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FOREWORD 

EnvirorL~ental measurements are required to determine the quality 

of ambient waters and the character of waste effluents. The En

vironmental Monitoring and Support Laboratory (EMSL)-Cincinnati 

research responsibilities are to: 

Develop and evaluate techniques to measure the presence and 

concentration of physical, chemical, and radiological pollut
ants in water, wastewater, bottom sediments, and solid waste. 

Investigate methods for the concentration, recovery, and 

identification of viruses, bacteria, and other microorganisms 

in water. 

Cond1.;ct studies to determine the responses of aquatic orga,1

isms to water quality. 

Conduct an Agency-wide quality assurance program to assure 

standardization and quality control of systems for monitoring 

water and wastewater. 

This publication reports the results of EPA's interlaboratory 

method study for bis(2-chloroisopropyl)ether {BCIPE), bis(2-chloro

ethyl)ether (BCEE),bis(2-chloroethoxy)methane (BCEXM), 4-chloro

phenyl phenyl ether (CPPE), 4-bromophenyl phenyl ether (BPPE). 

Federal agencies, states, municipalities, universities, private 

laboratories, and industry should find this interlaboratory study 

useful in monitoring and controlling pollution in the enviror~ent. 

Robert L. Booth, Director 
Environmental Monitoring and Support Laboratory 
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ABSTRACT 

This report describes the interlaboratory study of an analytical 
method which detects haloethers in water. EPA Method 611 -- Halo

ethers, consists of a liquid/liquid extraction using methylene 
chloride, an evaporation step using Kuderna-Danish (K-D) evapora

tors, a cleanup procedure using Florisil sorbent, another K-D 

evaporation of the fraction from the Florisil column, and subse

quent analysis by gas chromatography (GC) using a halide-specific 

detector. The six concentrations (three Youden pairs) of spiking 

solution;; used in this study contained BCIPE, BCEE, and BCEXM, 

CPEE, and BPPE. Six water types were used in the study: distil

led, tap, surface, and three different industrial wastewaters. 
Statistical analyses and conclusions in this report are based on 

analytical data obtained by 20 collaborating laboratories. 

Participating laboratories were selected based upon technical 
evaluation of proposals and upon the analytical results of pre

study samples. The data'obtained from the interlaboratory study 
were analyzed employing EPA's series of computer programs known as 

the Interlaboratory Method Validation Study (IMVS) system, which 

basically implements ASTM Standard D 2777. The statistical 

analyses included tests for the rejection of outliers, estimation 

of mean recovery (accuracy), estimation of single-analyst and 
overall precision, and tests for the effects of water type on 

accuracy and precision. 

This report was submitted 1n fulfillment of Contract 68-03-2633 

by Monsanto Co~pany under the sponsorship of the U.S. Environmen

tal Protection Agency and covers a period from January 1979 to 

March 1980. 
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SECTION 1 �

INTRODUCTION 

The EPA's analytical laboratories gather water quality data to pro

vide information on water resources, to assist research activities, 

and to evaluate pollution abatement activities. The success of 

the Agency's pollution control activities, particularly when legal 

action is involved, depends upon the reliability of the data pro

vided by the laboratories. 

Under provisions of the Clean Water Act, the EPA promulgates guide

lines establishing test procedures for the analysis of pollutants. 

The Clean Water Act Amendments of 1977 emphasize the control of 

toxic pollutants and declare the 65 "priority" pollutants and clas

ses of pollutants to be toxic under Section 307(a) cf the Act. 

This report is one of a series that investigates the analytical 

behavior of selected priority pollutants and suggests a suitable 

test procedure for their measurement. The priority pollutants 

analyzed by Method 611 in this repo~t are the study haloethers: 

BCIPE, BCEE, BCEXM, CPPE and BPPE. 

EMSL-Cincinnati develops analytical methods and conducts a quality 

assurance program for water laboratories to maximize the reliabil

ity and legal defensibility of water quality information collected 

by EPA laboratories. This responsibility is assigned to the Qual

ity Assurance Branch (QAB) which conducts interlaboratory studies 

on the methods in order to generate precision and accuracy data. 

This report presents the results of interlaboratory study 21, con

ducted fo::: the llSEPA by the prime contractor; Monsanto Company 
(MC). 
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Monsanto Company conducted the study in three phases. Phase I in

volved the analysis of the prestudy samples by 20 participating 

laboratories. Two samples were analyzed for each of the five halo

ethers. A medium concentration sample was analyzed in distilled 

water supplied by the participating laboratories and a low leve! 

sample was analyzed in a wastewater sample supplied by MC. The 

objective of Phase I was to familiarize laboratories with Mel:1od 

611 and to identify potential problems associated with the analyt

ical methodology. A short report, including the data obtained and 

any potential problems encountered, was received from each subcon

tracting laboratory by MC at the completion of Phase I. 

Phase II consisted of a prestudy conference held at EMSL-Cinci

natti, on May 16, 1979 to which each subcontracting laboratory 

sent at least one participant. The prestudy conference was de

signed to examine the results of Phase I and to discuss any pro

ble:r.s encountered in the methodology. 

Phase I 11 was the formal ir.terlabora tory study. Five haloethe.::s 

were analyzed at six concentrations (three Youden pairs) in six 

different water matrices. Each participating laboratory supplied 

its own reagent grade water, tap water and surface water. MC sup

plied the three industrial wastewaters. In addition, the partic.:.

pating laboratories performed analyses of all water blanks with no 

spiked compounds. Each participating laboratory then issued a re

port to Monsanto Company containing all data obtained, copies cf 

all chromatograms, and comments. 

The fir.al step in the study was a statistical analysis of data by 

Battelle Columbus Laboratories, Columbus, Ohio, under contract 

68-03-2624 employing U.S. EPA's IMVS computer programs. 

2 




SECTION 2 �

CONCLUSIONS 

The object of this study was to characterize the performance of 

Method 611 in terms of accuracy, overall precision, single-analyst 

precision and the effect of water types on accuracy and precision. 

Through statistical analyses of 3,600 analytical values, estimates 

of accuracy and precision were made and expressed as regression 

equations, which are shown in Table 1. One measure of the perform

ance of the method is that 16.3% of the analytical values were re

jected as outliers. Of these, 6.1% were rejected through applica

tion of Youden's laboratory ranking procedure and 10.2% were re

jected employing the Thompson-T-test. 

The accuracy of the method is obtained by comparing the mean re

covery to the true values of the concentration. It 1s expressed 

as percent recovery and ranges from 56% to 85% for all five ana

lytes in all six water. 

The overall standard deviation indicates the precision associated 

with measurements generated by a group of laboratories. The per

cent relative standard deviation(% RSD) ranges from 32% to 53%. 

The single-analyst standard deviation indicates the prec1s1on 

associated within a single laboratory. The percent relative 

standard deviation for a single analyst(% RSD-SA) ranges from 

15% to 31%. 

A statistical comparison of the effect of water type was performed 

indicating a statistically significant difference for six of the 
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analyte/water matrix combinations. Of these s1.x cases, a practi

cal significant difference was established only for 4-chlorophenyl 

pher.yl ether in wastewater 2. This combination also exhibited the 

lowest accuracy and highest precision (lowest% RSD and RSD-SA) 

values of all 30 analyte/water pairs. 

In general, the slopes of the regressio11 equations presented in 

Table 1 provided an excellent fit to the data especially in the 

middle and high Youden concentrations pairs. Recovery and pre
cision data al Lhe lowest concentrations suffered from a lack of 

de~ection sensitivity and from the presence of background inter

ferences in the blank sanples. The fit of the regression equations 

for accuracy and precision reinforces the assumptio11 that percent 

recovery is independent of concentration and that absolute recovery 

is a linear function of the analyte concentration. 

A detailed examination of the data indicated a background inter
ference problem fer wastewater 2 where the recoveries for the low 

Youden pairs were 541% and 442% for BCEE, and 46% and 287% for 

4-C?PE. For this reason a new set of linear regression equations 

were generated omitting the low Youden pair data. The revised re

gression equations for BCEE and 4-CPPE in wastewater 2 are pre

sented in Table 2. 

In preliminary studies by the prime contractor, it was found that 

each of the haloether compounds responded best to the Hall 310 de

tector at different temperatures. It was therefore necessary to 
find a compromise reactor temperature that gave good response for 

all five compounds. The newer Hall detectors use metallic reactor 

tubes rather than quartz tubes. These metallic tubes are said to 

have a catalytic effect which eliminates the need for such crit1

cal temperature selection. 
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T/\BLE l. REGRF.SSTON F.QIJATIONS FOR /\CCIJR/\CY /\ND PRECISION 

WATrn TYPE IJ IS( 2-CHLUROI SOPNlJPYL) ETH UIS( 2-CHLONOlTHYl) ETHEN UIS (2-UiLLJHOETHU.\ Y)MEIHAN 4-CHLUROPH[ NYL PHENYL ETH 

APPLICABLE CUNC. HANG[ (2.40 - bZUHl) ( I .4ll - hllt.lJll) (I.IHI - 5?H.llll) (h.60 - 4B9.0D) 

UISIILLEO WAflR 
SINGLE-ANALYST PRECISION SR• 0.20X • 1.0~ SN= IJ.l<lX + 11.2H SR= O.?IIX • 0.1~ SH= O.IHX • ?.13 
UVfNALL PNFCISIO~ S = 0.36X + 0.79 S = ll.J~X + ll.36 S=O.J3X•O.ll 5 = 0.41X + 0.~~ 
ACCURACY X • 0.85C + J.61 X • LJ.HIC + O.S4 X • 11.l!C • O.IJ X • U.H?C • 1.11 

TAP IIATER 
SINGLE-ANALYST PRECISION SR• O.l~X • 0.03 SR= 0.18X + 0.25 SR = 0.21X + 0.21 SN ° 0.17X + 1.22 
OVf.HALL PRECISION S = 0.36X + 0.55 S = 0.4UX + 0.18 S • O.JHX • 0.69 S = 0.39X + 0.18 
ACCURACY X = 0. 7BC • 0. 9'1 X = 0. 72C + 0. 48 X • 0.67C + U.69 X = 0.15C + 0.~3 

SURFACE WATER 
SINGLE-ANALYST PRECISION SR• 0.29X + 0.77 SR= 0.21X - 0.06 SR• 0.29X - 0.08 SR• o.22x • 0.83 
OVENALL PKlCISION S • 0.4/X + 0.23 s = u.~ux + n.u9 S = 0.53X + 0.47 S = 0.42X + 0.14 
ACCUHAC Y X • U.11C + U.4Z X • U.b/C • U.J9 X = U.bOC • 0.14 X • 0.6/C + 1.14 

WAS TE WATER l 
SINGLE-ANALYST PRECISION SR= 0.24X + 0.15 SR= 0.26X + 0.07 SR• 0.23X + 0.43 SR• 0.25X + 0.78 
UVEHALL PNECISIUN S = 0.4UX + 1.93 S = 0.41X + 0.06 S • 0.48X + 0.54 S • 0.43X + 0.40 
ACCUHACY X = 0.73C + 2.00 X = 0.69C + 0.25 X "0.69C + 0.69 X = 0.65C • 0.97 

WASTE WATlN 2 
SINGLE-ANALYST PRECISION SH = 0.29X + ll.09 SR= 0.15X + ?.26 SR= 0.27X + 1.37 SR= O.l~X +l~.99 
OVERALL PNECISIUN S • 0.~2X + 1.00 S = 0.35X + 4.12 S = 0.34X + 2.10 S • 0.32X +17.01 
ACCURACY X • U.83C + 1.66 X • 0.72C + 7.77 X • 0.71C + 2.33 X = U.S6C •20.40 

WASTE WATEI! 3 
SINGLE-ANALYST PRECISION SR = 0.28X + 0.22 SR• ll.23X + U.04 SR= 0.26X + 0.18 SR= 0.28X + 0.89 
UVEKALL PNECISIUN S ~ 0.4tX + 0.33 S 0.41X + 0.U6 S O.JbX • 0./U S 0.38X + 0.97 
ACCURACY X = U.8DC + 0.39 X = il. I7C + 0. I 4 X = 0.6/C + o.g7 X = 0. 6 9( + I. 51 

X MEAN RtCOVEHY 
C " !RUE VALUE FUR THE CONCENTRATION 

http:S=O.J3X�O.ll


TABLE l (continued) 

wATlM TVPE 4-llROMlWllrNYL PHENYL EffTE 

APPLICABLE CONC. RANGE (2.80 - 626.00) 

lJISTlLLEU WATrn 
SINGLE-ANALYST PRECISION SR= 0.25X + 0.21 
UVlNALL PN[CISIUN S = 0.47X + 0.37 
ACCUNACY X = lUl~C + 2.~~ 

TAP WATEll 
SINGLl-ANALYST PRECISION SR= 0.22X + 0.33 
OVENALL PNECISIUN S = 0.47X + 0.52 
ACCURACY X = 0.82C + 1.87 

SURFACE WATEll 
SlNGLf-~NALYST PRECISION SR= 0.27X + 0.~9 
OVENALL PNECISION S = 0.4'1X + 0.47 
ACCURACY x =a.me+ 2.10 

WAS TE WA Tm 1 
SINGLE-ANALYST PRECISION SR= O.JOX + 0.33 
OVLRALL PRECISION S = 0.48X + 0.61 
ACCURACY X: Cl.77C + 2.16 

WASTE WATER 2 
SIN(;Ll-ANAIYST PRECISION SR= 0.29X + 1.26 
OVERALL PNECISION S = O.~IX + 0.45 
ACCURACY X = O.HlC + 2.30 

WASTl WATER 3 
SINGLE-ANALYST PNECISION SR= 0.31X + 0.13 
OVERALL PKECISION S = 0.4/X + 0.22 
ACCUN,,CY X = 0. 79C + 1 • 68 

X MEAN NECOVlRY 
C = !Klll VALUE FOR THE CONCENTNATION 



TABLE 2. REVISED LINEAR REGRESSION EQUATIONS FOR WASTEWATER 2 �

BCEI:: 4-CPPE 

Single-Analyst Precision SR= O.lOX - 3.47 SR= 0.llX + 6.00 
Overall Precision S = 0.39X 2.26 S - 0.49X 8.98 
Accuracy X = 0.72C + 8.61 X :-:: 0.69C + 9.7S 

A prelimina:cy study of eight different effluent/wastewaters was 

conducted to determine the effectiveness of the method in elimi

nating potential interferences to the analysis of haloethers and 

identifying some of the remaining interferences. This study 
vividly demonstrated the effectiveness of the Florisil cleanup 

in removing potential interferences. In many cases, very large 
potential interferences observed in samples after extraction and 

concentration were totally eliminated by the Florisil cleanup. A 

gas chromatographic/mass spectrometric (GC/MS) analysis of samples 

after cleanup also ider1tified a number of compounds which were not 
observed in the halide-specific detector chromatograms. r.ompounds 

identified in the wastewaters as posing interference problems in
cluded a nonpriority pollutant haloether and a cyclic chlorinated 

hydrocarbon. Large quantities of nonhalogen containing hydrocar

bons were also found to give a response, though greatly reduced, 

with the halide-specific detectors. Minor changes in chromato
graphic conditions were generally able to separate potential i11ter

ferences from the haloethers even with the worst case wastewater 

used. In final discharge waters, it is not anticipated that inter

ferences will pose a significant problem in the analysis of halo

ethers with this method. 

In general, the most sensitive portion of the method 1s the 

Kuderna-Danish concentration step. It requires some analyst care 
and experience to conduct this concentration step in a reproduci

ble manner. 

7 �



SECTION 3 �

RECOMMENDATIONS 

Method 611 is recommended for the analysis of haloethers in mun1c1

pal and industrial wastewaters. The matrix effects are significant 

only at low concentration levels. 

Care should be taken in the Florisil cleanup and K-D concentratio~ 

steps. Analyst care and experience is required to conduct the con

centration step 1n a reproducible manner. 

Special care should be taken to break the emulsions developing in 

the extraction step of the analysis to prevent loss of analyte. 

8 



SECTION 4 

DESCRIPTION OF STUDY 

SELECTION OF PARTICIPATING LABORATORIES 

As prime contractor, Monsa~to Company sent requests for quotation 

(RFQ) to approximately 150 laboratories which had been identified 

as potential subcontractors for this interlaboratory study. The 

RFQ contained a Scope of Work, a description of the projected tim

ing of the required analyses, and a copy of the analytical method. 

The detailed writeup for Method 611 as published by EPA is pre

sented in Appendix A of this report. Interested laboratories were 

asked to respond to the RFQ by providing the following information 

O!:.: 

Facilities available dl tl1e laboratory, including all 

instrumentation to be used for the study. 

Previous experience in carrying out the types of ana:yses 
specified in tile Scope of Work for the cor.1pounds of 

interesl. 

Handling procedures for working with hazardous and pote~

tially hazardous chemicals. 

The organization and managerial structure of the laboratory, 

identifying those personnel involved in managing this study. 

The analyst involved in the analyses to be per�

formed, including his/her experience. �

9 



Quality control/quality assurance procedures and good 

laboratory practices followed by the laboratory. 

Approximately 30 proposals were received in response to the RFQ. 

The proposals received were ranked, and the 20 most qualified 

laboratories were selected for participation. Table 3 lists the 

participating laboratories for the Method 611 interlaboratory 

study. Throughout this report, data provided by these laborator

ies will be identified only by an anonymous code nurr~er. 

STUDY DESIGN 

Two preliminary samples were sent to the participating labora

tories. One was supplied at a medium level to be analyzed in 

distilled water to assure that the method could be properly imple

mented. The second sample was at a low level to be spiked into a 

liter of wastewater that was supplied. This sample was to find 

the method problems under adverse conditions. 

The analysts from these laboratories met in Cincinnati on May 16, 

1979 to discuss the procedures and potential problems. The dis

cussion included elements dealing with problems in achieving low 

enough detection limits, the necessity of Florisil standardization 
per the Federal Register method, reactor tube composition, and 

other questions as to which elements of the study were fixed and 

which elements could be optimized by the individual laboratories. 

About a month after the prestudy conference, agreement was reacl:ed 

by the EPA and MC concerning which components were to be rigidly 

fixed. The method study samples and wastewaters were then sent to 

the laboratories. 

Rigidly set conditions included the specifications of column pack

ing material, again excluding EC detectors as not being haloge11 

specific, a~d specifying that the Federal Register method be 

lC 



TABLE 3. PARTICIPATING LABORATORIES �

Analytical Development Co. 
1875 Willow Park Way 
Monument, Colorado 80132 

Analytical Research Laboratories, 
Inc. 

160 Taylor Street 
Monrovia, California 91016 

Battelle (Columbus Laboratories) 
505 King Avenue 
Colu:nbt:s, Ohio 43201 

CDM Enviror1mental Sciences 
Division 

6132 West Fond du Lac Avenue 
Milwaukee, Wisconsin 53218 

Environ:11enlal Research and 
Technology 

2625 Lowingate Road 
Westlake Village, 
California 91361 

Environme:1tal Research and 
Technology 

696 Virginia Road 
Concord, Massachusetts 01742 

Environmental Research Group 
117 North First 
Ann Arbor, Michigan 48103 

Environmental Science and 
Engineering 

P.O. Box 13454 
Gainesville, Florida 32604 

Finnigan Institute 
11750 Chesterdale Road 
Cincinnati, Ohio 45246 

Hydrosciences, Incorporated 
363 Olk Hood Road 
Westwood, New Jersey 07675 

New Mexico Scientific 
Laboratory Systems 

700 Camino de Salud 
Albuquerque, New Mexico 87106 

Orlando Laboratories, Inc. 
90 West Jersey Street 
Orlando, Florida 32856 

Raltek Science Services 
3301 Kinsman Boulevard 
Madison, Wisconsin 53707 

Southwest Research Institute 
8500 Culebra Read 
San Antonio, Texas 78284 

Spectrix Corporation 
7408 Fannin 
Houston, Texas 77054 

Texas Instruments, Inc. 
P.O. Box 5621-~S 949 
Dallas, Texas 75265 

Versar, Inc. 
6621 Electronic Drive 
Springfield, Virginia 22151 

Water and Air Research, Inc. 
P. o. Box 52329 
Jacksonville, Florida 32201 

West Coast Technical Service 
17605 Fabrica Way 
Cerritos, California 90701 

Wilson Laboratories 
528 North 9th Street 
Salina, Kansas 67401 
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followed in detail. The temperature program, flow rates, and sol

vent compositions were given as guidelines only since a variety of 

detectors were being used. 

Suggested guidelines were also given for parameters such as fur

nace temperature on the Hall electrolytic conductivity detec~ors. 

MC has used a Hall 310 detector for many analyses and it was 

found the sensitivity of the detector varied significantly as a 

function of the temperature and differed from compo~nd to compound. 

Only two of the 20 laboratories, however, used this detector. Be

cause a wide variety of detectors were used in the study, a great 

deal of flexibility was allowed for individual optimization of the 

instrument conditions described within the scope of the Federal 

Register method. 

Three industrial wastewaters were selected for the interlaboratory 

study. Each wastewater was obtained from a different chemical 

company which either produces haloethers or had the potential of 

haloether byproducts in the production of other chemicals. Waste

waters #1 and #2 were raw effluents before treatment, and waste

water #3 was diluted effluent destined for deep well injection. 

These were selected as worst case examples to evaluate the method 

in the presence of the types of interferences which might be ex

pected by NPDES perm.it holders analyzing for haloet:iers. The fir.al 

treated discharge waters would generally have lower levels of these 

interferences. Wastewater #2 contained the most significant quan

tities of interfering compounds. 

Each wastewater was thoroughly mixed, filtered, and dispensed in 

one liter Weaton bottles equipped with Teflon lid liners. Each of 

the participating laboratories was sent seven one liter bottles of 

each wastewater. Six of these bottles were each spiked with one 

of the six spiking solutions, while the seventh bottle served as 

the blank. 
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In addition to the three wastewaters, each laboratory supplied 

its own tap water, reagent grade water, and surface water samples. 

After spiking, each laboratory had 42 different samples (including 

blanks), for analysis. 

The study design was based on Youden's non-replicate plan [l) for 

collaborative evaluation of precision and accuracy for analyti

cal methods. According to Youden's design, samples are analyzed 

in pairs, each sample of a pair with slightly different concentra

tions of the constituents. The analyst is directed to do a single 

analysis and report one value for each sample. Analyses in reagent 

grade water evaluated the proficiency of the analyst to use the 

method on a sample free of interferences; analyses in the other 
waters were intended to reveal the effects of interferences on the 

method. 

Six spiking solutions were made such that three different concen

tration ranges were each represented by two different soJ1.1 tions 

( Youden pairs). Solution numbers 1 and 5 had haloether C()nce:1

trations near the minimum detectable limits. Solution numbers 2 

and 6 had concentrations around 100 ppb. Solution numbers 3 and 4 

contained haloethers at levels about five times the intermediate 

levels. Table 4 shows the individual haloether concentrations 

for each spiking solution. 

A problem with CPFE occurred when the solutions were made. CPPE 

was purchased in sealed glass ampules containing 10, 20, or 50 mg 

of CPPE. It was assumed that the weight listed on the label was a 

precise weigl:t, so lhe contents were simply rinsed into the spiking 

solutions. Initial analyses of the solutions showed considerable 

discrepancy between the "theoretical" concentrations and lhe ana

lyzed values for CPPE. Subsequent ampules were checked for actual 

weights, and it was found that they normally contained much more 

than the staled weight. A check with the supplier confirmed that 

13 �



TABLE 4. SPIKING SOLUTION CONCENTRATIONS �

Solution 
_______Concentration, 
BCIPE BCEE BCEXM 

l:!9/mL 
CPPE BPPE 

tl 3.0 1.4 1.4 14.5 2.8 

#2 132 108 106 94 145 

tt3 486 602 398 489 552 

#4 624 402 528 424 626 

#5 2.4 1. 6 1.0 6.6 3.8 

#6 92 87 126 120 116 

the stated weights were intended as approximations showing the 

minimum weight. The collaborating laboratories were informed of 

this potential source of error when making their own standards. 

The initial analytical values determined in triplicate by direct 

injection were used as the true values for CPPE for this study. 

The spiking solutions were heat seuled in 5-mL hard glass ampules. 

Eacb a:-11pule contained 1.5 mL of solution, of which 1.0 mL was used 

to spike a liter of water. To prevent loss of analyte or acetone 

solvent, the ampules were cooled under a liquid nitrogen stream 

while being sealed. The ampules were refrigerated until used or 

were sent to the subcontract laboratories. Each laboratory was 

then sent a set of spiking solutions containing six ampules of 

each of the six solutions. 

In the methods development phase of this program, stability studies 

were conducted by MC to select the optimum solvent for preparation 

of the spiking solutions. Acetone was selected as the solvent and 

it was determined lhal the haloethers were stable up to 90 days. 

The spiking solutions for the validation study were prepared well 

in advance of the time they would be used, and the turnaround 

time of the participating laboratories was long; therefore, it 
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was decided to analyze all the solutions at about the same time 

the 20 laboratories were using them in addition to the shorter 

term (90 day) stability tests. In this way, it could be assured 

that haloether degradation or losses would not contribute to vari

ations in data from the various laboratories. The additional ana

lyses for stability of the spiking solutions were conducted 230 

days after the solutions were made. Even after 230 days, the 

spiking solutions were stable. 

MC interacted with all of the laboratories involved in the study. 

This interaction varied from verbal discussions of the potential 

problems of analysis to sending a MC employee to five laboratories 

to assist in troubleshooting. The major difficulties encountered 

were interfacing the Hall detectors to a wide variety of gas chro

matographs and lack of proper sensitivity. 

At the conclusion of the study, a questionnaire was sent to each 

of the participating laboratories requesting information on the 

operating conditions used for the analyses, problems encountered 

with the method, and any other variables associated with the con

duct of the method, for example, how emulsions were broken in the 

methylene chloride separations. Comparisons of the detector type 

to the quality of results obtained showed little correlation. 

Initial feeli~gs were that the Hall 700A detector would produce 
superior results to the Hall 700 and Hall 310 detectors, but this 

was not found to be significant. Users of detectors other than 

the Hall models said their detectors had nonlinear responses. The 

data generated, however, were similar in quality to the Hall detec

tor data. 

The raw data reported by the 20 laboratories are presented in Appen

dix B of this report. 1~e values reported have been corrected for 

the blank values. The asterisked pieces of data were rejected as 

outliers for further statistical analysis. Details of the methods 

for detection of ou~liers are presented in Section 5 of this report. 
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SECTION 5 �

STATISTICAL TREATMENT OF DATA 

Data obtained from the interlaboratory study were subjected to 

statistical analyses by the Battelle Columbus Laboratories, 

Columb~s, Ohio, under EPA Contract 68-03-2624. The analyses were 

performed employing EPA's Interlaboratory Method va:idation Study 

(IMVS) system [2] of computer progra~s which was designed to im

plement AS'I'M procedure D2777, "Standard Practice for Determinatior. 

of Precision and Bias of Methods of Committee D-19 on Water" [3]. 

The analyses conducted using the IMVS system included tests for 

the reject.ion of outliers (bolh whole laboratories for a water type 

and individual data points), estimation of mean recovery (accuracy), 

estimation of single-analysl and overall precision, and tests for 

the effects of water type on accuracy and precision. 

REJECTION OF OUTLIERS 

An oullying observation, or "outlier," is a data point that 

appears to deviate markedly from other members of the sample 111 

which it occurs. Outlying data points are very commonly encount

ered during interlaboratory test programs. If they are not re

moved, they can result in a distortion of the accurucy and preci

sion statistics which characterize the analytical method. These 

outlying points cannot be removed indiscriminantly, however, be

cause they may represent an extreme manifestation of the random 

variability inherent in the method. 
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ASTM procedure El78-80, "Standard Practice for Dealing with 

Outlying Observations," (4) and ASTM procedure D2777-77 [3J 

present explicit statistical rules and methods for identifi

cation of outliers. 

Data from outlying laboratories for a particular water type were 

rejected employing Youden's laboratory ranking test procedure [3, 

5] at the 5% level of significance. Data remaining after the 

laboraLory ranking procedure were subjected to individual outlier 

tests. After zero, missing, "less than" and "nondetect" data 

were rejected as outliers, the average and standard deviation for 

the remaining data were calculated. The remaining data were 

examined for additional outliers employing the outlier rejection 

test constructed by Thompson (6]. Data rejected as outliers for 

this study are identified by an asterisk in the tabJes of raw 

data shown in Appendix B. 

