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.ABSTRACT

Gulf South Research Institute (GSRI) analyzed 69 technical grade
pesticide batch samples (Silvex; 2,4,5-trichlorcphenoxyacetic acid: an
organophosphate; 2,4,5-trichlorophenol; and a chlorinated phenolic antiseptic),
31 replicate samples of these batch samples, and 41 quality control samples
for total tetrachlorodibenzo-p-dioxin (TCDD). The samples were extracted
with hexane and the extracts were dried, concentrated, and chromatographed
on alumina. Samples were qualitatively and quantitatively analyzed by gas
chromatography/mass spectrometry (GS/MS) in the selective ion monitoring
(SIM) mode. Certainty of TCDD detection was assessed via summation of six
qualitative criteria. Based om this assessment, the data were rated positive,
doubtful, or nondetectable. For those authentic samples in which detection
was judged positive, levels of total TCDD ranged from nondetectable to 30
ppb; quality control samples contaimed up to 3984 ppb. The use of high

efficiency capillary columm GC/MS is recommended for future TCDD investi-
gations.
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.SECTION 1.

INTRODUCTION

Polychlorinated dibenzo-p-dioxins (PCDDs) may be formed as undesirable
trace impuriries in the production of technical grade chlorophenols. The
latter are employed extensively as pesticides, as wood presexrvatives and as
starting materials for a series of other products. Through caraful control
over conditions in the pesticide manufacturing process, only minimal
quaﬁti:ies of PCDDs are formed, but at temperatures above 200°C a condensa-—

tion of chlorophenols may occur with formation of increasing quantities of
PCODs (1).

Several PCDDs have been found to be highly toxic and possibly carcino—
genic and are stable in biological systems (2). Theoretically, a total of
75 differemt PCDDs exist, including 22 tetrachlorodibenzo-p—dioxins. The
toxicological properties of positional isomers of the same dioxin may vary
significantly. Since the 2,3,7,8-tetrachlorodibenzo-p~dioxin (Figure 1) is
extremely toxic (3), TCDDs deserve special consideratiom. Although the
synthetic route for TCDD formation during chlorophenol manufacture favors

2,3,7,8-TCDD, other tetrachlorsdibenzo-p-dioxin isomers may also be formed
(4).

Under the aegis of the Federal Insecticide, Fungicide, and Rodenticide
Act (FIFRA), the U.S. Eavironmental Protection Agency (EPA) has set maximm
TCDD countamination limits in teclmical grade hexachloropheme at 100 ppb
(0.1 ppm) in order to Teduce human and environmental exposure. The purpose
of the GSRI research effort was to determine levels of TCDD preseant in
technical grade pesticide samples submitted by EPA.

In view of‘the inherent toxdicity of TCDD, special precautions in
bandling are required during analysis. Concentratiom by several orders of
magnitude 1s sometimes necessary, and an ultrasensitive detection method is
preferred. A combination of gas chromatography and mass spectrometry has
been shown to be an excellent method for detecting TCDDs at very low
levels (5). Idemtification of individual TCDD isomers requires anm initial,
high efficiency separation such as glass capillary gas chromatography (GC)
prior to mass spectrometric (MS) amalysis. Low resolution GC columms,

i.e., packed columms, provide 3 convemient means for TCDD isomer summation
(cotcal TCDD) by GC/MS.

The present study has focused on determination of total TCDD im
technical grade samples by low resolutiom gas ch§7matography/mass spectro-—~
metTy. Sample preparation imcluded addition of a 2,3,7,8-TCDD to assess
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Figure 1. Structure of 2,3,7,8-TCDD.



dioxin recovery,. solvent extraction, and cleanup on alumina. GC/MS analyses
were carried out using a packed coclumm; the standard addition injection
technique was used. Selective ion monitoring (SIM) and complete mass
spectral data were obtained. Six qualirative criteria for TCDD detection
were develcped incorporating the precision of the analytical measurement
system. The project quality assurance protocol included internmal quality
control samples (precision and accuracy) and quality control charting.



-- SECTION 2 ..

CONCLUSIONS

The results of low resolution gas chromatographic/mass spectrometric
analysis of 141 samples (including quality controls and authentic pesticide
samples containing unknown quantitias of TCDD) for total tetrachlorodibenzo-
p-—dioxin have indicated levels ranging from nondetectable to 30 ppb for 69
authentic pesticide batch and 31 replicate samples and nondetactable to
3984 ppb for 41 quality control samples. TCDD was not detected (detection
limic 10 ppb) in 66 percent of the authentic samples, detection was doubtful
in 9 percent and pesitive in 25 percent. Whereas TCDD could not be detacted

in a majority of authentic samples, positive samples contained 10-30 ppd
total TCDD. . :



—.. . SECTION 3

RECOMMENDATIONS

The investigation of total tetrachlorodibenzo-p-dioxin levels in
-compounds for whose synthesis 2,4,5-trichlorophenol is used should be
contimed. In view of the known toxicity of the 2,3,7,8-TCDD isomer and
incomplete separation of the isomers using packed columms, future investiga-
tions should be performed using high efficiency gas chromatography (capil-
lary column)/mass spectrometry. These data are of major importance from
the point of view of envirommental protection.

.'fﬁ'sﬁiﬁg'af the eminent meed for standardized methods for TCDD analysis
in technical grade pesticide formlations and environmental samples, such
procedures are still lacking. The establistment of standardized methods
would permit substantial progress in baseline and on-going studies. Such
methods should be directad toward improved sample preparation (to reduce
interferences) and improved resolution/detaction of the 2,3,7,8~TCID
isomer, with the consideration in mind that such metheds should be suitable
for use by moderately well equipped laboratories.



_SECTION 4 .

EXPERIMENTAL PROCZDURES

SAFE HANDLING IN THE LABORATORY

Disposable rubber gloves wers worn while handling samples and solutioms,
and all evaporations were performed in a hood. Waste materials were stored
in 2 capped steel drum labelad TCDD WASTE. Personnel associated with the
project had periodic physical examinations.

After !:aki:'lxg custody of samples furmished by the EPA, TCDD rasidues
were Identified and quantified using a three—stage analytical protocsl

including sample preparaticn, mass spectral data aquisition, and data
analysis. Gl

'TCDD Standards

TCDD standards in benzene were supplied by Dr. Aubry Dupuy, Pesticide
‘Monitoring lLaboratory, EPA. The 2,3,7,8-TCDD standard ccng;n:ration was
.500 picograms (pg)/microliter (ul). Concentration of the ~'Cl labeled
2,3,7,8-TCDD standard was 480 pg/pl. Llabeled TCDD was used to determine
.dimd.n recovery through the entire extraction/cleanup procadure. Nonlabeled
TCDD was used to quantify dioxin levels in the samples.

-Sample Preparation

Ethanol, hexane, benzeme, carbom tetTachloride, and methylene chloride
were nanograde (pesticide) quality; inorganic salts, acids and bases wers
‘ACS grade. Distilled water was-preparsd by filtering through a mixed bed
lon exchanger, activated carbom, and distilling in an all glass stdill.
Aluminum oxide Woelm neutral, a.ctiviry grade I, was used for colummn chroma-
‘tography.

. The procedure used in these analyses 1s a modificatioe of that provided
by EPA in the contract. Ino gemeral, it involved caustic XOE sapouification
of the. pesticide followed by extraction of the neutral TCDD into hexane.

The hexzme soluticn was cleaned up by extracting severzl times with sodium
hydroxide solutiom and sulfuric acid, followed by chromatography on alumina.
The eluate was cancentrzt:ed for GC/MS analysis. Derails of the procedures
follav. :



A 1 g quantity of sample was transferred quantitatively to 2 500 m148
separaggry funnel comtaining 60 ml of pesticide grade ethanol. Exactly
ng of ~'Cl labeled 2,3,7,8-TCID was added with a microsyringe and the
mixture swirled. Four milliliters of 40 percent KOH was added and the
mixture immediately shaken. The room temperature digestion was allowed to
proceed for 30 minutes, with occasiomal swirling., Two—hundred milliliters
of distilled water was added to dissolve the precipitate formed upon base
addition, and the resulting solution was extracted with three 100 ml portioms
of nanograde hexane. The combined hexane extracts were washed sequentially
with three 100-ml volumes of 1N NaOH, one 80-ml volume of distilled water,
and 95 percent sto until no further color appeared in H,SO 4" A final
washing with 80 mi éistilled water complated the extractionm.

