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ENVIRONMENTAL CHEMISTRY METHOD

Pestcide Name: Dicofol |

MRID #: - - 413818-01
Matr&: © Soil
Analysis: | - GC/ECD

This method is provided to you by the Environmental Protection Agency's (EPA)
Environmental Chemistry Laboratory (ECL). This method is not an EPA method but one
which was submitted to EPA by the pesticide manufacturer to support product registration.
EPA recognizes that the methods may be of some utility to state, tribal, and local authorities,
but makes no claim of validity by posting these methods. Although the Agency reviews all
Environmental Chemistry Methods submitted in support of pesticide registration, the ECL
evaluates only about 30% of the currently available methods. Most methods perform
satisfactorily but some, particularly the older methods, have deficiencies. Moreover, the
print quality of the methods varies considerably because the methods originate from
different sources. Therefore, the methods offered represent the best available copies.

If you have difficulties in downloading the method, or further questions conceming
the methods, you may contact Elizabeth Flynt at 228-688-2410 or via e-mail at

flynt.elizabeth(@epa.gov.
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By f ar cdater Q.L._:hz_ extraction, @—-up,
derivatization, and fmal determinstion of dicofol e d¥cofol
metabolite residues in a Cal‘forn:.a sandy loam soil. € limic
of detection is 0.01 ppm or 0.03 pem, depend' on the
component. Chemical structures| for o,p’'~ and p.p ol, o,p'-

‘and p,p'~FW152, o,p'~ and p,p'-DCBP, 3-OH-p,p -DC%'O,[: -DCBH,

p-CBA, and o-CBA are shown in Fxgure l.. _ N
N
incipls LY
SN
Dicofel and its metabolitgs are ex ed from soil with
acidic mechancl. -Sample cleanulp is per via liquid-liquid
partition using deionized water and me e chloride followed
by gel-permeation chromatography. Thrqeﬁp pounds (p-CEA, o-CBA,
and 3-0H-p,p'~DCBP) are derivatized { lated) and analyzed via
GC. The remaining seven compounds u@lyzed via GC directly.
A
Materials . PN

3.1 Equipment (where brand ngnlal:are listed, equivalent items
may be used)
BEDPE bottles and caps, Na.l/‘ e, 8-oz.
Shaker, Eberbach N
Funnels, Buchner, 12.\%-@3 '
Filter paper, Wha “GF7A, [12.5 e
Separatory funnels,) -m]
Flasks, flat-bott_qnmsoo-ml
Funnels, glass pow'der
Cottun balls % -
Rotary evaporater ,
GPC Autoprep=Model 1001, ASBC I.aboratories, Columbia, Mo,
65202 _ - :
Pipets, Cl-qas A, various volumes
Syrinsat'p‘ﬁlass luer=lock, LO ce
Pipets, diaposable 9-inch Pasteur
Centzifuge, IZC Clinical
Vortex - Thermolyne®
Thermometer,VWh (-10 to 260° ¢)
Syringes, Hamilton (various volumes)
pH Meter Corning, Model 140
.-‘,\Iuazaldo Kie, Aldrzch Diazomethane Generato:, Catalcg Nimber
©210,025-0
I’ Pipets, disposaole: l-, 5=, and 10-ml

Nl Culture tubes and =zaps, 16 X 125 mm, l5-mm caps

Culture tubes and zaps, 13 X 100 mm, 13-mm caps
Muffle furnaca. Lab-Heat, 3lue M

4
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.Balance, Sartorius 1702 B

‘Cylinder, graduated, 1000-ml -

34-89-28 A .

