _____________________ ~ ____________________________________________________________________________ _ 
(IO) _2!~:~~:~~~~~:!~~~; __________________________________________________________________________________________ _ 

~!2!2:!:~5~2:~~;!~~~: _______________________________________________________________________________________ _ 
carbon tetra:nloride -------------,------------------------------------------------------------------------------------------------------

]

(13) brcmodicnlcromethane __________________________________________ _ 

'12~I==~~;r2~~1!~12~===================================================== __________________________________________ _ ~~2~ __ ~~~~~!~~ ____________________________________________________________________________________________________ _ 
(16) 1,2-dichlcrcpropana __________________________________________ _ 

n II2I==!~~~~:I~~:~15~2~~~£~~E~~~=========================================-----------52------------------------------U i~~~ __ !~~:~~~~~~!~x~:~~ ______________________________________________________________ ; ____________________________ _ 
~2~~ __ :~2~~~~~~~~~~!~~~: _______________________________ ----------------------------------------------------------

~l ~3~~ __ 2!2!~:!~~~~~~~~~!~~~~ ______________________________________________________________________________________ __ 
'! i3~~ __ ~~~!:~: _____________________________________________________________________________________________________ _ 
~~~~ __ :~::~!~:~~:~2~:~£:~£~~: _____________________________________________________________________________________ _ 

• i3~~ __ ~:~~~~~~;!~1~~~~r2_~!~:~ ____________________________________________________________________________________ _ 
~3~~ __ ~c~~~~~~: ___________________________________________________________________________________________________ _ 

- ~~~2 __ ~!~!:!~:!:!~~:~~~~~~!~~~= ___________________________________________________________________________________ _ 
_ i3~~ __ !:!~~~~~~~~:!~x2;~: _____________________________________________________________________________________ -----
i32~ __ !~!~:~: _____________________________________________________________________________________________________ _ 
i~~~ __ :~~~~~~:~!;~= _______________________________________________________________________________________________ _ 
i~~~ __ :!~~!?:~!:~: ________________________________________________________________________________________________ _ 
i~~~ __ !~!~2_~!~;~;~ __________________________________________________________________________________________ ------

-------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------

Cetecticn Limit I. I. -------------------------------------------------------------------------------------------------------------------
>lntrcltions I'JSS thdn tntl detection I i:ni t are lett :lldn". C.· .. • .. ntr.II i'.lns between 1 and 10 times the detection 

it dre I istt.'\l ciS trace lev .. ls (fR). Detection limits tor .1.,·,Jein ·'"d dcrylonitrile art} 100 and 10 times thd 

nQminat detection limit resPt:lcti .. ely. 
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flbl~ 3. Results of Chemic.'l1 Analyses 

C i ; -= f) t : Ge r ,1 'J h t J 01. :·1 j I 1 e r, 1'1 r: • 
Proje~t No.: ~J-1346 

Cl ient IO: 
Constitu':nt C.L\A IO: 

Fe (mg/;) 

K (mg/l) 

Al~alinitJ (mg/l) 

Chloride (mg/l as CaC03) 

SuI fate (mg/l) 

Ammonia-i'l (mg/i) 

pH 

Conductance (umhos/cm @ 25° c) 

r~W-1 MW-3 
8407432 8407484 

0.19 1.3 

1.1 13 

104 81 

15 29 

22 25 

<0.05 0.68 

7.42 6.83 

230 270 

1 
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J QIJ;1.LlTY ASS;J~A~IC;:: !Jl}CIJ~~ENrATIOi'1 

Ce:ti fication 

This ~or~ has be21 ch~c~ed for accuracy ~y the fol lowing staff personnel: 

Director, Organic 
Cilelili s t:y l2~o:a tory 

(f\lJ c;i-fu;t 
David L. Fi est 

Chemi s t:y laborato:y 

./ 1./ /' .f. / ,., /, J 

/._, ~ 17::. './ < j ,).'..c'·/;·I..(.· -t._T Director, inorganic 

Keith A. Hausknecht 
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APPENDIX D 

Recovery and Pumping Test Data 
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PROJECT :fg31 0'-1...-

PUMPING TEST FORM 

WELL£" \\ f.-- \>'1'\ 
, \ 

LOCATtoN I,~ d~ 
\ 

1 1 6 

SCREEN (,.,( ~ tOM. P.l,.1... -' iJ V'" \) \)~ HT. ABOVE G.S. ____ _ 

?.4GE_I_ OF_L­

W.L. MEAS. w/ t:\ .... ~--t.~,.; , •. . \ 
, \ 

,:,...,. PUMPING WELL blx-?'i'\ Q ____ _ 

_DRAWDOWN LRECOYERY _LOCATION SKETCH 

DATE ~2.0 1 
-, TIME t HELD WET O.T.W. ;<.[~·1Lf 

" ""'" I C 
"/ _ .. :.11 

, "J, n 10 :: ., I "..,'") 

, 
~') 1-., i;J.. = ~ ";< I. ~ a - ,'l. 