The hexzane extract was filtered through a 15 mm x 20 cm columm of
granular ankydrous Hazco followed by concentration in a Kuderna-Danish
evaporator to a volume o:a: about 4 mi. The anhydrous NaZCO had been
purified by prewextraction with nanegrade CHZC:!.2 in a Soxhiet extractor and
drying at 100°C in a2 vacuum oven. The concefitrate was reduced to 0.5 ml
under a stream of UEP or ultra high purity nitrogen (Matheson, Rutherford,
N.J.). The residue was Teconstituted in 2 ml nanograde hexane and chromato-
graphed through a 4.5 cm columm. The columm consisted of activated alumina
over which a 1/4 inch layer of purified granular Na, SO, was placed. The
column was preconditicned by washing with 5 ml of chtz, followed by
removal of residual CHZ by blowing dry N, through " thé columm, and heating
for 48 hours at 240°C. e sample was elutZd from the columm with 6 ml
CClA followed by 4 ml of CH . The carbon tetrachloride layer was discarded
and the C32C12 fraction evaporited under UHP N, to 20 ul. The concentrata
was reconstitited to 2 ml with hexane, evapora%ed to 20 ul, and rediluted
with hexane to 2 ml. The final extract volime was concentrated to 200 ul.
The three evaporations were necessary to remove residual CHZCIZ.

The extract was divided equally into two glass ampulas. Ampules were
flame sealed, and the extract volume noted by marking the liquid level.
After coding the ampules wera stored in a freezer at -10°C.

. Samples were processed in "sets". Each set of samples consisted of
internal and EPA supplied quality comtrol (QC) and pesticide samples.
Generally each set of samples contained two quality control samples and
four pesticide samples processed from left to right as indicated below:

1
A
'

e A By B Fpap Zyug By el

where A:L = ith observation of the accu;:acy
QC sample (for example, pesticide sample #0093, furpnished by
EPA, accepted value for TCDD = 2.3 ppm).
= the jth EPA pesticide sample (unknown TCDD level) ,

. X
and Bi = kth observation of the gero level TCDD QC sample (solvent
blank spiked only with ~'Cl TCDD, 48 ng).

ey



QC and EPA sample numbers for each paired extract were coded with a
numerical suffix: ome ampule, -2(for immediate GC/MS assay) and the
other, -1 (for backup analysis). EPA sample numbers ranged from 2 to 9
digits. Replicate samples in this report are demoted by an "I" (initial),
"D" (duplicate), "I" (triplicate), or "Q" (quadruplicate) after the sample
batch number. The series sample number (a.g., 148920) represents one
source of techmical grade material; the -1, -2, =3, ete., following the

series sample numbers each represents a different batch sampled from that ™
source.

TCDD and 37(.'.1 TCDD standards were transferred to Minipert (Supelco)

valve vials. A back-up seal in the Teflon valve had been removed and the
assembly prewashed. Standards were coded and frozen until utilized.

Mass Spectral Data Aquisition

The low reéolu:ion gas chromangra..ph/mass spectrometar used was a
Hewlett-Packard (HP) 5985 GC/MS in the electron ionization (EI) source
configuration. The control unit displayed the ion currant (peak area) om

a Tektronix 4012 CRT computer tarmimal, and hard copies were provided by -~
the Tektronmix 4631 hazd copy umit.

Generally spectrometer operating conditions were as follows: colummn 3
ft * 2 mm ID glass; packing 3 percemt OV-~1l on 100/120 mesh Supelcoport;
column temperature 200°C for 1 mimute to 240°C at 6°C per minute; inmjecticn
heater tzamperaturs 250°C; jet separator intarface temperatures 260°C; iom
source temperatures 150°C; carrier gas, helium 32 ml/min; electron impact
source 70 eV; emission 0.3 mA; electron multiplisr 2.6 KV; mass range 150-
330 amu; scan time 3 ms/amu. The mass spectrometer was tuned to momitor
three molecular ions at m/e valuss of 320, 322, and 328. Retantion time of
ICDD was approximately 3.8 minutes under the above conditions.

The GC/MS prxotocol for Iwgfneasurament was designed to permit simml-
taneous data acquisition for: Cl ICDD recocvery, ICDD detectiom limit,
TCDD quantification, and confirmation via mass spectra (molecular lon
abundances). In this procesdure, sample extracts and TCDD standards were
thawed to room temperatura. Ampules containing sample extract wers broksn
above the liquid level and firmly positioned in a plastic block. TCDD
solutions wera always handled under a hood, and liquid and solid wastes
were transferred daily to tke TCDD waste drum.

A 10 pl Hamilton 701N microsyringe was used to inject sample and
staodard aliquots ints the GC/MS. GC columm performancs and MS linearity
were checkad by co—injecting the following mixtures of standards, one
injection per mixture in the sequence tabulated:

'L ul native TCID + 1 ul >'Cl TCDD

. 2.uL native TCOD + 2 ul >/CL TCDD
1 pI native TCDD + 1 ul >’CL TCDD

2 ul native TCDD + 2 wl >'CL TCDD

.8



Data for each injection were displayed on the CRT computer te
Peaks (m/e = 320, 322 and 328) corresponding to the TCDD retention time 4
region were integrated using a HP-21MXE data system and rtesults displayed.
Collected data for each injection were recorded on a Tektronix 4610 hard
copy unit.

- Quality control and pesticide samples were Tun in the same order in
which the extracts were prepared. ..Co-injection of mixtures, one injection
per mixture, was as follows:

COMPQOSITION OF ANALYSIS SET
(gl co-injected)

Injection Sample Voliume TCDD 371 toop
Number (L) Native Standard Standard
1 2 + 0 + 0
2 2 + 1 + 2
3 2 + 0 + 0
W e b wram ...-4... \ — P —— __2_ c— + - o .-2 —— — - om— + - 1 - . — —

During the TCDD reteantion time—span the m/e 320, 322 and 328 peak
areas were intagrated, and a photocopy preparsd for each injection (see
sample hard copies in Appendices). Background noise level was integratad
from the baseline adjacent to the m/e 322 peak. The ion current chromato—

..gram from injection 1 was used for noise determination if the 322 peak was
present; the chromatogram from injection 2 was used if the 322 peak was not
found. A photocepy of .the noise level was prepared. '

Hard copiles from injections 1 and 3 were inspected to determine if
-both m/e 320 and 322 peaks were found for both injectioms. A sample
meeting these criteriz was subjected to GC/MS mass fragmentation confirma-
-tion by evaporating the extract under N, to about 10 ul. Two microliters
'of the concentrated extract was injected. Both mass spectrum and absolute
abundances for m/e values were obtained and hard copies prepared (see
sample copies in Appendices). '

¢

-Data Analysis ° S EEE

} B T o - i

Integrated peak areas for TCDD standard solutions wers subjected to
linear regression analysis (y = peak area; X = pl injected). Correlation
~coefficient (r), slope (s), intercept (i), and the ratio i/s were computead
. for m/e = 320, 322, and 328. Instrumental semsitiviry, expressed as area/pg,’

‘was computed for m/e 320 and 328 Ey dividing "s" by 500 (TCDD standard f
- concentration in pg/ul) and 480 (7'Cl TCDD standard concentraticm in pg/ul). |
An average 320/322 ratio was computed from the (2 + 0+ 0) injections. )
Pertinent data were plotted on a QC chart to monitor instrument performancs.
' Expressed as perceat, 1/s x 100, average values were < + 5 percent. Large
negative values, i.e., 20 percent, could be indicative of TCDD adsorption

. or degradation in the system. In any casa, this problem was usually recti- _
fied by changing the GC columm.

——————T —— e ot



Peak areas for the method blank (QC), acecuracy (QC), and EPA samples
were tabulated on data sheets, designed exclusively for this project, aloug
with other pertinent informatiom. Ajsample data sheet is shown in Appendix
A; the method for computing percent Cl TCDD recovery, TCDD sample concen—
tration, detactiom limir, and results of the confirmation analysis are also
illustrated. Note that raported TCDD levels are corrected for recovery.

The contract specification for 37Cl ICDD recovery in the pesticide - -
samples was 50 to 120 percent, inclusive. If the initial GC/MS recovery
assay was outside the specified range, the backup aliquot of the original
extract was assayed. If the average of the two recovery values was within
the specification range, contract requirements were satisified. If the
average recovery was cutside the specification range, the sample was re-
extracted and assayed one additional time. Confirmation of TCDD detection
by recording complete mass spectra was optiomal at TCDD contamination
levels <10 ppb and a contract requiremen: at >10 ppb.

