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Environmental measurements are required to determine the quality of
| ambient waters and the character of waste effluents. The Environmental
i Monitoring and Support Laboratory {EMSL)-Cincinnati, conducts research to:

* develop and evaluate techniques to measure the presence and

: concentration of physical, chemical, and radiological pollutants in
water, wastewater, bottom sediments, and solid waste,
: i

* investigate methods for the concentration, recovery, and
[ 1oent1f\cation of viruses, bacteria and other microorganismes in -
: water, | } }
, !
* conduct studies to determine 1he responses of aquatic organisms to
|

water quality, ;
* conduct an agency-wide quality assurance program tc assure -.

standardization and quality control of systems for monitoring water i
and wastewater. | ;

| ;
This publication reports the results of EPA's interlaboratory study 17 !

for the following priority pollutants, which are analyzed using EPA Method '
607 {Nitrosamines):

h .
N-nitrosodimethylamine
N-nitrosodi-n-propylamine
N-nitrosodiphenylamine

Federal égencies, states, municipalities, universities, private
laboratories, and industry should find this evaluative study of assistance
in monitoring and controlling po]lution in the environment.

R. L. Booth
Director, EMSL-Cincinnati
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T ' ABSTRACT

This report describes the results obtained and data analyses from an '
" interlaboratory evaluation of EPA Method 607 (Nitrosamines). The method is
t designed to analyze for three nitrosamines, N-nitrosodimethylamine, N-
tnitrosodi-n-propylamine, and N-nitrosodiphenylamine, in water and
wastewater. As tested here, the method utilized three (0-mL extractions
with dichloromethane, cleanup/separation on an alumina column, and |
injection into a gas chromatograph equipped vith a nitroygen-phosphorus '

I detector. ! l

\ s -

" The study design required the ari':;ly;t to dose six waters with each of
six mixtures of the three nitrosamines. The six dosing levels represented
three Youden pairs, one each at a low, an intermediate, and a high level.
The six waters used were a laboratory pure water, a finished drinking
water, and a surface water, all collected by the participant, and three
low-background industrial effluents furnished by the prime contractor. A
total of 17 labloratories participated ;in the study.

The method was studied to estimat‘e the accuracy and precision that can
be expected, including effects on the 'accuracy and precision of analysis of
different matrices. In addition, results of method detection limit and
analytical curve studies and quahtatwe assessments of the method based
upon comments by the participating laboratories are incl uded.

This report covers work accompiished over the period from September
1978 to ‘.ecembelr 1981 under EPA Contract 68-03-2606. K
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| INTRODUCTION

EPA first promulgated guide]ines‘[ll establishing test procedures for
the analysis of pollutants in 1973, following the passage of the Federal
Hater Pollution Control Act in 1972 by Congress. Pursuant to the amendment
and publication of these guidelines, EPA entered inta a Seitlement
Agreement--the. Consent Decree--which required the study and, if necessary,
regulation or. 65 "priority" pollutants and classes of pnllutants of known

| or suspected toxicity to the biota.i Subsequently, Congress passed the,

Clean Water Act of 1977 [2], mandating the control ¢f toxic pollutants
discharged 1nto ambient waters by 1ndrstry.

In order to facilitate the implementation of the Clean Water Act, EPA
selected 129' specific toxic pollutants, 113 organic and 16 inorganic, for
initial study.' The organic pollutants were divided into 12 categories
based on their chemical structure.l Analytical methods were developed by
EPA for these 12 categories through in-house and contracted research.
These analytical methods may eventuully be required for the monitoring of
the 113 toxic pollutants in industrial wastewater effluents, as specified
by the Clean N?ter Act of 1977.

As a logical subsequence to the work that produced proposed EPA Hethod
607 (Nitrosamines) {31, an 1nterlaboratory study was conducted to test the
validity of the proposed method. This report describes the work performed,
presents the data acquired, and gives the conclusions drawn from the
collaborative ?ffort.

The three compounds undergoing; analyses in the interlaboratory study
were N-nitrosodimethylamine (NDMA), Nlnitrosodi-n-propylamine (NDPrA), and
N-nftrosodiphenylamine (NDPhA).

The laboratories participating in this study were the 17 lowest
bidders from the 1ist of qualifying [laboratories that responded to the
request for bids. Qualificotions of the laboratories were established by
review of §aformation submitted on past experience and available equipment.

| Previous experience with the laboratories was also included in the _
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TELTIR0r

!
|

| . i
iAna]ytica] Development Corporation '
i 1875 Willow Park Way
;Monument, Colorado 80132
; A

nalytical Research Laboratories
: 160 Taylor Street
Monrovia, California 91016

Battelle i

Columbus Laboratories.

505 King Avenue

Columbus, Ohio ' 43201
Biospherics, Inc.

4928 Wyaconda Road )
Rockville, Maryland 20852

Camp, Dresser and McKee, Inc.
Environmental Sciences Divisicn
6132 West Fond du Lac Avenue
Milwaukee, Wisconsin 53218

|

Environmental Research Group
117 North First
Ann Arbor, M1ch1gan 48104
Envirormental Science and Engineering,
Inc.
P.0. Box ESE 32602
Newberry Road (5 mi west of 175)
Gainesville, Florida 32604

!
Radian Corporation
8500 Shoal Creek Bouievard
Austin, Texas ?8766

Raltech Scientific Services, Inc.
3301 Kinsman Boulevard

P.0. Box 7545

Madison, Wisconsin 53707

S

PARTICIPATING LABORATORIES . .. .. ...

_.SRI Interpational _

Recra Research, Inc.
111 Wales Avenue

P.0. Box 448 !
Tonawanda, New York 14]50 i

Southern Research Institute
2000 Ninth Avenue South
Birmingham, Alabama 35205

c i e —— T

333 Ravenswood Avenue
Menlo Park, California 94025 }

Technical Services, Inc.
103-7 Stockton Street
Jacksonville, Florida 32201

Texas Instruments, Inc.

13500 North Central Expressway
P.0. Box 225621

Dallas, Texas 75265

Versar, Inc.
6621 Electronic Drive
Springfield, Virginia 22151

West Coast Technical Service,
Inc.

17605 Fabrica Way, Suite D
Cerritos, California 90701

Wilson Laboratories

528 North Ninth
Salina, Kansas 67401
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SUMMARY

{

: i

As a result of the collaborative study conducted and the data
analysis, the following conclusions cun be drawn concerning EPA Method 607
(Nitrosamines).

, * The acéuracy of the meth:d could be expressed as a linear function
of the true concerntration. ‘The regression equations for accuracy
are shown in Table 2. !

{ -
X — e e mm e e - .

© The | precision of the mettiod could “be expressed as a linear function
of the mean recovery, both as single-analyst and overall standard

deviations. The regression equations for precision are also shown
in Table 2.

* The pe?cent recovery of the method was similar to that obtained

o bias for NDMA, nearly quantitative recovery for NDPrA, and a

Jd moderate negative bias for NDPhA.

* Percent recoveries at the midrange concentration were from 36 to
43% for NDMA, 84 to 102% for NDPrA, and 58 to 67% for MDPhA.

The precision of the method was abcut as expected for NDMA and
NDPrA and higher than expected for NDPhA. The additional
var1ab1]1ty likely results fr?m the column elution procedure.

+ Six water types were used in this study: laboratory pure, finished
drinking, surface, and three relatively interference-free
industrial effluents. No difference in method performance was
attributable to the water tiype from which the analysis was
perforwed.

Verifying the activity of the alumina and separating NDPhA from
diphenylamine proved to be a difficult step in the analytical
procedure and several laboratories were unable to achieve
satisfactory separation. ]
GEGIN . ! l
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during 'the developmental phase. The method has an extreme negative !
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[ ; TABLE 2, ACCURACY AND PREC!ISION EQUATIONS e
i ; Water type N=Nitrosodlwuthylamine NeNitrosodi=n=propylamine N=Nitrosodipherylamine
y : Range, ug/L 0,84-24,2 1.22-26,7 8,22-54,8
i g_ Laboratory Pure :
‘.-Accuracy X = 0,37C% + 0,06 X = (0,96C = 0,07 X = 0,64C ¢ 0,52
" Prectslon . : - T T T
! Overall § =0,25X + 0,11 S =2 0,2'X + 0,15 S = 0,46X - 0,47 |
, Single analyst SR = 0,25X - 0,04 . SR = 0,15X + 0,13 SR = 0,36X - 1,53
H 1
! Finished Drinking |
Accuracy X = 0,3C + ¢,23 ¢ X = 0,84 = 0,02 X = 0,60C = 0,03
Preziston | 1 ’
Overall . § = 0,23X + 0,3 1§ = 0,28X + 0,03 S = 0,37X + Q,67 ;
Single analyst SR = 0,16X + 0,15 SR = 0,24X SR = 0,23X + 0,81
1
Surfaco | '
Accuracy , X = 0,42 ¢+ 0,14 I X = 0,9 + 0,05 X = 0,52 « 0,56
Precision | i
Overall : S = 0,34X + 0,17 i § = (0,26X + 0,24 S = 0,32X + 1,03 ) .
% Single analyst i SR = 0,29X + 0,15"° 7+~ SR o 0,16X + 0,24 ~~ "~""SH = 0,23X + 0,24- .
; !
Industrial Effilvent 1 :
Accuracy : X = 0,38C + 0,17 X = 1,00C + 0,21 X = 0,65 -~ 0,44 t
Precision . .
Overall a1 - 8§ ®0,33X + 0,09 S = 0,26X + 0,39 S = 0,39X + 0,14 !
Singte analyst SR = 0, 13X + (,21 SR = 0,18X + 0,27 SR = 0,34X - 0,83 )
1
Inductrial Effluent 2 .
Accuracy z X = 0,3% + 0,13 X = 0,8(C + 0,21 X = 0,5C ¢ 0,15 '
Preclsion !
Overal) $ = 0,33X + 0,09 S = 0,33 +C,18 S = 0,42X + 0,66 !
Singie analyst SR = 0,25X + 0,03 SR = 0,26X - 0,04 SR = 0,22X + 0,65 ,
. i 3
,_ Industrial Eftivent 3 i
Accuracy | X = 0,3 + 0,30 X = 0,9 + 0,14 X = 0,6 + 0,54 i
! Precision {
' Overall I S = 0,27X + 0,21 S = 0,37V +0,2% S = 0,37X + 0,50 i
: Singlo analyst SR = 0,28X + 0,07 SR = 0,22X + 0,44 SR = 0,21X + 0,21 1
i - 1
#® C = true concentration ’J
: X = mean concentration
i I i
' i 4
1 ;
i |
. | 1
i N 4
C l
i | ;
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SECTION 3 T

i DESCRIPTION OF STUDY
The study design was based on Youden's original plan [4] for
! collaborative evaluation of precision and accuracy for analytical methods.
According to Youden's design, samples are analyzed in pairs where each
sample of a pair has a slightly different concentration of the constituent.

The analyst is directed to do a single analysis and report one value for
each sample, as if for a normal, routlne sample.

F ~ In this’ study, samp]es vere prepared as concentrates in sealed glass
ampules and shipped to the analyst along with portions of final effluents
from manufacturing plants from three relevant industries. Each
participating laboratory was responsible for supplying laboratory pure
water, finished water, and a surface water, thus giving a tctal of six
water matrices involved in the study.| The analyst was required to add an
aliquot of each concentrate to a volume of water from each of the six
waters and submit the spiked water to' analysis. Three pairs o samples
were used. One pair contained the substances at what was considered to be
equivaient to a low level for the 1ndustr1a’ effluents; a second pair
contained the substances at an intermed1at= level; and the third pair
contained the substances at a high lavel.

TEST DESIGN

A summary of the test design using Youden's nonreplicate technique for
X and Y samp]eﬁ is given below:

1. Three Youden pairs were'used for each parameter with the
dar _"~tion from the mean of each pair being at least 5% but not
more ‘than 20%.

2. The three Youden pairs were spread over a usable and realistic
range with the lowest level 'estimated to be near the detection i
11m1q in the industrial effluents with the highest background. i

PP I PN I S UVNUSC IS SN

| ;
3. Analyses were performed/in six waters. Therefore, each

laboratory was to generate 36 data points for each compound._: s3vromor
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_Enerqy and Mining Branch.

'“Thfeé 6f the waters were se]ectedyfrom relevant indust%ieé-5§

determined from the information contained in a memorandum of
December 29, 1978 from M. Dean Neptune, Analytical Programs,
Effluent Guidelines Division to R. B. Schaffer, Director,
Effiuent Guidelines Division, through W. A. Telliard, Chief,

Thirty-six concentrates in sealed glass ampules were shipped with
approximately 12 liters (3 gallons) of each of the three
Tndustrial effluents to the 17 laboratoiies. The concentrations
of sutstances in the ampu1e§ vwere unknown to the participants.

Eachiparticipant was supplied with a copy of Method 607 and

supplementary instructions relative to spiking procedure, cleanup -

column to be used, GC colunn and detector to be used, and GC

injection technique. E

“‘To‘cémmence an analysis, th2 analyst”was instructed to openan

ampule, add 1 mbL of concentrate to 1 L of water, then analyze as
per 1nstruct.ons. |

Each samp]e was to be analyied once.
| ,

Before the formal study begén, each participant was sent a pair
of ampules (not one of the pairs used in the study) for a trial
analysis by Method 607. After submitting da*a from these
analyses to SwRI, participants met in Cincinnati to discuss and
resolve problems encountere% during the trial run.

Fifty ampules of each concentrate prepared were supplied to the

project officer. %

!
PREPARATION OF :SAMPLES, WASTEWATER SELECTION AND PROCUREMENT

|
The N-nitrosamines used to prepare sample concentrates were obtained
from two commercial sources: Aldrich Chemical Company and Eastman Organic
Chemicals.

from Ultra Scientific, Inc. (formerly RFR Corporation) and were found to be
suitable for use as received.

These compounds were compéred to high purity compounds obtained

The detailed protocol for concentrate and ampule production was
reviewed and approved by the project officer before ampule production

commenced. Salient points of the protocol are described in the following
paragraph.

—
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Sample concentrates were prepared by dissolving precisely-weighed
;(analytical balance) amounts in acetone in Class A volumetric flasks.
;Hhere dilutions were required, Class A volumetric glass pipettes were used
; to transfer the required volumes. All glassware had been fired overnight | :

e lat approximately 400°C before use. The volumes transferred were never less :
‘ "2+ than 4 mL. Solutions were put into brown, borosilicate glass ampules, }
L i chilled, heat-sealed, and wrapped in aluminum foil. The sealed ampules :
=were stored in paperboard boxes at 4°C until shipped to participants. All
weighing, pipetting, and filling operations were performed under subdued
! 1ight in as short a time span as possible. ‘

Before each concentrate was used to fill ampules, the concentrations
of substances were compared with a standard that had been prepared from
separate weighings of the substances. K Two ampules taken at random from the '

ampu]es produced were checked against the same external standard mentioned
£1mmed1ate1y above.  These verification checks served to prevent gross
{érﬁdrs‘fiom being committed; the true values were assumed to be those i
|establ1shed by the weighings of substances for concertrate preparation, It
| was rare to find a verification analySIS which deviated more than 5% from
the true value., The true values for all test substanczs are given in Table ’

e n m e A e ot ¢ a ets o Ak e AR - hafen ( cmmsms .

3. '1‘ {
| !

TABLE 3. TRUE CONCENTRATIONS IN STUDY SAMPLES :

| (1 mL concentrate in 1L water; wg/L) {

{

Compound Lowest pair Medium pnair Highest pair ’

Ampule 1ot number 3 5 1 2 4 6

N-nitrosodimethylamine  0.837 1.008  6.695 8.064 20.088 2¢.192
N-nitrosodi-n-propylamine 1.484 1.217 10.388 8.519 26.71* 17.038*
! N-nitrosodiphenyjamine 8.216 10.956 16.432 21.912 41.080 54.780

* Slightly 1n rexcess ot 20% deviation from the mean due to pipetting
error. This' exceptinn approved by project officer.