I I ~ ) i - .' r' I '.; . I' r'll -" . - . _ .J, ;:,. 

~ I" ;'1 -;t ,/;;' ~\ .,: l'i" </ 1 \ '- , . ':J ..... 
" 

J 2- .- .") - ..... --- :, ~: :.J ,/' , - ,. oJ.." 

") 'i __ -: ,I -: .':i 7 -::: .~ :') I tJ. 3 ~ I 

1 
'\ -: .) ..:.. ,.;.: '\J'.;1:.J3~ 
'\ "'!.- .,; , ) ,r! , ;<'-!. 3'j-i I·.;}; 
'..j ; ,') -;..! \ i;;.. ;'I,t.?. I ~,~g 

1 ;J> .. ;''/ -i- I .. ~ A ~ \ .1.0 'f. ~o 
. <' 120 .:,....:,~, ~; ~ \ '1,3 q 

~ I ~) I - \,.. ,1 ' , . H.'~ i,~ I I . ., :r- )!) L! ,I It> ~'-"I-I'" ~. ! '- f' 1 ~ 

~ ~ ') r:-- ~. -... :J.;e - , r<. -' .,. " , 

'1 ~f' - r; :'~;', I~·-!~ i .', \ I 

] i? ::- 'J "";'" :-:~ )\./ \ 4.J 1 
fl. ::] 

~ ,. 1~ 
') ~ \ ''1 ..,.{I "\ • t') I 

r'l I .I~ - r 
':!I L.,-: ,-/53 ~ .' , . 

[. I b ':0 .- ~ ~ ,~5 <{.tt ~ 

13 1/") ...,. ~ '." 3 \.\0 \, .;.f'l 
2.0 ~) -~ I :o'-~ ')1.10:; '-I.ff 

71- .... ~ I'~ 'lu:..I-I .. /g -
i 1..1.( . - - , '~.-:.. -:. ~. 0 :: 'i /7 

! 7.r.') - .. ," - '4 {g - " (7". :' -
23 -, ' -I, II 1) ... ' ~ , ': . ~.~~ -

1 ~") - , .i, ..... ,. I _I ,I. '0 I y,.(q 

1 ?Y{ ~, ~ ~ \ . (1 \\ <,1 '1.(,) 

tfl) l (" 1-' / 6 I, ) '\ I .5<> l/.G,cf 

L t/{ )0 ; . ; 1 c, 11 1<f.b3 
I {') ~ ,) ~ t . j tot :, (I <f.'" b 

I 
! / , " I I , , • 0; • 'I \_ • • I. ) t ... ! . " '0 

L J.D."'" V>o '), - I . ~: ""'I ~, . < "" .:.J ~ g 
I ..,) 1~ .:.' < I -. \ ;) i./o 

A) - . .. I - ./ : \ . '" ~ '1.1 ( 

}-rat 1,() , - ~ I ~; 'l. \ "-11 Y.7, 
!)o(; , ." t L'';'I ')\, .... ' '1.73 
ii? ' 1\ {\ .... , :\ .. ;1 tt· 73 

L \!r ..... IUJ )0 I·~·\l ')Lyl i.73 

ORIFICE ¥lEATHER <{D) {()) -,t~~ .J'->../'4'~ 

TEST START 

END 

MANO-

METER Q 

-----

\ 
'-' j ~\....t .::.\JJo..,... ~,..,....: "1 ,"-

" \. I J \ J ' .... \j\~~ 5 ~\o r··.· .. w'. 

I I \ 

\ 
' .. ~,' ...... ,. 

\\ ,\ '""'-,\ I ~. --0 
\ I>~, '':\. .... ?."':: ~ 

WATER ... ~.~ ...... \ 
TEMP, 

I 

I 

I 

.-------

\.: 
}.I 

." :0 

.. , ~ 
j 

J. _.' \ 



1 
PUMPING TEST FORM 

PROJEC';;:S?:t OL '- WELL ~'l '(' - ? 1\( LOCATION ?J.GE2-- 0._ 

SCREEN ______________ __ M.P. HT. ABOVE G.S. W.L. MEAS. W/ ______ _ 

PUMPING WELL Q ORIFICE WEATHER _______________ _ 

_DRAWDOWN y"RECOVERY 

/ 
_LOCATION SKETCH 

TEST START 
END _____________________ _ 

Li DATE 

L TIME 

U 
h-\ \ bJ4\ ,~-:-

Ut [I \t"\~ 

I 
~l 2-
I ., I 

I :, ~I-\ 
TI~ 

., 

" :) ... 
t '" J. 
I ~ AM 

~ l' 

, ~ .•. "''\ 
I : -
] ...-

::, 

"7 

I 9 p~ 
n .. 
... I, *' 
l 

!' 