Youden's Laboratory Ranking Procedure 

Using the data for each water type, Youden's laboratory ranking 

test (3, 5] was performed at the 5% level of significance. The 

Youden laboratory ranking procedure requires a complete set of 

data from each laboratory within each water type. Missing data 
from laboratory "i" for water type "j" were repldced by t.he 

following procedure. Letting Xijk denote Lhe reported measurement. 

from laboratory "i" for water type "j" and concentration level Ck, 

it is assumed that 

'i . 
( l ) xijk = ~j · ck J 

where~. and yj are fixed parameters which determine the effect 
J 

of water type "j;" Li is the systcmc1tic error due to laboratory 

"i," and r.ijk is the random intralaboralory error. 
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Taking natural logarithms, it follows that 

( 2 ) 

which is a linear regression model with dependent variable Qn x .. k 
1 J • 

and independent variable Qn Ck. (Details and justification for 

this model are discussed in the section "Comparison of Accuracy 

and Precision Across Water Types.") 

The natural logarithms of the individual laboratory's data were 

regressed against the natural logarithms of the true concentra

tion levels for the six ampuls in each water type. The predicted 

values for Qn"Xijk were obtained from the regression equation, and 

the missing values for X .k were estimated by~ .. k = exp(2n·x .k).lJ lJ lJ �
( For· complete details of this procedure, see Reference 2. ) �

An example of the use of Youden's laboratory ranking procedure 

1s presented in Table 5, where the rankings of the values for 

4-clilorophenyl phenyl ether in water 3 are listed for each labord

tory and for ampuls 1 through 6. For 20 laboratories and 6 ampuls, 

the upper and lower critical limits of the sums of the rankings 

are 104 and 22. If the sum of the rankings of any laboratory 

equals or exceeds 104, or is equal to or less than 22, that labord

tory's ddta are rejected for all determinations for that analyte 

(4-chlorophenyl phenyl ether) in that water (water 3). From 

Table 5 it is apparent that the data from laboratories 2, 11, and 

13 must be rejected. The estimated missing data were then removed 

from the data sets. 

Test fer Individual Outliers 

The data remaining after rejection of zero, missing, "less than," 

and "nondetect" data were subJected to an individua::. outlier test 

based on calculation of the average value, X, for each ampul and 

the standard deviation of the remaining values. 
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TABLE 5. YOUDEN LABORATORY RANKING PROCEDURt FOR 
4-CHLOROPHENYL PHENYL ETHER IN WATER 3 

Labor
atory Ranking values Cumulat:ve 
number Arr.pul 1 Ampul 2 Ar.lpul 3 Ampul 4 Ampul ':> Amoul 6 score 

' 

1 9 9 14 11 9.5 10 62.5 
H,a2 4 1 l 2 5 3 

3 13 10 10 7 13 12 65 
4 3 3 11 4 9.5 4 34.5 
5 10 14 12 10 11 14 71 
6 15 19 15 18 17 8 92 
7 19.5 17 2 1 19.S 1 60 
8 19.5 8 9 12 19.5 13 81 
9 11 4 4 8 8 5 40 

10 14 11 18 17 16 6 82 
11 17 20 19 15 18 17 106a 
12 18 18 13 13 12 20 94 

14a13 2 2 3 3 2 2 
14 5 6 5 6 7 9 38 
15 8 15 16.5 19 4 18 80.5 
16 '/ 5 6 9 6 7 40 
17 1 16 8 14 1 15 55 
18 6 7 7 5 3 11 39 
19 12 13 20 20 14 19 98 
20 16 12 16.5 16 15 16 91. 5 

aLaboratories rejected versus upper and lower criteria of 104 and 22. 

The criterion for rejection of individual outliers is based on 

calculation of Thompson's T-value l3,6J. 

ln these calculations the mean recovery, X, is given by 

n 

X = � l L X (J) 
n i=l l 

and � the standard deviation, s, is given by 

n 

L(x.-x)2 ( 4) 
i=l l 
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where x. = individual analyses
1 
n = � number of retained analyses �

values 1n the ampul set �

The �Thompson's T-test is defined as 

Xe-x 
'l" = ( 5)"'i s 

where Xe is the retained Xi value farthest away from the mean (X) 

of the set of retained data. The data point may be rejected if 

the value of T calculated exceeds critical values for T (two-sided 

test 5% significance level) as presented in Table 6. If the 

extreme value is rejected as an outlier, the test is repeated for 
the next most extreme value among the remaining data until the 

value being tested passes the test. 

Table 7 sununarizes calculations to examine suspect data points for 

4-chlorophenyl phenyl ether in water 3 by the T-test for outliers. 

Four additional data points are identified as outliers. Of the 

original 120 data points for 4-chlorophenyl phenyl ether in water 3 

(20 laboratories x 6 ampuls), all data points for laboratories 2, 

11, and 13 were rejected on the basis of Youden's laboratory rank
ing procedure (total of 18 points), and four additional data points 
were found to be outliers based on Thompson's T-test (for a tot~l 
of the 22 data points). These same outlier tests were applied for 

all five analytes in the six water matrices. All outlier data 

points are marked with an asterisk in Appendix B. 

STATISTICAL SU1':MARIES 

After the outlier reJection tests were performed, the following 
summary statistics were calculated employing the remaining data 

for eac:, amp~l (single analyte, single concentration, single water 

matrix): 
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TABLE 6. � CRITICAL VALUES FOR THOMPSON'S T (TWO-SIDED TEST) WHEN 
STANDARD DEVIATION IS CALCULATED FROM THE SAME SAMPLES 

Number of 5% 
observations, significance 

n level 

3 1.15 
4 1.48 
5 1. 71 
6 1.89 
7 2.02 
8 2.13 
9 2.21 

10 2.29 
11 2.36 
12 2.41 
13 2.46 
14 2.51 
15 2.55 
16 2.58 
17 2.62 
18 2.65 
19 2.68 
20 2.71 

TABLE 7. � RESULTS OF TESTS FOR INDIVIDUAL OUTLIERS 
(4-CHLOROPHENYL PHENYL ETHER IN WATER 3) 

Afflpul Laboratory 

Ext r••t 
valut 

Xt 

Mtan 
-:-

X 

Standard 
dtvut10n 

• 

Calculaucl T 
- i• 

-·--. t• 
Niaber 

of 201nta 
II 

Cri ti.cal 
T 
Tc D<lci.ai.on 

17 40.05 11.64 11.'7 l.17 is 2.55 ~eject 

4 7 1113. 40 319.0) 170.02 2.91 17 2.62 llejtcl 

5 17 3<1 .05 1.73 1.67 3.43 15 2.55 ll~j•ct 

" 7 213.40 H.83 U.70 2.67 17 2.62 lltject 
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Number of retained data points, n 

Mean recovery of retained data, X 
Accuracy as a percent of relative error, % RE 

Overall absolute standard deviation, S 

Percent relative overall standard deviation, % RSD 

Absolute single-analyst standard deviation, SR 

Percent relative single-analyst standard deviation, 
% RSD-SA 

All of these statistics, except the single-analyst absolute and 
relative standard deviations, were calculated using the retained 

data for each ampul. The basic statistical formulas used for 

these calculations are given below, where X1 , X2 , ••• , Xn denote 

the values for then retained data points for a given ampul. 

Mean Recovery (X): 

n 
X = � l L x. ( 3 ) 

n i=l 1. 

Accuracy as a% Relative Error: 

X -� true value% RE= X 100 � ( 6 ) true value 

overall Standard Deviation: 

n 

. 
L (X,

1 
- xl 2 (4) 

1=1 

and 

Percent Relative Overall Standard Deviation: 

s% RSD = X 
X 100 � ( 7 ) 
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The overall standard deviation, S, indicates the precision assoc

iated with measurements generated by a group of laboratories. 

This represents the broad variation in the data collected in a 
collaborative study. A measure of how well an individual analyst 

can expect to perform in his own laboratory is another important 

measure of precision. This single-analyst precision, denoted by 

SR, is measured by 

m 

SR I: (D.-D) 2 ( 8 ) 
. l .l..1= 

where m = number of retained Youden-paired observations 
th'ff b b . . h ' .D = d1 erencc etween o servat1ons int e i pair

1 
5 = average of D. values 

l 

The Youden-pair design e~ployed in this study permits the calcu- · 

lation of single-analyst precision without duplicate measurements 

on the same sample and helps to avoid the well-intentioned mani

pulation of data that can occur when laboratories make duplicate 

analyses. 

The percent relative standard deviation for the single-analyst 
precision is calculated by 

% RSD-SA = SR X 100 ( 9 ) 
X* 

where R* 1s the average of the two mear1 recoveries corresponding 

to the two ampuls defining the pu.rticular Youden pair. These sum

mary statistics are presented in Tables 8 through 12 for each of 

the five haloether compounds in the six water matrices. 

23 �



----------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------

------------

TABLE 8. � STATISTICAL SlJMMARY FOR B/S(2-CHLOROIS0PROPYL)
ETHER ANALYSIS BY WATEH TYPE 

WAHK WAHR 2 WATER 3 WATEK 4 WATEK 5 WATER 6 

LOW YOUOEN PAIR I 5 I ~ I ~ I ~ I 5 I ~ 
NUMlH.R Uf lJATA POINTS lJ P, 14 11 16 15 15 14 7 9 16 17 
rnuE CONC (C) UG/L 3.00 2.40 3.00 2.40 3.00 2.40 3.00 2.40 3.lJO 2.40 3.00 2.40 
MlAN RECUVrnY ( X) 4.01 3.83 3.18 2.97 3.10 2.04 4.03 3. 87 2.84 4.47 2.64 2.41 
ACCURACY('IJlEL ERROR) 33.b2 59. 72 b.05 23.83 3.37 -14.n 34.31 bI. 34 -~. I IJ !lb.JU -11.96 U.51 
OVfRALL STD DEV (5) 2.24 2,15 1, 90 1.43 2.17 0.97 3,65 3.41 I. 97 4,53 1, 33 1.45 
OVERALL REL STD DEV, i !i6,00 55.97 59./1 48.ZO b9.93 4/ .2H 9[). 66 BR.OU 69.36 IOl.7.1 ~0.39 60.06 

SINGLE STD DEV, (SR) 1,83 0.41J l.~l 1.09 I. I 6 0.93 
ANALYST REL DEV, i 46.55 l ~- 94 ~tl. /4 27.63 31.82 36.61 

MlUIUM YOUUEN PAIK 2 6 2 6 2 6 2 6 2 6 2 6 
Nl.t!BER Of DATA � POINTS 18 IR 18 II 20 20 19 19 19 18 19 20 
TRUE CONC (C) UG/L 132.00 92,00 132, 00 92,00 132.00 92,00 132 .oo 92,00 132,0U 92,00 132.00 92.00 
MlAN RECOVERY (X) 107,94 82,75 100. 77 69, 13 91,41 76.11 98.41 69.46 112.69 80.46 103.99 14. 94N � ACCURACY('IJl[L ERROR) -18.23 -10.05 -23.66 -24,86 -30.75 -17,27 -25,40 -24.50 -14.63 -12.54 -21.22 -18.54

""' � OVERALL STD DEV (S) 47 ,49 26.05 38,13 72.08 ]7.94 39,4] 42 .]6 26.17 5].69 43.20 50.63 34.50 
OVERALL REL STD DEV, s 43.99 31.48 37 .84 31. 94 41. 51 ~I.BO 43.02 37, 67 47.64 53. 70 48.69 46.04 

SINGLE STU DEV, (SR) 18.48 15.19 31.63 17. 78 31.21 29,49 
ANALYST REL DEY, i 19.39 17.88 31.17 21.18 32.32 32.96 

HIGH YOUOEN PAIR 3 4 3 4 3 4 3 4 3 4 3 4 
Nlt4BER Of DATA POINTS 19 18 19 18 20 19 20 20 20 19 19 19 
TRUE CUNC (C) UG/L 486.00 624.00 486.00 624.00 486.00 624.00 486,00 624.00 486.00 624.00 486,00 624,00 
MEAN RECOVERY (X) 448.24 501.08 394, 51 520.16 3tll .44 477.27 353. 76 476.86 463.92 464.09 380,90 527,38 
ACCURACY('IJlEL ERROR) -1. 77 -19.70 -18, 82 -16,64 -21.51 -23,51 -2 7, 21 -23,58 -4,54 -25.63 -2 I, 63 -15.48 
OVERALL STD DEV (S) 165.25 165.92 158.27 176.94 181.35 194,58 163,45 190. 36 265.40 Hl5. 78 144.41 199.61 
OVERALL REL STD DEV, S 36.87 33.11 40,12 34,02 47.54 40,77 46.20 39.92 57. 21 40,03 37 ,91 37,85 

SINGLl STD DEV, (SR) 102,39 56.35 93,91 110. 30 123.28 106,50 
ANALYST REL DEV, i 21. 57 12.32 21.87 76,56 26,57 23,45 

WATER UGENO 

I - DISTILLED WATER �
7 - TAP WATER �
3 · SURrACE WATER �
4 · WASH WAHR I �
5 - WAST! WAHR 2 �
6 · WASTE WAHR 3 �
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----------------------------------------------------------------------------------------------------------------------------------

T/\BLE ()_ STATISTIC/\L SUMM/\RY FOR RI S ( ?.-Cl!LOROCTIIYL) CTIIER /\N/\LYSES BY Wl\TER TYl'E 

wA rm WATlll ? WAHR ) WAT[R 4 WATf~ s WATIR 6 

., ., ., � .,LUW YUJllE~ P,\I R I I I I l 5 I 
NUM~lR Of JATA PlllNTS 12 15 ' 12 13 16 14 14 13 13 12 16 15 
mu, CUNC (C) Uli/l 1.40 1.60 1.40 l .t,I) 1.40 1.60 I. 40 1.60 I. 40 1. 60 1.40 !. 60 
MLAN KtCUVlKY ( X) I. 14 ! .40 I.hi 1.,11 I. 4H 1.;,11 I. 24 I.)? ,vm >l.bl I. 24 I. 1g 
I\CCLlRACY( ml L [RKOR) -1 I./) 'JIJ.29 1,. ll -8.l! 5.8U -2ll.21 -II. 4!l - I 7. t,4 541. 21 442 .08 -11.47 -25.51J 
UV[~ALL SIIJ IJEV ( ~) U.'>4 ?.H 11. 76 o.,n 1.18 0.411 I.I. ',I 0 .hi) 7 .IM 6.b2 o. 14 U.Jq 
,_,,, ~JILi RI L STU orv, 1, 43.93 9U.~H 4b.9, '>o. H'i 79.17 3I. 3') 4 !, • 'JI 4,.21 HI. 31 76. 31 5~-~) 32.80 

S l Nlill SIll OlV, (SR) 0.64 o. ',) o. 32 0.40 ).6U I). 32 
ANALYST RI L Ol V, '.I, 3'>.00 34.~3 22.~9 3I. 34 41]. /(, 26.74 

MEUIUM YUUlJlN PAIR 2 b 2 6 2 fi 2 6 ;> 6 2 6 
NIIM:lfR lll" ilATA PO l NfS I 7 lb 18 18 20 I':! 11 16 18 17 HI 19 
TRIJI. CllrlC (C) Uli/l 108.UU 8 7. llO 108.00 87.llO 108.ilU 87.00 108.lJO 87.00 108.00 87 .oo 108.00 87.00 
MEAN RlCOVlKY ( X) /9.40 71.70 l(,.h4 63.1;) 70.YIJ r,5. ',? 10.04 ,, 7. ?4 9lJ.?5 69.03 76.46 58.13 

N � I\CCURI\CY( iRFL ER~OR) -2b.48 -1,.29 -2'.l .lJ4 -26.t,J -34.J5 -36. I Y -35.1'> -J4.21 -lti.43 -i'U.66 -2Y.2U -33.19 
\fl � UVE~ALL STU DEV ( S) 33.50 10.% 32.4', 24.51 )!.2il ,5.94 30.3'-I ?0.)/ Jb.;>l ?J.65 JI. U / ?0.8'-1 

UVlRALL REL STD LJE V' 1, 42.20 14.87 42. yy 38.42 4~.41 46.82 4 3. 3') 35.,B 4() .12 34.27 4J.64 35.93 

SINGLE STD OEV, (SR) 15.45 14. l'l 16.45 13.22 I I. 73 15.41 
ANALYS f K[L OEV, 1, 2U. l Y 20.20 26.02 2lJ. 77 14.13 22.90 

H(LlH YUUOEN PAIK 3 4 3 4 3 4 3 4 3 4 3 4 
N'JMBEK Of UAIA PO!~TS Ill 17 18 18 20 20 18 18 Hl 17 19 19 
TRIJE CONC (C) Uli/L 602.00 402 .OU 602.00 402.00 60?.00 40?.00 602.llU 402.00 602.00 402.0U 602.0U 407.UO 
MEAN RECOVERY (q 4'-10.?3 321.82 416.22 3Ui' .8/ 4U I. 85 2'-11 .8? 409 .67 301.51 4 38. 52 298.20 426.51 3i'/. ZS 
ACLUKAL Y( ,~ll ERK OK) -lB. 51 -19.94 -JU.Bb -24.bb -32.,, -2,.'-12 -3 I. 95 -23.'>l -27.16 -25.82 -29.15 -18.60 
UVl KALI. Sll) lll V ( s) 163.~6 99.14 174.45 115.llrl ?l Y. ;>5 151.45 202.?l 1on. ,h Id!. 7) !Ll4.,l 1%.83 142.60 
OVERALL REL sro LJE V' 1, 33.Jti 3U.9Y 4 3. I l 3P .Ull ~ 3. 16 SU.HS 49.36 J5. JI) 41.44 35.05 43.RO 43.57 

S!NGU STll OI V, (SR) 77 .42 ~B.61 <J 7. go I lll.~1 ~6.>1;> ijfJ. 97 
ANALYST REL DlV, t I 'J.01 16.30 2 7. 7', 30.K2 11:l. 14 24 .14 

WAl!:.K LEli!:.Nil 

I - Ul\TILLEO WAT[~ �
,' - fl\P Wl\l!:.K �
) - SIJKFnu_ IIATrn �
4 - Wll'>II WAif~ I �
~ - 1;t;,J• WAT!.R 2 �
I, - ~,'\'.,[I ,11\ll~ ) �
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TABLE 10. STATISTICAL SUMMARY FOR RJS(?.-CHl.OROETIIOXY)METIIANE BY W/\TER TYPE 

WIITfK 1111 rm 1 WI\ TlK 4 WATER S WATFR 6 

1 llW Y\J::l)l N l'AIK I ~ I ½ I ~ I ½ I ~ I ~ 
~UMHUl UF U/1 TII PU!NTS IU Ill 11 13 I 3 14 16 12 II 12 15 14 
rnur CllNC (C) IJG/L 1.41) I.UO l.4ll I .llO 1.40 1.00 1. 40 1.00 I • 41l I .llll 1.41) I.:)() 
t-4.1 AN fll CUVI.KY ( X) 1.U', O.BI 1.2G l.~4 I. ll9 l.',9 2.14 ll.99 J. 2', .1.0 7 I.II I. 11 
AlCI KIit: Y( tnL lKKOK) -24.11 -12.80 -Y.(d ',4.Ull -2?. 4 7 ',9.3b 74.ZU -U. '.l2 132.21 20h.,l3 26 .1 U 71. U I 
UVcs1\LL Sltl ll(V ( S) u.~4 U.B lJ. lb l. 8'1 0.63 ?.n J.29 U.76 .l.?'J 3.IJ6 1.0? 1.~J 
UV\li,\11. Kl I. ',[l) Ill V, .. ., I. 3', 38 .12 6U.JK 12<'.87 ~I. 11 1, 139. 4d 134. 79 lb.63 lUl.21 99.1,6 ~ l. 'jl) 9',.()<1 

SI N1;1 E s TO UEV, (SR) 0.3'> o. ', 1 0.31 0.83 2 .07 0.64 
ANALYST Kf_L UE V, 1. 3b. 26 36. O I ?3. I I 4K.36 6S.65 36. 6 7 

"llU !UM YUUU(N PAIK 2 6 7 b l b 2 6 2 6 2 5 
Nlff~,H f{ UI llt, IA I'll INT S 1, l I 1B 111 Jq 19 11 10 1B I I !H 1'l 
TH Ul cor1c (C) UG/l 106.00 126.UO 106.0U 126.00 !0&.110 126.00 106.00 126.UO 106.00 126.00 106.00 l?h.00 
"IEA~ RECOVEilY ( X) lb.40 HH.96 70. 23 90 .110 bl .3H 19. !HJ 6'!. 2~ II. 91 /,1. <J!l 91. '>6 11. I~ !l'i.b3 
IICCUf{ACY(:1)-:lL rnHUR) -21. 92 -29.40 -33,1'> -28.'>7 -42.09 - 36. b 7 -34.67 - 3H. 12 -2'l .2 / -22. ',7 -32.31 -32 .04

N 
OVERALL STU DEV ( 5) 21. yj 24. YI 2~.HY 2H.8', 26.n 4?.<J4 I I. IY 2Y. '> / ?4.b4 ,,, • 13 24.30 2/.30Cl' 
uvrnALL KEL STD DEV, l 28.11 28.UU 36.87 J2 .O', 42. ll :,3.81 2'>. b') 31. ')2 31.86 26.38 33.86 31.89 

SINGLE STD LJEV, (SR) 17.74 23.21 25.90 16.64 19.03 19.42 
ANAi YST ~r '- IJ[ V • l 21. 4'> 2::l. 97 ]6. 10 22,6! ?2.06 24.68 

HIGH Yl)IJl)lN PAIK 3 4 3 4 3 4 3 4 3 4 3 ,) 

NIIMllf_ll OF llATA POINTS 17 16 18 11 Jg 19 18 18 19 19 19 19 
TKUE CONC ( C) UG/l 398.0U '>28.UO 398.00 528.UO 398.00 528.UO 398.00 '>28. 00 398.00 528.00 398.00 '>28.00 
MlAN ll[COVfllY ( X) 294 .18 360 .12 270.47 374.52 2'>4.?9 359.95 253.53 37B. Stl 26tl.32 391. 46 7'>1.82 .l91.91 
ACCUf{ACY ( 1.KI l I KllOll) -26.0H -31.68 -J!.04 -i'<J.ll/ - Jb. 11 -31.!U -l~.Jll -?H.30 -l?. ',H -?~.Ho -Jb. 13 -2',. lb 
LlVlH/\LL STU UEV ( s) 9'>. '> 1 143.')6 114.,6 134. 69 127.81 174.93 120. '.l!l J ',/l. 4J 'H.92 111.44 104. 17 161.40 
LIVl>lALL KIL STl) lll V, 'I, 32.41 }tJ.91 4?. Jh 3~.'lfi ~ll./6 4ll. hi) 4 I. II 41. II~ JI. ?•1 4J.Hll 41.61 41. IH 

51 NGI t sTll Ill V, (SP.) 62.92 4o. 10 b',. 7'> IB.gl 81.ll? !l<J.3h 
ANALYST flll OlV, t l'L?l 14.l</ 21.4 I 24.<J/ /4.'ih 21. lb 

WATlfl t_u;LNll 

1 - UISTILLlD WATER �
I - 1/11' WI\TIK �
3 - Sl),!f ACI WA Tl fl �
4 - W~STE WIIIEK I �
~ - W~Sll WAllK t �
" - w,,·,11 w,\lfK _! �
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T/\BLF. 11. STATISTICAL SUMMARY FOR 4-CHLOROPHENYL l'llENYL F.Tf-lER /\NJ\LYSES RY WJ\TF.R TYPE 

WATrn WAT[!{ 2 WAllll 3 WA ILil 4 WA!lll 5 WA llH 6 

LOW YUU1)l ~ P/\l~ 1 5 l '> 1 '> 1 '> l '> 1 5 
~1/Mtlf:R l)f OA TA POINTS 12 13 14 14 14 14 lh 14 11 I'> 11 13 
JRIJ! CONf. (Ci u1;11_ 14,50 6. (,0 14. '>ll 6.fiU 14,'>0 6.fiO 14.'>0 6.60 14.50 6.bO 14. '>ll 6.bll 
ML,\N HE[l)VlHY ( X) 12.YI I. '>3 Ill. !II ',. /4 ~. h l '>. fl~ f.\.99 5.47 21. 14 2',,',& 9.5') 6.46 
AU, ,NACY ( Pn c lRKUH) -llJ.9'> 14. l '> -2',. 4h • I J. ilh -31.13 -11.43 -)fl,O:l -1 7. l : 4',. 16 28 7. 20 -33.8~ -2. 12 
tlVE llAl. I '.>TO llf.V ( s) 6.% 3. ll '>. 37 2. 9') 4.'>ll 2. 49 '>. Z/ Z.46 Zll.23 JZ.hl 6. (){) ,.e'> 
uvrn~LL Hf. L '.>ID DEV, t '>J.d9 43.119 49.fi'l 52 .19 4h,8~ 42. '.,!) 58.51 44,92 9S. 10 127 .60 62.57 44.17 

SINGLE STD 0£ V' (SR) 3.94 2.60 7. ~( 2.5B 19.67 3.08 
ANALY'.>T HEL [)£ V' '!, 3H.'>3 3I. 4 7 32.'>6 35.63 84.24 38. 3 7 

Ml. ll IU"I YllUtH N PAlll 2 h 2 6 2 6 2 6 2 6 2 6 
WJMKrn Of tlA IA l'OINIS lb I 7 16 17 I 7 16 18 17 19 17 16 17 
TKUf CONC (C) l/G/L 94.UO 120.00 94.00 120.00 94.00 120.0ll 94.00 120.00 94.00 120.00 94.00 120.00 
Ml AN ollt:llVl KY ( X) 17.$5 105.75 69.83 94,4? 66.37 Hl.OJ J0.19 19.61 79. 21 84.58 69. 42 80.44 

N 
ACCU•(AC Y ( iHEL EH~OH) -17. '>ll -11.Hl -25. 71 -21. J;> -29.J9 -J?.46 -24.69 -31,66 -IS.73 -29.'>2 -?6.15 -J?.'17 

--J UVlllALL STO OE V ( s) 3b.J3 JO. 2'> 19.33 3I. 43 21!.9'> J '>. ll .l ?4.~h ?4.63 ?4.QJ 33.0'> 22.)b J0.9B 
UVHALL HEL STD UEV, 1 46.84 2H.61 n.67 33.2'! J l. J6 43.<'3 41. 76 31.n 37. 18 39.07 32.20 3d. 51 

SINGL[ STO ll[V, (SH) 21.01 20. 1B lll.'JO 22.% 23.6 I 26.lJ 
A~ALYST HEL UEY, 'I, £2.'!3 24.51 2J.b4 3tJ.53 28.91 34.90 

H:bH Ylli !\lE N PA Ill 3 4 3 4 3 4 3 4 3 4 3 4 
N'.!MKl•( lli ,lA I A POINTS I 7 16 I I 17 11 lb 18 1B 19 I 9 I / 11 
lolUl LUNC (C) Uli/L 4H'J.UU 424.0U ~89.UU 424.UO 489.UU 424.UI) 489.00 424.00 489.00 424.00 489.00 424.0ll 
MLAN HlUJVEHY ( X) 412. ll 337.I~ 369. 14 324.Yl 141.flH ?118.1] 2KH.B6 27B.% 3)4.17 31l4. Ill V4.18 ]40.48 
ACCU~ACY(:tHEI. fllHOH) -15.59 -20.33 -24.51 -?3 • .l / -?B.Bh -J?.04 -~ll.43 -34.?I -?/.':,/ -rll.lB -33.11 -IY./0 
UVEKALL '.,ll) UL Y ( s) I hll. JH l h !. 41 lbY. I Y lb l. '!7 bl.UH I 34. IU I Jl.ll2 llK.89 16'>.Ub 14l.OI 119.35 P5.8~ 
\JVI HALL Kf.L S~ll UEV, t JH.eJ 47.94 41.1.n 49.B~ 4·1. 4 3 4h.15 4~.3fi ~h.20 4fi ,fiO 46. /1) 3h,fl2 -1?.B4 

SlNUl STll llEV, ( 51!) 60.08 4 2. 2'> fi3.61 60.64 17 .01 75.37.ANl\~YST ~EL DEY, . I b. ll I 1L. l I ZJ. ();; ? l. Jb 2.1.40 n.otl 

l - tl!SflLLlll WATEH 
I· !AP WATI~ �
J - \l:~I AU WATfR �
4 - w,~'>11 w,\IIH I �
~ - ~~)If: ~AIEH Z �
r, - WI\',!!: W,~lf_K J �
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TAHLE 12. STATJSTICA!, SUMMARY FOR '1-BROMOPHF.NYL PHENYL ETHER ANALYSES 13Y WATER TYPE 

WAT!:~ WA Tm 2 WAT[~ ) WIITEQ 4 WATEM ', WATER 6 

., � .,LUw YOll'll.N PAIi< I I ', I 5 I 5 I l 5 
NIJM!lt~ llf UATI\ POINTS 13 13 13 lJ 11 11 11 lb I', 13 II 15
,~ul CUNC ( C) U~/L 2 .tlU ).HU 2 .till 3.1m 2.HU 3.80 2.80 3. llll 7..llU ) • tll) 2.80 3.80 