Industriai effluents selected for the interlaboratory study were
obtained from the following industrial, categories:

Industrial effluent 1--rubber plant
Industrial effluent 2--textile plant
Indusrrial effluent 3--organfcs and plastics plant

Industrial, effluents 1 and 2 presénted no problems for the analyst.
Industrial effluert 3 contained N-nitrosodimethylamine, or an artifact, at
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" .. a concentration in the low ppb range. Also in the third effluent was a
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. peak eluting in the near vicinity cf the N-nitrosodi-.-propylamine peak
}that could present some problem in peak measurements for this compound. ;

i Each wastewater was collected in two E5-gallon untreated iron drums,
'-treated for residual chlorine as required, shipped to SwRl, pooled, and f

_'f}eshipped to participants in l1-gallon glass containers obtained from -
| Burdick and Jacksor, Inc.

' '

}M\'srs AND REPORTiYG } { i
i In add1t1on to admonitions to follow Method 607 procedure (Appendix
"B}, supplementary instructions were sent to participants at the time the
trial run ampules were shipped. Participants were advised how to dose the ;
water and how to make injections of extract into the GC using the solvent- !
flush technique described by Burke.[5]. Only N-P detectors were to be |
used. Only alumina cleanup columns were permitted; the substitution of ‘
"Baker aluminum oxide, basic (1-0539) or Fisher Scientific alumina, basic-
(A-941) for the Woelm product (Super:l, basic, 04571) specified in the
method was permissible. Also, the stipulation was made that all pertinent
GC recorder charts were to be sent with the data submitted for the trial
run and the formal tests to follow. |

At the Cincinnati conference, Ir1a1 run data were presented and a
step-by-step discussion of the method was given. The most common errors
(calculation, :standards prepa"atlon, and improper expression of results)
were pointed out. At the meeting, the following supplementary instructions
vere given: i

|
1. Co.umn 1, as given in Methqd 607, and N-P detectors will be used
by a11 participants (earlien instructions as to the detector to J
be used were unclear to some)

PO D UL USSP DUV,

-

o

2. Tap water and surface water %amples should be tested for residual
chiorine. If present, it ;hould be removed by adding sodium
thiosh]fate as described in Fhe method. o

3. The N-nitrosamine ampules shou]d be protected from light and kept
at 4°C until used. Subcontractors were requested to use the
;mpules within a 30-day périod, 1f possible, and to include the
date of use of each ampule in their final report.

After the Cincinnati conference, a follow-up letter was sent to each
participant rgquesting that the example data calculation sheets and data
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ttlmnuary— sheets.thet viere enciosed be used dt-f‘.'irig— the s;tudj'_.' The same |

letter requested that the final report include information on the
following: |
{
1. methed of quantitating; ‘

v - 2. sources of standards; : Z

. ' 7. ..-.3. source of surface water and the nature of any possible
“' contaminants;

e e o e

4, suggest1ons as to how Method 607 cculd be improved.

A single shipment of 36 ampules was made by overnight air express to

all laboratories. No instance of ampule breakage during shipment was

i reported. However, some participants reported shortages or received enmpty,

unbroken ampules and others accidentally broke ampules during the study.
Reptacement ampules were provided in these cases.

]
|
| DISTRIBUTION OF SAMPLES
i
|
i

B
]

~ X

~ The’ wate‘v'! matrices were also ;cfhipped‘by" overnight air express, each']
participant receiving approximately 12 liters (3 gallons) of each of the |
three industrial effluents. The time required to collect and distribute
the effiuents was about three weeks.; No breakage in transit occurred.
Several gallons were broken or otherwise made unusable through laboratory
mishaps. Replacement shipments were made in these instances.

STABILITY OF SAMPLES

Since N-nitrosamine solutions, especially ones containing N-
nitrosodiphenylamine, had exhibited measurable deterioration after storage
of 30 to 45 days at 24°C, every effort was made to keep the period of time
between solution preparation and date of use to a minimum. Extra
precautions were taken by wrapping the ampules in aluminum foil immediately
after preparation, advising part1cipants to keen the ampules in the
refrigerator untﬂ ised, and asking that they be used within 30 days after
delivery. Solut'lons and ampules were preparad and shipped within a period
of one week. AH 1aboratories, except one, reported that their ampules had
been used within nine weeks from the time the solutions had been prepared
at Southwest Research Institute. Theltime period required for this last
l1aboratory to use the ampules was about 11 weeks. Samples from excess
ampules held in storage at Southwest ﬁesearch Institute in the dark at 4°C
were analyzed at the end of four weeks and again at the end of nine weeks.
No evidence of 'deterioration was found. Method 607 was followed in the
analyses at the four- and nine—week points. At the nine-week point, an
HPLC metnod w?s also used. The Tatter procedure can separate N-
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1 ' --;;njtrosodiphenylamine and diphenylamine (degradatina product) on the

‘ ianalytica] column, whereas Method 607 depends upon separation of these two
icompounds by 1iquid-solid chromatography before injection into the GC-NPD
Einstrument. The absence of serious deterioration of N-nitrosodiphenylamine

s t1s considered to be unequivocal. Therefore, deterioration of the N-

- “nitrosamines before use in the Method 607 study should not be a factor,
" lassuming that all subcontractors storc? the ampules at 4°C as instructed. ;
{ i
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Jprocess are similar to the_ techniques suggested in_the ASTM Standardv

TREATHENT OF DATA

[

The objective of this interlaberatory study was to obtain information !
about the accuracy and precision associated with measurements generated by !
Method 607. This objective was et through the use of statistical analysis !
techniques designed to extract and summarize the relevant information about |
accuracy and precision from the data reported by the participating !
laboratories.’ The statistical techniques employed in the data reduction |,

Practice DZ777 77.

The aigorithms required to perfonn the statistical analyses have been
integrated into a system of computer programs referred to as IMVS
(Interlaboratory Method Validation Study) The analyses performed by IMVS
[6] include several tests for the reJection of outliers (laboratories and
individual data points), summary statistics by concentration level for mean
recovery (accuracy), overall and singie—analyst standard deviation
(precision), determination of the linear relationship between mean recovery
and concentration level, determinatioh of the linear relationship between
the precision statistics and mean recovery, and a test for the effect of
vater type on accuracy and prec151on.(

A detaiied description of each of the statistical analysis procedures
is presented below.

PREPROCESSING |

An init{al review of the dqta was performed to determine if a
systematic error was evident in the data that could be identified and
legitimately corrected prior td data analysis. Chromatograms and
supporting data were investigated to verify that the analyses were run
under the proper conditions and that calculations were accurate and
supportable. Where an anomaly existed, such as a series of re_ ults that
were different from the true values by one or more orders of magnitude, the
analyst was contacted, told that there was an apparent error, and asked to
check his vd‘ues. No indication was given as to the nature of the

g
r
|
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. ~inconsistency in order not to prejudice the results. If an error was
ifound, the corrected values were used in the data analyses. If the analyst
'reported no error could be found, the data were allowed to stand os
“reported. :

!_. A1l analyses reported as less than a detection limit, and results that
-‘the analysts noted as influenced by spillage or loss of sample were removed
'from the data set prior tc insertion into the computer program. The data
set thus prepared was utilized in the statistical analysis supplied by the
sponsor. 1 ;

1

REJECTION OF OUTLIERS

Spurious data points are alwayls a part of any set of data collected
during an interlaboratory test program. It is important to identify and
remove these data points because they can lead to values of summary
statistics which are not representative 9¢ the general behavior of the
method. However, some erratic behavwr in the data may be directly related -
to some facet of the method under the study. Therefore, spurious data
points should not be removed indwscmminant]y, and any points that are
removed should be clearly identified s1nce further investigation of the
analytical conditions related to the outliers might be of value. Data
rejected as outliers for this study as a result of any of the following
tests for out]iiers have been identified by the symbol "*" in the raw data

tables. |

YOUDEN'S LABORATORY RANKING PRGCEDURE ‘

In some cases the analytical val ues reported by a specific laboratory
are so consistently high or low that a large systematic error may be
attributed to that laboratory. These data are not representative of the
method and should be rejected. Youden's [4] ranking test for outlying
laboratories was applied separately to‘ data from each of the waters used in
this study. 51 nce six water types were used in this study, the laboratory
ranking procedure was applied to these’ six different subsets of the data.
Each laboratory ranking test was performed at the 5% level of significance.

The Youden laboratory ranking rocedure requires a complete set of
data from every; laboratory within a given water type. Missing data from
tabortory i for water type j were replaced by the following procedure.
Letting Xjjx denote the reported measurement from laboratory i for water
type j and concentration level Ck» it is assumed that
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where BJ “and Yj are fixed parameters which determine the eoffect of water '
" type j, Lj is the systematic error due to laboratory i and €y s the
random within laboratory error. Taking natural logarithms, it follows that

s PR —— - - - - - © e e e — e et e =]

1
1

. independent variable &n Cy. (Details and justification for this model are
i 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 concentration levels !
for the six ampules in each water type. The predicted values Eﬁﬁi,Jk vere
obtained from the regression equation; and the missing values for Xijx were

~estimated by X,Jk = exp(2n X,jk), where exp -(c) denotes- the constant e~
raised to the c power,

3 which is a linear regression model with dependent variable gn Xijk and
J
!

If the ranklng test rejected allaboratory for a specific water type,
then all of. the laboratory data for that water type were rejectad as
outliers. The rejected values were excluded from all the remaining
analyses. In.addition, after compietion of the laboratory ranking i
procedure, the predicted values created to fill in for the missing data
were rejected and excluded from further analyses for all laboratories.

TESTS FOR INDIVIDUAL OUTLIERS

The data remaining after the laboratory ranking procedure were grouped
by water type:. For each water type, the data were broken down into six
subsets defined by the six concentration levels (ampules) used in the
study. For each subset of the data, all missing, zero, "less than" and

"nondetect" data were rejected. Nexti the test for individual outliers
constructed by Thompson [7] and suggested in the ASTM Standard Practice
D2777-77 was applied to the data us1ng a 5% significance level. If an
individual data point was rejected based on this test, it was removed from
the subset, and the test was repeated using the remairing data in the

subset. Thislprocess was continued until no additional data could be
rejected.

STATISTICAL SUMMARIES

Several summary statistics were calculated using the data remaining
for each concentration level after the outlier rejection tests were

. — - L
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“:performnd. “These summary statistics include: the number of retained data ‘
tpoints, the mean recovery, accuracy as a percent relative error, the |
absolute overall standard deviation, the percent relative overall standard
deviation, the absolute single-analyst standard deviation, and the percent
o o relative single-analyst standard deviation. The basic formulas used to
. v calculate these statistics are presented below where Xj, Xp, ..., X, denote |
”lg"‘ i the values of Ehe n retained data points for a specific concentration
level. ~ .

Mean Recovery (k):

i

n
r X4

1
X ==
1

i
l

The conventional notation for mean recovery is X; however the symbol X is

used in this report to be consistent!with the output from the computer
"program.™ Ct o DT e e s e e e e e e —

l

Accuracy as a % Relative Error:

I
9-1/8" - X = True Value

5 RE = rue YaTue x 100

l

Overall Standard Deviation:

|
l §= 1 i; (xi_x)Z
l

Percent RelativF Overall Standard Deviation:

|

N %RsD = (§) x 100

The overa&] standard deviation S indicates the precision assocfated
with measurements generated by a grOuJ of laboratories. This represents
the broad variation in the data collected in an interlaboratory study.
However, a measure of how well an individual analyst can expect to perform
in his own labOIa*ory {s another 1mportant measure of precision. This
single-analyst prrc1sion denoted by SR, was estimated for each Youden pair

by : { '
G S ! : ' . : — GOTTOM OF
AST LinE b IMAGE AREA:
rc +
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1 3 ! o
where m - the number of complete sets of Youden pair observations ! 'l 7
i remaining after outliers have been removed, | Lo
R - Dj - the difference between the observations in the ith et : B
. . - _-~- - Youden pair, e e e ey X
B - average of the Dj values. ; Fx
i , ‘.
| The percent relative single-analyst standard deviation was calculated &
' by ; ‘ -t
%
| ’ 4
| i 4
where X* is the average of the two mean recovery statistics corresponding ’i
to the two concentrafion leve1s defmmg the part1cular Youden pair. 3
e o = e g - L ey o
These summary Stat‘iathS provide detai]ed 1nfomation on the accuracy
!'and precision of the data obtained for each concentration level. One | ;*{3
objective of the statistical analysis of the data is to summarize the |
information about accuracy and precision which is contained in tne ' :£
statistics. ! | S
t , £
A systematic relationship often exists between the mean recovery (X) s
and the true concentration level (C)iof the analyte in the sample. In -f‘
addition, there are often systematic relationships between the precision j
statistics (S and SR) and the mean recovery (X). Usually these systematic .
relationships can be adequately approximated by a 1inear relationship i
({.e., by a stra1ght 1ine). Once these straight lines are established, w
they can be used to conveniently summarize the behavior of the method (
within a water type, and they can aiq in comparing the behavior of the &5
method across water types. In addition they can be used to obtain '-\f{_‘}»
estimates of the accuracy and precision at any concentration level within s
the applicable range studied. They can also be used to predict the ‘f’;
behavior of the method when used under, similar conditions. These important §
relationships are discussad below. G
®
STATEHENT OF HETHOD ACCURACY X
The accuracy of the method 1is characterized by the relationship of the s’ :
mean recovery (X) to the true concentration (C) of the analyte in the water ?::
sample. 1In order to obtain a mathematical expression for this 3
relationship, a regression line of the. form ~ A
G —_— i —f GOTTOM CF Tl
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X=a+b-C (1)--

3 i

iwas fitted to the data by regression techniques

: .

[, .-.J —— .{;
Lo

The true concentration values often vary over a wide range. In such
"‘cases, the mean recovery statistics associated with the larger
‘concentration values tend to dominate the fitted regression line producing
‘relatively larger errors in the estimates of mean recovery at the lower
éconcentration values. In order to eliminate this problem, a weighted least
§squares technique was used to fit the mean recovery data to the true

'concentration values. The weighted least square technique was performed by
ndiv1d1ng both sides of Equation (1) by C resulting in Equation (2)

l

2=a :% +b (2)
B T T I ——"
The X/C values were regressed agaihst the 1/C values using ordinatnry
least squares to obtain estimates for the values of a and b. (This is
equivalent to performing a weightedileast squares with weights w = 1/¢2;
see Reference’ 8,*’ nage 108 for details.) Equation (2) can easily be
converted to the desired relationship given by Equation (1). The intercept '
(b) from Equation (2) becomes the slope (b) for Equation (1) and the slope
(a) from Equation (2) becomes the 1ntercept (a) for Equation (1). Equation
(1) can be used.to calculate the percent recovery over the applicable range
of concentratiorns used in the study.

I
{
!

The percent recovery is given by

Pertl:ent Recovery = [-a-+—-8—-—(:-]x 100 = [_g_ + b] x 100 (3)
| I -

!

If the absolute value of the ratio (a/C) is small relative to the slope (p)
for concentration in the low end of the range of concentration levels used
in the study, then the percent recovery can be approximated by b x 100.
For example, suppose the true concentration values range from 25 ug/L to
515 ug/L, the fitted line is given by X = 0.20 + 0.85 * C. The percent
recovery would be approximated by (0.85) x 100 = B5% over the specified
range of 25 ug/L to 515 ug/L. "

If the ratio (a/C) is not small relative to the slope {b), then the
percent recovery depends upor the true concentration (C), and it must be

evaluated at each concentratfor viiue within the spacified range. —J vorronor
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STATEMENT OF METHOD PRECISION

.“_qu

| ;

! The precision of the method is characterized by tle relationships
| between precision statistics (S and SR) and mean recovery (X). In order to
} obtain a mathematical expression for these relationships, regression lines
—of the form

\
S=d+e-X (4)
t i ‘
and % !
+

SR=1f+g - X* ' (5)

)
1
|
1
1
]

l were fitted to'the data.,

As discussed prev1ously with respect to accuracy, the values of X and i

Fﬁ* “often vary over a’'wide range. In such cases the standard deviation™ i ;
statistics associated with the larger mean recovery values will dominate !
the regression lines. This will produce relatively larger errors in the i

estimates of S and SR at the lower mean recovery values. Therefore, a

I weighted least squares technique was also used to establish the values of

the parameters d, e, f and g in Equations (4) and (5). The weighted least

squares technique was performed by dividing both sides of Equation (4) by

X* resulting in Equation (6)

I

|
! Seddrmte (6) |

ma il i s Min s e . mms = s mem e b

!
and by dividin? both sides of Equation (5) by X* resulting in Equation (7)

1 .
! =iyt (7)

The {S/X} values were regressed against the {1/X} values and the
SR/X*} values were regressed against the {1/X*} values vsing ordinary least o
squares to obtain estimates for the parameters d, e, f and g.

