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FOREWORD

Environmental 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.

Conduct studies to determine the responses of aquatic organ-

isms to water guality.

Conduct an Agency-wide quality assurance program to assure
standardization and quality control of systems for moniltoring

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 environment.

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-
guent analysis by gas chromatography (GC) using a halide-specific
detector. The six concentrations (three Youden pairs) of spiking
solutions 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 serics 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 in fulfillment of Contract 68-03-2633
by Monsanto Company 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 pre-
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 i1s 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 report are the study haloethers:
BCIPE, BCEE, BCEXM, CPPE and BPPE.

EMSL-Cincinnatil 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 1s assigned to the Qual-
ity Assurance Branch (QAB) which conducts interlaboratory studies
on the methods 1n order to generate precision and accuracy data.
This report presents the results of interlaboratory study 21, con-
ducted for the USEPA by the prime contractor; Monsanto Company
(MC).



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 level
sample was analyzed in a wastewater sample supplied by MC. The
objective of Phase 1 was to familiarize laboratories with Method
611 and to identify potential problems associated with the analyt-
ical methodology. A short report, including the data obtained and
any potential procblems encountered, was received from each subccn-
tracting laboratory by MC at the completion of Phase 1.

Phase 11 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-
sigrned to examine the results of Phase I and to discuss any pro-
blems encountered 1in the methodology.

Phase I1I was the formal interlaboratory study. Five haloethers
were analyzed at six concentrations (three Youden palrs) 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.i-
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 firnal 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.



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 i1s 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 exXpressed
as percent recovery and ranges from 56% to 85% for all five ana-
lytes 1in all six water.

The overall standard deviation indicates the precisicn associated
with measurements generated by a group of laboratories. The per-
cen*t relative standard deviation (% RSD) ranges from 32% to 53%.

The single-analyst standard deviation indicates the precision
assoclated within a single laboratory. The percent relative
standard deviation for a single analyst (% RSD-SA) ranges from
15% to 31%.

A statlstical comparison of the effect of water type was performed
indicating a statistically significant difference for six of the



analyte/water matrix combinations. Of these six cases, a practi-
cal significant difference was established only for 4-chlorophenyl
pheryl 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 regression 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 at the lowest concentrations suffered from a lack of
detection sensitivity and from the presence of background inter-
ferences 1in the blank samples. The fit of the regression equations
for accuracy and precision reinforces the assumption that percent
recovery 1s independent of concentration and that absolute recovery
1s a linear function of the analyte concentration.

A detailed examination of the data indicated a background inter-
ference problem fcr wastewater 2 where the recoveries for the low
Youden pailrs were 541% and 442% for BCEE, and 46% and 287% for
4-CPPE. For thils 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 1n Table 2.

In preliminary studies by the prime contractor, 1t was found that
each of the halocether 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 criti-
cal temperature selection.



TABLE 1. REGRESSION FQUATIONS FOR ACCURACY AND PRECISION

APPLICABLE CUNC. RANGE {2.40 - 624,00) (1.40 - 60UZ2.00) (1.00 - 528.00) {6.60 - 489,00}

UISTILLED WATER

SINGLE-ANALYST PRECISION SR = 0.20X + 1,05 SR = 0.19X + 0,28 SR = 0.20X + 0.1% SK = 0.18X + 2.13
UVERALL PRECISION §$ = 0.36x + 0,79 S = 0.35% + 0.36 5= 0.33x ¢+ 0.11 S = 0.41x + 0.55

ACCURACY X = 0.85C + 1.67 X = U0.81C + 0,54 X = 0.71C + 0013 X = 0.82C + 1.9/

TAP WATER

SINGLE-ANALYST PRECISION SR = 0.15X + 0.03 SR = 0.18% + 0.25 SR = 0.21X + 0.21 SR o= Q.17X + 1.22
OYERALL PRECISION S = 0.36% + 0.55 S = 0.40x + 0.18 5 = 0.38% + 0.69 S =0.39x + 0./8

ACCURACY X = 0.78C + 0,99 X = 0,72C + 0.48 X = 0.67C + 0.69 X = 0.75C + 0.A3

L e L L L T L L L T T P L L L L T T

SURFACE WATER

SINGLE-ANALYST PRECISION SR = 0.29X + 0.77 SR = 0.27%x - 0.06 SR = 0.29X - 0.08 SR = 0.22X + 0.83
OVERALL PRECISION S = 0.47X + 0.23 S = 0.50X + 0.Y9 S = 0.53%X + Q.47 S = 0.42x + 0.14
ACCURACY X = u.JJC + 0.42 X = U.67C + 0.39 X = 0.60C ¢ 0.74 X =0.6/C + 1.14
WASTE WATER 1

SINGLE-ANALYST PRECISION SR = 0.24X + 0.15 SR = 0.26X + 0.07 SR = 0.23x + 0.43 SR = 0.25X + 0.78
UVERALL PRECISIOUN S = 0.40X + 1.93 S = 0.41X + 0.06 5 = 0.48X + 0.54 S = 0.43x + 0.40
ACCURACY X = 0.73C + 2.00 X = 0.69C + 0.25 X = 0.69C ¢+ 0.69 X = 0.65C + 0.97
WASTE WATER 2

SINGLE-ANALYST PRECISION SR = 0.29Xx + 0.09 SR = 0,15% + 2.76 SR = 0.22x + 1,37 SR = 0.15X +15.99
UVERALL PRECISION S = 0.%2X + 1.00 S = 0.35% + 4,12 S = 0.34X + 2.10 S = 0.32x +17.01
ACCURACY X = 0.83 + 1.66 X 2 0.72C + 7,77 X =0,71C + 2.33 X = 0.56C +20.40

WASTE WATER 3
SINGLE-ANALYST PRECISION
UVERALL PRECISTON
ACCURACY

. - . S = = 5 = = - T 4 A e = e = T e = e = -

X = MEAN RECOVERY

e L L bl T L e T R e N e T R e e e T

SR = 0.28X ¢+ 0.22
S = 0.42X% + 0.33
X = 0.80C + 0.39

C = TRUE VALUE FUR THE CUNCENTRATIUN

= 0.23X + 0.04
0.41x + D.06
0,720 + 0,14

> N
=

SR = 0.26X + 0.18
0.36X + 0.70
0.67C + 0.97

[%al
noun

SR = D.28%X + 0.89
0.38x + 0.97
0.69C + 1,51

W
i
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TABLE 1 (continued)

APPLICABLE CUNC. RANGE (2.80 - 526.00)

DISTILLED WATER

SINGLE-ANALYST PRECISION SR = 0.25X + 0.21
UYERALL PRECISIUN S = 0.47x + 0,37
ACCURACY X = 0.85C + 2.5%
TAP WATER

SINGLE-ANALYST PRECISION SR = 0.22X + 0.33
UVERALL PRECISION 0.47x + 0.52
ACCURACY X = 0.82C + 1.87

w
won

SURFACE WATER

SINGLY -ANALYST PRECISION SR = 0,27X + 0.59
OVERALL PRECISION S = 0.49x% + 0.47

ACCURACY X = 0.78C + 2.10

WASTE WATER 1

SINGLE-ANALYST PRECISION SR = 0.30% + 0.33
UVLRALL PRECISION S = 0.48x + 0.61
ACCURACY X = D.77C + 2.16

----------- P L L T TP Y

WASTE WATER 2

SINGLE-ANALYST PRECISION SR = 0,29X + 1.26
UVERALL PRECISION S = 0.51% + 0.45
ACCURACY X = 0.81C + 2.30

WASTE WATER 3
SINGLE-ANALYST PRECISION SR = 0.31x + 0.13

UVERALL PHRECISION S = 0.47%x + 0.22
ACCURACY X = 0.79C + 1.68
X = MEAN RECUVERY

C = TRUE VALUE FOR THE CUNCENTRATION



TABLE 2. REVISED LINEAR REGRESSION EQUATIONS FOR WASTEWATER 2

BCEL 4-CPPE
Single-Analyst Precision SR = 0.10X - 3.47 SR = 0.11X + 6.00
Overall Precision S = 0.39X - 2.26 S = 0.49X - 8.98
Accuracy X = 0.72C + 8.61 X = 0.69C + 6.75

A preliminary 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 i1n 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 identified a number of compcunds which were not
observed in the halide-specific detector chromatograms. Compounds
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-
bens were also found to give a response, though greatly reduced,
with the halide-specific detectors. Minor changes in chromato-
raphic conditions were generally able to separate potential inter-
ferences from the haloethers even with the worst case wastewater
used. In final discharge waters, it 1s 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 i1n a reproduci-

ble manner.



SECTION 3

RECOMMENDATIONS

Method 611 is recommended for the analysis of haloethers in munici-

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 concentration

steps. Analyst care and experience 1s required to conduct the con-
centration step in 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.



SECTION 4

DESCRIFTION OF STUDY
SELECTION OF PARTICIPATING LABORATORIES

As prime contractor, Monsanto Company sent requests for quectation
(RFC) to approximately 150 laboratories which had been identified
as potential subcontractors for this interlaboratory study. The
RFQ contalned a Scope of Work, a description of the projected tim-
ing of the required analyses, and a copy of the analytical methog.
The detailed writeup for Method 611 as published by EPA is pre-
sented 1n Appendix A of this report. Interested laboratories were
asked to respond to the RFQ by providing the following information
on:

Facilities available at the laboratory, including all
instrumentation to be used for the study.

Previous experlence ln carrying out the types of analyses
specified 1n the Scope of Work for the compounds of

interest,

Handling procedures for working with hazardous and poten-

tially hazardous chemicals.

The crganization and managerial structure of the laboratory,

identifying those personnel involved in managing this study.

The analyst involved 1n the analyses to be per-

formed, including his/her experience.



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 qgualified
laboratories were selected for participation. Table 3 lists the
participating laboratories for the Method 611 interlaboratory
study. Throughout th:s report, data provided by these laborator-
ies will be identified only by an anonymous code number.

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 labcratories 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 reached
by the EPA and MC concerning which components were to be rigidly
fixed. The method study samples and wastewaters were then sent tc
the laboratories.

Rigidly set conditions included the specifications of column pack-
ing materilal, again excluding EC detectors as not being halogen

specific, and specifying that the Federal Register method be

1C



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)

5C5 King Avenue

Columbus, Ohio 43201

CDi Environmental Sciences
Division

6132 West Fond du Lac Avenue

Milwaukee, Wilisconsin 53218
Environmental Research and
Technology

2625 Lowingate Road
Westlake Village,
California 91361

Environmental Research and
Technology

696 Virginia Road

Concord, Massachusetts (01742

Environmental Research Group

117 North First

Ann Arbor, Michigan 48103

Environmental Sclence and
Englneering

P.O. Box 13454

Gainesville, Florida 32604

Finnigan Institute

11750 Chesterdale Road

Cincinnati, Chio 45246

Hydrosciences, Incorporated
363 0lk Hood Road
Westwood, New Jersey 07675

!

New Mexico Scientific
Laboratory Systems

700 Caminc de Salud

Albugquerque, 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 Rcad
San Antonio, Texas 78284

Spectrix Corporation
7408 Fannin
Houston, Texas 77054
Texas Instruments, Inc.
P.O. Box 5621-NS 949
Dallas, Texas 75265

Versar, Inc.

6621 Electronic Drive
Springfield, Virginia 22151
Water and Ailr Research,
P. 0. Box 52329
Jacksonville, Florida

Inc.
32201

West Coast Technical Service
17605 Fabrica Way
Cerritos, California 907C1
Wilson Laboratories

528 North 9th Street
Salina, Kansas 67401

11



followed in detail. The temperature program, flow rates, and scl-
vent compositions were given as guidelines only since a variety of

detectors were being used.

Suggested gulidelines were alsc given for parameters such as fur-
nace temperature on the Hall electrolytic conductivity detectors.
MC has used a Hall 310 detector for many analyses and 1t was

found the sensitivity of the detector varied significantly as a
function of the temperature and differed from compound 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 byprcducts 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 permit holders analyzing for haloethers. The firal
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 1n
one liter Weaton bottles equipped with Teflon 1id 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 s1x splking solutions, while the seventh bottle served as
the blank.

12



In addition to the three wastewaters, each laboratory supplied

1ts 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 [1] 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 1in the other
waters were 1ntended to reveal the effects of interferences on the

method.

S1X spiking solutions were made such that three different concen-
tration ranges were each represented by two different solutions
(Youden pairs). Solution numbers 1 and 5 had haloether concen-
trations near the minimum detectable limits. Solution numbers 2
and 6 had concentrations around 100 ppb. Solution numbers 3 and 4
contalned 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 welght, so the contents were simply rinsed into the spiking
solutions. Initial analyses of the solutions showed considerable
discrepancy between the "theoretical" concentrations and the ana-
lyzed values for CPPE. Subseguent ampules were checked for actual
welghts, and 1t was found that they normally contained much more
than the stated weight. A check with the supplier confirmed that

13



TABLE 4. SPIKING SOLUTION CONCENTRATIONS

Concentration, pg/mL
Solution BCIPE BCEE BCEXM CPPE BPPE

#1 3.0 1.4 1.4 14.5 2.8
#2 132 108 106 94 145
#3 486 602 398 489 552
#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 welght. The collaborating laboratories were informed of
this potential source of error when making thelr 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 sealed 1n 5-mL hard glass ampules.
Each ampule contained 1.5 mlL 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 lakoratory 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 that the halocethers 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. 1In this way, 1t could be assured
that haloether degradation or losses would not contribute to vari-
ations in data from the various laboratories. The additicnal ana-
lyses for stability of the spiking solutions were conducted 239
days after the solutions were made. Even after 230 days, the
spiking solutions were stable.

MC interacted with all of the laboratories invelved 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 reqguesting 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 feelings 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 ncnlinear 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. The 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 outliers 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 Cclumbus Laboratories,
Columbus, Ohio, under EPA Contract 68-03-2624. The analyses were
performed employing EPA's Interlaboratory Method Validation Study
(IMVS) system [2] of computer programs which was designed to im-
plement ASTM procedure D2777, "Standard Practice for Determination
of Precision and Bias of Methods of Committee D-19 on Water" [3].
The analyses conducted using the IMVS system included tests for

the rejection of outliers (both whole laboratories for a water type
and individual data points), estimation of mean recovery (accuracy),
estimation of single-analyst and overall precision, and tests for

the effects of water type on accuracy and precision.

REJECTION OF OUTLIERS

An outlying observation, or "outlier," is a data point that
appears to deviate markedly from other members of the sample 1n
which 1t 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 accuracy 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 randonm
variability inherent in the method.

16



ASTM procedure E178-80, "Standard Practice for Dealing with

Outlying Observations," (4] and ASTM procedure D2777-77 (3]

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
laboratory ranking procedure were subjected to individual outlier
tests. After zero, missing, "less than" and '"nondetect" da%a
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 tables 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 replaced by the
following procedure. Letting Xijk denote the reported measurement
from laboratory "i" for water type "Jj" and concentration level C.
it is assumed that

i, .

X Li " %15k (1)
where Bj and ¥y, are fixed parameters which determine the effect
of water type "j;" Ly 1s the systematic error due to laboratory

"1," and aijk 1s the random intralaboratory error.



Taking natural logarithms, 1t follows that

n Xijk = £n Bj + Yy in Ck + 4n Li + 2&n gijk (2)

which 1s a linear regression model with dependent variable £n Xiﬁy
1k

and independent variable £n Cp - (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 1in each water type. The predicted
values for Qn”xijR were obtained from the regression equation, and
the missing values for Xijk were estimated by Xijk = exp(2n Xijk)'

(For complete detalls of this procedure, see Reference 2.)

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

is presented in Table 5, where the rankings of the values for
4-chlorophenyl pheny! ether in water 3 are listed for each labora-
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. I1f the sum of the rankings of any laboratcry
equals or exceeds 104, or 1s equal to or less than 22, that labora-
tory's data are rejected for all determinations for that analyte
(4-chlorophenyl phenyl ether) in that water (water 3). From

Table 5 1t 1s 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 for Individual Cutliers

The data remaining after rejection of zero, missing, "less than,"
and "noncdetect" data were subjected to an individual 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 PROCEDURE FOR
4-CHLOROPHENYL PHENYL ETHER IN WATER 3

Labor-
atory Ranking values Cumulative
pumber  Ampul 1  Ampul 2 Ampul 3 Ampul 4 Ampul 5 Ampul 6 score
1 9 9 14 11 9.3 10 62.5
2 4 1 1 2 5 3 169
3 13 10 10 7 13 12 65
4 3 3 11 4 9.3 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 19.5 1 60
8 19.5 8 9 12 19.5 13 8!
9 11 4 4 8 8 5 40
10 14 11 18 17 16 6 82
11 17 20 19 15 18 17 1062
12 18 18 13 13 12 20 94
13 2 2 3 3 2 2 142
14 5 6 5 6 7 9 38
15 8 15 16.5 19 4 18 80.5
16 7 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

% aboratories 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 [3,6].

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

n
=12 x (3)
1=1

and the standard deviation, s, 1s given by

n
s ZVH%I E(xi-i)2 (4)

1=1
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where X, individual analyses

n number of retained analyses

values in the ampul set

The Thompson's T-test 1s defined as
xe—§

T, s —— (5)

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 0of 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 summarizes 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 total
of the 22 data points). These same outlier tests were applied for
all five analytes 1in the six water matrices. All outlier data
points are marked with an asterisk in Appendix B.

STATISTICAL SUMMARIES
After the outlier rejection tests were performed, the following
summary statistics were calculated employing the remaining data

for each ampul (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)

Calculated T

Extreme Standard .~ -3 Number Cratical
value Mean devistion v -1 of poantes T
Ampul Laboratory x, N s s h Tc Decision
H 17 40.0% 11.64 8.97 n 15 2.55 neject
4 7 813 .40 1319.0) 170.02 2.91 17 2.62 Reject
S 17 34.05 7.713 7.87 3.4 15 2.5%% heject
& ? 213.40 B2 .83 46.70 2.67 17 2.62 Reject
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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,
Percent relative overall standard deviation,

Absolute single-analyst standard deviation,

S

% RSD

SR

Percent relative single-analyst standard deviation,

7% 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 X,, X,,..., Xn denote

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

and

Mean Recovery (X):

n
g =12 x
n .

