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Abstract (concluded):

Generallv speakin recoveries for clean water axtraction, 7-day stability, and
P 2

spiked wastewacar were good. The greatast deviation from a single method and the

zajor source of reduced recovery was in the area of cleanup.
The sensitivity goal of the basic protocol (1 ug/liter detectiom limic) was

achieved for 807 of the studied pesticides.
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FOREWORD

The Environmental Protection Agency is charged with improving the con-
dition of the environment for the benefit of people and the natural world
which surrounds them. Several laws have been enacted which focus the at-
tention of the Agency on specific eavironmental concerns and initiate ac-
tion for their solution. The Clean Water Act of 1977 concentrates on en-
suring the high quality of the nation's natural waterways.

In support of this effort the Environmental Monitoring and Support
Laboratory-Cincinnati conducts research on laboratory procedures to measure
the presence and concentration of chemical pollutants in water. Of particu-
lar interest are monitoring methods for toxic organic compounds in wastewater
which is discharged from manufacturing plants.

This report describes the development of methods for certain selected
pesticides in aqueous samples, particularly in manufacturing wastewater.
These methods use common gas chromatography and high pressure liquid chro-
matography detection following common wet laboratory preparation techniques.

Fobad L. Bocdt?

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

The Environmental Protection Agency's Enviroonmental Monitoring and
Support Laboratory at Cincinnati has been engaged in the development of
test procedures for a multitude of organics in water. Midwest Research
Institute was contracted to perform a development program directed
toward a group of 58 pesticides. The objective was to develop procedures
that were as similar to each other as possible and were sensitive to 1 pg/
liter By using a standard method, at least as a starting point, and making
adjustment as necessary, the number of unique procedures was kept to a min-
imum.

The experimental approach was to test each pesticide against the stan-
dard method, e.g., methylene chloride extraction--Kuderna-Danish evaporation--
Florisil cleanup--gas chromatograpic determination. Problem areas such as
poor recovery, inadequate cleanup, etc., were identified and modifications
to circumvent these problems were devised. One major deviation was the use
of HPLC for several classes of pesticides.

The general classes or individual pesticides studied (and the number
of compounds in the classes) were: organochlorine (6); organonitrogen (7);
organophosphorus (19); triazines (9); carbamates and ureas (7); carbendazin
and benomyl; cyanazine; carbofuran; 4,4'-methylene-bis(2-chloroaniline);
dinoseb; tokuthion; piperalin; piperonyl butoxide; and aldicarb.

Generally speaking, recoveries for clean water extraction, 7-day sta-
bility, and spiked wastewater were good. The greatest deviation from a
single method and the major source of reduced recovery was in the area of
cleanup.

The sensitivity goal of the basic protocol (1 pg/liter detection limit)
was achieved for 80% of the studied pesticides.

This report was submitted in partial fulfillment of Contract No. 68-03~

2711 by Midwest Research Institute under the sponsorship of the U.S. Environ-
mental Protection Agency.
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SECTION 1
INTRODUCTION

Pursuant to Section 304(h) of the Clean Water Act, as amended in 1977,
the Environmental Monitoring and Support Laboratory (EMSL) in Cincinnati has
been assigned the responsibility for providing test procedures for the mea-
surement of organic pollutants in wastewaters. These procedures are designed
for use in monitoring direct discharges from industrial and publically owned
treatment works (POTW) sources under the National Pollutant Discharge Elimi-
nation System (NPDES) permit system and discharges into a POTW system under
pretreatment.

On December 3, 1977, a series of 14 new test procedures were proposed in
the Federal Register, for the quantitative measurement of specific organic
materials commonly referred to as the "priority pollutants."! These 14
methods were developed through in-house and contracted research.

In this study a new group of toxic compounds was addressed. TFifty-eight
pesticidal compounds of high interest were selected for method development.
As with.the priority pollutants some analytical information was available in
the literature, but in most cases previous methodology was neither sensitive
nor selective enough. The project set guidelines of 1 fg/liter minimum de-
tection level and modern chromatographic separation quality with specific de-
tection.

Apother concern also shaped the approach to this project. The Environ-
mental Protection Agency is interested in placing the minimum cost burden on
users of these methods while maintaining high quality procedures. To reduce
costs, everyday analytical procedures were applied where possible, and costly
state-of~the-art techniques were avoided. A "multiresidue"” method approach
was also followed, wherein several compounds of a given chemical class may be
analyzed in a certain sample by one run of the procedure. Extending this
idea further, commonality of steps of separate multiresidue procedures can
decrease cost by reducing the number of procedural repetitions. For example,
incorporation of liquid extraction with methylene chloride followed by
Kuderna-Danish extract concentration in as many procedures as possible allows
the user to handle a sample just once for analysis of several compound classes
covered by different multiresidue procedures. Separate class-selective de-
termination procedures can then be performed.

In concert with the multiresidue method approach, the pesticides were
grouped according to chemical and analytical characteristics. Groupings (see
Table 1, p. 8) were not always the same after the work was concluded because
of what was learned.



This study investigated chromatography, liquid extraction, cleanup, and
application to relevant wastewater for each compound. Figure 1 is a flow di-
agram of the protocol used during the study. A brief investigation of ana-
lyte stability in aqueous medium was also performed.
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Figure 1. TFlow diagram of protocol for develupment of test procedure.



SECTION 2
CONCLUSIONS AND RECOMMENDATIONS

This group of 58 pesticides performed well under methylene chloride ex-
traction, absorbent column cleanup, gas chromatography (GC), or high pressure
liquid chromatography (HPLC). About 60% of the pesticides could be recovered
from activated Florisil using standardized diethyl ether/petroleum ether elu-
tion mixture. Less active sorbents and more polar elution solvents were re-
quired to obtain satisfactory recovery values. As would be expected, samples
from sites with multiproduct integrated waste streams posed both detection
and interference difficulties. The methods were most successfully applied to
final effluents and to untreated waste which was segregated by the production
process.

The study of the applicability of these methods to manufacturing waste-
water samples has suggested some areas for improvements or future work. Stor-
age stability studies indicated that even in the benign clean water matrix
some pesticides were seriously degraded. Further effort should be directed
toward investigation of matrix effects on the integrity of the analyte. This
work should also include the development of preservation systems or conditions
which allow minimal change to be effected in the overall character of such
complex mixtures as waste streams. Alternate methods for extract cleanup in-
cluding liquid-liquid partitioning or the use of HPLC sorbents should be eval-
uated for compound classes such as organophosphorus pesticides where recover-
ies from Florisil are generally poor. Ultimately, there will be a need to
assess the environmental impact of the by-products of waste treatment pro-
cesses. Consequently, analytical methods will be needed both to identify and
quantify these decomposition or metabolic products.



SECTION 3

MATERIALS

APPARATUS

Gas chromatography studies were performed using a Varian Model 3700
equipped with electron capture, nitrogen-specific thermionic, and phosphorus-
specific flame photometric detectors. Columns were 2-mm ID glass of 1.8 or
1.0 m length. High pressure liquid chromatography studies were performed us-
ing a Waters Associates Model 6000A pump, 600 solvent programmer, and 440 de-
tector. The analytical column was & mm ID x 30 cm packed with pBondapak C,g,
10-ym particle size, from Waters Associates. The guard column was 4 mm x
7 cm packed with CO:PELL ODS from Whatman Company.

Kuderna-Danish apparatus had a volume of 50 ml. Cleanup columes were
20-mm ID x 300-mm pyrex with a coarse fritted disc at bottom and a Teflon
stopcock. Solvent drying columns were 19-mm ID x 600-cm (nominal) glass.

REAGENTS

All solvents used were "Distilled-In-Glass" from Burdick and Jackson
Company. Anhydrous sodium sulfate was from Supelco Company. Flocisil and
alumina from Supelco Company were activated for at least 16 hr at 130°C in an
open tray prior to use. Florisil was deactivated by adding a measured volume
of distilled water to a portion of activated Florisil, followed by agitation
for 4 hr prior to use.