Equations : (4) and (5) were obta1Aed from Equations (6) and (7) in a
manner i mll;r to that discussed for mean recovery. The slcpe (d) for
Equation (6) is the intercept (d) for Equation (4), and the intercept (e)
for Equation (6) is the slope {e) for Equation (4). Similarly, the slope

R 1 —0] BOTTOMOF

L gutsios .
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S .
- (f) for Equation (7) is the intercept (f) for Equation (5), and the

* intercept (g} for Equation (7) is the slope (g) for Equation (5).

| Given Equations (4) and (5), the percent relative overall standard

! deviation and the percent relative single-analyst standard deviation are

e %RSD=[%+e]xmo L “"“—'(8)'—"

|

and : ; \
| :

FRSD-SA = [{-; + g] x 100 (9)

§
respectively. If the absolute value of the ratio (d/X) is small relative
to the slope (e), then the percent relative overall standard deviation can .
be approximated by (e x 100) over the applicable range of mean recovery
values. Similarly if the ratic (f/X*) is small relative to the slope (g),
then the percent relative single-analyst standard deviation cun be
approximated by (9 x 100) over the applicable range of mean recovery .
values. R l |

e o it iy e T s w Arta T s Sa s e o% mman v deme o

If the ratios (d/X and f/X*) are not small relative to the slopes (e)
and (f), then the percent relative stand. -d deviations depend upon the
values of the mean recovery statistics X and X*, and they should b2
evaluated separately for each value of X and X*.

!

!

COHPARISON OF ACCURACY ARD PRECISION ACROSS WATER TYPES !
i

It is possible that the accurlacy and precision of Method 607 depend
: upon the type of water being 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
' 7 information about the effects of wat.er type on accruracy and precision.
‘ However, the use of these sunmary statistics in this manner has several
; disadvantages. First, it is cumbersome since there are 36 mean recovery
i statistics (X).(six concentrations x $1x vaters), 36 percent statistics (S)
i | and 18 precision statistics (SR) calculated for each compound. Comparison
‘ of these statistics across concentration levels and across water types
b becomes unwieldly. Second, tne statistical properties of this type of
| comparisons procedure are difficul.t to determine. Finally, due to
variation asscciated with X, S and SR, comparisons based on these
statistics can lead to inconsistent conclusions about the effect of water
ZEGIN l. type. For example, distilled water méy produce a significantly lower value— !'3i10G:40F)
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than surface water for the prec151on stat1st1c S at a h1gh confentrat1eﬁ,_.
" but a significantly higher value for S at a low concentration.

An alternative approach, described in detail in Reference [9], has
- been developed to test for the effects of water type. This alternative
appreach is based on the concept of summarizing the average effect of water -.
type across concentration ievels rather than studying the Yocal effects at
* each concentration level. If significant differences are established by
this alternative technique, then the summary statistics can be used for
i further local analysis. ,

i ! !
j The test for the effect of water type is based on the following
! statistical model. If X;jx denotes the measurement reported by laboratory

i for water type J and ampule k, then: ;

- x‘Jk = BJ b4 ck J L4 L" . €'|Jk)< L o —; i-}:’g,'v.n,g o —(19)'-‘
| k=1,2,..0.6

|
}
| |
The model components Bj and Yj are Fixed parameters which detenn1ne the
effect of water type j on the behavior the observed measurements {X,Jk}
The parameter Cy is the true concentration level associated with ampule k. !
The model component Lj is a random factor which accounts for the systematic :
error associated with laboratory i. The model component c¢jjx is the random :
. factor which accounts for the within laboratory error,

The model is designed to approximate the global behavior of the data.
The multiplicative structure was chosen because of two important |
progerties. First, it allows for awposs1b1e curvilinear relationship
between the data {Xjji} and the true concentrat1on level Cy through the use
of the exponent vj on Cx. This makes the model more flexible in comparison
to straight line models. Second, as will be seen below, there is an
inherent increasing relationship between the variability in the data and
the concentration level Cy i1 this model. This property is important
because it is typical of 1nter1aboratory data collected under conditions
where the true concentration levels vary widely.

Accuracy fs related directly to the mean recovery or expected value of
the measurements {Xjjkxl}. The expected value for the data modeled by
Equation (10) is

1
l
i
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" Precision is related to the variab111ty in the measurements {XIJk}
The variance of the data modeled by Equation (10) is

§ —

Var(Xijk) = [Bj Cij]z Var(Li * €45k) (12)

which is an increasing function of Cy.

The effect of water type on the accuracy and precision of Method 607
is determined by the values of the parameters {gj} and {yj} in Equations
(11) and (12). If the {gj} and {YJ} vary with J (i.e., vary across water
type), then the accuracy and precision of the method also vary across water
type. : ! f

In order to determine if these parameters do vary across water type
and to compare their values, they must be estimated from the laboratory
data using regressicn techniques. Equation (10) represents the basic
model. However, taking natural logarithms of both sides of Equation (10),
the following straight line regression model is obtained,

i

i
f & | ¥
|
!

ot o o4 o8 v = s A S we o e

B 1‘_'2'!'! x'ijk = 2nBgj t vz en Ck +2n Ly + 2n €ijk (13)

!
| | ;
{ which can be analyzed using standard {inear model analysis techniques. The '
! parameter 2n Bj is the intercept and Yj the slope of the regression line
associated with water type j. It is assumed that &n L; is normally !
distributed with mean O and variance of and that &n € ¢ is normally .
distributed with mean 0 and variance 05 and that the 2n Lj and {2n |
ejjk} terms areiindependent.

[

Based on Equation (13) the comparison of water types reduces to the
comparison of 'straight lines. Distilled water is viewed as a control, and
each of the remaining lines is compared directly to the line for distilled
water. |

B s Lt TEC SN

Using the data on the 1og-log:sca1e and regression techniques, the
parameters 2n B3 (and hence Bj) and Yj can be estimated. The estimates are

! then used to test the null hypothesis that there is no effect due to water

type. The formal null and alternative statistical hypotheses Hp and Hp are

given by :

|

Hp: &n Bj - 2ngy=0and vj~ v} =0 forj=2,3,4,5,6

—1 BartoMor
TMAGE AREA; ¢
AUTSIDT:

DiENSION I
FOR VABLES

PFAGE NUMBER TRATIONS
2 US GOVERNMENT R.ANTING Of FICE 1950-6£0-€19

EPA Form 2350-4 (4.80)

(PREVIOUSLY CIN. EPA FORM 287)

TYPING GUIDE SHE

L.‘u‘. eten e AUl vl she e T B3R e U kL B MMM&&WW“W—“* G AN - N WM .



P et

R e

.o .- versus " o —
N Bj -~ &n B) # 0 and/or Yj- v # 0 for some j = 2,3,4,5,6
o The test of null hypothesis Hy against the alternative hypothesis Ha
' . L is based on an F-statistic derived from standard linear model theory. The
probability of obtaining a value of an F-statistic as large as the value
which was actually observed (F 0BS), denoted by P(F > F 08S), is calculated
under the assumption that Hg is true. The null hypothesis Hy 1s rejectea
in favor of Hy if P(F > F 0BS) is less than 0.05. x\ ‘
If Hp is rejected, then some 11near combination of the differences
an 83 - 2n g1 and vj - i 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 ccmmon to several\water
"types. The effect dua to water type is judged to be statisticially
significant only if one of the differences 2n 85 - &n 81 and/or yj - \1 is
statistically different from zero. This is determined by checking \tho .
simultaneous 95% confidence intervals which are constructed for each: of :
these differences.  Each true difference can be stated to 1ie within |
respective confidence interval with 95% confidence. If zero is contamed :
within the confidence interval, then there is no evidence that th\°;
i corresponding difference is significartly different from zero. \*
s

'
1
i
i

Ha:

If at least one of the confidence intervals for the difference
2n Bj - ¢n By or yj - vy fails to include zero, then the statistical !
significance of the effect due to water type has been established.\
However, establishment of a statistically significant effect due to water|
type does not necessarily mean that _'the effect is of practical importance.
: Practical importance is related to, the size and interpretation of the:

5 difference. | i

: The interpretation of the dierrences involves comparing the mear
: recovery and standard deviation of the {Xi k} data for each water type to
' the mean recovery and standard deviation obtained for distillied water.
. These comparisons are made on a rel ative basis. The mean recovery for
' water type j 'is given by Equation (1'1). The mean recovery for water type j
! ts compared to' that for distilled water (j=1) on a relative basis by

: E(X
; m"'rh;'i
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iand theretore the\interﬁ‘etation of  the effect on precision is the same as
: ithat for the effect on meity recovery.“j

: The ratio in\Equation {14) is a m\.’-;\asure of the relative difference in
.mean recovery betwedn water type J. andﬁ\distﬂled water. It is composed of
o two parts (a) Bj/B1. which is\independert of the true concentration level
v i{i.e., the constant bias) akd (b) Cg “3-Y1 which depends upon the true
‘ !c‘oncenttrhtion level (ile., the \onzentration dependent bias). If Yj - Y1
\ 'is zerc, then the relative diffgrence in '.l'qean recovery is just gj/g; which
oo :1s indepandent of concentration l\evel Ck. At can then be stated that the
\ \_ gmea"'-:,r recovery of water type jiig (Bj.’Bl)"-.x 100% of the mean recovery for
\ \ : ‘d‘lsf:jl]ed water. If v; - vy is not\ zerc, thin the meaun recovery of water
\ O itype,J 1is [*'\Bj/Bl)'Ck{j"“) ¥ )00% of that for cistilled water and
\ ,there’F_ore depe \ds upaon the'true conceptration ‘iev‘e] Cke
Y } . ,
!

-~

vSupposé,' that a\s_‘ignificani\\F—value i.-\e.s been \\)\btained and the confidence
"intervals for all \the differdnces conta\n zero txcept fur water type 5.
'For water type 5,“\the point ostimate Zor 2n ;&S\- wn gy ts -0.38 and the
_ \iconfidene interva] for £n figi- &n 8y s (-0.63,%-0.07). The point
' \estimete for vy - ¥ 1s 0.07, and the co\fidencé\‘._ nierval for yg - v] is
1{-0.08, 0.18). In this case a st’atistica]\‘y sign\ifi'cant effect due to
"h ter type\ijas Leen establishid which 1nv‘§.3.‘\'es o\i‘.\ly water type 5. The
‘p&act‘i_can siynificance of this elfect is judg\e‘.d by E;nnsidering Equation
(14). \\The rasio 0¥ mean recoveriqs for water type 5 and distilled water is

igivén by y oo :

v Vo
g W B vy N .

\ \\. i\., m—)- Bil Ck 5- 1 .,\‘ (15)

“-‘ 1)
‘ '\ “‘ .\. v ! '
\\ \ E'and the \r;ati\o of the standard deviati »?s is given by
: 1 \ oy

4 ' v

' \ .l '} .

‘ ar(X; k) \¢5 Ye Y
R N | Va‘—(x—l—)'r 11K = :ET Cx'5-"1 (16)

' !
.++ |Since the confidence interval for Y5 =lY1 contains zero this difference is
\._ assumed to be 1tnsign1f1cant and is se}: to zero. Therefore, Equations (15)
. |and (16) reduce‘to Bg/41. The point estimate for gn g5 - 2n ! was -0.38.
Therefore, the point estimate for gg/gy 1s 0.68, and the mean recovery for

water type 5 is.estimated to be 68% qf the mean recovery for distilled
water. Similarly the standard deviaﬁon for tie data for water type 5 is
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the 95% confidence interval for &n g5 - 2n gy was (-0.69, -0.07), any value
in the interval (0.50, 0.93) is a reasonable estimate for g5/8), and the
mean recovery (standard deviation) for water type 5 can be claimed to he
from 50% to 93% of the mean recovery (standard deviation) for distilied
-. water, The practical significance of the effect due to water type 5 would
i depend upon the importance of a mean recovery (standard deviation) which is
} between 50% and 93% of the mean recovery (standard deviation) observed for
distilled water.

discussed is based on the assumption that Equation (10) approximataly
! models the data. It is clear that in practical monitoring programs of 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.
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The comparison of accuracy and precision across water types just

type such models cannot model the data completely in every case. This

BFGIN
LAGT LINE DE

IAAGE AREA:
GF taXT 1 OUTSIDE
5 ' . ﬁ‘fowmsnor\ 4
' . 24 FOR TABLES
e e e e Y e L R L e e e e et e e e I AND ILLUS.
(Y MNUMBER TRATIONS 03
£PA Form 2350-a (4-80) GE MUk -
% US GOVERNMENT PRINTING OFFICE 1980-6GI-E39
{PRICVIDUSLY CHS. EPA FORM 287}

3
K

Lo £ §
|

i 4 b s L ettt

Secaduldi M.

PR ER NPT TN}

BOTTOM OF

X L : o V"INGGUIDESHEET B
L L] 4 sk ARG s e L2 e A0 2 A A S Mt L5 it ‘;‘}arqu:‘w@mxw__ il




ey, T T T
g o o T e b BCARE R Liad MO S aeh skttt . i _
e p s ac g Lien SN CONE - - ;

e e e e e e i i e

SECTION 5 T

DISCUSSION AND CONCLUSIONS ;

| i |
The rejecticn rate for these data were similar to expectations for an ‘

interlaboratory method study. A total of 356 values were rejected,

!

! including missing data, data reported as less than some value, and ;
! statistical outliers rejected according to the criteria stated earlier. :
b
!

These represent 19.4% of all data requested. i

The summary statistics obtained from the collaborative study data are
presented in Tables 4 through 6 for the three nitrosamines studied.-
Discussion of the accuracy, precision and consistency across water types is
presented separately in the following sections. 1

ACCURACY OF THE METHOD: ! i

H
The accuracy of the method is estimated by the linear regression of :
mean recovery versus true concentration presented earlier. The equations '

are valid only over the range of true values studied and should not be | $
extrapolated beycnd this range. } | X

As an illustration of the accuracy that can be expected for the three !
nitrosamines under study, the midrange concentrations were inserted into |
the regression equations to estimate percent recoveries. These predicted
recoveries at the midrange, shown in Table 7, provide a basis for comparing
the recoveries across water types andl among nitrosamines. Recoveries at
other concentrations would vary due to the relative impact of the slope and
intercept of the regression 1ine upon the calculated result.

i .

There is good consistency across water types for the nitrosamines,
with recoveries ranging from 36 to 43% for NDMA, 84 to 102% for NDPrA, and
58 to 67% for NDPhA.