I 

I ., 
I' 

L J P...--

l :3 
s-

i r:r 
I q~"" 

rli 
I 

I D.T.W. I I MANO- WATER 

I HELD WET s METER Q TEMP. 

IU./) I J I . \.:.': : .~ ~ \:, I :..r. 1 of 
I ~() ~:) .1. 1,,"1 ~ ') I.,-!~ I ~ 7! I I 
Igo 1; '0 \. ~ - - 3: ,:.;-;,... 'i.7 b I 
2.10 I 30 L r.·~"?- ~ I. LI'L I <.! . ..., ~ I 
2..'i.:; ~ ',) ..l: t. 40 ~ \ I 40 I '-i. ~ 0 I 
7'0 )0 I ..;.\. ') .:;: )\.~~I~?t I 
~!70 " t I.)'l 1.,:r-; I :... ~~ I I I .)0 -
3'l.o '\Q \ I.?.i ":1.::0 7 I y.~, 
3i:.o ')0 ..;. 1.1 ~ I ~I.~ c.., I"':.?{ 
IJz.O I 50 -l- I.?l~ 31 / I..; ~ (' .3) " " I / 

'i~'J )Q + ,. 3 ~ ~\ ') '-\ :.f ? '., 
,{YO 10 + \ I:"': "L')": l·U? 1 
(,,~ ')0 \.'?U ~ 'I .J 'j I ., \:3 '-j . ¢ ... 

(, (.,0 , :) :.\ .::' :!.~L w .~i 
77..0 ~o ~ \. V_ I ~!. 11_ l.f.3 i I 
f.Yo 3.) l' ,.3 J.... :5/.1?-j ".~ s I 
'160 ~,~ f- /')g ~ /' ::l'Z 'i. H_ 

10 '~D ']0 t /.)11, ] j.;}.'3 1.11.. 
f1.~ '3'-' f ,. d..:=;- J/ . .1"7 '1,1) I 
1.57..0 ]0 + /. ';1", :; /, :;1.~ 4:, '1 
IY~'J ]0 -t /. J.. " ~ I.J.~ 1.1l 
! < !-,.:;; ~o ~, ,C\ '3 I. lq :s ,0'1 I ll' 4/ 1---'-n ..... r';\ ~ . 
r ! .. ,~IJ ~ + \, \ 'l ~ \, Il S· ') :) \' '~;',,:\ .-:,. • ...;.I...<"L.. J.......I'_~~ ......... \C'\. ll..p 

'1. y ) "'0 i-\ \.5 3 \.I{ .s. ';J-{ z.', '1 \ 1\ 

~,)71j t. ! I ;n' '}..\ 
, 

30 • \ .:l':; 51. f)'l 

i .)~O j,", + '- \ \ ,3\. II S .0'1 ~ {'I 

7 \ ',J ~) t \.14 :, \. 1 i.l. 50(-, 

LZ.l J 10 ./..1./'" 1:./. /, 5 .o~ 
I{Q::l.~( ,- .",- lP~ 

2.. ~,)'O 10 .j. /. lLf 3{ N S 01. 

~5'Z...o 30 t /. I~ 3/./,/ !. .J n ('1 r- ia 0~ J:l"~~t. 
: 'o4f) 20 +- /. I r;' j /. IS' /J( .. \}:S J p.:,,:.!.t ;: ~ -(".-/h' 

?.. 7~Q 30 .;. / I I"t 3/. I'? 5.03 \.. C..- J:.t.; ~/ 
, ?t7) \" f"':" l.\,\ Ie> 3\\ '? I 5' ~ (..J 

I 

I 

~ ·0 :.. ... <S' .... ~,J' C>, ~~ AA ,.~,-\ 'j lP'~ T\' ~"1'- '-, "_~ J.I ,,1.\ \ 
. ' \ \ I: P 

I .... .}oj. : :;,"", 
,:~'" .f oj 

~ 

~ 



PROJECT T~'.\Q\_:'" 

SCREEN ______________ __ 

PUMPING TEST FORM 1 1 

WEU f:cA ,{ -? '.t.\ LOCATtON: ?AGE_' _OF' ~ 

M.P. HT. ABOVE G.S. 2.. ,1, \.,\ . 
W.L. MEAS. wi' \ ~ 

\ 

PUMPING WELL h: (. - -;-\ i Q _____ _ ORI FICE WEATHER ~\,~ - )0 'j 

\ 

\ ')M ~ ,-::,v..---t -. ,,,-

..i..ORAWDOWN _RECOVERY _LOCATION SKETCH 

II 1\ ~1 q ~K \~.",:, \~~_l:'\ P») 