SECTION 4
PROCEDURE

CHROMATOGRAPHY

The first step in the development of each test procedure was experi-
mental determination of a detection system to meet the sensitivity require-
ments (1 pg/liter DL*) for each one of the compounds to be analyzed in a
given group. Those chromatographic columns and operating parameters were
selected which would separate the compounds expected to co-occur in a given
industrial waste sample. The separation had to be sufficient for quantita-
tion while keeping the analysis time under 1 hr.

. Because GC was considered to be a more common and less expensive tech-
nique than HPLC, GC procedures were first investigated. Many compounds, how-
ever, were known to be heat labile so these were investigated by HPLC. Chro-
matographic conditions in common use were investigated. Dilute standards in
solvent were injected into the chosen chromatographic system. Retention time
and response factors were calculated.

EXTRACTION AND CONCENTRATION

One-liter aliquots of deionized water at pH 7 were spiked with one or
more analytes. Three consecutive extractions with 60 ml of methylene chlor-
ide were performed in a 2-liter separatory flask. Extracts were combined and
passed through a drying column filled with 5 to 10 cm of anhydrous sodium
sulfate. The dried extract was concentrated to less than 5 ml by Kuderma-
Danish technique. Fifty milliliters of ‘hexane was added to the extract, and
it was reconcentrated to less than 10 ml final volume. This extract was
chromatographically analyzed for recovery. Several compounds were found to
require unique extraction conditions, as discussed in the section "Results
and Discussion" (p. 8). A goal of 85% recovery was set for this step.

CLEANUP

Twenty grams (nominal) of activated Florisil were placed in a cleanup
column and prewet with 60 ml of petroleum ether. The entire extract was
added to the column. Initial studies were performed with four sequential
200-ml elutions of 6%, then 15%, then 50%, and finally 100% ethyl ether in

*

DL = detection limit. Defined as five times the noise background when
5 ul of a 1-liter sample extract concentrate (5 ml, final volume) is
analyzed.



petroleum ether. Fractions were separately concentrated and- chromatograph-
igally analyzed for recovery.

Poor recoveries of certain compounds were solved by eluting with stronger
solvent (acetone), deactivating the absorbent with water, or using a different
absorbent (alumina).

STABILITY

One-liter aliquots of deionized water, fortified with given pesticides
were stored in the light at room temperature and neutral pH for at least 7
days; then the compounds were extracted and concentrated according to the
verified procedure. Losses during storage were documented, but no experi-
meats were run to isolate the causes or determine satisfactory storage condi-
tions.

APPLICATION TO WASTEWATER

Samples of process or final effluent wastewater were collected from
plants which manufacture the compounds of interest. These were adjusted to
near pH 7 and stored at 4°C in the dark until use. To serve as a realistic
challenge to the preliminary method, aliquots were analyzed by procedures
developed using deionized water. Spiked aliquots were also analyzed for re-
covery. Often such studies indicated problems in recovery or with chromato-
graphic interference. As a result, modifications were initiated in chroma-
tography, extraction,and cleanup.



SECTION S
RESULTS AND DISCUSSION

Table 1 lists the multiresudiue methods developed and the 58 compounds
studied. Method numbers were assigned by EPA for purpose of regulatory ci-
tation. The structures and CAS nomenclature for the compounds are given in
Appendix A. In the following discussion the results for each procedural step
are presented.

TABLE 1. COMPOUNDS STUDIED; GROUPED BY EPA METHOD NUMBERS

Method 604 - Phenols
Dinoseb

Method 608 - Organochlorine Pesticides and PCB's
Chlorobenzilate
Chloroneb
Chloropropylate
Dibromochloropropane
Etridiazole
PCNB

Method 619 - Triazines
Ametryn
Atrazine
Prometon
Prometryn
Propazine
Simetryn
Simazine
Terbutylazine
Terbutryn

Method 622 - Organophosphorus Pesticides
Azinphosmethyl
Bolstar
Chloropyrifos
Coumaphos
Demeton-0
Demeton-3
Diazinon
Dichlorvos
Disulfoton
Ethoprop

(continued)



TABLE 1 (continued)

Fensulfothion
Fenthion
Mevinphos
Naled
Parathion, methyl
Phorate
Ronnel
Stirofos
Trichloronate
Method 623
4,4'-methylene bis(2-chloroaniline) [MOCA]
Method 628
Carbofuran
Method 629
Cyanazine
Method 631
Carbendazim and benomyl
Method 632 - Carbamate and Urea Pesticides
Diuron
Fluormetron
Linuron
Methomyl
Oxamyl
Propachlor
Propoxur
Method 633 - Organonitrogen Pesticides -
Bromacil
DEET
Hexazinone
Metribuzin
Terbacil
Triadmefon
Tricyclazole
Method 634
Piperalin
Method 635
Piperonyl butoxide
Method number assignment pending
Aldicarb
Tokuthion




CHROMATOGRAPHY

The chromatographic columns, detectors, and operating parameters were
selected to separate and detect specified groups of compounds in the presence
of one another and other interferences associated with the wastewater analyzed.

The chromatographic conditions, detection limits, and retention times
for each compound are summarized in Table 2. The compounds whose separation
was considered during column and operating parameter selection are listed in
the last column. All GC analyses were performed with 2-mm x 1.8-m ID glass
columns with the exceptions noted for the first 10 organophosphorus compounds
listed for Method 622. The 1-m column and rapid program rate were used in
this instance to reduce on-column residence time for azinphosmethyl, which
apparently decomposed on the longer column.

Initially an attempt was made to develop an HPLC method for the analysis
of aldicarb in manufacturer's wastewater. The extraction efficiency, 7-day
stability and column chromatography cleanup data were satisfactory for deion-
ized water and hexane fortified with aldicarb. However, when the wastewater
was extracted and the residue eluted from a Florisil column, the background
interferences persisted and prevented the quantitation of aldicarb. Modifica-
tion of the HPLC method from an isocratic system to a gradient system was also
unsuccessful in obtaining the necessary resolution of aldicarb from the back-
ground. At this point, MRI began adapting a gas chromatographic residue
method for the anmalysis of the wastewater.

In order to analyze aldicarb by gas chromatography, the compound was
first oxidized to aldicarb sulfone by treatment with peracetic acid. The al-
dicarb sulfone was then thermally degraded in the injection port to produce
the volatile species 2-methyl-2-(methylsulfonyl) propionitrile.

Two sets of operating parameters are given for cyanazine, dinoseb, and
DEET. The second cyanazine method using HPLC was required to separate a
wastewater interference which could not be removed by solid sorbent cleanup
techniques. Method 604, developed prior to this work, was specified for the
analysis of dinoseb. In the absence of interfering phenols, analysis time
was reduced by operating at 160°C isothermal. A thermionic nitrogen specific
detector, which might also improve sensitivity, was not evaluated for this
analysis. It should be noted that gas chromatography of dinoseb is demanding.
The column must be properly conditioned and devoid of active sites. Waste-
water interferences required modification of the isothermal conditions ini-
tially developed for the analysis of DEET. Temperature programming was re-
quired to effect the necessary separation. Figures 2 through 33 (pp. 26
through 57) are copies of the GC or HPLC chromatograms of standard solutions
of the studied compounds. The detection limit goals of 1 pg/liter GC and 10
pg/liter HPLC were met -for 51 of the 58 compounds.