PRECISIGN OF THE KETHOD

The precilsion of the method is estimated by calculating regression
equations foﬁ the precision components versus the mean recovery. In each
case, the regression model is assumed and both the overall standard
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| | * LVt pace 19 |
| ENVIROUNENTAL MONTTORING AND SUPPORT LARDRATORY !
preatt | OFFICE OF RESEATCH AND OEVELOPPENT ,
w | ENVIRINWENTAL PROTECTION AGENCY X
~ : ‘
< $90£04 WETHID VALIDAFION STUDY = SRT MITROSAMINESS ;
' ]
i STATISTICAL SURWARY FOR N-¥ITROSIOIMETHYLAMINE ANALYSES BY VATER TYOE ;
: watee 1 VATER 2 WATER 3 WATER & VATER 3 JATER & !
L. I.‘-i
" L3V YOUDEN PAIR 3 s 1 s 3 s 3 s 3 5 3 s !
NURBER OF DATA POINTS 14 14 1 16 12 13 14 13 14 14 13 13
TRUE VALUE UG/L 0.8¢ 1.01 9484 1.0t 0494 1.01 0.84 1.01 0.54 1.01 0494 .01 !
MEAN RECOVERY o34 et ot .74 .33 o4t 40 .87 ohh e .52 .73
ACCURACY AS ¥ REL ERROR =99,53 =32,92  =47,08 26,10 =33,76¢ =34,23 52,76 =33.03 =47.06 =35.33 =37,36 =22.40
OVERALL $TO DEV (S) .13 .26 .24 68 39 32 a7 .49 .24 .26 032 32
OVERALL REL STO DEVe T 33430 99,63 36,20  91.49 69,73 68,66 41,86 72,09 34,33 34,20 61,07 66406 |
]
SINGLE STo DEV, (SR) .07 .26 .20 .29 o146 .28 :
. ANALYST  QEL DEVs 2 16.67 40,30 57,7% $3.00 .62 39,01
H
¢ mmea
.
| NEDIUY YOUOEM PAgR : » 1 2 1 2 1 2 1 2 1 2
; NUMBER OF DATA POINTS 1 1 14 13 12 13 13 13 13 13 13 13 !
: TRUE VALUE UG/L 6.70 ".96 5,70 8,06 6,70 8.06 6.70 8,06 6.70 9,06 6,70 8,06 |-
' AEAN QECOVERY 2.74 3.09 2440 .11 2.88 3.93 2,73 2493 2442 2,80 2,25 2,39 .
ACCURACY AS T REL ERROR =59.03  =51473 61414 =81,40 =37.01 =31,23 =59,28 =63,46 =53,80 =65,27 <=85,33 =37.93
, OVERSLL STO DEV {S) 33 o7 .60 70 .62 2,08 1.01 1.01 .86 1400 .36 1.08
OVERALL PEL STD DEV, T 19,43 2378 28,19 22,57  21.60 92,89 136,99 34,34 38,84  35.86 18,13  31.77
" SINGLE STD DEV), (SR) o3 60 1.23 %6 Y o7 :
AMBLYST  REL DEV, ¢ 14.87 21.09 36,13 16,99 15.73 21,01 i
i
i
WIGH YOUDEN PAIR . ) . ) 4 s . 6 3 6 . 6 !
NUMBEQ OF DATA POINTS 13 1 13 15 1¢ 14 16 14 16 13 14 16 :
TRUE VALUE UG/L 20,09 24,190 20,00 24,19 20,03 26.19 20,00 24,19 20409  24e19  22.99 24019
REAN PECOVERY 8,80 ".n3 ",00 .16 8,45  10.14 7.63 942 7,97 8.07 1.1 8.85
" BCCUPACY AS T REL ERROR =68.%7 =66.32 =60,20 =62,20 =57,94 =~38,09 =51.92 =61.0% =60,3% ~66,60 =8l.56 =43,40 |
OVERALL STD DEV ($) 1449 3,70 1.49 2.49 3,09 3,79 1.99 1,07 2,35 3.3 2.1 .93 i
OVERALL REL STD DEV, ¥  21.91  42.89 18,84 27,26 35,80 37,38 23,69 32,56 20,50  41.24  26.13  S4.4] :
SINGLE STD DEV, (SR) 2.91 1.48 2.5 1.50 2,12 2,60 ‘
ANALYST  REL OEVe % 18,26 17.23 21.28 17.52 33,84 31,37 ;
VATER LEGEND
1 - OISTILLED WATER
2 ~ TAP wATER
i = SURFACE WATER
i & = WASTE WATER 1)
S - VASTE waTER 2
. & = JASTE VATEQ 3
A . S . il .
36)? =
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z 3 TABLE 5. I SV St BasE 37
<o m ENVIRANMEATAL YNNITORING AND SUPPORT LABIRATARY ;
o3 NFFICE OF RESEARCW AND DEVELOPFENT :
- € B ENVIRINNENTAL PRITECTION AGENCY :
r !
< & *46EPA WETHOD YALIOATION STUOY = SQI NITROSAMINESE |
o b H
z 3 STATISFICAL SUMMARY FOR N-NITROSODI-N-PRIPYLANINE ANALYSES BY VATER TYPE |
Q& VATER 1 watER 2 vater 3 VATER & vaTER 8 VATER 4 {
. .
2 LOY YOUDEM PAIR 3 s 3 s 3 s 1 s 1 s 3 P
z NUAGER OF DATA POINTS 13 11 12 11 13 15 1 13 1¢ 13 13 12 !
" TRUE VALUE UG/L 1.48 1.22 1.40 1,22 1.49 1.22 1.48 1.22 1.48 1.22 1.48 1.22
@ MEAN RECOVERY 1.23 1.18 1412 1,09 1.38 1.19 2.0 1.19 1.44 1.27 1.76 .13
- ACCURACY AS ¥ REL ERROR =17.13  =2,90 =26,38  <~11.48  =6.33  =3.2)  37.3%6  =2,13  =2.8+¢ 4,05 13,20 =7.3% |
QVERALL STD DEV (S) o3 o33 sl .28 31 61 1.28 .59 .66 52 1.17 T
OVERALL REL STO DEVe T 36,27 29,06 38,79 26,00 36,490 32,11 62,93 49,92 45,33 4A.Ts 85.50  49.37 |
SINGLE STD DEV, (SR} «30 .26 43 313 .32 .75 !
ANALYST  REL DV, 26,72 23,30 33.88 34,08 23.96 531,68 :
¥ MEOTUN YOUDEN PAIR 1 2 1 2 1 2 1 2 1 2 1 2
& | NUMAER OF DATA POINTS 13 11 1 16 1% 16 13 14 15 16 18 19
m . TRUE VALUE UG/t 10439 9.52 10,39 8.52  10.39 A.52  10.39 8.52 10439 8.52 10,39 8,52 .
z WEAN QECOVERY . 3,43 8.9 9.30 6,57 9.16 8,18 11,27 8443 9.03 8.13 9.%9 9,20 |
© g ACCURACY AS ® REL ERROR  =3.42  <=5,99 =10,46 =22.9¢ =11,83  =3,9¢ 8e47  =1.05  =12.91  =4.32  «7.49 8.42 i
z i OVERALL STD DEV ¢$) 2409 2,48 2436 2,18 2.37 2,19 2-58 2409 2,54 2.7% .20 3.65 o
o OVERALL OEL STO DEVs € 21431 30,73 27,29 33,16 25,91 34,00  22.87  29,%9  20.11  33.7%  43.75 39,35 p
SINGLF STD DEV, (SR) 1.01 2,65 1.89 1,89 1.80 311 ;
©OANALYST  REL DEV, 2 20.25 31.%3 21.80 19.04 20.90 33,04 !
}
2 ! WiGH YOUDEN PATR ‘. ) s 6 4 6 . s . 6 . 6
- _ NUMBER OF DATA POINTS 11 1 1 13 13 16 16 13 16 15 1¢ 1«
ceo TRUE VALUE UG/L 26e71  17.06 20,71 17,04 26,71 17,06 26,71 17,064 284,71  17.06 26,71 17.06 !
g ' MEAN RECOVERY 2%.68 1543 23,R3 13.63 24,17 16,01 2%.95 16.89 22,03 14,57 24,13 14,99 {
N ! ACCURACY AS T REL ERROR  =3.07 =239 =10,37 ~20,00  =9.51 <606  =4,33 =85 ~17.32  -14,47  =9,6% -12,0)
£y | DVEPALL $TO DEV ¢3) 2,32 TS 4,49 4,952 4,92 9.9 7039 4,40 9.40 4.98 191 5.6 |
o | ! OVERALL REL STD DEV, 2 9.02  26.51 19.90 33,18 19,92 3695 20.72 26,03 42,59  34,7) 32,77 36,61 |
m i
Z l SINGLE STD DEV, tSR) t N3 2,9 2.1 4,36 s.66 3.44 b
3 ANALYST  REL DEV, ¢ 11.40 13,90 13.717 20,54 30.91 17,60
ERRE! : f
5 " WATER LEGEND {
o D )
SRR . 3 = OISTILLED WATER E
G 2 - TAP uATER !
BRI ' '3 = SURFACE WATER {
£ ! i & = WASTE dATER 1
§ S - WASTE VATER 2 !
4 l & - WASTE YATER 3 i
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X ar TABLE 6. 1wV st oage 93 ! L
< T ENVIRNNAENTAL “ONITDAING 4ND SUPPORT LARGRATORY i
- 9 3 FFICE OF RESFANCH AND DEVELAPWENT :
. € 8 ENVIRINHENTAL PRITECTION AGENCY . 3
- e \ ]
L < g8 $00EPA METHID VALIOATION STUOY = SRI NITROSANINES® ; 3
I s B 4 '
4N Zz | | STATISTICAL SUMOARY FOR My ITRISODIPHENYLAMINE ANALYSES BY WATER TYPE !
* ‘ S i P
- E 8 ! warter 1t warer 2 uATER 3 datER & usTED 8 vaTER o ‘
‘;-"..-_ N " a !l-d N S ’
- '
. 9 | LOV YQUOEN PaTR 3 ’ 3 s 3 s 3 s 3 s 3 s
- 2z NUPBER OF DATA POINTS 14 1 1 13 1n 13 12 12 13 13 13 1 ;
. " TQUE VALUE UG/L 9.22 1.9 4,22 10.9s 9,22 13,96 8.22 10496 8422 10,94 9422 10.9% ]
3 WEAN QECOVERY 3,84 7.7 4,93 5,04 4,29 4,38 5,20 7.07 4,99 6,62 3,56 5,97
= ACCURACY AS T REL ERROR =29,08 =39.79 ~40,02 44,88 ~88.2% =41.80 =36.76 =15.51 =39.23 =39,53 =92.30 =36.41 ]
; QVERALL STO DFV (S$) 2.1% 2,68 2,74 2,83 2.39 3,06 2.23 3.06 3.12 3,49 N 3.07 i
| OVERALL RFL STD DEVy T 36,89 37,48 53,58 47,16 56,21 47,00 42,9 43,31  62.45  32.7% 43,37 e6.1s E
SINGLE STD DEV, (SR) ot 2.13 1.31 1,23 2.17 1.63
ANALYST  QEL DEV, € 10,26 38,82 25,09 20,01 37.43 26,06 e
:
“ "3 NEDIUH YOUDEN PaIR 1 2 1 2 ! 2 1 2 1 2 1 2 E
S NUMBER OF OATA POIMTS 13 12 16 15 13 12 1 12 13 1 1 14 ]
m TRUE VALUE UG/L 16,43 21,91 16,43 21,91 16463 2191 16,63 21,91 18,43  21.91 19,43 21,91
- Z L WEAN RECOVERY ile33 18,9 11,03  12.8) 9,95 14,00  10.43 15,31 9.3¢ 12,63 1136 15467 .
: c ! ACCURACY AS T REL ERROR =30,94 =32.26 32,91 41,44 =39,03  =36,11 =38,42 <=30,13 =843.1% =42,27 =31.01 =29.39 y
£ - a i OVERALL STD DEV (S) 5,52 5.37 2,92 3,08 4,93 479 3,09 7.51 4.09 3,189 3.97 6,60 3
L m | OVERALL REL STD OEVs 3 48,66 42,31 36,83 37,41 43,76 33,60  29.61 49,07  43.7% 25,17 35,060 42,86 E
A T | stweie STO DEV, (SR) 3.80 3.02 41l 3,09 1.96 2447 3
SR ‘ | AMALYST  REL DEV, ¢ 29.02 25,30 34,35 29,92 17.83 18,40 R
rr : 9
. i g
Co ' k
TN ] HIGH YOUDEN PAIR 6 . 6 ) ) . 6 . 6 ’ 6 -
A NUNBER OF OATA POINTS 14 13 17 14 10 11 12 13 13 15 13 1% d
s <0 e | | TRUE VALUE UG/L 41,03 56,78 81,08 34,79 41.0% 54,78  41.08 54,79 61,08 34,79 41,98 34.78
R ' MEAN RECDVERY 25,66 30,37 23,87 39,38  21.se 30,29 25,27 39,26 25.17 31,89 23,73 32,23 ]
25 | ACCURACY AS 2 BEL ERRDR =33,15  «37.28  «37,51  =44,62  <47,81 =374l 38,49 =28,32 38,72 41,79 =39,59 =41,)2 :
6 .5 .. © DVERALL $TD DEY (S) 1403 18,92 12430 14,43 8,18 12,46 B.46 17.10 14.07 16438 10.83  12.14 "
o H N . OVERALL REL STD DEVe X 41,95  41.62 83,11  87.37  37.98 36,29  33.48  43,%  93.89 51,38 42,93 37.65 4
. C g ] SINGLE STD DEVs (SR} 2,62 .93 5,08 9,79 8.68 T.18
. 3 , ANALYST  REL DEV, ¢ 27.60 28,30 18.10 30,30 30,42 24,99
2.8 | VATER LEGEND
- - | esecccenccas
3 , | 1 - DISTILLED VaTER
P .8 2 - VAP wATER
3 } | 3 = sumeace watenm
. -8 ’ 4 - VASTE waATER 1
LT l S - vaSTE WATER 2
o 1 | 6 = WASTE WATER 3
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TABLE 7. ESTIMATED PERCENT RECOVERY FOR VARIOUS WATER :TYPES AT MIDRANGE CONCENTRATION
'—cn—- Percent recovery in given water types :
' Laboratory Finished Industrial Industrial Industrial:
Compound Midrange pure drinking Surface effluent 1 effluent 2 effluent 3.

N-nitrosodimethylamine 12,52 37 39 43 39 36 38
N-nitrosodipropylamine 13.95 95 84 92 102 88 95 :
T N-nitrosodiphenylamine —— —"31.617 "~ " 66~ " " 60 " "0 T " 67 ~ " — B8 "~ " B4 -
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ML

- . deviation (S) and single-analyst standard deviation (SR) are expressed in
fthis manner. AS was the case with the accuracy equation, these equations
‘may only be said to be valid over the range of concentrations studied.

: As was done with the accuracy equation, the precision of the method is
: {11ustrated by the calculation of percent relative standard deviations at
- 'the midrange concentration. Although the variability at any concentration
?over the range studied i1l depend upon the relative impact of the slope
»and intercept of the precision equations, these relative standard
: deviations, shown in Tables 8 and 9, allow a general evaluation of method
| performance. ' 1
iCOHPARISON ACROSS WATER TYPES % .}
The summaries on the effects of water type cn the results obtained ara
presented in Tables 10, 11, and 12. 1In none of the instances was the /-

. statistic significantly large to warrant rejection of the null hypothesis

.of equality. The conclusion {s that the method performed in a comparah!a®-

‘manner over the six waters used in this study. It should be remembere:,

however, that the industrial effluents selected for this study were choden

‘ because of their relatively low background of interfering substances. Some

i differences can be expected to occur when analyzing a variety of effluents

and the user should evaluate method performance with each matrix on which

it is used.

!
HMETHOD EVALUATION 5

1
h

]
'
{
|
|

The accuracy of the method as determined from the collaborative study
data compared favorably to the results obtained by SwRI in the
developmental phase of the method [10]. In developmental studies in |
interference-free water, recoveries of 40, 98 and 80% were obtained for ‘
NDMA, NDPrA, and NDPhA, respectively, and in samples of five effluents, the
average recoveries ranged from 25 to 38 for NDMA, 54 to 103 for NOPrA, and
46 to 89 for NDPhA. By comparison,ithe percent accuracy at midranges
spanned 36 to ‘43 for NDMA, 84 to 102 for NDPrA, and 58 to 67 for NDPhA in
the waters used in this study.