The s:andard a.dd.iticn technique was not successful with samples com-
taining large quantities (parts-per-million) of TCDD because the amount of
TCDD standard co-injected was insignificant comparad to the TCDD level in
the pesticide extract. Determination of regression slope and intercept for
TCDD quantifications with such samples was variable due to poor correla-
tions. An alternative GC/MS protocol was used for these samples. An
external calibrarion curve was constructed by injecting varying amounts of
the TCDD standard into the GC/MS. The reasultant linear ragrassion equation

for the standard, in terms of pic.ograms rather than microliters injected
was:

y-xs#i R @
o

.whers y = peak area (m/e = 322)
s = slope (area/pg TCDD)
i = intercapt
I=pg ‘ICIIJD injected

Rearranging Eq. (L):

X = -i)/s 2

> (yp ?/ (2)

“where X_ = pg TCDD in the pesticide sample extract and y_ = average m/e 322
area fof a 2 ul sample extract. 7TCDD concentration (ppm? in the sample is

{ equal to:

(2004_11 samle extract volume) , . . .
PR = X ST il intectad iate GOS) ! R mpl" “igh‘ 10%)

[P e memen ¢t e

'where R is the per:entage racovery of c1 TCDD-



_ SECTION 5 .
RESULTS AND DISCUSSION

QUALITY ASSURANCE

Severzal aspects of this project were monitered for quality assurance.
These included (1) taking custody of standards amnd samples, (2) materials
and reagents used in the amalysis, (3) standard procedures, (4) calibratioms,
(5) record keeping, and (6) quality control charts. Chain of custody :
records were transmitted to GSRI along with samples and standards. Sample
receipt was acknowledged by dating, signing, and returning a copy of the
chain of transfer record to EPA. Discrepancies in labeling or replacement
rTequests were noted on the transfer record. -

Materials and reagents used in the analysis in general were ACS or
pesticide grade. New lots of material were tested for TCDD interference by
subjecting them to the analytical protocol. The sample extraction and
clean—up procedure described in Sectiom 4 was used throughout the project,
without modification, and thersfore constituted a standard operating proce-
dure. Gemerally, the GC/MS protocol followed the standard procedure outlined
in the previous section; certain modificarions, i.e., changes in colum
temperature programming, were necessary to overcome interferencas and
‘refine the method. :

The GC/MS instrument was tuned daily prior to analyses. GC/MS perform-
ance and linearity standards bracketed 5-6 successive analyses. Record
keeping included an instrumental preventive maintenance log. GC/MS data
and computer file reference number, date of extraction, and the sample
weight were recorded in this log for each sample assayed.

X Sample processing accountability was an important part of record
keeping. Results were compiled on a master sample status form (see Appendix
"B) in the order’ samples were received. Results were also compiled om a
_cumulative data’ form (Appendix C) in the order samples were assayed.
Cumulative quality control charts were useful indicators of whether or not
the measurement process was in control. The charts showed trends or Tuns,
sudden shifts in the mean, increased variability and often indicated the
nature of a problem. L )

Figures 2 through 4 show quality comntrol data for GC/MS performance,
.method blank, and. accuracy of TCDD determinations. Control chart analysis
of graphs A, B, C, and D (Figure 2) shows systematic variations with
probable causes. A series of increasing and decreasing values (graphs B
and D, observation mumbers 1-6 and 29-34) was obtained after the instrument-

11



3761 TCDD (m/e = 328)

b

%] TCDD (m/e = 320)

&
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was shut down and the ion source cleaned. Observation numbers i§;22u::2n:
35-39 show decreased senmsitivity prior to source maintenanczéncamitant wich
chromatograms for observation 21 are shown in Appendix D. 4 C) were observed
lower senmsitivity, rums of 2 to 4 observations (graphs A an aph E

with regression correlation coefficiemts <0.980. None:hel:is: gzly chosen
shows that only 1 observation out of 41 was outside the arditra The

+3 standard deviation limits for 320/322 ion current peak areas. i mean
Theoretical ratio of 0.766 (6) compares favorably with the obsezze e
value (X = 0.784, percent difference = + 2.3 percent). The con.ggsé ercent
that the measurement process (320/322 ratio) was im comtrol for 97. zis-

of the observations is based on Duncan's (7) criteria that definme sga

tical control to be any point within 3 stacdard deviation limits. o

limits were placed on A-D graphs.

37
Pigures 3 and 4 show the method blank (solvent spiked only with Cl

. labeled TCDD) and accuracy (EPA refersnce pesticide sample #0093) quality

.control charts with EPA recovery specification range. Mean recovery observa-

tions falling within EPA specificatioms were 81 and 86 perceant, respectively.
The EPA accepted value for total TCDD concentration in the pesticide
reference sample is 2.3 ppm (8). A mean of 2.25 + 0.38 ppm was obtained,
with a coefficient of variation of 17 percent. No TCDD was observed in amy

‘method blank.

Several recovery observations were outside the speecification range.
A run of ocut-of-specification values (Figure 3, curve A, observatioms 6~8)

" was due in part to a partially clogged jet separator. Cleaning the jet

separator rectified the problem. Random cobservations outside specification

" limits probably reflect overall variance of the totzl procedure.

A majority of out-of-specification recovery values were on the high
side, i.e. >120 percent, probably because the upper one-sided toleraznce of
the analytical process is only 20 percent above the theoretical recovery

- value of 100 perzent; the corresponding lower one-sided toleranca is 2.5

" times as great, l.e., 50 perceat.

Criteria for a Positive Sample

T Qualitative criteria developed for the detect%?n of TCDD in the

_ pesticide extract matrix were: (1) a recovery of Cl TCDD berween 50 and

© 120 percent, inclusive; (2) both m/e 320 and 322 peaks existing at the TCDD

‘ reteation time region; (3) well defined m/e 320 and 322 peaks whose retention
© time exactly equals that of TCDD standards; (4) sigmal-to-noise ratio of at

least 2.5/1 at m/e 322; (5) ratio of m/e 320/322 peak areas in the proper

: isotopic proportion; and (6) TCDD confirmation by molecular ionm spectra.
. Data for the first five requirements were obtained by selective ion monicor—

ing at m/e 328, 322, and 320; data for TCDD confirmaticn were generated by
recording spectra in the m/e range 150-350 and computer tabulation of
abgolute abundances of 119-131 m/e. The range of interest was m/e 320-328;

.the wide range facilitated background measurement. Pertinent information

explaining these binary (positive/megative) decisiocn making processes is
shown in Table 1. - o ’



Criterion #1 was based solely on recovery specifications in the
contract. Criteria 3 and 6 incorporate variance associated with the
measurement system. Statistical limits imposed are shown in Table 1. The
theoretical isotopic abundance ratio of m/e 320/322/324/326 relative to 322
is 0.766/1.000/0.489/0.001 (6). Criterion #6 was divided into three
suberiteria (Table 1); eight binary permutations of the subcriteria are
possible as shown in Table 2. Overall criterion #6 test characteristic was
arbitrarily chosen from the three suberiteria.” The rational for suberiteria
decision making correlates with isotopic abundance ratios. Greater emphasis
vas given to 6a (m/e 320/322) since these two m/e values are the largest.
‘More precise ratio measurements are anticipated with 6a rather than the
smaller 324/322 ratio for 6b or 6c. Table 3 shows the evaluation of the
certainty of TCDD detection based on summation of qualitative ecriteria
characteristics. Critesria 1 through 4 wares absoluta or necessary for
detarmining if TCDD was detacted except for the D (duplicate), T (triplicate)
and Q (quadruplicate) rerumns of original samples. Detection limits and
nass confirma:ion spectra were not required for the latter.

: Appa:dices D-I inclnde represenf.a:ive hard copy data for GC/MS :Lnstru-

mental performance and TCDD detesction. - - — == = = — — — —— — — A
t

Sample Data '

A wide variety of pesticide samples were analyzed for total TCDD
residues. Submitted EPA samples (unkuowns and quality control samples)
were analyzed on a blind basis. The two sample types wers visually and
- experimentally indistinguishable. EPA provided decoding information only
‘after completion of the. assays and reporting of the TCDD data. Table 4
i sumparizes the decoding information. Generally, a 6-digit sample code
; reprasents a series of pesticide samples of the same generic class; indivi-
‘dual samples were denotad by a hyphenmatad (in some cases) suffix made up of
‘numbers and/or letters. For example, 137832-5D relates to the duplicate
determination of the fifth subsample in the chlorinated phemolic antiseptic

137832 series. Each subsample repreaseats a diffarent batch of the manufac-—
tm:ed tec:hnica.l grade pestid.des.

Based on EPA decoding :Lnformat:ion, replicate sample data, if awvailable,

: were cellatad according: to sample batch number. After first combining
;replicate ‘information with the appropriatas first-rum results, a TCDD detec—
: tion judgement was made for each bat:h sample, regardless of the number of
replica:es assayed. These judgements were either pasitive, negative, or

" doubtful. For example, if the first tum (I) sample of batch number 1234
was positive (e.g., 12341 is +), the duplicate (D) run negative (1234D is -),.
and the triplicate (T) run questiomable (1234T is doubtful), then the i
: judgement: was that TCDD detection was doubtful in sample 1234. On the

' gther hand, if a sample batch weras judged TCDD positive, regardless of how
. many teplicates were Tun, total TCDD level found was rsportad, inecluding
~replicate data and the average value, i.f _appropriate.
z A tot:al of 69 authe.n:i:: pesticide batch samples were assayed. TCDD
was detected in 17 batch samples (25 percent); TCDD detection was doubtful
in 6 samples (9 percent); and. TCDD was not detectad in 46 batch samples (66

16,



percent). Tables 5-12 summarize data for TCDD in vaziousbrypc;ssof i::h:z;ic
pesticide samples. In those inscances where all or most aza ’ 21:313:102‘
positive for a given series, tabulation of mean value, sta; T St N
and coefficient of variation is based on positive sample data. LB no
applicable) refers to information not available or not requestzi .ed T
example, qualitative detectiocn criteria #4 and #6 were not ;eq ;:-n T
D, =T, or =Q samples. Data for EPA quality controls arfa‘ shown in Tabl
13. e e - .