1'11 AN Hf CllVI KY ( X) •I. fi2 b.31 4.14 ~. tl~l 4. 11 '>.02 4. 34 ',.UU 3. ',2 7. 32 4.01 4.44 
AL( u,rnc y ( tKf L [KROH) 64.92 67 .',', 41. 71 32. !•! 'J3.H4 32.l'J 54. ')4 31.'>3 2'>. /6 92.b'J 43. 13 16.95 
LIVI KAI L '>Ill Ill. V ( s) 2.69 J.l)h 2.36 3.Utl Z.Htl 2.52 2.6', 3.10 2.01 5. 11 2.22 2.18 
UVlKALL KLL 5TU DEV, 1: ',8. 21 41:l. llJ 5/. D'J 61.04 6b.lH 5U.2U 6 I. UH 62. lll 57.14 /0. ll!J ',',.4 l 4Y. l 'J 

SING!l s Ill UlV, (SH) l.~fi I. 31 1.ll3 I. 71 2.83 1.42 
ANAL yq KU ill. V, '.I, 2H.45 28.63 39. 14 36.69 52.21 33.6 7 

Ml DI llM YOUU[N VAJK 2 6 2 6 2 6 2 6 2 6 2 6 
~UM ill K OF UI\ TA POINTS 18 19 l<J IY 7.lJ 2D 2U 18 19 16 18 20 
l Kil!:. ClJNC (C) U(;/L 145. 00 116.no 145 .oo llfi.ilO 14~. llll 116. 00 145.00 116. no 14'>.00 116.00 145.00 116.00 
t'.lAN ~ECUV[KY ( X) 127.21 lUU.21 12U.'J2 92.'>8 111.09 YJ.80 l28.B4 92.IJ I 3':l .i''! 8Hj6 119.2'! %.82 

N � ACCURACY(t~U. lK,WR) -1?.n -IJ.61 -Hi.hi -tO. 19 -lg.?', -l'l.14 -11.1~ -20.06 -3. 94 -?3. 91 -17.73 -lfi.53 
('.) � OVI KAI. L sIll UlV ( s) 6H.12 4 7. 2 7 58.63 4).U6 ~~.47 48.56 64. Ill 44. 37 72.24 35.82 56.46 50.02 

UVl KAI. L Rll ) II) Ill. V, 1, ~3.52 4 7. 17 48.49 41.l.bl 41. :rn '> I. 77 4'1. 75 47.115 51.H7 40.'>'J 4 7. 33 'J 1.66 

'., INGL[ SIU UEV, (SR) 4ll.5? 36.30 3 7. t)J 43.HO 41.71 41.08 
ANAIYS T R[L llF V, '.I. 35.6J ]4.lll J',. 12 Jg.~3 3b.66 311.Ul 

HJr;H Yllllll[ N PAIK 3 4 3 4 3 4 3 4 J 4 3 4 
r;UMtl[ K U' UA TA 1'01 NT S 14 1B 14 18 ll/ 20 2ll 2U \'I 1H 18 2ll 
rnuE CONL (C) UG/l 'J52.UU 626.IJlJ 552. OU 626.UO 552.lJU 626.UO 552.llU 626.00 'J52.UIJ 626. lllJ 552.00 626.00 
Ml .~N KICLIVl~Y ( X) 487 .2l/ 493.91 4',~.4~ ~12.26 42'>.4? 48':!.4? 41Jll.19 42b.)2 4 3G. h 1 400. /I 365.32 5~3.24 
ACCUIU,C Y( ,Kcl EKKU~) -11.72 -2 l. IU -17.49 -14.97 -22.93 -21.82 -26.05 -31.90 -20.90 -3S. ':!9 -33 .82 -11.62 
IIVf. KAI I. STU urv ( s) 2U6.47 2 33. 38 i'l 3. 11 24).'!9 194.?h i'hl.Cj/ Ul9. 911 ?13.H9 ?h).111 l lJ. % 1h? .07 ?~h.4~ 
UVt t</\l.L Kl L ~,u UEV, 1, 42.31 41. ?!J 46. /'J 46.22 4~.66 ',3.53 4f;.',4 'JO. 17 60.42 43. 41 44. 36 46.3~ 

sJ...ljl[ STn rlf V. ( ,~) 74.0U 51.96 88.72 l:lfi.86 98.49 110.,1 
,~~1,LYS T Kll UlV, ;, I'>. 0:1 111. ~2 I 'J. •iU 20.HZ 23. 52 24. 11(, 

\Mil~ L[GC::Nl) 

l - lll ,1 ;u.UJ IIAH R �
I - 1.0.P WAlfK �
J - S1JHI ACi t,l<I Tf K �
<l - Wl\',IL 1,1111 ,; I �
', - WI\'.,![ ,;f,li H / �
o - w~·,;c .,11'1< J 
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REGRESSION ANALYSIS OF BASIC STATISTICS �

Systematic relationships frequently exist between the mean re

covery statistics and the true concentration levels across ampuls, 

and between the precision statistics and the mean recovery statis

tics. Given a plot of precision values versus concentration 

levels, a smooth curve drawn through the points can show that the 

precision is found to (1) be constant and not vary with level; 

(2) vary directly with level 1n a linear manner; or (3) vary with 

level in a curvilinear fashion. 

In order to derive statements for method accuracy and precision, 

the basic statistics were regressed assuming linear relationships, 
fitting the data to a line using weighted least-squares. The 

weights were chosen to be inversely related to the true concentra

tion in the case of accuracy and inversely related to the mean 

recovery in the case of precision. The inverse weightings were 

employed to moderate the influence of the high Youden-pair data. 

The results of the regression analyses are discussed below. 

Statements of Method Accuracv 

The accuracy of Method 611 is characterized by comparing the mean 
recovery of Lhe analyLe, X, Lu the t.rue concentration level o[ t.hc 

compound, C, in the waler sample. In order to obtain a mathemati

cal expression for this relationship, a regression line of the form 

x = ac + b ( 10) 

was fitted to thE data by regression techniques. 

The true concentration values often vary over a wide range. In 

such cases, the mean recovery slatist.i.cs associated with the larg

er concentration values tend to dominate the fitted regression line 

29 �
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producing relatively larger errors in the estimates of mean recov
ery at the lower concentration values. In order to eliminate this 

problem, a weighted least squares technique was used to fit the 
mean recovery data to the true concentration values. The weighted 

least squares technique was performed by dividing both sides of 

Equation (10) by C resulting in Equation (11) 

x=a+b(:!.) (11)C C 

which can then be converted to the desired relationships by 
multiplying through by C, giving: 

x = ac + b (12) 

These equations were presented earlier 1n Table 1. 

11 b 11If the intercept associated with the fitted line is negligible 
11 a 11(i.e., essentially zero), then the slope provides a unique 

value which represents the percent recovery over all of the concen

tration levels. 

Statements of Method Precision 

The precision of Method 611 is characterized by comparing the 

overall and single-analyst standard deviations to the mean re

covery, X. The IMVS prograrr. conducts these calculations via 

matrix algebra, where a weighted least-squares linear regression 

of Sand SR versus Xis conducted with weigl1ts chosen to be in
versely proportional to the square of the mean recovery (see 

page 108 of Referer,ce 2 fo:: details). This method is equivale:1t 

to that suggested by Britto~ (7) where the linear regressions for 
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Sand SR versus Care achieved by using the customary least

squares procedure to fit the equation: 

S 1 = C + d ( 13)C C 

In this study, however, the regression was conducted versus X as 

follows: 

s l = C + d ( 14) 
X X 

which is then converted by multiplying through by~ to yield the 

linear relationships 

s - ax + b ( 15 ) 

and 

SR = ex + d (16) 

These equations also were presented earlier 1n Tables 1 and 2. 

If the intercepts, band d, are negligible, then the slopes, a 

and c, are good approximations of the overall and single-analyst 

percent relative standard deviations, respectively. These, in 

turn, are measures of the method precision. 

COMP ARI SO!~ OF ACCURACY AND PRECISION ACROSS WATER TYPES 

It 1s possible that the accuracy and precision of Method 611 

depend on the water type analyzed. The summary statistics X, S, 

and SR are calculated separately for each concentration level 

within euch water type. They can be compared across water types 

in order Lo obtain 1nforr.1ation about the effects of water type on 
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accuracy and prec1s1on. However, the use of these surrunary stalis

tics in this manner has several disadvantages. First, it is 

cumbersome because there are 36 mean recovery slatistics (X) (six 

ampuls x six waters), 36 overall precision statistics (S), and 

18 single-analyst precision statistics (SR) calculated for each 

compound. Comparisor. of these statistics across concer.tration 

levels and across wate.::- types becomes unwieldy. Second, the 

statistical properties of this type of comparison procedure are 

difficult to determine. Finally, due to variation associated with 

X, S, and SR, comparisor.s based on these statistics can lead to 

inconsister.t conclusions about the effect of water type. For 

example, distilled water may appear to produce a significantly 

lower value than drinking water for the precision statistic Sat 

a high concentralion, bul a significantly higher value for sat 

a low concentration. 

An alternative approach (2), has been developed to test for the 

effects of water type. This alternative approach is based on the 

concept of summarizing the average effect of water type across 

concentration levels rather than studying the local effects at 

each concentration level. If significant differences are estab

lished by this alternative technique, then the summary statistics 

can be used for further local analysis. 

The test for lhe effecl of water type is calculated using the 

following statistical model. If Xijk denotes the measurement 

reported by laboratory "i," for waler type "j, 11 and ampul "k," 

then 

( 1 ) 

where � 1 = 1,2, ... , n 

J = 1, 2, 6. ' 

k = 1, 2, ... , 6 


32 �



Model components ~j and yj are fixed parameters that determine 
the effect of water type j on the behavior of the observed 

measurements (Xijk). The parameter Ck is the true concentration 
level associated with ampul "k. 11 The model component Li is a 
random factor which accounts for the systematic error associated 

with laboratory "i." The model component r.ijk is the random factor 
that accounts for the intralaboratory error. 

The model is designed to approximate the global behavior of the 

data. The multiplicative structure was chosen because of two 

important properties. First, it allows for a possible curvilinear 

relationship between the data (Xijk) and the true concentration 

level (Ck) through the use of the exponent yj on Ck. This makes 
the model more flexible in comparison to straight-line models. 

Second, as will be noted below, an inherent increasing relation

ship exists between the variability in the data and the concen

tration level ck in this model. This property is important 

because it is typical of interlaboratory data collected under 

conditions where the true concentration levels vary widely. 

Accuracy is related directly to the mean recovery or expected 

value of the measurements (Xijk). The expected value for the 

data modeled by Equation 1 is 

'I . 
Ck J • E(L.

l 
· £ 

l]
.. k) ( 1 7) 

Precisior1 is related to the variability in the measurements (Xijk)" 
The variance of the data modeled by Equation 1 is 

Var(L · £· ·k), (18)
l l] 

which is an increasing function of Ck. (See Reference 2 for a 

complete discussion of this model.) 
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The accuracy and precision of Method 611 depend upon water type 

through Equations 17 and 18 and the parameters ~j and yj. If Bj 

and yj vary with j (i.e., vary across water type), then the 

accuracy and precision of the method also vary across water type. 

To determine if these parameters do vary across water type and to 

compare their values, they must be estimated from the laboratory 

data using regression techniques. Equation 1 represents the basic 

model. However, taking natural logarithms of both sides of Equa

tion l, the following straight line regression model is obtained. 

( 2 ) 

The parameter Qn Bj 1s the intercept, and yj is the slope of the 

regression line associated with water type "j." It is assumed that 

Qn Li is normally distributed with mean O and variance aL2 , that 

Qn £ijk is normally distributed with mean O and variance o£ 2 , and 

that the Q.n L. and Qn £ .. k terms are independent.
J. J. J 

Based on Equation 2, the comparison of water types reduces to the 

comparison of straight lines. Distilled water is viewed as a 

control, and each of the remaining lines is compared directly to 

the line for distilled water. 

Using the data on the log-log scale and regression techniques, the 

parameter Qn ~. (and hence B·) and y. can be estimated. These 
J J J 

estimates arc then used to test the null hypothesis that there 1s 

no effect due to water type. The formal null and alternative 

hypothesis, and HA, respectively are given by:H0 

2n B. Qn B1 = 0 and yj - y1 ~ 0 for j = 2 (19) 
J 

(20) 
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The null hypothesis (H ) is tested against the alternative hypoth0 
esis (HA) using an F-statistic. The probability of obtaining the 

value of an F-statistic as large as the value which was actually 

observed, Prob(F > FOBS), is calculated under the assumption tha: 

is true. is rejected in favor of HA if Prob(F > FOBS) isH0 H0 
less than 0.05. 

If H is not rejected, then there is no evidence in the data that0 
the Bj vary with "j" or that the yj vary with "j." Therefore, 

there is no evidence of an effect due to water type on the accuracy 

or precision of the method. If H is rejected, then some l1near0 
combination of the differences (Qn ~j - .£n ~) and () j - y ) is1 
statistically different from zero. However, this does not 

guarantee there will be a stat.istically significant direct effect 

attributable to any specific water type since the overall F test 

can be overly sensitive t.o minor systematic effects common to 

several water types. The effect cue to water type is judged to 

be stat.istically significant only if one of the differences, 

(Qn Bj - Qn B1 ) and/or (yj - y ), 1s statistically different1 
from zero. This is determined by checking the simultaneous 95% 

confidence intervals which are constructed for each of these dif

ferences. Eacb true difference can be stated to lie within its 

respective confidence interval with 95% confidence. If zero 1s 

contained within the confidence interval, then there is no 

evidence that the corresponding difference is significantly dif

ferent from zero. 

If at least one of the confidence intervals for the differences 

(2n rJ - Qn ri 1 ) or (yj - y1 ) fails to include zero, then the st.at

isticc1l significance of the effect due to water type has been 

established. However, eslablislunent of a statistically signifi

cant effect due to water type does not necessarily mean that the 

effect is of practical imporlance. Practical importance is 

related to the size and interpretation of the differences. 
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The interpretation of the differences involves comparing the mean 

recovery and standard deviation for each water type to the mean 

recovery and standard deviation obtained for distilled water. 

These comparisons are made on a relative basis. The mean recovery 

for water type "j," given by Equation 17, is compared to th<1t for 

distilled water (j = 1) on a relative basis by 

E(X .k) p. ck 
Y·

J E(L £ .. k) ~ ()'j - )' 1)l]. J l lJ= = ( 2 :2. )
E(Xilk) y ~1ckl E(L.~l ck £ilk)l 

(The ratio of the standard deviations would be equivalent to 

Equation 21; therefore, the interpretation of the effect on 

precision is the same as that for the effect on mean recovery.) 

The ratio in Equatior. 21 is a mea,;ure of the relative difference 

in mean recovery between water type "j" and distilled water. It is 

composed of two parts (a) Bj/B 1 , which is independent of the true 

concentration level (i.e., the cor:stant bias), and (b) cf!·J - Y1>, 

which depends on the true concentration level (i.e., the concen

tration dependent bias). If (yj - y ) is zero, then the relative1 
difference in mean recovery is BJ/B 1 , which is independent of con

cent.:::-ation level ck. Then the mean recovery of water type "j" is 

pj;a 1 x 100 percent of the mean recovery for distilled water. If 

(yj - , ) is not zero, then the mean recovery of water type "j"1 
IY - Y1l 

is ( [~J;~ 1 J·Ck J ) x 100% of that for distilled water, and 

therefore depends on the true concentration level Ck. 

To illustrate these points, consider the following example. Sup

pose that a significant F-value has been obtained, and the cor1fid

ence intervals for all of the differences contain zero except for 

water type 5. For water type 5, the point estimate for (Qn ~5 
Qn P ) is -0.38, and the confidence interval for (Qn - Qn ~ ) 1s1 ~5 1 
(-0.69, -0.07). The point estimate for - y ) is -0.07, and the(y 5 1 
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confidence interval for (y - y ) is (-0.04, 0.18). In this case,5 1 
a statistically significant effect due to water type has been es

tablished that involves only water type 5. The practical signific

ance of this effect is judged by considering Equaticn 21. The 

ratio of mean recoveries for water type 5 and distilled water is 

given by 

E(Xi5k) 
(22)

E(Kilk) 

and the ratio of the standard deviations 1s given by 

ar(X .k)
l] (23)

Var(Xilk) 

Because the confidence interval for (y - y 1 ) contains z~ro, this
5 

difference is assumed to be insignificant and is set to zero. 

Therefore, Equations 22 and 23 reduce to p ;p 1 . The point estimate5
for (Qn - Qn p1 ) was -0.38. Therefore, the point estimate forp5 
p5/r 1 is 0.68, and the mean recovery for water type 5 is estimated 

to be 68% of the mean recovery for distilled water. Similarly, 
the st~nd~rd deviation for the data for water type 5 is estimdled 

to be 68% of the standard deviatio~ for distilled water. Since 

the 95% confidence interval for (Q~ Ps - Qn p1 ) was (-0.69, -0.07), 

any value in the interval (0.50, 0.93) is a reasonable estimate for 

Ps/P 1 , and the mean recovery (standard deviation) for water type 5 
can be claimed to be from 50% to 93% of the mean recovery (standard 

deviatio11) for distilled waler. The practical significance of the 
effect due to water type 5 would depend on the importance of a mean 

recovery (standard deviation) that is between 50% and 93% of the 

mean recovery (standard deviation) observed for distilled water. 
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The comparison of accuracy and precision across water types just 

discussed, is based on the assumption that Equation (1) approxi

mately models the data. It is clear that in practical monitoring 

programs of this type, such models cannot model the data complete

ly in every case. This analysis, therefore, is viewed as a 

screening procedure which identifies those cases where differences 
in water types are likely to be present. A more detailed, local 

analysis can then be pursued using the basic summary statistics 

for precision and accuracy. 

Results of the accuracy and precision comparison among the waters 

in the study are presented in Appendix C. 
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SECTION 6 

RESULTS AND DISCUSSION 

The objective of this study was to characterize the performance of 

Method 611 in terms of accuracy, overall precision, single-analyst 

precision, and the effect of water type on accuracy and precision. 

One measure of the performance of the method is that 16.3% of the 

3600 analytical values were rejected as outliers. Of the 16.3% 

outliers, 6.1% were rejected thro~gh application of Youden's lab

oratory ranking procedure and 10.2% were rejected employing the 

Thompson T-test. 

ACCURACY 

The acc~racy of Method 611 is obtained by comparing the mean 
-recovery, x, to the true values of concentration in µg/L. In 

Tables 8 through 12, individual values of accuracy as percent 

relative error are listed for each analyte, in each water matrix, 
and at each of the six concentration levels in that water matrix 

(tl1ree Youden pairs). This results in 180 separate values for 

accuracy. The linear regress1on of mean recovery, i, versus true 

concenlralion level, c, provides values representing tl1e percent 

recovery over all of the concentration levels. This reduces the 

separate valueG for accuracy to 30, one value for each of five 

analytes in eacl1 of six waters. Table 13 presents the percent 

recovery for each compound in water types as measured by the 

slopes of the lir1ear equations for recovery presented earlier 

in Table 1. In Table 13, the linear regression slopes are com

pared to perce~t recoveries calculated from the average of the 
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TABLE 13. METHOD 611 ACCURACY (%) 
----------- ··--

... - - -·------

aWater __S_lope 

BCIPE 

Mean Recovery by Youden 
Low Medium 

b
Pair 
High 

a
Slope 

BCEE 

Mean Recovery by Youden 
Low Medium 

b
Pair 
High 

Water l 85 147 86 86 81 119 79 81 

Water 2 78 115 7& 82 n 103 72 72 

Water 3 77 94 79 78 f, 7 93 65 71 

C "" Wdtt:1 4 73 148 75 75 69 86 65 72 

Water 5 83 141 86 85 72 592 81 74 

Water 6 80 94 80 81 72 82 69 76 

Average 
all waters 

79 123 80 81 72 179 72 

(continued) 
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TABLE 13 (continued) �

--·------- ----�
BCEXl'I � CPPE 

Mea11 Recovery by YOl1clen Pairb Mean Recovery by Youdcn Pairb 

Water· Slope il I.ow Medium High Slopea Low Medium ~ --··---

Water 1 71 81 71 71 82 101 85 82 

Water 2 67 122 (,9 69 75 81 72 76 

Water 3 60 118 62 6(, 67 77 69 70 

*" ...... � W.:it~r 4 6S 96 64 68 65 72 71 62 

Water 5 71 270 74 71 56 267 77 72 

Water 6 67 149 68 6<) 6<) 92 70 73 

Average 67 139 68 69 69 llS 74 73 
all waters 

(continued) 



TABLE l 3 (continued} 

--·--· 
---------· --- ----

a _____Water _____ Slope 

BPPE 
bHean Recovcr-y by Youden Pai 1

Low Medium High-
aSlope 

Average All Analites 
b

Mean Recovery by Youden Pair 
Low Medium High 

Water l 85 166 87 84 81 123 82 81 

Water 2 72 140 82 84 73 112 74 77 

*" N 

Water 3 

Water 1 

78 

...,..., 
' ' 

141 

143 

81 

84 

78 

76 

70 

70 

105 

109 

71 

n. 

73 

71 

Water 5 81 159 86 74 73 280 80 73 

Water 6 79 130 83 77 73 109 74 75 

Average 
all waters 

79 147 84 79 73 140 76 75 

a
Percent accuracy from slope of regression equations (Table 1). 

b
Mean percent recovery for Youden pairs (TablPs 8-12). 



quotients i:c (presented in Tables 8 through 12) for all three 

Youden pairs individually. 

The validity of using the slope to estimate the percent recovery 

depends up on the negligible magnitude for the intercept of the 

linear regression equation. From Table 13, it is evident that the 

linear regression slope agrees extremely well with the average re
coveries from the medium and high Youden pair concenlratior1s. 

Examination of Table 13 reveals that recoveries of the analytes 1n 

the low Youden pair samples often exceeded 100%. This could be 

attributed to difficulty in correcting for background interferences 

in the blank analyses. This cause is suggested for the high recov

eries of BCEE and 4-CPPE in wastewater 2 (eg 582% and 267%, respec
tively). In these cases the intercepts of the regressions equa

tions for accuracy in wastewater 2 were 7.77 for BCEE and 20.40 

for 4-CPPE. Both values cannot be viewed as being insignificant. 

Because of these large intercepts, new linear regression equations 

were calculated for these two analytes in wastewater 2, as pre

sented earlier in Table 2. 

Therefore, it is evident that the driving force in determining the 

veracity of the use of the regression equation slope as the percect 

recovery throughout the concentration range studied is the low 
Youden pair values. Based upon the exceller1l agreeme11l between 

the linear regression equation slopes and the average recoveries 

for the higher Youden pair samples, the values presented in Table 

13 and earlier in Tables l arid 2 are considered to be representa

tive of the accuracy of Method 611. 

PRE2ISION 

The overall and single-analyst prec1s1ons of Method 611 were 

determined as percent relative sta:1dard deviations for each 

analyte, water type, and concentra~ion level. As presented in 

Tables 8 through 12, 180 individudl Vdlues of overall percent 
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relative standard deviation and 90 individual values of single

analyst percent relative standard deviation result. The linear 

regression of standard deviation, s, versus mean recovery, i, pro

vides values of percent relative standard deviation over all the 

co~centration ranges. This reduces the separate measures of pre

cision to 30, one value for each of five analytes in each of six 
water-types. Tables 14 and 1~ present the pe::.-cent relative stand

ard deviations as measured by the slopes of the linear regression 

eguations presented earlier in Table 1 for the overall and the 

sicgle-analyst precision, respectively. These values are compared 

to the averages of the percent reJative standard deviations pre

sented in Tables 8 through 12 for all three individual Youden pairs. 

From Tab:es 14 and 15, it 1s evident that the% RSD and% RSD-SA 

prec1s1on values obtained from the slopes of the linear regression 

equations presented in Table 1 agree very closely with the average 

precision values for the middle and high Youden pairs presented in 

Tables 8 through 12. This agreement offers support to the preci

sion value obtained via the linear regression process. 

The poor precision (high% RSD and% RSD-SA) vaJues demonstrated 

in the low Youde:1 pair sarr.ples in Tables 8 through 12 are attribu

ted to background interferences in the water matrices for the low 
co:icentration range of the haloethers (1.0 to 3.8 IJg/L). 

Two questionable precision values are evident on examination of 

Tables 14 and 15. The first is the value of 32% RSD for chloro

phenyl phenyl ether in water 5. In this case, the average% RSD 

from the ~1ddle and high Youden pair 1s 43%. The second question

able value also occurs for chlorophenyl phenyl ethe1· in water 5 

where the linear regression slope gives a value of 15% RSD-SA com

pared to an average of 26% for the middle and high Youden pairs 

and an average of 2G% for the middle and high Youden pairs and an 

average of 46% for all Youden pairs. These unusual values can be 

attributed to interences in the wastewater 2 matrix. 
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TABLE 14. METHOD 611 PRECISION (% RSD) 

Water aSlope 

BCIPE 

_Mean % HSD ~-Youden 
Low Medium 

bPair 
High 

aSlope 

IlCEE 

_!:le~!!_~_ RSD by Youden 
Low Medium ---· 

bPair 
High 

Water 1 36 56 38 35 35 67 29 32 

Water 2 36 54 35 37 40 52 41 41 

*" u, 

Water 3 

Water 4 

47 

40 

59 

89 

47 

10 

44 

43 

50 

41 

59 

46 

46 

3Y 

52 

42 

Water 5 52 85 51 49 35 82 37 38 

Water 6 42 55 47 38 41 46 38 44 

Average 
all waters 

42 66 43 41 40 59 38 

(continued) 
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TABLE 14 {continued) 

--------- --

Wc1ter uSlope 
__!!can 

Low 

BCEXH 

~"- RSD byyouden Pairb 
Medium High aSlope 

CPPE 
bMean ~o RSD by Youden Pair 

Low MPdium Hiyh 

Water 1 33 45 28 36 41 59 38 4] 

Water 2 38 92 34 39 39 51 30 48 

.p,. 
0' 

Water 

Water 

3 

4 

53 

38 

99 

106 

48 

32 

49 

'tJ 

42 

43 

45 

r~ 
JL. 

37 

39 

45 

4G 

Water 5 34 100 30 41 32 112 38 47 

Water 6 36 7& 33 41 38 53 35 40 

Average 
all waters 

39 80 34 42 39 62 36 

{continued) 
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TABLE 14 (continued) 

BPPE Average All Analytes 
b

'!Mean <?o RSD by Youdcn Pairb Mean RSD by Youden Pair a a 0 

Water Sl~e Low Medium High ::.ilope Low MPtlium Hig~ 

Water l 47 53 50 45 38 56 37 38 

Wi!ter 2 47 59 49 47 40 (,2 38 42 

Water 3 49 58 so 50 48 64 46 48 
.i:, 
.._J Water 4 48 62 49 48 42 71 40 45 

Water 5 51 64 46 52 41 89 40 45 

Water 6 47 52 49 45 41 56 40 42 

Average 48 58 49 48 42 66 40 44 
all waters 

a% RSD fr·om slope of regression equations (Table 1 ) . �
b�

Mean% RSD for individual Youden pairs (Tables 8-12). 



TABLE 15. METHOD 611 PRECISION (% RSD-SA) 

. ·----- -------- ----···-
BCIPE BCF.E 

·---
b b

Mean% RSD-SA by Youden Pair Mean %RSD-SA by Youden Pair 
a aWater Slo~_e_____L9~---- Mt>dium __High Slope Low Mcdiwn High

·-

Water I 20 47 19 22 19 35 20 19 

Water 2 15 16 18 12 18 35 20 16 

Water 3 29 59 38 22 27 23 26 28 

00 ., ' L.L"'" Water 4 24 28 21 27 26 Jl 31 

Water 5 29 32 32 27 15 41 15 18 

Wiiler· 6 28 37 33 23 23 27 23 24 

Average 24 37 27 22 21 32 21 23 
all waters 

(continued) 



TABLE 15 (continued) 

Water Slopea 

BCEXM 
-·-- ---

Mean% RSD-SA by Youden 
Low Mcditun 

bPair 
High Slopea 

CPPE 
b

Mean % HSD-SA by Youden Pair 
Low Medium H._~<J!!_ 

Wct te r 20 36 21 19 18 39 23 16 

Water 2 21 36 29 14 17 31 25 12 

..,. 
"' 

Water 

Water 

3 

4 

29 

?4 

23 

48 

37 

23 

21 

25 

22 

25 

33 

3(i 

26 

31 

20 

21 

Water 5 22 66 22 25 15 84 29 23 

Water 6 26 37 25 28 28 38 35 23 

Average 
all waters 

24 39 26 22 21 44 28 

(continued) 
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--
Waler 

Water 

Water 2 

(J1 

0 

Waler 

Water 

3 

4 

Water ,
J 

Water 6 

Average 
all waters 

a% RSD-SA from 
b

Mean% RSD-SA 

TABLE 15 (continued) 

-· -------------------
HI'PE Av P r ii ~U-An~) 'j t P s 

bMean% RSD-SA by Youden Pair Mean % RSD-SA by Youden 
aSlopea Low Medium _______ High_____Slope Low Medium �

25 28 36 15 29 37 24 �

22 29 34 11 19 29 25 �

27 39 35 19 27 35 32 �

.:so .:Si 40 n 2b 3b 27 �

29 52 37 24 22 55 27 �

31 3-'1 38 24 27 35 31 �

?.7 37 37 19 24 38 28 �

slope of regression equations (Table 1). 

for individual Youden pairs (Tables 8-12). 

bPair 
High 

18 

13 

22 

22 

23 

24 

20 



EFFECTS OF WATER TYPES 

The comparison of accuracy and precision across water types is 

summarized in Table 16, where the observed F values and the prob

ability of exceeding the F values are entered for each of the 

seven analytes. 