Method detection 1imit (MDL) was determined for each of the three
compounds in interference-free water and in two industrial effluents, using
a procedure specified by the Environmental Monitoring and Support
Laboratory. In this procedure, at least seven sample replicates containing
the compounds at concent-ations near the estimated detection limit of each
were analyzed by Methn! 607. The standard deviation of the replicate

1
] .
ed LOTTOM OF

N | measurements was calculated and multiplied by the Student's t value
AT LN P i 1 IMAGE AREA;
A e ' - N ity
[ E R FOR TABLES
[ J— — — - — e - e codecllin i e e — — — —— — AMD JLIUS
. TRATIONS
EPA Form 2350-2 {4-30) PAGE HIUMERR '
2 LS. GOVENNMENT PRINTING UFIICE 1387-660-638
N {PRCVIOQUSLY CH,, EPA DM 2867}
' ©OTYPING GUIDE SHEET ,
! ‘ L - :._':!'_~ . . ‘ . LT _‘ .
oy Tt T T S ST .




? m o -'-? ] ‘ ansiaseeaieiey 7‘\"- ¢ e r,-. | - "‘i 1| ";
SR = TABLE 8. ESTIMATED OVERALL PERCENT RELATIVE STANDARD DEVIATION FOR i r
g § f"‘“’" VARIOUS WATER TYPES AT MIDRANGE CONCENTRATION : §
iy | S Overall RSD for given water type E ¢
AR ' Laboratory Finished Industrial Industrial Industrial; ]
? s | Compound Midrange pure drinking Surface_effluent 1 effluent 2 effluent 3: :
58 ! .
’ ".H_.N-nitrosodimethylamine - —12.52 . - . 26 - 25 .- .35 34 : 34 29 . }
2 N-nitrosodipropylamine - 13.96 22 28 28 29 34 39 : i
'z A N-nitrosodiphenylamine - 31.51 45 39 35 39 44 39 N
s l i
! 3
- R ' |
oo f ?
. ‘sl : Lo
e § 3 f "
T “TABLE 9. ESTIMATED SINGLE-ANALYST PERCENT RELATIVE STANDARD DEVIATION FOR -
3 - VARIOQUS WATER TYPES AT MIDRANGE CONCENTRATION b
L - Single-analyst RSD for given water type !
| Laboratory Finished Industrial Industrial Industrial . .
o - Compound Midrange ure drinking Surface effluent 1 effluent 2 effluent 3: &
¥y, § | {N-nitrosodimethylamine 12.52 25 17 30 15 25 29 |
R N-nitrosodipropylamine 13.96 16 24 18 20 26 25 :
- | N-nitrosodiphenylamine 31.51 31 26 24 31 24 22 1 ]
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$¢ PGINT ESTINATES o¢ . "
OISTILLED WATER SLOPESGANMALL) o 93634
WATER  INTERCEOT(WATER-DISTILLED)  SLOPE(WATER=DIS FILLED)

(482 WaOS Va3 "NID ATSNOIAZHA)

GO i) B AR Tt 2T L Cile

Sy bieg

? °1927 -.0437
3 «0%88 +0168
4 +1669 ~:0533
: s L0612 -.0428 |
' . «3307 ~+1193 :
(- !
- i
) . 6 ANALYSIS OF VARTANCE oo i
4
z snuece OF SUM OF SOUARES WEAM SOUARE F P08 41
- m . H be
: > REAIDISTILLEO) 1 732.6719%9 732.67158 -4 .
5o, - C. REGIVATER/NISTILLEL) 10 3,2959% 032939 1.33 1270 ; p
2 EouQR %70 101.%4278 +21609 i
‘r’r’| t : .
P : ™MraL 481 837,31027 :
i

b : ! ; . 9
et | ; 2
) o 24 4
iy e L #¢ TASLE OF 95T CONFIDEMCE INTEIVALS FOR THE DIFFERENCES HETVEEN INTERCE®TS AND THE DIFFEIENCES BETYEEM SLOPES s y
LS o I ' INTERCEPT(VATER=DTSTILLLD) SLOPE(VATER-DISTILLED) : X
N ] : vaTEQ ESTINATE INTERVAL ESTINATE INTERVAL i g
E;.; o’ F ' ; 2 $1827 ( =.1405 »  ,5062)  =.0437  =,1945 »  .1072) | 3
2y, | 3 s0338 ( ~,277% »  .1930) J0166 ( =02389 »  JA721) 1
R B ! . 01669 ( =,15%7 «4903) ~e0933 ({ «,2792 o +0989) B
=N T : ] 00812 ( =.2853 4  .3677) =,0628 ( =.1951 »  +1104) E
oz ' ° «3367 {0073, L6700  =,1193 { =,2726 »  .03%0) ;
PUSITE | : . ! 3
b o ;NOTEs IF JERG IS CONTAINED vITHIN A SIVEN CAVFTOENCE INTERVAL THEN THERF IS 40 TTATISTICAL SIGNIFICANCE BETWEEN : !
m. 3 PISTILLED WATER AND THE CORRESPIIMDING VASTE WATER FOR THZ ASSOCIATED PARANETER(INTERCEPT/SLOPE) .
~ T i THE SLOPE AND INTERCEPT ESTINATES €274 THES ANALYSIS ARE WIT T4E SAME AS THCIE OSTAINED FROY THE PRECISION g
Cp AND ACCURACY REGRESSIONS PERFIRED EAOLIFR,
?
g I FOR COAPLETE DETAILS ON INTERORETING T4IS RZPURT, SEE APPEYDIX & IN THE PROGRANMER(S) NICUMENTATION, .
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< T | ENVIQONYENTAL NONITORING AND SUPPORT LAAIRATARY ; )
S = NFFIZE OF QESEARCH AND DEVELOPMENT ; :
< g P ENVIRINWENTAL PRITECTION AGFNCY :
r o 3
<g | % SeeEpA NETHID VALIDATION STUDY = SRI NITPISANINESS } g
L H
iz g i EFFECT IF VATER TYPE ON N-NITRISODI-N-PROPYLANINE ANALYSIS ! %
& 1 3
58 ; i
'® r_ﬂ___ p ¢¢ PDINT ESTIMATES o@ ! ]
.
9 OTSTILLED VATER SLOPEIGAMMA(T) o 1,04130 i i
N ] ¥ATER INTERCEPTCVATER-DISTILLEDY, SLOPECWATER=JISTILLED) i
S | 2 =e030¢ ~40298 2
} 3 20321 -.0278 ; ]
i s +119¢ -.0383 ‘ ;
| s +1295 -.1068 -
. ! . 11490 0774 i 5 |
| ! i g |
- o6 ANALYSIS OF VARTANCE o6 g
4 [ ) s1yece OF  SUM OF SQUARES WEAN SQUARE F PR09 A g
m . . 3
z fo; REGIDISTILLFO) 1 646,87532 666,87332 1
= REGIUATER/DTSTILLED) 10 1494098 +19410 1410 3372 i
Z EQROR 12 32.99213 +17383 1
m
by i 3
. i TTAL 483 731.80860 X i
| |
. 1
P H
- *¢ TABLE OF 93T CONFIDENSE INTERVALS FOR THE DIFFERENCES SETWEEN INTERCEPTS ANO THE DIFFERENCES BETVEEN SLOPES ¢¢ . :
. ' ,
- I ' INTERCEPTLYATER-DISTILLED) SLOOE(WATER=NISTILLFO) ; {
e S . vaTEQ ESTINATE INTERVAL ESTIATE INTERVAL : i
soLe 1 2 -.0390 { =,406% » +3280) ~s0298 { =,19%2 » +135680 : ?
SR 7 RN ] 00321 ( ~,375, «3817) -.0278 { =.1873 » «1318) t
c -3 | . W19 =,2380 o +4T48) 0363 ( =.1976 » <1250 ]
5 SR L4 21296 { =.2183 » «%77%) =e106A ( =,2639 » *0503) N
m o 2 ’ ’ 6 1490 ( =,2122 o +3102) ~e0776 ( =,2403 » <0856} 1
Ve 2 i H
LE g [noru IF TERN 1S CONTATNED WITMIN A GIVEN SONFINEMCE INTERVAL THEM THERE 1S NO STATISTICAL STGNIFTCANCE QETWEEM }
mz I DISTILLED WATER AND TWE CORRESPONNING VWASTE WATER FOR THE ASSACIATED PARAMETER(INTERCEPT/SLOPE). 1
(S
= .,." l THE SLOPE AND INTERCEPT ESTIMATES FRON THIS aNALYSIS ARE NOT THE SANE AS VHOSE OBTAINED FROM THE PRECISION i
] AND ACCURACY REGRCSSTIONS PERFI9RED FARLIFR, gi
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v See .
- £ | « $30E0L NETHID VALIOATION STUDY = SPI NITROSAMINESS |
‘A I
F o EFFECT NF WATER TYPE ON N-NITR0SODIPHENYLAMINE ANGLYSIS !
La §
58 ‘ i
> oo POINT ESTIMATES oo o
n
o DESTILLED VATER SLIPEIGANMALL) = 94289
: VATER  INTERCEPT(VATER=DISVILLED)  SLOPE(WATER-DISTILLED)
-.O
= 2 ~42951 «C3%
. 3 -.8313 <1961
- -e3402 «0906%
s -e2833 0817
s 1117 c232
#¢ ANALYSIS NF VARTANCE ¢
sauece OF  SUN OF SQUARES NEA4 SQUARE F PROS
REGIOTSTILLED) 1 2%.77308 215.77398
RECIYATER/OISTILLED) 10 243695 $20370 1,19 42037
Erene VT 92010448 +20503
™ 438 310.33%39

(3

b
. € ¢* TABLE GF 99T CONFIDENCE INTERVALS FOR THE OIFFERENCES NETVEEN INTERCEPTS AND THE OIFFERENCES 9ETWEEN SLOPES ¢e
-8 5 INTERCEPTCWATER=-DISTILLED) SLOPF(JATER-DISTILLED)
: WATER ESTEIWATE INTERVAL ESTIMATE INTFRVAL
: ! 2 = 2331 { =1,1754 » «05553) «0396 ( =,2409 » «3321)
. 3 ~e8013 ( ~1.0432 +2007) «1901 & =,1220 » «5031)
s 4 =e3402 ( =1,2841 , «4038) «0998 { ~,205%7 «4027)
: b =e2833 ( ~1.1929 , «6263) «081T7 { =42913 » «3348)
[] ~e1117 ( ~1,0279% . «8040) #0232 | =42723 «31087)

MOTEY IF ZERD I3 COMTAINED VITHIN A GIVEN COVMFIOENCE INTSRVAL THEN THERE IS NO STATISTICAL SIGNIFICANCE SETWEEN
. DISTILLED WATER AND TME CORRESPONOING WASTE WATER FOR THE ASSNCIATED PARARETERCINTERCEPT/SLOPE).

THE SLOVE AND INTERCEPT ESTIMATES ©RI% THIS ANALYSIS APE NIT THE SAME AS THOSE OITAINED FROM TYE PRECISION
AND ACCURACY RFGRESSIONS PERFNONEN EARLIER,
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© - ‘appropriate for a 99% confidence levei with n-1 degrees of freedom (3.143
for seven replicates) to give the MDL value. The MDL values obtained are
é given in Table 13. Also shown in Table 13 for easy comparisons with the

+ MDLs are the lowest concentrations used in the interlaboratory study.

- TABLE 13. METHOD DETECTION LIMITS AND LOWEST
. CONCENTRATIONS USED IN STUDY

: Concentration, uq/L

! NDMA NDPrA NDPhA
Interference-free water, MDL i 0.149 0.462 0.807
Industrial effluent 1, MDL ‘ 0.099 0.359 0.7%7
Industrial effluent 3, MDL ! 0.121 0.741 1.57
Lowest conc. in study © o 0.837 1.217 8.216

.
.
- - ' - - - U T

In ccéjunction with the MDL determinations, analytical curves for the
compounds were determined on duplicate samples at five concentration levels
chosen in conference with the project officer. The analytical curve study
showed that an essentially linear response was observed for N- |
nitrosodimethylamine up to concentrations of 148 ug/L and for N-nitrosodi- .
n-propylamine up to 466 ug/L; these concentrations are far above the
highest concentrations used in this study. For N-nitrosodiphenylamine, a
significant deviation from linearity was observed with an approximate one-

. third drop in response factor when the concentration went from 8 ug/L to
; 800 ng/L. However, the concentration span from the lowest Youden pair to
the highest Youden pair in the interlaboratory study was only from 8 tn 55
ug/L, a segment of the analytical curve where essentially linear response
was cbserved.

e

The lowest spiking levels used 1L the study ranged from five to eight
times the MDL values for NDMA and NDPhA and from two to three times the MDL !
values for NDPrA. The smaller difference between MDL and spiking level for
NDPrA had no adverse effect on tite assay of this substance, and study
results for it and NDMA are about as expected. The results for NDPhA,
although acceptable, are not as good as anticipated. The critical part of
the procedure for NDPhA is its separation from the potentially interfering
compound, diphenylamine (DPA) and NDMA, on the alumina cleanup column. To
achieve the separation, the alumina activity must be within 4 narrow range I
that is presumably attained by adding 2 mL of water to 100 g of Woelm,
Super 1 activity, basic alumina as received. Although this procedure was
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| - o+~ found to work well in the laboratory at Southwest Research Institute, it
' - did not work well for a number of the participants in the study. A further
. difficulty in this area developed when a temporary shortage of the Woelm
! product forced the substitution of alumina from cther sources. Alumina

. from Fisher Scientific and Baker were reccmmended as substitutes with the
- “amount of water added to be 1 mL per 100 g of alumina as received.

. Difficulties in attaining the desired separation were also reported when

i the Fisher and Baker products were used. Irrespective of the brand of

; alumina used, 8 of the 17 laboratories in the study reported separation

f difficulties which may have adversely affected their abilities to determine

! the amount of NDPhA in their samples. As a criterion for determining when

: the activity of the alumina was in the acceptable range, participants were
instructed to adjust the percentage of water in the alumina until the
amount of NDPrA (from a standard mixture appifed to the alumina column) in \
the first fraction of eluate ranged from 10 to 33% of the amount added,
.With the balance to be found in the second fraction of eluate. A few
participants had difficulty in preparing aiumina with an activity that
distributed the NDPrA as recommended, and one participant challenged the
NDPrA distribution as a satisfactory index of activity.

[ C I LF

e e a 4% b e

Lrtas oo e e Ao ke e b b

Although 9 of the 17 participants were able to achieve satisfactory
separations by following the method instructions, preparing alumina with an i
acceptable activity and maintaining that activity until used will always be
a potentially troublesome part of the procedure because great care is
required in preparation, the ambient humidity may vary widely during use, :
and individual work habits and skills may vary greatly. To reduce the
difficulties experienced by eight of the laboratories, it might be
advisable to modify the method by 1nc1ud1ng the following suggestions: |

1. Each freshly prepared batch of deactivated alumina will be tested
before use on unknown samples for its ability to separate NDPhA
and DPA making sure at the same time that all of the NDMA is in
the eluate fraction containing the DPA.

2. Condition alumina as received, before deactivating, in a thin !
layer overnight in an oven at a constant temperature within the !
range of 150 to 300°C.

! . .
3. Use a tightly closed container during preparation and storage; do
not Store the prepared alumina more than five days.

4. Protect from atmospheric exposure wherever possible during use.
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Several participants complained that the temperatures given in the

T Another maJor “trouble spot that appeared durmg ‘the study “was the B
' great variation in response of the N-P detector.
© reduced by venting the injectad solvent, and all participants reporting
1; difficulties with response were advised to install a vent in their GC

. ?_gystem and to inject standards several times per day.