I ' 

END \ 

TEST START 

DATE MANO- I WATER l TIME t HELD WET D.T.W. s METER Q TEMP. 

r r '1 +11-\ () 3D h\. \ ~ ~) \. I" I 
i II, ~ .( -+, q-z.., j~.iL. ~,( ~ 

I ~r "'; I \:S "/llo~-f J ~, I') _ . , , I 
/'/ 'l...! -+ . \ i" "l I' I: I u ~~ I : f!- .I ..., _ ~ 

1 ,I ... ' I 'I .-; \ 'I _, \ ._ , . ~ ). • . :..J •• ). 
~ '. oJ ~ ..!.. -; '- .; ( .., ; . I :....·1 , , - ~ .. - ..... -.. -

I 
..; 

,,/ • ,q I 2{.:"~ 'j!':1. 
~ '., . . 

)'/ .... - / I' ~-, ~!11..1 d ;: I -
~ -J -,.~ .. J .') 

!.! ,,< ..:. ,"" tf ~(.'~cilq!~ 
'I'l : , / _ ,1,' .. _ • I ~, I' I -;<'!,. ---- '\ 

........ 'a I ... ~ -, ..... J ., __ 

; ::: , 
"1 . ~C; I "' - I ..) '\, · ~ ~,t ,1.., ~ 

'-" ...... 

I 0 I / 

~I )~:...jl I ~. ___ { I l ~ 1 , " .. ./ <../" / I' L ' .. "_ Lj ~.., . ,- ~ ... -' . ! I 

1. - o· I > I ~t..! ~ / ... 
:..: : -~ ~~ 

" ' I ~ JI! · / '-{ . -: I) '': .- .0 
... ., 

,) 
., , 

1-j , y~ ,){,,-I.\ J -.., . -~ 
\1.. ; J +- • r, ) ~- ~ I '-f.:7 5 

''I ~( ..I. .S (_ J ~_(7.. !of. ') to 

L 
\ I~ )) J. .~£.1 :,;' {~I ,. ') ~ 
t~ ,,< t, s t- )<.$' ::, i, '10 

I 7.:J 
' /' 

.l f S l 1,{.\l '1. L\ I ) 

n ,-1- ~" : .. .' t\ '-I < I I :.:'" ." . ~ W. I ~ L · .0 , 

?:i 3{ I - · I , 1 .. ., L .... 
) .'~-.., -l:.! : 

z.~ /\,.( . . - - / -: ~.{! .. .. .., - . / 1- ~ < < -y ?~ .... ... ,10 -J .I ,) , 

:0 'l..( J... .10 ' / -,-
• l' P c.4 {'I 

~ / )S 4 .1 \ 35.11 i ,5 { .J) 
WI) -:;< , ,) .\ .1') i I --~ ~. ::,. 'i .(7 
~: 1/ .. :'J!1 ;'/7 7 '1 '57 J .J' ~. 0 

~0 -; -l. 
l. .7'1 ~).lcJ '1.{~ ~ '. 

f( .\ I ... 1 ~ ; { 1 S '-j.}'1 
.-J ~ 

IOv~ !-I) 1/ •. llo 3\'.1 (,.. 1.1~0 
, ,J , / 

" 
.. .79 l{lq I !.1 ~J I 

~o / ~ .5 I 3{ ~\ 'I. :J{ 1. ~ • '1 (; 1{ +- .x3 3) '&) Y,!.7 , 
/'Y; 1{ 4 ,3Y ,<.~y L\ 10 & 
r If) 1/ 

j) -t • ~ (' '3 / ~S '1.1.;1 

\\ , Z-9 ~{ 
I of .6f ~~. ~ { ~f.(~ '1 -



PUMPING TEST FORM 

PROJECT T 6 <, \ '2,-,-
\ ( . 

WELL /-'.-, x: . ? "J ") 
LOCATION ?AGE~OF 

SCREEN ______________ __ M. P.~;·a..' '-'"" ),,,-,.,-.(? rt,/I_ HT, ABOVE G.S. _______ _ W.L. MEAS, W/ _______ _ 

\:\ d· ... 1"\ '\ PUMPING WELL '\:i /VI"' /' a ____ _ ORIFICE WEATHER ________________ _ 

'<DRAWDOWN 
I 

_RECOVERY _LOCATION SKETCH 

1 DATE I HELD 
/ I t TIME t WET D,T.W. I s 

! 1'10 I '){ 1+, ~( )S.3{ I ~.~'1 I I 
I 1 'lJ I ...... ( -; ,q,-\ ');Z-i I ti . .,2 I 1 
1 \'7... ~\ \ i<.<') I I I 

" I l\ 

.1 j ~ ,) ~ ~I" b V~ -- /' 1_: . 7 I -- / I . ~ I .., , . ' ~.) ,) ~.~ i 

I I I I I 
1 \\yj>'\..A ~/' "'to, c(" 3{ 1...S I I ' , 
11 

J '\ , 
I I I I 

I I I I I 
p! I 
L/ I .;' 

I I I 

I 

~}Il 
I I I 

I I I I I 
I I I 

n
l I 

JJ 

1 I 1i I I , I , 

r 
! I I _. 