For every analyte except 4-bromophenyl phenyl ether, the F-test 

suggests a statistically significant effect due to water type 

(P[F>observed F]<0.05). The null hypothesis test indicates that 

a statistically significant effect has been established at the 95% 

confidence limit for the following analyte - water combinations: 

bis(2-chloroisopropyl)ether in waters 3 and 6; bis(2-chloroethoxy) 

methane in waters 5 and 6; and 4-chlorophenyl phenyl ether in water 

5. These effects are indicated since zero is not contained within 

the confidence limits for (2npj - £np 1 ) and/or (yj - y 1 ) for the 

above analyte-water corr~inations. 

After examination of several factors including final regression 

equations for all waters and the absolute values of the point es

timates, the only instance in which a practical significance is 

evident is for 4-chlorophe~yl phenyl ether in wastewater 2. This 

analyte-water combination coincide,, with that which exhibited the 
lowest Qccuracy (Tables land 13) and tl1e largest discrepancies in 

precision(% RSD and% RSD-SA) between the linear regression equa

tion slopes and the averages of the precision values (see Tables 

14 and 15). 

RESPONSES TO QUESTI0w..'AIRE 

One of the goals of this study was to conduct the interlaboratory 

study of the haloether method in a manner consistent with how it 

would eventually be used. A number of decisions were made both 

prior to Lhe study and afler the prestudy conference concerning 
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TABLE 16. 

Coapound 

bis(2-Chloroiaopropyl)ether 

Vl 
bis(2-Chloroelhyl)ether 

N 
bia(2-Chloroethoxy)aethane 

4-Chlorophenyl phenyl ether 

4-Broaophenyl phenyl ether 

SUMMARY OF THE TEST FOR DIFFERENCE ACROSS WATER �

Sldllstlcdl 

Observed 

F test 
stat i&tical ly 
significant 

at the 

significance
establish.. d 
by the 9~% 
confidence 

F-value P(F'>obs~rved FJ 5:{, level? Iiait? Waters 

2. 73 0.0027 Yes Yes l.6 

20.42 0.0000 Yes Yee 5 

6.08 0.0000 Yes Yea 5,6 

4.87 0.0000 Yea Yea 5 

0.32 0.975 No 

TYPES 

Practical 
&Jgnilicance 
established 
by the 9~X 
confidence 

1i•i t? Waters 

No 

No 

No 

Yea 5 



which variables would be controlled and which variables would be 

allowed to contributate to a wider distribution of results. The 
method requires the use of halide-specific detectors. The use of 

Hall, Coulson, and Dohrmann detectors was recorrunended. The EC 

detector used by one laboratory was not recommended due to a lac.~ 

of specificity. Examination of the data from that labcratcry 
showed no acceptable values for BCEXM, but all values for BCIPE 

and 4C?PE were acceplable. The Vdlues for BCEE in four of the six 

waters for BP?~ in five of the waters were acceptable employi~g 

the EC detector. It was alsc decided not to supply the partici

pating laboratories with standards or calibration solutions. 

Rigidly controlled, however, was the use of only one specified 

column packi~g material, although the labs were required to pur

chase it themselves from any supp:ier they desired. 

The method, as published in the Federal Register, had a recom

mended temperature program. One compound (2-chloroethyl vinyl 

ether), was dropped from the study late in the method's develop

ment due to its high volatility, which led to low and variable 

recovery. The Federal Register temperalure program was nol opt..i

mized to take advantage of this change in compounds. Because of 

the wide diversity of gas chromatographs and detectors being used, 

the laboratories were allowed to optimize the temperature prograra
ming for their equipment.. 

Other operational parameters were also suggested as a results o: 

MC studies, for example, hydroge11 flow rate, furnace tempera

tures, electrolyte composition and flow rate, and so forth. 

However, they were not mandated and were nol even applicable fer 

some of the detectors being used. The individual laboratories 

were to sta.::-t with lhe melhod conditions and oplimize for thei:· 

particular instrumentation. It was found after the method stujy 

that there were some olher laboratory practices which differed 

from laboratory to la.boratory which were nol specified in the 

method. The most striking was the variety of means which were 
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used to eliminate emulsion problems. Almost every laboratory had 

a different method to solve this problem. Some of these methods 

may be analytically superior to others. It was felt, however, 

that any of this wide array of methods used would probably be ac

ceptable. The r.iore questionable approaches were "heat gun and 

glass wool" and "gentle extraction" but the labs using these meth

ods did not report significantly different data compared to the 

other labs. 

Responses to these questionnaries are presented 1n Table 17, 

ordered in detector groupings. 

In general, any of the acceptable detectors were shewn to be 

capable of generating high quality results. It was initially 

believed that the use of a Hall 700A detector would be a signif

icant advantage. This was not prcven to be the case since the 

data are fairly randomly distributed. 

Some of the laboratories that participated in the method valida

tion study reported interference problems. The exact causes for 

these variances have not been determined, but several possibilities 

exist. Sample preparation techniques (especially the Florisil 

cleanup) could cause varying amour.ts and numbers of interferences 

in the final concentrate. The many GC/delector parameters could 

cause varying peak separations. Finally, there is always the pos

sibility of accidental introduction of external interfering con

taminates. 

In the cleanup step of Method 611, Florisil seems to be most ef

fective in removing compounds that. elute during the last 70% of a 

GC analysis. Therefore, BCEXM, CPPE, and BPPE are easy to quantify 

even at low concentrations. Florisil was less effective on early 

eluting compounds, thus causing some interferences with BCIPE and 

BCEE. However, even with these two haloethers, the concentrat:on 
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oud hold •t 110• to, 4 ••'"•I•• Thi• qlvr~ • ,,..,, .. , ..11,.J·;st• th"" thr r11"""'1Jr pul,11,hrrl In thf' 
Prrtrral llrqi_•_~rr nn flrr·rahrr l. l'JP'f 



could usually be determined by either subtracting blank interfer

ence values or changing the GC program to effect better separation. 

For more details including chromatograms and specific interfering 

compounds see Appendix D where other MC findings concerning Method 

611 are presented. 
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United S1111es 
Envoronmenlll Protection 
Agency 

Research and Development 

Test Method 

Haloethers 
Method 611 

1. Scope and Application 

1. 1 Th,s method covers the 
determination of certain haloethers 
The following parameters can be 
determined by this method 

Parameter 

B1sl2-chloroethyl) ether 
B,s12·Chloroetho•vl methane 
81s(2 ·chloro1sopropylJ ether 
4-Bromophenyl phenvl et"1er 
4-Chlorophenyl phenvl ether 

1 .2 Th,s ,sagas chromatographic 
(GC) method applocab e to the 
determination of the compounds listed 
above on munocopal and industrial 
discharges as provided under 40 CFR 
136 1 When thos melhod rs used to 
analyze unfamiliar sa'1'1ples for any 
or all of the compounds above. 
compound odentJ,cations should be 
supported by at least one 11dd11,on111 
qual,tat,ve techn,que Thos method 
describes analytical condotoons for a 
second GC column that can be used 
to conform measurements made 
woth the primary column Method 625 
provides gas chromatograph/mass 
1pectrometer iGC/MS) condotoons 
epproproate for the aualotatrve end 
auant,tat,ve conformat,on of 
results for all of the parameters 
listed above. us,ng the extract 
from th11 method. 

1.3 The method detection l,mot 
(MDL. def,ned in Sect,on 14 11"' for 
each peremeter ,s lo1 ted ,n Table 1 
The MOL for a spec,f1c wastewater 
may differ from that listed. d11t>end1ng 
~on the nature of interferences on 
the sample metm:. 

Emmonmen11I Monotorong end 
Suppor1 Leborllory 
Conc1nn1t1 OH 45268 

STORET No CAS No 

34273 111 .44.4 
34278 111.91.1 
34283 108-60- 1 
34636 101-55-3 
34641 7005 72-3 

1 .4 The sample extraction and 
concentration steps ,n this mettiod are 
essentially the same as 1n methods 
606. 608. 609. and 612 Thus. a 
a,ngle sample may be extracteo 10 

measure the parameters included 1n 
the scope of eacti of these methods 
When cleanup ,s required. the 
concentr1111on levels must be high 
enough to permit i.elec11ng allauots. 
as necessary, to apply approoroate 
cleanup procedures The analyst 1s 
allowed the latitude. under Gas 
Chromatography (Section 121. to 
select chromatogrgphic cond111ons 
appropriate for the s,multaneous 
measurement of comb,natoons of 
these parameters 

1. 15 Any mocM,c1111on of th,s method. 
beyond those expressly permitted 
shall be considered as ma1or 
mod1f1ca1,ons subJect to 1ppl1cat1on 
end approval of 11tern11e test 
procedures und6r 40 CFR 136 4 
end 136 5 

1.e ,Th,s method ,s restricted 10 �
UH by or under tho superv1s,on of �
analysts experienced ,n ttle use of �
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gas chromatography •nd ,n the 
interpretat,on of gas chromatograms 
Each analvst mus1 demonstrate the 
ability to generate •cceptable resuhs 
w,th this method using the procedure 
described ,n Secr,on 8 2 

2. Summary of Method 
2 1 A measured volume of sample. 
appro11mately one-liter. ,, solvent 
e1tracted w,th merhylene chlorode 
us,ng a separatory funnel The 
methylene chloricle extrac:1 ,s dried 
and exchanged to hexane during 
concentrat,on to a volume of 10 ml or 
less GC cond1t1ons are dest:ribed 
wh•ch perm,t the separat,on and 
measure..,ent of the compounds 1n 
the e•iract us,ng a hal,oe 
spec,!,, detector'· 

2 2 The method provides a Florisil 
colu,r,n cleanup proceoure to a,d ,n 
the el,m,na1,or. of interferences that 
may be en~ounte,ed 

3. Interferences 
3 1 Met'"lod ,nterferences may be 
caus.ed by contarT11nants 1n solvents. 
reagents glassware and other 
sample process,ng hardware that lead 
to discrete ar1,fac1s and/or elevated 
basel,nes 1n gas chromatograms All 
of these materials must be rout,nely 
demo~.s'.'ated to be free from 
,nterle'ences ur.Cler t'1e cond1t1ons of 
the analys,s by runn,ng laboratory 
reagent blanks as descr,bed ,n 
Section B 5 

3 1. 1 Glassware must be 
scrupulously cleaned,,. Clean all 
glassware as soon as possible alter 
use by r1ns,ng with the last solvent 
useo ,n 11 T'1,s s'1ould be followed by 
detergent washing with hot water. 
and r,nses w,:n tap water and reagent 
water It should then be drained dry. 
and heated 1n II muffle furnace at 
400'C tor 15 to 30 minutes Some 
thermally stable materials, such as 
PCBs may not bt! el,m,nated by this 
treatment Solvent rinses w,th 
acetone and pest,c,de Qual,ty hexane 
ma¥ be subsllluted for the muffle 
furnace heat,ng Volumetric ware 
should not be heated 1n a muffle 
furnace Aher dry,ng and cooling. 
glassware should be sealed and 
stored 1n a clean environment 10 
prevent any 1ccumuh111on of dust Of' 

other contam,n•nts Store ,n,..rted or 
capped with aluminum foil 

3 1. 2 The use of ~.,gh purity 
reagents and solvents helps to 
m1n,m,ze ,nterlerence problems 
Pur1f1c:at1on of 1olventS by d11t1llat1on 
on all-glass 1y1tems may be required 

3.2 Matrix onterlerences m•y be 
caused by contam,nanis that are 
coextracted from the sample The 
extent of matrix ,nterlerences will 
vary considerably from source to 
source. d~end,ng upon the nature 
and d,vers,ty of the industrial complex 
or mun,c1palny being sampled The 
cleanup proc~ures rn Sectron 11 can 
be used to overcome man¥ of these 
interferences. but unique s.amples 
may require add1t,ona1 cleanup 
approaches to achieve the MDL listed 
,n Table 1 

3.3 D,chlorobenzenes are known to 
coelute wnh haloethers under some 
gas chromat09raph,c cond1t10ns If 
these mater,als are present together 
,n a sample. ,t may be necessary 10 
analyze the extract with two different 
column packings to completely resolve 
all of the compounds 

4. Safety 
4.1 The tox1c11Y or carc,nogen1crt~ ol 
each reagent used ,n th,s method has 
not been precisely defined. however, 
each chem,cal compound should be 
treated as a potential health hazard 
From this v,ewpo1nt. exposure to 
these chemicals must be reduced to 
the lowest possible level by whatever 
means avadable The laboratory ,s 
responsible for ma,nta,n,rg a current 
awareness file of OSHA regula110ns 
regard,ng the safe hand/mg of the 
chem,cals spec1f1ed or, this method 
A reference file of materiel data 
handling sheets should also be made 
available to all personnel ,nvolved in 
the chemical analysis Addn1onal 
references to laboratory safety are 
available and have been 1dent1f1ed'• ... , 
for the onformat,on of the analyst. 

6. Apparatus and Materials 
5. 1 Samphng equipment. for 
discrete or composite umpl,ng 

5.1.1 Grab sample bottle· Amber 
glass. one-liter or one-quart volume. 
fitted w•th screw caps lined with 
Teflon Foil may be subsMuted #or 
Teflon of the sample 1s not corrosive. 
If amber bottles are not 11v11lable. 
protect samples from light The 
container must be washed. ronsed 
w,th acetone or methylene chloride. 
and dr,ed before use to m,n,m1ze 
contam,nat,on 

5.1.2 Automatic sampler (optoonafJ • 
Must incorporate gins 111mpl11 
containers for the collect1on of a 
m1n1mum of 250 ml Sample 
conta1nu1 must be kapt refrigerated 
It 4°C and pr011ctlld from light during 
comp011t1r\9 If the sampler uses • 
pero11al11c pump. a m,n,mum length of 
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compressible sol,cone rubber tubing 
may be used Before use. however. 
the compressible tub,ng should be 
thoroughly rinsed with methanol. 
followed by repeated rins,ngs with 
d,st,lled water to m,n,m,ze the 
potent,al for contam1n1t10n of the 
umple An ontegrat,ng flow mete• ,s 
required 10 co/leer flow prcport,onal 
composites 

6.2 Glassware (All sPec1fica1,ons are 
suggested Catalog numbers are 
included for 1llustr111on only) 

5.2. 7 Separatory funnel· 2000-mL. 
with T ef Ion stopcock 

5.2.2 Drying column . 
Chromatograph,c column 400 mm 
long x 19 mm ID. with coarse fri1 

5.2.3 Chromatographic column. 
400-mm long x 19 mm 10 glass with 
coarse frotteo plate on bottom and 
Teflon stopcock (Kon:es K-420540
0224 or equivalent) 

5.2.4 Concentrator tube. Kude,na
Oan,sh • 10-ml. gr11duated (Kontes 
K-570050- 1025 or equ,valentl 
Calibration must be checked at the 
volumes employed 1n the test Ground 
glass stopper 1s used to prevent 
evaporation of extracts 

5.2 5 Evaporative flask. Kuderna
Oan,sh . 500-ml (Kontes K-570001
0500 or equ1valent1 Attach to 
concentrator tube wnh springs 

5.2.6 Snyder column. Kude•na
Oan,sh • Three-ball macro (Kontes 
K-503000-0121 or equivalent) 

5.2. 7 Vials . Amber glass. 1 O· 10 
15· ml capacity. with Teflon-1,ned 
screwcap 

6.3 Boil,ng ch,ps . Approximately 
10140mesh Heat to400'Clor 30 
mmures or So•hlet extract with 
methylene chkmde 

6.4 Water bath • Heated. w1tr. 
concentric ring cover. capable of 
temperature control (:::2'Ci The bath 
should be used ,n a hood 

6.15 Balance· Analvtocat, capable of 
accurately we,gh1ng O 0001 g 

15. 6 Gas chromatograph . An 
an11lvt1cal system complete w,th 
temperature programmable gas · 
chroma1ograp'1 suitable for on-column 
in1ect10n and all requ,red accessories 
includ,ng syringes. analyt,cal columns. 
gases. detector. end strop-chart 
recorder A dall sy111m ,s recom
mended for measuring peak areas 

5.6.1 Column 1. 1.B rn Jong• 2 
mm ID pyrex glau. packed w,1h 
SupelcoPort. ( 1 Q0/ 120 mes'11 coated 



with 3°,, SP-1000 or equivalent Th,s 
column was used to develop The 
method performance statements on 
Section 1 4 Guidelines for the use of 
alternate column packings are 
prov,ded 1n Section 12 1 

5 6 2 Column 2 - 1 8 m long • 2 
mm ID pyre, glass packed with 
Tena,-GC 160 80 meshl or 
equivalent 

5 6 3 Detector - Hal,de specific 
electrolvt,c conduc1,v1ty or 
m1crocoulome1ric These detectors 
have proven effec1,ve 1n the analysis 
ot was1ewa1e,s for thE' parametStS 
listec 1n the scope of th,s method The 
Hall coc,ductiv1tv detector was used to 
develop the method performance 
sta!e"'-ents 1n Section 14 Guidelines 
for the use of alternate detectors are 
prov1deC 1n Sec!,on 1 2 1 Although 
less sele::,ve an electron capture 
detector 1s an acceptable alterr.at,ve 

6. Reagents 
6 1 Reagent water · Reagent water 
1s defined as a water 1n which an 
,nterferent 1S not observed at the 
MD~ of each parameter of 1n1eres1 

6 2 Sodium lh1osulfate. (ACS) 
Granular 

6.3 Ace1::>ne me:'iancl methylene 
chlorioe. he,ane anc petroleum ether 
(boding range 30 to 60'Ci · Pesticide 
quai,ty or equivalent 

6.4 Sodium sulfate - (ACS) 
Granular, anhyd•ous Purify by 
heating at 400'C for four hours 1n 
a snallow tray 

6 S Ftor,srl · PR Grade (60/100 
mesh). p.irchase activated 111 1250'F 
and store 1n the dark 1n glass 
conta,ne• with g1ass stoppers or foil
lined screw caps Before use activate 
each batch overnight at 130'C ,n a 
foil-covered glass conta,ner 

6 6 Ethyl ether - Nanograde. 
red1strlled 1n glass. 1f necessary 

6 6. 1 Must be free of peroxides as 
1nd,ca1ed by EM Laboratories Quant 
test strips (Available from Sc,ent,f1c 
Producis Co, Cat No P1126·8. and 
other suppliers J 

6. 6. 2 Procedures recommended for 
removal of peroxides are provided 
with the test strips After cleanup 20 
mL ethyl alcohol preserv1111ve must be 
aooed to each liter of ether 

6 7 Stock standard solutions (1 00 
µg 'µLJ . Stock standard solutions can 
be prepared from pure standard 
materials or purchased as cert1f1ed 
solutions 

6. 7. 1 Prepare stoc~ standard 
solut,ons by accurately we,gh1n9 
about O 0100 g of pure material 
Dissolve the ma1erial 1n pest,c1de 
qu1h1y acetone and dilute 10 volume 
on a 1 Q. mL volumetric flask Larger 
volumes can be used 11 the 
convenience of the analyst If 
compound purity 1s cert1f1ed at 96% 
or greater. the we,ght can be used 
without correc11on 10 calculate 1he 
concentra11on of the stock standard 
Commerc,ally prepared stock 
standards can be used at any 
concen1rat1on if lhey are cert1f1ed 
by the manufacturer or by an 
independent source 

6 7.2 Transfer the stock s:andard 
solutions into Teflon sealed screw-cap 
bottles Store at 4'C and protect from 
light Stock standard solutions should 
be checked freQuently for signs of 
degradation or evapcra11on. especially 
JUST pr,or to prepar,ng cal,brat,on 
standards from them Quality control 
check standards that can be used to 
de1trm1ne the accuracy of cal1bra11on 
standards will be avarlable for the 
U S. Environmental Pro:ect1on 
Agency. Environmental Mon1tor·ng 
and Support Laboratory. C1nc1nnat1, 
Ohio 45268 

6 7. 3 Stock standard solutions must 
be replaced after six months. or 
SOO"e' 1f comparisor, w11h che:1< 
standards indicate a problem 

7. Calibration 

7. 1 Establish gas chromatographic 
operating parameters to produce 
retention times equivalent to those 
listed 1n Table 1 Th~ GC chromato
graphic svstem may be calibrated 
using the external sundard technique 
(Section 7 21 or the internal standard 
technique (Section 7 3) 

7.2 External s1andard cal1brat1on 
procedure 

7.2.1 Prepare calibration standards 
at a m1n1mum of three concentration 
levels for each parameter of interest 
by add,ng volumes of one or more 
stock s:andards to a volume1ric flask 
and ddut,ng to volume w,th hexane 
One of the external standards should 
be at a concentration near. but above. 
the MDL and the ot~er concentra
tions should correspond to lhe 
expected range of ccncentrat1ons 
found 1n real samples or should 
define the working range of the 
detector 

7.2.2 Using 1n1ect1ons of 2 to 5 µL of 
each cal,brat,on stardard tabulate 
peak height or area responses against 
the mass 1n1ected The resulls can be 
used 10 ptepare a ca'1brat1on curve for 
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each compound Alternatively_ 1f the 
r11110 of response to amount 1n1ected 
(cal1brat1on factor) 1s a constant over 
the working range(< 10',,, relat,ve 
i.tandard deviation. RSO). linearity 
through the origin can be assumed 
and the average ratio or cal1brar,on 
factor can be used ,n place of a 
cal1brat1on curve 

7.2.3 The worlong cal,bra11on curve 
or cailbrat,on factor must be verif,ed 
on each working day by the 
measurement of one or more 
cal1brat,on standards If the respo'"lse 
for anv parame1er var,es fro"" 1ne 
predicted response by mo•e than 
:: 10°to. the test must be repea:ed 
us,ng a fresh cal1brat1or sta"'\Card 
Alternatively a new calibration curve 
or cal1brat,on factor must be prepared 
for tha1 compound 

7.3 Internal standard callbra11or 
procedure To use this approach tne 
analySl rr,,s, select one o• more 
internal standards that are S1f"'da• 1n 
analytical behavior to the compo~nds 
of 1nteres1 The analyst must further 
demonstrate that the measurement of 
the internal s1andard 1s not affecied 
by method or matr,~ 1nterfere"'ces 
Because of these l1m1tat1ons. no. 
rnternal standard ,an be suggested 
thai 1s applicable 10 all samples 

7.S >" Prepare c;,l:brat,on standards 
at a m1n1mum of three concentrat1oc, 
levels for each para,neter of interest 
by add,ng volumes of one or more 
stock srandards to a volumemc flask 
To each cal1bra11on s1andard. add a 
known cons11nt amounr of one or 
more internal standards. and dilute to 
volume with he•ane One of the 
standards should be at a concentra
tion near. but above, the MDL ano 
the otner concentrations should 
correspond to tne expected ra!'lge ol 
concen1rat1ons found ,n real samples 
or should define the working range of 
lhe detecior 

7.3.2 Using 1n1ect1ons of 2 to 5 µL 
of each calibration standard. tabulate 
peak he,gnt or area responses aga.nsr 
concentra11on for each compound and 
internal s1andcrd and calculate 
response fac1ors IP.F J for each 
compound using ~uat,on 1 

Eq 1 RF = (.<l.,C,.Ji(A,.C,J 

where 

A, = Response for !tie parametM 10 
be measured 

A,. = Response for the 1nterna: 
standard 

C., = Concentration of the internal 
s111noard, (µg,. LI 

C, = Concentrat1on of the parameter 
to be measured. (;JwlL) 



If 1he RF value over rhe wortt,ng range 
,s a constant (<: 100, RSDi the RF can 
be assumed to be ,nvarrant and 1he 
ave•age RF can be used for calcula
tions Alterna1,vely. the results can 
be used 10 plot a caltbra11on curve of 
responsE' ra1,os. A, A ... vs RF 

7 3 3 The working calibra11on curve 
or RF must be verified on each 
work,ng day bv the measurement of 
one or more cal1bra11on standards If 
1he response for any parameter var,es 
frorr. the predicted response b~· more 
1han =1o•,,, the test must be repeated 
using a fresh calibration standard 
Al!ernat,vel~ a new catibrat,on curve 
must be prepared tor that compound 

7 4 Before using any cleanup 
procedc;re the analvst must process a 
series ol cal,brat,on standards through 
1he ;:rccedure :o val,da:e elu11on 
pallerns and the absence of 
1n:erfe•ences from the reagents 

7. S The cleanup procedure 1n 
Se::t,on 11 utd1zes Florisil column 
chroma1ograph~ Floris,! from different 
ba:c~·eS or sources rra1 vary 1n 
adsorpt,on capacity To sta'"IOard,ze 
the amount of Florisil wh1c'°I 1S used. 
1he use of laur1c acid va 1ue·'· ,s 
sugges:ed The retere,-,ced procedure 
determines the adsorption from 
hexane solc;t1on of laur1c ac10 (mg) per 
g•a,,.-. F10,1s1I The amour.t of Florrsil to 
be usec: for each column ,s calculaled 
bv d,v101ng 110 by 1h15 ratio and 
mult plying by 20 g 

B. Quality Control 
B 1 Each laboratory 1hat uses 1h1s 
me:nod is requ,red to opera1e a formal 
Qual1:~, control prograf'!"'! Ttie m,n,mum 
req~,rements of 1h,s program consist 
of an initial demonstrat,on of 
laborato·~ capa!:Jd1:y and :he a'"lalys1s 
or sp,keO samptes as a cont1nu1n3 
chec• or. performance The laboratory 
1s reowired to maintain performance 
records to define 1ne Qual,ty of data 
tna: ,s genera1ed Ongo,ng 
pe•'ormance checks mus1 be 
Co"'1pared w,th estat>l1s'1ed 
perforr,-,.ance cr1ter,a to determ,ne 1f 
1he res..,11s of analyses are w1th1n 
accuracy and prec,s,on limits expected 
of tne method 

8 1 1 Before performing a'"ly 
anatvses. the 11nalys1 musl 
Oe'T1ons1r11e the ability to generate 
acceptable accuracy ind prec,s,on 
w,1~. tr.,5 metnod This ab·il1v ,s 
esta!:Jl1sned as described 1n Section 

8 1.2 In recogn1t1on of the r1p1d 
advances that are occurring 1n 
cnromatography, trie 1n1tyst ,s 

p&rm1t1~ cer111n opl,ons to improve 
the separations or lower the cos1 of 
measurements Each 1,me such 
mod,hcat,ons are made to the ~thod. 
the 1n11lys1 ,s required 10 repeat 1he 
procedure 1n Sect,on 8 2 

8 1.3 The laboratory must Spike and 
analyze a m1n1mum of 1 O'lu of all 
samples to monitor cont,nu,ng 
laborarory performance This 
procedure 1s described in Sec11on B 4 

8 2 To establish the ab,hty 10 
generate acceptable accuracy and 
prec1s,on. the analyst must perform 
the follow,ng operations 

8. 2 1 Select a representative spike 
concentrat,on for each compound to 
be measured Using stock standards. 
prepa•e a qua111y control check sample 
concentrate 1n acetone 1000 tlffies 
more concenrrated than the selected 
concentrations Quality con1rol check 
sample concentrates appropriate for 
use with this method. will be available 
from the U S Environmental 
Protection Agency. Envoro,menral 
Mo'"l1torrng and Support L3boratory, 
C1nc1nnat1. On10 45268 

8.2.2 Using a p1pet add 1 00 ml of 
the check sample concentrate to each 
of a m,n,mum of four 1000-mL 
al1ouots of reagent water A 
representative wastewater mav be 
used 1n place of the reagent wa1e,. 
but one or more add1t1onal allquo1s 
must be analyzed to de1erm1ne 
bacl<grouno levels. and the sp,ke level 
must exceed twice the background 
level for the lest to be valid Analyze 
the altquo1s according to the me1hod 
beg1nn1ng ,n Sect,on 10 