Dual Magnetic Stirrer/Heater, VWR Dyla-Dual o NN
Cylinder graduated, 500-ml . () ‘ 0
Tippetor, 50-ml ' ' (:‘GV
Tippetor, 100-ml K 7
Flask, Erlenmeyer, 2000-ml <:;(‘
Flask, Erlenmeyer, 4000 ml ,
Separatory fumnel, 2000-ml : ';f%%;)
"Mixing jug, glass, 5 gallen 2;5

Buffer, pH 4, VWR “This Is an exm opy of
Buffer, pH 7, VWR The original dacument”

Balance, Mettler PM200

£

i~ date [0Z--£2_ |

Spatulas, measuring -

Cylinder, graduated, 50-ml <$QV/~
Yolumetrics and caps, Class &, 25, 50, 100 and 500-ml

-
N

Jltrasonic Cleaner, Branson, B-220 \Qb\
R L ':\\‘\ R

2,2,5 -~ Irimethylpentane, reiﬁbﬁifgrade
Acetone, reagent grade Nt

Ethyl Ether, 3urdick and Jazkson .
Methylene Chloride, Burdick;and Jacksgon
Anhydrous Alcohol, Phototrex, reagent grade
Cyclohexane, Burdick dnd-Jackson

Methanol, reagent 3rade

Diazald®, Aldric

Inorganics

2otassium Hydroxide, pellets

Sodium Sulfafe,. granular, 12-60 mesh ‘
(Place inte ' a muffle furnmace and ignite for 6 to 8 hours a:
§00°C) ™~ .~

SN HCL . =’
Yydrochloric acid, coacentrated reagent, is diluated 1:1
(r/¥) with deionized water. '

Selik :“sm s
3.4.1 Diazomethane

The method used for diazomethane generation is derived

" from the 0fficial Methods of Ana.ysis of the ACAC, Section

«l.015¢, page 779, lath :d., 1984, Place 35 ml anhrdrous
alconol, 10 ml ethyl cther, 6 g X0H and 10 ml deionized Ha3
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/é Qﬁe:smefzom flask obtainsd from the Diacafd®

ce a magnetic stirring bar into the flask o Ensuie
proper mixing. In the 125-ml separatory funrel fi’n‘@g‘,&he
kiz, fitted on one arm of a Claisen adapter, dissolvw28.5 3
of Diazald® with a total of 140 =l ethyl ether. 3 ;ing a
rhermometer - to keep the water bath terperaki _,?becweea
50-60°C, slowly add zthe Diazald® mixture o 't_\\::eaction
flask (submerged in t=he water bath) while,’--::'.:z:ie‘> generated
diazomethane and ethyl ether distill throug¥ & distillatier
apparatus fitted on the other neck of the Claisen adapter.
To achieve a closed s¥stem, place a flagks containing ethyl
echer at the gas outiet cf the vacvup distiliing adapter.
Store the generated diazomethane in~TA aon-ground glass
container in a freezer. S

| =%
Note: Diazome-hane is very, reactive; read all
cautionar materi.!@g&te use.

¥ T

3.4.2 Washed Water, pi=2 .

N

A S5-gallon mixing jug is_villed with deionized H,O. A
Corning pH probe is calibrated using VWR buffer sclutions
and is placed into tte mixing jug. Acid solution (6N ECI)
is added until the pH =ekgE reads 2.0.

Approximately 1669°ml of the pH-adjusted H,0 Is placed

s a 2000-ml sepasstory Zfunnel along with 220 mi ef
methylene chloride.~ The mixture :Is shahen and :Ze rhases
allowed to separate. The lower methylene chloride layer is

Ty -
ed -

discarded anéd the 3,0 phase :Is placed ints stlrage
ceatainers. ———

T

T

1.13.3 S0% {v/¥) Methriene Chloride/Cyclohexane

Mifﬁigg_;a:c:ly 2000 2l of methylene chioride and 2000 =i
of =yclohexane.

' 3'..9_:.' 2,2,4-T-imethyipentace witk 2.01% CV-101

"sdd 50 ul of GV-.71 (neaz) to 300 ml-of 2,I,t-:rimethy.-

" pentane in a 30C-ml wolumetzic flasgk. This yields a 2.¢%
— (_N—I,O]./Z,2,h-t:ime.t'ny'._:enta:-.e solozion. The scoLutican is
chaken and taea sonicacted (See 5.0, Note 5;.
> iPeosadyusy
S
4.1 -a nd ~e T ia
Soil is =cmogenized by p»racessing through a Straub oY
gzist mill (or equivalent) in R presancsa 2f dr7 ice he
D A e TR s
- ;
-
- -, = - e " - -
137 .43TE 1885 -0 PB4~
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By 4 A/ sam :.sdp ?aeced in an upright freezer (at -20°C) . 11t the
dry tde has sublimed. . Q\:L'
The sample is then placed in a walk-i zer for

storage at -20°C.