I . 
I , 

j I 
I 

I 
L 

I 

I 
I 

I I 

L I I I ---~ 

TEST START 
END __________________ ___ 

MANO- WATER 

METER 0 TEMP. 

I I 1 
I I 
I I 

I I I 
~w--\·I .'. I • \ 

1 .1"l~·..rJ \' ~ (...."Y"\ J.-..L~',L- -
r J I \ >\ 

/ 

. I 1 c; -.jtl.t", :r, \ J t:<""'~ :; 

0 I ., ~ DC, (Y)---
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I 1 

I I I I 
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PUMPING TEST FORM 

PROJECT .:IS 1. \ \);. '"L WELL 'iv' \~ -' ') LOCATION ?AGE_1_ OF_ 

SCREEN ______________ __ M. P. r "'" ::!, Ij' I ~t.,-\ . \ 
~tc\t'f: 21q HT. ABOVE G.S. W.L. MEAS. wi 

I\~X-r~ Q ---PUMPING WEll 
• 

ORIFICE' ____ WEA TH I'" R 

TEST START \,\q\~~ -~r~~-:-\------
, I ' 

_DRAWDOWN ~RECOV:::RY END _________________________ __ _LOCATION SKETCH 

DATE I D.T.W. I I MANO- WATER I 
TIME t H:::LD WET s METER Q TEMP. 
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PUMPING TEST FORM 

PROJECT :r 1> 1, \ 0 L'1- WELL Nv-l- ') LOCATION "AGE.l-Or_ 

SCREEN _______ _ M.P. HT. ABOVE G.S. ____ _ W.L. MEAS. W/ ______ _ 

PUMPING WELL 

V DRAWDOWN 
T 

_RECOVERY _LOCATION SKETCH 

DATE 

HELD I I D.T.W. TIME t WET s 

I I 
q:'" J p,t, ::;2 '11 ). CO ,.3, J 13. bq ~ 

I I I I 
C1. 1 U 

I • ./ , '"11 ::-.()O It <, I (. (..,2 I 
q; 41 .c:r s: OD I, ? 0 I -;.-;:1) 
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ORIFICE WEATHER _______ _ 
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TEST t \ END ___________________ ___ 
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PUMPING TEST FORM 

PROJECT 1""'8:'1 OLL WELL G\j!j - i L\ LOCATION ?AGE_f_ OF_ 

SCREEN ______________ _ 

11 II ..... r .t C 

+." \h: fl'ZW- .~ 
M.P. ~,--<l HT. ABOVE G.S. ___ _ W.L. MEAS. wi \l's\ 110 

PUMPING WELL 10\ x- P'r~ Q_---- ORIFICE WEATHER _______ _ 

START tl\G\i~ qfl-\ 
TEST t" 

_DRAWOOWN f-RECOVER'l' _LOCATION SKETCH END ___________________ __ 

DATE I I D.T.W. 

MANO- WATER I 
TIME t HELD I WET s METER Q TEMP. I 
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PROJECT .::r g j ! <.:)L "1-

SCREEN ______________ _ 

PUMPING WELL 

_DRAWDOWN 
/ 

A., RECOVERY 
I 

PUMPING TEST FORM 

b\l1· Iq 11 
WELL--WLJ. 

\ 
~UJ"""-'(;.' 

M.P. -I-y\ d 7" 1l;:t 
\ 

LOCATION ?AGE __ OF_ 

HT. ABOVE G.5. _____ _ W.l. MEAS. W/ _______ _ 

A.'JY- p"l Q_---- ORIFICE WEATHER ________ _ 

START rile/to{ (t (1-1 
TEST END ________________________ _ _LOCATION SKETCH 

DATE I HELD I I D.T.W. I 
MANO- WATER 

TIME t WET s METER Q TEMP. ./' 

2.' 10 rl-\ 41 I IY~ '-i {. /I.J I 
. \->'..J ... ~..:l iAl4 f'" ~ I I ., I I I I I " 

1/: 1)( 113 <T Y7:oo ;).rJ{., ILjy"~ ,-Z:L 
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u.s. ENVIRONMENTAL PROTECTION AGENCY 