1=1 1

Accuracy as a % Relative Error:

X - true value

Q, .
% RE = true value

x 100

Overall Standard Deviation:

n
s :‘/ﬁ .a‘xi - 0

1

Percent Relative Overall Standard Deviation:

% RSD =

>l

22
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The overall standard deviatlon, 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 1ndividual analyst
can expect to perform in his own laboratory is another important
measure of precision. This single-analyst precision, denoted by
SR, 1s measured by

m
_ 1 =
SR _‘/2—(-1-“—_-1—7 'E (Di-D)2 (8)

where m number of retained Youden-paired observations

)
-
noon

difference between observations in the ith pair

average of D, values

The Youden-pair design employed in this study permits the calcu- ~
lation of single-analyst precision wilhout 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 1is calculated by

% RSD-SA = X 100 (9)

X!Im
* T

where X* 1s the average of the two mean recoveries corresponding
to the two ampuls defining the particular Youden pair. These sum-
mary statistics are presented in Tables 8 through 12 for each of
the five halcether compounds in the six water matrices.
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STATISTICAL SUMMARY FOR BIS(2-CHLOROISOPROPYL)-
ETHER ANALYSIS BY WATER TYPE
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TABLE 8.
WATER 1

LOW YOUDEN PAIR 1 5
NUMBLR OF DATA POINTS 13 15
TKUE CONC (C) UG/L 3.00 2.40
MEAN RECOVERY (X) 4,01 3.83
ACCURACY(3REL ERROR) 33.62  59.72
OVERALL STD DEV (5) 2.24 2.15
OVERALL REL STD DEV, ¥  56.00  55.97
SINGLE  STD DEV, (SR) 1.83
ANALYST  REL DEV, % 46.55
MEDIUM YOUDEN PAIR 2 6
NUMBER OF DATA POINTS 18 18
TRUE CONC (C) UG/L 132.00  92.00
MEAN RECOVERY (X) 107.98 82,75
ACCURACY (IREL ERROR) -18.23  -10.05
OVERALL STD DEV (S) 47.49  26.05
OVERALL REL STD DEV, $  43.99  31.48
SINGLE  STD DEYV, (SR) 8.48
ANALYST  REL DEV, % 19.39
HIGH YOUDEN PAIR 3 4
NUMBER OF DATA POINTS 19 18
TRUE CONC (C) UG/L 486.00 624,00
MEAN RECOVERY (X) 448.24  501.08
ACCURACY(1REL ERROR) -1.17 -19.70
OVERALL STD DEV (S) 165.25  165.92
OVERALL REL STD DEV, ¥  36.87  33.11
SINGLE  STD DEV, (SR) 102.39
ANALYST  REL DEV, % 21.57

WATER 2
1 5
14 11
3.00 2.40
3.18 2.97
6.05 23.43
1.90 1.43
59.71 48.20
0.49
15.94
2 6
18 17
132.00 92.00
100.77 69.13
-23.66  -24.86
38.13 22.08
37.84 31.94
15.19
17.88
3 4
19 18
486.00 624.00
394.51 520.16
-18.82 -16.64
158.27 176.94
40.12 34.02
56.35
12,32

WATER 3
1 b5
16 15
3.00 2.40
3.10 2.04
3.37  -14.92
2.17 0.97
69.93 47.24
1.51
S8.74
2 6
20 20
132.00 92.00
91.41 76.11
-30.75 -17.27
37.94 39,43
41.51 51.80
J1.63
1.7
3 4
20 19
486.00 624.00
381.44 477.27
-21.51 -23.51
181.35 194,58
47.54 40.17
93.91
21.87

WATER 4
1 5
15 14
J.00 2.40
4.03 3.87
3a.31 61.34
3.65 3.4
90.66 88.00
1.09
271.63
2 6
19 19
132.00 92.00
98.47 69.46
=25.40 -24.50
42.16 26.17
43.02 37.67
17.18
Z21.18
3 ]
20 20
486.00 624.00
353.76 476.86
-27.2}  -23.58
163.4%  190.36
46.20 39.92
110.30
26.56

WATER 5
1 5
7 9
.00 2.40
2.84 4.47
=5.19 86.30
1.97 4.53
69.36 101.21
1.16
31.82
2 6
19 18
132.00 92.00
112.69 80.46
-14.63  -12.54
53.69 43.20
47.64 53.70
31.21
32.32
3 4
20 14
486.00 624.00
463.92 464.09
-4.54 -25.63
265,40 145.78
57.21 40.03
123.28
26.57

WATER 6
1 )
16 17
3.00 2.40
2.64 2.41
-11.96 0.51
1.33 1.45
50.39 60.06
0.93
36.61
2 6
19 20
132.00 92.00
103.99 74.94
-21.22 -18.54
50.63 34.50
48.69 46.04
29.49
32.96
3 4
19 19
486.00 624.00
380.90 527.38
-21.63 -15.48
144.41  199.61
37.91 37.85
106.50
23,45
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1 - DISTILLED WATER
2 - TAP WATER

3 - SURFACE WATER

4 - WASTE WATER )

Y - WASTI WATER 2

6 - WASTE WATER 3
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TABLE 9.

STATISTICAL SUMMARY FOR BIS(2-CHLOROETHYL)ETHER ANALYSES BY WATER TYPE

LUW YOUDEN PAIR

NUMBER OF OATA POINIS
TRUE CUNC (C) UG/L
MELAN RECUVERY (X)
ACCURACY{ZRFL ERRDR)
OVERALL STU DEV (9)
UVERALL REL $TU DEV, £

SINGLE
ANALYST

STH DEV, (SR)
REL DEV, %

0.64

MEUIUM YUUDEN PAIN
NUMAER OF DATA POTNTS
TRUL CONC 1C) UG/L
MEAN RECOVERY (X)
ACCURACY ( %RFL ERROR)
OVERALL STD DEV (S)
UVERALL REL STD DEV, %

SINGLE
ANALYST

STD DEV, (SR)
REL DEV, %

17
108.00
15.40
-2b.48
33.50
42.20

2

20
108.00
70,90
=34, 35
32.20
45,4}

HIGH YUUDEN PAIR
NUMBER OF UATA POINTS
TRUE CONC {C) UG/L
MEAN RECUVERY (%)
ACCURACY (%REL ERROR)
OVERALL STD OEV (§)
OVERALL REL STD UEV, %

SINGLE
ANALYST

STD DLV, (SR)
REL DEV, %

18
602.00
450.73
-18.57
163.%6

33.36

402.00
321.82
-19.94
99.74
30.99

77.42
19.07

WATLR 27
1 Y
12 13
1.40 1.60
1.6] 1.47
15,12 -8.37
.76 0,83
4b6.95 bb. 1Y
0.53
34,53
2 6
i8 18
108.00 87.00
76.64 63.43
-29.04 -26.63
32.9% 24.52
42.99 38.42
14,19
20.20
3 4
18 18
602.00 402,00
416.22 3uz.s7
-30.86 -24.066
179,45 115.08
43.11 38,00
58.61
16.30

20
602.00
407.85
=32.25
219,724

53,76

WATER 4
1 b
14 13
1.40 1.60
1.24 1.32
-11.48  -17.04
Deh? Q.60
45,491 45.21
0.40
31.34
2 b
17 16
108.00 87.00
10,04 47.274
-3%.1% -34.21
30.39 20.37
43.39 J5.98
13,22
20.77
3 9
18 18
602.00  402.00
403.67  307.5%
-31.95 -23.51
202,21 108,56
49.36 35.30
110,51
Ju.n2

WATER &
1 5
13 12
1.40 1.60
B.98 .67
541,21 442,08
7.84 6,62
87.31 76.37
J.60
A0,76
2 6
18 17
108.00 87.00
90.75 69,03
-16.43  =20.66
36.21 ?23.6%
40,12 34,27
11.73
14,73
3 q
18 17
602.00 402.00
438.52  298.20

-27.16  -25.82
141.73 104,51
4],44 35.05

WATIR 6
1 b
16 15
1.40 1.60
1.24 1.19
-11.47  -25.58
0.74 0.39
99.%3 32.80
.32
26,74
2 6
13 19
108.00 87.00
76.46 58,13
-29.,20 =33.19
31.07 20.89
40.64 35.93
i9.41
22.90
k| 4
19 19
602.00 402.00
426.51 327.25
-29.15 -18.60
186.83 142.60
43,80 43,57
4y, 97
24.14

---------------------------------------------------------------------------------------------------------------------- S ———— e m--

WATER LEGEND

1 - DISTILLED WATER
2 - TAP WATLR

3 - SUKFALE WATER

4 - WASTE WATER |

b o= WASTE WATER 2

b - WASTH

WATER 3
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TABLE 10. STATISTICAL SUMMARY FOR RB/5{2-CHLOROETHOXY )METHANE BY WATER TYPE

WATER 1 WATER 2 HATIR 3 WATER 4 WATER 5 WATFR A
LOW YUUDER PAIR 1 5 | 5 1 5 1 b 1 5 ] bl
NUMBLR UF DATA PUINTS 10 10 11 13 13 14 16 12 11 12 15 14
TRUE CUNC {C) UG/L 1.40 1.00 1.40 1.00 1.40 1.00 1.40 1.00 1.40 1.00 1.40 1.90
ME AN RECUVERY (X} 1.05% 0.87 1.26 1.5%4 1.04 1.%9 2.14 0,94 3.25 3.07 1.77 1,71
ACCIRALY(LREL ERROR) 24,71 -12.80 =9.04 S4.00 -22.4] 59.3b 74,29 -U.492 132.27 206,43 2b. 10 F1.a7
UVERALL ST DEV () U.u8 U.33 .76 1.49 0.63 2.22 3.29 u.7e 3.29 3.06 1.07 1.b3
OVERALL REL STO DRV, % 51.3% 38.12 6u. 3% 12¢2.87 H7.8Y 139.43  134.79 16,63 191.21 99,46 51,549 95.04
SINGIE 5TD DEY, (SR) 0.35 0.51 0.31 0.83 2.07 0.64
ANALYST  KEL DEV, 2 36.26 36.07 23.11 4%, 36 65.65 36.67
MEDIUM YUUDEN PAIR Fd 6 2 b 2 & 2 6 Z 6 2 5
NIMBER UF DATA POINTS 15 17 18 18 19 19 17 16 18 17 18 19
TRUE CONC (C) Us/L 106,00 126,00 106,00 126.00  106.00 126.00 106.00 126,00 106.00 126.00 106.00 126.00
MEAN RECOVERY (X) 76.40 38.96 70.23 90.00 b1.348 79.80 69.25 11.9¢ 74.94 97.496 I1.7% #5.63
ACCURACY(%REL ERRUR) -27.92 -29.49  -33.75 -28.%7  -42,09 -36.67 -34.67 -38B.12 -29.27 -22.57 -32.31 -32.04
OVERALL STD DEV () 21.93 24.91 25.49 28.85 26.22 47.94 17.74 29.517 74.64 25.73 24.30 21.30
OVERALL REL STD DPEV, % 28.71 28,00 36.87 32.05 42.71 53.81 Z25.69 37.92 32.86 2h.38 33.86 31.89
SINGLE STD DEV, (SR) 17.74 23.21 25.90 16.64 19,03 19.42
ANAL YST  REL DEV, % 21.45 23.97 36.70 22.61 22.06 24.68
HIGH YUUDEN PAIR 3 q 3 4 3 4 3 4 3 4 3 4
NUMBER OF DATA POINTS 17 16 18 17 19 19 18 18 19 19 19 19
TRUE CONC (L) UG/L 398.00  528.00 398.00 528,00 398.00 528.00 398.00 528.00 398.00 528.00 3y8.00 528.00
MLAN RECOYERY (X) 294,18  360.72 270.47 374.52 254,29 359,95 253.53 378,58 268,32  391.46  ?251.82 391,97
ACCURACY (ZREL ERROR) ~26.,08  -31.68 -372.04  -29.0) -36.11 =31.83  -36.30 -78B.30  -32.58 -?5.86 -3b.73 -25.76
UVERALL STU BEV (S) 95.51 143.96  114.%  134.69 127.81 174.93 120.98  158.43 949,92  171.34  104.77  161.40
OVERALL REL ST DEV, % 32.47 39.91 4?2.36 35.496 S0.726 44, 60 ar.7? 41.8% 37,04 43.80 41.61 41.14
SINGELE STOD DRV, (5R) 62.92 46.10 65.75 78.91 81.02 89,36
ANALYST  REL DtV, % 19.71 14.29 21.41 24.97 Z4.56 27.76

1 - UISTILLED WATER
2 - TAP WATER

3 = SULEACE WATER
4 - WASTE WATER 1

5 = WASTE WAILR 7

t

3= WaANTE WATER O} !
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TABLE 11.

STATISTICAL SUMMARY FOR 4-CHLOROPHENYL

LOW YULIDEN PALR

NUMBER OF UATA POINTS
TR CONC (C) Us/L
MUAN RECOVERY (X)
ALLURACY (IREL ERRUR)
OVERALL STD DEY (S)
UVERALL REL STD DEV, %

SINGLE
ANALYST

STD DEV, {SR)
REL DEV, %

12
14,50
12.91

-10.95
6.96
53.8Y

o e o o e o e e e o o T T = T - = = P = D W - = = P S = = - -

MEDTUM YUUDEN PAIR
NUMBER OF OATA POINTS
TRUE CONC (C) UG/L
MEAN RECOVERY (X)
ACCURAC Y (ZREL ERROR)
UVERALL STD DEV (S)
UVERALL WEL STD UDEV, %

SINGLE
ANALYST

STD DEV, (SR)
HEL UEV, %

16
94,00
77.55

=17.%0
3b.33
46.84

105.75
~11.87
30.25
28.61

21.01
22.93

HIGH YOUDEN PAIR
NUMBER OF DATA POINTS
TRUL CUNC (C) Uo/L
MLAN RECOVERY (X)
ACCURACY{¥REL. ERROR)
UVEKALL STD DEV (S)
UVERALL REL STD DEV, %

SINGLE
ANALYST

ST DEV,

(5R)
REL DEV, %

17
489.0v
a1z2.1n
-15.59
160, 38

38.85

4

16
424.00
337.79
-20.33
161.92
47.94

60.08
16,01

WATER 2
1 4
14 14
14.%0 6.b60
UM H.74
-25.46 -13,06
Y. 37 Z2.94
49.69 52.19
2.60
31.47
V4 6
16 17
94.00 120.00
69.83 94.42
«25.71 -21.32
19.33 31.43
271.67 33.29
20.18
24.57
3 4
17 17
189.00  424.00
369.14 324.91
-24.51 -23.37
169.19 161.497
45,32 49,845
42.2%
12.1

WATER 3
1 5
14 14
18,50 6.60
4.61 5.R5
233,73 -1l.43
.50 2.4y
46,85 42,5
2.52
32,56
2 6
17 16
94,00  120.00
66.37  81.0%
£29.39  .32.46
20.95 3503
3l.56 43.23
18.90
25.64
3 a
17 16
489.0u  424.00
147,88 2u8.13
28,86 -372.04
151.08  134.70
43,43 46,75
63.61
20.00

PHENYL ETHER ANALYSES BY WATER TYPE
WATER 4 WATER S WATEK 6
1 5 1 Y 1 5
16 14 17 15 17 13
14.50 6.60 14.%0 6.50 14.50 6.60
H.499 5.47 2l.14 25.55 9.59 6,40
=38.00  <17.11 45,76 231,20  -33.85 -2.12
5.2/ 2.4 20.23 Je.o6l 6.010 72.85%
58.57 44,92 95.70  127.60 62.57 44,17
2.58 19.67 3.08
35.63 84,24 38.37
2 6 2 6 2 6
18 i7 19 17 i6 17
94,00 120.00 94.00 120.00 94.00 120.00
10.79 79.61 79.21 84,58 69.42 80.44
-24.69  -33.66 -15.73  -29.%2 -?6.15 -372.97
29.56 29.63 79.93 33.0% 22.36 30.94
41.76 3r.2¢ 37.78 39.07 32.20 39.51
22.96 23.67 26.1%
30.53 28.91 34.950
3 4 3 1 3 4
18 8 19 19 17 17
489.00 424,00 489.00 424.00 489.00 424.00
2BB.B6 278,96 354,17 304,10 324,18 340.48
-40,93 -34.21 -?21.5) -28.28 <3371 -14.70
131.02 124.89  165.06 142,01 119.35 135.84
45,36 16,20 16.60 46,70 36.82 42.44
60.64 77.01 75.37
21.36 J3.40 22.04d

= DISTILLED WATER
- TAP WATER
SURFALE WATER

- WASTE WATER ]

- w/ASTE WATER 2
WASTE WATER 3
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TABLE 12.

STATISTICAL SUMMARY FOR 4-BROMOPHENYL

ANALYSES BY WATER TYPE

LUW YOUEN PATR

NUMBER UF UDATA POINTS
TRUE CUNC (€) U&/L
MUAN HECUVERY (X)
ACCURACY (SREL ERROR)
OVLRALL ST DLV (S)
UVERALL Wil STD DEV, %

SINGLE
ANALYST

ST DEV, (S$R)
REL DOV, 1

MEDLUM YOUDEN PAIR
NUMBER OF DATA POINTS
TRUE LUNC (C) UG/L
MEAN RECUVERY (X)
ACCURACY (ZREL ERROR)
(IWERALL ST DEV ()
UVERALL REL STD DLy, 3

SINGLE
ANALYST

$Tu vEv, (SR)
REL DEV, %

WATER 3
1 5
17 17
2.8 3.80
4.31 5.02
53.44 32.15
Z.88 2.52
66.74 50.20
1.83
39.14
2 6
20 20
145.00 116,00

117.09 93.80

HIGH YOUDEN PATR
KUMBER Uf UATA POINTS
TRUE CONC (C) UG/L
MEAK RECOVERY {X)
ACCURACY( tREL ERKUR)
DVERALL STD UFV (S)
OVERALL REL STU WEV, %

SINGLE
ANALYST

STD DEV, (SK)
NEL DEV, %

WATER 1
| s
13 13
2.80 3.80
4.62 6. 37
64.92  67.5%
2.69 3.06
58,21  44.10
1.%
28.45
2 6
18 19
145,00  116.00
127,27 100.21
212,23 -13.61
68.12  47.27
53,52  47.17
40,52
35.63
3 4
19 14
562.U0  626.00
487.29  493.91
S11.72 0 -21,10
206.47  233.38
42,31 41.7%
78.00
15.03

WATER 2
1 5
13 13
2.50 3.40
4.14 5,04
41,17 32,09
2.36 3,08
57,0  61.04
1.31
28.63
2 6
19 19
145,00 116,00
120,92 92.%8
-16.61  -20.19
58.63 45,06
48.49 48,67
36.30
34,01
3 4
19 18
52,00  626.00
45,45  $32.26
-17.45  -14.97
713,11 245.99
46,19 46,22
51.96
1y,%2

-19.75  -19.14
55.47 48.56
47,38 51.77

37.03
35.12
K| 4
19 20

552.00  626.00

425.47 489.42

-22.93  -21.82
194.76  261.9/
45,66 53,53

48,72
19.40

PHENYI, ETHER
WATER 4
1 5
17 1b
2.80 J.Bu
4.34 5.00
54.94 31.53
2.65 3.10
61.08 62.10
1.71
36.69
2 6
20 I8
145.00  116.00
128.84 92./3
-11.1%  -20.06
64.10 44.37
49,75 47.485
43.80
39.4%3
3 4
20 2V
562.00  626.00
a08.19  426.32
-26.05 -31.90
189.98  213.49
46.54 50.17
86.86
26.482

WATER %
1 5
15 13
2.10 3.40
302 1.32
25.706 92.69
2.01 5.19
57.14 10.88
2.83
52.21
Z 6
19 16
145,00 116.00
139.29 BH.26
-3.94 -23.91
72.24 35,82
51.47 40,59
41.71
36.66
3 q
19 18
552.00 626,00
436.61  400.71
-20.90  -35.99

761.81 173.96
60.42

WATER 6
1 5
17 15
2.80 3.80
4,01 4,443
43,13 16.99
2.22 2.18
55.41 49.1%
1.42
313.67
2 6
i8 20
145,00 116.00
119.29 96.82
-17.73  -16,53
56.46 50.02
47.33 51.66
41.08
18.01
3 L]
18 20
552.00 626.00
365.32 5%3.24
-13.82 -11.62
162.07 756.445
44,36 46.3%
110.51
24,06

= UISTILLED WATER
= AP WATER

- SUREALT WATER
WALTE Walld |
- WALITE WALIR 2
- WASTE WAL R S
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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 in 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
welghts were chosen to be inversely related to the true concentra-
tion in the case of accuracy and inversely related to the mean
recovery 1n 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 Accuracy

The accuracy of Method 611 is characterized by comparing the mean
recovery of the analyte, X, to the true concentration level of the
compound, C, in the water 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 statistics associated with the larg-

er concentration values tend to dominate the fitted regression line
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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 welghted
least squares technique was performed by dividing both sides of
Equation (10) by C resulting in Equation (11)

(@lkd]

:a+b(%) (11)

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

X =aC+b (12)
These equations were presented earlier in Table 1.
I1f the intercept "b" associated with the fitted line is negligible
(i.e., essentially zero), then the slope "a" provides a unigue
value which represents the percent recovery over all of the concen-

tration levels.

Statements of Method Precision

The precision of Method 611 1s characterized by comparing the
overall and single-analyst standard deviations to the mean re-
covery, X. The IMVS program conducts these calculations via
matrix algebra, where a weighted least-squares linear regression
of S and SR versus X is conducted with weights chosen to be in-
versely proportional to the square of the mean recovery (see
page 108 of Reference 2 for details). This method 1s equivalent

tc that suggested by Britton (7] where the linear regressions for
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S and SR versus C are achieved by using the customary least-
squares procedure to fit the equation:

I
0
+
Q,
Q=

(13)

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

(14)

>l »n
>l

which is then converted by multiplying through by X to yield the
linear relationships

S = aX + b (15)-

and

SR = cX + d (le)

These eguations also were presented earlier in Tables 1 and 2.