8 2 3 Calculate the average percent 
recovery. (R1. and the standard 
dev1a11on of the percent recovery (sl. 
for the results Was1ewater back
ground corrections mus! be made 
before R and s calculations are 
performed 

8.2 4 Using Table 2. no1e the 
average recovery (XI and standard 
dev,ation IPI e>.+1ected for each me1hod 
parameter Compare these 10 the 
calculated values for R ands If s > 
2p or :X-R > 2p, rev,ew po1en11al 
problem areas and repeat the test 

B 2 5 The US Em11ronmental 
Protec11on Agency plans 10 
establish performance criteria for 
R and , based upon the results of 
1nterlaboratory testing V\'hen they 
become available. these criteria must 
be met before any Hmples may be 
analyzed 

8 3 The 1nalys1 must ulculate 
method performance crrtarra and 
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define the performance of the 
laboratory for each spike 
concentration and parameter be,ng 
measured 

8.3 1 Calculate upper and lower 
control l1m1ts for method performance 

0Upper Control L1m1t (UCL) R • 3 s 
Lower Conirol L,m,t (LCLl A - 3 s 

where R and s are calculated as 1n 
Section 8 2 3 The UCL and LCL can 
be used to construct control charts·•· 
that are useful ,n observ,ng 1rencs ,n 
performance The control lim,1s above 
mus1 be replaced bv method per. 
formance criteria as 1hey beco..-,e 
available from the US Environmental 
Protec11on Ager.cy 

B 3.2 The laboratory must develop 
and maintain S!'parate accuracy 
statemen1s of laboratory performarice 
for wastewater samples An accuracy 
s1atemen1 for the method 1s de'·r,ed 
as R :: s The accuracy s1a1e-,-,e~1 
should be developed by tne ana'ys1s o! 
four aliquots of wastewater as 
described ,n Section 8 2 2 followed 
by the calculation of R ands 
Alternately. the analyst may use four 
wastewater data points gathered 
through lhe requirement for 
con11nu1ng quality control 1n Section 
8 4 The accuracy statements should 
be updated regularly• 

8.4 The laboratory 1s required 10 
collect a portion of 1neir samples ,n 
duplicate 10 monitor spike reccveries 
The frequency of spiked ;ample 
analysis must be at least 10°·• of all 
samples or one sample per month 
whichever ,s greater One al1qc.ot of 
the sample must be spiked and 
analyzed as described ,n Section 8 2 
II the recovery for a particular 
parame1er does not fall w1th1n the 
conlrol l1m1ts for method performance. 
the results reported for that parameter 
,n all samples processed as part of 
the same set must be qual1f1ed as 
described 1n Section 13 3 The 
laboratory should monitor 1ne 
frequency of da1a so aual1f1ed to 
ensure that 11 rema,ns at or below 5°·o 

8.5 Before processing any samples. 
the analyst should demonstrate 
1hrougn tne analysis of a one-liter 
ahQuot of reagent water. t'1at all 
glassware and reagent interferences 
are under control. Each time • sei of 
samples is tKtr1C1ed or there ,s a 
change ,n reagents. 11 laboratory 
rea11en1 blank should be processed as 
11 safeguard 1g11,ns1 laboratory 
con1am1na11on 

8 6 It ,s recommended that the 
l1b0r11ory adopt 1dd1t1ona1 qual11y 
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assurance practices for use with th,s 
merr,od The soec1!1c pracr,ces thar 
are most product1\le depend upon the 
needs of !he laboratory and the nature 
of rhe samples Field duphcates may 
be a'"lal\Zed 10 monitor the precision 
of the sampling techn1Que When 
doubl e.. sts ove• !he 1den1,f,cat1on of 
11 pea, or. lhf chromatogram. 
confirmatory techn1Ques such as GC 
with II dissimilar column. spfc1f,c 
elemen1 detector or mass spec
trometer musr be used Whenever 
possible the laboratory should 
perform analysis of standard 
refererice materra!s and part1c,pa1e 
,r, relevant oe'1ormance evaluat,on 
studies 

9. Sample Collection, �
Preservation. and Handling �

9 1 Grab sa ....ples mus: be collected 
,n glass conta,..,ers Co,went,o"al 
saer,p:,ng ~ra:t,ces • S'1ould be 
1o::owed. e•cept t>,a: the bottle must 
not be prewas'1ed w,n, sample before 
co lec:.on Compos,:e sa,nples shoc.,ld 
be collec:ed '" refr,gerated glass 
co..,:a,ners 1n accorda'"lce w,th the 
rec;uireme.,:s of tr.e p/Ogram 
A~torr,a:,c sam;;l,ng eQu1pment mc;st 
be a free as possible of Tygon and 
ot"er potent,al sources of 
cor.tar."'1nat10!"' 

9.2 The sar-iples mus: be ,ced or 
refrige·ated at 4·c from the time of 
colle:t•or. uni,: extract,o'1 Fill the 
sample bottles and. ,t residual 
chlorine ,s present. add 80 mg of 
sod,um rh,osullare per each 1,ter of 
water US Environmental Protect,on 
Agency methods 330 4 and 330 5 
mav be used to measure the residual 
chlor1ne·· 0 F,eld test kits are available• 

fo, this purpose 

9 3 All samples must be extracted 
w11'11r 7 days and complete!~ analyzed 
w1t~1n 40 days of extractron' · 

10. Sample Extraction 
10.1 Mark the water meniscus on 
the side of the sample bottle for later 
determ,nat1on of sample \IOlume Pour 
the entire sample into a 1wo-l1ter 
separatory funnel 

10.2 Add 60 ml methylene chloride 
to the sample bottle. seal. and shake 
30 seconds to rinse the inner walls 
Transfer the solvent to the 1eparatory 
fun~I and extract the sample by 
sha•1ng the funnel for two mrnures 
with pe,iod1c venting to release 
excess pressure Allow the organic 
laver to seoarate from the water 
p'1ase for a m1n1mum of 1 0 minutes 
If the emulsion interface between 
layers ,s more than one-third the 

volume of the 10lvent lrrer. the 
analysr musr employ mechan,cal 
techn1Ques to complete the phase 
separation The optimum technique 
depends upon the umple, but may 
,nclude stirring. f,1trat1on of the 
emulsion through glass wool. 
centrifugation. or other physical 
methods Collect the methylene 
ch lo ride extract ,n a 2SO- ml 
Erlenmeyer flask 

10 3 Add a second 60-ml \IOlume 
of methylene chlorrde to the sample 
bottle and repeat the extraction 
procedure a second 1,me. comb1n1ng 
the extracts ,n the Erlenmeyer flask 
Perform a third extraction ,n the same 
manner 

10 4 Assemble a Kuderna-Dan1sh 
IK-DJ concentrator bv attaching a 10
ml concenrraror rube ro a 500-ml 
evaporar,ve flask Ot '1er concen
trar,on device, or techn1Ques may 
be used ,n place of the K-D ,f the 
requirements of Section 8.2 are met 

10 5 Pour the combined extract 
through a drying column cont111n1ng 
about 10 cm of anhydrous sodium 
sulfate. and collec1 tne extract ,n the 
K-D concentrator Rinse the 
Erlenmeyer flask and column with 20 
to 30 ml of me1'1yle"le chloride 10 
complete the Quantitative transfer. 

10.6 Add one o• two clean bod1"g 
ch,ps to the evaporative flask and 
a!!ach a three-ball Snyder column 
Prewet the Snyder column by adding 
about 1 ml methylene chlor,de to the 
top Place the K-0 apparatus on a hot 
water bath (60' 10 65'C) so that 
the concentrator tube ,s pan,ally 
immersed rn the ho! water. and the 
entire lower rounded surface of the 
flask 1s bathed w,th hot vapor Adiust 
the venical pos1t1on of the apparatus 
and the water temperature as 
reQuired to complete the 
concentr at ,on ,n 1 5 10 20 minutes At 
the proper rate of d,st,llat,on the balls 
of the column w,11 actr\lely chatter but 
the chambers will not flood with 
condensed sol\lent W~,en the 
apparent \IOlume of l1Qu1d reaches 1 
ml. remove the K-D apparatus and 
allow ,t to drain and cool for at least 
10 minutes 
NOTE Some of the haloethers are 
\lery volatile and s1gn1f1cant losses will 
occur ,n concentration steps 1f care ,s 
not exerc,sed It " 1mPQnant to 
maintain a constant gentle 
e"aporat,on rate and not to allow the 
l1Qu1d \IOlume to fall below 1 to 2 ml 
before ramo\l,ng the K·D from the hot 
water bitth 

10.7 Momentarily remove the 
Snyder column. add 50 ml of hexane 
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and • new bo,hng chip and replace 
the column Ra,se !he temperature 
of the water bath 10 85 to 90' C 
Concentrate the extract as 1n Section 
10 6 except use hexane ro prewer the 
column When the apparent volume of 
l1Qu1d reaches 1 10 2 ml. remove the 
K-0 and allow It to dra,n and cool ar 
least 10 minutes Remo\le the Snyder 
column and rinse the flask and ,ts 
lower Jo1n1 ,nto the concentrator tube 
w,rh 1 to 2 ml of hexane A 5-ml 
syringe ,s recommended for tn1s 
operation Stopper the concentrator 
lube and store refrigerated 1f further 
processing w,11 not be performed 
1mmed1ately If the extracts will be 
stored longer than two davs. ,..,ev 
should be transferred to Teflon-sealed 
screw-cap bottles 

10.8 Determ,ne the original sa ...,pie 
\IOlume by ref,ll1ng the sample bo1:1e 
to the mark and transferring the water 
to a 1000-ml graduated cyl1ncer 
Record the sample volume to :'1e 
nearest 5 ml 

11. Cleanup and Separation 

11. 1 Cleanup procedures may not 
be necessary for a relauvely clean 
sample matrix The cleanup procedure 
recommended ,n this method ~as been 
used for the analysis of various clean 
waters and 1ndustri:1 effluents II 
par:rcular circumstances demand trie 
use of an altern11t1\le cleanup pro
cedure. the analyst must determine 
the elution profile and demonstrate 
that the recovery of each compou"ld 
of interest is no less than 85~c 

11.2 Flons,1 column cleanup for 
haloethers: 

7 7.2 1 Adiust the sample exvact 
\IOlume to 10 ml 

7 7 .2.2 Place a charge 1nom1nally 
20 g. actual amount determined as ,n 
Section 7 SJ of activated Florisd 1n a 
19-mm ID chromatographic column 
After settling the Florisil by tap;:i,ng 
the column, add about one-half inch 
layer of anhydrous granular sodium 
sulfate 10 the rop Allow the Florisil 
to cool 

11.2.3 Pre-elute ihe column with 
50 to 60 ml of petroleum etrier 
D,scard the eluate ;nd 1ust prior to 
exposure of the sulfate layer to air. 
quant,tat,vely transfer the sample 
ex1rae1 ,mo the column by decanta11on 
and subsequ11n1 petroleum erher 
washings Discard the eluate Just 
pr,or to axpcsure of the sodium 
1ulfa1e layer to the air. begin elutrng 
the column with 300 ml of ethyl 
ether /petroleum ether (6 • 941 (V.'VI 
Adiust the efut,on rate to app,ox



,mately 5 mL/m,n and collect the 
eluatP ,n a SOO-mL K-D flask 
eou,pppd with a 10-mL concentrator 
tube �Th,s fract,on should contain all 
of the haloethers 

11 2 4 Concenlrate the fract,on by 
K-D as ,n Section 10 6 e•cepl prewet 
the Snyder column with he•ane 
When the apparatus ,s cool. remove 
the column and r,nse the flask and 
,ts lower JO•nt ,nto the concentrator 
tube with heaane AdJUSt the volume 
10 10 ml Analyze by GC (Sect,on 12 ) 

12. Gas Chromatography 
12 1 Table 1 summar,zes the 
recommended operating cond,t,ons for 
the gas chromatograph Th,s table 
,ncludes retf''1t,cn t,mes and MDL 
that we-re obta,ned under these 
co.,d,t,ons E•amples of the 
parameter separat,o'1s achieved 
b1 these colu,,.,ns are shown ,n 
F,gu•es 1 and 2 Olher packed 
columns. chroma1ograph,c cond1t,ons. 
or de1ectors may be used ,f the 
req..,irements of Section 8 2 are met 
Capilla•,· 1open-tubular1 columns may 
also be used ,f t',e relative standard 
dev,at,ons of responses for replicate 
1niect1ons are demonstrated to be less 
than 6°0 and the reou,rements of 
Section 8 2 are met 

12 2 Cal,brate the svstem dai11· as 
describeo ,n Section 7 

12 3 If the ,nternal standard 
approach ,s be,ng used tt'\e analyst 
must not add t'1e ,nternal standard 10 
sample e•tracts unt,1 ,mmed,atelv 
befo•e 1n1ect1on into the instrument 
M,. thoroughly 

12 4 tn,ec, 2 to 5 µl of the sample 
extract us·.~~ rhe solvent-flush 
tecrn,Que Smaller (1 0 µll volumes 
car be 1n,ec1ed ,f automat,c dev,ces 
are employed Record the extract 
Yolume to the nearest O 1 ml and the 
Yolume 1n1ected to the nearest O OS 
µL and lhe resulting peak s,ze ,n area 
or peak he•Qht un,ts 

12.5 The width of the retention time 
window used to make 1dent.t,cat1ons 
Should be based upon measurements 
of ac1ual retent,on t,me variations of 
standards over the course of a day 
Three 11mes the standard dev,at,on of 
a retent,on t,me for II compound can 
be used to calculate a suggeSted 
window 1,ze, however, the ellP9r1ence 
of the analyst should we,gh heavtly ,n 
lhe ,n1erpretat10n of chromatograms 

12.ts If the response for the peak 
e~ceeds the working range of the 
system, dolute the extract and 
reanalV2e 

12.7 If the measurement of 1he peak 
resPOnse ,s prevented by tt,e presence 
of ,nterlerences. funher cleanup ,s 
required 

13. Calculations 
13 1 Determ,ne the concentraroon of 
ind1111dua1 compounds ,n tt,e sample 

13 1. 1 If the e•ternal St&ndard 
cal,b<at,on procedure ,s used. 
calculate the amount of material 
,n,ected from the peak res;ionse us,ng 
the cal1bra1,on curve or ca'obrat,on 
factor ,n Sewon 7 2 2 The 
concentrat,on ,n the sample can be 
calculated from equat,on 2 

(Al!V,I�
Eo 2 Concentration. µg/L , � (V,~V,I 

where 

A = Amount of mater,al 1n1ected. ,n 
nanograms 

V. = Volume of extract ,niected (µl) 
V, = Volume of total extract (µLI 
V, = Volume of water e•tracted (mll 

13 1 2 If the ,nternal standard 
cal,brat,on procedure was used. 
calcula1e the concentration ,n the 
sample us,ng the response factor (RF) 
determ,ned ,n Section 7.3 2 and 
eQuat•on 3 

(A,HI,\ 
Eo 3 Concentra11on. µg 'L = (A.XR~~v 1 

0 

where 

A, = Response for the parameter to 
be measured 

A. �= Response for the ,nternal 
standard 

I, = Amount of internal standard 
added to each extract (µg) 

V0 = Volume of water extracted, ,n 
lners 

13.2 Report results ,n micrograms �
per liter without correction for �
recovery data When dupltcate and �
sp,ked samples are analyzed, repon �
all data obtained with the sample �
results �

13.3 For samples processed as part �
of a set where the laboratory spoked �
sample recoyery falls outside of the �
control l1m1ts ,n Sect,on !! 4, data for �
the affected parameters must be �
labeled as suspect �

14. Method Performance 
14.1 The method detection 1,m,1 
(MDL) ,s defined as the m,n,mum 
concentrat,on of a substance that can 
be measured and reported w,th 99'lb 
conf,dence that 1r,e value ,s above 
zero''' The MDL cor,centrat,ons hsted 
,n Table 1 were obta,nee us,ng 
reagent water'"'. S,m,lar re1ul!s -re 
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achieved us,ng representative 
wastewarers 

14.2 Th,s method has been tested 
for l,nearoty of recovery from spiked 
reagent water and has been 
demonstrated to be applicable for the 
concentrat,on range from 4X MDL to 
1000 • MDL"'' 

14 3 In a 5,ngle laboratory 
(Monsanto Research Center), us,ng 
sp,ked wastewater samples. the 
average recover,es presented ,n Table 
2 were obta,ned'2 ' Each sp,ked 
sample was analyzed ,n tr,pl-cate on 
three separate occas,ons Tne 
standard dev,at,on of the percent 
recovery ,s also included ,n Tab e 2 

14 4 The US Env,ronmen1a1 
Protect,on Ager,cy ,s ,n the p·oce,s of 
conducting an ,nterlaboratory n".et'1od 
study to fully def,ne the performance 
of th,s method 
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Tabla 1. Chromatograph,c Cond111ons and Ml!!thod Darection Limits 

Rl!!tl!!nl1on Timi!! Ml!!lhod 
(mm.) Dl!!tl!!ct,on Limit 

Paraml!!tl!!r Column I Column 2 (µglLJ 

81sl2-chloro,sopropy/J tither 84 97 08 
8,s(2-chloroathylJ tlfhtu 9.3 9 1 03 
8,s/2·chloroethoxy) methane 13 1 100 05 
4-Chlorophttnyl phtmyl ttlhl!!r 19 4 15.0 39 
4-Bromophenyl phl!!nyl ttlhl!!r 21.2 16.2 23 

Column 1 conditions. Supl!!lcoport (1001120 mesh) coatttd with 3% SP-1000 
packed ,n 1.8 m long x 2 mm ID glass column with hehum came, ges 111 a flow 
rare of 40 ml/min Column temperature. 60'C for 2 min aher inJl!!ct,on thl!!n 
program ar B'CImm to 230'C and hold for 4 mm. Under thl!!se cond,t,ons 
the rf!ttmt,on 11me for Aldrm ,s 22.6 min 

Column 2 conditions Tl!!nax-GC (60180 mesh) packed in 11 1.8 m long x 2mm 
ID glass column with hehum came, gas at 40 mllm,n flow rate Column 
temperature.· 150'C for 4 mm aher inJl!!ction then program 111 16'Clm,n to 
310'C Under these cond,r,ons the retent,on t,me for Aldnn ,s 18 4 min 

Table 2 Single Operator Accuracy and Precision 

Average Standard Spike Number 
Percent Dev1t1tion Renge of Matrix 

Pt1r11meter Recovery % fµglL; Analyses Types 

8is(2 ·chloroethyl;ether 59 4.5 !)7 27 3 
81s(2-chloroerhoxy)methane 62 5.3 138 27 3 .,
81sf2-chloro,sopropyl)ether 67 ~.O :5!J 27 ., 
4-Bromophenyl phenyl ether 78 3.5 14 27 3 
4-Chloropnenyl phenyl ether 73 45 30 27 3 

611-7 67 July 1962 



• • 

• • • 

Column 3% SP-1000 on Sv;,.lcoPort 
Progrem 60°C.-2 mmvr•1 8°/mimn• ro 230°C. 
D•r•cror. Hell •l•.trolytic conduct1v11y 

... - -----.-'. . 
0 2 4 6 8 10 12 14 16 18 20 22 24 

Figure 1. Gu chromerogrem of helo•rh•rs 

Column.· T•nu GC 
Progr•m: 150°C.-4 minutH 16°/minut, to 310°C. 
D•t•ctor. H•II •l•crrolytic conducrivify 

Ii.. '5 
-s ::::...•::::... ~•C: ... 
~ ... .. 

Q ••
•"' ! ~ C: ,i:..• l:: 0 •~ .. .(:.. • 

,i: •iS ~ .. 
~ e C: 

~ • ,i:• 
~ 

,i:; ..."'~'iir .. 

~ 

- 0 ~~IQ 
IQ '5 C: C: 

0... ti 
~ ~~c C: 0 -~... 

,i: IQ ii.... ~i 0 'It 
IQ .. 

~ 
,i: ..~ 

0 8 12 16 20' 
R•t•nt1on 11m•. minutu 

flgu111 2. Gu chrom•togr•m of haltHth,r1. 

611-I July 191268 

24 



APPENDIX B �

RAW DATA �

69 �



TAP.LC 18. RAW DA'T'A FOR l?IS(2-CHLOROISOPROPYL)ETIIER BY WATER TYPE 

l!T<;T II LF'l WAHR TAP WAHK ,11Kf A~l I/Alm 1/,\S Tl W,\TU< l WA) Tl WATLK 2 olASH WA TrK 3 
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l .4U* 
2 ,! 18 
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?.40 
3.20 
3.20 
3.K3 
?.Jll 
U.IJO* 
il.UO* 
U.tJG* 
2,96 
ll.20 
0.48* 
i'. l ll 
3. 71 
6.20 
4.80 

17.6~· 
8. 21) 

I.OU 
3.00 

2.40 
:i, hO 
!> •1 0 
3.UU 

29. lU* 
0.10 
0. OC!* 
ll.Yl 
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TABLE l/3 (continw,d) 

DISTILLED WArrn TJ\P WJ\llK S:!1ff ,\CE WATUl W,\S 11 WAlfH I Wfl<;Tl WAT!.~ ? WI\STE WA rm 3 

AMPIJL Nll: 
mu, CONC: 

2 
13.:',UO 

b 

92.0ll 
2 

132. uo 
6 

qz .,HJ 
{ 

I Ji'. IJll 
b 

'l?.00 

., 
L 

JJ?,!)() 
6 

g7,()l) 
2 

13?.00 
6 

92.00 
2 

117.0U 
6 

92.00 

LA8 NUM8£K 

-, 

1 
2 
J 
4 
) 
t, 
7 
ti 
q 

lU 
11 
12 
IJ 
14 
1~ 
lb 
11 
I 8 
19 
i'O 

l?0.00 
146.00 
60.UO 

132.00 
1 Jb.OlJ 
14J.IJI) 
19 7. 30 
94 .11 

12H. /D 
·J~ .. :.u 
ll,8U 
,6.UU* 

111. Yll 
lb. /0 
2!>.UU 

!HU.OU 
H?.YIJ 

lUo.UU
• 

'l 7. OU 

73.UO 
93.00 
78.UO 
9,1. uu 
80.UU 

112 .OIJ 
11 l.2U 
JJ,60 

117. 50 
! I. l 0 

221.00• 
36.UU* 
Bh. 10 
90.]l) 
!K.10 

12.l.OO 
a7.4U 
81 .UlJ 
YJ.~O 
oZ.OJ 

120.00 
14h.OU 
11 /. UlJ 
120.00 
1U3.UU 
2no.oo• 
1, 7. 30 
lU0.90 
103.40 
·~o.ou 

128.UIJ 
24.UU 

174. I 0 
lllh.00 
?IJ.40 

l<J?.uo• 
tlY.Y~ 

ll3.9lJ 
101.20 
34.0J 

Bl.00 
89.00 
H4.0U 
89.00 
94. 60 

Jou. oo• 
91. lU 
54. 10 
77. 80 
lb. 10 

161.UO* 
26.00 
n.bO 
HU.JU 
z~. 1 u 

12~.011• 
hl.~() 
11. 70 
54.30 
4:J. 00 

lllO.llO 
l~0.00 
1n,. no 
120.Ull 
l!JH. l!IJ 
1 [19.00 

/Z.Ull 
96 .13 
r, 7, 70 
8/. ill 
,'),HU 

2H, llO 
93 .IJlJ 

lJU.UlJ 
31.Ull 

l Hl. ()lJ 
lb.n 

14',.~o 
I0?.20 
~J.011 

79.00 
92,00 
74.Ull 
Y4,00 
lb. /1) 

160.0ll 
161.,U 
51. 05 
91.HO 
b'i. j() 

74.60 
2.20 

B'l.?ll 
HH. llJ 
20.40 
79.Ull 
11. ,11 
70. 40 
20.HO 
~ l ,[)(l 

flfl.00 
159.UlJ 
g~.nu 

109.UO 
124. l)I) 
!SB.JU 
/~'). (Ji)• 

97.19 
<Jo.go 
tU. lll 

175.UIJ 
24.00 
ll'l.411 

127.IJO 
1,.w 

17'>. 011 
01. n 

111. <JU 
86.,11 
,11.:111 

52.00 
91.00 
)4,00 
94,UO 
B2 .40 
91 .oo 
q I. IIJ 
25.62 
77 .2D 
i.). llJ 

1b10.1)0* 
51.00 
fl:>. 70 
91.tO 
l!>.2U 
41.00 
J,. !>o 
97. IO 
6J.OO 
46. 1111 

130.00 
16 7. 00 
l]li,00 
125.00 
lJ~.00 
211. 00 
410. <JD• 
103.70 
69.90 
HO.JO 

164.00 
38.IJO 

123.70 
I;>q. 00 
14 .BO 

192.00 
tlll. lJ 

139. 20 
b0,40 
JJ.(ll_l 

88,00 
81.0Q 

100.00 
82.00 
98. /0 

190.00 
]JY.?11• 
5 I. 52 

136.40 
60.blJ 
31./U 
57. 00 
99,30 

104.00 
23.40 

103,00 
10.40 
94,3l1

• 
Jl .110 

110 .oo 
149.00 
116.00 
125.0U 
%.6ll 

210.00 
?Oh.Bil 

94,11 
69.40 
90.0IJ 

142.0U 
48.00 

107.10 
bo.bO 
18.90

• 
45.ZH 

11 l. SO 
121.60 
49 .01) 

1,.00 
91.00 
58.UO 
84.00 
61. /0 

164.00 
4 7. 90 
55.60 

lOtl.40 
17.!>0 

14 1. 00 
~3.00 

lUo .00 
II ,40 
21. ?O 
73.00 
]h.Bll 
:,2. 10 
74. 30 
4 1 .00 



TABLI:: 18 (cont. i m10rl ) 

lllST!Ll.111 lol,\11~ TAP ,IATrn SIJ~FACl ,11\[ER lolASTE loll\ TE R 1 lolAS TE WAH~ 2 WASTE WA TEH 3 

AMPIIL NO: 
l~lll co~c: 

J 
4H6. 00 

4 
674.l;I) 

) 

4%,110 
4 

624. OU 
3 

486,0U 
4 

(,24.00 
J 

4tl6,'10 
4 

624.0U 
3 

4H6.00 
4 

624.00 
3 

4>l6.00 
4 

624.00 

___,,~ 

LAB NUMllE~ 
I 
2 
3 
4 
~ 

b 
7 
8 
q 

10 
11 
l 2 
1 l 
14 
15 
lb 
11 
l8 
19 
?l) 

470.00 
5/,.UIJ 
4t,4. IJIJ 
,,11.00 
511.UII 
340.110 
175.70 
34').50 
215.50 
392.00 
oB0.00 
!Uti.00* 
393. 8ll 
41~.uu 

I~ .11\J 
400.0ll 
1J I'~ .61J 
N?.'111 
bb I. bO 
ZJU.110 

610.00 
5 I I. 00 
44h.Oll 
010.1111 
513.UU 
510.00 
832.00 
~u 1. ~u 
328. JO 
4hq.oo 
244.00 

4b.OO* 
~72.00 
5b5.00 
81.00 

589.0U 
Jl~.70 
',96.UO

• 
400.00 

4)0.UO 
b53.llll 
.l / 1.111) 
0110.110 
402,UU 
-170. 01) 
65;>.4{) 
J/H. 6'.} 
30 7. I 0 
4b2.00 
5H8.00 
2H4.0ll 
4~2. 70 
3H5.00 
63. YO 

8~6.00* 
4<10.40 
414.HO 
11 ll. Bll 
180. UIJ 

540.0U 
114 .110 
340.00 
6lll.OO 
551.UO 
65'1.(HJ 
/YI. ;>O 
4~.' .t;U 
5U6. 90 
464.00 
61',.00 
)gJ.UO 
t,;>3.UO 
5'J2.00 
9:i.00 

910.0tJ• 
54 7. 110 
6~\).,'\) 

• 
jf,0.0ll 

251).1)0 
65 1. llll 
14H. Oil 
4~1l.011 
43H.lJO 
610.00 
b/4.,'0 
Jb l. 20 
30 I. 00 
J 71. 00 
206.00 
I YI. Oll 
425.30 
422.UO 

H9.00 
4"2.00 
~"". 61)
58 I. 3d 

30.llJ 
?111.00 

54lJ.00 
TS 7. 110 
',)0.110 
700.00 
~il</.00 
S40.0U 

130/.0U* 
·11H.?D 
430.70 
4q I. 00 
'J')4. 00 
3/Y.Oll 
b43.00 
51>0.UO 

41\,flO 
~ll?.UO 
lBQ.00 
~B4.hll 

41. HO 
2?0. ()\) 

3HO.UO 
64?.110 
.135. 110 
4!l',.OO 
4:l?.01) 
li\U. UO 
/43.311 
J!3.~0 
280.5ll 
)10.00 
194.00 
21:J.IH) 
40 /. l 0 
410.UU 
l lU.00 
]?<I.DO 
481. 60 
3/6.!HJ 
86.50 

lhll.110 

470.UO 
610.00 
)06,00 
640.00 
4/1.01) 
',40.00 
B~H.10 
116?.?0 
364.40 
466.00 
416.00 
1,4. 00 
5')6.ll) 
418.l)() 
100.80 
1,0~.oo 
aa?.Ho 
50-t. BO 
741. 00 
I 'Ill. llO 

430.00 
6711.011 
394 .oo 
470,011 
506.1)11 
S',0.00 

11 JJ.00 
3q l • 10 
314.30 
398.011 

1120.00 
2ll I ,00 
520.40 
361.UU 
93.00 

4?~.0ll 
]0?.)11 
olll.,O 
283.00 
140.0ll 

560.00 
711.00 
512.00 
600,00 
6/3.00 
110.00 

l?J?.oo• 
~t:,2.30 
303.20 
474.01) 
515.00 
?4 3.0U 
54Y,;>O 
3Yo.OO 
62.90 

SQ3,00 
436 .10 
,15b.50 
3dl.60 
l?ll.Ull 

430.00 
661.110 
420.IJO 
490.110 
471.00 
545.00 

101~.oo• 
~,~.20 
J52.00 
366.00 
5 71. uu 
? ltl.00 
5? I. ll) 
JIY.OU 
105.UO 
431.00 
?4 7. ltl 
158.30 
2'12.40 
l /0.0'.J 

590.00 
15 I .oo 
6~2.00 
700,00 
5JJ.OO 
640.00 

144fl.OO• 
4!{), 7() 

4 21. 20 
485.00 
614.00 
3q5_[)Q 
b05.BO 
415.UO 
65.00 

511.00 
b~ I. 30 
34U.OU 
923.20 
180.UU 



TABLE 19. RAW DATA FOR f!l S (?.-C:HLOROETHYL) F.THER RY WATER TYPE 

OISIILllO WAflH !AP Wl\f[H 511~F /\Cf. WIIHH WIISTF ,il\TEH I -iASH WATFH 2 WASTE 111\TfH 3 

Af-WUL NU: 
!Pl IE CllNC: 

I 
l. 40 

~ 

l.bO 
l 

l.4U 
a 

1.6D l .40 'l .hO l. 41! '1.60 l.4fJ '!.bl) l. 4() 
a 

J.60 

--., 
c..· 

L/18 
I 
( 

J 
4 
~ 

b 
1 
B 
'! 