N Several laboratories reprrted that they had great difficulty injecting

Lo i the first fraction of eluate (307 ethyl ether/70% pentane) because of its
' low boiling point and suggested that it, too, should be solvent exchanged
| with methyl alcohol before analysis by GC. !
]
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method for concentrating the fractions in a Kuderna-Danish apparatus were !
too low and therefore the times required to perform this step were too
long. ‘ i ,
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6 e - JFFICE DF RESEARCH AND DEVELUPMENT P
o o ' ENVIRINMENTAL PROFECTION AGENMCY K
‘%5 » . 2 I ] esecpy METHOD VALIDATION STUDY = SRI NITROSAMINESS y
i I . :
. - 3 ! QAW OATA FOR N-NTTROSIOIMETHYLAMINE ANALYSIS BY YATER TYPE ;
A — ; B
L. i . VATER ) VATER 2 VATER 3 WATER & JATER ¢ JAYER & 4
- [ meorun vouoew eate 1 2 1 2 1 1 2 1 2 1 2

l | TRUE VALUE UG/L 8,70 0.0% 6,70 8.06 6.70 1,06 8.70 8,06 6.70 8,06 6.70 8408
, . - :

- | LAGORATORY NUK3ER

b . | 701 .16 € 0,200 2,34 3,45 0.31¢  0.80 04238 1.62 0.57 1,02 2.00 1,98
oy i o2 2.3 1.9% 1.90 1e64 2,1 2,81 2.91 2,64 2.09 2,%1 2.69 3.16 A
S 5 1 763 2465 3,23 2.79 3.48 2,92 4034 3.27 3.91 ¢ 2,79 2.44 2439 1
R .3 L 704 2.21 2.37 2.6 2.6% 2.02 2,23 3,02 2.90 2,32 3,50 2.97 %.02 !
. T . o . 3.;1 6.3: 3.3% 4,32 a.og' s.c.lw 3,30 4,73 3.33 b.;t a.gho €75 |
O : © 106 3,22 “e 2.72 2.7¢ 3.0 .18 2,93 3.67 2,83 3.13 2.23 2.%0
R z 107 30,000  35.40% 25,17 20,000 46,205 69,10% 91,008 47,704 37.70¢ 18.70% 33,100 65,50
S 5 708 2.73 3.11 3.19 1.6% 3.84 *.50 2.8¢ 2.9% 2450 3,38 2.7 2.51
X - @ 709 3,01 3,61 1.28 3.00 3.51 Te62 1.52 1,53 1.66 1.98 2.53 4,68
- ; o 710 B.15¢ 10,700 11,600 13,500 %0 13,600 4,07 11.60¢ 6.40% 19,40 10,500 15,50

711 2.19 2,92 2,63 3.95 3.19 3,94 2.00 2.86 2,89 3.7% 1.97 2.9%
i ne 3.72 3.10 1.97¢ 1.47e 1,156 1,118 0.69¢ 2,566  2.31 2.71 1.72 1.86 3
I ! ona 2.30 2490 2,39 2.90 2.7 3.60 3.80 3.90 3.10 1480 4,600 3.10
o 714 2,90 2410 3,90 2,50 . ¢ 2,90 1.90 1,400 1.90¢ 2.30 3.70 {
- i ns 4.900  3,80% 3,09 31040 2,80 8460 1.%0 3,00 1440 1.50 1,60 490 i
oy l .78 2.26 2,81 2.69 9.46¢ 1,80 2,34 3.96 3,63 7.900 2.1 3.48 g
- 2 I nry 2,20 3.20 1.7 3.40 2,60 3440 2.90 3,40 2,80 1.80 2.20 5.4C :
K S J | & o xedECTED
- Q !
. 62) ,3 ] ! WATEP LESFwD
? | v ———————
‘ . 1’ 1 = DISTILLED WATER
> N/ S 2 ~ TAP WATER
€T | 3 = SURFACE vATER
o 3 ! & = WASTE WATER 1
- m z - 5 = WASTE VATER 2
" > ' | 6 = UASTE WATER 3 , : . - :
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" TABLE A-1 (CONT'D)

EMVIANVENTAL NONITORING AND SUPPORT LABORATORY
QFFICE OF RESEARCH 4ND NCVELOPMENT
EMVIRNNMENTAL PROTECTION AGENCY

[ -

ee4EPA VETHOO VALTOATION STUDY ~ SOT NITROSAMINES®
QAW OATA FO? N-NITROSIDIMETHVLAMINE ANALYSIS 8Y WATER TYPE

e '

VATER 1 NATER 2 vaATE® 3 VATER & VATER 9
HIGH YOUDEM PAJR & ] 1) LY L} 5 4 [ [3 .
: TRUE VALUE UG/L 20,09 26,19 20,09 26.19 20,09 24.19 20,09 24,19 20,09 26,10
| + LABORATORY NUMBER
] 701 . 7.12 7.19 8,25 2.09 “.16 7063 9,13 69,70 6.17
702 5.%59 2.2t 7.08 6,63 7.49 3.79 6.27 5,52 5,93 1.73
o 793 5e79 9.73 7.1 9,27 6,26 8.57 G.2% 9,21 13,50 4,09
> 704 6042 8408 5,91 8450 7.3 10.20 10.10 12460 8451 8.84¢
% 708 9.5 15.90 Q.80 1%.09 6.8 14.90 T.08 13.80 7.39 14.40
i 706 6.73 5,91 8.46 13.10 9.21 10,67 9.72 10.20 8.53 8.27
z - 701 03,40t 45,80%  B6.%UNT 151,300 53,198 37,400 134,706 210,308 148,608  63,70¢
ES X - 708 5089 lebl .47 5,99 Q.64 .43 9.29 6439 T.9F 10.20
kS i‘ 709 V74 7.93 Y 6.78 7084 .74 4.03 4456 4,93 €459
Qo ! 710 817 12.90 7.19 8.02 0,03 17.40 7.69 9.10 7448 8466
b 71 T.36 9.80 9.%0 10.63 8.51 13.70 8.18 9.39 9,10 10.10
, nz2 9043 10,81 7.61¢ 1.03¢ 3.820 7.09¢ 5.800 8.19¢ 4,72 3.83
l 713 7.80 10.23 10.10 10.40 8.50 13.1% 9.60 11.40 8,70 10.90
] T4 3,00 10.40 8.20 9,50 . . 3.50 . 3,406 5.30¢
| ns 10,40¢  15.0%¢ 7.00 13.90 14,90 17.40 0.10 9,10 6,10 10.90
I ' o710 12.80¢ S.04 B.6H4 10.20 14.00 7,41 16,060” 1%.70 11,10 204900
nz? 5.10 7.10 9.00 3.80 8,10 2,50 1.10 6.80 7.70 7.20
[ * = REJECTED
l YATER LEGEND
1 - DISTILLED vATER
i 2 = TAP VWATER -
i 3 = SURFACE VWITER
. 4 = WASTE WATE® ]
| ! 8 o JASTE WATER 2
J 6 = VASTE WaTFR ? . o e e =
| i
| !
|1
. L~
L _dgf l — ¢
FB100FE
LT2o0xCchO
Zo2maad
Lo Rmdzsme
Or_)’u;J -
ZC237%5
“Enz =9
o >

1AV Se

YATER

4
20409

3.23
6,22
8,952
9.2¢
9,36
8,29
218.70¢
10.50
5.56
C.04
5.18
2.83¢
8.50
6.0)
11.60
17.10¢
6440

!
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28,19

S.14
3,67
7.93
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" & I 1V St PAGE 38 !
3 € ENVIRTWAENTAL YONTTORING AND SUPSORT LASIRATORY '
. >, JFFICE NF PESEAYCY AND DEVELNPWENT -
T ° ENVIRTINNENTAL PRITSCTION AGENCY i
ol z ®40EDL ETHOD VALIDATION STUOY = SRT NITRISANINESS !
. . ~ !
..oo® R4V DATA FOR N-NITROSODI-N-PROSYLAYINE ANALYSIS BY WATER TYPE !
) - N
o watER 1 VATER 2 vATER 3 VATER & wATER 3 4ATEP & i
' LOV YOUDEN PalR > ) 3 s 1 - s 3 ) 3 s 3 s N
o TIVE VALUE UG/t leee 1.22 1.68 1.22 1048 1.22 1.43 1.22 1.48 1.22 1,48 1.22 i
]
LABORATORY MUMBER ;
701 0469 0.3% 0.97 9.69¢ (.96 0.2 2.3 1.3 9.33¢ 1,90 1,69 1,03 !
Lo 702 1.70 1.2 1,84 1.23 2.47 1.23 1.92 0.9¢ 1.79 1.13 LW 1.60 i
. 1703 2.1¢ 1,620 1.09¢  1.48¢ 1,900  2,17¢ 1.90 2,23 2.02 1.39 2,000 2.46¢ .
o 2 704 1,23 1.2% 0.97 1.00 1.40 1.20 4,000 2,32 3,09 2.03 a,23¢  &07¢ | A
o 108 1,60 1.1 10738 1.59¢ 1,%2 1.9% 1,65 1.63 1.7 1.66 1,67 1.90 -
. w e 1.83 1.09 1.3% 1.29 1.79 2.21 1.38 1.14 1.17 1a1 1.92 0.9 !
z 107 . . . . ° a1 1.99 1.48 * 3,068 1.36 —-{i-
‘ c 108 1.5 1.29 0.77 ¢ 1.3 1.62 1.63 2.98 CeSi 1.17 ¢ 0.92 SR
s = 709 0.730  0.640 0,42 0.69 0.81 0.88 0.78%  0.66¢  C.67 0.7% 0.86 0.73 3
; o 110 0.3% 0.63 0.7 0.62 0,77 0.6% 0.80 0.37 0.68 0.86 0.93 . ‘
o S g i 0.7¢ 1.1% 1,00 1.09 1419 0469 1.93 1.33 1.03 1.71 0. 12 0.87
s oA n2 1.29 1.29 0,700 1,47 1.19 0.80 1o14 1.00 0.80% 0,62 0,83 0.90
' 713 1.40 1.30 1.40 1.10 0.90 1.40 1.89 1.40 1.60 1.40 1.00 0.90
-, 714 1.00 1,00 1.0 1,50 1.20 1.20 1.40 0.70 0.90 0.40 0.9 Z.30
. 719 3,800  2,39% 4,47 1,100  5.30% 2,10 5,10 4106 3,600 2,80 3,78 5,108
' e | e 1.53 1.26 0.99 1.11 + 1.1 0.900  0.568 1,56 1.37 . .
At . ne 0.7% 1.70 1.70 0,93 1.80 0.3¢ 1.30 0.02 1.30 0.62 1.20 0,88
S B
e g ; I . ¢ « REJECTED
N 8 . '
= : MATER LEGEND
v & 3 l cemmamcacoea
S 3 1 - OISTILLED waTER
| oo 2 - TAP VATER
e 5| 3 = SURFACE VATER !
g 5 4 = WASTE GATER 1 j
eom i 3 - VASTE uwATER ¢ . !
. 3 & = VASTE waTF® ) | ' |
e 2 e . - :
B & d I : !
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F s TABLE A-2 (CONT'D) | 1
n g I AvSt Pace 89 | 3
.3 8 EAVIQINMENTAL MONITOPING AND SUPOORT LASDRATORY | 3
> . OFFICE NF RESEAQRCH AND DEVELAPMENT p \
Y ENVIRINHENTAL PRITEZTION AGENCY : §
a1 ; ; A
z ' 94e¢OA BETHI0 VALIOATION STUOY « SRI NITROSANINESS i ]
N ' f
g RAV DATA FIR M=NITRISADI-N-FROPYLANINE ANALYSIS BY WATER TYPE i E
‘ i WATER 1 VATER 2 vatee 3 VATER & vATER 8 VATER & i ?
WEDTUN YOUDEN Pate 1 2 1 2 1 2 1 2 1 2 1 2 A
. TRUE VALUE UG/L 10439 8452 10.39 9.92 10439 9.52 10,39 8492 10.39 8.32 10432 8.%2 D
' LAGOPATORY WURRER : :
701 12.10 € 0.40¢ 12,69 937 6.0 .02 13.10 9.00 12,90  10.60¢ 15.7) 9.84
; 702 6437 $.03 7.19 5.38 7.17 .26 6.78 4,03 7.09 3.94 10.60 4.00
.| 703 134000 11,608 13,200 9,466 13,100  14.30¢ " 13,60  10.30 . 8.61 114500 13.79¢
» ] 104 1050 5.99 9.41 3,15 10,90 8.¢8 13.10¢ 8,460 11,30 11.40 15.208  12.10¢
o | 708 12.40 12,50 12,50  13.,69¢ 12,680 13.50 11.50  13.%0 11.10 12490 12.20 13.60 3
[ | 706 6.63 8e74 3,99 7.63 1130 8497  10.20 T.74 9,64 7,97 Re92 T.27 :
2 - T07 29.10¢ 9.37 4,488 0,980 6,73 11,70 11,90 6,92 s.19 3.26 c.61 12.70 .
& 708 1020 B.26 9,02 6443 11.30 3,99 9,48 7434 5,63 6.66 9,34 7.81 4
5 709 S.eTe 5,290 5,73 4,43 5443 3.01 6,00 S.060 7.17 5.30 s.8% 3.07 X
mn | 10 10.00 19.10 8.9 7.99 7.89 12.60 10,90  11.10 10.30 9.86 S.77 1c.60 ! -
z PN Tedd 6460 9.02 8,40 10.90 8410 8.62 6,60 1C.10 10.70 6.87 $.92 i :
12 12,09 6.0 0,30 6,10 6e647 Seld 3,70 7440 8. 77 9400 6e3s 4.33 St 4
. 73 9.30 8400 970 7.70 104 50 8490  1%10  10.%0 12,60 10,09  11.13 11400 i -
e 714 8430 9.60 9.10 6,70 11.10 8410  10.70 4,20 2,80 6,90 18,50 16,00 : 4
SR ns 164100  10.00¢ 9,40 8.70 9.60 8.70 8.80 9.30 7.60 10.00 9,63 9.62 i
v 116 12.60 9,09 11,10 3,60 6045 7.68 3.56¢ ) 9.72 8.64  10.90 10,20
L n? 7.40 7.90 19,10 1.60 11.60 7450 1%.80 0.80 13,30 5.70 10,30  11.80
- .
< ¢ = CEJECTED : 4
o . | b3
S VATER LUGEMD :
@ 1 - DISTILLED VATER .
- @ L 2~ VAP VATER ;
e L3 i 3 ~ SURFACE WATER
o 3 i & ~ VASTE vaTER } :
m- 2 | 9 = vaste vaten 2 S 5
Tene. 3 ! & ~ WASTE UATER ) e — — | )
o TN R et s m e e T ! ! ‘4
m.o % ] ! N
m- :
S | | :
; o= i
v B ) 1 i 3
e .. ! i -4
g b ¥ 1] ; 2
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n g T 9 v St PAGE 650 !
A= ENVIOINNENTAL STHITIRING A4D SUPPORT LABORATORY i
= OFFICE OF RESEARCH AN DEVELOPMENT -
¢ INVIRINNENTAL SRITECTINN AGENCY i
3 . :
O eeec0A WETHND VALIDATION STUDY = SRI NITPOSANINESY :
N ]
3 RAW DATA FIR N=MITRNSOD I=N-PROPYLAMINE ANALYSIS BY UATER TYPE i
!
: vateR 1 vatER 2 VATER 3 VATER 4 VATER 3 dATER &
; . MIGH YOUOEN PAl® . ® . ° . 6 4 5 s 6 . s i
:.';,.' . TRUE YALUE UG/L 20,71 17,04 26,71 17.0¢ 2671 17.04 28,71 17.0¢ 26.71 17.0¢ 26471 17,94 i
P i
AN LABORATORY NURBER .
Bot oo 701 ¢ 17.09 29.90 22.9 20.130 12.5%0 40.30 21,40  110,00%  23,00¢  37,3) 17.30 i
SIS - 702 22,30 13,20 19,00 11.90 20,00 19,00 20,90 14.50 23,90 13.80 26,60 16.50 !
Lt = 703 31,408 10,3500 31,208 22,100 36,500  26,90% 33,0 18,10 37,90 16,30 35,800 24,100
- > 704 0.9 16,70 2,7 19,00 13.800 21,10 30,200 24,800 24,40 15420 27,400 26.10° -
I o 705 2740 23490 M.0¢ 23,706 33,00 23,60 31.60 21.90 20.20 22.10 34,5) 21,20 i
L L 706 23,20 22.89 19,93 12.20 27.80 16.80 27,80 16.30 25,20 1400 30.30 21440 1o
SR z 707 20,60 22,30 1.816 1.990 2.79¢ €030 15.90 22.90 7438 2.1 7.84 2.37 AZA
. .5 108 20,70 16,60 2,70 10,20 27.00 17450 28.80 15.10 26,00 19,30 19.20 14.90 [
i, ) @ 709 14,300 11,500 19,20 10.92 19,40 12,40 17.309 €010 1e.50 10.10 17.42 13.30 e
; a 710 10.30¢ 7.81 15.99 4,69 16,60 6.80 13,60 6.39 14,40 S 17,892 9,56 =
. mni 23.90 13.90 27,080 16,00 22,10 18,00 23.10 14,00 29.50 16,30 21.40 15.00
N n2 25,43 15.23 20.21 4,000 11.81¢ 135,20 21,26 15,00 14,95 10.18 13,508 10,23 '
. RS T1? 27.20 18,73 20,20 17.90 2%.%0 26430 32.30 21.10 32.00 18.30 25.60 21.40
R 714 23.70 16.30 23,20 16.40 21.20 17.70 18,10 . 2,00 15,90 1679 14,50 i
S 7ns 29.000 17,20 22,10 19,90 27.30 19.90 26,10 17.70 18.10 17.10 28,99 16,20
I 716 27,70 16,40 26,20 15,00 26,20 15.20 10.60¢ 7.83¢ 26,30 21.30 20,72 .