If the intercepts, b and d, are negligible, then the slopes, a
and c, are good approximations of the overall and single-analyst
percent relative standard deviations, regspectively. These, in

turn, are measures of the method precision.
COMFARISON 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 each water type. They can be compared across water types

in order to obtain information about the effects of water type on



accuracy and precision. Hcwever, the use of these summary statis-
tics 1n this manner has several disadvantages. First, it is
cumbersome because there are 36 mean recovery statistics (X) (six
ampuls x six waters), 36 overall precision statistics (S), and

18 single-analyst precision statistics (SR) calculated for each
compound. Comparison of these statistics across concentration
levels and across water 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, comparisons based on these statistics can lead to
inconsistenrnt conclusions about the effect of water type. For
example, distilled water may appear to produce a significantly
lower wvalue than drinking water for the precision statistic S at

a high concentration, but a significantly higher value for § at

a low concentration.

An alternative apprcach [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 the effect of water type 1s calculated using the

following statistical model. 1If Xijk denotes the measurement
reported by laboratory "i," for water type "j," and ampul "k,"
then
Yj 1
Xijp = F5 = S 7 n Lyt oty (1)
where 1 =1,2,...,
j = ’ ! ’
k = ! ’ r
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Model components Bj and Y 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." The mcdel component L; is a
random factor which accounts for the systematic error associated

with laboratory "i." The model component e 1s the random factor

1jk
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, 1t 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 Cy in this model. This property 1s important
because 1t 1is typical cf 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 (Xi

data modeled by Equation 1 is

jk). The expected value for the

E{(X

S I
) = By - € ) - E(L ) (17)

ijk i " %igk

Precision 1s related to the variability in the measurements (Xijk)‘
The variance of the data modeled by Equation 1 1is

Y. 2
var (X, ) :[sj © Cy J:l var(L; -« £45,) (18)

which 1s an increasing function of Cy - (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 Bj and Yj' If Bj
and Y5 vary with j (i.e., vary across water type), then the

accuracy and precision of the method alsc 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 1, the following straight line regression model is obtained.

Zn Xijk = 4n Bj + y. &n C

3 p ¥ 2n Li + 2n €. . (2)

13k

The parameter £n Bj is the intercept, and Yj 1s the slope of the
regression line assoclated with water type "j." It is assumed that
Zn Ly is normally distributed with mean O and variance 0L2' that
in Cijk
that the 2n Li and Zn Eijk terms are independent.

is normally distributed with mean O and variance 082, and

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 1s compared directly to
the line for distilled water.

Using the data on the log-log scale and regression techniques, the
parameter £n Bj (and hence Bj) and Yj can be estimated. These
estimates are then used to test the null hypothesis that there 1is
no effect due to water type. The formal null and alternative

hypothesis, H. and H,, respectively are given by:

0 A

HO: ¢n ﬁj - £n ﬁl = 0 and Yj i 0 for j =2 (19)

. F - \d / ; - . . — 3
HA' n ﬁj n bl # O and/or Ej Yy # 0 for some j = 2 (20)
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The null hypothesis (HO) 1s tested against the alternative hypoth-
esils (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 > F OBS), 1s calculated under the assumption that

HO 1s true. H_. 1s rejected in favor of H, if Prob(F > F OBS) is

O
less than 0.05.

A

1f HO is not rejected, then there 1is no evidence in the data that
the Bj vary with "j" or that the Yj vary with "j." Therefore,
there i1s no evidence of an effect due to water type on the accuracy
or precisicn of the method. 1If HO is rejected, then some linear
combination of the differences (4n Bj - £n B) and (yj - yl) is
statistically different from zero. However, this does not
guarantee there will be a statistically significant direct effect
attributable to any specific water type since the overall F test
can be overly sensitive to minor systematic effects common to
several water types. The effect due to water type 1s judged to -
be statistically significant only if one of the differences,

(Zn Bj -~ £n Bl) and/or (yj - yl), 1s statistically different

frcm zero. This 1s determined by checking the simultanecus 95%
confidence intervals which are constructed for each of these dif-
ferences. Each true difference can be stated to lie within its
respective confidence interval with 95% confidence. I1f zero is
contalined within the confidence interval, then there is no

evidence that the corresponding difference is significantly dif-

ferent from zecro.

1f at least one of the confidence intervals for the differences
(2n Bj - £n Sl) or (yj - yl) fails to include zerc, then the stat-
istical significance of the effect due tc water type has been
established. However, establishment of a statistically signifi-
cant effect due to water type does not necessarily mean that the
effect 1s of practical importance. Practical importance is

related to the size and interpretation of the differences.



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, 1s compared to that for
distilled water (j = 1) on a relative basis by

Y

E(lek) _ BJ Ck CDK) - ?lC(EJ - Yl) (21)

E(X,,,) Y B,k -
B -1 T B

J
E(L,

(The ratio of the standard deviations would be equivalent to
Equaticn 21; therefore, the interpretation of the effect on

precision 1s the same as that for the effect on mean recovery.)

The ratio in Eguation 21 1s a measure of the relative difference

in mean recovery between water type "3j'" and distilled water. It 1is
composed of two parts (a) Bj/ﬁl, which 1s independent of the true
concentration level (i.e., the constant bias), and (b) Cﬁyj - Y1),
which depends on the true concentration level (i.e., the concen-
tration dependent bias). If (y.

]
difference 1n mean recovery 1s Bj/Bl, which 1s independent of con-

- yl) is zero, then the relative

centration level Cp - Then the mean recovery of water type "j" is
ﬁj/Bl x 100 percent of the mean recovery for distilled water. If

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

[y, = vyl
is ([ﬁj/ﬁl]-ck ] 1 ) X 100% of that for distilled water, and
therefore depends on the true concentration level Cy

S

To illustrate these points, consider the following example. Sup-
pose that a significant F-value has been obtained, and the confid-
ence 1intervals for all of the differences contaln zero except for
water type 5. For water type 5, the point estimate for (4n BS -

in Bl) 1s -0.38, and the confidence interval for (&n BS - n Bl) 1s

(-0.69, -0.07). The point estimate for (ys - yl) 1is -0.07, and the
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confidence 1interval for (ys - yl) is (-0.04, 0.18). In this case,
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(Xl5k) _ B_SC (Ys - Yl) (22)
and the ratio of the standard deviations is given by
ar(Xx. . -
(%53 _ Eéc (yg - vq) (23)
Var(Xilk) Bl k

Because the confidence interval for (y5 - ¥y) contains z~ro, this
difference 1s assumed to be insignificant and is set to zero.
Therefore, Equations 22 and 23 reduce to Bs/ﬁl. The point estimate
for (¢n BS - 2n Bl) was -0.38. Therefore, the point estimate for
65/51 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 standard deviation for the data for water type 5 is estimated
to be 68% of the standard deviation for distilled water. Since

the 95% confidence interval for (£a B5 - £n Bl) was {(-0.69, -0.07),
any value in the interval (0.50, 0.93) is a reasonable estimate for
Bb/Bl’ and the mean recovery (standard deviation) for water type S
can be claimed to be from 50% to 93% of the mean recovery (standard
deviation) for distilled water. 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.

37



The comparison of accuracy and precislion across water types just
discussed, is based on the assumption that Equation (1) approxi-
mately models the data. 1t 1s clear that in practical monitoring
programs of this type, such models cannot mecdel 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 cutliers. Of the 16.3%
outliers, 6.1% were rejected through application of Youden's lab-
oratory ranking procedure and 10.2% were rejected employing the
Thompson T-test.

ACCURACY

The accuracy of Method 611 1s obtained by comparing the mean
recovery, X, to the true values of concentration in pg/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
(three Youden palirs). This results 1n 180 separate values for
accuracy. The linear regression of mean recovery, X, versus true
concentration level, c, provides values representing the percent
recovery over all of the concentration levels. This reduces the
separate values for accuracy to 30, one value for each of five
analytes in each of six waters. Table 13 presents the percent
recovery for each compound in water types as measured by the
slopes of the linear equations for recovery presented earlier

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

pared to percent recoveries calculated from the average of the
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TABLE 13. HMETHOD 611 ACCURACY (%)

BCIPE BCEE

Mean Recovery by Youden Pairb Mean Recovery by Youden Pairb

Water "§1opea Low Medium High Slopea Low Medium High
Water 1 85 147 &6 86 81 119 79 81
Water 2 78 115 76 82 72 103 72 72
Water 3 77 94 79 78 67 93 65 71
Water 4 73 148 75 75 69 86 65 72
Water 5 83 141 86 85 72 592 81 74
Water 6 80 34 80 81 72 82 69 76
Average 79 123 80 81 72 179 72 74

all waters
(continued)
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TABLE 13 (continued)

BCEXM CPPE

Mean Recovery by Youden Pairb Mean Recovery by Youden Pairb
__ Water ___Slopea Low Medium High Slopea Low Medium High
Water 1 71 81 71 71 82 101 85 82
Water 2 67 122 69 69 75 81 72 76
Water 3 60 118 62 66 67 77 69 70
Water 4 65 96 54 63 65 72 71 62
Water 5 71 270 74 71 56 267 77 72
Water 6 67 149 68 69 69 92 70 73
Average 67 139 68 69 69 115 74 73

all waters
(continued)
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TABLE 13 {continued)

BPPE

Average All Analytes

Mean Recovery by Youden Pairb

. b
Mean Recovery by Youden Pair

Water Slopea Low Medium High Slope” Low Medium High
Water 1 85 166 87 84 81 123 82 81
Water 2 72 140 82 84 73 112 74 77
Water 3 78 141 81 78 70 105 71 73
Water 4 77 143 53 76 70 109 12 71
Water 5 81 159 86 74 73 280 80 73
Water 6 79 130 83 77 73 109 74 75
Average 79 147 84 79 73 140 76 75

all waters

®percent accuracy from slope of regression equations (Table 1).

bMean percent recovery for Youden pairs (Tables 8-12).



quotients X:c (presented in Tables 8 through 12) for all three
Youden palrs 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 concentrations.
Examination of Table 13 reveals that recoveries of the analytes in
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 1is suggested for the high recov-
eries of BCEE and 4-CPPE 1in wastewater 2 (eqg 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, 1t 1s evident that the driving force in determining the
veracity of the use of the regression equation slope as the percent
recovery throughout the concentration range studied is the low
Youden pair values. Based upon the excellent agreement 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 1 and 2 are considered to be representa-
tive of the accuracy of Method 611.

PRECISION
The overall and single-analyst precisions of Method 611 were
determined as percent relative standard deviations for each

analyte, water type, and concentration level. As presented in
Tables 8 through 12, 180 individual values 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, X, pro-
vides values of percent relative standard deviation over all the
concentration ranges. This reduces the separate measures of pre-
cision to 30, one value for each of five analytes 1n each of six
water-types. Tables 14 and 15 present the percent relative stand-
ard deviations as measured by the slopes of the linear regression
eguations presented eariier 1n Table 1 for the overall and the
single-analyst precision, respectively. These values are compared
to the averages of the percent relative standard deviations pre-
sented 1n Tables 8 through 12 for all three individual Youden pairs.

From Tables 14 and 15, 1t is evident that the % RSD and % RSD-SA
precision values obtained from the slopes of the linear regression
equatlions presented in Table 1 agree very closely with the average
precision values for the middle and high Youden pairs presented in
Tables 8 thrcugh 12. This agreement offers support to the preci-
sion value obtained via the linear regression process.

The poor precision (high % RSD and % RSD-SA) values demonstrated
in the low Youden pair samples in Tables 8 thrcugh 12 are attribu-
ted to background interferences in the water matrices for the low

cencentration range of the halocethers (1.0 to 3.8 ng/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. 1In this case, the average % RSD
from the middle and high Youden peir is 43%. The second question-
able value also occurs for chlororhenyl phenyl ether in water 5
where the linear regression slope gives a value of 15% RSD-SA con-
pared to an average of 26% for the middle and high Youden pairs
and an average of 26% for the middle and high Youden pairs and an
average of 46% for all Youden pairs. These unusual values can be
attributed to interences 1n the wastewater 2 matrix.
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TABLF, 14. METHOD 611 PRECISION (% RSD)

BCIPE BCEE
a __ﬁggq_%_ggg_giﬁngggﬂ_Pairb a __Mean % RSD bX Youden Pa;rb
Water Slope Low Medium High Slope Low Medium High
Water 1 36 56 38 35 35 67 29 32
Water 2 36 54 35 37 40 52 41 41
Water 3 47 59 47 44 50 59 46 52
Water 4 40 89 10 43 41 46 39 42
Water 5 52 85 51 49 35 82 37 38
Water 6 42 55 47 38 41 46 38 44
Average 42 ©6 43 41 40 59 38 12

all waters
(continued)
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TABLE 14 {continued)

- BCEXH CPPE
a Jmiﬁﬁ?ﬁxﬂ%@%ﬁz@i a _ Mean % RSD by Youden Pa'}rb
Water ~ Slope _Low Hedium High Slope Low Hedium High
Water 1 33 45 28 36 41 59 38 43
Water 2 38 92 34 39 39 51 30 48
Water 3 53 99 48 49 42 45 37 45
Water 4 38 100 32 45 43 52 39 36
Water 5 34 100 30 41 32 112 38 47
Water 6 36 76 33 41 38 53 35 40
Average 39 86 34 42 39 62 36 45

all waters
{continued)
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TABLE 14 {(continued)

BPPE Average All Analytes

a Mean % RSD by Youden Pa%rb a Mean % RSD by Youden Pairb
___Water Slope Low Medium High Glope Low Hedium High
Water 1 47 53 50 45 38 56 37 38
Water 2 47 59 49 47 40 62 38 42
Water 3 49 58 50 50 48 64 46 48
water 4 48 62z 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

9% RSD from slope of regression equations (Table 1).

Q

bMean % RSD for individual Youden pairs (Tables 8-12).
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TABLE 15. METHOD 611 PRECISION (% RSD-SA)

BCIPE ’ ) BCEE

a Mean % RSD-SA py Youden Pgirb a Mean % RSD-SA py Youden Pairb
~__Water Slope Low Hedium __High Slope Low Medium High
Water 1 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
Water 4 24 28 21 27 26 31 21 31
Water 5 29 32 32 27 15 41 15 18
Water 6 28 37 33 23 23 27 23 24
Average 24 37 27 22 21 32 21 23

all waters
(continued)
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TABLE 15 (continued)

BCEXM CPPE

Mean % RSD-SA by Youden Pairb Mean % RS$SD-SA by Youden Pairb

Water Slope Low Medium High Slopea Low Hedium High
Water 1 20 36 21 19 18 39 23 16
Water 2 21 36 29 14 17 31 25 12
Water 3 29 23 37 21 22 33 26 20
Water 4 24 48 23 25 25 36 31 21
Water 5 22 66 22 25 15 84 29 23
Water 6 26 37 25 28 28 38 35 23
Average 24 39 26 22 21 44 28 19

all waters

(continued)
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TABLE 15 {continued)

_ BPPE Average All Analytes

a Mean % RSD-SA py Youden Pgirb a Mean % RSD-SA py Youden Pgirb

Water Slope Low Medium High Slope Low Medium High
Water 1 25 28 36 15 29 37 24 18
Water 2 22 29 34 11 19 29 25 13
Water 3 27 39 35 19 27 35 32 22
water 4 30 31 40 21 26 36 21 22
Water 5 29 52 37 24 22 55 27 23
Water 6 31 34 38 24 27 35 31 24
Average 27 37 37 19 24 38 28 20

all waters

% RSD-SA from slope of regression equations (Table 1).

[2]

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




EFFECTS OF WATER TYPES

The compariscn of accuracy and precislon 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-chlorcethoxy)
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 (Enﬁj - 2nf,) and/or (yj - yl) for the
above analyte-water combinations. i
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 1is
evident is for 4-chlorophenyl phenyl ether in wastewater 2. This
analyte-water combination coincides with that which exhibited the
lowest accuracy (Tables 1 and 13) and the 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 QUESTIONNAIRE
One of the goals of this study was to conduct the interlaboratory
study of the halcether method in a manner consistent with how it

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

prior to the study and after the prestudy conference concerning
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TABLE 16. SUMMARY OF THE TEST FOR DIFFERENCE ACROSS WATER TYPES

Statistical Practical
F test significance significance
statistically established established
significant by the 95 by the 95%
Observed at the confidence confidence
Compound F-value P|F>observed F] 5% level? limit? Waters limit? Waters
bis{2-Chloroisopropyl }ether z2.73 0.0027 Yes Yes 3.6 No -
bis(2-Chloroethyl )ether 20.42 0.0000 Yes Yes 5 No -
bis{2-Chloroethoxy)methane 6.08 0.0000 Yes Yes 5.6 No -
4-Chlorophenyl phenyl ether 4.87 0.0000 Yes Yes ) Yes 5

4-Bromophenyl phenyl ether 0.32 0.975 No - - - -




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 recommended. The EC
detector used by one laboratory was not recommended due to a lack
of specificity. Examination of the data from that labcratcry
showed no acceptable values for BCEXM, but all values for BCIPE
and 4CPPE were acceptable. The values for BCEE in four of the six
waters for BPPE 1n five of the waters were acceptable employing
the EC detector. It was alsc decided not to supply the partici-
pating labcratories with standards or calibration soluticns.
Rigrdly controlled, however, was the use of only one specified
column packing material, although the labs were required to pur-
chase 1t themselves from any supp.ler they desired.

The method, as published in the Federal Register, had a recom-
mended temrerature program. One compcund (2-chlercethyl 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 Reglster temperature program was not opti-

mized to take advantage of this change in compounds. Because of
the wide diversity of gas chromatographs and detectors beling used,
the lakoratories were allowed to coptimize the temperature program-

ming for their equipment.

Other operational parameters were also suggested as a results of
MC studies, for example, hydrogen flow rate, furnace tempera-
tures, electrolyte composition and flow rate, and sc forth.
However, they were not mandated and were not even agplicakble fo1i
scme of the detectors being used. The individual laboratories
were to start with the method conditions and optimize for their
particular instrumentation. It was found after the method study
that there were some other laboratory practices which differed
from laboratory to laboratory which were not 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 more 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 in Taktle 17,

ordered in detector grcupings.

In general, any of the acceptable detectors were shcwn to be
capable of generating high guality results. It was initially
believed that the use of a Hall 7C0A 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 preparatiorn technigues (especially the Florisil
cleanup) could cause varying amourits and numbers of interferences
in the final concentrate. The many GC/detector 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 concentration
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TABLE 17.

Gond
Laborstory data Cas Temperature
code Detector pp_ln!!' chromat ogr aph progras, ‘U
11 Hsll 00 7 Yarian 1400 60® - 2 min
8°/min to 210°
1 Mall 700 ! Bechman 59 t00® - 4 wman
I15°/min to 210*
[ Hall 700 [ H-P (suto) 100* - 4 win
4710 a*/min to 230°
1 Hall 700 2 Perkin-Flmer  Standard®
2 Hall 700 21 Pertin-Elmer 75° - 4 min
900 12*/min to 200*
1) Hall 700 21 H-P S57%0 60° - 2 wmin
8°/min to 2)0°
18 Hall 00 13 H-P SB40A Standard
] Hall T00 18 Yarisn 1700 Standard
.
10 Hall TO0A 4 Trarae SKN “0® - 4 min
t6*/min to 230*
Hall ?00A 23 Tracor S60 Standard
te Hall 7008 16 Tracer 560 100° - 4 win
16" /min to 220°
[ ] Mall Y00 2 Tracor 560 70* - 2 min
8°/min to 2)0°
17 Hall 700A s Tracor 560 80° -
8%/min to 210°
7 Nall 00A * Tracor 560 Standard
13 Hall ]IOb 18 Tracor ZZi 100* - ¢ ain
16°/min to 200°
19 Hell M0 L Tracor NT-2 60° - 2 min
7 5/min to
180°*
) Coulson Tracor 222 Standard
ES 4Ss ?V-1000 18 H-P (outo) Standord
Coulson 3710
’ Dohrmann [ Perkin-Elmer Standard
DE-20 Coulson 9000
20 Electron 1 H-P S730A

caplure

Helium  Hydingen

LABORATORY ANALYTICAL CONDITIONS
(ORDERED IN DETECTOR GROUPINGS)

flow 1 lare Furnace Electrolyte
rate, rate, temprrature, Electrolyte flow rate,
sL/min ol fmin S Composition mlimin
40 9In0 Firhanol L3S |
40 3 ars n-Fropanol o4
3o o ars 15/2% 05
tthanol /MO
900 tsopropyl LY
water
35 295 75/2% 0.5
Ethanol /M0
40 60 480 1%/2% LR )
C€theanol/H,0
35 Jo 9900 %0/10 0.4
Erthanol /M 0
3o 10 %00 15728 oS
€thanol/Ny0
10 1] 800 Propanoi )
40 50 800 n-Propanol 1
(1 -0 875 n-Propsncol 06
20 so 900 95/3% o3
Ethanol/H,0
25 20 820 [sopropyl 0s
30 20 a0 n-Propanc} 4
25 80 925 75728 1.%
Fthanol/N,0
40 35 910 Water e
40 58 260
40 4“0 820 Water 1
30 0, 400 70\ Acetic 0
s acid 1n H,0
40

[eont ynued)
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TABL

Laboratory

_tode

"
12

15

1}
10

10

16

20

Technique for
eliminating

2\ macl

Cont inuous
entraction

Wa,50,
Centrifuqge

Glass wool
qaeparstory
fTunnel

Ma,50,

Cent le
entraction

Glass wool

Na, 50,
Separatory

funre |

Class wool
s Wey50,

Whipping
vith wire

Heat qun
Glisss wool

Centrifuge

Na,50,

Glases wool

Stirving
centesfuge

Glass wool

Concentration
problems

Too slow at
65°C

Tooh 30 win
with insul

Yoo slow

Longer al
temperature

Waler
interlerences
by vaslevater

_ numdey

2

2.
. 2,

P S |

1. 2

?

