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Quantitative Method for Determination of DDT an

DDT Metabolites in Blood Serum

Technicalgevcloumcnt Laboratorias
Labotatory Division
Center for Disease Control

P. 0. Box 2167 - Savanneh, Ga. 31402

By WILLIAM . DALE and JAMES W, MILES (Technical Development Laboratories, Center
for Discase Control, Health Services and Mental Health Administration, Public Health Serviee,
Savannah, G 31402) and THOMAS B, GAINES (Atlanta Toxicology Braneh, Division of Pesticide
Chemistry and Toxicology, Food and Drug Administration, 4770 Buford Highway, Chamblee, Ga,

30341)

A new method for the extraction and deter-
mination of DDT and related materials in
blood has been developed. Rats were given a
single oral dose of MCelabeled DT, and it was
demonstrated by parallel gas chromatographic
and radiometric measurements that in rivo-
introduced DDT and related materials could
not be removed quantitatively from serum by
simple hexane extraction. Pre-treatment of the
serum with equal volumes of formie acid re-
leased the hinding of DT and DT metabo-
lites and permitted the extraction of these
materinls with n-hexane, yiclding 95 recov-
ery. When applied to sera of men from the
general population and of men who had been
exposed to DDT for more than 10 years in a
manufacturing plant, this method gave con-
sistently higher results than did the simple
hexane extraction method.

DDT is <o widely distributed in nature that
traces ean be found in almost all living organ-
isms, Beenuse of its solubility in fut, higher
concentrations of DDT are found in adipose
tissues than in other tissues. When an animal
receives a toxie dase of DIVE, the site of aetion
is the central nervous system (1, 2), Tn rats, the
toxie manifestations have heen shown to be re-
lated to brain concententions (1). It has also heen
shown that the concentration of DDT in the
brain inereased with inercases of DDT in blood
plasma (1), Brown et al. (3) reported a correlation
hetween the levels of dieldein in the blood and
elinieal sign= of poisoning in humans, Significant
correlations between the concentreations of DIYT-
related materials in the fat and in the blood have
ilso been reported (4, 5). In view of the difficulties
experienced in obtaining tissues other than hlood
from human subjeets, blood serum has served as
the tissue of choiee in survevs designed to
monitor the levels of concentration of ehlorinated
pesticides in human populations, Invariably, per-
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sons with high exposures to chlorinated hydro-
carhon pesticides have relatively high coneentra-
tions of those pesticides in their blood (5 7).
With the advent of highly sensitive defectors,
anumber of gas ehromatographie (GLCY methods
have been developed for the determination of
DDT and related materials in blood (1, 6-12):
“owever, none has been completely satisfuctory,
Lengthy eleanup procedures were used i the
methods deseribed by Kadis sind Jonasson (8),
Suschenbrecker and Feobiehon (9, and Morgan
andd Roan (10). Proeedures destruetive to DDT
were reeommended in the methods deseribed by
Sehafer aml Caumpbell (D, Croshy and Aveher
(11}, and Robinson and Hunter (12), T obtain
reprodueible results, the steam distillation meth-
alk of Dale ¢ al. (6) roquires ostreme care in
prepavation of the distillation apparatus as well
as a high degree of technieal kil For these
reasons, it ix not suitable for routine analyses
which are required in 2 monitoring progrion. The
simple: hexane extraction method deseriboed Dy
Dade et af, (7) i probably the most widely used
methad for the determination of ehlorinated
hydrocarbon pesticides in blood. even though the
authors show that quantitative recovery of added
DDT and other related compoumls is not ob-
tained. They attributed this to 7n eitro hinding of
the chlovinated pesticides to serum proteins md
suggested the possibility of &n eive binding,
Move recently Dale of al. (6) recognized that tn
vire hinding takes place with all chlorinated
insecticides in blood and that the 2 kinds of bind-
ing are not identieal, Gunther of al, (13) observed
the binding of DDT and <imilar compounds to
protein moleenles wd attributed this to van der
Wauls' forees, Bonderman of al. (11) made o
statistien] examination of the Dale ¢f al. (7) meth-
od with respeet to pp-DDLE and coneluded that
aging the sample seriously reduced recovery of
added DDE, This was attributed to degradation
of lipopratein, which affected the chromatograms.
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None of the above methods offers a traly aceurate
means of determination of 7n eivo-hound DDT
and related metabolites,

The purpose of thix study was to determine the
efficiency of extraction of DT and related ma-
terials by the Dale o al. (7) methad and to
improve thi= method, if possible, This was aceom-
plished by dosing animals with HC-labeled DDT
sl condueting parallel ehemieal and radiometrie
measurements of the concentrations of DDT and
related materials in the extracts obtained from
serum samples by various extraction procedures,
The bound pesticidal materials remaining in the
residue after estraction by the various tech-
niques were measured radiometrieally.