EXTRACTION AND CONCENTRATION
The goal of 85% extraction efficiency was met for 95% of the studied com-
pounds. All the studied compounds were successfully extracted from water at

pH 7 with three 60-ml portions of methylene chloride with the exception of

10
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TABLE 2. CHRUMATOGRAPIIC SYSTENS AND PAKAHETERS OFVELOPED FOR STUDIED COMIUUNOS

Detection® ' Reteution time Curomatography developed for
Hethod Compound it (pg/R) Detector Column Operating patamelcin (voluwe) sdditional compounds
604 binoseb 20 }‘IDb 11 SP-1240 DA on 10°/w1a program firom 80-180° 15.8 a1n no
Supelcoparr 1007120 10 min Lold at 18D0° or,
160° isothermal 13.5 mia
6u8 Chloronets 0 001 Ecn€ 1% 5P-2250 an 150° 1sothermul 10 min o

Supelcoport 1007120

Chlorobenzilavre 0.001 £CD 1.5% $P-2250, 1.951 215° 1sotherninsl 3.78 min Chtorvpropylate
§9-2401 ou Supelco-
poirt 1007120

Chlacopropylate 0.00) ECD 1.5% SP-2250, ).95% 215° 1nolheraal 3.66 min Chlorobenzilate
5P-2401 os Supelco-
port 100/120

Dibrowachloropropane 0.00} ECU 1 5% SP-2250, 1.95% 100° 1sothetmal 3.1 o ao
SP-240) on Supelco-
port 1007120

Etradiazole 0.003 LCD 1.5% SP-2250, 1.95% 140° isathersul 13 aan nu
§P-2401 wa Supelco-
port 1007120

PCHB 0.02 ECD 1.5% SP-2250, 1.95% 160° isotharmal 3.) mia ne
5P-2401 an Supeico-
pocyL 1007120

619 Aunct cyn 0.06 TSh 5% Carbowex 20H-TPA 200° 1sothermal 17.7 mia Amcteyn
vn H00/)20 Supelco- Atrazine
port Prowctiyn
Propazine
Simctlceyn
Siuacine
Tecbhutylazine
Terbuliyn
Alrazine 0.03 TS0 5% Caibuwax 20H-1PA 200° iaotheiwmal 12.4 win Same as above
on 100/120 Supelco-
post
Piometun 0.03 TSD 5% Carbowax 20H-1PA 200° 150thciwal 6.9 min Same abn above
oo J00/120 Supelco-
port
rometiyn 0.03 sh SL Cathuwax 204-TPA 200° {sothermal 17 8 min Same un abuve
on Y00/ 120 Supelco-
pore

(continned)
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TABLE 2 (contiaued)

. a
Detection

Column

Reteantion lime

Chromatography duveloped tor

Method Compound limit (pg/2) Detector Operating parancters {volume) additional compounds
Propuzine 0.03 TSD 5% Carbowax 20M-TPA 200° fsothermal 9.2 oun Same as above
on 100/320 Supelco-
port
Simcetrryan 0.07 TSD 5% Carbowax 20HM-TPA 200° Isothermal 23.0 oia Sawe as sbuve
an 100/120 Supelco-
roit
Stwazine 0.05 TSD 5% Cathawax 20M-TPA 200° isothermal 16 3 wmin Same as above
on 100/120 Supelco-
port
Terbutylaziue 0.03 TSD 5% Carbowax 20H-TPA 200° isothermal 10.2 min Same as above
on 100/120 Supelco~
purt
Tetbutryn 0.05 TSh 5% Coihowax 20M-TPA 200° jsothermal 15.4 min Same s above
on 100/120 Supelco-
poxrt
622 Azinphosmethyl 1.5 Fenc S% SP-2401 on 100/120 - 1 min at 150°, 25°/min in- 6.8 uin Azinphosmethy!
Supeleopoit crease to 220°, 9 min hold Bolstar, couwaphos,
a1 220° (1 meter column demelon-0, dewcton-S,
Jengih) disulfoton, feusulfothiun
feuthion, phorute,
tiichloronate
flolstar 0.15 Fi'h 5% SP-2401 oun 100/120 I mian ot 150°, 25°/min 1a0- 4.2 win Some as above
Supelcoport crease to 220°, 9 wia hold
at 220° (1 meter colusn
tengih)
Coumaphos 1.5 FPD 5% SP-240) on J0U/120 1 miu ab 150°, 25°/min in- 11 6 min Same as above
Supelcopory crease to 220°, 9 min hold
at 220° () meter column
Tength)
Demeton-0 0.25 P 5% SP-240) on 100/120 i win oL 150°%, 25%/win (0= 25 aia Sume ag ubuve
Supelcoport crease Lo 220°, 9 min lold
at 220° (1 oetec column
length)
Neacton-§ 0.25 Fid 5% SP-2401 on 100/120 . 1 win at 150°%, 25°/win iu- 1.2 min Same as above

Supelioport

cresse to 220%, 9 wia hold
al 220° (1 mcter coluan
tengul)

{(continued)
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TABLE 2 (continued)

N a
Detectiou

Retention Lime

Chromatography developed tor

Hethod Compound timit (pg/2) Detector Column Operating paromelers (volume) additiona) compounds
Disulfoton 0.20 LR 5% SP-2401 on 1007120 t wmin at 150%, 25°/win fo-~ 2.1 mion Same as above
Supelcopurt crease to 220°, 9 win hold
at 220° (1 mseter column
leagth)
Fensultothion 1.5 FPD 5% SP-2401 on 100/120 1 min at 150°, 25°%/ain ion- 6.4 min Same as ahove
Supelvoport crease to 220°, 9 ain hold
at 220° () wcter column
length)
Fenthion a.1 Feb 5% SP-2401 on 1007120 1 min at 150°, 25°/mia ia- 3.1 mn Some as asbove
Supelcoport crease Lo 220°, 9 mia hold
Bt 220° () meter volwmn
length)
Fhorate 015 Feo 5% $P-2401 on 100/)20 1 min at 150°, 25°/oin in- 1.4 min Same as above
Supelcoport cresse L0 220°, 9 ain hold
at 220° (1 meter column
length)
Trichiorouate 0.15 Frp 5% SP-2401 on 100/120 1 min avL 150°, 25°/mion in- 2 9 min Sam: as above
Supeicoport crease to 220°%, 9 min hold
- at 220° (1 meler column
length)
Chloropyrifos 0.3 FPD 5% SP-2401 on 100/%20 10°/min 1ucrease from 5.8 min Honnel
Supelcoport 160 to 220°
Ronnel 0.3 Fro 5% SP-2401 on 100/)20 10°/min increasve from 4.9 aan Chloropyrifos
Supelcoport 160 to 220°
Stirofos 0.5 FrD 5% SP-2401 on 2 win hold at 170° 8.5 min Stirofos
100/120 Supelco- 20°/min lncrease o Hevinphos
pory 220°, hold for 10 min Dichlotvos Naled
Naled 0.5 Fi'y 5% 5¢-240t on 2 min hold at 170° 20°%/wmin 3.0 win Stirofos
100/120 Supelco- increase to 220°, hoid Hevinphos
post for 10 win Dichlorves Nated
Hevinphoa 0.3 Frn 5% SP-2401 on 2 min hold at 170° 20°/wmin 2.4 min Stirufos
100/120 Supelco- increase Lo 220°, hold Heviuphos
purt for 10 min Dichlorvoes Natued
ichlorvos 0.1 Frn 5% SP-2400 on 2 min hold at 120° 20°/min 0.8 min Sthiofos
100/ 120 Supelco- increase Lo 220°, hold Heviuphos

port

tor 10 mtu

Bichlorves Raled

(cont fnued)
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_TABLE 2 {counlinucd)

a
Delectiau

tetbod Companud limiv (pgfR)  Duetlector
Oiscioon 0.8 FFD
Erhoprog 0.03 ikp
Parolhicen, aelhyl 0.8 FIp
[i}-2 ] HORA 1.0 TS50
&28 Corbofuran k] wele-uy
180 um
629 Cyanazlue 0.04 TS
] L C-uv
256 um
031 Carbeudazln and 3 HPLC-UV
firnnay t LY
[T V3 Uiucan L LLL.C-my
254 nm
Limar o 0.3 HiELG-uv
254 1w
Hethuay b is NF- Uy
254 e
Fruparhiue 1A nr.c-m
254w
Propuxur 16 wric-uv
B

Colmn

5% sr-25401 on
KO/110 Sepelco-
pery

5% SU-2401 on
1CGF 120 Supeivo-
pory

5% L1240 un
1004020 Swpe lco-
porL

X sP-2250 DB on
IOO]llp_Snlrvc1ta-
puLh

phondapak Cyy -

X Sp-2250 oo

1607120 Supelco~
purh

HBondapak € g
{hotmlapak €34

huidapak Cyg

jifendapak Cyg

phundapok Uys

phandapatk Cyy

pibomluepak €y

Upristing pryamelers

190° igotherszal

190° lpothermal

A80° jzotbcemal

260°C

50:50 ClyCH M0
‘2 alfmio

230°

50,50 11,0. CHy01
I ol/min

50°50 11,0. <0l
2 mifdmin

LUX. CllCNGHL L Ly Y0U% CIgEN,
tnrar gouwdient sa 0 mia
with 2 olfen 1low

LU GO/ N ta 1003 CH4CH,
Yinear gradient fa 30 mia
with 2 mlfmia flow

WL CHLLH/TNG Lo 1063 CMaCH,
ineor gradicut in JD win
with 2 abfoin Flow

50,50 B0 < CN
A wifmin

S0 <58 11,0, ClILCH
& ol furt

Retont lon 1ime

iBrumgtography duve!