POLLUTION REPORT 

DATE: April 12, 1985 

Region II TO: 
Response and Prevention Branch 
Edison, NJ 08837 

(201) 321-6670 - Commercial 
(201) 548-8730 - 24 Hr. Emergency 

340-6670 - FTS 

POLREP NO. : 
INCIDENT NAME: 
SITE/SPILL NO. : 
POLLUTANT: 
CLASSIFICATION: 
SOURCE: 
LOCATION: 
AMOUNT: 
WATER BODY: 

1. SITUATION: 

Seven (7) 
Olean 
16 
Trichloroethylene (TCE) 
Hedium 
Unknown 
Olean, New York 
Unknown 
Groundwater 

A. Same as previous POLREP. 

2. ACTION TAKEN: 

C. Daggett, EPA 
W. Librizzi, EPA 
B. Ogg, EPA 
F. Rubel, EPA 
J. Harshall, ~PA 
A. Jenick, EPA 
W. Mugdan, EPA 
ERD, EPA Washington, D.C. 

(Data Gram) 
N. Nosenchuck, NYSDEC 
C. Halgas, Cattaraugus County 
Health Dept. 

P. Keller, NYSDEC 
J. Anderson, HHS 
D. Dana, NYSDEC 

A. Installation of two water supply wells point of use treatment 
systems were completed on April 1, 1985 by the ERCS subcontractor. 
Additional work activities on these two installations took place 
on April 10th, 1985. 

B. On April 9th, water samples to monitor filter effectiveness 
were taken from carbon units newly installed in two residences. 

C. Water samples to check bacterial growth in the two installed 
carbon units were also collected. 

D. A total eight (8) samples for volatile organic compounds were 
collected. The samples included 1 duplicate and 1 field blank. 
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E. A total of 2 samples for total organic carbon were collected. 

3. STATUS OF FUNDS: 

A. Total Extramural Trust Funds 
Authorized for Mitigation Contracts 

l.a. Cattaraugus County Health 
Department 

l.b. ERCS to Date 

B. Expenditures for Mitigation Contracts 

l.a. Amount Obligated to Cattaraugus 
County DOH Contract #68-62-0011 
Initiated 2/4/82 

l.b. Estimated Expenditures for 
1t68-62-0011 

l.c. Balance Remaining for #68-62-
0011 

2.a. Total ERCS Funding Obligated 
under D2D035, #KCS 405 #KCS 415 
and 1tKCS 438 

2.b. Estimated total expenditures for 
ERCS contractor under D2D035, #KCS 
405 and #KCS 415 

2.c. Total balance remaining for D2D035, 
#KCS 405 and #KCS 415 

3.a. Amount Obligated to ERCS 
Contractor, O.H. Materials Order 
of Services #6893-02-020, DCN 
#KCS 438 

3.b. Estimated Expenditures for 
DCN #KCS 438 as of April 12, 
1985 

3.c. Balance Remaining For 
DCN 1tKCS 438 

$ 144,000.00 

25,000.00 

119,000.00 

25,000.00 

23,174.00 

1,826.00 

113,000.00 

78,750.00 

8,250.00 

26,000.00 

11 ,000.00 

15,000.00 

1 



C. Unobligated Balance Remaining As of 
Apri 1 12, 1985 

D. Estimate of Total Expenditures As of 
April 12, 1985 for All Mitigation 
Contracts 

E. Other Extramural Costs 

l.a. Estimated TAT Salary/Travel 
Thru April 12, 1984 

F. Estimated Intramural Costs Reported 
by Computer Accounting Thru 
March 1, 1985 

G. TOTAL Estimated Expenditures Thru 
April 12, 1985 and Percentage of 
$1,000,000.00 

4. FUTURE PLANS AND RECOMMENDATIONS: 

6,000,00 

112,924.00 

21,762.00 

11,303.70 

$ 145,989.70 
(14.6% 1M) 

A. Another round of sampling to monitor carbon filter effectiveness 
will occur 90 days after completion of the installations. 

B. The situation will continue to be followed for future actions. 

1 

CASE PENDS X CASE CLOSED SUBMITTED BY ~lJlJ~~ 
---

(TAT) 
Response and Pre­
vention Branch 

DATE RELEASED ~ /' ,( ! ~ ~ 
I 



The Actual Document is Available 
fOi Revievv in the 

Site File 

Site Files are located at the 
U.S. Environmental Protection Agency 

Region II 
Superfund Removal Records Center 

Edison, NJ 
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TAT-02-F-01418 

COMMUNITY RELATIONS PLAN 

OLEAN WELLFIELDS 

OLEAN, NEW YORK 

Prepared By: 
Anne.Tischbein 

Weston/SPER Division 
Edison, New Jersey 08837 

Prepared For: 
Robert M .. Cobiella, OSC 

Emergency and Remedial Response Division 
Response and Prevention Branch, U.S. EPA 