2

2

2

1, 2

2

2 Tep

2.1

1

E 17 (continued)

Luss of
ansiyte on
__tlarss)

Baseline
no:_:r

imitaal
concentral 1on
ton low

High
boiler

nemofy

no prodlens

no problems

Susping,
add chips
on solvent
exchange

sumping,
add chips
on solvent
enchange

Loont 1 nyed)
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Laboratory Linear

code response _ Calibrat lon wethod o ___sensalavity _.__Recommendat lons
" No <10 Externsl standard Tempersture variation in the
tranatery lines
12 Yes Slow program to 10%/ain for
tevolution from interferences
s Pair
15 Hall - mot good
2 Tes Retter Nn‘l deslign. Try
SEP-PAK
1] Ten Rlectrolyte flow Alternate cleamup for low
concentrations
18 Yer Linear plot Slectrolyte composition
1 Tee
>1 ng/el
10 Teo Single point Resin bed additlons! cleanup method for
~ concentration special probleus
L] Yes Linesr plot
16 Bo, almost Single point Coating of N tube
] Yoo Lincar plot
17 Bo
7 Tes 1-100 ng nore effective cleanup needed
lineas
14 No Ingen, (Inx)? Pluctustion ¢lectrolyte Naise dretection limite. Stop
¢ By Inn ¢ By (low - trenafer line at 200°C  Check 5P-21)0 vs.
codensation 1,000
19 Tes Use Plorfsil on standards for
better anslysls
b} [ rT- .lb
s Tes Better clesnup
>10 ng
9 Bo, but Single point Fliminate Flroisil Use
close GC /s
20 Yen

ot - Blanks indlrllp_ﬁ_t:'lrnpa\le qgiven in questionnais: .

“the sverage reaults of the sin vater samples vos determined for each laboratory for each compound 1n rach
spihing snlut jon This qives Y0 averagea for rach laboratory (5 compounds a 6 spihing solutions) This
column shows how many of those valiws from rach laharatory were wilhan 201 of the true value

bllsvd 00A for 1 and S

“the “atandard® program furnished to the lahoratories was 100° for 4 mumites, 16° per minute to 2W0%,
and hold st 230° for & minutes This gives a faster anal sss than the example publashed in the
Frderal Register on December 3, 1919



could usually be determined by either subtracting blank interfer-
ence values or changing the GC program to effect better separation.
For more detalls including chromatograms and specific interfering

compounds see Appendix D where other MC findings concerning Method
611 are presented.
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APPENDIX A

TEST METHOD - HALOETHERS-METHOD 611
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United Siates
Environmentsl Protection
Agency

Environmental Monitoring and
Support Laboratory
Cincinnat OH 45268

Reseoarch ang Development

Test Method

Haloethers —
Method 611

1. Scope and Application

1.1 This method covers the
determination of certain haloethers
The following parameters can be
determined by this methad

Parameter STORET No CAS No
Bis{2-chioroethyt) ether 34273 111.44.4
B:s(2-chioroethoxy) methane 34278 111.91.
Bis(2-chloroisopropyl) ether 34283 108-60-1
4.Bromophenyl phenvi ether 34836 101-55-3
4.Chlorophenyi phenyl ether 34641 7005-72-3

1.2 This s a gas chromatographic
{GC) method apptlicab e toc the
determination of the compounds listed
above 1n municipal and industrial
discharges as provided under 40 CFR
136 1 When this method is uysed to
analyze unfamihar samnples for any
or all of the compounds above.
compound identifications should be
supported by at least one addiional
quahitative technigue This method
describes analytical conditions for a
second GC coiumn that can be used
10 confirm measuremants made

with the primary column. Method €25
provides gas chromatograph/mass
spectrometer (GC/MS} conditions
appropriate for the qudlitatve and
quantitative contirmation of

resuhs for gl of the parameters
listed above. using the extract

from this method.

1.3 The method detection Iimit
(MDL. defined in Section 14 1) for
each parameter s listed in Table 1
The MDL for a specific wastewater
may oiffer from that listed, depending
upon the nature of \nterferences In
the sampis matrix.
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1.4 The sample extraction and
concentration steps in this method are
essentially the same as 1n methods
€606, 608. 609. and 612 Thus. a
single sample may be exiracted 1o
measure the parameters included in
the scope of each of these methods
When cleanup 1s required. the
concentration levels must be high
enough 1o permit selecting aliquots.
as necessary, 10 apply appropriate
cieanup procedures The analyst 1s
aliowed the lautude. under Ges
Chromatography (Section 12). to
select chromatogrgphic conditions
appropriate for the simultaneous
measutement of cormbinstions of
these parameters

1.5  Any modification of this method,
beyond those expressly permitted
shall be considerad as major
modifications subject 1o application
and approval of ahernate tes!
procedures under 40 CFR 1364

and 136 5.

1.8 This method is restricted 10
use by or under tho supervision of
analysts experienced in the use of



gas chromatography and in the
interpretation of gas chromatograms
Each analyst must demonsirale the
ability to generate accepiable resuhts
with thus method using the procedure
described in Section 82

2. Summary of Method

2.1 A measured voiume of sample,
approximately one-liter, s solvent
extracted wih methylene chloride
using 3 separatory funnel The
methyiene chloride extract is dried
and exchanged to hexane during
concentration to & volume of 10 mb or
iess GC conditions are described
which permit the separation and
measurement of the compounds In
the extract using a hahde

specific detector ™

2 2 The method provides a Florisil
column cleanup procedure to 8:1d In
the elimination of imerferences that
may be engountered

3. Interferences

3 1 Method interferences may be
caused by contaminanis in $olvents.
reagents giassware and other
sample processing hardware that leag
1o discrete artifacts and.'or elevated
basehnes in gas chromatograms All
of these materials must be routinely
gemonrsirated 1o be free from
interferences under the conditions of
the analys:s by runming laboratory
reagent blanks as descr.bed in
Section B 5

3 1.1 Glassware must be
scrupulously cleaned ' Clean all
glassware as soon as possible after
use by rinsing with the last solvent
useg tn 11 Trus should be followed by
detergent washing with hot water,
and r.nses with tap water and reagent
water (t should then be drained dry.
and heated in 8 muffie furnace at
400°C for 15 10 30 minutes Some
thermally stable materials, such as
PCBs may not be eliminated by this
treatment Soivent rinses with
acetone and pesticide quality hexane
may be substituted for the muifle
furnace heating Volumetric ware
should not be heated in a8 mufile
turnace Atier drying and cooling.
glassware should be sealed and
stored in 8 clean environment to
prevent any pccumulation of dust or
other contaminants Store inverted or
capped with aluminym foil

3. 1.2 The use of hugh purity
reagents ang soivents halps to
minimize interference problems.
Purificetion of solvents by disullation
In all-glass systems may be required.

3.2 Matnx interferences may be
caused by contaminants that are
coextracted trom the sample The
extent of matrix interferences will
vary considerably from source to
source. depending upon the nature
and diversity of the industrial complex
or municipality being samgled The
cleanup procedures in Section 11 can
be used 10 overcome many of these
interferences. but unue samples
may require addinonal cieanup
approaches 10 achieve the MDL listed
n Table 1.

3.3 Dichlorobenzenes are known to
coelute wnh haioethers under some
gas chromatographc conditions f
these materials are present together
in 8 sample. it may be necessary 1o
analyze the extract with two different
column packings 10 completely resolve
all of the compounds

4. Safety

4.1 The toxicity or carcinogenicity of
each reagent used +n this method has
not been: precisely defined. however,
each chemical compound shouid be
treated as a potential hea!th hazard
From this viewpoint. exposure 10
these chemicals mus! be teduced to
the lowest possible level by whatever
means available The laboralory s
responsibie for maintainirg a current
awareness file of OSHA regulations
regarding the safe handiing of the
chemicals specified 1n this method

A reference file of material date
handiing sheets shoufd also be made
avaiiable 1o all personnel involved in
the chemical analysis Addit:onal
references to laboratory safety are
available and have bean dentified*™
for the information of the analyst.

5. Apparatus and Materials

6.1 Sampling equipment. for
discrete or composite sampling

5.7.7 Grab sample bottle - Amber
glass. one-hiter or one-quart volume,
fitted with screw caps lined with
Tefion Foil may be subst:tuted for
Tefion if the sampie 1§ not corrosive,
If amber bottles are not available,
protect samples from fight. The
container must be washed. rinsed
with acetone or methylene chioride,
and dried before use to minimize
contamination

5.1.2 Automatic sampler (optionali| -
Must incorporate glass sample
containers for the collection of a
minimum of 250 mL. Sample
containers must be kept refrigerated
81 4°C and protscted from hght during
compos'ing If the sampler uses &
peristaitic pump, 8 minimum length of
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compressible silicone rubber tubing
may be used Before use. however,
the compressrbie tubing should be
thoroughty rinsed with methanol,
followed by repeated ninsings with
distilled water to minimize the
potential for contamination of the
sample An integrating tlow meter 15
required 1o collect flow proportional
composites

6.2 Glassware (All specifications are
suggested Catalog numbers are
included for sllustration only)

5.2.1 Separatory funnel - 2000-mL,
with Tetion stopcock

5.2.2 Orying column -
Chromatographic column 400 mm
long x 19 mm |D. wath coarse fra

§.2.3 Chromatographic column -
400-mm long x 13 mm (D glass with
coarse fritted plate on bottom and
Teflon stopcock (Kontes K-420540-
0224 or equivalent)

5.2 4 Concentrator tube, Kuderna-
Danish - 10-mL. graduated (Kontes
K-570050- 1025 or equivaient)
Calibration must be checked at the
volumes employed in the test Ground
glass stopper 1s used 1o prevent
evaporation of extracts

525 €Evaporative flask, Kuderna-
Danish - 500-mL {Kontes K-570001-
0500 or equivalent) Attach to
concentrator tube with springs

§.2.6 Snyder column, Kuderna-
Danish - Three-ball macro (Kontes
K-503000-0121 or equivalent)

5.2.7 Vials - Amber glass. 10- 10
15- mL capacity. with Tefion-lined
screwcap

6.3 Boiling chups - Approximately
10740 mesh. Heat to 400°C tor 30
minutes or Soxhiet extract with
methylene chloride

5.4 Water bath - Heated. with
concentric ring cover, capable of
temperature control (=2°C) The bath
should be used in 8 hood

5.5 Balance - Analytical, capable of
accurately weighing 0 0001 g

5.6 Gas chromatograph - An
analytical system complete with
temperature progremmable gas -
chromatograph suitable for on-column
injection and all required accessories
including syringes. analytical columns.
goses, detector. and stnip-chart
recorder A dats System s recom-
mended for measuring pesk areas

5§61 Columni.1.B8miongx2
mm 1D pyrex gless. packed with
Supelcoport. (1007120 mesh) coated



with 3% SP-1000 or equivalent This
column was used 10 develop the
method performance statements in
Section 14 Guidehines for the use of
aiternate column packings are
provided in Section 12 1

562 Column2-1Bmiongx2
mm ID pyrex glass packed with
Tenax-GC (60 B0 mesh) or
equivalent

5 63 Detecror - Halide spectfic
electrolytic conductivity or
microcoulometric These detectors
have proven effective in the analysis
of wastewaters for the parameters
listec 1n the scope of this method The
Hall conductivity detector was used to
develop the method performance
statements in Section 14 Guidetines
for the use of alternate detectors are
providec in Section 12 1 Although
less seleziive an electron capture
detector 15 an accepilable alternat:ve

6. Reagents

6.1 Reagent water - Reagent water
1s gefined as a water in which an
interferent (s not observed at the
MDL of each parameter of interest

6.2 Sodium thiosulfate - (ACS)
Granular

6.3 Acetone methancl methylene
chiorige. hexane anc petroleum ether
{boiiing range 30 to 60°C) - Pesticide
quaiity or equrvalent

6.4 Sodium sulfate - {ACS)
Granular. anhydrous Purify by
heating at 400°C for four hours in
a8 shallow tray

6 5 Florsi - PR Grade (607100
mesh). purchase activated at 1250°F
and store in the dark 1in glass
conta:ne’ with glass stoppers or foul-
hneg screw caps Before use. activate
each batch overmght a1 130°C in a
forl-covered glass container

€ 6 Erthy! ether - Nanograde,
redistitied in glass. if necessary

6 61 Must be free of peroxides as
indicated by EM Laboratories Quant
test strips (Available from Scientific
Products Co, Cat No P1126-8 and
other suppliers )

6.6.2 Procedures recormmended for
removal of peroxiges are provided
with the test strips After cleanup 20
mL ethyl alcoho! preservative must be
added 10 each liter of ether

6.7 Stock stanaard solutions (1 00
ug ‘ml) - Stock standard solutions can
be prepared from pure standard
materiais or purchased as certified
solutions

6.7.1 Prepare stock standard
solutions by accurately weighing
about 0 0100 g of pure matenal
Dissolve the material in pesucide
quality acetone and d\lute 10 volume
i a 10-mL volumetric flask Larger
voiumes can be used at the
convenience of the anatyst If
compound purity 1s certified a1 96%
or greater. the weight can be used
without correction 10 caltulate the
concentration of the stock standard
Commercially prepared stock
standards can be used at any
concentration it they are cert:fied
by the manutacturer or by an
independent source

6.7.2 Transter the stock standard
solutions 1n1o Teflon sealed screw-cap
bottles Store at 4°C and protect from
hght Stock standard sotutions shouid
be cheched frequently for signs of
degradation or evapcranon. especially
Just prior to preparing cahbration
standards from them Quality control
check standards that can be used to
determine the accuracy of calibration
standards will be available for the
US. Environmental Protection
Agency. Environmental Monitor'ng
and Support Laboratory. Cincinnaty,
Ohio 45268

6.7.3 Stock standard solutions must
be replaced after six months. or
sooner ff comparnison with chesk
standards :ndicate a problem.

7. Calibration

7.1 Estabhsh gas chromatographic
operatng parameters to produce
rerention nmes equivalent to those
hsted 1n Table ¥ The GC chromato-
graphic system may be calibrated
using the exiernal standard technique
{Section 7 2) or the internal standard
technique (Section 7 3)

7.2 External standard calibration
procedure

7.2.1 Prepare calibration standards
at a minimum of three concantration
levels for each parameter of interest
by adding volumes of one or more
stock standards to & volumetric flask
and d:futing 1o volume with hexane
One of the external standards should
be at a concentration near. but above.
the MDL and the otrer concentra-
tions should correspond 10 the
expected range of ccncentrations
found in real samples or should
define the working range of the
detecior

7.2.2 Using injections of 2 10 5 ul of
each calibration stardard tabulate

peak height or area responses against
the mass injected The results can be
ussd to prepare a3 ca:ibration curve for
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each compound Alternatively if the
ratio of response 10 amount injected
{calibration factor) 1S @ constant over
the working range (< 10% relative
standard deviation. RSD}. hnearity
through the origin can be assumed
and the average ratio or calibration
factor can be used in place of a
cahibration curve

7.2.3 The working calibration curve
or calibration factor must be veritied
on each working day by the
measurement of one or more
calibration standards If the response
for any parameter vares fror the
predicted response by more than
*10%. the test myust be repeated
using a tresh calibranior stancdard
Atternatively a new calibration curve
or calibration factor must be prepared
for 1that compound

7.3 Internal standard calibratior
procedure To use this approach the
analyst must select one or more
internal standards that are 5imilar in
analyucal behavior to the compounds
of interest The analyst must further
demonsirate that the measurement of
the internal standard 15 not atfected
by method or matrix interferences
Because of these limitations. no.
miernal standard can be suggested
thai 1s applicable 1o all samples

7.53.7 Prepare celibration stangdarcds
at 3 minimum of thireg concentration
fevels for each paraineter of interesy
by adding volumes of one or more
stock standards to a volumetric flask
To each calibration stangard. add a
known constant amount of one or
more thternal standards. and diute to
volume with hexane One of the
standards should be at a concentra-
tion near. but above, the MDL ang
the other concentrations should
correspond to the expected range of
concentrations foung n real samples
or should define the working range of
the detecior

7.3.2 Using injections of 2105 ul
of each calibration standard. tabulate
peak height or area responses aja.nst
concentration for each compound and
internal standerd and calculate
response factors (FF) for each
compound using eguation !