Variation of TCDD detection judgements versus EPA sample type is shown
in Table 14. For the authentic batch samples TCDD was nondetactable
(detection limit 10 ppb) inm 100 percent of the 2,4,5=-trichlorophenocl _
samples analyzed (n, number of batch samples assayed = 16). For ccmiair
tive purposes, batch samples of 2,4,5-T, the butoxyethyl ester of 2,4, R
and the isoocctyl ester of 2,4,5-T are grouped under 2,4,5=T as showm
below.

2,4,5-T SAMPLE TYPE (16 BATCHES)

Number of Batches/(percent)

: Number
Type - of Batches Positive Doubtful Nordetectable

2,4,5-T a 3 1/(33.3) 1/(33.3) 1/¢33.3)
butoxyethyl ester

of 2,4,5-T 10 9/(90) 1/(10) 0
1sooctyl ester _

af 2,4,5-T 3 o 3/(100) g

16 10/(83) 5/(31) 1(6)

.

Overall, detection of TCDD was positive in 63 percent (n=10) of the batch
samples, doubtful in 31 percent (n=5), and nondetectable in 6 percent

(o=1). Specifically, detaction of total TCDD was positive in 90 percent

(n=9) of the butoxyethyl ester of 2;4,5-T batch samples. In contrast,
detection of TCDD was judged equally positive, doubtful and nondetectable

in all (p=3) of the 2,4,5-T batch samples, and TCDD detectiom was questionable
in'2ll (o=3) of the isococtyl escer of Z,4,5_—-'I batch samples,

‘ -

Eight Silvex type batch samples were assayed. TCDD detection was
posizive in 86 percent (u=6) of the butoxypropyl ester of Silvex and question-
able in the remaining sample (n=l) of this type. Only one batch of iscoctyl
ester of Silvex was assayed; the TCDD detection judgement was pesitive.
One~hundred percent of both the chlorimated phemolic antiseptic (n=22) and

the organophosphate (n=7) batch samples gave negative TCDD detection charac-
teristiGS. = ) S
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Summarizing the TCDD detection judgemenzs for authentic pesticide
batch samples in terms of decreasing percentages, 66 percent were nondatect-
able, 25 percent positive, and 9 percent doubtful. Likewise, judgements

for the 20 different EPA QC samples analyzed were 40 percent nondetectable,
30 perceat doubtful, and 30 percent positive.

Variation of total TCDD level found versus sample type for positive
samples is shown in Table 15. All authentic pesticide batch samples for
which TCDD detection was judged positive contained total TCDD in the range
10-30 ppb. By contrast, total TCDD content of EPA quality controls varied
from a low range. of 31=99 ppb to a high of 3000-3499 pph.

Precision of TCDD determinations in the EPA quality controls is showm
'in Table 16. Relative standard deviation ranged from 2.6 percent to 83
percent., Standard deviation range- for authentds unknown replications was
.3.1 pexcent to 52 percent, as shown in Table 17.

The prevalence of doubtful TCDD detection judgements in authentic
pesticide samples and EPA quality controls suggests the need for improvements
in the measurement system. A signifizant number of doubtful detection
instances are related to apparent TCDD levels <10 ppb; in additiom, TCDD
counfirmation was not a coutract requiresment at these low levels. Mean
detection limir was 4.7 ppb + 3.5 ppb (standard deviation). Mean value
plus two standard deviations = 11.7 ppb; thus questionable TCDD detection
‘at the 10 ppb level can be expected. Theresfore, any result found below 10
ppb in authentic samples was reported as nondetectable (ND). Actual values
‘below 10 ppb in the. quality controls are tabulated im Table 13 to demonstrate
the inaccuracy in reporting such data. The qualitative criteria wera used
to define the judgement below 10 ppb (i.e., positive, doubtful, or negative).

Problems encountered in tha project - low and high recoveries, unreliz-
bility of standards, inability to distcinguish matrix problems from instrumen-
‘tal ones, variabiliry in machine sensitivity, changes in chromatography,
and interferences - contributed to observable variations in relative standard
deviation and detection limits. Extracts yielded interferencas of varying
_severity from other. substances depending upon the efficiency and reproduci-
biliry of the SJl.eanup procedurs and sampla type. Varying intarferences
‘also affected ~“°Cl TCDD recovery. For example, exaesllent recoveries were
obtained for samples 148921-3, 148921-3D, and 148921-4D. Zero pergent
recoveries were obtained with 148921-3T and 148921-4T. Internal qualiry

control samples in the same sampla sets (pertaining to extraction) gave
excellent re;overies. L i L

Low recoveries resul::!:n-g..f-ro-nrz inrerferences might be prevented by
employing a second Alzoaedea:mp ¢columm or other modification in the

extraction procedure. coveries higher than the theoretical value were
anticipatad when m/ e 328 peaks co-eluted with ~ Cl-TCDD.

Interferfné ‘ni/e %20 and322 péablléo;-elu:ing with TCDD cantributed to

wvariability in caleculated TCDD levels. In some instances peaks eluting
.prior to or immediatsly after TCDD preventad accurate peak intarpretation.
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Application of high resolution gas chromatography should help to overcome

problems with interferences. ,
Problems with standard reliability included irreproducibility of lc‘tis
and concentration uponm standing. TCDD standards were provided by EPATgD
lots were checked against each other to identify suspect solution:. e
standards were provided in bemzene solvent. Aliquots of the standards
transferred to small vials sealed with Teflon-lined rubber septums.- - - -
Standards were withdrawn with a 10 pl microsyringe. Repeatad insertions of
the microsyringe needle (four insertious were required per sample assay)
resulted in formation of holes in the septum. Bemzene evaporzted through
the porous septum and concentration of the TCDD standard increased. An
attempt was made to solve the problem by adding a small amount of mercury
to the standard vials to seal punctures in the septum. Between injections,
vials were stored in an invertad position which prevented benzene evaporation.
Bowever, after a few days the solution turnmed cloudly, indicating instabiliry
of the standard solutioms. The problem was rectified by using Mininert
vials as outlined in the experimental section.

Varisbility in machine semsitivity contributed to variable ICDD . — -
detection limits and regression correlation coefficiemnts. Approximarely
one hour was raquired to complete the four GC/MS runs needed to constTuct
the regression line. Drift in GC/MS sensitivity and specificity over this
pericd contributed to a poorer corrslation coefficient with increased
variability in reported TCDD recovery and quantificaticm.

Distinguishing matrix problems from instrumental ones was difficult.
Replicate recovery assays of the same extract provided data to elucidate
problems. Poor precision was indicative of instrumental problems. High
precision combined with racoveries outside the specification range suggested
matrix or extraction problems. :

s -

Total ‘ICDD was judged nondetectable in over 50 percent of the authentic
pesticide batch samples assayed. Extending the lower working range of the
measurement system seems desirable. This task might be accomplished by )
further cleanup ]of the extract, evaporation of the extract to a smaller
volume, and employing high efficiency gas chromatograpby/mass spectrometry.

- S - . A . .

Application of the more tedious standard addition technique to these
analyses appears justified over extermal calibration. Variations in the
linear regression slope were observed for some samples, which may be indica-
tive of matrix effects. The standard additiom technique also tends to
compensate for instrument drift. Therefore, more accurate data would be

anticipated with the standard addition approach than with externmal working
‘curve techniques. .
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TABLE 1. OQUALITATIVE CRITERIA EXPLANATION

absoluta abundances,
molecular ion spectra

No. Criteria Explanation
cifications
1 50Z<R<1207 1f initial R value exceeds spe
- backup extract is assayed. If R still
out-of-gspecification, sample is extracted
and assayed one additional time.

2 existence of both If only one of two peaks exists, sample
n/e 320 and m/e 322 listed as ND, not detectad.