(wolume) addat jgnal Componniiy
2 win o --nu h
1 2 min no
3 mn ni
4.4 min un

3.5 win (7 ml) "o

52 mn

10.2 win
{10.2 m)}
3.9 oin (7.6 ail

15.5 win (1] ml})

£2.9 win (35.8)

6.5 miu {14 wl)

4.3 min {9.4)

3.4 adn
(6.8 1)

Amcleyn, Alrazine

Proweion, Prometcyn

Propazine, Slmclryn

Simazime, Terbwislozine
" lecbul rym

Hethonyl, Lineien

Hethoayl, Bluvon

Oiwion, Liuwran

Lt

[voat snued]
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TABLE 2 (continued)

Detection®

Reteontion time

Chromatography developed for

Hethod Compound Limt (pg/t)  Detector Coluun Operaling paramelers (volume) additional compounds
Fluoweturon 0.5 HIPLC-tv pundapak Cyg 50:50 l1,0:Cll4CN 3.6 min No
254 am 2 m)/min {7.2 ml)
Oxamyl 1.5 HrLe-uy pBondapak C;q 25:75 Cli;00:H,0 8 min (8 ml) No
254 om 1 ml/ain
633 Hetribuzin 0.7 TSD 3% SP-2401 oun 100/120 240° tsothermal 2.4 mia Triadmefon
Supelcoport
Triadmefon 0.7 TSDh 3% §P-2401 on 100/120 240° isothiermal 4.1 min Metribuzin
Supelcoport
DEET 0.1 TSD 3% SP-2401 on 100/120 1B0° 1s0thermal 1.6 min No
Supelcoport
1 ain at 130° 12°/ain 4.6 nin Developed for waste-
increase to 200° water interferences
Tricyclazole 0.1 150 3% SP-2250 DB on 240° 1s0thernal 3.5 min
100/120 Supelcoport
Bromacil 0.2 TSD 3% SP-2250 BB on 2 min at 210° 10°/min 3.7 ain Terbacil
100/120 Supelcoport increase to 2507 llexazinone
Hexazivsoune 0.5 TSD 31 SP-2250 DB on 2 min aL 210° 10°/min 1.6 min Bromaci}
100/120 Supelcoport increase Lo 250° Terbacil
Terbacal 0.5 TSD 3% SP-2250 DB on 2 min at 210° 10°/min 2.1 ain Hexazinone
100/ 120 Supelcoport increase to 250° Bromacil
634 Piperalin 0.3 TSD 3% SP-2340 on 200°, isothermal 3.2 min No
Supelcoport 100/120
635 Piperonyl butoxide 6 nPLC-uv HBundapak C; g 65% Cli;CN.35% W0 14.3 ml No
280 nw 1.5 wl/min (9.5 min)
* Aldicarb 04 ™D 5% Carbuwax 20H-TPA 150%, isothermal 2 5 win No
ou Supelcoport B0/100
5 WPLC-UV  pBundapak Cya (1) SO% ClZCN:S0% W40 5.6 min No
254 1m 2 ml/min
(2) 20% CU4CR/NLO to 18.1 min No
70% CH4CN/ 11,0
Linear gradient in
20 win, 2 wl/win
* Tokuthion 0.5 Frp 5% SP-2401 on 1 win hold at 150° 3 4 min Yes

Supelcoport 100/120

25°/min inciease Lo 220°
9 min hold at 220°
() w colnan Jeugth)

» 0 & n

Detection liwit - nanograms needed to give o signal 10 times the noisc level.

FID
ECY
TSL
FPD
EPA

(lusme ronizalion detector.

electron capture delector.

Lhermionic nitrogen specific detectar.

flame photometiic detector.

method nusher to be assigned.



carbendazim and benomyl and dinoseb. An increase in solvent volume from 60
to 350 ml resulted in an increase in the recovery of carbendazim from 15 to
83%. Since benomyl slowly hydrolyzes to carbendazim,? it was decided to de-
velop the method for benmomyl around the total conversion to carbendazim. One
liter of neutral wastewater and 10 ml of HCl were stirred for 24 hr to assure
the complete hydrolysis of benomyl to carbendazim. The pH was then raised te
7 for sample extraction with three 350-ml portioms of methylene chloride.

The previously developed test procedure for phenols (604) was evaluated
for the analysis of Dinoseb. Method 604 requires an initial extraction (3 x
60 ml CH,Cl,) at pH 11 to remove basic interferences and a final extraction
at pH 2 for the partitioning of Dinoseb and other acidic phenols.

As discussed in the previous section, aldicarb was oxidized to aldicarb
sulfone for chromatographic purposes. Prior to extraction the water was
treated with peracetic acid and allowed to stand 15 min. The oxidized sample
was neutralized with 10% sodium bicarbonate and then extracted with three
60-ml portions of methylene chloride. The combined extracts were coucentrated
and taken completely to dryness, until no peracetic acid odor remained. This
must be done to eliminate background interferences during the GC/TSD analysis.

Two significant losses of piperalin occurred during the sample workup
procedure. The first of these losses involved the extract drying step and is
presumably dependent upon the activity and amount of the anhydrous sodium sul-
fate used to dry the methylene chloride extract. Studies showed that recovery
of piperalin from a water-saturated methylene chloride extract after drying
with a 10~cm column of anhydrous sodium sulfate (~ 20 g) was gquantitative.
However, when a dry extract spiked with piperalin was passed through a similar
column, a recovery of about 35% was observed. No specific studies were under-
taken to determine the maximum amount of sodium sulfate which could be used in
drying an extract; however, a 10-cm (v~ 20 g) column proved to be adequate to
dry the extract and not cause any significant losses of piperalin. Alterna-
tively, the drying step.could be eliminated and the final solvent exchange
could be made into acetone rather than hexane.

The second and perhaps most dramatic loss of piperalin during the sample
workup occurred during the solvent evaporation step. Silanization of the two
lower portions of the Kuderna-Danish evaporator was necessary to prevent ad-
sorption of any piperalin present in the extract to the surface of the glass.
Studies indicated that adsorption of piperalin to unsilanized glass surfaces
occurred only during the extract concentration step and not during the extrac-
tion or extract drying step.

STABILITY

Deionized water fortified with each compound was extracted on day O and
day 7 after storage at ambient conditions and neutral pH. The percent recov-
ery values are included in Table 3. Comparison of the two values would in-
dicate a need for some means of preservation for Bolstar, Demeton-S, Disulfe-
ton, Fenthion, Phorate, Trichloronate, Ronnel, Dichlorovos. tokuthion, and
piperalin. It should be noted, however, that no effort was made to determine
the cause of analyte losses during storage. ;

16



TABLE 3. EXTRACTION EFFICIENCY AND 7-DAY STABILITY RESULTS

Concentration % Recovery

Method Compound (pg/2) Day 0 Day 7
604 Dinoseb 100 94, 95 92
608 Chloroneb 5 87, 73 70
Chlorobenzilate 5 96 96
Chloropropylate 5 91 94
Dibromochloropropane 5 86, 84 84
Etridiazole 1 99 100