Eqa 1 RF = (&;C.)/(ALCH
where

A, = Response for the parameter 1o
be measured

A, = Response for the interna;
standard.
C.. = Concentration of the internal

stangard, (g L)
C, = Concentraucn of the parameter

to be maasured {wg/L}



i{ the RF value over the working range
15 a constant (< 10° RSD). the RF can
be assumed 10 be invariant and the
average RF can be used for calcula-
tions Allernatively the results can

be used 10 plot a calibration curve of
response ranecs. A, A, vs RF

7 33 Tne working calibration curve
or RF mus! be verified on each
working day by the measurement of
one or more calibration standards It
the response for any parameter varies
from 1the predicted response by more
than = 10%. the test must be repeated
using a tresh calibration s1andard
Alternatively a new cahbration curve
must be prepared for that compound

7 4 Before using any cleanup
procedure the analvst must process a
series of calibrat:on standards through
the crccedure (0 val:date elution
pallerns and the absence of
interferences from the reagents

7.5 The cleanup procedure In
Seztien 11 ytilizes Fionisil column
chromatography Florisi from different
baicres of SourCes may vary in
adsorplion capacity To standard:ze
the amount of Fionisil which 1s used,
the use of launic acid vatue' ' 1s
sugges:ed The relerenced procedure
getermines the adsorption from
hexane solution ot lauric acyd (mg) per
gra™ Florisil The amourt of Flornisii to
be usec for each ¢column 15 calculated
by dviging 110 by this ratio and
mu't-plying by 20 g

8. AQuality Control

B 1 Each laboratory that uses this
me:hod 1s required 10 operate 3 formal
quality control program The minimum
requirements of 1his program consist
of an init.al demonstration of
laboratory capabiliny and the analysis
of sp:keQ sampies as 3 conlinuing
check or performance The laboratory
15 required 10 Maintain performance
records 1o define the qualiy of data
tha s generated Ongotng
performance checks must be
compared with estabhisnhed
perfarmance criterta 10 detetmune f
the results of amalyses are within
accuracy and precision hmits expected
of the method

& 1.1 Before performing any
analyses the analyst myst
demonsirate the ability 1o generale
acceptable accuracy and precision
with this method This abhity 1s
established as described in Section
82

8 1.2 inrecognition of the rapid
advances that are occurring in
chromatography. the anslyst is

permutied certain oplions 10 improve
the separauons or lower the cost of
measurements Each 1ime such
modiications are made 10 the method,
the analyst s required 1o repeat the
procedure yn Secuion 8 2

8. 7.3 The laboratory must spike and
analyze a minimum of 10% of all
samples 1o momitor continuing
taboratory performance This
procedure 1s described in Secuon 8 4

82 To establish the ability 10
generate acceptable accuracy and
precision, the analyst myst perform
the tollowing operations

8.2.1 Select a representative spike
concentration for each compound to
be measured Using stock standards.
prepare a quahty control check sample
concentrate in acetone 1000 tmes
more concentrated than the selected
concentrations Quality contro! check
sampie concentrates. appropriate for
use with 1this method. will be available
from the US Environmental
Protection Agency. Enviroamental
Monitoring and Suppert Laboratory,
Cincinnati. Onio 45268

82.2 Using apwpet. add 1 00 miL of
the check sample concentrate to each
of a minimum of four 1000-mL
ahguots of reagent water A
representative wastewater may be
used in place of the reagent water,
but one or more additonal aliquots
must be analyzed 1o determine
backgrouna levels. and the spike level
must exceed twice the background
level for the test to be vahid Analyze
the aliquots according to the method
beginning in Section 10

8 2.3 Calculate the average percent
recovery. (R, and the standard
deviation of the percent recovery (s).
for the results Wastewater back-
ground corrections must be made
before R and s calculations are
performed

824 Using Table 2. note the
average recovery {X) and standard
deviation (p) expected tor each method
parameter Compeare 1these 10 the
caiculated values for R and s It s >
2p or iX-R > 2p, review potential
problem areas and repeal the test

8§25 TheUS Environmental
Protection Agency plans w0

es1ablish performance criteria for

R and s based upon the rasults of
nterlaboratory testing When they
become avaiiable these criterra must
be met before any samples may be
analyzed

8.3 The analyst must caiculate
method performance criternia and
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define the periormance of the
iaboratory for each spike
concentration and parameter being
measured

8 31 Calculate upper and lower
control imits for method performance

Upper Control Limit (UCL): R - 3 g
Lower Controt Limit {LCL) R —3s

where R and s are calculated as in
SectionB82 3 The UCL and LCL can
be used 1o construct control charts™
that are usetul \n observing trenas In
performance The control limits above
must be replaced by method per-
formance criteria as they become
available from the US Environmental
Protection Agercy

&8 3.2 The laboratory mus: develop
and maintain separate accuracy
statements of laboratory performance
for wastewater samples An accuracy
statement for the method 1s def neg
as R = 5 The accuracy statemer:
shouid be developad by the anaiys:s of
four aliquols of wasiewaiter as
described \n Section 8 2 2 followed
by the calculatton of R and s
Alternatety. the analyst may use four
wastewater data points gathered
through the requirement for
continuing quality control in Section
8 4 The accuracy statements shouid
be updated regutarly®

8.4 The iaboraloty is requirec 1o
coilect a portion of their samples in
duplicate 10 monitor spike reccoveries
The frequency of spiked sample
analysis must be a1 least 10% of all
samples or one sample per month.
whichever 1s greater One aliquot of
the sampte must be spiked and
analyzed as described in Section 8 2

If the recovery for a particular
parameter does not fall within the
control {imits for method performance.
the results reporied for that parameter
in all sampies processed as part of
the same set must be quahtied as
described 1n Section 133 The
laboratory shouid monitor the
frequency of dala so quabfied o
ensure that it remains at or betow 5%

8.5 Before processing any samples.
the analyst should demonstrate
through the snalysis of a one-liter
shquot of reagent water that all
glassware and reagent interferences
are under control. Each tme p set of
samples 15 extracted or there 15 a
chahge n reagents. 8 faboratory
reagent blank should be processed as
a safeguard against laboratory
contamination

8 6 Itis recommended that the
iaboratory adopt agaihional Quality
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assurance practices for use with this
method The speciic practices that
are mops! productive depend upon the
needs of the laboratory and the nature
of the samples Field duphcates may
be analyzed to Monior the precision
of the sampliing techmique When
doub! exists over the identification of
a peak or the chromatogram,
confirmatory techriques such as GC
with a dissimilar column, specific
element detector or mass spec-
trometer must be used Whenever
possibie the laboratory should
perform analysis of standard
reference materials and participate
in relevant performance evaluation
studies

9. Sample Collection,
Preservation, and Handling

9 1 Grab samples mus? be collected
in glass contairners Conventioral
sampiung prastices”™® snould be
foliowed. except tha! the bottle must
not be prewasned with sample before
co lect.on Compos:te samples should
be collecied i refrigeratec glass
containers In accordance with the
requirements of the program
Actomatic samphing equipment must
be a free as possible of Tygon and
other potential scurces of
contarinatipr

9.2 The samples mus! be iced or
refrige-ated at 4°C from the time of
collection unni extraction Fill the
sample botties and. if residual
chiorine 1s present. add 80 mg of
sodium thiosulfate per each liter of
water US Environmental Protection
Agency methods 330 4 and 330 5
may be used to measure the res:idual
chliorine’® Freid test kits are avaiable
for this purpose

8.3 All samples must be extracted
withir 7 days and completelg analyzed
within 40 days of extraction'®

10. Sample Extraction

10.1 Mark the water men:scus on
the side of the sample bottle for {ater
determination of sample volume Pour
the entire sample into a two-hter
separatory funnel

10.2 Add 60 mL methylene chioride
1o the sample bottle, seal, and shake
30 seconds 10 ninse the inner walls
Transfer the solvent to the separatory
funnel and extract the sample by
shaxing the funnel for two minutes
with periodic venting to release
excess pressure Allow the organic
laver 10 separate from the water
pnhase for a minimum of 10 minutes
If the emulsion intertace between
layers s more than one-third the

volume of the solvent layer. the
analyst must employ mechamcal
techniques to complete the phase
separation The gpuimum technique
depends upon the sample but may
inciude stirring. filtrat:on of the
emulsion through glass wool.
centnifugation. or other physical
methods Collect the methylene
chloride extract in 3 250-mL
Erlenmeyer {lask

10.3 Add a second 60-mL volume
of methylene chloride to the sample
botile and repeat the extraction
procedure 3 second 1ime, combining
the extracts in the Erlenmeyer fiask
Pertorm a third extraction in the same
manner

10 4 Assemble a Kuderna-Damish
(K-D}) concentrator by attaching a 10-
mL concentrator tube to 8 500-mL
evaporative flask Other concen-
traton devices or technmques may

be used in place of the K-D «f the
requirements of Section 8.2 are met

105 Pour the combined extract
through a drytng column containing
about 10 ¢cm of anhydrous sodium
sulfate. and collect tne axtract in the
K-D concentrator Rinse the
Erlenmevyer flask and column with 20
10 30 mL of methyiene chionide 10
complete the quantitative transfer.

10.6 Add one o twe clean boiling
chips to the evaporative flask and
attach a three-ball Snyder column
Prewe! the Snyder column by adding
about 1 mL methylene chloride to the
top. Place the K-D apparatus on a hot
water bath {(60° 10 65°C} so that

the concentrator tube 15 partally
tmmersed 1n the hot water. and the
entire lower rounded surface of the
flask i1s bathed with hot vapor Adjust
the verticai position of the apparatus
and the water temperature as
required to complete the
concentration in 15 to 20 minutes. At
the proper rate of distdlation the balls
of the column will actively chatter but
the chambers will not flood with
condensed solvent Wten the
apparent volume of liquid reaches 1
mL. remove the K-D apparatus and
allow it to dran and cool for at least
10 minutes

NOTE Some of the haioethers are
very volaule and significant iosses will
occur 1n concentration steps f care s
not exercised It 1g important to
maintain a constant gentle
evaporation rate and not 10 allow the
hquid volume 10 fall below 1 10 2 mL
before removing the K-D trom the hot
water bath

10.7 Momentarily remove the
Snyder column, sdd 50 mt of hexane
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and a new boiling chip and replace
the column Raise the temperature

of the water bath 1o 85 10 90°C
Concentrate the extract as in Section
10 6 except use hexane (o prewelt the
column When the apparen! voiume of
liquid reaches 1 10 2 mL. remove the
K-D and aliow 1t to drain and cool at
least 10 minutes Remove the Snyder
column and ringe the flask and its
lower joint into the concentrator tube
with 1 10 2 mL of hexane A 5-ml
syringe 1s recommended for 1his
operation Stopper the concentrator
tube and siore refrigerated if further
processing will not be performed
immediately {f the extracts will be
stored longer than two days. they
should be transferred to Tefion-sealed
screw-cap bottles

10.8 Determine the original sampie
volume by refithng the sample botle
to the mark ang transferring the water
to a 1000-mtL graduated cylinger
Record the sample volume to the
nearest 5 mL

11. Cleanup and Separation

11.1 Cieanup procedures may not
be necessary for a relatively clean
sample matrix. The cleanup procedure
recommended in this method has been
used for the analysis of various clean
waters and industricl offluents |4
parucular circumsiances demand the
use of an alternative cleanup pro-
cedure. the analyst must determ:ne
the eiution profile and demonstrate
that the recovery of each compound
of interest is no less than 85%

11.2 Flonsit column cleanup for
haloethers:

11.2.7 Adjust the sampie extract
volume 1o 10 mL

71.2.2 Place a charge (nominally
20 g. actual amount determined as in
Section 7 5} of activated Fionisii in a
18-mm 1D chromatographic column
After settling the Florisit by 1apoing
the column, add about one-half inch
layer of anhydrous granular sodium
sulfate to the top Allow the Florisil
to ¢cool.

171.2.3 Pre-elute ihe column with
50 to 60 mL of petroleum ether
Discard the eiuate and just prior 10
exposure of the sulfate tayer o air,
quantitatively transfer the sampie
extract into the column by decantation
and subsequent petrolaum ether
washings Discard the eluate Just
prior 1o exposure of the sodium
sulfate iayer to the air. begin eluting
the column with 300 mL of ethy!
ether/petroleym ether (6 + 34) (V.V}
Adjust the etution rate 10 a3pprox-



imately 5 mL/min and coliect the
eluate in 8 500-mL K-D fiask
equipped with a 10-mL concentrator
tube Thrs fraction should contain atl
of the haloethers

11.24 Concenirate the fraction by
K-D as in Section 10 6 except prewet
the Snyder column with hexane
When the apparatus 1S ¢ool, remove
the column and rinse the flask and

11s lower joint into the concentrator
tube with hexane Ad)ust the volume
10 10 mL Analyze by GC (Section 12)

12. Gas Chromatography

12 1 Table 1 summarizes the
recommended apetating conditions for
the gas chromatograph This table
incliudes retent:icn times and MDL
that were obtained under these

cond t.ons Examples of the
parameter separatons achieved

by these columns are shown in
Figures 1 and 2 Other packed
columns, chromatographic conditions,
or detectors may be used f the
requirements of Section 8 2 are met
Capitiary (open-tubular] columns may
also be used it the relative standard
deviauons of responses for rephcate
injections are gemonstraiec to be less
than 6% and the requirements of
Section 8 2 are me!

12.2 Calibrate the system daily as
describeg in Section 7

12.3 1t the internal standard
approath 1s being used the angalyst
must not add the internal standard to
sampie extracts until immed.ately
before injection Into the Insirument
Mix thoroughly

124 Inect 2 105 ul of the sample
extract using the solvent-flusnh
tecrnique ' Smalier (1 0 ul] volumes
car be injected if automanc gevices
are employed Record the exiract
volume 10 the nearest O 1 miL and the
volume injected to the nearest 0.05
wl and the resulting peak size 1n area
of peak hetght unis

12.5 The withh of the retention uime
window used to make ident:ications
should be based upon measurements
of actual retention time variations of
standards over the course of a day
Three umes the standard deviation of
a retention ume for a compound can
be used to calcuiate » suggested
wingow siza, however, the experience
of the analyst should weigh hesvily in
the interpretation of chromatograms

12.8 I the response for the peak
exceeds the working range of the
system, dilutle the extract and
resnalyze

12.7 H the measurement of 1the pesk
response 15 prevented by the presence
of 1nterferences. funher cleanup 1S
reguired

13. Calculations

13 1 Determine the concentration of
indivicdual compounds in 1he sample

713.7.1 U the external siandard
calibrauon procedure 1s used.
calculate the amount of material
injecied from the peak response using
lpe cahbration curve or caibration
factor 1n Section 722 The
concentration N the sample can be
calculated from equation 2

(ANV.)
Eq 2 Concentration. pg/L = VRV
where
A = Amount of matenial injected. 1n

nanograms

V. = Volume of extrac! injected (wl)

V. = Volume of 1o1al extract (ul)

V, = Voiume of water extracted (mL}
13 1.2 Mthe nternal standard

calibration procedure was used.
calculate the concentration in the
sample using the response factor (RF)
determined in Section 7.3 2 and
equation 3

LN
Eq 3 Concentration. g 'L = WF;TO)

where
A,

Response for the parameter 1o
be measured

Response for the internal
standard

Amount of interna! standard
added 10 each extrac (ug)
Volume of water extracted. 1n
Iners

A.

Vo

13.2 Report results in micrograms
per Iner without correction for
recovery data When duplicate and
spked samples are analyzed, repon
all data obtained with the sample
results

13.3 For samples processed as part
of a8 set where the laboralory spiked
sampie recovery falls outside of the
control Limits 1n Secuon 8 4, data for
the atfected parameters must be
labeled as suspect

14. Method Performance

14.1 The method detection limit
{MDL) 15 defined as the minimum
concentration of a substance that can
be measured and reported with 99%
confidence that the value s sbove
zero’’’ The MDL concenirations listed
in Tabie 1 were obta:nec using
reagent water'’. Similar results were
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achieved using representative
wastewaters

14.2 Tris method has been 1esied
for inearty of recovery from spiked
readgent waler and has been
demonstirated 10 be applicable for the
concentration range from 4X MDL 1o
1000 » MDL™?

14.3 In a single laboratory
(Monsanto Research Center), using
spiked wastewater samples. the
average recoveries presented n Table
2 were obtaned”?’ Each spiked
sample was analyzed in tripl:.cate on
three separare occasions The
standard deviation of the percent
recovery 1s also included 1n Tabe 2

14.4 The US Environmental
Protection Agency s in the process of
conducting an interlaboratory metnod
study 10 tully define the performance
of this method

References
1 See Appendix A

2 “Determination of Halpethers
in Industrial ana Munic-pal
Wastewaters ' Report tor EPA
Comract 68-03-2633 (In
preparation)

3 ASTM Annual Book of
Standards Par1 31, D 3634
“Standard Practice for
Preparation of Sample
Contairers and for
Preservation.”” American
Society for Testing anc
Materiais. Philadelphia PA,
p 679 1880

4. Carcinogens - Working With
Carcinogens,” Depariment of
Healith, Education. and
Welfare Pubiic Health Service,
Center for Disease Control.
National Institute for
Occupationa! Safety and
Health, Pubhcation No
77-206. Aug 1977

5 "OSHA Safety and Health
Standards General industry =
{29CFR1910), Occupatonal
Satety and Health
Admiristration. OSHA 2206,
{Revised, January 1976

6 “Safety in Academic Chemusiry
Laboratonies.” American
Chemical Society Publication
Committee on Chem:cal
Safety. 3rd Edition. 1979



10.

n

12

Milis. P A, "“Vaniauon of
Flonisil Activity Simpie Method
for Measuring Absorbent
Capacity and lts Use in
Siandardizing Flonsil
Columns.”” Journal of the
Association of Official
Analytical Chemists. 51, 29
(1968)

“Handbook of Analytical
Qualny Control in Water and
VWasiewster Laboratories,”
EPA.600 '4.-79-019. US
Environmental Protection
Agency. Environmental
Monitoring and Support
Laboratory. Cincinnat, Ohio
45268. March 1979

ASTM Annua! Book of
Standards Part 31, D 3370.
Standard Practice for
Samphng Water,” American
Society for Testing and
Materials Philade'pria. PA,
p 76. 1980

“Methods 330 4 (Titrimetric,
DPO-FAS) and 3305
(Spectrophotometric. DPD) for
Chiorine. Total Residual.”
Methods for Chemical Analysis
of Water and Wastes EPA
600-4 /79-020. U S
Environmental Protection
Agency Environmental
Monirtoring and Support
Laboratory. Cincinnati. Ohio
45268, March 1979

Burke. J A "Gas
Chromatography for Pesticide
Residue Analysis. Some
Practical Aspects.” Journal of
the Association of Official
Analytical Chemists, 48.

1037 (1865)

“EPA Method Validation Study
21 Method 611 (Haloethers),”
Report for EPA Contract 68-
03-2633 (In Preparation)

Table 1. Chromatographic Conditions and Method Detection Lirnits
Retention Trme Method
frmn.) Detection Limit
Paramerer Column T Column 2 fug/L)
Bis/2-chioroisopropyl) ether 84 87 08
8:s(2-chloroethyl) ather 53 R 03
Bisi2-chloroethoxy] methane 137 100 05
4.Chiorophenyl phenyl ether 194 150 39
4.-8romophenyl phenyl sther 21.2 16.2 23

Column 1 conditions. Supelcoport (100/120 mesh) coated with 3% SP-1000
packed in 1.8 miong x 2 mm ID glass column with helium carrier gas at a flow
rate of 40 mL/min Column tempersture. 60°C for 2 min after injection then
program at 8°C/mun 10 230°C and hold for 4 min. Under these conditions

the retention time for Aldrin is 22.6 min

Column 2 conditions Tenax-GC (60780 mesh) packed in a 1.8 m long x 2mm
1D glass column with helium carrier gas at 40 mL/min flow rate Column
temperature: 150°C for 4 mun after injection then program 81 16°C/mun to
310°C Under these conditions the retention ume for Aldrin is 18 4 min.

Table 2. Single Operator Accuracy and Precision

Average Standard Spike  Number

Percent  QDeviation Range of Matrix
Paramater Recovery % fug/L) Anslyses Types
Bis(2-chioroethyljether 59 45 87 27 3
8is(2-chloroethoxy)methane 62 53 138 27 3
Bisf2-chloroisopropyliether 67 40 54 27 3
4.8romophenyl phenyl! ether 78 35 74 27 3
4-Chloropheny! pheny! ather 73 45 30 27 3
611.7 67 July 1882



Column: 3% SP-1000 on Supeicopor:
Program. 60°C -2 minutes 8°/minute to 230°C.
Detector. Mail alectroiytic conductivity

MHerxana
Bisf2-Chloroisopropyl) ether
8is{2 Chloroathyi) ether
4-8Bromopheny! pheny! ather
Aldrin

Bis{2-Chloroethoxy) methane

4-Chlarophenyl phenyl ether

e 1 i A e e A —dh e, A A

O 2 4 &6 & 10 12 14 16 18 20 22 24

Retention time, minutes

Figure 1. Gas chromatogram of halcathers.

Column: Tensx GC
Progrem: 150°C.-4 minutes 16°/minute to 310°C.
Detector: Hall slectrolytic conductivity
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Figurs 2. Gas chromatogram of haloethars.
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AMPLIL NO:
It CONC:

LAB NUMBER

TABLE 18.