.3 well defined m/e - --- A change in slope from negative to positive
320 and 322 peaks if the TCDD peak is a shoulder on a con=-
at TCDD retention tamipnating peak.
time

4 n/e 322 integratad If less than 2.5, sample listed as ND,
peak area at least not detected
2.5 times greater
than baseline
integrated noise

5 m/e 320/322 isotopic Control limits set by mean value + 3

. ratio, selected ion standard deviations as derermined by
monitoring qualiry control data obtained with EPA

reference pesticide sample #0093.
6 m/e range 320-326, Divided into three suberiteria:

(a) m/e 320/322 control limits set by
mean value + 3 standard deviations as

.determined ‘E'y quality control data

obtained with EPA reference pesticide
sample #0093.

(b) m/e 324/322 control limirs set by
mean value + 3 standard deviations as
detarmined by qualify control data
obtained with EPA reference pesticide

" sample #0093.

(c) Existence of m/e 320, 322, 324, and
326 in absolute abundance table.
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TABLE 2. DEPENDENCE OF CRITERION #6 OVERALL BINARY CHARACTERISTIC ON _ .
SUBCRITERIA RESULTS

Overall Permutaticn

Criterion #6 Characteristic ba 6b 6c

(negative) : - + -

- - +

- + +

+

(positive) S S UG WO

+ + -

+ - +

< - -




TABLE 3. TCDD DETECTION JUDGEMENT BASED ON
QUALITATIVE CRITERIA CHARACTERISTICS

Qualirative Criteria No.

1 2 3 4 5 6 . Judgement
For FPirst-Run Samples:
- ‘o’ + + + + TCDD detected
+ + + + - +
+ + + + - - TCDD detection
-+ - o+ . - - - questionable - -
b w TCDD not detected

Any or all nega:ivea NA

For Duplicate (-D), Triplicate (-T), or andruplicate (=Q) Samples:

+ + NA +

-
+ + + NA -
Any or all RA +
negative (=)

Na

NA

TCDD detected if also

‘detected in first-run

sample
TCDD detection question-
able if firste-run

sample also questionable
or not detected.

TCDD detection question-
able rTegardless of
first-run judgement

TCDD not detected
Tegardless of first-
run judgement

aQuali:ative criteria 1 through 4 all absolute or necessary

for TCDD detected (positive) judgement.

b

NA = not applicable.



TABLE 4, VARIOUS EPA SAMPLES ANALYZED FOR TOTAL TCDD

Sample Series

Number of
Batch Samples

Pesticide Sample Type
(Generic Name)

137401
- 137402
137443

137832
137824

137833

137835 e

148917
148913

141996
141998

- 141997 . .. e e

148919

148920
148921

229617
226617
225511
222841
222455
220777

93-01
14=-01
0093
1-01

305
304
303

30

-

(R RYRYR
NHHMHAR

[

H_NH LVPN OF e

| g
o

-+ - {isooctyl ester of Silvex

AUTHENTIC PESTICIDES

2,4,5-1

e m meme e w e e s e

chlorinaced phencldic -
antiseptic

2,4,5~trichlorophenocl

iscoctyl ester of 2,4,5-T

b

- butoxyethyl ester of

2,4,5-T

" butoxypropyl ester of Silvex

organophosphate insecticide
QUALITY CONTROLS

aZ,&,S-T’is 2,4,5=-trichlorophenoxyacetic acid.

b

. Silvex is 2,4,5-T2 .. .. ..
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TABLE 5.

{16 Batch Samples)

TCDD DATA FOR AUTHENTIC 2,4,5-TRICHLOROPHENOL

EPA
EPA Batch Percent Limit of Total
Serles Sample ' Recovery Detection Qualitative Criteria Judgement TChD
Number Number C137TCDD (ppb) 1 2 3 4 5 6 Pos. Dtfl.? D (ppb)
137833 -1 95 4.6 + - NA NA NA MA v/ ND
-2 79 3.5 + -~ NA NA NA NA Y ND
137835 -1 102 3.7 + - NA NA NA NA [ ND .
~2 o104 5.0 + - HNA NA NA NA N ND .
=3 oo 82 9.3 + <~ NA NA NA WA . ND
-4 . .89 S 2.1 + < NA NA NA NA - ND
148917 « . -1 .. .+ - 89 2.6 + - NA NA NA NA v ND
e 69 1.9 + + + + + NA I ND
T3 . 1000 - 2.5 . + =~ NA NA NA NA v/ ND
-, -4 7 80 8.8 + - NA NA NA NA / ND
-5 - 86 2.5 + =~ NA NA NA NA / ND
148918 -1 51 - 1.8 + + 4+ + + WA 4 ND
' -2 93 5.6 + ~ NA NA NA NA oo ND
-3 96 2.6 + ~ NA NA NA NA Do ND
—4 95 5.0 + - NA NA NA NA / ND
-5 61 1.7 + =~ NA NA NA NA Y ND
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TABLE 6. TCDD DATA FOR AUTHENTIC 2,4,5-T (2,4,5-TRICHLOROPHENOXYACETIC ACID)
(3 Batch Samples)
EPA ‘ Average
EPA Batch Percent e b Total Total
., Serieg Sample Recovery  Detection Qualitative Criteria Judgement TCDD TCDD
Number Number ° Cl37TCDD (ppb) 1 2 3 4 5 6. Pos. Defl. ND  (ppb) (ppb)
137400 =-137401 71 2.4 + + + + NA v ND
- =137402 : v 18
-=137402T1 68 5.2 + + + + - + v 17
-137402D 105 NA + 4+ + NA + NA / 18
-137403 i a / ! Defl.
-1374031 - 71 4.2 + 4+ + + o+ o+ ‘14
-137403D 58 _MNA + =~ NA NA NA NA v ND

5 aProbably false positive pince the duplicate sample (137403D) was WD,
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TAﬂtE 1. :TCDD DATA FOR AUTHENTIC BUTOXYETHYL ESTER OF 2,4,5-T
! {10 Batch Samples)

EPA " Average
EPA Batch Percent fipeet 20 Total Total
Sariea  Sample Recovery Detection Qualitative Criterila Judgement TCDD TCDD
Number MNumber C137TCDD (pph) 1 2 3 4 5 6. Pos. Dtfl. ND (ppb) (ppb)
148919 -1 21
, -1I 80 6.8 + + + o+ o+ o+ / 23
-1D 114 NA + 4+ 4+ HNA + NA v/ 19
-2 v 23
-2 67 2.5 + + + + o+ o+ v 25
-2p . 99 NA + 4+ + NA + NA / 2}
-3 ' 104 8.0 + + + + + o+ v/ 24
-4 82 - 6.4 + 4+ + o+ 4+ o+ Y 29
T SN v/ 23
j=51 (- B89 puiy 43 -+ 4+ + + + o+ v/ 22
=5D- .- 114 NA + 4+ + NA O+ MA / 23
-6 ' / 25
-61 108 3.0 + + + + o+ o+ v/ 28
-6D 78 NA + + 4+ NA + MA v/ 22
-6T 72 1.1 + + + + o+ o+ 4 21
-7 Y/ Defl,
-1 53 . 2.0 + + + o+ o+ - 4 33
~-7D 11 NA + + + NA + MNA / 19
-8 / 22
-8 « 112 1.8 + + + + o+ o+ v/ 14
-8D 116 NA + + 4+ NA 4+ HNA / 30
-9 . / 22
-91 97 3.1 + + + o+ o+ o+ v/ 23
-9D 70 NA + + 4+ NA 4+ MA v 23
~-9T 99 4.5 + + + + + o+ v/ 19
-10 i / 23
-101 61 3.5 + + + o+ O+ O+ Y/ 27
-10D 104 NA + 4+ 4+ NA + MNA v/ 19
Statistical information for TCDD positive batch samplest n 7
mean total TCDD (ppb) 22,7
standard deviation (pph) 1.3
coefficlent of variation () 5.7
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TABLE 8. TCDD DATA FOR AUTHENTIC ISOOCTYL ESTER OF 2,4,5-T
(3 Batch Samples) '

. EPA . Average
EPA * Batch Percent Lyt oF Total Total

Series Sample Recovery Detection Qualitative Criteria Judgement TCDD TCDD
Number  Number _ Gl37TCDD  (ppb) .1 2 3 4 5 6 Pos, Dtfl. ND (ppb) (ppb)
| -
141996 Dtfl.
. -1419961 103 2.0 + + + + - + v/ .15
: ~141996D 61 NA + 4+ + NA + NA / 30
i -141996T 78 5.9 + + + + + + A 21

~-141996Q 103 NA %+ 4+ 4+ NA - NA Y 27
, 141998
; -1 . 7/ Dtfl,
; ~11 110 2.5 + + 4+ + + o+ Y 28

. =1D 73 NA + 4+ + NA - NA / 13

-2 .. . , Y Defl,

-2 108 2.2 + ~ NA NA NA NA 4 ND

-2p 79 1.5 + + o+ o+ + o+ v 27

' 2 ;
- “Other replicate(s) doubtful or nondetectable, therefore, probably nit dioxin-contaminant or inter-
ferences present, : .
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TABLE 9. TCDD DATA FOR AUTHENTIC BUTOXYPROPYL ESTER OF SILVEX
(7 Batch Samples)