4.2 Extraciiom

Weigh a 50.0-g subsample into anja}b\i. HDPE Nalgene
bottle. All fortifications are made at this time. ‘Add I ol
of 6N ECl and 100 ml of methanol (See-6.0, Note 1). Adjusc
the 100 m! of methanol to account E&-.\tte volume of solvent
used for Ffortification. Place tHepample in a shaker box
and shake for 30 minutes on higﬁ-}‘yﬁe&d. then 30 minutes on
low speed. ' TS

- /\.g(\ )

Vacuum filter the sampl_,g_:\t\.q%ough GF/A filter paper into

a 1000-ml separatory fummelzlSRinse the sample and filter

paper with two 50-ml met 4l waghes and filter into the

separatory funnel. Pl

5.3 s s 414 s o g N ..:‘_/ )
. Add 500 ml of “metiylene chloride—washed deionized water
(pA=2) to the sample. Partition tie sample with three

L 100-ml portions Ot methylens chloride. Pass the me<chviene
chloride layer ‘through a powder funmnel centaining Zgmited
sodium sulfate ‘into a 300-ml flat-bettcm flask. Rizse the
funnel and .sodium sulfate with 50 ml of methylene czloride.
Evaporate -the. sample and bring to 13 =al with cyclchexane:
methylene-chlporide, 50:50 (v/v) GPC solvent. :

4.4 Gel-Permeation Chromatography (GPC)

" load ¢ 5-ml aliguot of the szamp.e =nt> -he GPC witd the
following parameters: :

Flow: 35 ml/minute )
" Mshile Phase: cyclohexane: metnylene cihloride,
: . (viv)
B Dump Time: 25 minutes
— fallect Time: 29 minutes
o © wash Time: 0 minutes
!

(Y71
(o]
.

“a
(=)

~siteet =the sample in a 283-mi Ilat-bottom flask.
Evapcraze the sample to dryness and tring o exactly 3 mi
with szayl etler.

[
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yl ether ‘@

.Place a l-ml aliquot of the 5-ml e

into a test tube. Take to dryness under a gentle of
nitrogen and bring to an appropriate volum with
2,2,4-trimethylpentane/0.012 0V-101; add a=c e to
yield 20 ng/ml. Submit an aliquot for GC analy e 6.0,
Note 7)

ngvivégjzgd SEmn‘g'anaixais L:%

X Place 'a l-ml aliquot of the 5-ml & \Ehﬁ ether extract
into a test tube. Add 10 ul of 6 ' and 0.5 =l of
diazomethane solution. Cap the ¢ le, vortex,  and
derivatize undisturbed for 30 m:mu:er:.\\

Add 2,2 h-'-*i:nethylpentane _@rxmtely 1 ml) to the
sample as a kewper. Evapora \un er a gentle stream of
ni:crogen to remove the dlazomethang ‘and the ethyl ether.

\_,
Ncte: e : nethylated
v i (See 6.0, Note 4).
-2

2ring the sample™-d an appropriate velume with
2,2,4-trimethylpeczanel0. 91% 0OvV-101 and add a-chlordame to
yield 20 ng/ml. uhmib‘an aliquot for GC analysis.

Necze: All ethwl: ethe' must be removed before injection
ints ke GC.

le ug:abgl;gas

a.7.1 Generar" .

-onc;entra igzs of =2,p'-and p,p'-dicofoel, o,p'- and

p.2 -THISZ, o,9’ and 2,p'-DCEP, o,p’'-CCBH and methyl

derivatives of o~ and p-CBA and 3-0H-p,p'-DC3P are
determined by TCapillary Gas Thromatcgraphy using EC

deteczion and a DB-3 eciumm (28.3m X Q.25wm, 0.2%3u film

t=icdkness). GC  zonditions for the tmderivatized and
d.e-i'vacized csmpolund anaiyses are given in Tables I and II,
‘regpectively. The programs may be used interchangeably if
inrerfarences 7ermLic

