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mBy dethen ™ adatefor_the  extraction, @-up,
derivatization, and final determination of dicofol B cofol
metabolite residues in a California sandy loam soil. € limit
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 Pap -FW152 o,p - and p’Pl DCBP, 3-05-?,? -DC%'O,P -DCBE|
p-CBA, and o-CBA are shown in Figure 1.. _ 3\\,
) ‘:: '
Principle - e
:\"“\
Dicofol and its metabolitgs are ex ed from loil with
acidic mechanol. ‘Sample cleanup is per via ligquid-liquid-
partition using deionized \-ratex:t and me e chloride followed

by gel-permeation chromatography. Threa.’:} pounds {(p-CMA, o-CBA,
and 3-0H-p,p'-DCBF) are derivatized fue@-lated) and analyzed via
GC. The remaining seven compounds u&gﬂlyzed via GC directly.

, AR
Materials PR

. e

-

3.1 Eguipment (where brand ngnlmx:are listed, equivalent items
may be used)
BDPE bottles and caps, Nal/‘ e, g-oz.
Shaker, Eberbach
Funnels, Buchner, 12.
Filter paper, Hhatm%)gbﬂA, 12.5 e
Separatory funnels, R00-ml
Flasks, flat-bottgm, -500-ml
Funnels, glass powder
Cottyn balls ©°
Rotary evaporatoe
GPC Autopreg:Model 1001, ABC Laboratones, Colu:nn:.a, Mo.
65202 :
Pipets, Ct{as A, various volumes
Syringqm“ﬂass luer=lock, 10 ce
Pipets, disposable 9-inch Pagteur
Cencrif\uge, IZC Clinical
Vortex = Thermolyne®
Thermometer ,VWh (~10 to 260°C)
Syringes, Hamilton (various volumes )
pH Meter Corning, Model 140 |
—\D;azaldO Kie, Aldrzch Diazomethane Genmerats:, Catalcg Number
7 210,025-0
Z: Pipets, disposaole: 1-, 5-, and 10-ml

ey Culture tubes and zaps, 15 X 125 mm, l5-mm capse

Culture tubes and zaps, 13 X 100 mm, L3-mm caps
Muffle furnacs. Labp-Heat, Blue M
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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 ' ' (:‘SV
Tippetor, 100-ml K o
Flask, Erlenmeyer, 2000-ml <:;(‘
Flask, Erlenmeyer, 4000 ml ,
Separatory funnel, 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 (0282 |

Cylinder, graduated, 50-ml <§QV/~
Yolumetrics and caps, Class A, 25,

Spatulas, measuring -

Reagents D

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 . =’
Hyd:ochlaric acid, concentrated reagent, is diluted 1:?
(/%) with deionized water. '

3.4.1 Diazomethane

The method used for diazomethane generation is derived

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

«l.015¢, page 779, lath :d., 1984, Place 35 ml anhrdrous
alconol, 10 =i ethyl cther, 6 g X0H and 10 ml deionized Had
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kit. Place a magnenc stirring bar m:o the flask -o@ue
proper mixing. In the 125-ml separatory funcel frem the
kit, fitted on one arm of a Claisen adapter, dissol¥g521.5 3
of Diazald® with a total of 140 =l echyl ether. ging a
therfometer  to keep the water bath tempera _?oetween
50-60°"C, slowly add =he Diazald?® mixture to \th reaction
flask (submerged in the water ba:h) wh;leﬁchQQQeneratea
diazomethane and ethyl ether distil througﬁ\,a iszillatien
apparatus fitted on the other neck of the Claisen adapter.
To achieve a closed s¥stem, place a flagk- containing ethyl
ether at the gas outiet cf the vacuum_ dis?iliing adapter.
Store the generated diazomethane m\"rnon-gromd glass
container in a freezer. _\\ ,_-'

Note: Diazome:thane is teacti-'.e. read all

zautionary ma.:er:. rg ore use.