EPA ) , Average
EPA Batch Percent Liee kot ‘ Total Total
Serles  Sample Recovery  Datection Qualitative Criteria ... .Judgement TCbD TCDD
Number . Number ' C137TCDD - (ppb) 1 2 3 4 5 6 Pos. Dtfl. ND  (ppb) (ppb)
148920 i )
4.4 + + + + + o+ / 21
: 7 19
2.3 + + + + o+ o+ 4 19
NA + + 4+ FA + NA v/ 17
6.3 + + + + + o+ 4 22
Y 19
5.5 + + + + + + / 21
NA + 4+ 4+ HNA + MNA / 17 ’
. Y Dtfl,
1.0 + + + + - WA /o 20
NA + 4+ + NA + NA / 20
’ ‘ , / 21
5.2 + + 4+ o+ o+ O+ v 24
HA + + + NA + HNA / 17
~5T . ... 66 7.2 + + + ¥+ - % v/ 23
-6 103 0.9 ¢ + + + + + + Y 12
-7 Y/ 22
"71 !. _“\.]'l|7ll {- 5-6 + + + + + + / . 22
=D 111 NA + + 4+ NA + WA Y b2l
Statistical Information For TCDD positive batch samplest n 4
[ Mean total TCDD (ppb) 20.3
Standard deviation (ppb) 1.5
Coefficient of variation (X) 7.4
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TABLE 10. TCDD DATA FOR AUTHENTIC ISOOCTYL ESTER OF SILVEX
(1 Batch Sample)
EPA |
EPA "Batch Percent Limit of Total
Serles Sample Recovery Detection gua}itativa Criteria Judgement TCDD
Number Number €137TCDD (ppb) T 2 3 4 5 6 Pos. Dtfl, TND (ppb)
141997 141997 81 9.7 + + + + + o+ v 20
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TABLE 11, TCDD DATA FOR AUTHENTIC CHLORINATED PHENOLIC ANTISEPTIC
(22 Batch Samples)

EPA .

EPA Batch Percent Linit of Total
Series Sampla Recaovery Detection Qualitative Criterla Judgement TCPD
Number Number C1371CDD (ppb) 1 2 3 &4:'5 6 Pos. Dtfl. ND (ppb)

i 137832 - .
-1 83 16 + =~ NA NA NA MA o/ ND
-2 77 12 +4 - NA NA NA NA / ND
-3 | Y ND
-31 102 8.9 + - NA NA NA NA /
-3D 68 NA + - NA NA.NA MNA 4
-4 : Y ND
. =T . ieagc 50 1.8 . + - - - - MA v
r .. =4D . 61 NA + - NA NA NA NA /
s L : : Y ND
-51° 91 4.0 + - NA NA NA NA /
5D -~ - 79 NA + - NA NA NA MA /
-6 90 3.9 + - HNA HA NA NA v ND
-7 84 9.4 + - HNA NA NA NA / ND
-8 93 2.2 + - NA NA NA MA Y ND
-9 68 8.4 4 - NA NA NA NA v ND
-10 » 64 3.6 + - NA NA NA NA / ND
-11 : 78 2.3 + - NA NA NA NA v ND
-12 74 4.4 + - HNA NA NA WA / ND
-13 96 2.7 + -~ NA NA NA NA v ND
-14 : 68 2.6 + - NA NA NA NA v/ ND
137834 X
-1 93 7.1 + - NA NA NA NA ) ND
-2 111 2.4 4 - NA NA NA NA T ND
-3 91 1.9 + = NA NA NA NA - ND
-4 ' 78 3.0 + - NA NA NA NA b ND
-5 100 ' 1.7 + - NA NA NA NA T ND
-6 93 2.3 + ~ NA NA NA NA . v ND
-7 117 4.3 + - NA NA NA WA P ND
-8 102 1.9 + -~ NA NA NA WA R ND
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TABLE 12. TCDD DATA FOR AUTHENTIC ORGANOPHOSPHATE
{7 Batch Samples)

EPA :

EPA Batch Percent Limit of ‘ Total
Series Sample Recovery Detection Qualitative Cr#teria K Judgement TCDD
Number Number C137TCDD (ppb) 1 2.3 4 5 6 Pos, Dtfl. ND (ppb)
148921

-1 51 9.9 + -~ NA NA NA NA - v ND

-2 110 2.9 + =~ NA NA NA NA v ND

-3 -, v/ ND

-3r 100 5.2 + =~ NA NA NA NA v/

-3 100 NA + =~ NA NA NA NA v/

e 0 . NA - = NA NA NA NA v/

-4 : / ND

-41 m 2.2 + - NA NA NA WA ;i /

~-4mA . 95 NA + + + NA + NA :

—4T SRR R TR 0 e e rediaes “A e e e = - NA NA NA NA /

-5 78 1.5 + - NA NA NA NA b ND

-6 69 4.5 + - NA NA NA NA ' ND

-1 93 9.3 + - NA NA NA NA , 4 ND

aProbably falae positive due to contamination or interferences preseant, since replicate samples were ND.



TABLE 13. TCOD DATA FOR QUALITY CONTROLS .,
(20 Different QC Samvles; 41 Assays) )

EPA - : ’ cal A;ougc
QC Percent Limis of o otal |
Semple  Recovery  Datwction Qualicarive Criverda Judgemenc TCOD 70D !
Number C137ICDD (ppd) 1 2 3 & 5 6 Pos. Defl XD (ppbd) (ppd) *
222455 i / ¥D
2224551 92 3.1 + + o+ o+ > o 3.5 l
222455D 76 EA + - HA RA NA XA p 4 ND gy
2077 .
2207771 n X - e o e+ '/: 19

2207770 119 A + <+ <+ NA + KA 45

226617 N 4 Defl.
2266171 95 &.9 L . / 23

226617D 116 NA + + <+ KA + HA v I3

225511 4 pefl.
285111 75 5.9 e 7~ 7

2255110 77 HA + + + MNA + HA ”~ 43

229617 7 XD
2296171 38 3.6 + & e« & « XA 7 b

2296170 82 N& + <« RA NA XA MNA 7/ XD

1=-01 v 212
1-011 101 12.7 * + + P+ o+ * v/ 236

1-01D 61 NA + 4+ 4+ RA + NA i 126

1-01T 94 NA + ¥ + KA - MA ' 274

1 / a1
111 80 0.7 LR . . 2 7 30

i & HA + + + M+ K Y . 23

uar 100 RA + 4 + NA + HNA 4 79

el ” 9.9 + - HA NA NA HA 5 5D

b KD
k229 59 4.9 + e k- v XD

3 & .73 + - HA NA KA NA v/ o

z / 87
i 23 2.4 B T ' LY

I 92 A + 4+ + HA + NA 4 126

xT 89 EA +« 4+ + XA + HA 4 82

23-01 11s 5.5 + + + + o+ 7 16820

/ 3627

41 13 13 R N / 1270

o S0 - MR + 4+ <+ ¥A + HA / 3984

14=01 - 7 o
14-011 &3 3.1 + + + + + HA v/ 5.7

14-01D 107 5A 4 - RA KA RA KA y -

];—01? ag RA + 4+ <+ HA + XA 7 9.6
' /

= 68 2.5 + - KA YA B RA . 7 o o
3Zn 106 - BA 4+ « ©NA HA NA XA - XD

222841 N B : ~ ] J/ -
2223411 a9 S 2.0 + 4+ * $ 4+ HA. 2.2

2228410 76 7 4 - HACRA KA M / =

0293 97 L T T VO 2250

30 R o - .
i -88 IR O : 8s Desfl
o0 60 + 4+ .4+ BA - HA’ . 4 e

303 O - AN - - R el
3031 79 + o+ e o+ - - S = 18 -
gg‘J‘D a1 -+ +.+ NA + WA oy - 13

4L 98 T ¢ 9.5 ™
gb 72 ; B - + 4 4 HA 4+ MA ” 7.1

3081 16 Swl P PR o Desy,
3030 9% HA - +¥ + <+ FRA + HA /~ 1732

‘g:’;u.:f' doubeful or HD of othar reruns suggest probably oot dioxineconcaminant or intsrfevences

33



v

‘TABLE 14, VARIATION OF TCDD DETECTION. JUDGEMENT VERSUS EPA SAMPLE TYPE

Sample Type

Number Batch
Samplen Analyzed

Number/ (Percent) of Batch Samples
Versus Detection Judgement

Positive

Doubt ful Nondetectable

i,é,S«Trichlorophenol
ﬁutoxygthyi ﬁgéer of 2.4;5-T
Taooctyl Eaier of 2,4,5-T
Butoxypropyl Ester of Silvex
Isooctyl Ester of 8ilvex