1 {
4,7.2 Standardizazien

2repare separate stack solutions containing 28 »ng of
c=mpound in 253 =i of =ethanocl. Prepare a mixed stock

Y
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‘ By
solution (4 mix) by combining (of the o,p's%
p+p'-DCBPF and o,p'- and p,p'-FW152 1 mg/ml stock so s
. and diluting to a final wvolume of 25 ml with m aﬁol-

Prepare a second mixed stock solution (6 mix) by c

-

"ml each of o,p'- and p,p’'-dicofol, methylated o and
methylated 3-0HB-p,p'-DCBP and 3 ml each of o EH and
methylated p-CBA; dilute to a final volume ‘ml with
methancl. Low EC detector response for DCBH and
methylated p-CBA dictates the three-fo centration
increase of these compounds over the cong tions of the

other compounds in the & mix standard sol .

Isomers of FW152 and DCBP cann mixed with the
dicofol 1isomers since the latter degrade to thesge
metabolites upon injection into the cj@

. ‘At
‘ Dilute the  mixed stock I'Q iong ' to 40 with
2,2,4=trimethylpentane to Yivﬁﬁ-,\ pg/mli GC mixed atock
solutions. Make serial dilutioms” of the GC mixed stock
solutions using 2,2,4-trimetiiylpentane containing 0.012
0V-101 to ‘obtain working GQ{(solutions in the range of 5 to
100 ng/ml (o,p-DCBH and -methylated p-CBA are 15 to 300
ng/ml). During each . - Fihal standard dilutiom, add
a-chlordane (internmal sfand ¢d) at the rate of 20 ng/ml (See

6.0, Note 7).
-

Standardize the- gas chromatograph under the conditiona
stated in Tables I or-1I by making l-2 ul injections of the
mixed standard solutions. Determine the peak heights o=
areas of the ..injscted standards wusing an integrator or
computer acquiditjon system and calculate the ratio of the
compound respocde€ to the internal standard response. Enter
the standardiZation data intc an appropriate electronic
calculatar or computer (e.g. EP-1000) with a customized
program .. to. calculate a standard curve of standard
concentration (ng/ml) versus height or area ratio. The
curvec may- be linear or quadratic, depending on the detector
responsa.

k.T;‘.‘}_‘T: Detection of Sample Residues

Inject a 1-2 pl aliquot ({equivalent to the standars
volumes for that run} of the sample extract into the &I

using the same conditions as for the standards. Compare the -

peak height or area ratis for the unknown sample to the
standard curve to determize ng/ml of detected compound in
the final GC solution. '

1)

[ } N
[

~

\\.

0234
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Calculate the residue values in ppm using the foll 3,;—
equation: %

ex f x g Q
%

/

where: V
AN
concentration in the final solution (ng/abt}) %
final GC volume (ml) . - \S
sample volume after GPC cleanup (ml)
sample volume before GPC cleaaup (ml
aliquot taken for derivatization or: tion (ml)
aliquot taken for GPC cleanup (nl%\\\

sample weight (g) =

‘_".‘__:-'

R |

E A0 TR

.7.4 Correction of Residue Value’t&r On-Column Degradntion

Should the breskdown of tk ofol to DCBP or FW152 in
the GC be significant (respe greater than the lowest
injection standard). then sa@pt% regidues are corrected for
this breakdown. - Using :hf.—-cal‘éﬁlated standard concentration
om the standard curves’ f dicofol = and the metabolite
produced, calculate a cﬁ’between the m:abolite and its
corresponding dicofol -/ parent (e.g. o,p"'-DCBP and
o,p'—dicofol). Generally, standards from the upper portion
of the curve (60 -ng/ml and higher) shculd be used to
determine the ratia.™~less concentrated standards tend to
give variable deg_;adit:.on ratio values. Tke decigion as tg

S which standards will give reliable degradation ratio values

is left to tbe__ig.tdgement of the analyst. The average ratio
of the metaboliTe to the parent is multiplied by the parent
residue valwe. in each sample, and the resulting residue
value is then subtracted from the metabolite residue value.
An example'calculation fallows:

Detected resm-..e values- 0.115 opm p,p '=-2CBP and
1.25 ppm p,p'—dicofol

Average metabpol:ite-to-parent gtandard ratio = 0.073

Correctaed resiZue -
- value for p,p'-3c3p = 0-:15 ppm - (1.25 X 0.375) = 0.021 pp=

f‘n—p:-_..- degradation i3 deemed unacseptable if .the
average metibulite.-to-parent srenderd ratic is over 0.20.
If this occurs, steps wil! je taken to -sdude the breakdown,
and the sampis set will Se reinjected. '
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4.7.5 GC Glass Insert

00023&

/4,

To wminimize the breakdown of the dicofols to he;i-
metabolites upon injection into the GC, the glass m@a ia
the injector is treated with phosphoric acid .and

the following manner:

Boil the insert (Varian #03-94943-7-00) in 4. :%Josphuri:
cid for 1 hour. Remove the insert from the a nd dry iz
an oven at ~120°C. Do not rinse; »> Thoroughly
coat the inside and outside of the insert with the liquid
0V-101 using a pipe cleaner. Also, coatciny metal parts of

date

2 the injector that may come in contac® with the sample.
M1 Place the insert into the injector and: the temperature
slowly (5°C/min) to 240°C. Purge t ector with helium
{colum disconnected) and condztiou;*‘ Ye' insert overnight.
E‘ Reconnect the colum and begin :.njeccio‘hs {S5ee 6.0, Notes S
and 6). .
Method Validation Results 3§ _ '

This method was validated - by' analysis of control soil
fortified in triplicate at fou,r-léve].s plus controls and reasgent
blanks. Bt ‘

=

Fortification levels wemfﬂ 01 ppm, 0.10 ppm, 1.0 ppm and
10.0 ppm for o-CBA, o,p,.,DCBP p.p'-DCBP, 3-0H-p,p'-LCBP,
o,p'-FWls52, p. p’'-FWls2, - 9;p'-dicofol, and p,p'-dicofol. For
p—CBA and o,p'-DCBH, the- forufzcauon levels were 0.03 ppm, 5.30
7pm, 3.0 ppm and 30 ppm~. -The results are presented in Table II:

- of this methed. Statistical analysis (ANOVA) of these data

confirmed signifi.an: -recovery differences between ' compounds
{p<0.01l) and 1eve.1§'T0 05). Compound X level interactions were
absent. Thus, limit intervals for acceptable recoveries wers
calculated from the .mean recovery of each compound (ignoring
level effects) plus/minus twice the standard deviation. Means,
upper and lower ‘limits, and minimum quantifiable limits- in goil
are noted in Table III of this method.
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Table I

34-89-28
GC Operating Conditions for the Determination of o,p’

and p,p'-Dicofol, o,p'- and p,p'-FW132, o,p’'~
and p,p‘-UCBP and o,p’'-DCBE S

Ingtrument: Varian Vista 6000 Capillary Gas

equivalent

o \\.

Detector: Electron Capture

Column: DB-5 28.5 m X 0.25 mm, 0.25 p f\imzni@. or equivalent

' N
Gas Flow Ratesa: Carrier: 1.7 ml/min Helium \’:\S
Makeup: 28 ml/min Ni!:togen&:.
Split Flow: 50 ml/min =
-~
Temperatures: Injector: 240°C “-:\D}
Detector: 300°*C 4 \~‘/
Oven: Initial: 100°C ‘> /°
Initial Held: /2.1 min.
Ramp: 30'Cf‘mi‘n\"{:y
Final: 220°€7;<
Final Holck.:\ 16.9 min

5

Injector split times: On = ,a'éiz.,oo min

Off= 2£.23.00 min

~ -

—

“;‘__l_iﬁ}é an exact copy of
_=khe orlginal document”
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. Table II

000238

GC Operating Conditions for the Determination of
Methylated o~ and p-CBA and 3-0H-p,p'-DC3P.