10 
l l 
12 
lJ 
14 
1, 
It, 
l 7 
lB 
l'l 
/l) 

WJ'11llH 
I. JU 
l.10 
l. Ill 
ll.60 
!.HJ 
U,JU 
U, lll.l* 
u.uw 
ll.UU* 
0,9[) 
IJ.00* 
I) •.10• 
1.10 
o.oo• 
7. 90* 
2.40 
3,70* 
1.41) 
l.4U 
l .4U 

l.aO 
I. 7D 
I •.HJ 
0.70 
I.BY 
u.uu• 
U. Oil* 
u.,lb 
ll.llll* 
I.ab 
o. 70* 
U. lJ* 
l. 'J 
7.21 
6,'JU 
2.60 
7. 72 
4. 21l 
u. 70 
l.lllJ 

1.40 
1.10 
t .llll 
l. IU 
l.lJ 
U.UlJ* 
l), 11:J* 
u. u:i• 
11. O[} .. 

O.'JU 
3.20 
1.90 
I.II 
J. ,4 
tl.lJIJ* 
) • 7:J• 
4 • rJ'J* 
?.40 
ll.UO* 
l. ()[) 

1.40 
I .lil 
l .61! 
IJ, /IJ 
,.011 
0.40 
u.uu• 
0. llll* 
1.J. r_uJ• 
1.41 
2,lfl 
u.aB 
1. 4ll 
1. a4 
6,01)* 
l. 10• 
9. 2]• 
J.JU 
J. Ull* 
:J.llO 

J. 3:l 
J. 10 
ll.Rll 

lu.uu• 
I .4!l 
u. llJ 
3. lU 
u. uu• 
O .lll)* 
U.6'! 
o. 70 
(J,[)g 

l • U'J 
I.bl' 
9,Ull* 
l .10 
,1, ?1 
J.hll 
l.bll 
0.90 

I• ~O 
I .50 
l. ;>I) 
u.,u 
l .h l 
IJ.4U 
II, ill)* 
lJ.UU* 
0. t1U* 
U.8H 
2.?:J 
I .UD 
l. 32 
1. 1, 
6,',l)* 
l. ,o 
f\, \[)* 
J,41)* 
I. 20 
1.30 

1.70 
I .O,l 
l.10 
l.lU 
? • b.l 
U,40 
D, 1Ju• 
l. 11 
0.00* 
U.61 
3.40* 
u.aa 
l. 4'J 
I. 31J 
g. 1u• 
l. 70 
~. 6.J* 
1.80 
1. )[) 
1. oo• 

).;>() 

1.40 
I , 11! 
l. 30 
l. lJ 
u.10 
LI, 110* 
u.uu• 
U.DO* 
I. 37 

20.40• 
0.40 
2.20 
l. 6) 

ll. qo• 
2. 10 

61,. ]I)* 
I .'JU 
1. ]I)
u.,o• 

!:!.Oil 
J.10 
0,llll* 
U.tJO• 

U.611 
6.IJU 
o.ou• 
2.40 
o.ao• 
o.uu• 
8.,10 
l • 'ill 
J. 10 

13, 'JO 
6. 10 

22.0U 
[). 0:1• 
l .t!IJ 

11, •.111 
O.Fil* 

14.00 
0.00
,1.IJ()*
o.oo• 

?4.J() 
'J.UU 
O.Wl 
1. 38 
0.00* 
o.oo• 

13.?0 
4.30 
1,90 

lU.40 
6.30 
9. 30 
o.uu• 
O.llJ* 
4.rO 
O.f,IJ* 

l.50 
I. JO 
l. 2ll 
l.00 
l.01 
0.40 
O.Oll' 
U,11
o.oo• 
1.03 
o. 10 
o. 27* 
1.25 
1,92 
6 .oo• 
2.SO 
2 .8!i 
J. 30 
l.40 
o. 90 

1.60 
J.6() 
O.llU 
I .UO 
l.?9 
O,JU 
l. ti! 
u.ou• 
nVo f'I"'*VU 

0.90 
O.BO 
0,13* 
l.lll 
l. 79 
8.t>U* 
1.21) 
4.38* 
I.oil 
1.40 
1./1) 



TABLE I ') (continw~d) 

lll~TTLLED WATEN TAP 11,\TER )liRFAC! WATlN WA'., Tl WAH.N I II,\'., II WAII.N l WA\IL WAllN 3 

AMl'.!L ri ~, : 
Hlll. rnric: 

l 
l lHl. lll) 

h 
87 .110 

? 
lnH.:111 

h 
Ill .,iu 

l 
lll8. 11lJ 

r, 
'r!,/ .,10 

l 
1m1.!m 

f, 

H 7. '.Ill 
l 

jl),'.,l}l) 

6 
87 .uo 

2 
108.00 

6 
87. 00 

_,,., 

LA8 
l 
2 
3 
4 ,, 
6 
7 
H 
y 

1U 
11 
17 
13 
14 
1, 
lh 
I 7 
ltl 
I 'J 
2U 

NUMl3EN 
72.00 

116.llll 
'JI.OU 

ll'J.IJO 
9'!.2ll 
HS. lllJ 

l33.4U 
16./4 
61. !JU 
fii).!lll
z,.1u• 
20.011• 
':13. /1) 
,n .111i 
4U. IU 

133.llU 
h4.ll 
H0.,111 

6.0U 

6'J.00 
72.00 
l'J.UU 
82. Oil 
b6.31J 
Ill. 8U 
':11. 'JU 
',?. 7 J 
13.,0 
6':!. 61! 
,b.UW 
34.oo• 
lJ<J.50 
14.90 
2'J.40
\14.0U 
h3.1Jll 
htl. ?ll 
Ii'. Ill 
K.41J• 

97 .oo 
114.cO 
11 3. 00 

YB.Oil 
12. 'JU 
93,UU 

12 l. 'JU 
H?. 39 
'Jb.30 
S8. f,Q 
34.W 
lH.UU 

100.30 
BI. 50 
4',. ;>I) 

136. oo• 
77 .ll', 

105.00 
Hl. JO• 
i<.UU 

74.00 
66.00 
~4.00 
/7 .oo 
74.bl) 

100,l!U 
8'J. lJI) 

62.H4 
lH.Jll 
62.91J 
:,'}. 4ll 
lll.Oll 
83.'JO 
bB. f>IJ 
22.21J 
93.011• 
84. / ll 
'I. 90 
J4. Ill* 
10. lJI.) 

79.00 
12'-I. Ill) 
P.~.OIJ 

1lil. ilO 
!:lZ.iU 
'J3.ll0 
b'J.bll 
111.18 
4 4. It) 
,_, ]. 21) 

1,.,0 
19. Ill) 
94.10 
'II. 'ill 
J'J.40 

l ()<j. 00 
11 .BB 
llfl.41) 
I,. Bl) 
I u. tJU 

69.00 
bb.00 
bl .00 
Hfi.Ofl 
~I. 1lJ 
84.00

1., .1. oo• 
66.91 
2~. 10 
64. 20 
4'J.'W 

I. so 
8 I • .JO 
75. I 0 
,H. 'lll 
7? .Oll 
hi .,HJ 
~4 •.\ll 
lH. IO 
'J.lll) 

69.00 
l/1,. IJO 

B/. IJIJ 
90.00 
94.HO 
73. I)() 

241.10• 
7.62 

40.HO
58. 71) 

',I. lO 
22.llU 
YlJ.<'ll 
91. 4ll 
lll.HIJ 
H9.0U 
hll.411 
111.40 
I 4. ,o 
16.UO• 

43.00 
I 3. lllJ 
',I. 00 
77.00 
6Y.JIJ 
'JI.OD 

J ',',. 40• 
2·1. 64 
??.90
65.80 

l'-111. ('HJ• 
4U.OO 
Y7. 40 
I',. 40 
18.40 
12. lh) 
41.9ll 
b I. ~O 
,3. 'JO 
12.IJO

110.00 
126. !JU 
110.00 
120.0IJ 
Y4.00 
76.Uc 

161.JO 
82.3'> 
17.70• 
60.80 
,,,_ 40 

38.00 
!JO.KO 
111. 00 

30.bll 
125.00 

1B. 11 
Htl. '-Ill 
3Y.6ll 
11. uo• 

II .00 
l>l.00 
'll .Oil 
84.00 
l'l. 30 
70.00 

l?l. ',() 
S!.44 
?0.40· 
55,911 
41.40 
38.00 
84.':IU 
Q3.JO 
2',.40 
70.00 
46. <10 
,..,_ 4u 

• 
9.so• 

81.00 
llb.Oll 
9J.OO 

10~.oo 
lb. /0 
79.00 

137.SO 
76.24 
40. 70 
1i4,li!.l 
38.70 
34. oo• 

I OH .00 
56.MJ 
h l. Zll 

• 
42. 1<1 
tlK.10 
tl2.80 
19.00 

63.00 
/fl.Oil 
',4.00 
Hil.00 
','-/. <JI) 
1
) 7.00 
72. 10 
S2.73 
59.00 
Iii .no 
a 1.20 
36.00* 

IOtJ.00 
64.?IJ 
lb.90 
60.00 
3h.BU 
S3.IJU 
65.JO 
I I.OU 



TABLE 19 (continued) 

DISTILLEU WATER TAP W,\TEll SURFACE WATEH WA'.>fE WATlH 1 WASTE WATlll 2 WA.S Tl WAT[ll 3 

AMPUL NU: J 4 ) 4 3 4 3 4 3 4 4 
T~I ·E t:ONC: 6U2.LllJ 41lt.llll 607.illl 402.UlJ 6111 .()ll 402.00 6f)2 ,l)l) 402 ,IJO 602.UO 402.00 602.IJU 402.UU 

!Ail ~IIM,lfR 
I '>HIJ.IJO 41)0.00 510.00 )40.00 330. IJO 330.00 450.00 290.00 490.00 360.00 510.00 380.IJO 
2 ~, I.OU 425.UO 58 7. OU 454.UU 58Y.LJIJ 4bll.OO 59 I .LHI 421. IJO 60 I. 00 4?.I.OIJ 5M.OO 4?7 .oo 
J 551.UO ?78. 00 <1 7S. UO 211. 00 3'J2 .00 341).01) 4 JU. UU 221. uo 43<' .uo 3·~H.UU 4 /g .lJO 4 It .00 
4 bb0.00 J'.,0.1)[) ',B0.00 365.00 600.00 370.00 640.00 385.00 560.00 380.00 560.0IJ 390.UU 

"t, 617.Ull 
?10.IJO 

JrJl. OU 
110.01) 

444.0U 
300.0J 

32':J.UU 
200. 00 

54J.IJ() 
1J:l0.00 

.11g.oo 
180.00 

'>?t.Oll 
3'.U.UJ 

J08.00 
l'J0.00 

',',5.110 
3'J0. OU 

3B3.0ll 
i!SO.lJU 

512.UO 
3'/0.UU 

335.00 
190.UO 

7 677 .80 415.IU blb.40 42',.30 6S7.60 (,h6.50 &%. 70 467.50 843.UO 798.bU* 823 .00 581.00 
8 ·~Sf>.011 332.lO 4tl6.90 294.20 403.00 288.5ll 3')2. l U 323. 30 444.40 304. 50 508.20 331.10 

- J 9 23 I. YD I 4h .10 7S5.30 24fi.60 310.)J() l'Jl.90 264.Hll* 154.90* 3!!?.zo• '15. 70• 328. 70 144.HU 
10 074.UlJ 2YO.Ull 54 l. uo 323.00 401.00 )OJ.Oil 3!J8.UO 285.00 476.llO 323.00 44 I.OU 303 .OU 
l l b0. 1Ju• i63.oo• 13 i. 00 i6ti.OO 72 I uu liil.Ov 4.40 200.0U IN.Oil 22b.lJO l O i. DO Zl>B.DO 
l! 123.IJO• 27. 00* 315.0U ?28. llO 208.0il 285.UO 218.lll) 106.00 181.0U 132.0U 238.00* 223.00* 
LI •180. 7U 379.70 603.40 -123. l 0 49'... fJI) 4 3o. 40 '>09.3U 399.~0 5')<J. 30 3',1.60 6U'J.OO 418.90 
14 ,w.uu 36 I. lHJ 41 3. 00 417.UU 56tJ. uo 39 l.00 461. UlJ 322 .OU 465.00 290.0U 452 .uu 2t!4.0U 
b 76.0U dY.,O 10. lll 58.90 38.00 72.30 ~2.0U 92.UO llU.OlJ 4J. 1ll 92.UO 61. UO 
!h 4!J4.UO 3oH.OU 876.LJD* 'J03.no• 56Y.UU 359.0ll 440.flU 35~.uo Sill .IJU 34fi. Oll 519.llO 3?~.0ll 
11 b'l,.Ull 4,'J.90 5J<J.4U 413.Zll 7bY.lJO 314. 311 704.20 36 7. 90 )<JI .40 451.UU 367. 60 40').60 
IH 
I'! 

471.3:l 
,~ l. !JU 

3:,2. Oil 
• 

418. ',ll 
68.'JU* 

:rn,. 30 
• 

S40.Bll 
32.UO 

1,0. Ill 
27 .HO 

4JB.bll 
114. !lll 

Jb:1.10 
438. 90 

4bb .10 
2•;0. 1 u 

i?9. bU 
22~. &U 

43~.10 
3Ju.,u 

280.40 
5<19.30 

211 J/fl.<JO 4 lll.01) tlll. II, I !Oil.Ill) 'JI. IHI /0. l)l) 90.UO* 7 l. ill)* S3.ll0* "1. ou• 1 J .no t,6.00 



T/\13LE 20. RAW D/\T/\ FOR HJS(2-CHLOHOETHOXY)METII/\NE BY WATER TYPE 

ll I ST '.11 fll W,\ H~ [AP 11/\flK SL.'IH ACl wA Tl K IIASTI 1111 rm 1 WASfE WATEK 2 WASTE WATER 3 

AMl'IJL rm: 
1~I l CUN(: 

I 
I. 40 

., 
I. l)LJ I , ~O 

~ 

1.00 I. 41,1 

., 
1 , 0° I l. 41) 

5 
I .IHI 1.40 

5 
1.no 

I 
I. 40 

~ 

1.00 

-' 
~ 

LA8 
I 
2 
J 
~ ., 
h 

I 
H 
y 

!II 
II 
l z 
1.l 
14 
l., 
(t, 

ll 
111 
14 
?O 

NUMIIE K 
I. JO 
ll. '>II 
U.'>U 
1.00 
1.% 
U.40* 
ll.lJW 
ll.'>7 
II. llil* 
ll. 93 
II. 1JIJ• 
O. 3U* 
I. )>I 

U.UlJ* 
11.IJU* 

1.40 
J.JB• 
K. '>lJ• 
u. /0 

31. uo• 

U.90 
11.l>O 
l),60 
J.~U 
ll.'lY 
u.uu• 
o.oo• 
O. liti• 
ll. I Ill' 
0.79 
ll. 011• 
lJ. 14* 
U.% 
1.18 
H. Ju• 
o. 40 
J.b',' 
',. 111' 
u.Jo 

3,,1. lliJ' 

0. 70 
o.~o 
!.'>() 
o. /l) 
). 4? 
o.ou• 
2 .t,:) 
I). lJ:J* 
o. f_llJ• 

0,llrl 
o.uo• 
U.4J 
1.0'> 
I. ,J 
9. 21)* 

2.hi.l 
'>.Ill* 

I?. 1,1• 
0 .1111• 
4. JU* 

II.HO 
0.70 
0.80 
U.'>ll 
I.Ou 
II. Io• 
1.30 
o. oo• 
(1 .00* 
II.HI 
o.ou• 
o.~J 
U, 70 
U,89 
6.UU 
0.40 
'>. ',J 

12./ll' 
c1. oo• 
r,. uu• 

I.Ill 
0.'>ll 
0.70 
I. 40 
I.HR 
I). Ju 
0, Ill)* 
fl. r:o• 
U.(!:)• 
ll.'>t 
2.lll) 
IJ. l J 
I. Pl 
1.42 
H. 31J' 
l. Ill 
J. ,u. 
5 •.IIJ• 
I. 'Jll 
5.t,ll' 

0.81) 
0.1>0 
U.'>O 
o . .Ill 
l. bb 
I). :Ill 
o.uw 
o. ill)• 
D • U!) * 
II. !H 
l).(11)• 
ll. /4 
U.Hl 
ll.lH 
I. I U 
0. lf) 
t, .4 3 

It. f,:J• 
I. (II 
3./\)* 

I. 20 
o.~o 
l.lO 
I. '•0 
1.4h 
0.4U 
o.;,o 
ll.llil* 
il. 1111• 
0.18 

11.!W 
0.4', 
2.IJll 
I. Ill! 

11 •Oil 
I. JU 
fi.9', 
/\, ',I) 

l • Ill I 
4.,u• 

l. 30 
~.50 
0. 40 
IJ.90 
1.IB 
11.uo• 
o.oo• 
o.on• 
n.on~ 
(). 2~ 
b.111• 
0. PJ 
l .l,l) 
ll. Ill 

l? .Oil· 
U.60 
2.18 
~.40• 
ll. 411 
4.cW 

?.20 
O.OIJ* 
o. no• 
].41) 

1.14 
u. uu• 
11.00• 
0.6 1) 

O.Oil* 
I. Oil 
il.00 
l.611 
J.~4 
u.oo• 
>l. 311 
:1 .uu• 
u. 9'J 
1:l. /0 

',f,,41)• 
2. ,,u• 

I. HO 
0 .10 
o.uo• 
I. 40 
l:l.511 
0 .110• 
ll.~11 
ll.ll\J* 
O.fHi' 
O.RZ 
4.00 
1.40 
I • l ll 
0. Oil* 
~.40 
o.uu• 
2.00 
g. ;,o 
ll.llW 
',. ,'i)* 

7 .10 
0.40 
2.00 
1.10 
0.88 
0. JO 
o.oo• 
u.uu• 
o.oo• 
1.24 
? .fiO 
I. 50 
I. 90 
I. 33 
4.20 
2.80 
2.63 

),1. 'HJ* 
].',(I 

'>.lW 

1.00 
0. 70 
I.OU 
I. JO 
1.20 
0.20 
O.Oll* 
(J. (Ill. 

o.uu• 
U.2'> 
n.uu• 
0. IB 
l.H? 
0.62 
4.30 

12. I u• 
4,98 
4. ',I) 
1..,11 
~. YU' 



TARI.F. 7 () (r.ont.inu~d) 

Ill)! :1 LEO WATr~ T/IP liAP:R SUR'" ACE WA rm WASTE W/IHR I WASTf. WATER 2 WASTE WA Tm 3 

AMl'tll NU: 
rw.1l u1\C: 

2 
llJ6.Uil 

b 
lcb.OU 

2 
106.00 

6 
I?h .•)!) 

? 
111~.110 

Ii 
1?6.lltl 

? 
101, .nil 

f, 

!?Ii.I)() 
? 

106. no 
6 

l?fi.()0 
7 

106.00 
6 

l?b.00 

--J 
- J 

L/lll N!1"11lfH 
I 
I 
J 
4 
', 
h 
l 
H 
'i 

Ill 
11,,. 
l 3 
I ,1 

I'> 
I I_, 

l / 
l >l 
l<l 
<'lJ 

lb.Oil 
'-12.UU 
44.UU 
97,UU 
81. ',O 
40.()IJ• 

1!8.7U 
t,4.22 
12.5J 
5?.4Li 
u.uu• 

21. l)ll* 
9'j./lJ 
41. 2U 
HO.~O 

102.0•J 
~4.03 
hH,31) 

• 
460.lHi' 

68.00 
!OZ.OU 

9J,UU 
114,UO 

'-14,60 
6(),tlll· 

113.40 
80,52 
66.lU 
!l7 .20 
liJ.00 
52.00• 

l l l. ':10 
98. Ill 
J? ,60 

I 30 .llO 
6H.40 

!IJ'j .HU 
GY, I 0 

.l l lJ. lJU* 

83.00 
Ill?. (JI) 

54.0U 
')0. 1)1) 

62 ,81) 
J 1. Oil* 

103.50 
68.22 
64.10 
4d.h0 
18. 41) 
I~. 011 

112. bl! 
63.10 
63.BO 
94.0U 
63.111 
ll. ')~ 
/'j. 10 

!HO.OW 

110.UO 
YI.Oil 
/H. 1.HJ 

114,UU 
104.:)IJ 
u4. OU* 

IU<J,20 
80.03 
bU.4:1 
84. ',ll 

IJ!,.UlJ 
r,u. 011 

121. IU 
8',.91) 
?I. Ill 

131.llU 
ll'l.41l 
H/,blJ 
'jl,, 10 

160.UO* 

59.00 
%,Uil 
I?,()() 

llll..1)1) 
o9.,'U 
:l 7 .Ull 
48.6U 
69.23 
a1. ;u 
,1 .•,n 

3.JU 
?! .IJII 
'JJ.41) 
lh,llO 
4:l.hO 
71 .OU 
4h.1!9 
93.7U 
/ I. 90 

28U,1JlJ• 

93,00 
108,llll 
Bil.Oil 

l l~.()1) 

'12,nU 
l{). l)fJ 

I '-11. 7U 
6 I .62 
'>r.'-IO 
111. 711 

11. 411 
1. Ill 

110. hU 
9Y.60 
4 l ,Oil 
Hll .Ot I 
;\I!./() 
tl!,. /l) 
?S. fjD 

l8ll.llJ* 

72 .oo 
94,1)0 
70.00 
H5,0ll 
H3.20 
&6.llll 

2h.OO* 
11 .55 
.Hl. 10• 
~?0. 10 
83.IU 
?I .01) 
':IJ.41) 
nd.lO 
49. q[J 

69.0IJ 
44. ?'J 
74.00 
,~.90 

291!.IJO* 

76.00 
lll'l.Oll 
bfl.00 

JIJ5.U'.J 
'J5. 'JU 
81.UU 

l'-l'J.90· 
31.58 
41l. 10• 
!J3.Hfl 

4!,J.l)IJ• 
6S.OO 

14J.6U 
'l I .40 
21. 30 
85.00 
~~.30 
HO, lU 
51,0U 

l'lll.lJU• 

79,IJO 
Q',,Oll 
B½.lltl 

IOIJ,00 
88. 'JU 
14,0U 

lbl.20* 
15, 6 3 
4?. /() 
4~.90 
64.80 
JO. 011 

112, ')0 
9).110 
f,6. /() 

105.0U 
h:l. g 7 
'14.41) 
33.91J 

180. U:J• 

85.UO 
115.llO 
105 .Oil 
lib.OU 
112. IJ() 
97 .0il 

lJ'J.90 
89,98 

I I/. 00 
67.90 

112,00 
76.00 

132.3U 
109.0ll 
)IJ. 8il 
86.00 

?J7.',1J• 
63. Ill 

• 
!JO.OU* 

63.00 
!Ill. 00 

BZ.00 
tJiJ.UO 
61, 50 
61.00 
91.10 
64.22 

116.30 
SU.JO 
48.30 
41.00 

114.30 
41.30 
l'J. •lO 

* 
33. I I 
bl. 10 
IIJ. Io 

24U.UU* 

62.00 
118. 00 
bB.00 

120,UU 
<J0.70 
HO.Oil 
31.JIJ 
80,52 

114.90 
Hi.JO 

110.UO 
H?.lllJ 

144. I 0 
<J'j, 3ll 
4'J. IO 
80.00 
'Jl. 50 
H8.30 
77.70 

210.00* 



TAl3LE 20 (continued) 

lll~T ILLUJ WATI R TI\P \,/1\TfK ~u;n ,,cE WATUl WA5 Tl IIAHI{ I 11/1 <; rE WIITEH 2 WASTE IIA HK 3 

AMPIJL NU: 
f KL.'[ co·,c: 

3 
398, ~lll 

4 
52H,t)U 

J 
Jg8,ll0 

4 
528.0ll 

3 
198.UlJ 

4 
',2'l. (Ill 

3 
398.IJO 

4 
~28,lJIJ 

J 
3']8.00 

4 
5?8.0U 

J 
3YB. '.)0 

4 
'J2H,Oll 

LA~ NUM~f.K 

_, 
a, 

I 
2 
j 

4 

' 6 
I 
H 
lj 

lU 
11 
IL 
1 j 

14 
1~ 
lt> 
I I 
lll 
14 
21) 

JOU.OU 
Jll2.UU 
lll½. Ill) 
410.Ull 
4Jll.UlJ 

lll.011• 
4J6,8U 
289.YO 
Wl.10 
!~6. Ill) 
IS2.Ull 
48.tJll* 

.l 13. ·~() 
)Jlj' IJL) 

'lfl.Oil 
,'4~.011 
3J I • bU 
tY3 ..HI 
31.i!. ',ll 
JHll.UW 

34U.UlJ 
47U.Ull 
2~,3.IJO 
4/0.UU 
410.LHI 
lZll.UlJ• 
4d3. 5U 
443.70 
228. l 0 
312.DU 

6'). 00 
39.0J• 

~4 I. ~ll 
425.UIJ 
~ l. 'JO 

]4b,()l) 
42H, lU 
4bH. J:l 

• 
"20,IJU* 

310.00 
34U.UlJ 
I 43.0ll 
Jbll. lJO 
N9.UO 

HO.OW 
388.60 
3UH.bU 
17U.60 
269.UU 
162,IJO 
224 .uu 
39Y.4u 
296.UU 
83.10 

'J2 l. (Ji) 

242,hO 
24?. ',U 

/'J.UU 
~uo.uu• 

340.00 
JIB.Ill! 
233.UU 
480.00 
409, llU 
1~u. uo• 
45Y.9U 
39.l.HO 
263.50 
32 3. uu 
II, .110 
336.UD 
~12.21) 
461, 00 
b'j, I II 

~S9.1Jll 
4 / 1. lJI I 

<144,40 
• 

600.UJ* 

170.UO 
?54,lll) 
Z/0.llll 
400.00 
364.UlJ 
16U.UU 
40,.JO 
,q4,?ll 
llJJ.~O 
c3J.LJU 

fl.]() 

168.UU 
3"3. lU 
3'JJ.U'J 
9" ,1)1) 

2H? .rJQ 
333. 41) 
-1 lb. ',rJ 

21.lll 
(,IO. Ill)* 

290.0U 
44!, .oo 
•1.l½ .IHI 
500.UO 
'JLlt .Ull 
I 31). L)l) 
IN.oil 
_nq. 11:1 
?l'l. /ll 
JJ!l.UO 
lH0.00 
3~U.UU 
~,n. 40 
•14b.llll 

63. 1f) 

3"2.00 
329.61) 
459. 30 

.lll. JO 
1uuu.ou• 

27U.ll0 
363.UU 
?Jfl.UU 
380.llU 
3.l4.ll!l 

7U.UII 
50,' .'ill 
260.HO 
IH4.)0• 
Zl'l.00 

'17. 1 IJ 
2U/ .lhl 
3o'J.oU 
JU I. Oil 

63.0U 
213.0U 
30b. 1IJ 
2H'\,110 

/~.Oil 
45:J.OU* 

350.00 
531.UO 
2~9.UU 
~'JU.UO 
3dl,00 
lJU.UU 
610. JU 
41)2. llJ 
?ll~.Hn• 
31S.Oll 
29 7. 00 
1.1).()1) 

~H0.20 
40?.011 

bH.40 
370.UU 
42~. 2U 
4/4.51) 
~33.41) 
YIU.OU* 

290.Ull 
342.0U 
315.00 
4UO.lJO 
3•1'l.llU 
1JO .Oil 
4 35. JO 
321.60 
2813.20 
?62 .oo 
l 'i 1. OU 
144 ,llO 
JB'J.?O 
?70.110 

BJ.DO 
271. QI] 

lb?.?11 
3 I 4, 'JU 
I /;l. 60 
4bU.IJIJ* 

410.00 
59';1.l)l) 
402.UO 
580.00 
414.00 
2?0.00 
838.40 
411. lU 
179.8'.l 
332.00 
336.00 
217 .00 
a I 'i.00 
303.00 
l?U.IU 
434,00 
4!!4.10 
338.60 
243.60 
~so.ou• 

3 IO. OU 
3z~.oo 
24U.OU 
JQO.llO 
312.00 
140.00 
412.10 
3Jb.2U 
217.20 
255.00 
131.UU 
224.00 
37?.30 
?ll'i.Oll 

JB.00 
219.UO 
144,]I) 
249.10 
IIU.40 
410.00* 

430.00 
460.UO 
396.0U 
5?0.00 
408.00 
l&O.UO 
/5'J./U 
426.BO 
3JJ.~U 
32 7, 00 
440.0U 

65.00 
499. 30 
322 .oo 
110. 50 
J41, OU 
513.AO 
310.50 
5&2,30 
9~U.llll* 



TAHLE 21. RAW DATA FOR 4-c:Jfl.()ROl'IIENYL l'l!ENYL ETHr:R BY W/\TF:R T'{PE 

lllSTILL[ll IIAHH TAP ll~TEH '.,IJKf 1\U. WATUl 11,\S I[ lo/ATER I WA<; fl WATf K 2 WA,TE WA Tm 3 

AMPIII. Nil: 
f Kiil c11:ii:: 

I 
I 4. ~O 

~ 

6.60 14.',0 
', 

b. bll 14. ~!) 