Chlorinated Phenolic Antigeptic

" Organophosphate

" TOTALS

Tuenty different QGC
Samples Agsayed

22

o
L)

AUTHENTIC PESTICIDE BATCH SAMPLES

1/(33.3)
9/(90)

6/(86)

1/(100) -

4

17(25)

'

6/(30)

16/300,
1/(33.3) ¥/(33.3)
1/(10)
3/ (100)
1/(14)
22/(100)
_1/Q100)
6/(9) 46756

QUALETY CONTROLS

6/ (30) ©8/(40)




! TABLE 15, VARTATION OF TOTAL TCDD LEVEL VERSUS SAMPLE TYPE FOR POSITIVE SAMPLES

I " : TCDD Range (ppb)

. ' 100- 500- 1000~ 1500~ 2000- 2500~ 3000- 3500-
10-30 31-99 499 999 1499 1999 2499 2999 3499 3999

. -Number Batch Samples
Semple Type .  Positive for TCDD Number Batch Samples/(Percent)

AUTHENTIC PESTICIDR BATCH SAMPLES

L i 2,4,5-T L1 1/(18)
: R S T LD S T
- Butoxyethyl Ester of = = N :
2,4,5-T R, o 9 ' 9/(100) ,
Butoxypropyl Ester of v
Silvex. L 6 6/(100)
Isooctyl Ester of
Silvex U 1 1/(100)
; P : - | QUALITY CONTROLS

!

Six different QC Saﬁbles
Positive for TCDD. . 2/(32.8) 1/(16.8) 1/(16.8) 1/(16.8)

1/(16.8)
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TABLE 16, COMPARISON OF REPLICATE RESULTS FOR EPA QUALITY CONTROL SAﬂPLES

Statistical Analyais
Standard Relative Standard

Total TCDD Concentration (pphb)

Average Deviation Deviation
‘Sample Run No, 1  Run No. 2(-D) Run No, 3(-T) . (ppb) (ppb) . (%)
"1-01 236 126 274 i 212 77 36
11 80 83 79 81 2.1 . 2.6
3y ND ND NA NA NA NA
3x . 56 124 82 87 34 _ 39
4 3270 3984 NA 3627 . 504 - 14
14-01 . . 5.7° ND 9.6% ;
3z ;e . ND a ND NA !
222841 . T2.2 ND NA
222455 T 3,6 ND NA !
220777 .39 45 NA P42 4,2 9.4
226617 o3 . 6] L .. NA S 15 e 12 83
22551 .. .. . 74 43 NA 59 22 37
229617 R ND NA !
90 85 578 NA rn 20 28
303 , 162 . 182 NA "1y 1.4 8.3
304 ‘ 9.6 17.1 NA ' 8.4.. 1.8 21
305 1610 1732 NA 1671 86 5.2

aQualitat:lva criteria judgement: TCDD detection doubtful,



Le

. TABLE 17, COMPARISON OF REPLICATE RESULTS FOR AUTHENTIC PESTICIDE BATCH SAMPLES

Statistical Analysis

Relative
Standard Standard

Total TCDD Concentration (ppb)

Type ' Batch Run No, Run No, Run No, Run No. Average Deviation Deviation
Sampla Sample 1 2(-b) 3(-T) 4(-Qq) (ppb) (ppb) x)
2,4,5-1 137402 17 18 18 .0.71 4
137403 14 ND
Chlorinated Phenoliec 137832-3 ND ND
Antlgeptic 137832-4 ND ND
137832-5 ND ND ;
Isooctyl Ester of 141996° 15 30 21 27 23 7 30
2,4,5-T 141998-1 28 13?2 21 11 52
Butoxyethyl Ester .  148919-1 23 19 21 2.8 14
of 2,4,5-T " 148919-2 25 21 23 2.8 13
148919-5 22 23 23 0.71 3.1
148919-6 28a 22 21 24 3.8 15.8
.148919-7 33 19° 26 9.9 38
148919-8 14 30 \ 22 11 51
148919-9 23 23 19 22 2.3 10.3
138919-10 27 19 23 5.7 25
Butoxypropyl Eater 148920-2 19 17 22 19 T 2.5 13.2
of Silvex 148920-3 21a 17a 19 2.8 15
o 148920-4 20 20 20 - -
N 148920-5 24 17 23 ' 21 K 18.1
148920-7 22 21 5 22 0.71 3.3
Organophosphatg 148921-3 ND NDa
Formulations 148921-4 ND 14

aQualitative criteria judgement: TCDD detection doéubtful. ,
bA third sample of 148921-3 and 148921-4 was also run but not reported due to a 0 percent recovery.



Appendix A. Data Sheets for Sanple_l4'89197_5_—_‘2-“
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K ANALYSIS OF TECHNICAL GRADE PESTICIDES FOR TCDD
Data Sheet

Sampla No./789/9-5-Z Date Recelved _2/2/78 _ Date of GC/MS Analysls _&/2/73
Date and Type of Extraction/Cleanup Z£8/78_ _ | Hexans = Na Off - 4 50p ~A/2 T

Sample Weight £ 99843 _ Sample Volume 2,,«1 Total Extract —£99 ...l 4
GC Conditions :Column 2° o/, 3% Injector Temperature 250 ‘C_ Column Temperature 2/0(D €

" Carrler Gas and Fiow Rate _U42_He 1 T2 ml /oo lesot
" e : GC/MS Data
A P
| | ! Co-Injected Poak Area
- 37 m/e : Ratio
Sample  CI-TCDD CI-TCDD '. 320 322 328 . 320/322
2 0 0 269 338 //4¥6 0. 796
2 O 2 828 /og0 I5H7 X
2 . 0 0 2/9 289 /o023 0.758
o 'l I JY3E /906 247/ X

Corr.{r}s 0.99593 0.9951 0.997/
Slope.(s)s 94/ 79,7 /245

| ‘ Intep.(l)s _24/.8 _Fo4L ¥ /772
) : i/s= O.#06 _0.385 0.893
Avg. Ratio = 0.777 % 0027




ANALYSIS OF TECHNICAL GRADE PESTIC[DES FOR
/HEG/9~5E)=-2

TCDD
Results
RECOVERY
CI-TCOD Std. Conc.(pg/ul)=_%82 % Recovery(R)
Added to Sample{ng) =__ %5 (I) R=lI—xlOO= 88 o
Recovered(ng): I -
/s x4g = 4£2.8° (I
QUANTIFICATION |
CI-TCDD std. Cone.{pg/ul) = _S500
320 322

Amount in Extract(ng) =i/s x 3¢
Amount in Sample(ng) =IL/R
Sample Conc{ppbl= I /g Sample

20.3 /3.3 (Im)
22.8 2/.7 (I¥)
22.. 2).5

Avg.Conc.(ppb) = _22./ % 0.758

LIMIT OF DETECTION
N/A-

A S
m/e= 322
L.D.,2.5(S/N)=_ 43 p0b
CONFIRMATION ANALYSIS ( Fragmentation Pattern Recorded)
_N/A- < A v~

'Result Positive ____ v~
Result Negative

4



..Appendix B. Master Sample Status Form
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Master Sample Status For 328-884-||

Sample

ary O TCDD | Full Scale |[Calculated
__ Recovery,™ | Level | Configurations| LD | gomple
Screening|Repeat | Average | (ppb) | Needed | Done | (ppt) |Completed

page



Appendix C. Cumulative Tabulated Anmalytical Data Form

43"



CUMULATIVE
TABULATED ANALYTICAL DATA FOR 328-884-1|

‘ ° CDD Calculated| Sample |
Racovery, % -ll_-evel LD  |Completed

Sample | Scresning |Repeat|Average| (ppb) |Confirmation| (ppb) |GSRI|EPA

Code: NA-not applicable ND-not detectable % — task performed Page____.
vV_-—sample completed ’



Appendix D.

(Observation #21)

OBSERVATION #21 DATA

GC/MS Performance Ion Current Chromatograms

1l co-injected

m/e[Peak area
{

B rop 31 Teop 320 322 328
2 + 2 | 1257 1560 2198
1 + 1, i 583 735 1073
2 3 2 - 7120377 TTU T 1612 Ty T T
1 * 1 . 576 722 1176
Corr () 0.9999 0.9990 0.9952
.Slope (s) 680.5 857.5 1133
Intercept (i) -101 -129 -8.5
s8/500 or 480 1.72 2.36

Avg. 320/322 = 0.795

1.36
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outl.