2 o ny 16.40¢ 11,40 29.29 7.60 27.80 13.70 27,40 13.50 27,90 12,40 25.90 16.10 :

b - .
g o * = REJECTED . :
= WATER LEGEND

n i, R -

o Z 1 - DISTILLED WATER

c < 2 = TAP WATER !

< = 3 = SURFACE VATER ;

w] A & = YASTE WATER L :

m. = I 5 - WASTE JATHR 2

z . 6 = WASTE waTER 3 Rkt

v .4 RS i )

mo- 2 ! !

m - i

- . *H , '

i | !
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ENVITNNNENTAL HNNITORING AND SUPPQRT LABOPATORY
DFEICE OF RESEARCH AND DEVELOPPENT

T av st cage 28

|

ENVIRINNENTAL PRITECTION AGENCY !
1

1

{282 W04 YAZ "NID ATISNOIAZ M)

SS0EPA NETHID VALLIDATION STJOY = SRI NITPOSANINESS
04V DATA FNOR N=NITROSODIPHENYLANINE ANALYSIS BY WATER TYPE
VATER 1 VATER 2 WATER 3 WATER & MATER 3 JATER o
9 L

LOV YOUDEM PALR 3 1 3 . 8 3 b ) L3 3 ]
TRUE VvALUE U6/sL 8422 1009% 8. 22 12.9% 8422 10,96 8,22 10,96 822 10,98 8.22 10.96

LABGRATORY NURSER
101 9.04 66.600¢ 3.00¢¢ 3.0%0¢ 3,000 13463 ¢ 3.0Ce 12,69 ¢ 3.00¢ 4.90 17.90¢¢ 6,000

NI
e
AN AT —— T

¢ = REJECTED

* WATER LEGEND |
DISTILLED UATER i
1P VATER :
SURFACE YATER

VASTE WATER 1 .
VASTE VaTER 2 )
VASTE WATER 3 . o ) e

PPN SADD G022

id i

-2 1R .63 5.21 3.1 3.9% 3,1 5,21 4,38 3.73 3,31 V.38 %.27 3.13 '
c 703 °480 7.6% 5.9% 9,61 10.30% 12,900 3.1 8438 8,18 14,69 6,72 .61 "
R 764 6.17 8442 s. 7 8.00 5.92 T.17 .19 T.94 3.87 be36 6451 8409 “
2 keon 108 10.60¢ 12,80¢ 9.15¢ 12.10¢ 94500 13,006 1C,70¢  12,00¢ 9.935¢  12.800 11.00¢ 12,300 P
E I v36 8,10 .10 Ton? 9492 6490 9499 Se 5 6490 4,87 Bebd %93 8,006 B
z b 70?7 . . . . . . . . . . . . [
A i 700 T.9¢ 11.60 3,63 *  1l.100 14,400 9,600 14,000 s.87 13.20 ¢ 11.10 ‘
i 34 709 3.3 6431 8,94 3.3 %.48 1.29 6,09 5,86 6.72 Be74 10430 Beb4 ' {
, 710 1.0 2,20 1.08 1.47 2.% 2.40 2.33 2.60 ?.32 3.43 064 0,94 ! p
I nt 3429 4,02 3,74 4.3) 4,21 4,20 3.98 3.38 4029 6.62 3.99 5.29 :
i 72 . 6.09 8.00 ¢ 1.09¢ 7.50 %.30 6,92 6,90 f,33 ¢ 1,000 2,607 7.93 5.6 : i
73 7.10 9.20 6,29 8490 8.30 9.90 2440 3.00 2.90 4,60 2.9 3.10 ] :
[ 714 6.70 7.689 2.40 8.49 0490 7.00 7440 10.30 0.60 4.80 4030 10.9) :
1 % 19.80%  17.60¢ 7.10 3.30 3.40 7.2¢ 9.00 9.60 9.30 6.50 €.82 8439 ]
716 2.31 3.060 1.97 2.04 . 2.04 1,180 2,788 2.39 3.0% 2.40 3,56 T
~! ' nr 64350 0,20 11.90 3,60 0.70 310 8430 0.00* 11,00 7430 8.60 10.4v
|
)
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n g TABLE A-3 (CONT'D) !
» = N
- T4y St ease 97
0 ENVIRIVMENTAL YINITORING ANO SUPPART LABORATORY ]
] IEFICE OF RESEARCH AND DEVFLIPMENT i
- £ ERVIRDNMENTAL PRITECTION AGENCY ]
3 C8SEOL WETHID VALIDATION STUDY =~ SRI NITROSANINES® i
RAV NATA £ NeNITROSIOIPHEMYLAMINE ANBLYSIS BY VATER TYPE
dATER 1 . VATER 2 vater 3 VATER 4 vATER S vATER &
REOIUM YOUOEW PAIR 1 2 1 2 1 2 1 2 1 2 1 2
X TRUE VALUE UG/L 16.43 n.90 16,43 21.91 16,43 21.91 16,43 ?1.91 16,43 21,91 16,43 21.91
LABORATORY NUMBER :
R 701 € 4.000¢  3,000¢ 3,00¢ 11.99 11,90 € 3,000¢ 3,000 20,80 € 13,200 1C.80 € 11.,40¢ €. 96 v
> 702 6,36 T.28 3,82 5,20 6,57 14,10 6,15 6.28 7.14 11.2¢ 7.38 10,79
S 703 8.43 22.29 15,30 13,69 19.90¢  26,90¢ 10,60 14,90 ¢ 23,900 8.51 15.90
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L N ' " APPENDIX B

| ; NITROSAMINES
: METHOD 607
l .

{

) 1 t
! N

| : !
* H

1. Scope and Application

1.1 This method covers the determination of certain nitrosamines. The !

following parameters may be determined by this method:

Parameter
N-aitrosodimethylamine
N-nitrosodiphenylamine

N-nitrosodi-n-propylanine

to meet the moaitoring requirements

verification of identity.

in municipal and industrial discharges. It is designed to be used

Discharge £limination System (NPDES). As such, it presupposes a
high expectatio; of finding the specific compounds of interest. If

compounds above, he must develop independent protocols for the

STORET Mo.
34438

34433 i j
34428

1.2 This method is applicable to the determination of these compounds i

of the National Pellutant .o

the user is attempting to screen samples for any or all of the i

i
4
1.3 The sensitivity of this method is usually dependent upan the level H
of interferences rather than instrumental limitations. The limits j
. ‘ i
of detection listed in Table I represent sensitivities that can be ;
i
achfeved in wastewaters in the absence of interferences. §
i
1.4 - This method is recommended for use only by experienced residue 1
analysts or under the close supervision of such qualified persons. '
1.5 The analyst must understand that nitrosamines are known carcino-
. gens. Utmost care must be exercised in the handling of materials
LoST Lin : A .- . | IMAGE AREA,
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which are known or believed to contain nitrosamines. ?

2. Summary of Method ;
2.1 A l-liter sample of wastewater is extracted with methylene chluride
using separatory funnel techniques. The extract is dried and

concentrated to a volume of 10 ml or less. ODepending u;on the

nitrosamines being measured, a column cleanup procedure may be

required. Chromatographic conditions are described which allow for
the accurate measurement of the compounds in the extract.
2.2 If interferences are encountered, the method provides selected

general purpose cleanup procedures to aid the analyst in their

S

eliminatfon.

3. Interferences

3.1 Solvents, reagents, glassware, and other sample processing hardwara
may yield discrete artifacts and/or elevated baselines causing F
misinterpretation of gas chromatograms. A1l of these materials
must be demonstrated to be free from interferences under the
conditions of the analysis by running method blanks. Specific
selection of reagents and purification of solvents by distillation
in all-glass systeins may be required.

3.2 Interferences coextracted from the samples will vary considerably
from source to source, depending upon the diversity of the indus-
trial complex or municipality being sampled. While general

glean-up techniques are provided as part of this mathod, unique

samples may require additional cleanup approaches to achieve the
sensitivities stated in Table 1. .

SEGIN ! .3.3 It is necpssary to remove diphenylamine from the sample extract 2CTTOM OF
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! prior-to gas chromatograﬁhy Secause it will interfere with the _mj j
] determination of N-nitrosodiphenyiamine. Removal is achieved if ' %
| the sample 1s processed completely through one of the clean-up ;
procedures detailed in the method: .

4. Apparatus and Materials

\

4.1 Sampling equipment, for discrete or composite sampling. :
4.1 Grab sample bottle - am§er glass, l-liter or l-quart %
volume. French or Boston Round design is recommended.

The container must be wﬁshed and solvent rinsed before

use to minimize interferences. [

4.1.2 Bottle caps ~ Threaded to screw on to the sample
bottles. Caps muft be iined with Teflon. Foil may be .
substituted if sample s not corrosive. |

4.1.3 Compasiting equipment - Automatic or manual compositing

system. Must incorporate glass sample containers for the

ci3llection of a minimum.of 250 ml. Sample containers 14

must be kept refrigerated during sampling. No tygon or i

rubber tubing may be uséd in the system.
4.2 Separatory funnels - 2000 ml and 250 ml, with Teflon stopcock.
! 4.3 Orying column - 20 mm ID pyrex chromatographic column with coarse :
% frit. _
' 4.4 Kuderna-Danish (K-D) Apparatus :

4.4.1 Concentrator tube - 16 ml, graduated (Kontes o -
K-570050-1025 or equivalent). Calibration must be

checked. Ground glass stopper (size 19/22 jfotnt) is used

PP TINTE AR

i
|
|
SEGIN ﬁl to preveﬂt evaporation of extracts. LOTTOM OF
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4.4.2 Evaporative flask - 500 ml (Kontes K-57001-0500 or equiva-
lent). Attach to concentrator tube with sprihgs. {Kontes
K-662750-0012) .

4.4.3 Snyder coluan

three-ball macro (Kontes K503000-0121 or
equivalent). \ é ;

4.4.4 Snyder column - two-ball micro (Kontes K-563001-0219 or

equivalent).
| 4.4.5 Boiling chips

solvent extracted, approximately 10/40 mesh.

4.5 Water bath - Heated, with concentric ring cover, capsble of temper-
ature control (+ 2°C). The bath should be used in a hood.

4.6 Gas chromatogriph - Analytical system complete with gas chraomato-
graph suitable for on-column injection and all required accessories 3

including nitrogen-phosphorus or reductive Hall detector, column

supplies, recorder, gases, syringes. A data system for measuring

neak areas is recommended.

4.7 Chromatographic column - Pyrex (approximately 300 mm long x 10 mm

L ID) with coarse fritted disc at bottom and Teflon stopcock (Kontes ! ]
| K-420540-0213 or equivalent). | |
| 4.8 Chromatographic colum - Pyrex (approximately 400 mm long x 22 mm p
ID) with coarse fritted disc at bottom and Teflon stopccck (Kontes |
‘K~420540-0234 or equivalent).

S. Reanents

ReT TS

5.1 Preservatives: o i )

5.1.1 Sodium hydroxide - (ACS) 10 N in distilled water.

5.1.2 Sulfuric acid - (ACS) Mix equal volumes of conc. HyS04 %' &
o3
] o
- with distilled water. e aTTOM OF
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D i 5.1.3 Sod{um thiosulfate - (ACS) Granular.

5.2 Methylene chloride - Pesticide quality or equivalent.

5.3 Sodfum Sulfate - (ACS) Granular, anhydrous (purified by heating at
400°C for 4 hrs. in a shallow iray).

5.4 Stock standards - Prepare stock standard solutions at a concentra-

tion of 1.00 ug/ul by dissolving 0.100 grams of assayed reference
material in pasticide quality iscoctane or other appropriate
solvent and diluting to volume in 2 100 ml ground glass stoppered

volumetric flask. The stock solution {s transferred to ground

glass stoppered reagent bottles, stored im a refrigerator, and
checked frequently for signs of degradation or evaporation,

! espeé3a11y Just prior to prepéring working standards from them.

RO gy SV P

5.5 Methyl alcohol, pentane, acetone -~ Pesticide quality or equivalent.

5.6 Dfethyl Ether - .Nanugrade, redistilled in glass if necessary. :

5.6.1 Must be free of peroxides as indicated by EM Quant test
strips. (Test strips are available from EM Laboratories,
Inc., 500 Executive Blvd., Elmsford, N.Y. 10523.)

5.6.2 Procedures recommended for removal of peroxides are provided

with the test strips. After cleanup, 20 ml ethyl alcohol
| preservative must be added to each liter of ether.

5.7 Florisil - PR grade (60/100 mesh); pqrchase activated at 1250%F

and store in dark in glass containers with glass stoppers or
fq?!:lined screw caps. Before use, activate each batch at least 16
hour; at 130°C in a foil covered glass container. |

5.8 Alumina - Activity Super I, Basic, W200 series (ICN Life Scien;es
Group, No. 404571). A
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5.9

Hydrochlordc acid, 10%-(ACS) Add one volume of conc. HC to nine

volumes distilled water.

Calibration

6.1

6.2

6.3

Prepare calibraticn standards that contain the compounds of
interest, either singly or mixed together. The standards should be
prepareﬂ at concentrations covering two or more orders of magnitude
that will completely bracket the working range of the chromato-
graphic system. If the sensitivity of the detection system can be
calculated from Table I as 100 ug/l in the final extract, for
example, prepare standards at 10 ug/1, 50 ug/1, 100 ug/l, 500 ug/1,
etc. so that injections of 1-5 ul of each calibration standard will
define the linearity of the detector in the working range.

Assemble the necessary gas chromatographic apparatus and establish
operating parameters'equivaIent to those indicated in Tablé I. By
injecting calibration standards, establish the sensitivity limit of
the detector and the linear range of the analytical system for each
compaund.

Before using any cleanup procedure, the analyst must process a
serfes of calibration standards through the procedure to validate

elution patterns and the absence of interferences from the reagents.

Quality Control

7.

Before processing any samples, the analyst should demonstrate
through the analysis of a distilled water method blank, that all
glassware and reagents are interference-free. Each time a set of

sémples is extracted or there is a change in reagents, a method
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:l:-"';J blank should be processed as a safeguard against chronic laboratory
o contamination.-

7.2 Standard quality assurance practices should be used with this
o E method. Field replicates should be collected to validate the
h],;~f>‘ precision of the sampling technique. Laboratory replicates should
‘ be analyzed to validate the precision of the analysis. Fortified
samples should be analyzed to validate the accuracy of the i
analysis. Where doubt exists over the identification of a peak on
the chromatogram, confirmatory techniques such as mass spectroscopy
should be used.