DISTIILED WATER

1
J.om

2.50
3.40
2.90
.80
3.01
2.0
J.00*

0.90*
1.40*
2.8
0.00*
8.00
b. 20
13.63#
4,90
4. 10
3,10

5
2.40

2.40
2.40
3.0
3,29
3.83
?2.30
(1, 00*
1. 00
UL 00%
2.96
8,20
0.48*
2,10
3.71
6.20
4.80

17.65*
8.20
1.00
3.00

TAP WATER
1 5
3.00 2.40
2.40 2.00
3.60 2.00
5.10 3.20
300 Z2.30
29.10* 21.60*
0.10 0.00*
.00 0.00*
0.91 .00
U.uu* u.o0u*
2.18 2.45
3.00 0.9u*
4.50) 3.40
2.46 2.24
3.59 3.30
7.00 5. 60
7.80* J.60*
12.18¢% 11.49*
5.40 .10
u.09* 0.00*

0.90

.50

SURFACE WATER

1
3.0

2.50
3.30
2,30
2.00
2.94
.70
0.00*
0,20+
U. o
72,58
8.0
(.19
2.0l
3.556
/.00
3.20
13.70%
4,0
2.50
1.40

5
Z2.40

3.02
B0
3.20
15.30*
0,0+
1.50
0.50

WASTE WATER 1

1
3.00

1.90
2.30
2.30
2. 10
2.6]7
100
0.00*
7.99
U.0u*
0.00*
23.30*
0.46
390
2.82
13.20
10.30
0.00*
LI
3.720
1.10

5
72.40

41,.30*
4,60
5.40
1.0

WASTE WATLR 2

1
3.00

2.50
2.80
Q.00
U.0U*
21.60*
0.0
0.00*
0.88
.00
0.u0*
#e./0*
4.%0
2.13
0.00*
6.30
0.00*
0.00*
0.00%
ap. 10+
U.80

*

5
2.40

1.70
2.40
0.00*
.00
25.20*
0.00*
0.00*
1.%0
qd.00*
0.00*
37.50*
5.10
2.494
0.00*
10,40
g.00*
2.1%
0.00*
13.60
{1.41)

RAW DATA FOR BIS(2-CHLOROISOPROPYL)ETHER BY WATER TYPE

WASTE WATER 3

1
3,00

2.80
J.50
3.10
1.30
1.04
0. 00
.00¢#
0.44
U.00*
3.03
0,50
0.71
2.19
31.89
20.10*
4.21)
3. 10
4.60
2.0
1.20

5
2.40

2.30
2.50
3.10
2.00
2.78
0.00*
0.30
0.00*

N _NnNe
Vev

2.13
3.40
v.29
3.40
3.14
5.80
2.50
0.67
4.20
1.90
.60



AMPUL NU:
THUE CUNC:

LAB NUMBER

N S NS —

€z =

DISTILLED WATER

2
132.00

120.00
146.00
60.00
132.00
136.00
143.00
197.30
94,11
128.70
4.5
11.80

Z6.0U*

111.90
16.70
25.00

180.00
BZ2.40

lus. UV

97.00

*

b
42.00

73.00
§3.00
78,00
44,00
80.00
112.00
111.20
55.60
112.50
:’:'.XD
221.00"
36.,00*
He. 70
9u.30
18.20
123.00
h2.40
37.u0
43.50
$2.00

TAP WATER

2
132.00

120.00
146.00
117.00
120,00
193.00

280.00*

157.30
1u0.90
103.40

YR

30.0
128.00

24.0U
124.10
106.00

20.40

192.00*

B9,4%
113.90
147,20

34,00

6
92.00

81.00
£9.00
H4.00
83.00
Y4, 60)

300,00*

91.10
54.10
17,80
76,10
161.0U*
26.00
13.60
Hi. 30
259. 10
129.00%
6bl1.50
1.70
54,30
49,00

TABLE

12 (continued)

SURFACE WATER

Z
132.00

100.00
150.00
107.00
120.00
108.00
109.00
12.00
96.13
57.20
B7.70
23.80
28,04
93.00
130.00
31.00
138,00
16.27
14%.%0
102.20
53.00

6
92.00

79,00
92.00
74.60
44,00
6.0
160.00
167.5U
51.05
91.80
b%. 30
74,60

2.20
89,20
88. 10
20.40
79.00
J1.20
70,40
20,80
51.00

WASTE WATER 1

Z

132.00

88.N0
159.00
95.10
109.00
12400
158,30
Z299.00*
Y7.19
40.90
g3.70
175.00
24.00
89.40
122.00
15,10
125.00
61.73
117.90
86,50
50,490

6
92.00

52.00
91.00
54,00
94,00
82.40
97,00
97.70
25.62
77.20
RIT]
1620.00*
51.00
15,70
91.20
15.20
31,400
35,50
y7.10
63.00
16.00

WASLTE WATELR 2

2
132.00

130.00
167.00
136,00
125.00
135.00
211.00
4720.90*
103.70
69.90
8. 30
164.00
38.00
123.70
129.00
14.80
192.00
#9.13
139.20
61,40
33.00

6
92.00

88.00
81.04
100.00
82.00
98.70
190.00
339.20*
51.5¢
136.40
60.60
3.0
57.00
99,30
104.00
23.40
103,00
10.40
94, 30

*

31.00

WASTE WATER 3

Z
132.00

110.00
149.00
116.00
125.00
96.61
210.00
206.80
94.11
69.40
90.00
142.00
48.00
107,10
65.60
18.90

45,74
111.%0
121.60

49,00

)
92.00

75.00
91.00
58.00
84.00
67.70
164.00
47.90
55.60
103.40
77.50
141.00
%3.00
105.00
/1.40
21.20
73.00
36.80
52.10
74.30
41.00



TABLE 18 (continued)

DISTILLED WATHR TAP WATER SURFACE WATER WASTE WATER 1 WASTE WATER 2 WASTE WATER 3

AMPUL NO: 3 4 k! 4 3 4 3 4 3 4q 3 4
IRUL CONC: 486.00 624,60 436,09 624,00 486,00 624,00 436.10 624.00 436.00 624.00 486.00 624.00

LAB NUMBER

1 470,00 610.00 430.40 540.00 250.00 540,00 380.00 470.00 430.00 560.00 430.00 590.00
4 575.00 571.00 653.00 714.00 651,00 757.00 642,00 610.00 670.00 711.00 661.00 57.00
3 464,00 446.00 300 390.00 348, 00 530.00 135,00 306,00 394,00 512.00 420.00 642,00
4 520,08 570.00 500.00 610.00 4hn,00 700,00 485,00 640100 470,00 600,00 490,00 700,00
b 517.08 513.00 492.u0 558.00 438.00 H89.00 437.030 477.00 506 .00 673.00 421.00 533.00
b 340.00 510.00 420,00 650.00 610.00 540,00 180,00 540,00 950.00 170.00 545.00 640,00
7 175,70 832.00 652.40 191,20 674.20 1307.00* 743.30 258,10 1133.00  1232.00% 1019.00* 1448,.00*
g 344,50 507.40 37850 457,59 361,20 18,20 313.50 467.20 391.10 462,30 119,20 ani, 70
9 215,50 328.30 3u7.10 506.9V 307.00 430.70 280.50 364.40 374,30 303.20 352.00 421.20
10 392.00 469.00 4562.00 464.00 371.00 4491.00 310,00 466,00 398,00 474,00 366.00 485,00
11 65000 244,00 548,00 615,00 206,00 544.00 194.90 416.00 1120.00 515.00 571.00 614.00
12 ius.Qu* 46.00*  Z2¥4.00 J93.00 197.00 379.00 213.00 179.00 207.00 243.00 218.00 395.00
13 393.80 572.00 452.70 63,00 425.30 643.00 407.10 596,10 $20.40 549,20 521.10 bU5. 80
14 479.0u 565.00 345.00 542.00 422.10 560,00 alu.u0 478.00 Jel1.00 395.00 319.00 415.00
15 15,00 81.00 63.90 95,00 49, (0 44,130 110.00 100,80 93,00 62.90 105.00 65.00
ib 400,00 589.00 856,00%  915.00*% 452.00 582.00 329,00 605. 00 425,00 593.00 431.00 571.00
17 %19.60 515.70 440,40 547 .00 55%5.61) 389.00 a487.60 552. 80 102,50 436.10 247.11 651.30
18 392.90 Huh. 00 414,80 650.20 581.34 HY4.60) 376,80 504,80 510.20 456.50 258,30 340.00
19 bb/.6U * 110.80 * 30.20 41.80 86.50 741,00 283.00 331.60 292.40 923.20

20 230,04y 400.00 180.00 160.00 210.04) 220.00 160,00 140.00 140. 00 120.00 170,09 180.00



£L

AMPUL NU:
TRIE CUNC:

LA NJMBER

TABLE 19. RAW DATA FOR B!S(2-CHLORQETHYL)ETHER BY WATER TYPE

DISTILLED WATER TAP WATER SURFACE WATER WASTE WATER | WASTE WATFR 2 WASTE WATER 3
1 5 1 5 1 Y 1 5 1 ) 1 5
1.40 1.60 1.40 1.69 1.49 1.60 1.40 1.60 1.41 l.60 1.40 1.60
1.30 1.50 1.20 1.40 1.30 1.50 1.20 1.20 13.00 14.00 1.50 1.60
1.10 1.29 1.10 1,10 1.30 1.50 1.00 1.40 1.10 0.00* 1.30 1.60
1.10 1,30 Z.00 1.60 0.8/0 1.20 1.10 1.10 0.00* J.00* 1.20 0.84
u.60 v.74y 1.1V 0. /70 0.yt 0.50 1.1Y 1.30 0.00* 0.00* 1.00 1.00
1.43 1.44 1.13 2.64 1.48 1.61 2.6 1.13 27.60 24.30 1.01 1.79
U. 3 u.u0* U.u0* v.4U .1y U.4u u.40 u.10 6.0V 9.00 0.40 0.30
0. 00* 0. 00* Q.U U, 00 3.10 n,00* .0 0, 00* 0.00* J.40 0.00* 1.20
U.u0u* U.db 0.0+ J.00* 0.0u* u.u0* 1.1/ U.0U* 2.40 1.38 u.17 0.00*
0.0 0.00* i, e 0, N0 0.0u* UV 0.00* U.00* Gg.900* 0.00* 3.00° 0.05*
0.90 1.56 0.90 1.4/ U.69 U.84 V.61 t.37 0.0U* 0.00* 1.03 0.90
).00* 0.70* 3.20 2.10 0.70 2.79 3,40 20.40* 8.40 13.20 0.10 0.80
0.49* 0.13* 1.90 .54 0.09 1.00 0.55 0.40 1.90 4.30 g.27* 0.13*
1.10 1.73 1.17 1.40 1.09 1.32 1.49 2.20 1.10 1.90 1.25 1.18
0.00* 2.21 1.58 1.54 l.b¢ 1.75 1.30 1.63 13.90 10.40 1.92 1.79
7.90* 65.90 8.80* 6.00* 9.00* 6.50% 9.10* B.490* 6.10 6.30 6.00* 8.60*
2.40 2.60 J.20% 1.70* b.10 1.50 1.70 2.10 22.00 9.30 2.50 1.20
3.70* 1.72 4.59* 9.23* 4,23 R, 10% 5,63* 66, 30 .00 0.00* 2.85 4.38*
1.40 4.20 2.90 3.0 3.60 3.40* 1.80 1.99 1.40 0.09* 1.30 1.60
1.40 0.70 U.00* J.0U* 1.60 l.20 1.30 1.30 16,40 9.70 1.40 1.40

1.4u }.00 1,40 J.80 0.90 1.30 1.00* .90 0, 8* 0.60* 0.90 1.720



~1

-

AMP L AN
Taut COnC:

LAE NUMBER

DISTILLED WATER

14
1Ug.00

72.00
116,00
b1.0U
115,00
99,20
H5.00
133.40
i6.24
61.80
(A1)
Z5.70%
20,00*
93.70
$6.00
au.1v
133.00
64.11
#0.40

E

6.00

b
87.00

65.00
72.00
75.00
82.00
66.30
URY
91.50
52.73
13.20
GERCIY
Zb. U0
34,00*
8Y.50
14.90
25.40*
94.00
63.00
64,720
12.20
B.40*

TAP WATER
! b
108,90 37.00
947.00 74.00
114,00 66.00
113.00 34.00
38.00 i7.00
72.50 14,60
93,0V 100.Qu
121.50 845,00
82,39 £2.84
56.30 »8.30
58, 00 62.90
34,20 v3.40
18.00 13,00
100,30 33.50
81,50 68. 60
45,70 22.20
136.00* 93.0u*
77.05 84. /0
105,00 57.90
#l1.10* 34.70*

12.00

10.00

TABLI

19 {(continued)

SURFACE WATER

7
108.00

79,00
129.00
H#Y. 00
110.00
Y\
53.00
by.60
18,78
44,70
63,20
15.%0
19.00
94,70
9/.490
35.40
109.00
71.88
HH.40
75.80
16.0U

H
87,110

69.00
66.00
67.00
86,00
b/ 10
84.00

153.00*

606,91
25. 10
ha, 20
45.30

1.50
81.30
75.10
28.90
72.00
b/.80
49,30
14,10
9,00

WASTE WATER 1

?
108,00

69.00
126,00
H7.00
90.00
94,80
713,00
241.10*

7.62
49.80*
88,70
57.20
22.00
90,20
yl.4y
20.80
89.00
b0 a8
78.40
714,50
16,00

&
37,00

43.00
1300
57.00
72.00
69.30
51.00
155.40*
24.64
22.90*
65,80
298,00
40,00
97.40
75,40
18.40
12.04
a1.qy)
61.%0
53.50
12.00*

WASTE WATLR 2

/7
s, 00

110.00
126.00
110.00
120.00
94,00
76.00
167.30
82.3%
17.70*%
60. 80
55.40
38.00
110. 80
111.00
30.60
125.00
IR 11
88,90
Ju.60
11.00*

6
87.00

77.00
79.00
91.00
84.00
79.30
70.00
121.50
51,44
20,40*
55,490
47.40
38.00
84.90
93.130
25.40
70,00
46.90
59.40

*

9.50*

WASTE WATER 3

2
108.00

81.00
126.00
93.00
105.00
16.70
79.00
137.50
76.24
40,70
hd, A0
38.70
34,00
108.00
56,60
61.20
L]
42.19
H8.10
¥2.30
19.00

6
87.00

63.00
78.00
54.00
#53.00
59.90
%71.00
72.10
52.73
59.00
61.60
51.20
36.00*

100.00

64.20
16.90
60.00
36.80
53.90
65.10
11.00



AMPUL NU:
TRU'E CUONC:

LAR NUMSER

DISTILLED WATER

3
602.40

580.00
551.00
551.00
660. 00
617.00
270.00
677.8Y
44%6.010)
237.490
574.00
150, 0u*
123, 00>
480.70
5¢0.00

76.00
454,00
645, U0
472.30
541.50
310,40

4
402.00

4110.00
425,00
2718.00
350.00
397,00
170.00
415,70
332.10
146.10
290.00
153.00*
27.00*
379.70
367.00
49,50
3vs.00
4:10.90
3n2. 00

L]

410.00

TABLE

TAP WATER
3 4

602.00 402,00
510.00 340.00
587.00 454,00
475,00 211.00
580,00 365.00
444.00 329.00
300,09 200,00
616.410) 425,30
436.90 294,20
255.30 246,60
541.00 323.00
137.00 108,00
315.00 228,00
6U3.40 423.10
47300 417.00

70.10 58.490
876.00% 503,00
5349.4y 413,20
478,450 385,30
68.90* *
8000 100,00

19 (continued)

SURFACE WATER

3
607,00

330.00
589,40
392.00
600,00
543.00
530.00
652.60
453.00
310,80
403,00

7¢.U0
208,00
494,00
564,00

18.00
569,00
769.90
H40.80

32.00

91,00

a
402.00

330.00
460.00
340.00
370.00
379.040
180.00
66,50
288,50
151,90
J03.00
i1#é .00
285,00
435,49
391.00

72.30
359,00
314,30
350.70
27.80

10,00

WASTE WATENR 1

3
602.100

450.00
597,100
430.00
640.00
522.00
30,00
696,70
39¢.10
264.80*
358,00
4.40
218.00
509.30
467.00
¥z.00
441,00
704.20
438,60
114.30
20,00*

4
402.00

290.00
421.00
221.400
345.00
Jag,00
190.00
467.50
323.30
154.90*
285,00
200.00
106.00
399.40
322.00
92.00
35%.00
367.90
363.10
438.90
71.00*

WASTE WATER 2

3
602.00

490.00
601.00
432.00
560.00
555.00
390.00
841.00
444,49
382.20*
476,00
127.0i)
181.00
599,30
465 .00
110,00
501.00
391.40
4bb .10
290,10
53.00*

]
402,00

360.00
423.01)
348.00
380.00
383,00
Z250.00
798.60*
304.50
95.70*
323.00
226Ul
132.00
3ul.60
290.00
43.10
346.00
451,00
229.60
223,60
51.00%

WASTE WATER 3

3
602.00

510.00
569.00
479.00
560.00
512.00
3490.00
823.00
508.20
328.70
441.00
111.00
238.00*
6U9.00
452.00
92.00
514.00
167.60
438,70
330.%0
731,00

q
a02.00

380.00
az7.00
4/2.00
390.00
335.00
190.00
581.00
331.70
144.80
303.00
£68.00
223.0u*
413.90
283.0V
61.00
326.00
409.60
240.40
549,30
06.00



AMPUL NO:
TRUE CUNC:

LAB NUMBER

TABLE 20.

DISTILEED WATER

1
1.40

1.10
.50
0.%0
1.00
1.46
U.40*
0.00*
.57
0.ap*
.93
0,on*
0.30*
1.33
U.u0*
11.100*
1.490
J.38*
H.50*
u.70
37.00*

5
1.9

.90
0.60
U.60
1.5
U.99
U.00*
0.00*
0. tH)*
.00
0.79
0. on*
U.14*
.96
1.14
8. 30*
.40
3.65*
5.10¢
U.30
JuLgi*

TAP WATELK

1 5
1.40 1.00
0.70 0.80
0.50 0.70
1.50 0.80
0.70 0.50
1.42 1.006
Hn.op* 0.10%
2.6% 1.30
0.00* 0.00*
.00 0,00
0.414 n.81
0.00* 0.00*
0.493 0.53
1.0% 0.70
1.53 0.89
9, 20* 6.0V
2. 6i) 0.480
5.10* 5.53
12,70 12.70*
Ut 0.00*
4, 3% 6. 0U*

SURFACE WATER

1
1.30

1.10
0.5
0.70
1.40
1.488
.30
0.00*
.00
0,
0.5%2
L0
1
08
.42
30
.10
3.8
5. 30+
1.90
5.0U*

— X —— N

b)
1.010

0.80
0.60
U.%0
0, 30
1.b66
.30
0.00*
0.00*
UL
(.34
0.00*
0.74
U.81
0.89
l.1u
0./n
6.43
12,60
l.10
3.0+

WASTL

1
1.40

1.20
.50
1.10
1.%0
1.46
0.49
0.70
G. 00
.00
0.38
17.720*
0.44
2.0
1.08
11.00
1.30
6.9Y
1,60
1.0
4.70*

WATER

5
1.00

1.30
1.,50
0.40
9.90
1,74
0.00%
0.00*
0.00%
AR
0.25
b.20*
0,14
1.60
0.70
17.00*
.60
2.78
4,40+
0.9t
4.20*

RAW DATA FOR B/S5(2-CHLOROETHOXY )METHANLE BY WATER TYPE

WASTE WATER 2

1
1.40

2.20
0.00*
0.00*
1.40
1.34
0.0u*
n.00*
g.69
{3, 0i*
1.00
8.00
1.60
1.59
0.00*
8.30
D00
0.9%
8.7
56,40*
2.G4u*

5

1.00

1.80
0.70
0.00*
1.40
8.50
0.00*
0.4%0
g.uu*
0,004
0.8?2
4.00
1.40
1.10
0.00*
5.40
0.0uU*
2.00
9,20
0.00*
5.20*

WASTE WATER 3

1
1.40

2.10
0.40
2.00
1.10
u.88
0. 30
0.00*
0.0u*
0.00*
1.24
2.60
1.50
1.9
1.33
4.20
2.80
2.63

1a.0p* °

1,50
Yol

5
1.00

1.00
0.70
1.00
1.10
1.20
0,20
0.00*
0.00*
0.u0u*
0.7%
0,00
0.78
1.82
0.62
4,30
12.10*
4,98
4.5%0)
1.50
5.90*



v

e

AMPLUL NU:
TRUL LUNC:

LAB NUMBER

B N —

~

10
11
17
13
14
15
16
Y
13
19
v,

DISTILLED WATER

2
106.00

76.00
92.040
44 .00
y7.00
31.%0
40.00*
118.74
64.22
12.50
57.44

U.0g*
21.00*
95.70
47,20
80,50
102.00
54,03
6. 31

*

460,00+

6
126.00

68.00
102.00
99.00
114.00
94,60
60, 00*
113.40
80.5¢
66.70
87.20
790.00
92.00*
121.90
95,10
32.60
130.00
64.40
105.80
69,10
310.00*

TABI.F

TAP WATER

Z 6
106.00 126,90
83.00 110,00
102.00 42.00
54 .00 18.00
90.00 114,00
62 .80 104,10
31.00% 64, 0u*
103.50 109,20
68.22 80.03
64.20 bU.40
43.60 84 .50
18.40 135.00
19.00 60,61
112.60 121.10
63.10 85.90
63.80 21.10
94,00 131.00
63,30 H9, 40
7].90 Hi. bl
75.70 56.70
180.00%  160.00*

106

59
96
17
102
h9
37

43.
69.
a].