3.4.2 Washed Water, pa=2 Y

A 5-gallon mixing jug is_villed with deicnized H.0. A
Corning pH probe is _al.{brated using VWR buffer solutions
and is placed into t._--mmng jug. ‘Acid solution (6N BCI)
is added until the pH :e,tas reads 2.0,

Aprroximately ‘60'3 Tnl of the pH-adjusted H.0 I3 placed
inze a 2000-ml sega:sto:y funnel along with 233 ml 2f
methy;ene chloride.~ The mixtuyre is shaken and :Ze rchases

Ilowed to separate. The lower me:thylene chloride layer :is
discarded and ‘the =40 phase s placed intsz stsrage
ccatainers. ———

3.5.3 S0% (v}v’) Methiriene Chioride/Cyclohexane

M:LMacv:-y 2006 =l of methylene chloride and 2000 =i

of "ycI.oh&xane.

' 3.-4.& 2 2,4-Trimethy’.pentane withk 2.01% CV-101 =

Add 50 pl of CV-121 (neac} to 00 ml-of 2,I,4-:rimevhy.-
" pentane in a 20C-ml =olumetric flagsk. This yielés a 0.51%
— AV-i01/2,2,4-trimethy’pentar soluzion. The golatica iIs

n
shaken and taen sonicated /See 5.0, Note 3).

Seil is ncmogenized Hv 9:::9_51113 through a Straub ‘LiE
grist mill (or equivzlent) in :he oresanze of drv ice. The
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sam 13 pq ced in an upright freezes (at -20°C). (2:'.'1' the

By r/.:){/

dry I¥e has sublimed. . =
The sample is then placed in a walk-i zer for
storage at =-20°C. ~
. T
4.2 Extractiom ' \ C\\J '

Weigh a 50.0-g subsample into an. -8; . HDPE Nalgene
bottle. All fortifications are made at t!ijs time. ‘Add I ml
of 6N HCl and 100 ml of methanol (Se=-6.0, Note 1). Adjust
the 100 m! of methanol %o account f&. the volume of solvent
used for fortification. Place the\'i‘mple in a ghaker box
and shake for 30 mznutes on higﬁ;eed. then 30 minctes on
low speed. S

- /\“Jf

Vacuum filter the samch\‘:bﬁough GEF/A filter paper into
a 1000-ml separatory fun \“*Rinae the sample and filter
paper with two 50-ml meth ul washes and filter into the

separatory funnel. ,/- »

\.'-—/"

5.3 . s a1 4 . o -3 - -‘:_/ )
. Add 3500 ml of” mth’ylene chloride—washed deicnized wvater
(pA=2) to the sample. Partition the sample with ‘iree

100-ml portions oF ~methylens chloride. Pass the mechvlene
chloride layer through a powder funnel containing :Zgnited
sodium sulfate into a 500-ml flat-beottom flagsk. Rizse the
funnel and .godium sulfate with 50 mi of methylene czlgride.
Evaporate -the, sample and bring to 15 a2l with cyclchexane.
methylene_citlnride, 50:50 (v/v) GPC solvent.

&hwmmmm

-Load 2 5-ml aliquot of the sample z21ts <he GPC witi the
following parameters: : .

Flow: 3 al/minute ‘
" Mcbile Phase: cyclohexane: me-nylene -<zlaoride,
Y o (viv)
B dump Time: 25 minutes
—— Collect Time: 29 minutes
" Wash Time: 0 minutes
!

n
o
v
Q

Zsllect the sample in a 257-mi flaz-bottom Zlask.

Evapcraze the sample to drynmess and :ring 2o exactly 3 mi
with srhyl sther,

[
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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 = \thﬁ ether extract
into a test tube. Add 10 pul of 6 ' and 0.5 ml of
diazemethane solution. Cap the % le, vortex,  and
derivatize undisturbed for 30 mmul:er:,\\

Add 2,2,4-trivethylpentane _@xwtely 1 ml) to the
sample as a kewper. Evapora \un er a gentle stream of
ni:srogen to remove the dlazomethang ‘and the ethyl ether.

\_,
Ncte: s 3 nethylated
v i (See 6.0, Note 4).
-2

2ring the sample™-d an appropriate velume with
2,2,4-trimethylpeczansl0. 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" .