PCNB 1 68 65

619 Ametryn 1 103, 100 90
Atrazine 1 101, 101 92

Prometon 1 96, 99 94

Prometryn 1 96, 101 93

Propazine 1 97, 100 94

Simetryn 1 102, 102 93

Simazine 1 94, 103 91
Terbutylazine 1 95, 102 96

Terbutryn 1 93, 93 93

622 Azinphosmethyl 1 96 87
Bolstar 1 100 79

Coumaphos 1 99 97

Demeton-0 1 91 75

Demeton-S 1 97 0
Disulfoton 1 111 71
Fensulfothion 1 102 91

Fenthion 1 87 61

Phorate 1 89 29
Trichloronate 1 107 55
Chloropyrifos 1 78 70

Ronnel 1 91 58

Stirofos 1 83 80

Naled 1 95 91

Mevinphos 1 92 88
Dichlorvoes 1 110 70

Diazinon 1 91 89

Ethoprop 1 101 100
Parathion, methyl 1 99 94
623 MOCA 200 80 90a
10 55 NDa

5 56 © ND

628 Carbofuran 10 101, 101 102
629 Cyanazine 1 88, 101 94a
631 Carbendazim 10 83 ND
Benomyl 150 81, 72 vp?
(continued)
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TABLE 3 (continued)

Concentration % Recovery

Method Compound (pHg/2) Day 0 Day 7
632 Diuron 10 g5, 89 93
Linuron 10 91, 92 96

Methomyl 100 78, 77 95
Propachlor 100 104, 109 104

Propoxur 100 91, 89 91
Fluometuron 10 98, 87 -99

Oxamyl 10 98 82

633 Metribuzin 1 95, 100 102, 88

Triadmefon 1 93, 93 88

DEET 1 a7 96
Tricyclazole 1 100, 100 81

Bromacil 1 91 100
Hexazinone 1 102 83

Terbacil 1 97 99

634 Piperalin 1 95 60
635 Piperonyl butoxide 10 96, 102 87
* Aldicarb 1 70, 72 60
* Tokuthion 1 92, 95 63

a ND - value not determined.

e
Py

EPA method number to be-assigned.
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CLEANUP

Since manufacturer's wastewater generally contains structurally similar
compounds (i.e., starting materials, by-products and degradation products)
the development of a cleanup for extracts of this matrix is most important
but is also most difficult.

Modifications of the preliminary cleanup procedure were made when neces-
sary and possible. In some cases GC or LC parameters were varied instead of
or in addition to modifying the cleanup system in order to achieve adequate
resolution from the wastewater interferences. Column materials and elution
mixtures were evaluated using the predetermined order given in Table 4. Be-
cause of the use of selective detector systems, it was only necessary to
cleanup the extracts of seven wastewaters representative of 13 of the 58 stud-
ied compounds. It was observed that the adsorptivity varied greatly between
determinations made with fortified hexane and actual wastewater extracts. It
is advisable to retain all fractions and determine the elution pattern of the
compound in the presence of any new set of matrix interferences. Chromato-~
grams of wastewater extracts before and after cleanup are shown in Figure 34
to 40 (pp. 58 through 64).

TABLE 4. COLUMN CLEANUP SYSTEMS

System Solid
no. sorbent Elution mixtures Percentages
1 Florisil Ethyl ether/petroleum ether . 6, 15, 50, 100
2 Florisil Acetone/hexane 6, 15, 50, 100
3 2% water de- Acetone/hexane 6, 15, 50, 100
activated
Florisil
4 6% water de- Acetone/hexane 6, 15, 50, 100
activated
Florisil
5 10% water de- Ethyl ether/petroleum ether 6, 15, 50, 100
activated
Alumina

Since the existing phenol Method 604 evaluated for dinoseb does not in-
clude a cleanup step, no method was developed.

Triazines containing the functional group S-CH; could be successfully
recovered only from 10% deactivated alumina. Although nonsulfonated tria-
zines, with the exception of cyanazine, were recovered from Florisil with
ether-petroleum ether, the alumina column was used because both types of tri-
azine were present in the wastewater.

Organophosphorus pesticides as a class exhibited extremely poor recovery
from Florisil. Because of the specificity of the flame photometric detector

19



solid sorbent cleanup was not required in the analysis of wastewater, and
only system 1 was evaluated for those compounds because of time considera-~
tions.

All the solid sorbent cleanup systems given in Table 4 were evaluated
for piperalin. None were successful due to 100% retention of piperalin by
the adsorbents.

No cleanup method was developed or required for the analysis of MOCA.

Satisfactory recovery of labile compounds such as carbamates and ureas
generally required substitution of the more polar acetone/hexane mixture as
would be expected. No solid sorbent technique was successful in both recov-
ering cyanazine and removing the interferences which appeared in a relevant
wastewater. An HPLC method was developed for this purpose.

Caution must be used when attempting to apply a cleanup developed for
one matrix to another matrix.

Table 5 summarizes the recovery results from solid sorbents and indicates
which compounds were determined in wastewater without the need for cleanup.

WASTEWATER ANALYSES

When possible, wastewater was obtained from industrial sites that manu-
factured one or more of compounds studied. These water samples were utilized
to allow for needed method modifications due to matrix effects and to verify
the efficiency of final procedures. First, the preliminary method developed
with fortified reagents was tested on a relevant sample and any necessary
changes were made. Percent recovery values for the final procedure were then
determined on wastewater that had been fortified with levels relevant to
those observed in the background. Table 6 provides recovery data at speci-
fied spiking levels.

20



TC

Hethaod

604
608

619

622

Compound

Added anouunt
(ig)

Ninoseb

Chloroach
Chlordbienzilate
Chtoropropylate
Dibromochloropropane
Etridiazole

PCNB

Ametryn

Atrazine
Prometon
Prowetryn
Propacine
Simctiyn
Simazine
Terbulylazine
Tetbulryn
Aziuphos wethyl
Bolstu
Counaphos
flewet on-0
Dewetan-8
Disulloton

Fensulfothion
Feathion

- e N e e e e N e N e DN e e e e e e e

- e [N e e e e e En e e e e e EA e e e R e e

i 3 Rc:cuvcry_hL_f_;'m'i'un

W Totat Required tor
6 15 50 1wo® wo'’ Recovery wastewsler
NOT DEVELOPED
91 - - - - 93 yes
- 15 70 - - 85 yus
- 32 61 ~ - 93 yes
60 10 ] - - 71 yos
100 - - - - 100 yes
75 - - - - 5 yes
- - 7 - - 7 uo
- 70 21 - - 91
- 3 93 - - 96 no
- 99 - - - 99 no
- - - 66 - 66 no
- 84 - - - 84
- ? k) - - 10 no
- 1] 98 - - (3] ]
- 58 33 - - a4 o
- 53 41 - - 94
- - - 213 - 23 no
- 89 - - - 89
- - 92 - - 92 no
- 94 - - - 94
- 16 75 - - 91 no
- 35 57 - - 92
- - - - - [{] no
- - 85 - - 8s
- - - 33 - 33 no
35 - - - - 35 no
- - - 44 - 44 ua
- - - - - 0 0o
- - - - - 0 no
26 16 10 - - 2 wo
- - - - - 0 no
16 9 - - - 25 no

(cont inued)
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Hethod

627
628
629
631

6132

___TABLE 5 (conlinucd)

Added amount

Cowpound Syhlu-ma (pg)
Photate 1 ]
Trichloronate ] 1
Chloropyrifos i ]
Rounel 1 1
Stirofos ] 1
Raled 1 1
Heviuphos i H
Vichlorvos 1 ]
Diazinaon 1 i
Ethoprop 1 }
Parathion, methyl 1 1
HOCA
Carbofuran 1 1o
Cyanazine 1 1

5 1
Carbendozim and 2 100
benomy
Diuron 2 10
Linuron 2 10
HeChony ) 2 100
Propachlor 6 100
Oxamy1 2 100
Propoxuc 1 100
Fluometuron } 10

6

34
67
100

Total
Recovesy

HO'® DEVELOPED

29

90

43
83

46

58

84

92

34
67
100
82
03
0
14
24
76
70
90

104
8
29
46

B2
926
R4
94
92
89
95

Requised (or
wastewater

no
no
no
no
no
o
no
ue
(103
no
no

aHo
yes

no

no
"o
no
yos
no
yes
yes

(cont inned)
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TABLE 5 (coutinued)