¥ SELECTED 10N CHROMATOGRAN %X FRN 21079
§Uﬁ TCDD NATIVE CL35 +CL37 STDS CHEGSK
1IULNTE.,

18T SC/PG: 1
1 OF 4 X= 1 00 Y= 1.00

for e s

2198.
na7.q = —
1560.
N2t . - .
|
|
' A= 1857
|
319 b~ — )
' ‘[') [ i ” 1
- -4 8 _6
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1
i

¥¥ SELECTED IoN CHROMATOGRAN XX T FRN 21080

1UL MATIVE TCDD CL3S +1UL CL37 STDS CHECK ‘16T SC/PG: 1
31JuLyeg, QUt1, a2 OF 4 X= 1.00 Y= 1,00
A= 1073,

327.

321 . 3
hy
Pt

'583.

319,




BY

| . ¥ SELECTED IUN CHRGMATOGRAM kX
2UL TCDD NATIUVE CL3S +CL37? STDS CHECK

FRN 21081
1ST SC/PG! 1

31JULYTE, OULt, 3 OF 4 X= 1.00 ¥~ 1.00
A= 2317.
327. 4 o
A=  1612.
het. —
A= 1263
319. e —




XX SELECTED I0H CHROMATOGRAM XX
1UL TCDD NATIVE CL35 +CL37 STDS CHECK
| 313uLy78, oult, 4 OF 4

FRN 21082
18T SC/PG: 1
X+ 1.00 Y= 1.00

S——— — ———

k4

h27. 3

321 .

576.

119.

¢
ME:




..Appendix E. Ion Currrent Chromatograms for _
TCDD Detected in a Pesticide Sample

(EPA Sample #4)

QUALITATIVE CRITERTA

'JUDGEMENT: TCDD detected in the sample
because all six criteria were positive.

. 50 oy
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4R-B, 28+ 0+0Q
1BAUG78. KMRQ

X SELECTED ION CHROMATOGRAM XX

FAH 21608
18T 8C/Pa. 1
Xe 1.00 ¥o 3.00

" pavr.e

pat . o

/ TCDD Retention Time

A+ GR5e0,

/3761 TCDD i

3561 1cop

319,

m———




zs

4R-2 ¥¥ SELECTED ION CHROMATOGRAM ¥¥
15ALGT8.

o ———

FRH 816
167 sC-PQ° 1
XKe 1 .00 vV° .60

387 . &

321.9

319,

j
{ [ R ——




~- Appendix F. Mass Spectrum for TCDD Detected -.
in a Pesticide Sample

(EPA Sample #148919-5)

NL"J'IE: Existence of m/e lines at 320, 322, 324 and 326

indicative of lime at m/e 328 due to >/Cl TCDD.

' 53
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WORK AREA SPECTRUM FRI) 21198 ‘ . PAGE £ Y = 1.00
LARGST 4 327.9.100.0 321.8, 43.8 319.9, 34.2 292.0. 29.2
LAST 4! 323.9, 21.0 326.8, 16.90 327.9.100.0 328.9., 16.1
-43 + 53 -58

o —_

100

1

80

1
60

40
20)

o

20 40 60 80 100 120 140 160
100

80
60

40,

20,
‘ é1nnmwmﬂmWM*ﬁwm'”'”'m“”'”'fim“ 434@__“_a@alTﬁffgggffT‘raﬂﬂuu' ~320

180 200 2@
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WORK AREA $PECTRUM FRMN 21193 PAGE 2 Y ~ 1.00
LARGST 4 327.9,100.0 321.8. 43.8 319.9, 34.2 292.0, 29.2
LAST 4! " 383.9, 21.0 325.8. 16 0 * 327.9.100.0 328.9., 16.1

-48 + 53 -68

100.

1
go| -
co|

40:

20 3
A

100

340 36 380 400 420 440 460 480
80,
60
40
20|

0 (AL LLLLILLAL! LA LU LALLIS LOL) LULL A it LALLIRLEL) (AL uuluﬁ‘tm]mupmtnpmnqnm
629 G40

[ 144 'll'l'll' l'lllll'l "l'llll' 1111}
500 o D49 269 589 __ 600




Appendix G. Mass Abundance Tabulation for TCDD
Detected in a Pesticide Sample

(EPA Sample #90)

NOTE: Mass abundances at m/e 320, 322, 324 and 326
indicarive of TCDD.
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?PAUSE
MA3S

247
248

. 249

aso
a51

2ce
253

254
255 =

- @s6 v
BS7 -

259
260
261
262
a63
264
264
264
B6S '
266
267
268
269
870

ast -

’ aao
- 40,

. 89,

" FRN 21643 .SPECTRUMN
ABUND

15,
11.
19.
11,

.18,

15,
8.
45.

15.

473,
130.
41,
21,
28,
8,
7.
T

9.

8,
19.
10.
15,

7.

MASS
ar1

ava
273
a74
275
276
277
a78
a79

- 2880

281
ega
283
284
e85

287
288
289
230
291
a29a
293
294
295
296

47 RET. TIME =
ABUND
8.

11.
14.
135.
81.
23.
11,
8,
8.
6.
400
13.
1S.
6.
18;

1a.
26,
11.
26.
156.
11.
21,

8.

7.

4.

4.7
1ASS

297
e97

" 298

299

300
3oo
3e1
aoa
303
304
305
306
307
307
6 28]
309
310
311
312
313

a4
315
316
317
318

ABUND

MASS

(319
319
320
321
32
324

k=

328
329
330
331
332
333
334
334
336
336

337

1337
338
339
340

. 341

342
<CONT>

ABUND

.
7.
a2,
10,
29,
14,
9.
.

ag.
10.
5.
15,
11,
9.
5.
4.
4,
4,
6.
6.
6.
4.
a.
7.

4.



Appendix H. Ion Current Chromatograms for
Nondetectable TCDD in a Pesticide Sample

(EPA Samples #137834~3 and 3YD)

QUALITATIVE CRITERIA

Sample 1 2 3 4 5 3
137834~3 + - NA NA NA NA
-3/ . - B T - NA NA - - NA NA

JUDGEMENT: TCDD not detected. in the sample beczuse criteria #2
was negative due to absence of both m/e 320 and 322 peaks.-

. 38
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- = - -

Vi SELECTED IOM CHROMATOGRAM XX

FRI 21243

-5
m-
S

2 °206UL PEST EXTR TCDD 137834-3 + QULS STAMDARD 1ST SC/PG: 54
OSJUNTS. OU-11. 210C1)840(6Y, | OF 4 X= 1.00 = 1.00
? A= 18723.
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K SELECTED 10 CHRGMATOGRAM X

FRN 21244

2200JL TCDD FEST EXTR 137834-3 + 2UL CL3S + 1UL CL3? 1ST SC/PG: 1
OEJUNTS, U 11. 21001)240(6). %= 1.00 Y= 1.00
A« 38707.

RNR7 . Y

A= 25323,
k321 . 9— —

19558.
319 . Sf—— —
3 &
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rnutuaﬁﬁ

e v em .,

ha7,9

o ———

& SELECTED TUN CHR\NHTOGR&H P33

1 OF 4

8.-200UL PEST EXT 3v-D-2 + 3 BUL $OLV KO §TD3 ROSEPT?S 16T $C/PQ:
BO0SEPT78 0OV11 210411262910 He .00 Yo

1. 00

Ve o i m— - e e e —

Cl TCDD

A= 6589

native TCDD.

A= 4353

Extraneous peaks overlap with TCDD;
therefore, not posaible to determine

319 )
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¥ SELECGTED IoH CHROMATOGRAM ¥¥

pav.9

32 .

319,

g e

o mwenr

2 OF 4

Ko

a\2eoUL PEST EXT 3v-D-8 + 2ul clL37 &1 UL CL3EG TCDD ZOSEESTSSC PQ:

20SEPT7?73 OULL 210« 1262410 1.00 ¥=

FRN B1369

1
1.00

TCDD Retention Time

\

A= BOITL.




-- Appendix I. ‘Iom Current Chromatograms for Questiomable
TCDD Detection in a Pesticide Sample

(EPA Sample #90D)

QUALITATIVE CRITERIA

+ + + NA - NA

—— e e e e - m— - - m e —— - —

JUDGEMENT: TCDD detection questiomable
- because criteria #5 was negative due to
m/e-ratio out-of-specification.
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¥% SELECTED 10iI CHPOMATOGRAN ¥¥
2-200UL PEST EXTR 90-D-2 + OULS STDS (i OF 4)
O15P78. HPS986, QULIL. 210(1)239¢19)

FRH 16577
18T 6C/PG: 1
Xe 1.00 V= 1,00

‘A= 508
|
M' S mdaat
) |

- : A= 314.

I

.....l..--o-«-'

321 . 9 I

|

l As 277. /
319. o S e

o 2 . ' 4
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- X% SELECTED 10t CHROMATOGRAM XX FRN 18070
87200UL PEST EXTR 90-D-2 + fUL CL3S + 8uUL CL37 (BOF4) ST 6C/ PG 1
015P78 Ke 1.00 V= 1.00

A«  BEGBI.

A= 114,

A= 736.
A= 164,

319 . Sl S