_oncentra,ms of =2,p'-and p,p -dizofel, o,p'- and

p.2'=TWIS2, o,p’ and. 3,p'-DCBP, o,p’'-2CBH and methyl

derivatives of o- and p-CBA and 3-OH-p,p'-DCEP are
determined by TCapillary Gas Thromatcgraphy using EC

deteczion and a DB-3 eciumm (28.3m X Q.25wm, 0.253u film

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

! {
4,7.2 Standardizazien

2repare separate stack solutions containing 25 ng of
c=mpound in 253 =i of =ethanocl. Prepare a mixed stock

Y
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solution (4 mix) by combining (of the o.p'+?
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 3-0B-p,p'-DCBP and 3 ml each of o BH 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 isomers since the latter degrade to thege
metabolites upon injection into the 5/@

. cn f
_ Dilute the  mixed stock I'Q fong ! to 40 with
2,2,4=trimethylpentane to yie).&E!}3 pg/ml GC mixed atock
solutions. Make serial dilufions” of the GC mixed stock
solutions using 2,2,4-trimethylpentane containing 0.01%
0V-101 to obtain working GC(golutions 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-chlordanz (internal 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 heighta o
areas of the ..injscted standards using an integrator or
computer acquidition system and calculate the ratio of the
compound respoode€ to the internal standard response. Enter
the standardiZation data intoc 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
curve: may~ be linear or quadratic, depending on the detector

responsa.
a.T-;:}_:." Detection of Sample Residues

Inject a 1-2 pl aliquot ({equivalent to the standar<
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)

[V}
[
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Calculate the residue values in ppm using the Eol@,)
equation: %

ex f x g Q
%

/

Y

where:
i%
a = concentration in the final solution (ng/amt}
b = final GC volume (mi) . - \S
¢ = sample volume after GPC cleanup (ml) ___
d = sample volume before GPC cleaaup (ml)y~_ -
e = aliquot taken for derivatization or: tian (ml)
.f = aliquot taken for GPC cleanup {ml}\\
g = sample weight (g) o
4.7.4 Correction of Residue Valuel&t On-Column Degradatiun
Should the breakdown of tR ofol to DCBP or FW152 in
the GC be significant (respe greater than the lowest

injection standard). then sa@pt% residues are corrected for
this breakdown. " Using :he—«:al‘éﬁlnted 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 :he 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. The decision as tc

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 metabolize residue value.
An example‘calculation fallows:

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

Average metabolite-tg-parent gtandard ratio = 0,073

Corrected rasizue . - ~1
- value for p,p'-3CBP = 0.:15 ppm - (1.;5 p 4 0..:5? = 0.021 ppm

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

-..\.:J
~3 704
S -5 " ;ggl:lul_:.
A3¢ '..A'SS‘.‘FJ'O:J""'
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4.7.5 GC Glass Insgert

00023&

. s
To minimize the breakdown of the dicofols to :mj-
metabolites upon injection into the GC, the glass zn@; ia
the injector is treated with phosphoric acid and
the following manner: .

Boil the insert (Varian #03-94943-7-00) in &. osphoric
gcid for 1 hour. Remove the insert from the & nd dry in
an oven at ~120°C. Qo not rinse; > Thoroughly

coat the inside and outside of the insert h the liquid
OV-101 using a pipe cleaner. Also, coatca_g,y metal parets of
the injector that may come in contacfi with the sample.
Place the insert into the injector and: the temperature
slowly (5°C/min) to 240°C. Purge thd ecter with helium
(column disconnected) amd conditionI® insert overnight.
Recomnect the columm and begin m}tcti s (See 6.0, Notes S

and €). I
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34 '89'28 Table I - 00023

GC Operating Conditions for the Determination of o,p'- Q/
and p,p'-Dicofol, o,p'- and p,p'-FW132, o,p’'~ Q

and p,p'-UCBP and o,p'-~DCBH (?’

,\\"%
Ingtrument: Varian Vista 6000 Capillary Gas Chrusmatograph, or
equivalent ) %\
& x

Detector: Electron Capture = '
Column: DB-5 28.5 m X 0. 25 mm, 0.25 p film thi@. or equivalent

Gas Flow Rates: Carrier: 1.7 ml/min Helium .’ f‘.\S

Makeup: 28 ml/min N::rogen/\
Split Flow: 350 ml/min 3
fj\)

Temperatures: Injector: 240°C
Detector: 300°C C
Oven: Initial: 100°C F
Initial Held: ﬁ-—l min.
Ramp: 30°C/
Final: z"o-;w\‘/
Final Holck. N 9 min

=3

'Injectcr split timea: On = ,ab?z_.,oo min
0ff=ﬂat“\23.00 min

~ -

—
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GC Operating Conditions for the Determination of
Methylated o- and p-CBA and 3-OH-p,p'-DC3P.