', 

h.60 14.~0 
~ 

b,hll 1.1. ~a 
5 

6.60 14,)0 
5 

6.60 

-, 
'.C· 

LA8 
I 
2 
J 
4 
', 

6 
7 
~ 
y 

IU 
11 
I! 
l J 
14 
I', 
lh 
I I 
IK 
19 
c1J 

NIJMH[ K 
q, !JO 

14 .uo 
6. IU 

l'>.20 
zu • .Ju 

I. Ju• 
o.uu• 
o.uu• 

l',.?ll 

'i.114 
ll. 1)1). 

i' .H'.l* 
20,KU* 

0.\)1)• 

13.UO 
23. ',l) 
4,.1u• 
Ill. IJU 
21 .HU 
U.40 

6,40 
6.90 
4. JU 
~. 70 
I. 9') 
u.uu• 
u.uu• 
u.uo• 
'-1.90 
J.Q', 
u.uu• 
I. 20• 

lJ,',U* 
I?. 30 
10 • OU 
11. "O 
.lY.?J* 
11. KO 

~.'JU 
I. JU 

12.00 
I ', , 01 l 
11. Ill 
ll.5U 
11. 'iU 
I. 71)
u.uu• 
u.uu• 

!':>.bU 
',.Ill 
l.'iO 

18.U!I 
I 9. 90* 
l'>.?0 
Id. 'iO 
2>:l.10* 
44. l',' 
I~. /U 
c.oo• 
b. UIJ 

6,JO 
',,?O 

'>. ·Ill 
6.llll 
1.llb 
2, IU 
0.00* 
o. oo• 
7. \)() 
2.41 
U.6~ 
',,i'll 

14. >'II* 
7, 4ll 
8.91! 
I.Ju• 

4!.JJ• 
12. IO 
0. ,)[)* 

J. jl) 

12.UU 
l 'i.OO• 

7.llU 
lo.'iU 
I I .<Ill 
4. 4{) 
O.IH:• 
o.uo• 

11. OU 
5.?2 
3,)U* 
I. 10 

IH.IHJ• 
l :l.111! 
le ./II 
12.SO 
4'). IJ',. 
I J. ID 
q. ~{~ 
3. 'JU 

',,80 
B.Jo• 
',,llll 
'i.l:lU 
',. / 4 
<'. 10 
ll.00* 
0. IJD* 
b. 'JU 
2.'>l 
I. 70• 
',.Ill 

13. 9(1* 

h,'19 
fl.bl) 
7. 10 

!4.w,• 
I I .<JD 
4. ?ii 
4.10 

12 ,()(] 
1'>. uu• 
6,',0 

11. 00 
14, i'll 

6.UO 
11.Hll 
o. oo• 

l ~. l 0 
l.&7 
5.50 
7, 10 

19.41)• 
7. ', 7 

I" .Oil 
I b, JU 
Jb .1m• 
I J. J1J 
).',() 

"·cd 

5.10 
8, Jo• 
2,'>U 
<J./(] 
4, HI) 

l'i.UU* 
0. IHI* 
I) .(Ill* 
1.&u 
2. 15 
6, IU 
3.00 

I J. JO* 
3.h-1 
b.60 
7. 20 

n.~J· 
10, lU 

) • .lll 
4. IU 

1g .Oil 
16.0U 
o.uo• 

?il. !Hl 
16.4U 
10.0<) 
{]. )I) 

6. o7 
il. 00' 
J, JI 

53,IIIJ 
18.00 
Ig. Jo• 
17. Ill 
4 .90 

24. so 
I .46 

14. Hll 
',f,. ,ll) 

4. Ull 

14.00 
7.50 
u.oo• 

23.00 
l?,00 

Ill/,()(] 

o.oo• 
g, 11 
(J. lili' 
o.oo• 

42.40 
4.80 

14., o• 
!?.BO 
/,Ill 
7,40 

%.Jr 
<J.HO 

?/ .',I) 
2.l>U 

IJ.00 
14.00* 
11.80 
l'i.00 
12 • 80 
8.10 
0.60 
I. 9 7 
li.OU* 
2,00 
I.YO 

I I.OU 
n.oo• 
14 ,fHl 
H.00 

18.40 
71.00 

9. 10 
B. /0 
4.<JU 

6.50 
9.50* 
7,40 
8.40 
8.61 
Y.00 
o.oo• 
11,0ll* 
11.llll* 
2.53 
u.ou• 
6.60 

13. 40* 
6.44 

IZ.UO 
6.40 

JO. 15* 
I. 30 
".IHI 
UlO 



TABLE 21 (conlinued) 

:.JIST II Ull WAT'"R TAP WATER ~URf~Cf W,\ T[R WASH WIITEH l WASH: W/1 TE H z W/\S TE WATER 3 

IIMPIJI NU: 
l~lll cu~c: 

l 
94.UU 

h 

l!U.UU 
7 

'l4.llll 
6 

l?ll .Ol) 
z 

q1.01J 
6 

170. [)I) 
z 

q4_uu 
6 

170.IJO 
2 

Y4.IJO 
6 

120.IJIJ 
z 

94.00 
6 

120.00 

c,, 
r_:1 

LIi~ 
I 
l 
J 
4 
'> 
h 

I 
B 

9 
l I) 

11 
IL' 
l J 
1'1 
1~} 
It, 
l I 
1H 
19,u 

NUM,lt R 
74.00 

143.Ull 
10,rJO 
y /. (JI] 

,rn. J11 
3 .1.1);)• 

114. llil 
',g_t,J) 

l!b.~() 
btl.HlJ 
rn. '>ll 
14. IHI* 

l lU.,lll* 
J4.UU 

100.?il 
114.UU 

~>0. HU 
'>4 ,ILi 

Jb.lJll 

'13.rJO 
l',8.UJJ 
'15.UU 

llfl.lJIJ 
liJ3.IJO 

hf1.Ul}* 

l!J.40 
H9.?I 

l l ~ .fW 
l I ',.OU 
Yl. Ill 
41.IHJ• 

lhY. /0* 
126.0lJ 
88.30 

161.UU 
',6.71) 

ltlfi.4JJ 
116. 90 
·11. 0•J 

83.Ull 
141.IHJ• 
6J.OU 
lli\.00 
(tL) o so 
49. {)IJ 

82.lll 
b'i.4] 

10?.•10 
13.ZIJ 
4n.111 
ch. Oil 

l?Y. 1,1• 
74.JU 
&<J.60 

120.uo• 
&IJ.7() 
97 .Bil 
64.bl)* 
Ill. lJIJ 

lllll,IJO 
I ',4, llll 
88.llU 

11 ~. no 
11? ,IIU 
13?.UU 
!O',,IU 
84.23 

lUJ.?O 
11 H. OU 
)fl. 40 
!H!.l)IJ 

164. 211• 
93.lU 
45.00 

J8"l.llll* 
611.(,1) 

11 /. ',J) 
72. I J• 
', J.lll) 

74 .uo 
IJ>\.(11)• 

bf .OU 
104 .Ill) 
',/ .OU 
32.0IJ 
44. IU 
l'J. ~ift 
<}J.60 
64.JO 
11.Hll• 
J4. Ill) 

lUh.',(J• 
dH. Ill 
SS.60 
1!9 ,IHl 
4 7. 3q 
K3.Bt: 
', 7. I 0 
&l.lJO 

'16.00 
I ',>l. or1• 
B/. Oil 

12',,0U 
l~.30 

liJ3 .Oil 
ZIJ.4ll* 

/9. I J 
I! g_f)l) 

111.011 
35.1_10* 

b.hll 
161. 31J* 
IOI.OU 
32.20 

llll.lJO 
74 .41J 
Y', .40 
24.10 
~4.UU 

71.00 
140.00• 

',Y.00 
81.UU 
Bo. 00 
4~.0JJ 

14 I. 10 
~,4. 36 

l??.r;1) 
b4. ',() 
h>LIO 
l ii. Oil 

11 '.>. /O• 
73.80 
~b.10 
IY.00 
30. /,\ 
bll.90 

lill.?11 
6!.UU 

91.00 
l~H.IJO* 

',Y.UO 
10~.ou 
101. IJU 
4'l.ll0 

12h.2U 
30.79 
75.10 

I I',. lJO 
~1s.oo• 

9'>.011 
IH6.l(J• 
10 I. 00 
93.20 

lOH.00 
46.40 
4',.YU 
hll. •,11 
4(i.UO 

8H.OO 
14 I. 00 

BT .rm 
100.uu 

bY.80 
14. Oil 
SH. 311 
78. 99 
Hh.UD 
b I. llJ 
36.10 
34. {lll 

113.10* 
HZ.JO 

120.20 
B'l.OU 
44.~l 
H4. /U 
l'l. /ii 

l J1) • llil 

100.0U 
16',.00 

<JJ.00 
112.UU 

Y?.!O 
113. 00 
69.0U 
68.19 

1;,cJ.?o• 
Bb.10 
?~.90 
/:!.OU 

174.00* 
110. 00 
63.10 

ID9.00 
53. 90 
bJ. 50

• 
41.00 

74.00 
145.00* 

7h.OJJ 
100.00 
bl.40 
76.UU 

115. 40 
~9.60 

21 'L 10• 
/IJ.ZO 
77.70 
I',. Oil 

153.60* 
J 7. 30 
83.00 

• 
30.29 
A1.50 
69, lll 
48.()() 

92 .oo 
159.00* 

htl.OJJ 
120.00 
HJ.70 

100.0U 
22.SO 
89,21 

?JCJ.70• 
IOB.00 
40.00 

11 7.00 
163.30* 
125.00 
38.20 
96.00 
49. 71) 
12.0IJ 
9J.?ll 
', }.Ill) 



TARI.[·'. 7 l (continued) 

UISI ll.LEll WAT':I( TAP Wi\Tll( <,11RrACE W,UEK WA~TE WAllK I WASTE WA TEK 7 WASTE WA Im 3 

AMPUL N\l: 

IHUl UJIK: 
I 

489.IIU 
4 

424 .111) 
3 

489.ilU 
4 

424.1)() 
3 

489.lJO 
4 

424.UO 
3 

48'1.IJU 
4 

424.00 
J 

4tl<J.IJO 
4 

424.UIJ 
3 

48Y.IJO 
4 

424.UO 

::,, 

l All 
I 
2 
3 
4 
~ 

b 
1 
8 
y 

Ill 
l i 
I? 
I J 
1-1 
l ', 
lh 
1 I 
Jfl 
1<J 

20 

NllMtll I( 
440.00 
703. OU 
44 I .OU 
~~·J.1)1) 
48-LUO 
uu.ou• 
h4~. 70 
34U.81l 
Jt!B. Ml 
lh<J.UU 
?I? .00 

K4.0IJ• 
,fl8.4W 
4~0.(ll) 

lbll.00 
,111.00 
47U.,o 
413.HC) 
4II. Ill 
121.J.UU 

330. 00 
712.00 
294 .Oll 
41\1).110 
309.00 
I JIJ.lHl* 
480.UU 
37~.20 
Hl 7. so 
lb 1. llU 
1117. IJO 
~~.uo• 

nllll.llll* 
420.UU 

tiJ.L'U 
41) 7. 00 
2'!4. 30 
4•.1,1. IU 

• 
18U.UU 

46U.UO 
1,u.ou 
418.00 
',JO. 00 
401, IJil 
1/0. uo 
~61.90 
41 I. 90 
41 l.Oll 
lb9.IJIJ 
?40.llO 
2ll.UU 
6R7.½ll* 
JI 3.UIJ 
150.UU 
Hl~.uo• 
36U.2ll 
4%.30 
\ 12. Jp• 
l~IJ.00 

3'10.UU 
h/0.0U 
WU.OU 
"IJIJ.IJU 
J /'). OU 

7U. Oil 
403.00 
J2Q.41J 
482. 40 
144. Ill! 
tll2.lHI 
244.0ll 
n•II.Oll* 
J')4 .lllJ 
83.\U 

', 7 ',. O!l' 
J,1.ou 
4Sl.~,C 

• 
1,0.00 

260.00 
/h,I.OIJ' 
4 I I.DO 
3'.IH. IJIJ 
JHII.OIJ 
,~rJ.1)1) 
594.JU 
4? I. 711 
5~',.JU 
\hcl.lllJ 

ll'.1. 1)0* 
ZIJH.DO 
~91.Zll* 
4bb. llll 
ZIil.OU 
4h? .IHI 
4Jh. JI) 
4','l. ',I() 
.lJ.90 

2 I !J. Ull 

340.llO 
611\.()()• 
3114.()() 
490.Ull 
346.llll 
I Jrl.00 
tllJ.40· 
12',. /0 
3f\4. IO 
lbJ.Un 
1•,1~. :Jo• 
J lll.llO 
r,uh. ou• 
JY:·\.Dll 
84.ZO 

J',7 .0il 
a6. 10 
4','.J.OU 

lh.40 
lUU.UIJ 

3'l0. 00 
/1?.Ull* 
311. DO 
39S.UO 
4?•1.0() 
lJll.lJI) 
,Kl.YO 
?ol.~O 
Joo.20 
lbn .. oo 
41.,o 

2bY.OIJ 
)\/'). 70* 
384. lJIJ 
llU.00 
312.llO 
2b2.!>ll 
33-1.~U 
I\ l .?n 
2JU.IJU 

340.00 
66?.DO* 
7,7.DO 
~61J.IJO 
13S.OIJ 
190.0U 
4/2.YO 
2~4.50 
Jn.oo 
l; ·•. no 
14,.UO 
l.l',. l)ll 
6UU. ')U* 
l6 l. ()() 
,J.20 

340.00 
nn.:m 
314. IJO 
14\.,l() 
4lJO.ll0 

390.00 
61\J.OO 
34, .1)0 
450.UU 
h~•I. 00 
230.0ll 
441. 10 
4l)4. <JI) 
~/Y.90
i,n.oo 
2Yl .00 
??R.IJO 
621. ,u• 
?(N.lll) 
?lHI. 00 
41/,00 
l?l. 10 
4J4.6U 
l~'>.60 
I3U.IJIJ 

390.00 
671.llO 
363.00 
,Jl).01) 
3!,6.00 
130.00 
410. 30 
248.10 
349.40 
Ii l. 00 
166.00 
244.00 
599.IJO* 
11.l.Oll 
IIIJ.40 
4JO. rlO 
2!ti.4:) 
210.JU 
41Y.OO 
lilJ.llO 

11:lO.OO 
740.110* 
3HR .00 
428.llU 
4 ]~. uo 
230.00 
1154.)U* 
439.90 
,ill. 9ll 
186.UO 
24 I. 00 
\98.00 
613.Yll* 
373. no 
15 I. 00 
370.0ll 
?UH.4ll 
38!>.6U 
?39. 21) 
nu.uu 

390.00 
611?.00* 
S4iJ .OIJ 
,Ill.OU 
JdH.00 
16J.OO 
88).90• 
3~1.0ll 
5',2.BO 
164.00 
2il!I.Oll 
262.00 
~08./U* 
384.00 
Ill ti. tHJ 
JS8.ll0 
3'>~. 60 
341. 70 
':,o?.'lO 
lbO.UU 



TAP.LE 22. RAW DATA FOR 4-f\ROMOl'HENYL PHENYL ETHER p,y WATER TYl'E 

Jl'>f IL!.ll.l III\Tl1! 1Af' IIA I I~ Sll~fl\r.f \IA Tl ~ 111\Slf 1111 IE~ 1 1111'> H WIITrn 2 WI\STE WI\ TER 3 

I\MPIIL NII: " ':, ', ', 5 s 
TK' :I cu·,,.:: 7.>Hl '). ''li 2.HO 3. ;j(l 2.llU ). IH} 2 .Hll J.HIJ ! . fH) J.KIJ ?.BU 3.HD 

l I\ ll Nll~BI ~ 
I I. Yll 3.bl) 7.':,(l 3. 7ll I. 70 4.00 2.90 3. 30 3.10 4.00 3.10 4.30 
? 2 ••1,) 4. 3ll 1.8\J 2. 30 l .HIJ 4. /1) 2 .l)i) ? • /0 7 .()[) J. 10 0.()1)• 3.30 
J 4.UU J. <ll) Ii.Oil !•. I 0 4. 30 4.80 3.7U 2.'JO U.UU* o.ou• 8.50 6.40 
4 J.6J 7 0 \IIJ 3.40 4./U ':, .bl) 1.',0 i\./11 B.20 17.'JI)• l?.~ll 4.50 4.80 
':, h.hh 7.2':, 3.hU b.H2 '> .43 b. I Y 4 .4 l 'J. 11 lJ. 'JIJ' J0.711' 4.'JH 6.Bb 

,::,::

' -

b 
7 
I.\ 

u.uu• 
o.ou• 
u.un• 

(l.U:J• 
o.oo• 
u.uo• 

0.11()• 
o. u11• 
G.00""' 

o. 91l 
o.uo• 
n ,,,.., 
V • \J~J 

?.Zll 
U. 001 
O. U~J• 

n.40 
0.1)()' 
6 ')t) 

I .\JU 
I. 70 
0.uu• 

2.00 
o.on• 
Ll.(Hl' 

2. 01) 
I.Hi 
0.IJO* 

4.00 
0.011• 
r.i .rn1• 

2. 30 
o.oo 
u.ou• 

2. 3U 
o.on• 
u.uu• 

y 0.110• o.ou• u.ou• O.OU* ll.!l'.)' O.IJlJ• U. Utl' lJ. 00' ll.Ull' U.Ull* o.uo• O.UU' 
Ill 
11 

2.44 
o.oo• 

2.w, 
u.1m• 

2.00 
U.UU* 

? • 4 7 
tl.UIJ• 

7.<JH 
11. 61) 

?.4S 
/.OU 

o.oo• 
i:l.bU 

2.':,6 
':,I. lo• 

2. 11 
4 • .l(J 

2.':,J 
721J.UI)' 

2. 17 
4.JU 

1.98 
':,. ':,I) 

12 ll. I•, 0.42 1 • 4\l 4 .20 ll.% 2. /IJ 1.30 2.uo 1.10 I). 7'J 1.60 0.4B 
lJ J.43 10.tll ? • Ill H.4ll J.llh H.J4 .l.Bh 'J • I ll 3.94 H.34 3.94 H.b', 
14 cJ.lh)• 9. l>'J 3. 11n S.?l 3. 3', 'i. 40 1. 3', 4.04 6.74 IIi. I 0 Ii. 14 4.09 
I'> ..l.1)1) Y.llll H.1111 ll).\)l) 1:1. Iii Y.llll 4. Oll B.Jil 6. lHI ',. ',l) b.Oll b.3U 
lh ',. 71) 7.uu G. ,11• Y.fii)• l.llll ].fill -1.lll) ',.',l) 7. 11I I J. Oil 1. /() 4. HO 
I7 I. 4', 22. <'H• b.<'3 21. 13• 6.6', 16.63· 6. I .l llJ.Ull .l. Ill 14.38 J.7U 17. 9K• 
1H Y.JIJ fl. 10 8.Bll 1 ll. so 4. lU 9.bU Y.',O 9.'.10 l. <'U H.',IJ I. 20 u.uu• 
IY ',. U:J '). $I) u.1111• u. uu• J.40 4.',U I • 1, l 2.uu .\. 30 o.uu• 4. 311 $.Oil 
iU ,1.1111• 1 • \IJ* 2.Hll I. n:1 J.IH) 1.91) t • ':,I) 7. I 11 ? • /1) I .Bil t. Ill I. YlJ 



T/\BLE 22 (continuf'rl) 

lJISflll.l.ll W~Trn f,W W,\T[I{ Sllllf AU WI\ TEil WAS fl WA llll I WASIE WA fl I{ ? WAST[ WAil~ 3 

A~VUl Ni): l 6 2 6 2 fi 2 b 2 6 2 6 
T~ll[ CCNC: 145,0U 116 .OU 14~.uo 11 h. lll) 14'>. Ill) 116, Ill) 14'>. 00 116.00 14~.oo 116.IJI) 145,IJIJ 116.00 

LAB Nl/M1l[I{ 

I 12U,OU 8~.00 130.00 110.00 120.00 100.00 120.00 96,00 120.00 89.00 130.00 94.00 
2 192.UO 11 3. UlJ 184.UO 113.ll\J 103.UIJ 11 / .IJ() 19/,1)1) 11 7, rJIJ 713. 00 l?B.00 216.0IJ 12q,oo 
J b'i.01.l Y8. IJU 93.00 89.0U IU).00 H'J.UO 8'J.UlJ 61. ()l) ltll,IJIJ >l'-1.UO I 1().00 6/ .00 
4 ., 13~.IJIJ 

lJ4,l)[l 
104.011 
111. 00 

14~.oo 
112.00 

128.llfJ 
125.0U 

1 ~5 .no 
') 1. 31l 

14H.OO 
IU0.00 

134.0IJ 
1~I. UU 

118.00 
103.UU 

145,00 
1~9.IJIJ* 

118. 00 
I J'-i.UU* 

148.00 
~I .HU 

125 .oo 
83./U 

b 11.U!J 7U.UU 8~.U!J '-16,IJIJ 46.llll !lll.011 l lH.IJO 66.00 100.IJO 108.00 120.uo 81.00 
I ?4~.HIJ 166.40 lK~.90 161.40 103.80 l <J l. 60 286.60 271.HW 212. :m 2'b.fl0* Z]'i.10 20.,u 
8 95.93 5/. YU IUO.flU 4 7 .hh 107.'>0 hlJ .4 3 77 .4 7 15 3. 40 118.80 46.14 95,93 57.90 

co q ?ho. 40 64.30 25 7. 90 48.60 240.~U 82.30 226.20 44.bU 26<' .fl() 3b6. /()* 4?H.60* 1g~.&O 
<.,; Ill l':18.Ull 2llO.tJU 21~.ou ?10.0U ll!Y.00 !IHI. 00 IB'-1.00 2ll'>.OO I q I • DO 86,50 !Al .IJO IY4.00 

ii t>'J.111) l lh.00 74.00 49.00 6d. ill) SU.Oil 99.10 436.'JO* 24 7. 00 31.40 63.UO 83.00 
12 37 .OU 39.IJO J~.IJU H4.00 4,.0IJ ?.?O ?h.Dll 11g.110 ',(), I)[) 8B. (HJ I 01. IJO 11? .00 
lJ 134. 71) 128,20 14'). 10 112.50 1 <'ll. IU 113. }I) 139.HO 134, 00 146.80 129.20 1-~3. 90 154.UO 
14 19. I IJ 112 .oo 88.20 HH.~O 131.110 IOh.lHJ IOI .DIJ 93.71) I h?. 00 13?,00 gfl,~() lh<' .110 
Ia 
lfi 

~U.bU 
204.0U 

4 I. I 0 
14<), 00 

40. I 0 
196.UU* 

311.1 U 
166.00* 

3:J.90 
lu4.00 

<'!l. 90 
126.110 

109.00 
17H.OU 

28.~0 
112. 00 

~&. 10 
14U.UO 

48. JO 
1,,,, 00 

42, 10 
• 

4cl. 30 
101.00 

11 Bh.04 7. 4 J 63.Hl 41. ;,o 41. I? 117. 30 2J.H4 39.30 37.40 4'.,. 61) ZS, 18 43.Bll 
IH 
19 

I II?. JIJ U',, UI) 

14 J. 70 
IN.Ill 
1.u. ao 

IIH.'10 
84. IU 

lib.Oil 
11 Y. ~O 

IP!. /IJ 
32.ZO 

Ha.,o 
lHb.,O 

%.JO 
t, 1.40 

14J. lll) 

69.41) 
ll)'I. 011 114.?0 

I ?II. ,O 
a9. IIJ 
H4.HO 

21.l lb.UU* 23.tJU* 83.UU 4,.011 1211.uo 84.00 Yll.UU '>I .IJO ~I. UO 38.0U /I. llll 41.UO 



Tl\I3LE 22 (conlinued) 

ll!ST!Li.EO loll\TEK f/lP lo/1\ff.K SUKF ACE lo/A HK WI\:, TE lo/llT[K 1 lol/lS TE lo/llTEK 2 lo/1\STE lo/Arm 3 

AMPIJL Nl): 

!WI! Cll'iC: 
3 

,,,.uo 
4 

6?6.()0 
3 

'>'>?.110 
4 

626.00 
3 

'j~[.110 
4 

626.Ull 
3 

,~2.1)0 
4 

6,6.00 
3 

5',? .110 
4 

626.'JlJ 
3 

552. 00 
4 

626. uo 

Ll\8 NUM:lt R 

00~

I 
2 
J 
4 ,, 
b 
7 
d 
~ 

Ii\,v 
11 
12 
l.l 
14 
1, 
16 
17 
Ill 
I <J 
?ll 

5'>0.00 
526.0U 
4tl7.00 
51U.Oll 
'>?8.':u 
130.Ull 
':127.50 
405.10 
8ll4. 4LI 
410.0U 
l3!J.llU 
138. 00 
4'-l'I. 30 
~72.Ull 
15U.Ull 
538.llO 
~ 70. so 
464.Hll 
/l ll.111) 
4 1 • uu• 

550.00 
694.UO 
39 7, OU 
,40.lll) 
415.0~ 
l8D.llll 
tl74. 30 
4b/.lll 
716.4lJ 
465.lJU 
338.00 

63.0U 
67':1."JU 
609.00 

J<l.00 
733.00 
447./0 
&22.6U 

91. uo• 

~00.IJll 
554.lJU 
47,.uo 
690.00 
441.00 
160.DO 
835.10 
4.l9.2ll 
8~ / .Hll 
388.UU 
2fl2.Ull 
)19.UO 
512.HO 
~05.IJO 
171.1)() 

1179.Ull* 
4 Zl. ',f) 
4,l'i./l_l 
}I~ .Ill) 
1 !)II. Ill) 