N1
!

21

93.

16
43
71
a6
43
I

20

(cont.inued)

SURFACE WATER

?
A0

.00
L0
00
00
.2U
LU0
6U
23
U
A
.30
00
a4
10
.60
LU0
.09
LU
.90

280, 00*

6
126.m)

93.00
108,00
80,00
12%.01)
9¢ .60
J0.00
191.70
67.62
572.91)
., mn
11.40

3.10
110,60
94,60
41,00
843.01]
a8, )
HY. /0
29,60
180,00

WASTE WATER |

e
106,00

72.00
94,00
70.00
35,40
83.20
66.00
225.00*
71.55
3870
60,30
83.1U
21.00
93.49
63.70
49.90
69.00
44,25
74.00
75.30

290.,00*

6
126.00

76.00
108.00
6H,00
105,00
95.%50
41.00
195.90*
31.58
a0.10*
12,80
453.00*
65.00
143.60
91,40
21.30
8%.00
55,39
80.10
57.00
190.00*

WASTE WATER 2

?
106,00

79.00
95,00
85,00
100,00
88.90
74,00
167.20*
75,63
47,70
45,90
64.80
30,00
112.90
93.80
66,70
105.00
60,97
94,40
33.90
180.00*

5
176.10

85.00
115.00
105.00
116.00
112.00

97.00
135.90

89.94
1t7.00

67.90
112.00

76.00
132.30
109.00

343,80

86.00
237.50*

63.70

130.00*

WASTE WATER 3

?
106,00

63.00
101,00
#2.00
93.00
61.50
61.00
91.10
64.22
116.30
56,30
48.30
41.00
114.30
47,30
75,40
*
33.17
b7.10
70.10
23U.00*

6
126,00

62.00
118.00
68.00
120.00
90.70
80.00
37.30
B0.52
114.90
81.50
110.00
82.00
144,10
95,30
45,10
80.00
51.50
88.30
77.70
210.00*



-

AMPUL NU:
TRUE CONC

LAB NUMBLR

DISTILLED WATER

3
398,90

300,00
302.00
WS.00
410.00
44,00
1000
436.80
289,90
148,10
296 00
152.00
98 00
31390
339.00
98,00
245,00
311,60
293,30
362450
RV

q
528,10

340.0U
470.00
253.00
a70.00
J10.00
120.00%
433.50
443,70
228.10
342,00
69.00
39.00%
541, A0
425,00
53.50
346,00
428,10
458,10

*

%20, 00

TABLLE 20

TAP WATEK
3 4

398,00 528,00
310.00  340.00
340.00 378,00
143.00  233.00
360.00 480,00
279,00 409,00
80.00%  150,00%
398.60  459.90
308.60  393.80
170.60  263.50
269.00  323.00
162.00  1/2.00
22400 236.00
399,40  472.20
296,00 467,00
83.10 65,10
521.00 559,00
282.60  471.00
292.%50 14,40
79.00 .
500.00%  600.00*

{continued)

SURFACE WATLR

3
398.00

170.00
254,00
270.00
400.00
364,00
160,00
407. 30
2494.20
1493.50
233,00

8.30
168.0u
353,10
394.09
95,00
23710
333.40
436,50
21.20
610.00*

4
928 .00

290.00
4445.00
435.00
500.00
SUZ .M
130.00
727.60
3939.1)
271970
338,00
180,00
350.00
b#1.40
446.00
63.10
342.00
329.60
459, 30
30.30

100U. 00

WASTE

3
398.00

270,00
363.00
238.00
380.00
334.00
70.00
502.40
260.80
184.30*
219.00
97,10
207.00
369.60
307.00
63.00
213.00
306,10
281,10
75.00
45 . 0u*

WATER 1

q
528.00

350.00
531.00
259.00
550.00
33i.00
130.00
610.10
a02.10
205 . 8N*
315.00
297.00
135.00
HH0. 20
402.00
63.40
370.00
425.20
474,50
%33.90
910.0U*

WASTE WATER 2

3
394.00

290.00
342.00
315.00
400. 00
349,00
130.00
435.30
321.60
281,20
262,00
151.00
149.00
Jgs.20
270.00
83,00
271.0n
1672.20
314,490
173.60
4o, 0U*

4
528.00

410.00
599.00
402.00
580.00
474.00
220.00
838.40
411.10
179,80
332.00
336.00
217.00
515.00
303.00
120.10
434.00
484.10
338.60
243.60
580.00*

WASTE WATER 3

3
398.100

310.00
324.00
240.0v
390,00
312.00
140.00
4/2.10
336.20
247,20
255.00
131.00
224,00
372.30
205.00
38.00
219.00
144,10
249.70
170.40
479.00*

q
528.00

430.00
460.00
396.00
520,00
408.00
160.00
7155.70
426.480
333.50
327.00
440.00
65.00
499.30
322.00
110.50
347.00
$13.80
370.50
562.30
950.00*



AMPUL. NO:
TR CONC:

LAB NUMBER

TABLE 21.

DISTILLEY WATER

1
14,50

9.80
14.00
6.70
15,20
20,30
1. 30"
0.uu*
0.0u*
Th,2n
5.04
0.0n*
ZORO
Z20.80*
0.00*
13.00
23.50
45,4
10.00
21.HU
U.4u

b
6.60

6.40
6.90
4.30
3. 70
7.99
0.00*
0.0u*
u.oo*
UL
3.9%
U, 0u*
1.20*
13.50*
12.30
10.00
11.50

39,73

11.80
b. 90
1.30

RAW DATA FOR 4-CHLOROPHENYL PHENYI,

TAP WATER
1 5
14.50 6.560
12.00 6.30
15.00 5,20
11.10 5,490
11.50 §.00
11.%0 7.46
1.70 2.1u0
U.0uU* 0.00*
U.0u* (1.0«
15 61 7,00
5.02 2.417
1.50 .60
18,00 H,20
19.90* 14.:30*
15.20 7.40
19.50 8.90
23.10* 7.30*
44, 35+ 47.33*
1,70 12.19
L.0O* 0..J0*
b.01 3.30

SURFACE WATER

1
14,54

1Z2.00
15.00%
1.00
15.50
11.90
4.44)
0.06*
g o
11.08
5.22
3.50*
1.10
18.00*
13.80
12.20
12.%0
AN
13.10
9,90
3.90

Y
6.60

5.80
8,30
5.00
5.8
h.74
Z.10
0. 00*
0.00*
5.90
2.51
1.70*
5.10
13.90*
6.99
H.60
1.10
34,04+
11.90
1.20
4.10

WASTE WATER

1
14,50

12.00
15.00*
6,90
17.00
14.20
6.00
0.8
0.00*
12.10
1.67
5.%0
1.20
19.40)*
7.57
15.00
16,30
36.08*
13.31
3.450
5.79

5
6 .60

5.10
8, 30*
2.50
9.720
4.80
15, 0u*
0.00*
0.00*
7 .60
2.75
6.70
3.00
13.30*
3.64
6.60
7.20
2393
10.10
3.30
4.10

ETHER

BY WATER 'TYPE

WASTE WATER 2

t
11,60

19.00
15.00
0.09*
28.00
16.40
70.n)
0.30
6.07
(1.00*
3.37
53.00
18.00
19.30*
17.10
4,90
24.%0
/.46
14,80
6. 10
4.00

5
6.60

14.00
7.50
0.00*

23.00

12.00

/.00

(.00
9.11
dg.00*
0.00*
42.40
4.80
14.20*
17.80
7.10
7.40
96.37
4.80
27.50
2.60

WASTE WATER 3

1
14.50

13.00
14.00*
11.80
15.00
12.80
8.10
0.60
1.97
u.ou*
2.00
1.90
11.00
23.00*
14.80
8.00
18.40
21.00
9.10
8.70
4.490

5
6.60

6.50
9.50*
7.40
8.40
8.61
9.00
0.00*
0,00*
IR
2.53
g.0u*
6.60
13.40*
6.44
12.00
6.40
30.75*
1.30
5.00
3.430



x>

AMPUL NU:
TKRUL CUNC .

LAB NUMAFR

14

JISTINLED WATHR

Z
94,00

74.00
143.00
140.00
97.00
40,30
33.00
114,00
59.60

172k kI

b H()
18,50
24 . 00*
110.80*
34.00
100,20
114,00
H{) 80
Ha .00

36.00

[
120.00

93.00
158.00
Y5.u4
118,00
103.00
H O
123.40
H9.21
s a0
115.00
91.10
47.00*
1by. /0
126.00
48.30
161.00
55,70
106.40
116.90
41.009

TABLE

TAP WATER
? 6
94.00 120.00
83.00 100.00
141.00* 15%4.00
63.00 88,00
48,00 116.00
64,50 112.00
49,00 132.00
82.70 105.10
65,43 84,23
102,40 103,20
73.20 118.00
a6.70 I8.40
26.00 Hy .00
129,110+ 164, 20*
74.30 y3.1v
69.60 45,00
120,00  183.00*
61).70 60,60
97.80 117.%0
64.60* 712.10%
70,00 51.00

21

{continued)

SURFACE WATER

2
91.00

74.00
138.00*
b7.00
104,00
97.00
32.00
44,10
7596
92,60
64.5%0
11.30*
Ja.00
10b.50*
BB, 70
HYh .60
HQ,00
47.39
33.80
57,10
651.00

6
120.00

96.00
154,00
#4/.00
125,00
78,30
103,00
213.49*
19.73
119,00
11.00
35.00*
b.60
161.30*
101.00
32.20
110.00
74,40
95.440
24,10
54 .00

WASTE WATER 1

)
94.00

71,00
140.00#
59,00
8l.00
B6.00
45.00
141.10
%4,30
122,50
64.5(0
64.10
18.00
15,70
73.80
56.10
79.00
30,74
61.90
101.20
67.00

6
120,00

91.00
158, 00*
5%9.00
109.00
101.00
49,00
126.20
30.79
75.4¢
115.00
515.00*
94,00
186.10*
101.00
93,20
18,00
46,40
45,40
hO. L1
46,00

WASTE WATER 2

2
44,00

84.00
141.00
$81.00
100,09
69.80
74,00
54,30
78.99
0, 00
67.70
36,30
34.00
123.70*
82.30
120.20
#9.00
44.51
Ba,70
9. 7u
130,00

6
120.00

100.00
165.00
943.00
112.00
92.20
113.00
69.00
68.19
29,0+
H6.10
256.90
73.00
174.00*
110.00
63.10
109.00
53.90
63.50
*

41.00

WASTE WATER 3

2
94.00

74.00
145.00*
76.00
100.00
67.40
76.00
115.40
99,60
214 .10
/0.20
27.10
75.00
153.60*
$7.30
83.00

30,29
81.50
649.130
44,00

6
120.00

92.00
159.,00*
64.00
120,00
H¥3.70
100.00
22.50
89,21
234,704
108.00
40,00
117.00
163.30*
125.00
38,20
96.00
49,7
12.00
931,20
53,00



)

AMPUL WU
THUE CUNC:

LAB NUMBER

DISTILLED WATER

3
489.00

440,00
703.00
441,00
S59.00
484,00
120.00*
645,70
340.80
RIIINCTY
169.0U
2172.00
#4,00*
S88. 40+
450,00
160,00
431,00
a7u,50
473,80
477,70
120,00

424,

330.
712.
294,
41810,
30y,
130,
180,
375,
187,
167.
207,

59

244

1840,

4
()

00
0u
o
00
ou
vo*
Uy
20
50
o
0o

LA0*
&o0.
420.

b3.
aniz.

HU
Y
]
VY

.30
494,

0
*

i

TABI.F

TAP MATLR
] a
489.00 424,00
460,00 390,00
750.00 670.00
413.00 280.00
530.00 S0, 00
407.0n0 9.0
1/70.00 70,00
561,90 403.00
417.40 329,40
411.490 482.40
169,00 14400
240.00 02,00
Z2it.uu 24400
6R2,450* nd7,.00%
373.00 334,00
150,00 83.10
g145,00* 575, (H)*
360.20 351.00
446, 30 451 .50
112.30* *
150,00 150.00

21

{continued)

SURFACE WATER

3
489,00

260.00
Jo8.00%
411.00
394,00
3800
2H1.00
544, 30
121.20
545,30
1649 01
129.00*
Z0K.00
byl 2o
466,00
210,00
462,00
436, 30
453,91
33.90
Z219.00

q
424.00

340,00
6783.00*
389.00
490,00
2dh .00
130,00
d13.40*
12510
ana 10
163,00
195.700*
Jig.00
B, QO*
393,00
84.20
357,00
276,70
45,00

36.40
180,00

WASTE WATLR |

3
489,00

390. 00
712.00*
J1/7.00
395.00
424.00
130,00
581.%0
261,50
360,20
160,00
41,50
2649.00
H99,70*
389,00
110.00
332.00
26Z.50
333,00
211.720
230.00

q
424 .00

340,00
662.00*
252.00
560.00
3135.00
190.00
472.90
294,50
J77. el
174,00
145,00
135,00
600, 90*
361.00

53.20
340.00
278,30
314.00
143.80
400.00

WASTE WATER 2

R}
444,00

390,00
683,00
345.00
450,00
644,00
230,40
441.10
404 .30
479,90
143,00
2491.00
278,00
621.50*
209,00
200.00
417,00
123.10
414,60
356,60
130.00

4
424,00

380,00
621.00
363.00
530,00
346.00
130.00
410.30
248.10
349.40
1/1.00
166.00
244,00
594.00*
173.00
210.40
450,00
216.40
210,30
419,00
120,00

WASTE WATER 3

3
439,00

380.00
740.00*
JAR.00
428.Q0¢
435.00
230.00
854.3y*
419,90
547.90
186.00
291.400
198,00
613.90*
373.00
151.00
310,00
208,40
385,60
239.20
2¢0.0U

4
424 .00

390.00
682.00*
541.00
510.00
348,00
163.00
847.90*
351.00
54%2.80
164.00
204.00
262.00
508,70
384,00
106.80
358,40
349, 60
3a41.70
592,30
160,00



AMPLIL NO:
TRUL CUts

LAB NUMBER

13

20

TABLE

22.

OISTILLED WATER

2.

1.

1
1)

90

2.4

4.
3.
h,
U.
0.
U.
U.
2.
0.
0.
3.
J.
3.
10
.
Y.
5.

i,

0u
6y
hiy
oo*
uo*
un*
uo*
44
oo*
14
43
y*
nn

44
30
ulJ
B

5

3,10

3.60
4.30
3.490
7.00
7.2%
0.00*
U.00*
0.00*
0.00*
2.85
0.00*
0.42
10.20
9.bYy
g.0u
7.00
22.28*
#.10
.50
1.30*

RAW DATA FOR

TAP WATLR
1 5
Z.80 3.40
750 3.70
1.80 2.30
6,00 ho10
3.40 4.0
3.60 6.482
0.00* 0.90
U.00* 0.00*
G.0u* C.ou"
U.00* 0.00*
2.6% 2.47
u.yu* J.,00*
1.40 4,20
2.4 g.440
3.480 6.21
8,00 10.00
6.2 9,60
.23 21.13*
3.80 10.50
U.on* 0.00*
2.H0 1.8

4-BROMOPHENYL PHENYI,

SHRTACE WATER

1
2.80

1.70
1.80
4.30
h,61)
.43
2.20
0,008
Q.00
0.y
Z2.49n
11.60)
0,96
3.06
3.3%
10,10
3.00
6.65
4,19
3.40
3.00

5
3.4

4.00
4.70
4.80
4.5
b.ly
0.40
0,00
£.29
0.00*
2.45
7.00
2.0
8.34
5.40
9,00
3,60
16.63*
9.60
4.50
1.90

ETHER BY WATER TYPFE

WASTE WATER 1

1
2.80

2.90
2.00
J.70
#.20
4.4]
7.00
1.20
g e
0.00*
0.00*
d4.60
1.30
.86
3.3
4.00
4.00
6.13
Y.50
.11
Z2.50

b)
3.40

3.30
?2.70
2.50
8,20
5.17
2.00
0,00*
0.00*
0.00*
Z2.h6
57.10¢
2.00
9.10
4.04
#.30
.50
10.00
9,490
2.0
Z.10

WASTE WATER 2

)
2.80

3.10
2.00
0.0u*
12.50*
13,50
2.00
1.87
0,00~
U.00*
2.17
4,30
1.10
3.94
6.74
6.00
7.0
.
1.20
4.30
2.0

5
3.80

4.00
3.0
u.0u*
17.50
30.20+
4,00
0.00*
0,00*
0.00*
2.57
220.00*
0.7%
4.39
16.10
Y.50
13.00
14,343
H.50
U.o0*
1.80

WASTE WATER 3

1
72.480

3.10
0,00+
8.50
4.50
4.58
Z2.30
0.80
0.00*
0.00*
2.17
4.30
1.60
3.94
6,74
6.00
7.70
3.70
1.20
4.30
2.0

5
3.80

4,30
3.30
6.40
4,80
6.86
2.30
0,00+
0.00*
0.00*
1.98
5.50
0.48
B.bb
4.09
6.30
4,80
17.98*
0.0U*
5.00
1.90



€8

DISTILLED WATER

AMPUL NU: 2

TRUE CUNC: 145.0V

LAB NUMBER

1 120.00
2 192.00
3 6%.00
4 135.00
Y 139.00
[} 71.00
/ 245,10
8 95,493
9 266.40
10 198.00
il 6Y. U
i2 37.00
13 134,70
14 79.10
15 50,60
Ih 204,00
17 86,04
13 102,30
19 ¢
2U 16.0u*

6
116.00

85.00
113.00
Y8, 00
104.00
113,00
70.00
166,40
57.90
64.30
200,00
116,00
39.00
128,20
112.00
41.10
149,00

7.43
uyY, 9
143.70
23.00*

TABLE 22 (continued)

TAP WATER

2
145.00

130.00
184.00
y3.00
145.00
112.00
85.00
185,90
100,80
257.90
215.00
74.00
35.0U
149,10
88.20
44.10
196.00*
63.81]
127.10
133.50
83.0u

6
116.00

110,00
113.00
89.00
128,00
125.00
96,00
161.40
47.66
43.60
210.00
49,00
84.00
112.50
84.50
30,10
166.0U*
43,20
83,490
89, 10
45.00

SURFACE WATER

V4
145.00

120.00
203.00
1U3.00
165.00
97, 30
46,00
103.80
102.5%0
246 .50
189.00
63,100
45.00
120,10
131.00
33.90
164.00
43,12
126.00
119.%0
120.00

6
116.00

100.00
117.00
#9,00
148,00
100.00
#0.00
197.60
60.43
82.30
188.00
50.00
?2.20
113.30
106.00
28.90
126.00
H#2.30
8370
32.20
84,00

WASTE WATER 1

2
145,00

120.00
197.00
8Y.00
134.00
i%1.00
118.00
7286.60
77.47
226.20
189.00
99,10
Z26.00
139.80
101.00
109.00
128,00
23.R9
H5.20
186.50
Y. 0v

b
116,00

96.00
117,00
61.00
118.00
103.00
66,00
271.80*
153.40
44,60
205.00
436.00*
H9.00
134,00
93.70
28.50
112.00
39.30
96,30
61.40
51.00

WASTE WATER 2

2
145.00

120.00
213.00
120.00
145.00
159.00*
100,00
2712.30
118.80
262 .80
191.00
247.00
50.00
146.80
162.00
56.10
140.00
37.40
143,90
69.40
51.00

6
116.00

89.00
128,00
43,00
118.00

139.00*

108.00

2726.80*

46.14

366,10

86,50
31.40
88,00
129.20
132,40
48.30
126400
14,60
109,00

38.00

&

WASTE WATER 3

2
145.00

130.00
216.00
110.00
148.00
31.80
120.00
235.10
95.93
428.60*
181.00
63.00
101.00
143.90
98.50
42.10
*
25.18
114.20
120.50
71,00