METHOD
Apparatus and Reagents

(@) Gas chrowmatograph.  Vavian Acrogeaph Series
200 (Varinn Aerograph, Walnut Creek, Calif)), with
eleetron eapture detector, S mCi #Ni souree, and |
my full seade strip chart recorder (Sargent SRG, Chi-
o, LY GLC conditions: detector 265°C inlet and
outlet hlocks 240°C, column oven 205°C, eolumn
87 L7 od aluminum tube packed with mixture
of equal parts of eolumn packing A and eolumn
packing B (sce thy helow), nitrogen carvier gas 35
ml/min at 70 psi, and standing enrrent 1 X 1079
amye.

(b) Coluwmn packings. -A: 3¢ OV-17 an 100 -120
mesh acid-washed, DMCS-treated Chromosorh W
(Applied Seienee Laboratories, Tne,, State College,
Paa. B o0 OV=210 on 100 -120 mesh acid-washed,
DMCS-treated Chromosorh W,

(c) Vorter micer, Catulog No. 12-S12B1 (Fisher
Seientifie (o),

(dy Pesticide standurd solutions. - Prepare stand-
ards tobtained as 9910090 pure from Pesticide
Repositary, Pesticides Researeh Laboratory, Perrine,
Fla) by acenrately weighing ea 20 mg cach of o,p'-
DO, pp-DDE o, -DDD, pp'-DDD, o,p-DIYT,
sed pp’-DDT into separate 25 ml volumetrie flasks
and making to volume with izooctane. By serial dilu-
tion, prepare standard misture to contain ea 10
gl caeh of o, p’-DDE and pp-D DG LS pe/pl
each ol o,p-DDD, pp-DDOD, and o, p=DIYE and 30
peul of pop’-DDT.

(e) n-Herane,  Redistill over 200wl methyl
aleohol plus 2 g metallie sodinm 4 L hesane, Diseard
first 1 L distillate,

) Formieacid,  Practieal 97 ¢ (Eastman Cheme-
ieal Co., Rochester, N.Y ),

The use of trade names is (o identilication purposes only and
does not constitute endorsement by the Publie Health Service
ar the U8, Departient of Health, Edueation, and Welfare,

JounyaL or tHE Aose (Vol. 53, No. 6, 1970)

Preparation of Standard Curve

Injeet 1-5 gl mixed standard into gas chromato-
graph, using conditions deseribed above. Plot penk
heights vs. quantities injected (o obtain standard
curve for ench compound, which is linear over range
of concentrations used.,

Procedure

Colleet 5-10 ml blood from each subject and allow
to elot, Centrifuge 10 min at 3000 rpm, With Pasteur
pipet, earefully remove serum and place in 15 ml
Teflon-lined, serew-cap centrifuge tube. (If serum ix
to be shipped to another point for analysis at this
time, it should he packed in Dry Iee in Styrofoam
container.) Pipet 1 ml serum plus 1 ml 9705 formie
acid into 15 ml eentrifuge tube and shake tube 1 min
on Vortex mixer, Pipet & ml p-hexane, shake 1 min,
let phases separate, and then shake again 1 min,
Centrifuge 3-5 min to insure separation of phases.
Curefully remove n-hexane phase and place in second
centrifuge tube. Again pipet 5 ml n-hexane into tube
containing serum and repeat extraction as deseribed.
Combine extracts, wash combined extraet onee with
1 ml 3¢ potassium carbonate for 1 min by shaking
on Vortex mixer, and diseard agueous phase. If sub-
jeet has known history of high exposure to DDT,
make preliminary analysis at this time by injecting
3-0 gl combined extract direetly into gas chromato-
graph. For samples from general population, pipet 9
ml aliquot iuto 15 mi centrifuge tube. Plice melting
point tube sealed ¢a 1 em from end into centrifuge
tube 1o prevent bumping during evaporation. Place
tube in SOTC water bath and carefully evaporate just
to drviess, Add T ml p-hexane 1o tube and shake
tube 1 omin. Injeet approprinte aliquots into gas
chromatograph operated as deseribed.

Experimental

To study the oflicieney of various extraction
methods for recovery of DDT-related materials in
serum and to compare these methods with the simple
hexane exteaction method, it was necessary to have a
sorree of serum containing DDT and related mate-
riads af measurable levels, Thix source was obtained
by dosing rats with p,p-DHDT,

Six adult male rats of the Sherman strain, weigh-
i 3022337 1z, were used. The rats were individually
caged and were non-fasting. Three rats were dosed
by stomach tube with pp-DDT (004 07) dissolved
in peamut oil at a concentration of 3¢, (w/v). The
solutions were prepaved just prior to administeation
and were given al the rate of 5 ml/kg body weight to
achieve o dosage level of 150 mg p,p-DDT/kg body
weight. Three control rats were given peanut oil only
us deseribed,

The rats were bled 6 hre after dosing, at which time
all of the p,p"-DDT-dosed rats were exhibiting mod-
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erate tremars. As much blood as possible was taken
from each rat by eardine puncture with a 20 ml
syringe equipped with a 200 gauge needle, The hlhod
wis transferred to a 15 ml centrifuge tube and al-
lowed o elot, After centrifugation the serum was re-
moved as deseribed. The sera from the dosed rats
were combined and stored in a 25 ml serew-cap test
tube, and the sera from the control rats were com-
bined and stored in asimilae tube for not more than 3
to 4 days hefore analysis. This gave abont 20 ml
each of control and dosed serum for preliminary
studies.