Instrumenti:

Detector:
Column:

Gas Flow Rates:

Temperatures:

injector split

Electron Capture

-t2d-

. Tabie I1

Carrier: 1.7 ml/min Hel '
Makeup: 28 ml/min Nxtr
Split Flow: 50 ml/mim~

)
f.

Injector: 240°C o/
Detector: 300°C 'fd -
Oven: Initial:

Initial H 3.1 min.
Ramp:
1st Final¥/™135°C
Ramp: $¢/min
Zn:‘?i\_ s 220°C
~Hold: 14.50 min

'_\ ™~

timess - Oh = at 2, 00 min

— 29ff= at 23 00 min

- T
-:“- A
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ess, or equivalent
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Varian Vista 6000 Capillary Gas@hmtograph, or

o

DB-5 28.5 m X 0.25 mm, 0.25 u £
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6.0 (Cautionary Notes BY 4’.}:

x There are several critical steps in this hod of w Q‘f e
analyst should be aware. They are listed below:

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

Sample extractd
solvept is mandatory (step 4.2).

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

(3) Step 4.3, Liquid-Liquid Partition, \acidified (pH = 2}
water to dilute the methanol extracfi\(Soil (50 g) contains
substantial buffer capacity which(\partially neutralizes the
6N ECl added to the methanol 3 solvent. Failure to
use water at pH = 2 results#n partial degradation of
dicofol to DCBP and substant:.a.l lossges of Dboth
chlorobenzoates  (R~-C0O0™ wﬂl not partition into the

methylene chloride). \\_;
(4) Step 4.6 details s-o“ﬁenl: exchange from eéther to
’- 2,2 h-trmethylpentana.%a lactar is added to the ether
prior teo evaporal::.on-.sndet nitrogen gas. It acts as a

keeper to minimize-/ Tosses of methylated components,

especzally the CBA" I-.\ Zhe sampie must not go dry at anvy
[ * iy , .

{5) Dicofol (o,p'— and p,p'-isomers) degrades tc the correspcnd-
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 neot sufficiently volatile at
:hese":mratues znd do not lead ontc the GC columm. Two
procedures. afford a solution, as follows: (1) Step 4.7.5
outlines d procedure for protecting injector and acid-washed
injector glass inserts by coating witk OV-10i. The method
is .cronde, but reproducible; an overnight bake—out at 2&0°C
is, of course, necessary. Repeated dipping of the insert
into a 3% QV-101 in Cﬂ,Clz solution affords a satisfactory
insert, but the effect is transitory (ca 40 injections) ar
best. (2} Final sample dilutions are prepared in
2,2,4-trimethylpentane containing 0.01% 0QV-10l. The OV-101
affords additiomal protection Ffrom  the dicofol to ICBP

i ionversicn, : :
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(6) Step 4.7.5 notes that glass inner:s are boiled :in J. V*'
before coating with OV-10l. Ingerts which are bozl%
acid, but pot 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.

(7) 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 ¢t e range (95° -
220°C) yielded irreproducible peak am and heights between
individual injections. However, th i"a io between component
areag/heights and the internal stand ¥d area/height -emained
remarkably consistent for long po{hgla of time. 4
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o,p’'~dicofol

{1-{2-chlorophenyl)-1-(4-chlorophenyl )-
© 2,2,2-trichloroethanol}

O

p.p'-FW152

(L,1-bls{4-chlorophenyt)-
2,2-dichloroethanol ]

Chemical Structures of Dicofol and Metabolites
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:*E://i) p,p'-dicokol . 0,p*-FW- 15?
PN

;7 -big{4-chlorophenyl )-

; trichloroethanall

. {1-(2-chlorophenyl )-1-(4-chloro-
phenyl)-2,2-dichloroethanot )

'. (ll S
’“"</—__-,,\>'1" <\"_/>‘f'
/v) '

o,p'-DCRP

. Pyp’-DCBP
(2,4 -dlchlorobenzophennnll éﬁikiZLEg 4'-dichlorobenzophenone]
\
X w
! / &
O Cig |
H 61#7 O
ewoem O 3
[2,4'-dichlorobenzhydrol) 7
. "y
e _ (-ﬁ?a
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FIGURE 1 (Continued)
SN Cheaical Struh;ures vf Dicofol and Metabolites
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