N &

S

O

Varian Vista 6000 Capillary Ga;.@hmtogtaph, or
o
N

Q)

Instrument:

Detector: Electron Capture Sy

r . . g
Column: DB-5 28.5 m X 0.25 mm, 0.25 p {ilm %ens. or equivalent
i |

Gas Flow Rates: Carrier: 1.7 ml/min Hel

Makeup: 28 ml/min Nitrg

S

Split Flow: 50 ml/mi
'ﬁ-'
Temperatures: Injector: 240°C ——t
Detector: 300°C | Y
Oven: Initial: g
Initial H 3.1 min.
Ramp: &
1st Finaly/135°C
Ramp: e/min
d B 1 220°C

Figa{"#o5ld: 14.50 min

Injector split times: . On = at 2.00 min
sgff= at 23.00 min

——
- RN .
— 3
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6.(1 Cautionary Noteg By 4))‘: date (; . &

x There are several critical steps in this hod of w @_-} e
analyst should be aware. They are listed below:

(1) Dicofol is easily degraded to DCBP in neutral or ;Zkaline
envirouments. i i i i

Sample_extrac
solvept is mandatory (step 4.2).

(2) Substantial chromatographic interferences, d@%cully at the
low temperature encountered early in a ¢ ographic run,
can be avoided by pre-extracting the ‘iﬁgified_ deionized
water no%ed in step 3.4.2 with uthylenn_%i,oride. :

>

&

(3) Step 4.3, Liquid-Liquid Partition, V\acidified (pf = 2}
water to dilute the methanol extracfi\}Soil (50 g) contains
substantial buffer capacity whichk partially neutralizes the
6N ECl added to the methanol , solvent. Failure to
use water at pH = 2 results~"i%y partial degradatiom of
dicofel te DCBP and substantial losses of both
chlorcbenzoates (R-C00™ wiIl™"not partition into the

methylene chloride). . N
(4) Step 4.6 details a L’;_,\é::n: exchange from eéther to
’- 2,2,h-trimethylpentana.'% lactar is added to the ether
prior to evaporation.imder nitrogen gas. It acts as a

keeper to m:i.nimi;\e‘-ly,-?oues of methylated components,
especially the CBA"s:. Ihe sampie must not go dry at any
£i z iv tation. ‘

{5) Dicofol (o,p'— and p,p'-isomers) degrades tc the correspend-
ing DCBP ifii—unprotected GC injectors. At  elevated

* temperatures..(>200°C), the conversion s quantitative. At
lower temperaiures, the conversion is minimal (ex. at
120°C), but. the dicofols are not sufficiently volatile at
these temparatures znd do not lead ontc the GC column. Iwo
procedures. afford a solution, as follows: (1) Step 4.7.5
outlines d procedure for protecting injector and acid-washed
injector glass inserts by coatizg witk OV-10l. The method

ig .crnde, but reproducible; an overnight bake—cut at 2&0°C

is, of course, necessary. Repeated dipping of the insert
into a 5% OV-101 in CH,Cl, solution affords a satisfactory
ingert, but the effect is transitory (ca 40 injections) at
best. (2} Final sample dilutions are prepared in
2,2,4-trimethylpentane containing 0.01% 0QV-10l. The 0OV-101
affords additiomal protection from  the dicofol to ICBP

i ionversicn, : :
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(6)

(7)

- (/(
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34-89-28 | 000242 -
Step 4.7.5 notes that glass ingerts are boiled ia & V"
before coating with OV-10l. Ingerts which are bo'l%
acid, but pgot coated with QV-101, completely ‘inhib
dicofol to DCBP comversion (<21). However, the
uncoated inserts cause an unusy !
of FW1S2 isomers to DDE isomers. especially at ‘ei’evated
temperatures (>200°C). Boiling in acid and ¢ iag with
QV-101 inhibits both process=s.

Chlordane (a-isomer) was used as au intemnlhtandard for
this method; its choice was ideal in tha®t\{yt yielded a
sensitive, well-shaped peak at an--.intarference—free .
retention time. The internmal standar 3‘3" mandatory for .
reproducible results. The combinat of 10 separate
components eluting over a wide ¢ e range (95° -
220°C) yielded irreproducible peak aﬁn and heights between
individual injections. However, th i"a io between component
areas/heights and the internal stand ¥d area/height -emained
remarkably consisteat for long p.l{{%ds of time. |
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: 7.0 Chemical Structures of Dicofol and Metabolites ‘

The chemical structures of dicofol and diceofol m
follow.

: N
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