560.00 
/41.00 
)HO.OD 
7hU.OU 
53U.0D 
?llU.IJll 
820. /U 
506.':10 

1084. llO 
44B.UO 
320.00 
~36.0ll 
65 I. 00 
f>l3.ll0 

63.0ll 
995.UU* 
'>JK.r,u 
hill. ',I) 

• 
? Ill. OIJ 

330.00 
534.00 
4il3.l)I) 
640.0ll 
41!~. Ill) 
3?0.llll 
H/5. 50 
476.50 

Pf,<J.rn1• 
41 l.UO 
11 3. 00 
394.UU 
S?li.00 
5iU. !10 
lh0.00 
,58.UO 
41,?.'>0 
~ll4. '-JU 

~6.50 
2hll.1111 

470.00 
6/ 3.lHI 
562.01) 
670,Ull 
466 .Ill) 
1711.D() 

1142.UU 
4 I :l. tlD 
o4,.4o 
4~ l. t)t) 
3 JU. 00 
626.00 
706.00 
,il4.0ll 

J<j .10 
681. Oil 
Jl)<J. ll) 

51'/. /ll 
HIJ. IU 

l /ll. llll 

490.UU 
~41.00 
333 .OU 
575.IIU 
412.UIJ 
lhO.UU 
H<J':1. 5ll 
27'!.lll 
460. 41) 
48 I. OU 
6U6.0U 
405.UO 
~7~.30 
4~5 .Oil 

'la.OD 
376.00 
718 .OU 
:uu.111 
i'4U.IIIJ 
t l I) .llll 

550.00 
b':11.00 
176.UO 
610.00 
470.00 
240.0ll 
<J/.l.Yll 
3/H.llll 
471.70 
4,''J.UQ 
237 .oo 
2~8.UU 
637.10 

~-" .on 
bb. llJ 

5&5.0ll 
29 7. 20 
41D.'-lll 
?4 I. bll 
i'4D .llll 

420.UU 
,61.lltl 
3() I. Oil 
500.00 
5H6.0ll* 
?llO.OU 

I IOI .DO 
44-1.90 

JOJ3.00 
44H.OO 
296.UU 
315.00 
'i3':l.8U 
3%.00 
lllll. llll 
316.UU 
Hl .2ll 

5Z2. Ill 
441).~I) 
l I>'. I. Oil 

510.00 
671. 00 
450.lllJ 
6 IU. uo 
b5U.Ull* 
230.00 

IH41.Dll* 
312.,0 
603. 71) 
4.'D.00 
302.UIJ 
182.0U 
627. 30 
405.ll() 

1J. HU 
480.UU 
279. lll 
JU.lHl 
5)4. IU 
11!1). !Ill 

480.00 
,1 ':1.00 
4 31. 00 
690.00 
413.00 
200.00 

1018.00* 
3~7.90 

1340. oo• 
~J':I.UU 
':I'). 00 

328.00 
509.30 
4,<J.00 
160.00 
493.00 
4~.40 

439.blJ 
ltl2.5U 
21 IJ. lllJ 

bU0.00 
113.00 
558.00 
770.00 
4b3.0U 
240.00 

IUl9.0ll 
340. 91) 

1133.00 
'16'1.UU 
343.0ll 
556.00 
54 I. 90 
570.0U 

b5.Ull 
626.UU 
573.?0 
412.20 
/66.611 
240.UI) 



APPENDIX C �

EFFECT OF WATER TYPE �





TABLF. 24. F.FFF.CT OF WATER TYP[~ ON llJS(2-CHLOROl::THYL)l::Tl-11·:R ANALYSIS 

•• PU[NT l~flMATlS •• 

UlSTILU.U WAfrn SlllPl:!iAt'.'1,1(!), .Y',SOS 

WAll K [NTfRCEPT(WATER-DISf[LLED) SLOPE(WATER-DlST!LLED) 

2 .0-.30 -.014~ 
3 - • 2 l l 0 .0011 
4 -. ?It)', .Ol:!J 
5 1.,)30 - • 2H4 l 
6 -.3?99 .04)3 

•• AIIM YSIS OF VAR l ANCf. •• 

Sl:llRCE tlf 51JM OF S(JUARF S M[AN Sl)UARE F PROB 

REG(O!ST !LL[O) l 2b71.l:lbl20 26/ I .Hbl?O 
H(G(WATlll/UlSl lLLEU) IO h?.1/ilh/ b.?110/ 20.42 .0000 
E~~o~ 	 ~bl l }4. 2/'.~ 10 • J:; 7Jo 

TOTAL � S78 2914.~U648 

•• TABLf OF 9~1 CO~F!OENCE !NTEKVALS FOR THl OlFFlRENCES UETWEEN INTERCEPTS ANO THE U!FFERE~CES BETWEEN SLOPES•• 

INfERCEPT(WATlK-Ul~TILLEO) SLUPE(WATER-u[~TILLED) 
WATEK EST:MATE [~;lHVAL ESI !MATE I Nlf:KV;\l 

2 • 04 ]() -.4!13 . .49/2) - • 0 I411 - • I I l 6 • 08?0)
' 3 -. i'l ]I) -.h41b .721',) • Olli 1 - • \l<J 1<J . .1)'1~ 2) 

4 -.2/IJS - • i I ,4 . , [ /4<1) .0133 -.UHlJ . • !OB~) 
s I. ½S ltl 1.11'1/I / .llf)i\;IJ -. 21l4 I - • .l!\ 14 . -.[KhH) 
b - • Jt'TJ - . /',,H~ • 111:11) .IJ•l'.,J - • 11417 . i:n:n 

NU!l: � IF LEKO IS cornA[N[U ,l[THPI r, (,!V[N CONf"[lll".NC[ !-'Hll<Y~L 1111:1 T,1rn1 1•; NO •;rMISTICAL s1:;NJl"IC/lrlLI IILTWU:N 
il[Sfit;lt) WATi-l MIii fill (lJl<~l':,i'tHHJll,1, W,~',I! ,//\II.I< 1111 Iii: :1','J11:tf,Ti.lJ 1'/\IU.:·11.Tt;((IN!lt<Cl":/\LUl'I.). 

[ill \I :Ii'( MIil IWIYU.l'I l.'.,11'1(,TI', l~IJM '.HI\ ;,·1111.1·,1•, r,l(i ::u: 1:11. :,ri-11. ,"\'., lill.J',L 111:J,\I:,[11 1;,1),1 Llf eKl.(l<;f1)N 

A'U r,,.:1w~:.1 •H:,,n.'.,':,[U:i\ l'!Rflli<MI :, lf,l<I 111<. 

http:1','J11:tf,Ti.lJ
http:CONf"[lll".NC
http:F.FFF.CT


T/\BLE 2S. EFFECT OF W/\'l'ER TYPE ON Bl S ( 2-G!LOROF.TI-IOXY) METl!/\NE AN/\L YS IS 

•• POINT l\T!MATES •• 

O!Sllll.llJ WAIi M Sllll'l :i,I\Mr'/1( 1) - .91/UB 

wA I I K 1 NHKCf PT ( •II HK- 11 I <;T ! LLFll) SLUPE ( WJ\T ER-0 l ':>TI LL[I)) 

• lfl~4 
• 1 1 ?ll 
• l 'J4H 
.!1981 
_4qn 

- .0)24 
-.ll5?l 
- • U )U I 
-.1419 
-.llf1?1l 

•• ANAi YS IS OF VARIANCF .. 

SOU~CE lJF SUM OF SQUARES MEAN SQUAME F PMOB 

cc 
::r, 

KEG(DIST!LLED) 
RE G(WA TE~/ll l ST l LLEU) 
ERIHJK 

l!l 
~,IJ 

2 IOU. 341136 
!J.9G'.J33 

lH~.40,'Yl 

2700. 34H3b 
! . ~%~3 

• JJHYl 
4. ?I .IJIJOO 

TOTAL 561 2'.102. 71 bG I 

•• Tll8LE OF Y5~ CO~F !DENCE l NTEKVALS FUR THE lllHfllENCES BETWEEN INTI ilCEPTS ANil T~E LJIFI lME~CES HlfWEE~ Sllll'lS •• 

INTEMCEPT(WAT[K-U!STILLED) 
l',llr"llli ftHlMVAL 

SLUPE(WATE~-lJISTILLElJ) 
ESTIMl\Tl !NTlMVAL 

z 
3 
4 
J 
h 

• lJ\~4 
• l l?O 
• l 'J•lH 
.H'il\l 
. l\t-!/2 

-.Jl4~ 
-.JI~? 
- • 3 Iii J 

• .\'!<I? 
,lJ\1)/ 

. 
.b!l~4) 
• jY'JJ) 
.hj<J'\) 

1.411/r) 
. 'J /-1/) 

- • lll?4 
-.11,ll 
- • 030 7 
-.1419 
-.lJ;-l.'11 

- • 1J Ill 
- • I ~411 
- • l J lil 
-,?114 
- • 1<1.3) 

.0722) 

.IJ4Y'l) 

.Ollb) 
-.UJG4) 

, 11\'lZ) 

~il!t·: � 11 h~ll 1, CUIH~'.N[;) \ll'.illN II !;!VII, LUNflllENCE INHMVIIL !Hf:N THIil[ l\ NO Sli\llSIICAI '.,11,NIIICIINU. illl\;lf~ 
'.)l'.,Tli.l.l\1 wn11.1l IINIJ 1111 i.111<~1',·'l'tll)lf,:, 11.~·,i; 1/illiJI IIH liiL ilo'.,111.:1\lf.ll i>l\,IAMl.fl·qI•,1111u1'!.•,11i:•< ). 

illl '.:,l.lJl'l 11',U :r.iui::1 PT lof!Y,I\IEo l<:)'1 :1;1~ /IN;\[ Y';[', I\HI. tl[)I 11\i. ',;\tll ,V, [Ill)\:. !II\T/1(\l ll rlWM Till J"l!Ci'.,\ 1IN 
l\fj\J ALl.'J~;,r,v l<'·',111.:,S(ll'l, l'l •11 ll1''1f.\) 111<1 :I IJ. 

http:ilo'.,111.:1\lf.ll


TABLE 2G. EFFECT OF WATF.R TYrE ON 4-CIILOIW!'IIENY!. PHENYi. ETIIF:R ANAL! S l '., 

•• Pll!NT t:5TIMI\TI S •• 

UISTILLII) WATIK SLOPl:Gllf•'111(1) .'Jl:ll',10 

WATfH INTE4CEPT(WATER-UISTILLEU) SLOPE(WI\TEH-OISTILLEU) 

2 -.171) .02~4 
3 - • <HIY4 -.<llB'l 
4 -. lf,11;! -.0071 
':, .Y</117 - , l \/49 
b -. IH</5 • 0221 

•• ANALY515 OF VARIANCE** 

SOl..~CE OF SUM OF SOU/IRES MEAN SQUARE F P~OB 

HEG(DI,T:LLrD) 1253.54913 1253.54913 
, ! ',,,~EG(WATE~/U!Sf!LlfV) lU l ~.')I 14 l 1 • JJ I I :l 4.BI .0000 

l•rnOR ':,54 177.1.l',Olll .119,8 

TUTAL ':,b':, 1446. l /Dbl 

•• TAHl.f. OF Y':>'t CONFIIJlNCE INTlRVII.LS FUR TH[ UlfFUlENCES l!tfWEEN INTERCEPT'> AND THE lJ!FFE1lE~C£S BETWEEN SLOPES** 

IN I rncE PT ( W,~ 11 R-I) I S 1 I I. I.I I)) SI OPl (WAH R-ll!ST II I I 1l) 
WATER ESf!Mfdl !Nff,<VIIL ESIIMAIE I'nlHVAL 

? -.I/IJ -.Hll'JO • ':,464) .Oi':>4 -.124h • l /':,4)• 
J - .IJH')4 -. •<tit> I .b2ltl) -.OIHY -.lb'J, . • l J l ':,) 
4 -.11,llH -.l·Hll • ',4 7f,) - .llilll - • l S'><1 • !<1 Li) 
':, • '!'IHI .'r_lq/9 l.b')%) -.l'J4<J -. 34 p, . -.ll4HJ) 
f, - • I H<I', -.'!IIJ!I .',/4H) .llill - • l //1 • T lt<1) 

Nll;f: II n,rn l', C1JtHAI'ffll WITHIN II blVEN C:ONI I\IINCI !NflKV/11 Till~ IHI.RE I, NO STl\11'.,IICl\1. SIGNt,ICnlif.E lllfWli.N 
11'',ll!ll:I W/11111 r,rw [Ill (1!~Kf\l'llt,1llN!, ,iil',11, Wi\tfl{ 1111{ r111 1\',SIJI II\Hi' PAl{I\MI IIK(INIIHUYl/\l_llPI ). 

l•'I. ',[il>'L ,\:111 :Nrl,ILLµr 1,q{Ml\fr', 1,i,·~ J;·l', ,\N,\LY':,I':, ~1/L NIii [Ii! \WI .~':, Tllll',t ll)lf,\!NU 111 '.!'1 ;•IE PKlCIS'.JN 
,\:,\J Al 1 1!~1\•,Y K~:,11•.':,'.,IIJNS e'I KillWI U IA-H ll·L 

http:PKlCIS'.JN
http:INTlRVII.LS


TABLE 27. EFFECT OF WATER TYPF. ON '1-RROMOl'IIENYL PHENYL ETHER ANALYSIS 

•• PUINf E5flMAfl.S •• 

UISTILUU WAflM SIOPI. :[;AM'1rl( I) , .H/g<JH 

WAHM I NTfRCEPT ( WA HM-il I ST I LlfU) SLUPL(WATEM-DISTILLEU) 

2 -.rw,1 .0171 
3 .IJ02!> -.0106 
4 .il?.19 - • ill 14 
!, .093~ -.018~ 
6 -.1010 .ll2ll, 

•• ANALYSIS OF VARIANCE•• 

SOURCE OF SUM OF SQUARE~ MEAN SQUARE PROB 

REG(llI5TlllrD) I 2099.01021 2099.01021 
MEG(WATI.R/lllSTILLEO) 10 .')1749 .0971~ .32 .9750 
rRRtl~ f,1)7 1 H? .117114>! • !11/ lh 

TOTAL � 613 2282.00818 

•• TA~LE OF 9,: CONFIDENCE INTERVALS FOR THE DIFFEMENCES 8ETWEEN INTEMCEPTS AND THE DIFFERENCES 8ETWEEN SLOPES•• 

TNIEHCEPf(WATlM-UIST ILLUJ) SLOPE(WAIER-UISTILLEU) 
WAT FR I.ST IMA l l l'il lH VAL ES11MA1l INTU!VAL 

< -.Li451 -.~6% . • 4 794) •tJ 171 -.08<J<I . • I 236) 
3 .OO?'i -.4'~71 .4Y/O) -.l)l[)f> -. 11!4 • O<.J l l) 
4 .OZJY -.4/JZ . ,211) -.UI 14 - • 11 J-1 . .O•Jllf,) 
~ .O<>}'i -.41.l4 . • 6 llJJ) - • ill K'i -.li'.!>l .lJHbY) 
b -. llJIU -J,tllY . .JYYY) .il!W, -.t.lH/4 .1?14) 

NUii": � IF l[l{U I, CUNIAINEU WITHIN A GIVlN lONl"IULNCE INTU<VI\L THtN THEKt J', Nll ST,\TISTICAL SIL;NlFICANCE llEfWU:N 
LIJ'.,TILL[\I \,/,\{Ul AIHJ llll LO,rnl.Sf'U'lll(Nl, W/\SfE w11:1.H HH TYL A\SIJ•,IATUl i'I\RA~FllR(IN[[~CIYl/\llli'L ). 

Ill! \l_,11'[ I\N:J l'l'.LKCl.t'l l,'IMA'f, fK0'1 :I'(') I\W,LY'.:>IS r,t!( NcJT fill ',AM\" A', THl),l 1)\lf~!Nf'l FK"J'1 TIil P~FC('_,I 1N 
1\ll•J ,,1:::1tKAlY ~H,~t:,'.,IU~;:, i'cil\"•.JllMf'J l,\KL(f:1<. 
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Recovery and Reproducibility Studies (Worst Case Basis) 

The industrial effluent selected (Wastewater D) contained several 

compounds (after extraction) which interfered with the haloether 

analysis. This effluent/wastewater was a "before treatment" sam

ple which would be expected to have high levels of interferences 

present which would more typically be present in much lower con

centrations in discharge waters. Ampul #S of the me~hod valida

tion study was selected for spiking the wastewater. This solution 

contained the lowest haloether concentrations used in that study. 

This would therefore be a worse case study considering both con

centration and interferences. 

Eight 1-liter portions of the selected wastewater were used in this 

experiment. Seven of these portions were each spiked with 1 mL of 

Ampul #5 (see Table 28 for concentrations). The eighth portion 

was the blank. The samples were extracted and concentrated as 

described in the Federal Register method. Tl1ey were analyzed using 

a Hall Model 310 detector (see Table 29 for conditions) with 5-µL 

manual injections. (The Model 310 detector is the least sensitive 

of the Hall detectors.) After they were analyzed, all samples 

were cleaned with Florisil, reconcentrated, and were again ana

lyzed using the same conditions and injections as before. Figure 

1 is the chromatogram of the Florisil cleaned blank, and Figure 2 

is one of the spiked sample chromatograms. 

The final relative standard deviations for the seven replicate 

samples in Table 28 are quite small, considering the severity of 

the experimental design. The wastewater had enough interfering 

compounds lo truly test the Flor.i.sil cleanup. More .i.mportar:tly, 

the low halocthcr concentrations (ranging from 1 ppb to 6.6 ppb 

of wastewater) are near the present detection lim.i. Ls for this 

procedure. Small analyte losses during handling ~epresent l~rge 

relative losses, while at higher concentrations these same small 

losses would rep~eser1t small relative losses. Table 28 also shows 
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TABLE 28. REPLICATION DATA 

7 Samples 7 Samples 
Spiking before cleanu:1/ after cleanuua 
solution Average Average 

concentration, RSDb, recovery, RSDb, recovery, 
Compound ~g:/L % % % % 

NDC NDCBCIPJ:.: 2.4 �

BCEE 1. 6 6.5 106d 9.3 91d �

BCEXI1 1.0 5.2 89 20.9 75 �

CPPE 6.6 6.4 88d 17.3 63 �

BPPE 3.8 19.3 93 20.6 78 �

aCleanup with Florisil. �

bRS~ = relative standard deviatjon. �

cNone detected due to obscuring interference peak. �
. 1 dbdHaa ' some inter f erence - va ues were .determine y �

subtracting interference. �

TABLE 29. CHROMATOGRAPHIC CONDITIONS FOR REPLICATION ANALYSES 

Item Description 

Chromatograph Hewlett-Parkard Model 5710A 

Injection port temperature 2so 0 c 
0AuxiliQry transfer line 2so c 

Column gas flow 30 mL/min UHF-grade helium 

Column 1.8 m x 2.1 mm, glass, packed with 3% 
SP-1000 on Supelcoport (100/120 mesh) 

Column program 100°C for 4 min, programmed at 
16°C/min to 230°C 

Hall 310 furnace 850°C 

Hall electrolyte flow 0.5 mL/min, 50/50 ethyl alcohol/water 

Hydrogen flow 70 mL/min 

Conductivity range (µmho) 1 

Attenuation 4 
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Figure 1. � Chromatogram of wastewater blank extrac
tion (after Florisil cleanup) . 
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that Florisil cleanup and the additional Kuderna-Danish concentra

tion increase the analytical variation and decrease the percent 

recovery as would be expected from additional sampling handling. 

The chromatograms in Figures 1 and 2 show the relationship of the 

haloether peaks to the interfering peaks which remained after 

Florisil cleanup. The BCIPE peak is completely obscured by the 

interfering compounds at 3.25 minutes. The additive effect of the 

BCEE spiking can be seen on the interference peak at 4.31 minutes. 

The rest of the haloethers are su:ficiently separated from inter

ferences to allow normal quantitation. 

An average final recovery of 75-90% and a relative standard devia

tion of 10-20% for low ppb sample~; in a worse case wastewater or 

effluent demonstrates the hig:i recovery and good reproducibility 

which could be expected in end-use applications of the method. 

Clean-up Effectiveness and Interference Identification 

Eight wastewaters including the three used for the method valida

tion study (1, 2, and 3) were analyzed by Method 611 using both 

electrolytic conductivity and mass spectroscopic detection, before 

and after Florisil cleanup. Chromatograms of these additional 
wastewaters are shown on the following pages, along with discus

sions about interferences in each wastewater. The chromatographic 

conditions were the same as in Table 29. The spiki~g solution used 

in these wast.ewaters was Ampul #5 (low level haloethers) of the 

method validation study. 

Figure 3 shows the chromatogram of the blank extraction of waste

water D before Florisil cleanup. Figure 4 shows the spiked sample 

of the same wastewater cleaned with Florisil. The Florisil 

removed an interference which eluted at 11.6 minutes; this allowed 
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quantification of CPPE. BCEWM and BPPE have no interference prob

lems. BCEE could be determined by blank subtraction. Only BCIPE 

remains undetectable at low concentrations due to interference from 

bis(chloromethyl)ethyl ether. 

Figure 5 shows the chromatogram of the blank extraction of waste

water E before Florisil cleanup. Figure 6 shows a spiked sample 

of the same wastewater cleaned with Florisil. The interferer:ces 

shown in Figure 5 obviously would prevent analyses of all five 

haloethers at low concentrations. Figure 6 shows that all five 

haloethers at low concentrations. Figure 6 shows that three of 

the haloethers (BCIPE, CPPE, BPPE) could easily be quantified by 

blank subtraction. Only the BCEE spike remains obscured by 

"interference"; GC/MS analysis showed this "interference" to be 

BCEE already 1n the wastewater. 

Figure 7 shows the chromatograr~ of the blank extraction of waste

water F before Florisil cleanup. Figure 8 shows the spiked sample 

of the same wastewate.r:- clea::ed with Florisil. Many of the 

wastewater compounds were removed, but only BCEE could easily be 

quantified. Thr:ee haloethers (BCIPE, BCEXM, and BPPE) show as 

shoulders on interference peaks. This suggests the possibility 

that a different GC program could provide enougl1 separation to 

guar.tify U1ese three haloeLhers. Only CPPE is completely masked 

by an interference. 

Figure 9 shows the chromatogram of the blank extraction of waste

water G before Florisil cleanup. Figure 10 shows the spiked 

sample of the same wastewater cleaned with Florisil. Florisil 

removed mos l of the was tewa ler corr pounds, especially those eluting 

after five minutes. All five haloethers could be quantified, with 

only two of them (BCIPE, BCEE) need::.ng blank subtraction. 

Figures 11 and 12 show the chromatograms produced by wastewater II 

extracts. Th~s wastewater is similar to wastewater Gin that all 

http:need::.ng
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Figure 3. � Chromatogram of wastewater D extract 
before Florisil clea~up. 
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Figure 4. Chromatogram of spiked wastewater D 
extract after ?lorisil cleanup. 
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Figure 5. Chromatogram of wastewater E extract 
before Floris~l cleanup . 
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Figure 6. Chromatogram of spiked wastewater E 
extract after Florisil cleanup. 
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Figure 7. � Chromatogram of wastewater F extract 
before Florisil cleanup. 
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Figure 8. Chromatogram of spiked wastewater F 
extract after Florisil cleanup. 
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five haloethers could be quantified, with only BCIPE and BCEE 

needing blank subtraction. 

Based on the results obtained with the five wastewaters discussed 
above, and the three wastewaters used in the method validation 

study, the Florisil seems to be most effective in removing com

pounds that elute during the last 70% of a GC ana:ysis. There

fore, BCEXM, CPPE, and BPPE are easy to quantify even at low 

concentrations. Florisil was less effective on early eluting 

compo~nds, thus causing some interference with BCIPE and BCEE. 

However, even with these two haloethers, the concentration could 

usually be determined by either subtracting blank interference 

values or changing the GC program to effect better separation. 

Table 30 summarizes the effectiveness of the Florisil cleanup for 

each haloether in each of the eight wastewaters. This table 

divides the degree of interference into three classes: where the 

interference completely obscures the haloether peak, where the 

interference necessitates variation in the analytical technique 

to gliantify the haloether concentration, and where there are no 

remaining interferences. It should be pointed out that these 

three classes are applicable only to low haloether concentrations. 

The interferences normally become insignificant for moderate and 

high haloether concentrations where less sensitive detector set
tings are used. A summary of intE:crferences which are removed by 

Florisil, and those interferences which are not remcvcd, is pre

sented in Table 31. 

Study of Furnace Tempe!:at_ure Effect 

The GC/Hall detector system has many parameters that affect tl:e 

sensitivity of the system for a given compound. These parame~ers 

are interrelated and each compound responds bt:st to a different 

set o: parameters. Since the.::e is such a strong interrelation

ship amo~g the various conditions and compounds, no single param

eter can be optimized independently of the other parameters. 
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Figure 9. � Chromatogram of wastewater G extract 
before Florisil cleanup. 
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Figure 10. � Chromatogram of spiked wastewater G 
extract after Florisil cleanup. 

lJl 



2 4 6 8 10 12 14
TIME (MIN.) 

Figure 11. Chromatogram of wastewater H extract
before Florisil cleanup. 
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Figure 12. Chromatogram of spiked wastewater H 
extract after Florisil cleanup. 

102 �



TABLE 30. S1JTl[MARY OF WASTEWATER INTERFERENCES a 

BClPE BCEE BCEXM CPPE BPEE 

Comrletely obscuredb l 0 0 1 0 

Partial interferenceC 
3 4 2 1 2 

No interferenced 4 4 6 6 6 

aThe numbers in this table represent the number of 
wastewaters in which a given haloether falls into 
the described class. 

bLow haloether concentrations are not detected due 
to larger interference peaks. 

cAdditional analytical steps needed to quantify 
haloether concentration. 

d '1Haloether peak has base,1ne separation from �
interference peaks. �
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TABLE 31. 

Haloether 

BCIPE 3.4 

BCEE 4.3 

BCDJ·I 7.8 

CPPE 11. 6 

BPPE 12.3 

INTERFERING COMPOUNDS 

Potential interference 
removed bv Florisil 

Name 

Phenyl acetate 
Butanol 
Dichloropropanol 
Methyl thioethyl 

benzene 
Be:,zotlnazole 

Dipropylene 
glycol methyl 
ester 

Dimethyl malonate 
Chloro ethoxy

tolyloxy ethane 

Tripropylene 
glycol 

HeXdtlOl 
Tetrapropylene 

glycol 

RTb 

6.3 
7.3 
8.2 

8.4 
9.3 

10.3 
11.9 

11.9 

12.4 
13 .6 

14.2 

IDENTIFIED BY GC/MSa 

Potential interference 
not removed by Florisil 

Name 

Hexane 
Cyclohexaue C 

Methyl cyclohexane 
Dibromo prop,rne 
c2 -cycl open tar,e C 

Tetrachloro 
propane 

Bis(chloromethyl) 
ethyl ether 

C2 -pentaneC 

Benzenec 
Toluenec 

Phenold 
C2 -Alkyl benzenes C 

Styrene
C 

Dioxothiocanec 

Trithiolanec 
Trithianec 

aNot all interfering compounds could be identified. 
b . . . .

Retention t1mP 1n minutes. 

cSeen by GC/MS and may or may not be seen by GC/Hall. 

dPartially removed. 

0.7 
2.0 
2.3 
3.C 
3.3 

3.4 

3.7 
3.9 

5.0 
6.5 

9.7 
9.0-9.3 

11. l 
11. 3 

12.3 
14.0 



The delicate balance among the parameters was demon:,,trated during 

a study of reactor temperatures. The CC/Hall conditions listed 

in Table 29, were used except that the furnace temperature was 

varied during the study. One-µL injections of Ampul #5 (low con

centration) were made as the furnace temperature was increased 

fro:n 800°C to 880°C. The detector response was then recorded for 

each compound at each furnace temperature. The results are shown 

in Figure 13. It should be stressed that Figure 13 has true mean

ing only for the exac~ parameters and instrumentation that prod~ced 

the data. Figure 13 is presented as a graphic illustration of 

the way each compound reacts differently to a giver. temperature. 

Even a slight change in CC/Hall conditions would drastically 
change the presentation of Figure 13. Some of the factors affect

ing response at various furnace temperatures follow: 

Transfer line temperatures �
cc column temperature progran �
Electrolyte flow rate �
Electrolyte composition �
Hydrogen flow rate �

Finally, the above data were generated using a Tracor Hall mode: 

310, using a quartz reactor tube. Since the quartz tube is non

catalytic, compound response is very sensitive to temperature. 

The newer Tracor Hall detectors use metallic reactor tubes whicl1 
contribute a catalytic effect to the reactor. This makes the re
actions much less temperature sensitive and broadens the range of 

acceptable temperatures. 

10:, �
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Figure 13. Hall response at various reactor temperatures. 
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