Added amount % Recovery by fraction

Required for

Method Compound Syslcma (pg) 6 15 50 1002 100b Total wastlewaler
633 Metribuzin 3 1 22 45 - - - 67 yes
Triadmefon 3 1 - 100 - - - 100 yes
DEET 3 1 21 60 - - - 81 no
Tricyclazole 3 i 20 22 35 18 - 101 no
Hexazinone 3 1 - - 82 - - 82 no
Terbacil 4 1 - 62 - - - 62 no
Bromacil 4 1 - 10 a8 - - 48 no
634 Piperalin R Not Developed
635 Piperonyl butoxide 2 10 10 - - - - 100 yes
* Aldicach 2 1 - - 86 - - 86 - no
® Tokuthion 1 | 65 17 - - - 72 wo
a Systews Sorbent Elution mixture
1 Florisil ether/petroleun cther
6, 15, SO, 100a, 100b
2 Florisil acetone/hexane
6, 15, 50, 100
3 2% water de- acetone/hexane
aclivated 6, 15, 50, 100
Florisil
4 6% water de- acetone/hexane
activated 6, 15, 50, 100
Florisil
5 10% water de- ethec/petroteum ether
activated 6, 15, 50, 100
Alumina
6 Florisil 20% ether/hexane, then

6, 15, 50, 100 acetone/hexane

b No solid sorbenl evaluated was effective in removing a wastewaler interference and
analysis was completed by HPLC.

% EPA wethod number to be assigned.



ONPOUNDS

I_KELEVAN! WASTEWATER _

[UU LLY 3.1 S e B Qluent
Manufacturing Rackgroond Added Rac kgt osnd Added
Method Compusund Sllea (pg/2) (pg/2} iR (yig/2) (pg/2) iR
604 Dinvseh A 460 B840 86, 98 30 420 69, 74
608 Chlorobenzitute B 99 108 26, 48 5.2 4 118, 172
Chlocupropylate 8 < 1.0 ‘ ' <10 10 129, 130
Chloconeb c 1 16 48 - 0.3 0.1 63
DibsowocWoropropane D < 0.005 1.2 4, 87 < 0.007 1.2 71, 32
Etridiazale E 0.010 1 81, 113 < 0.006 i 92, 100
(W T E 50 100 20, 16 - - -
619 Awetyyn B 16,000 20,000 v, 96 31,000 40,000 125, 1
- Atrazine 0 1,500 1,500 115, 100 1,100 1,200 142, 129
Prowcton ] 140 150 126, 98 164 200 135, 117
Promet ryn " 9,300 10,000 80, 12 955 1,000 121, 92
Propazine B 900 1,000 s, 17 280 300 122, 109
Simetryan” ] 130 150 198, 168 270 300 194, 169
Simazine B 420 500 122, 103 180 200 104, 93
Terbutylazine B 450 500 126, 101 210 300 105, 94
Terbutryn” B, 440 500 171, 109 140 200 91, 81
622 Azinphos amethyl ¥ *f 6 1 kr 6 69, 100
Bolatar ¥ *; 10 77, 114 *; 5 85, 94
Coumephos ¥ "‘h 9 §131, 256 *| 9 213, 259
Deauton-0 ¥ L ] g5, 78 = 8 12, 80
Neacton-8 ¥ *h 2.6 1 %h 2.6 i 0, 0
Misultotoan 3 *h 17 129, 14) *l, 17 93, 9
Fensul fothion ¥ *‘ 360 89, 1Y *' 160 72, 18
Fenthion 3 i( 8 43, 4) *; 8 60, 42
Phorate F *ll 10 47 "" 10 57, 69
Trtchbotonate F ""l. 15 51, &4 "‘,, 15 34, W
Chloropyrifos G % 3 971, 81 *; 3 106, 102
Ronne} G B 3 93, 80 ® 3 64, 60
Diazinon i 41 5 1o, 137 1.1 4.3 108, 108
Bichlorvos D < 2 4 120, 110 <2 4 89, tio
Hevinphos [} <2 4 86, 92 <2 4 t2o0, 78
Habed n 7.2 4 60, 8o < 2 4 95, 90
Sticofus n < 2 4 110, 120 <2 b 120, 98
623 HOCA it 212 260 45, S6 < 1.0 20 87, 93
0 19, 44

(1 ont inued)
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TABLE 6 (contiuued)

Influcnt Effluent
Manufacturing Background Added Background Added
Methed Compound Site (ug/2) (11g/2) %R (ug/2) (pg/f) % R
628 Carbofuran I 600,000 - - <5 13 120, 108
629 Cyanazine B - losui ficient sample for quantitation
631 Carbendazin J 8,000 - - 190 230 138, 120
Benomyl C 164 Insulficient sample for guantitatlion
632 Diuron [ 240 250 108, 212 110 100 91, 101
Linuson C 47 50 66, 130 21 50 56, 42
Hethouy} c 300 250 148, 170 41 100 5%, S5
Fluormetron B 880 1,460 90, 94 870 1,280 80, 176
Oxamy | J b - - l.Bl 200 93, 97
Propachlor G *b 200 56, 68 *b 100 98, 89
Propoxur F o 100 63, 68 * 100 n
6313 Bromacil c 5,990 6,450 102, 88 2,433 2,700 109, 126
Hexazinone c 1,715 2,000 137, 83 167 900 95, 108
Terbacil c 4,165 - - 1,675 1,800 104, 119
DEET K 270,“00 270,000 110, 110 §90 540 106, 103
Metcibuzin F *b 200 79, 41 *h 200 41, 50
Triadmefon F * 92 74, 63 * 92 100, 94
Tricyclazole L 960 684 82, 74 < 0.2 0.8 94, 97
634 Piperalin I 334d 375 75, 58 0? 7.1
0 162, 101 95, 87
635 Piperonyl butoxide K 210 240 103, 115 o 10 96, 101
e Aldicaib D W47 50 28, 56 26 20 50, 50
ik Tokuthion F * 21 43 * 64 36

a ldentification of site on file al EMSL-Cin.

b Data on file at EMSL-Cin.

c Mean of triplicate analyses.

d Sample collection point designated only by number 7.

e Sample collection point designated only by aumber 4.

f Sample collection point designated only by number 6.

“% EPA method number to be assigned.
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Figure 2. GC/FID chromatogram of the dinoseb standard (168 ng).
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Figure 3. GC/ECD chromatogram of chloroneb standard (3 ng).
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Figure 4. GC/ECD chromatogram of the chlorobenzilate standard (3 ng).
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Figure 5. GC/ECD chromatogram of the chloropropylate standard (3 ng).
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Figure 6. GC/ECD chromatogram of dibromochloropropane standard (0.3 ng).
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Figure 7. GC/EC chromatogram of etridiazole standard (100 pg).
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Figure 8. GC/EC chromatogram of pentachloronitrobenzene standard (1 ng).
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GC/TSD chromatogram of mixed triazine pesticide standard
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(1.1 ng) on a Carbowax column.
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CC/FPD chromatogram of mlxed organophosphorus pesticlde standard (v 5 ng).
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Figure 11. GC/FPD chromatogram of diazinon standard (10 ng).
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Figure 12. GC/FPD chromatogram of methyl parathion and methyl paraoxon.
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Figure 14. GC/FPD chromatogram of ethoprop standard (0.6 ng).

39



07

Ronnel

Chlomyrifos Methyl
Chlorpyrifos
2Ng Mixed Pesticide
Standard
Response
@ 103x 14
]
3
i
|
]
{
1A
| |
v
| I L " 1 ) 1 1 ! J
1 1 2 3 4 5 6 7 8
Injectior

Minutes

GC/¥PD chromatogram of ronnel, chlorpyrifos methyl

¥igure 15.
and chlorpyrifos standard (2 ng).



MOCA
(250 ng)

Response at 10712 & 64

—’ﬁ —.