Site Mitigation Section 
Edison, New Jersey 08837 
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I. PURPOSE: 

COMMUNITY RELATIONS PLAN 
OLEAN WELLFIELDS 
OLEAN, NEW YORK 

3noon 

A request for an EPA removal action in the Town of Olean, New 
York has been received from the Cattaraugus County Health 
Department (CCHD). The request was made verbally by Chester 
R. Halgas, Director of Environmental Health, CCHD, and will 
be followed up in writing for EPA assistance to mitigate the 
impact of chemically contaminated groundwater to individual 
drinking water supply wells in the Town of Olean (see Figures). 
At this time, the wells in question supply 2 residences. 
These users depend on the wells as their sole source of 
potable water and this groundwater contamination poses an 
immediate and significant risk to human life and health. 

The County Department of Health has recommended that the 
homes in question receive treatment units to protect public 
health. These 2 wells show contamination by volatile organic 
compounds (VOC) to levels exceeding New York State Department 
of Health (NYSDOH) guidelines for potable water which limit 
concentrations of total volatile organic compounds to less 
than 100 ppb and a single ,volatile, orga~~c compound tJ less 
than 50 ppb. ~ ~v( ~ /ttr."1--e..~~t'~I __ '1. CL.,~ h 
~ EP4 ..s-~~~ ~ ~ ~ .... l. YSNIi-/ZL.) ~ 
This memo disc4":fses a plan for communit~ relations prior to, ,#,00 
and during, the immediate removal action'_(-"-:rf:.. 

~ 
II. BACKGROUND: 

A. Site Setting/Description: 

The contaminated wells are located in the Town of Olean, 
Cattaraugus County, New York. All are located along 
East State Road to the west of Dugan Road. This area 
is generally a mixed residential/light industrial area 
and borders the City of Olean to the west. EPA has 
conducted 2 previous immediate removal actions in the 
Town of Olean. In 1982, 16 carbon units were installed 
to reduce well water contamination. In 1984, 10 double 
carbon systems were installed. The wells in question 
for this immediate removal action were not previously 
addressed during 1982 or 1984 actions. 

B. Quantity and Types of Substances Present: 

Five hazardous volatile organics have been documented 
in the well water of the two affected residences to 
date. These are: 
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II!. 

Chloroform 
Methylene Chloride 
Tetrachloroethylene 
l,l,l-Trichloroethane 
Trichloroethylene 

30 I) 

The cumulative concentration of volatile organics in 
these 2 wells range from 190 to 200 ppb, with the 
primary contaminant being trichloroethylene. All of 
these substances are designated hazardous under CERCLA. 

C. This site is on the National Priorities List (NPL). 

THREAT: 

A. Threat of Public Exposure: 

This is a case of actual contamination at the tap for 2 
families. Contaminants have been documented in these 
wells in excess of the NYSDOH guidelines (50 ppb for a 
single volatile organic compound or 100 ppb for any 
combination of volatile organic compounds) and the New 
York State Groundwater Standard for Trichloroethene (10 
ppb). 

Individual private wells tapping this aquifer provide 
the potable water supply for the residences. In addition 
to the potential for exposure through drinking the 
water or eating food prepared with the water, when 
water is used for hot showering, the volatilization of 
the organics elevates the levels of these compounds in 
a1r. 

B. Evidence of Extent of Releases: 

Contamination of local drinking water wells with volatile 
organic compounds has been in evidence since 1981 when 
the contamination was discovered and private well owners 
in the town were notified to boil their water as a 
precaution. Since this time, EPA has conducted 2 
immediate removal actions to mitigate contamination in 
26 wells (16 in 1982 and 10 in 1984). In this present 
situation, sampling revealed concentrations of volatile 
organics in excess of the NYSDOH guidelines for 'volatile 
organics concentration in potable water in 2 individual 
wells. The samples showed contamination ranging from 
190 ppb to 200 ppb. 

C. Previous Actions to Abate Threat: 

In 1981, 50 owners of private wells were advised to 
boil their water before use. In 1982, the U.S. EPA 
funded installation of 16 activated carbon filtration 

-2-
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units on individual wells to reduce the contamination, 
In general, these units appear to be functioning, 
however, 5 units were recently shown to have allowed 
breakthrough resulting in finished water concentrations 
exceeding the 50 ppb NYSDOH guideline. The carbon in 
these units was replaced by the county health department. 

In 1984, the U.S. EPA funded installation of 10 additional 
activated carbon filtration units on individual wells 
to reduce contamination. 