; 8. Sample Collection, Preservation, and Handling

i
? 8.1 Grab samples must be collected in glass containers. Conventional
" sampling practices should be followed, except that the bottle must
not be prewashed with sample before collection. Composite samples

should be collected in refrigerated glass containers in accordance
; with the requirements of the program. Automatic sampling equipment
| must be free of tygon and other potential sources of contamination.
8.2 The samples must be {ced or refr?gerated from the time of coilec-
tion until extraction. Chemical preservatives should not be used

in the field unless more than 24 hours will elapse before delivery

to the laboratory. If the samples will not be extracted within 48

hours of collection, they must be preserved as follows:

8.2.1 Add 35 mg of sodium thiosulfate per part per miliion of free
chlorine per liter of sample.

8.2.2 Adjust the pH of tiic water sample to pH 7 to 10 using sodium

" hydroxide or sulfuric acid. Record the volume -of acid or,

"ZEGIN

AST b ' . b‘- TOM OF
LAST LG IN ase added. .
FOR TABLES

AAGE £REA;
OF TIAT | . - -
e —_— e X ‘ FANDILLUS.

VUTSInE
DIMENSION

PACE T TRATIONS -

EPA Form 2350-4 {4-8(.) - . AC NUNB,ER &' n G! 3 v ’

» © AUS SOVERNMENT i3UN JFHCE 1560

' “(PRCVIOUSLY CIN. EPA FOIM 287) U8 SORTMERT “.N Frice 10.8.9-;6001'3

ENES

——

. - - A,
' .

“ TYPING GUIDE SHEET

. L o i st S R Sl it e L AR ATk 2 T it R U AR
e LR L T o N




2
)
wlzmm

E 8.3 All sampies must be extracted within 7 days and completelv analyzed
: within 30 days of collection.
9. Sample Extraction

t

9.1 Mark the water meniscus on the side of the sample bottle for later
determination of sample volume. Pour the entire sample into a
two-1iter separatory funnel. Check the pH of the sample with
wide-range pH paper and adjust to within the range of 7 to 10 with
sodium hydroxide or sulfuric acid. )

9.2 Add 60 ml methy1ene.chloride to the sample bottle, seal, and shake
30 seconds to rinse the inner walls. Transfer the solvent into the
separatory funnel, and extract the sample by shaking the funnel for
two minutes with periodic venting to release vapor pressure. Allow

the organic layer to separate from the water phase for a minimum of

ten minutes. If the emulsion interface between layers is more than

one-third the size of the solvent layer, the analyst must employ

mechapical techniques to complete the phase separation. The
optimun technique depends upon the sample, but may include
stirring, filtration of the emulsion through glass wool, or
centrifugation. Collect the methylene chloride extract in a 250-ml

separatory funnel.

9.3 Add a second 60-m1 volume of metiylene chloride to the sample
bottle and complete the extraction procedure a second time,
comdining the extracts in the 250-m! separatory funnel. '

9.4 Perform a third extraction in the same manner. Add 10 ml of 10% i
HC1 solution to the combined extracts and shake for 2 minutes.

o | Allow the layers to separate. Orain the methylene chloride layer riowor
,;:,1'r_;|iven)‘ . e - = . ! OUTSIDE
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through a drying column containing 3-4 inches of anhydrous sodium

sulfate, and collect it i{n a 500-m1 Kuderna-Danish (K-D) flask

o ot e T T =~ i
SRR TR AN »;(\

- ; PR 3
PO . v oA

equipped with a 10 m1 concentrator tube. Rinse the column with

20-30 m1 methylene chloride to complete the quantitative transfer. ‘ X
9.5 Add 1-2 clean boiling chips to the flask and attach a three-ball | | E?
i Snyder column. Prewet the Snyder column by adding about 1 ml
methylene chloride to the top. Place the K-D abparatus on 3 hot
water bath (60-65°C) so that the concentrator tube is partially

immersed in the hot water, and the entire lower rounded surface or

e e o oA —

the flask is bathed in vapor. Adjust the vertical position of the

apparatus and the water temperature as required to complete the

concentration 1n.15-20 miuutes. At the proper rate of distillation

the balls of the column will actively chatter but the chambers will
f not flood. Because of the volatility of N-nitrosodimethylamine, .
K-D concentration must be carefully carried out. When the apparent
volume of 1iquid reaches 1 ml, remove the K-0 apparatus and allow
ft to drain for at least 10 minutes while cooling. Remove the

|
Snyder column and rinse the flask and its lower joint into the ‘ ) ~fJ
concentrator tube with 1-2 m1 of methylene chloride. A S-m!l

|

syringa is recommended for this operation. Unless the entire

_extract will be subjected to a cleanup operation (Section 10),
adjust the extract volume to 10.0 ml with methylene chloride, add

stopper, aﬁd refrigerate.
9.6 If the sample {s being analyzed for N-nitrosodiphenylamine, the

analys® must immediately proceed with one of the cleanup methods in
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Sectiqp 10 to remove poteﬁifél diphendamine interference. Depend-
ing upon the sensitivity requirement for the analysis, the analyst
may use the entire extract for this cleanup as described, or adjust
the extract volume to 10.0 ml with methylene chloride and pipet a 2
ml aliquot onto the column in 10.2.2 or 10.3.3.

9.7 If N-nitrosodiphenylamine'is of no interest, the analyst must

choose between proceeding directly to Section 1I, or submitting the

extract to a cleanup procedure before gas chromatography. A
solvent exchange from methylene chloride to methyl alcoho? is
required for direct gas chromatography. Once the entire extract is

in methy! alcohol 1t cannot be treated to efther of the cleanup

procedures in Section 10. Therefore, in the absenze of previous
i experiance with the sample matrix, the analyst should remove 2 2.0
! ml aliquot of the extract for gas chromatography and retain the
_ remainder for cleanup if required later.
9.3 Determine the original sample volume by refilling the sample bottle
to the mark and transferring the 1iquid to a 1000 m1 graduated
cylinder. Record the sample volume to the nearest 5 ml.

10. Cleanup and Separation

10.1 If the entire extract is to be cIeaned.up'by cne of tﬁe following

: procedures, it must be concentrated to 2.0 ml. To the conceﬁtrator
tube in 9.5, add a clean boiling chip and attach a two-ball
‘micro-Snyder column., Prewet the colwm by adding about 0.5 ml
methyleqe chloride to the top. Place the K-D apparatus on a

: steaming hot (60-65°C) water bath so that the concentrator tube

is partially immersed in the hot water. Adjust the vertical _
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position of the apparatus and the water temperature as required to | 5 if

complete the concentration in 5-10 minutes. At the proper rate of gxif
distillation the balls of the column will actively chatter but the ‘S

chambers will not flood. When the apparent volume of liquid <;

; reaches about 0.5 ml, remove the K-D and allow it to drain for at | %-iﬁ
; least 10 minutes while cooling. Remove the micro-Snyder column and ‘éii
f rinse its lower joint into the concentrator tube with 0.2 ml of é f?f
i methylene chloride. Adjust the final volume to 2.0 ml and proceed | ?%é
: with one of the following cleanup procedures. ; ;{i
§ 10.2 Florisil Column Cleanup for Nitrosamines i ;;;
10.2.1 Place 229 of activated Florisil in a 22 mm ID chromato- ’ﬁ';

} " graphic column. After settling.the Florisil by tapping the ,%éi

column, add about 2 5 mm layer of anhydrous granular sodfium
sulfate to the top.
10.2.2 Preelute the column, after cooling, with 40 ml of 15% -ethyl ?

ether/85% pentane. Discard the eluate and just prior to

AR SR Y s be ety .

b R NN R A
.m.ﬁ‘*’ ey g"“u“__,l»- ‘,v"_.
M R S TR

exposure of the sodium suifate'Iayer to air, quantitatively

.
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e

Ha i (e

I oy
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transfaer 2.0 ml of.sample extract into the column by decan-

tation using an additional 2 ml of pentane to complete the

Aot e o

| transfer. . By

% 10.2.3 Perform the first elution with ?O ml of 15% ethyl ether/85% | :%;é

| pentane (V/V) and discard the eluate. This fraction will | , i;if

! contain any diphenylamine. ' o g E&E

l 10.2.4 Perform the second elution with 100 m1 of 5% acetone/95% 15%;

‘ ethyl ether (V/V) and collect the eiuate in a 500-m1 K-D : | %€%
L . flask equipped with a 10-ml concentrator tube. This _ iﬁfggﬁéfA, 'zié'
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fraction will coutain all of the nitrosamines.

10.2.5 Add 15 ml1 of methanol to the collectad eluate and concen-
trate as in 9.5 at 70g75°c. substituting pentane for
methylene chloride. .

10.2.6 Analyze by gas chromatagraphy.

10.3 Alumina Column Cleanup for Nitrosamines

10.3.1 Place 100g of alumina, as it comes from the manufacturer,
into a 500 ml reagent bottle and add 2 ml1 of distilled
water, which {s free of nitrosamines and interferences. Mix
the alumina preparation thoroughly by shaking or rolling for
10 minutes and let it stand for at least 2 hours. Thé
preparation should be homoéeneous befbre use.” Keep the
bottle sealed tightly to ensure proper activity.

10.3.2 Place 12 grams of the F1um1na preparation into a 10 mm ID
chromatographic célumﬁ and tap the column to settle the
alumina. Add 1-2 am of anhydrous sodium sulfate to the top !
of the alumina.

10.3.3 Preelute the column with 10 ml of 30% ethyl ether/70%
pentane (V/V). Dfscard the eluate (about 2 m1) and, Just

prior to exposura of the sodium sulfate layer the air,

transfer 2.0 ml of sample :xtract onto the column by decan-

tation using an additionz: 2 ml of pentane to complete the

transfer. s ’ J
10.3.4 Just prior to exposure of the sodium sulfate layer to the

air, add 7C m1 of 30% ethyl ether/70% pentane. DOiscard the
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2 500-m1 K-D flask equipped with a 10 ml concentrator tube.
" This fraction contains N-nitrosodiphenylamine and probably a
small amount of N-nitrosodi-n-praopylamine.

10.3.5 Next elute the column with 60 ml of .30% ethyi ether/50%
pentane, collecting the eluate in - sécond K-D flask
equipped with a 10 ml ;oncentrator tuba. Add 15 ml methyl.
alcohol to the K-D. This.fraction will contain

! N-nitrosodimethylamine, most of the
N-nitrosodi-n-propylamine and any diphenylamine.
10.3.6 Concentrate both fractions as in 9.5 substituting pentane
for methylene chloride. '
10.3.7 Analyze by gas chromatography.
11. Gas Chromatoqraphy

' 1[:1 H-nitrosodiphenylamine completely reacts to form diphenylamine at
normal operating temperatures of the GC injection port. There-

e et awrae o

fore, N-nitrosodiphenylamine {s actually chromatographed and
detected as diphenylamine. The determinatfon of either of the
! compounds in the original sample would be uncertain without the ]
4 R

use of one of the previous cleanup procedures which separate the

two compounds.

T I

iy

11.2 Table I summarizes scme recommended gas chromatographic column
materials and operating conditions for the instrument. Included H

{n this table are estimated retent5on times and sensitivities that

ORI ——

i ' should be achieved by this method. Examples of the separations

achieved by thé primary column are shown in Figures 1 and 2.
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calibratfon standards.

11.3 If the extract has not been submitted to one of the cleanup proce-

L dures in Section 10,.1% is necessary to exchange the solvent from

ey methylene chloride to methyl alcohol before the thermionic detec-
tor can be used. To a 1-10 ml voluma of mathylene chloride ;
extract in a concentrrator tube, add 2 ml methyl alcohol, aqd 2 %
|

clean boiling chip. Attach a two-ball micro-Snyder column.

Prewet the column by adding about 0.5 ml methylene chloride
through the top. Place the K-D apparatus on a boiling water bath
so that the concentrator tube {s partially immersed in the hot

water. Adjust the vertical position and insulate the apparatus as

necessary to complete the concentration in 5-10 minutes. At the

proper rate of distillation the balls of the column will actively

i chatter but the chambers will not f]ood. Khen the apparent volume

‘ of 1iquid reaches about 0.5 ml, remove the K-D and allow it to

| drain for at least 10 minutes while cooling. Remove the
micro-Snyder column and rinse its lower joint into the concen- ‘
trator tube with 0.2 ml of mathyl alcohol. Adjust the final
volume to 2.0 ml.

11.4 Inject 2-5 ul of the sample extract using the solvent-flush
technique. Smaller (1.0 ul) volum;s can be injected if automatic

' dev1qes are amloyed. Record the volume injected to thé nearest

' 0.05 ul, and the resulting peak size, in area units. B
11.5 If tha peak area exceeds the linear range of the system, dilute ;
the extract and reanalyze. ' %

3EGIN 11.6 If the peak area measuremant is prevented by the presence of {TTOM OF
LAST LINE_ ] . ) AGE AREA;
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- interferences, further cleanun is required.
12. Calculations
_:A;:W. 12.1 Determine the concentration of individual compounds according to
i the formula:
Concentration, ug/1 = (A) (B) (Vi)
(Vi) (Vs)
where A = Calibrati&n factor for chromatographic system, in
nanograms material per area unit.
B = Peak size in injection of sample extract,.fn area units
i V1 = volume of extract injected (ul)
V, = Volume of total extract (ul)
Vs = Volume of water extracted (ml)
12.2 Report results in micrograms per liter without correction for
recovery data. When duplicate and spiked samples are analyzed,
all data obtained should be reported.

13. Accurzcy and Precision

The U.S. EPA Environmental Monitoring and Support Laboratory in
Cincinnati 1s in the process of conducting an interlaboratroy method

study to determine the accuracy and precision of this test procedure.

_ _ BIBLIOGRAPHY
"Development and Appiication of Test Procedures for Specific Organic Toxic
Substances in Wastewaters. Category 5 - Nitrosamines,” Report for EPA
Contract 68-03-2606 (In preparation).
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GAS CHROMATOGRAPHY OF NITROSAMINES

Retention Time (min.)

i Detection

i Nitrosamine Column 1 Cotumn 2 Limit (ug/1)

| N-nitrosodidimethylamine 4.1 0.88 0.3
N-nitrosodi-n-dipropylamine 12.1 - 4.2 0.5 ; ) ;
N-nitrosodidiphenylamine . 12.8% 6.4** 1.0 g 3

i Column 1 conditions: Chromosord WAW 80/100 mash coated with 10% Carbowax
20M/2% KOH packed in a 180 cm long % 4 mm ID glass column with helium

carrier gas at 40 mi/min flow rate. Isothermal column temperature is
1109C except where * indicates 220°C.

Column 2 conditions: Supelceport 100/120 mesh coated with 10% SP-2250
* packed in a 180 cm long x 4 mm ID glass column with helium carrier gas

at 40 ml/min flow rate. Isothermal column temperature {is 1209C except
where ** {ndicates 2109C.

Detection 1imit is calculated from the minimum detectable GC response being !
equal to five times the GC background noise, assuming a 10 ml final |
volume of the 1 Titer sample extract, and assuming a GC injection of §
microliters. A nitrogen-phosphorus detector was used to collect this
data, but a Thermal Energy Analyzer exhibited equivalent sensitivity.
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COLUMN: 10% CARBOWAX 20M + 2% KOH ON CHROMOSORB W-AW
TEMPERATURE: 110°
DETECTOR: PHOSPHORUS/NITROGEN
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Figure 1. Gas chromatogram of nitrosamines .
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COLUMN: 10% CARBOWAX 20M + 2% KOH ON CHRONMOSORB W-AW —
- TEMPERATURE: 220°C. R
DETECTOR: PHOSPHORUS/NITROGEN
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' ‘ ; Figure 2. Gas chromatogram of N-nitrosodiphenylamine '
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