Injection

Figure 16. GC/TSD chromatogram of MOCA standard (250 ng).
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Figure 17. HPLC chromatogram of carbofuran standard (500 ng).
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Figure 18. GC/TSD chromatogram of mixed tirazine standard

(1.1 ng) on the SP-2250 column.
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Figure 19. HPLC chromatogram of cyanazine standard (0.5 ug).
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Figure 20. HPLC chromatogram of oxamyl and carbendazim standard (100 ng).
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Figure 21. HPLC chromatogram of methomyl (1 ug), diuron (0.1 ug),
and linuron (0.1 ug) standard.
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Figure 22. HPLC chromatogram of fluometuron standard (20 ng).
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Figure 23. HPLC chromatogram of propachlor standard (400 ng).
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Figure 24. HPLC chromatogram of propoxur (1 ug).
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Figure 25. GC/TSD chromatogram of DEET standard (500 ng).
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Figure 26. GC/TSD chromatogram of terbacil (500 ng), bromacil (500 ng),
and hexazinone (100 ng) standard.
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Figure 27. HPLC chromatogram of carbendazim standard (20 ng).
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Figure 28, GC/TSD chromatogram of metribuzin (1.4 ng) and

triadmefon (1.1 ng) standard.
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Figure 29. GC/TSD chromatogram of tricyclazole standard.
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Figure 30. GC/FPD chromatogram of tokuthion in a

mixed pesticide standard.
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Figure 31. GC/TSD chromatogram of piperalin (8.45 ng).
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Figure 32. HPLC chromatogram of piperonyl butoxide standard.
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Figure 33. GC/TSD chromatogram of aldicarb sulfone standard (4 ng).
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Tigure 34, _Chromatograms of extract for chloroneb analvsis before
and after cleanup (manufacturing site C).
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before and after cleanup (manufacturing site E).
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Figure 36. Chromatograms of extract for PCNB analvsis before and

aiter cleanup (manufacturing site E).
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Chromatograms of extract for cvanazine analysis; upper GC/TSD
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Figure 38. Chromatograms of extract for propachlor analysis before
and after cleanup (manufacturing site G).
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Figure 39. Chromatograms of extract for propoxur analysis
before and after cleanup (manufacturing site F).
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Tigure 40. Chromatograms of extract for metribuzine analysis

before and after cleanup (manufacturing site F).



APPENDIX

CHEMICAL INFORMATION ON STUDIED COMPOUNDS

CaS Yomanclagura:

OH CH3a
Q2NN C-CH2-CH3
Y

N Trada Mamas: Chemox, Z3builn, Franacie,
~ Xack-vaeq, >5.n0% naTtio,

NO2 Tuzarsavisa

Malzcular llangnI: 129

e CaS liomanelzgura:
|

A Trada Yazmes: Jemosan, Tersaz
= Vglaguiar Vaigme:  I07
Caleoragenzilace
Cas Vomanmglazuza, IInTl ...
dichlzTasanzilacs
N \ Triza llazes:
S Ny Ny =8 e
B \ acar Tollax.
=/ 23\
i" o Molaguiar Vatgas: 12
L:Z°u;3

“hlorooroovlace

ZAS YNemanclazura: lsosTosvl L - 0.

sanzilac:

Trada Yames: Acarilata,

= JE
Z:-A/ \5-&-</ \3-:2 cgouln,
\——/ - —
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Jidromochlaroaravace

C322r=-CE3r~-CHaCL

AZTazize

SN ECE(CES) -

CAS llomenclature: 1,2-3i%tomo=-3-
chloropropane

Trade Vames: MNemabrom, JBC?, Fuzmazone,
Nemafame, Nemagoan, 0S~-1897

Molecular Weighe: 236

CAS Nomeaclatura: J-achoxy-3-(tri-
enloromeciyl)-1,2,4~
caradzazol

Trade Yames: Kooan, Tezrazole, Truoan

¥
-~
~1
v
w

Molecular weizht:

CAS Nemenclature: 2aacachloronitro-
Jenzena

Trade Yames: Tarraclaor, 3rassicoel,
Tricisan

Molagular Weigne: 195

CAS Nomenclature: ll=acayl-N-{l-mechvl-
achyl)=9=(mechviciazo)-
L,),5-crtazine-2,%-
diamine

Trade Names: Gesapax; G-34,153: IVIX

Mplacylar Weighe: 227

CAS llomenclacura:

S=chlora=i=acivli-ii-
(l-zaecaylaznyl)=-1,3,5-
Tiaziae-2,:-d4lan130

Traca Yame: aacvax®
azzac0i®
jesazriad
?r22a21018



a3 lomanzliazuTa:

2ricacana

2Tcpecrme

Molacular Weignm: 14d.3

TAS lomezclazura:

Sevazicgyel.l

aenwl}=0.3.3

Ly -=iiaziza

Trada Yame: ?Pramizal’

rizacal~
Jrzmansa

Molasular Ne:

Ca5 Yomanclacura:

A M=nig(l-machylacayl) 9=
=echylzkzo)~-L,d,3-
sszaziza-~l,4—dlamize

Trada Yame: <apassi
. 3=3413l1
Jasagar:

3Tomecs

Maiecular Yarlgn: I

CaS YomeaclagurTe:

JechlaTa-¥,

agavl)-

Trada Vazme: G~-IG0CS

' Jeseziiv

Voiasuwlaz Verzaz: 129.3



245 Momanclatuza

Zecalioro=i,N-d12

iznazize-i,

i Trade llame: ITT
Cz2
Salgy-17532
-
Jasacay¥
S

Iri=acal
?rincap™
Si=zaziz

'

Malacuiar Wargac: 20L.3

3izerrne

Ci3 Momenclatuss:

¥,%ediacayl-d-{zeghylizhiol-

4
.3, 3=criazizne~2, i=ilamiza

Trada Yazme: $-32911
SizacTm®

Holacuiar veignc: 2113

CasS Someczclac

slars-Hedl, -

arn7l)-N-acn

a8 Yomenclaguza:

, Ne(i,.=digecariagari)-d=-

agayled=(zec

femsa)w

: . R
: 2,3, 3ecziazize=2, .-

ifaazze

Trace YNace: G5S-iLl30

?vabany
tyiaculzz Targac: iU
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Ca3 liomanclacuzs:

3 Q,C0=dizachvi zacsphoredizaio=-

) ~ize 3-escar viza J-{:ariazed
CE30a, 35 -zacayll=1,2,3-0enzociaziz
CE3 s 1
=y

=4(28)=ozna.
2

az=a: Gusasghion
Sesnion

Cacnscn~zasnyl

Molacular Veirzac: 317

{4-(zagavicnis)dnassrljs-
srsovl pnossacrserznlcaca

Traca lamae: 3eois:zar
AT W 2ICE

Molagular

Coumaonos

S Mozmanclaguza:

saosshoerscnisaca;

=gnlsts~e=macnyl=t=csuzariarl
ciaenyl saoscharaciilaca;

NN l=2nlors=r=areTInr-d-ta

csuzaria J-aszar 12 J,C=-
dizagavl Jacsonoraenisaca.

-

Vaze: Aasumzai”T
2o-2a1Y _
tuscarax”

Zagizax?

Trada
)
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Jemetan

dazezsn - )

~ 5= TEr=TEa=3-0his
Lol

g

iazazon - 3

Ger=ally z3acaizs abouc:
357 3 C-iscrmar
I5A 22 3~isomer

CAS lomem=cglazura:

iamezan-d: 9,Jd-dlachri 0-12-
(ashylzizio)ecayl!
Jnog9pheorscaioaca

damazon~3: 0,0-4iazhyl 3-73-
(azhylzana)eziyl]
Jn0soAoTICALIAC:

Trace Yama: =erczaocaoncs
Syscax™
3=4173

Molasulay Vaigne: 253

CaS Nomeacliacuse:

0,d=dlachyl S={l-(acaylzaic)=
achyl] onosphorscaizaca;
3=(2=2zaylzhio-azhvl)znesonaT~

otnislseriznazs,

o

Trada Yama: Ji-3vscan

£4S YNozmanciacz:

Q,C=eiashyl O=lielzecnylsul-
3invl)onanvl|phossaarschzsaca;
diachyl S-(2achylsuilizvl)
shenvl shoespanorachionacs,

Zzada Mama: DasanL:S

71



2horace

EGEE LD

Jranaca .