D. Current Action to Abate Threat: 

Such current actions may include the boiling of water 
used for eating and drinking, limiting the use of water 
for showering- and possibly, the use of bottled water, 

IV. PROPOSED PROJECT: 

A. Objectives of the Project: 

The proposed project calls for the installation of 
water filtration units designed to remove volatile 
organic compounds on individual wells. These units are 
similar to the previous activated carbon units installed 
in area homes during the 1984 immediate removal action 
where similar contamination was noted. The units 
proposed under this project should be effective in 
removing the volatile organic contaminants in that they 
include the use of 3 cubic feet of activated carbon in 
each of 2 tanks. These units are expected to be more 
effective than the units installed in 1982 in that more 
carbon is being used, and that the filters will be so 
connected as to allow the use of filtered water- for 
backwash. 

This project includes purchasing, installation and 
maintenance of the units, and sampling and analysis of 
the water systems treated over a 6 month period. 

B. Objectives of the Community Relations Plan: 

The plan is designed to: 

1. Provide accurate understandable information to 
local citizens, elected officials, and the 
media. 

2. Integrate the local government, State and 
Federal response. 

3. Ass~st public a£3~ptance of the chosen response 
actIons. 



4. Enlist the assistance of local officials, as 
needed. 

The officials and groups for whom this plan is designed 
are: local citizens, citizens groups, school principals, 
local businesses, elected officials, local, State, and 
Federal agencies working in association with Region II 
EPA. 

The information will be supplied by EPA's Office of 
External Programs, New York City with the cognizance of 
the Office of the Regional Administrator. 

C. Community Relations Activities: 

Date(s) 

Upon au­
thoriza­
tion of 
funding 

Upon au­
thoriza­
tion of 
funding 
as needed 

Activities 

1. Meeting 
with 
State 
and 
local 
officials 

2. Press 
release 

3. Fact 
sheet 

Objective 

To discuss 
community 
relations 
needs 

To brief 
community 
and press. 
Provide 
community 
with in­
formation 
on progress 
of the re­
moval ac­
tion 

To provide 
information 
for affect­
ed/interest­
ed public 
on activity 
at key de­
cision 
points 

Staff Hours 

OSC 24 
OEP Rep 24 
TAT* 24 

OSC 
OEP Rep 

OSC 
OEP Rep 

24 
24 

24 
24 

*TAT stands for the U.S. EPA authorized contractor, Technical 
Assistance Team, Roy F. Weston, Inc. 
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Date(s) 

When 
system 
operating 

Activities Objective 

4. Briefings To inform 
State and 
local offi­
cials about 
on-go~ng 

developments 
at the site 

5. Public 
meetings 

6. Site 
tours 

To discuss 
the need 
for re­
sponse and 
review key 
decision 
points, ex­
plain the 
clean up 
method 
and respond 
to citizen 
concerns 

Local 
elected 
officials, 
local and 
State govern­
ment officials 

D. List of Key Officials and Contacts: 

Federal Agencies 

EPA Site Mitigation Section 
Robert Cobiella, OSC 

EPA Office of External Programs 
Jim Marshall 
Rich Cahill 
Herman Phillips 
Lillian Johnson 

Federal Officials 

Senator Alfonse M. D'Amato 

Senator Daniel P. Moynihan 
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Staff 

OSC 
OEP Rep 

OSC 
OEP Rep 

OSC 

Ho 

24 
24 

24 
24 

24 

Telephone 

s 

(201) 321-6646 

(212) 264-4913 
(212) 264-8504 
(212) 264-1044 
(212) 264-2515 

(202) 224-6542 
(518) 463-2244 

(202) 224-4451 
(212) 661-5150 



Federal Officials 

Representative Stanley Lundine 

New York State Agencies 

New York State Department of 
Environmental Conservation 

Hazardous Waste Program (Inland 
Albany Office) 
Hazardous Waste Program (Region 9) 

New York State Department of Health 

New York State Police 

New York State Officials 

Senator Jess Present 

Assemblyman Daniel Walsh 

Cattaraugus County Agencies 

Chester Halgas, P.E., Director 
Environmental Health Department 

Cattaraugus County Officials 

Chairman of County Legislature 
James Snyder 

City of Olean 

Mayor William Smith 

Director of Department of 
Public Works 

Robert Carr 

Fire Department 

Police 

Town of Olean 

Supervisor 
D a v i d T o~ r e y 

Fire Department 
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Telephone~ 

(716) 372-181 

(518) 457-9538 
(716) 847-4590 

(716) 847-4500 

(716) 373-2550 

(716) 372-0345 

(716) 372-0345 

(716) 375-4121 

(716) 372-3511 

(716) 372-2200 

(716) 372-2200 

911 

911 

(716) 372-5578 

(716) 372-2320 

1 
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Media Contacts 

Olean Times Herald 
Rick Miller 

Buffalo Evening News 
Burton Freed 

01 
Telephone 

(716) 372-3121 

(716) 372-8375 
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