6
116.00

94.00
129.00
6/.00
125.00
83./0
81.00
2u.20
57.90
195.60
194.00
83.00
117.00
154.00
162.00
48.30
101.00
43.80
59.10
844,30
41.00



AMPUL NQ:
FRUE CUNC:

LAB NUM3ER

OISTILLED WATER

3
552.00

550.00
526.00
AR7.00
510.00
528.700
130.00
y271.%
405.10
gud. 40
410.00
338,00
138.00
499.30
572.00
1%0. 00
538.00
%70,50
A64.80
710,01
41.00*

)
626.00

550.00
6494.00
397,00
540.00
415.00
180.00
874.30
467.10
716.40
465.00
338.00

63.00
679.730
609.00

39.00
733.00
447.70
©22.6V

91.00*

TABLE 22 (continued)

TAP WATLR
3 4
552.00 626.00
500,00 560.00
554.00 7147.00
475,00 380.00
690.00 760,00
447,00 530.00
160.00 200,00
835.10 820./0
439.20 506.90
897.480 1089, 00
388.00 448,00
282.00 320.00
519.00 536.00
572.80 651.00
505,00 613,00
171.00 63.00
1179.00* 995, Ju*
427,450 538,600
4145,20) 607.50
175.00 *
180,00 210.00

SURFACE WATER

3
542,00

330.00
%34.00
443,00
640,00
401%, 00
320,00
875.50
476.50
1289, 00+
qil.o0
113.00
394,00
h26,00
583.00
160.00
5%58.00
452.50
504.50

56,50
2b0. 100

a4
626,00

470.00
673.00
562.00
670.00
466.00
170000
1142.00
413.4d0
697.40
as1.0u
310.00
626.00
T06.00
514,00
39.10
681,00
309,130
Y20
80,10
170,00

WASTE WATER |

3
552.00

499,00
%47.00
333.00
$75.00
4/2.00
160,00
899,50
229.10
460.90
4y au
6U6.00
405.00
575,30
a455.00)
9504
376.00
213.00
13010
240.00
Z10.00

q
626.00

550.00
691.00
176.00
610,00
470.00
240,00
973.90
328.00
471.70
475,00
237.00
258.00
637.10
53172.00

66,10
565.00
297.20
410.90
247.60
240.00

WASTE WATER 2

3
562,100

420.00
51.00
30l.00
500.00
586.00*
200,00
1101.00
444,90
1033,00
A48 .00
296.00
315.00
$34.80
396,00
100.00
376.00

81.20
522.10
440 .50
G

-]
626.00

$10.00
621.00
450.00)
510,00
650.00*
230,00
1841.00*
312.20
603.70
470,00
302.00
182.00
627.30
405.00

73.80
480.00
229.10
372.00
554. 70
18000

WASTE WATER 3

3
552.00

480.00
519.00
431.00
690.00
413.00
200.00

1078.00*

357.90

1340.00*

a39.00

99.00
328.00
509.30
479.00
160.00
493.00

9%5.40
439.50
282.50
210.00

4
626.00

610.00
773.00
558,00
170.00
463.00
240,00
1019.00
340,90
1133,00
A4 .00
343.00
556,00
541,90
520.00

65.00
626.00
573.29
412.20
/66,60
240.0Y
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TABLE 24. FEFFECT OF WATER TYPL ON B/S5(2-CHLOROETHYL)ETHER ANALYSIS

#& POINT ESTIMATES *¢+
DISTILEED WATUR SLUPL :GAMMA(L) = ,96%0%

WATER INTERCEPT(WATER-DISTILLED)} SLOPE{WATER-DISTILLED)

2 L0430 -.0148

3 -.2110 Loo1!

4 -.2/05 L0133

5 1.5530 -.2841

b -.3799 .0453

*+ ANALYSIS OF VARTANCE *+
SCURCE Of SUM OF SQUARES MLAN SQUARE F PROB

REG{DTSTILLED) 1 2677.86120 2671.861720
REG(WATER/DISTILLED) 1( 6Z 71067 .27 20.42  .0000
ERuOn Sb7 174.27004 L35730
TOTAL 578 2914.90648

** TASLY OF 95% CUNFIDENCE INTERVALS FOR THE DIFFERENCES RETWEEN INTERCEPTS AND THE DIFFERENCES BETWEEN SLUPES **

INTERCEPT(WATER-UISTILLERD) SLUPE (WATER-D[STILLED)
WATER ESTIMATE INTERVAL ESTIMATE INTERVAL
? L0430 (0 -.4113 .A972) S0148 (=116, L0820)
3 A 210 {0 -.6880 L220%) 01 (=091, LH9a2)
q 2005 -./1%4 . 1744) L0133 { -.0823 L 1og9)
5 1.5530 [ 1.0971 2.0083) S (0 -.3813 ., -, H08)
b B P TR R TR L1001 A48 (0 -0407 362

NOTE: IF ZERQ IS CONTAINED WITHIN A GIVEN CONFLUENCE TNTERVAL THUN TArRC TS NO STATISTICAL STONIFICARCEL BULTWLEN
DISTILOED WATER AND THE CORRESHUNDTRG WASTE WATLR FOL T ALSOCTATED PARAME TURCINTERCE T2SL0P0) .,

FHE SUORC aHD [NTERCEPT ESTIMATES FRUM THIS ANALYS TS ARD NOT DL SAME AS THOSL OBTAIRLD FeeM Tdaf PRECTSTUN
AN RCEURRGT QB LRESSTUNS PERFORME YD FARL TER.


http:1','J11:tf,Ti.lJ
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TABLE 25. EFFECT OF WATER TYPE ON BIS(2-CHLOROETHOXY YMETHANE ANALYSIS

& POINT ESTIMATES *#
DESTILLFD WATER SLOPE <GAMMA(LY - 97708

WATER INTERCEPT (WATER-NDISTILLFD) SLUPE(WATER-DISTILLEY)

2 L1844 -.0324

3 1120 -.0521

4 Y - 0307

5 .2y87 -.1419

6 LA9? - U821
& ANALYSTS OF VARIANCF **

SOURCE UF SUM OF SQUARES MEAN SQUARE F PROB
REG(DISTILLED) 1 2700, 34336 27U0. 34436
REGIWATER/DISTILLED) 10 15,00533 1.5uU6563 4,71 .U)do
ERRUR 550 185.40293 . 338491
TOTAL 561 2902.71661

** TABLE OF 45% CONFIDENCE [NTERVALS FUR THE DIFFERENCES BCTWEEN INTERCEPTS AN THE UIFFERENCES BETWEEN SLUPES *¢

INTERCEPT{WATER-DISTILLED) SLOPE (WATER-DISTILLED)
WATER LSTIMATYE THTERVAL ESTIMATE INTERYAL
z Lusa (0 -0318y .bEY4) -.0324 ( -.1370 .0722)
3 1200 (0 -03782 .H4Y193) -.0521 (0 -.1540 .0499)
4 Jduag {0 -0303 .b3Y4) -.0307 (0 -.1330 .0716)
) LUK | ML VI 1.40772) -J1a19 ( -.2ai4 -.U364}
b a2 | L0l L9/42) 08200 (0 -.1e32 L0192)

NOLE D 17 ZVRU TS CONTAINED WITHIN A GlvEh CONF JDENCE INTERVAL THEN THUERE 1S NO STATISTICAY STGNICTCANCE BETwWEEN
DUSTILLED WATER AND THE CORRESOOMIIRG WASTE WATER O ThL ASSULIATED PAAME TELINTERCL TS0y,

THE SLOPE A0 IRTEREEPT ESTIMATES FR0M THIS ANALYSTS ARL NOT THL SAME AS THOS:. GBTAESLD TRUM THp eREC s TON
ARD ACCURALY KREGRESSTONS PEoFORMED AR (ER,


http:ilo'.,111.:1\lf.ll

TARLE 26. EFFECT OF WATER TYPE ON 4-CHLOROPHENY!, PHENY!, FTHER ANALISIS
** POINT FSTIMATES »+

DISTILLED WATER SLOPE:GAMMA(]) = _981%/

68

WATER INTERCEPT(WATER-DISTILLED) SLOPE(WATER-DISTILLED)
2 -.1713 .0254
3 -, 0894 -.1189
4 - 1608 -.0071
Y LYGH7 - 1948y
6 -. 1895 .0227
** ANALYSTS DF VARIANCE **

SOLRCE OF SUM UF SQUARES MEAN SQUARE F PROB
REG(DISTILLED) 1 1253.54913 1253.54913
REGIWATES/DISTILEED) L 15.57147 1.0%715% 4.87  .0000
ERROR 554 177.045007 .31958
TOTAL 56% 1446.1/067

*+« TABLE UF 957 CONFIDENCE INTERVALS FUR THE UIFFERENCES BETWEEN INTERCEPTS AND THE DIFFERENCES BETWEEN SLUPES *+

INTERCEPT{WATER-DISTLLLED) SLOPE (WATER-BISTILLED)

WATER ESTIMATE [NTERVAL ESTIMATE ITNTERVAL
? ~J713 (0 -ussY0 .5464) L0258 (0 - 1246, .1754)
3 =089 =067 .62748) =018y (1 -.16Y2 , .1315)
4 O T S SR T | L6476) <0071 (0 -.15%4 L412)
) L9871 AN At I 1.699b) - 1949y (0 -.3015 -.0483)
£ PO UL S R N T K 11 LHAH) L9720 (0 -a12n 1724}

NOTE: TF LEROCTS CONTAINEU WITHIN A GIVEN CONETUFNCE INTERVAL THEN THERE 15 NUO STATELTICAL SIGNIFTCANCE BETWELN
DESTEVLESY WATER AHD THE CORRESPORDING WASTE WATEHI FUR THE ASSOUTATED PARAMETER ( THTERCEPT 751L0PE ),

PILSTUPL AND INTERCEPT ESTIMATES FROM T[S ANALYSLES Al NOT THY SAME AS Tiuse OBTAINED FRUM THE PRECTISTUN
Al) ACLHRACY RELRESSTUNS PERVUORMED EARL TR,


http:PKlCIS'.JN
http:INTlRVII.LS
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TABLE 27. EFFECT OF WATER TYPF ON 4-BROMOPHENYL PHENYL ETHER ANALYSIS

¢ PUINT ESTIMATES *¢
DISTILLED WATER SLOPL:GAMMA(1) = .BT998

HATER INTERCEPT(WATER-DISTILLED)  SLUPL{WATER-DISTILLED)

2 -.145] 171

3 L1025 -.0106

4 L0239 -.0114

5 <0935 -.018%

6 -.1010 L0209

** ANALYSTS OF VARIANCE =*+
SOURCE 0F SUM OF SQUARES MEAN SQUARE ¢ PROB

REG(DISTILLED) 1 2099.01021 2099.01021
REUSHATER/DISTILLED) 10 .97749 L0977y .32 .97%0
FRROR 6i)7 137 .0170388 L ANZ A
TOTAL 613  2282.0U814

** TABLE OF Y5% CUNFIDENCE INTERVALS FOR THE DIFFLRENCES BETWEEN INTERCEPTS AND THE DIFFERENCES BETWEEN SLOPES *+

INTERCEPT(WATER=D1STILLED) SLOPE (WATER-DISTILLED)
WATER LSTIMATE INTERVAL ESTIMATL [NTERVAL
Z 0451 [ -.5690 , L4794) A7 -.0894 L1236)
3 L0029 (0 -.8971 .4970) -.0106 [ =.l174 0912)
4 0239 (0 -.4732 .5211) -.l1a (-l L0906)
3 Auls (0 -.47234 NIUE)] =018y (0 -o1739 LD8bY)
) =010 { -.6019 . 34999) 20 {0 -,0824 .1234)

NUTE:  IF ZERO 1S CUNTAINED WITHIN A GIVEN CONFTUENCE [INTERVAL THEN THERE IS NO STATISTICAL SIGNIFICANCE BETWELN
UISTILLED WATER AND THE CORRESPONMDING WASTE WATEK FOU THE ASSUCTATED PARAMETLR(INTERCERT/SLUPL),

T SLAOPE ANY [NTERCEPT ESTIMATES FRUM THIS ANALYSIS ARE NOT THE SAME AS THOSE DRTAINED FRIM THL PRECTST N
AND ACTURACY REGLRESHTUNS PEREURME') EARLIEN.
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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 1in discharge waters. Ampul #5 of the method 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 1l-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 1n the Federal Register method. 7They were analyzed using
a Hall Model 310 detecter (see Table 29 for conditions) with 5-pL
manual injections. (The Model 310 detector 1s the least sensitive

cf the Hall detectors.) After they were analyzed, all samples

were cleaned with Florisil, reconcentrated, and were agaln 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 1n Table 28 are guite small, considering the severity of
the experimental design. The wastewater had enough interfering
compounds to truly test the Florisil cleanup. More lmportantly,
the low haloether concentrations (ranging from 1 ppb to 6.6 ppb
of wastewater) are near the present detection limits for this
procedure. Small analyte losses during handling represent large
relative losses, while at higher concentrations these same small

losses would represent small relative losses. Table 28 also shows



TABLE 28.

REPLICATION DATA

7 Samples a 7 Samples
Spiking before cleanup after cleanup
solution b Average b Averace
concentration, RSD™, recovery, RSD™, recovery,
Compound pg/L % % o o
BCIPE 2.4 - ND® - ND®
BCEE 1.6 6.5 106d 9.3 91d
BCEXM 1.0 5.2 89 26.9 75
CPPE 6.6 6.4 88d 17.3 63
BPPE 3.8 19.3 83 20.6 78

aCleanup with Florisil.
b

RSD = relative standard deviation.

“None detected due to obscuring interference peak.

d

subtracting interference.

TAELE 29. CHROMATOGRAPHIC

Had some interference - values were determined by

CONDITIONS FOR REPLICATION ANALYSES

Item

Description

Chromatograph

Injection port temperature
Auxiliary transfer line
Column gas flow

Column
Column program

Hall 310 furnace

Hall electrolyte flow
Hydrogen flow
Conductivity range (umho)
Attenuation

Hewlett-Parkard Model 5710A
250°C
250°cC
30 mL/min UHP-grade helilum

1.8 m x 2.1 mm, glass, packed with 3%
SP-1000 on Supelcoport (100/120 mesh)

100°C for 4 min, programmed at
16°C/min to 230°C

850°C

0.5 mL/min, 50/50 ethyl alcohol/water
70 mL/min

1

4

G3
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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 1s 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 minutesg.
The rest of the haloethers are suificiently 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 samples in a worse case wastewater or
effluent demonstrates the high recovery and good reproducibility
which could be expected in end-use applications of the method.

Clean-up Effectiveness and Interference Iderntification

Eight wastewaters 1ncluding 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 Flecrisil 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 Takle 29. The spiking scolution used
in these wastewaters 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 samplice
of the same wastewater cleaned with Florisil. The Florisil

removed an interference which eluted at 11.6 minutes; this alicwed
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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 interferences
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. O©Only the BCEE splke remains obscured by
"interference"; GC/MS analysis showed this "interference'" to be
BCEE already in the wastewater.

Figure 7 shows the chromatogram of the blank extraction of waste-
water F before Florisil cleanup. Figure 8 shows the spiked sample
of the same wastewater cleaned with Florisil. Many of the
wastewater compounds were removed, but only BCEE could easily be
gquantified. Three haloethers (BCIPE, BCEXM, and BPPE) show as
shoulders on interference peaks. This suggests the possibility
that a different GC program could prcvide enough separation to
quantify these three halcethers. Only CPPE is completely masked

by an interference.

Figure 9 shows the chromatogram of the blank extraction of waste-
water G before Florilsil cleanup. Figure 10 shows the spiked
sample of the same wastewater cleaned with Florisil. Florisil
removed most of the wastewater comrpounds, especially those eluting
after five minutes. All five haloethers could be quantified, with
only two of them (BCIPE, BCEE) needing blank subtraction.

Figures 11 and 12 show the chromatograms produced by wastewater H

extracts. This wastewater 1s simillar toc wastewater G in that all
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! |

+ CPPE (11.48)

(3.35)

> (4.38)
INT.

% BPPE (12.59)

BCEXM (7.79)

RCTIPL

[

1%

2 4 6 8 10
TIME (MIN.)

0

-
[\N}
—
-
[
(o)}

Figure 8. Chromatogram of spiked wastewater F
extract after Florisil cleanup.

99



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 analiysls. There-
fore, BCEXM, CPPE, and BPPE are easy to quantify even at low
concentrations. Florisil was less effective on early eluting
compounds, thus causing some interference with BCIPE and BCEE.
However, even with these two halcethers, 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 guantify 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 interferences which are removed by
Florisil, and those interferences which are not remcved, is pre-

sented in Table 31.

Study of Furnace Temperature Effect

The GC/Hall detector system has many parameters that affect the
sensitivity of the system for a given compound. These parameters
are interrelated and each compound responds best to a different
set of parameters. Since there 1s such a strong interrelation-
ship among the various conditions and compounds, no single param-

eter can be optimized independently of the other parameters.
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Figure 11. Chromatogram of wastewater H extract
before Florisil cleanup.
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TABLE 30. SUMMARY OF WASTEWATER INTERFERENCES?

BCIPE BCEE BCEXM CPPE BPEE

Comnletely obscuredb 1 ¢ 0 1 0
Partial interference® 3 4 2 1 2
No interferenced 4 4 6 6 6

4The numbers in this table represent the number of
wastewaters in which a given halcether falls into
the described class.

bLow haloether concentrations are not detected due

to larger interference peaks.

“additional analytical steps needed to gquantify
haloether concentration.
d

Halocether peak has baseline separation from
1nterference peaks.
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TABLE 31. INTERFERING COMPOUNDS IDENTIFIED BY GC/MSa
Potential interfersnce Potential interference
removed by Florisil not removed by Florisil
Haloether RTb Name RTb Name RTb
BCIPE 3.4 Hexane 0.7
Cyclohexanec 2.0
Methyl cyclchexane 2.3
Dibromo propane 3.C
C,-cyclopentare 3.3
Tetrachloro
propane 3.4
Bis(chloromethyl)
ethyl etger 3.7
Co-pentane 3.9
BCEE 4.3 Benzene' 5.0
Toluene 6.2
BCEXM 7.8 Phenyl acetate 6.3 Phenold 9.7
Butanol 7.3 Co-Alkyl benzenes® 9.0-9.8
Dichloropropanol 8.2
Methyl thiocethyl
benzene 8.4
Benzothiazole 9.3
CPPE 11.6 Dipropylene Styrenec c 11.1
glycol methyl Dioxothiocane 11.3
ester 10.3
Dimethyl malonate 11.9
Chloro ethoxy-
tolyloxy ethane 11.9
BPPE 12.3 Tripropylene Trithiolane® 12.3
glycol 12.4 Trithiane 14.C
Hexanol 13.6
Tetrapropylene
glycol 14.2

a
b

Retention time in minutes,

MNot all interfering compounds could be identified.

“seen by GC/MS and may or may not be seen by GC/Hall.

dPartially removed.
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The delicate balance among the parameters was demcnstrated during
a study of reactor temperatures. The GC/Hall conditions listed

in Table 29, were used except that the furnace temperature was
varied during the study. One-pL injecticns of Ampul #5 (low con-
centration) were made as the furnace temperature was increased
from 8GC°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 exact parameters and instrumentation that produced
the data. Figure 13 1s presented as a graphic 1llustration of

the way each compound reacts differently to a given temperature.
Even a slight change in GC/Hall conditions would drastically
change the presentation of Figure 13. Some of the factors affect-
1ng response at various furnace temperatures follow:

Transfer line temperatures
- GC column temperature progran
- Electrolyte flow rate
Electrolyte composition
Hydrogen flow rate

Finally, the above data were gencrated using a Tracor Hall model
310, using a quartz reactcr tube. Since the quartz tube 1s non-
catalytic, compound response 1s very sensitive to temperature.
The newer Tracor Hall detectors use metallic reacltor tubes which
contribute a catalytic effect to the reactor. This makes the re-
actions much less temperature sensitive and broadens the range of
acceptakle temperatures.
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Hall )10 response in area counts (x 1,000)
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Figure 13. Hall response at various reactor temperatures.
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