Cas Yomanclacuz

9,0=-dizacnyl I=(J-assiyl-i-
sachylzhiopnenyl) pncspaor-
othioaca;
0,0=4imechyl O={i4=({zacivlzais)-a-
=slyl]snosonoracaioaca.
2
Trade Yama: 3aveidY
Jaysax”
A

e 18
"
w
<
Q@

oA

o

O e

s
W

n

"

u

a o

CaS lozencliazura:
Q,0-qlazayl 3={(azaylszza)~
serzylisnospaorsdiznisaza:

i) -

arlizzoca
as3iscaisnaca,

Molagziar vVazgac: 150

Ci3 lomenclacuzra:

vl 1,4, i-tzizalzzopaanyie

vliacsoncnochzlasa

Tsade Maze: AgTILIOX
Myassol
1zvar 37 139
iedO

W
[y

w
o

Mz laguiar Terznl:



ZJkucaion

CAS Nomenclature:
C=Ziarled=(2, «~dizhlsro~

2tenvi)=3-orapvisaos-

srorsaishizaca

Trada Mame: Toxuchiza
3ay YT 3529

3 CAS Mozmecclacure
O=iS=mazayl=2
s=gvrizadiayi! Jrospnorgcailacza

o 0,Cedrazavi
={lemagarlazayil-

. Tr3ada Mamas: 3asudi:x, Yacendol
Jugizoi, Soceszzraciia

Molacular wWeignc: 304

CAS llomeaclacurs: 2
achenyl dizezivl Jnossnaca

de ages: Zarkoli, ‘loges, YNuvan
hesuzz, Tapona

Molecular Weighc: 220.38

CAS Yozeaclacu Macavl I{(ez-
secavizxronosvaraviloxri-1-
2 pcs} Jucanoaca

i -
TECCCE Tsada Yame: Fhosaria

Mglecular Waigac: 224
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CaS Ncmenciagura: I,l-aibromo-
- 1,2=aicghicroacayl iizechvl
- 9 E - -
. 1 //,-R ;tesgraca
(C239)770CE
Cl Trade Yaza: Dibrom

iR ¥olecular Waight: 380.80

Z4aS Nomemelacura: (Z)=2eshlsrc-
2,%,3~s7132lovopaearl)acearl
achAvl n08pnaca

“rsade Yaces: Jacdona, ladon

P CaS liemenclatura:
E;G)*—?O-? 01 (s=nizTonaenrl) pnospaorschicaca
[
Trada YNames: 23l Macacida,
tizzox 30
Molecular Weight: 283
CaS llemencoazura:
S=2cnrl 3,3-dizropvizhossacTieiinizaca
;//SCSEF Zrada Yazes: Yeocao, Priches
TaZ.37
T Nz \ . .-
3C4E, Mglacuiar Vergaz: 242
Tonnel
CAS omenclatuza: 9,0-Dimecarl-
c
f -
5 7 |
TE40) =30 Trade Names: worlax, llowker.
~ Tosliezna

Molacular wWexrgng: 121
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Caleravriios

20CA

3anemvl

CiS Yememelaguze: 0Q,2-2fa83hrl-
0=(3,3,5=t7dzalors=2-0wvidinyl)
shasphorachioaza

Trade Yares: DSursvazn, LoTsdan

¥olecular Weighe: 350

CaS lcmeaclatura: e
I e+ r AN

el
4,4 " emgekvlane 3i5(S-chlordian?

s

Tsada Hamaes: CJazmaa X4

Molagular Waigat: 256
CAS omeaclaguza: I,3-Jikriro-
2, a=dizazayl=T=ganzodusaavy

zechyl zarvhamaza

T-ada Vazma: uradac

Molacuelar Verghe: IIL.3

CA3 llemenclazuza:  Macayld
aminescarsonyli-iZ-nanzix
slicarsamaca

<7ada Namesg: 3aniaca, Tas3sn

Molacular Veigaz: 130




Carsendazia

a3 omenciac
. Jeazizrdazo

IR N Trade James: 3acissiz Jerssal
Y \/_zn-:-c:c:ag : )

Molaguiar Weigez: 191

CAS Yomemelaguza: Mazzyl -2l
g3 3 =secaylaoiog)-d=¢ [ (38:ayl amaza)~-
eleN=)=~ carionyloxyi-l-oxseshanImiiocrio-
3 aca

BT RNCIED

[y
Car

v o

Trade lape: 7reata

Molagular WVergne: 21%.3

ciuzon

Ca3 llomenclacuzrs:

1=(3,3=dichlorochanyi) =L, L-aix
=echvlyraa

.

0

Mslacular Waiznz: 33,1

—stursan

2&3 Nemamcliazura:

~ s
v

Y2 N Nerersy

cnlarooneavil-i-tacioxr-

TECI(CE]) ":-'::':3

et

Mathomvl
=2cononiE

Cas Yomenclacura:

[w)

PO
s

MR I R B R !
- ! I
Q3 oS}
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acraesaran

2zocacalor

CaS Vomenglaguza: L,l-Dizacavl-i-

(2,3,3=2722lc0ro=o=20iruraa
CAS Yo.: 1l34=i7-2

Trace lazes: Cacoram, TI3a-1253

Molaaular Veizaz: 120

CAS llomenclacura: 2'-chioraeli-
isogTopylacecanil:i

Trada Janes: Ramzod

Malacular Feighz: 117

CAS liomermclactuza: 2-(lemashviaticw)-
snenyl zecayl zarsazaca

Trada lJames: 3aygon, 3lazzasex, Tnzas

Molaculazr Warghe: 229

CaA3 lcmenclazuzm: Y Madiacnwielermazzvi-
3emzamiza
Irada lNaces: less, lJaijhaza

Molaculaz Wergae:
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3zsmacti
1
v

Zaxaz.aene

CAS Yomaemclaecuza: 3=Chioro=
3-(1,l-aizechyla
zacayl-2,4(E,33)
dizedions

?'vt‘—li -

Trada Vame: Sindar

Yolaczlar Vaizho:

CAS Vomenclatuza: J-3rizo-
femachylej-{l-mechyisTosyl)-

La(12,38) =orrizidinecicne

CAS Momenclatura: J=Iyclo-
qexyl-s-(dizecaylamize) ~
~2ethrli-i,3,3-c7laztize-

1
,-({%,38) ~dione

YR

Trzda Yamae: Veljar

Molacuiar ‘lergpe: I3I.3 -

Cas licmenclaguys: L=isind=desar:-

Jusylej=(2@27"Rl0) -i8~2T0aT L0~
237 ~e~ds

HE

Lg) =ode

Trace Vames: 3SaacaT, Sancsaal



Triazzeion

Tokuthion

DEY PO RN /—_->_
— oL
//? Q N\ [

2=C4d:3

?iperalin

34
S~ 2

'\/ N-C2,CH,CH,-0-C

?4pezonvi 3ucoxide

Cydy 25,0C,d(0C2H,0C (g

PR
<l

Aldzcard

b
dgn = =2 =0~N=C5

Ta3 Uemeaclatura:  Le{i-liloTIpranoxy)-

3, i-dinechrl-i-(i8=-1,2, -=zTla22~
l-yl) =2-5uctancae

Trade Yame: 3avliacon

Moiacular Veignz: 133.2

CAS lYomanclazura: S-dacnylel.l, .-
s=iazolo-{3,5-9 >anzoeniazsls

Trada Nacs:

Moiacular Veugznz: 139,

CAS Nomenclature: O-atavlej=(2.4-

dicalocopneayi}-3-pzopviprospnoro-
dizacaca
Z:ade Names: Toguthion; 3AT NTN 3629

Molecular Weignt: 344

235 Nomezclature: 3-{2-Mezx7lozper- .
1d1go)propyli=-4, o=
dicilorooenzoata

Tzade Names: ?Piprea

Moleculir Wergzz: 230

CAS Vomeaclatuze: fe{[2-(2-bucoxy-
ecloxy)etloxylnetayl }-s-prapyl-
i,3-2enzodioxole

Trade Names: 3utocide

Molscular Wewgne: 338

CAS Nomeaclature: g-{(mechylamino)-
(c3zdonyi) joxzae

Tzade Names: Temik

Meiscuiar Weirght: 190.3
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