A madifieation of the Nawa e al. (13) performice
acid method for the release of protein-bound lipoie
aeid has been deseribed by Perry o al. (16) for the
extraction amd isolation of conjugated metabolites of
DIYT from hody live, Attempt= were made 1o use the
performie acid treatment of serum, bt fonming of
the samples made the method vnworkable, However,
when the hydrogen peroside was omitted, no feam-
ing oecurred, and consistently higher vesults were
abtained when the serum was mixed with an equal
volume of 477 fornde aeid at room temperature
prior to extraction with a-hexane, Fven though
higher results were obtained with the formie aeid
addition, there was no way to determine whether the
FeCovery was quantitative,

Although the analysiz of serum stmples spiked
with known concentrations of DT hias heen useful
in studying exteaction teehniques, it was felt that an
absolute method for determination of extraetion
eficieney would ~equire fn rive studies with radio-
labeled material, Therefore the experiment described
ahove was vepeted, exeept that BC-lubeled pp'-
DDT was substituted for pp’=DIYE, The 1C-DIDT
used was that prepared by Pearee and Jensen (17)
and was labeled in the tertiary position. Some of this
produet was reerystallized from ethanol and dried to
vield erystals which melted mt 108 108.5°C. The
speeifie activity of the resulting p,p-DIDT was 0.5
mCi g, Three Sherman strain rats were dosed with
the labeled DDYT at 130 myg ke in the same manner
as deseribed whove and were bled and saerificed afier
6 hr. The total HC-DDT concenteation in the serum
of the treated rats was determined by direet liquid
seintillation counting on 0.2 ml samples of serum ae-
covding to the method deseribed by Gjone o al, (18),
using the seintillation solution recommended by Tiall
and Cocking (19, The concentrations of BC-DIYT
remaining in the serum samples after extraction with
hexane were determined in the same manner with the
exeeption of those which had been treated with for-
mie acid, Samples to which formie neid had heen
added were neutralized with 3.\ aleohalie potassium
hydroxide before solubilization and eounting by the
Gjone «f al. method, Aliquots of hexane extracts of
sumples with and without formice acid treatment
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were transferred to 20 ml counting vials and evapo-
rated to dryness, After the addition of counting saly-
tion, the samples were counted in g rautine mannor,
Aliquots of the snme extraets were analyzed for DDT
and DDT metabolites by GLC,

Known quantities of “C-DDT were added (o
serum from control rats to produce standard solu-
tions for comparizon with unknown vadioaetive
serum samples, Known <olutions of UC-DIDT in
hexane were prepared for use ax <tandards for deter-
mination of concentrations of DC-DOT i hexane
extracts of radionetive serum samples, Preparation
of 2 series of standard solutions was neeessary he-
canse of the lower counting efliciency obiained hy
the Gjone of al. method for 2C in sernm satuples,
Control vt serwm samples and p-hexane suiples
without added C-DDF were enried throwgh ap-
propriate procedures e obtain backgrond counting
rites. AL radionctive samples were counted on o
Nuelear-Chieago Mark T liquid seintillition counter,
Maodel G50,

Lvorder 1o determine the precision of the propuosed
GLC method, 6 veplicate determinations for DY
and related materials were made on 1 serum sample
from s exposed person. The mean, <tandard devia-
o, aud relative standard devintion were ealenlaed
for each DD Terelted cothponent.,

The method was then applied 10 seruny stumples
from 5 men of the geneead population and from 4 men
who liad heen exposed 1o DIYE for more than 10
years ina DD Pamanofueturing plant. A comparison
wits made hetween the formie acid-hexane extraetion
method aud the siniple hesane exteaetion methad,

Results and Discussion

Data presented in Table 1 =how that by radio-
metrie analysis (RA) L3 ppic (8597 of the in
vitro acdded DIYT=derived material vemained in
the serum after 2 extractions with w-hexane and
that none remained in the serum when it wis
treated with formie acid prior to extraction with
n-hesane, When the simple hexane extrnetior
method was used, matevial balanees of 8T ang
D65 were obtained by GLC and RA, PO
tively, When the serum was teeated with form's
acid before extraction with a-hesane, material
halanees of 91 and 10367 were abtained by GG
and RA, respectively. When rats were dosed with
HC-Labeled DDT and the serum was analyzed
vadiometrically, £.30 ppm (37500 of the total
DIDT-derived material remuained in the serum
after extraction with n-hexane, However, when
the serum was treated with formie aeid hefore
extraction with hexane, only 0.10 ppm (< 1.0%)
of the total DDT-derived material remained in
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Table 1. Comparison of recoveries (in ppm) of in vitro- and in vivo-introduced '+C-DDT from rat cerum
obtained by the hexane extraction method and the formic acid-hexane method
In vitro In vivo
Radio- Radio-
Uotermination GLC metric GLC metric
Source Studies
A. '4C.pDTY 15.6 11.71
B. Concn in serum after extn 1.3 4.30
with n-hexane
C. Concn in serum after extn 0.0 0.10
with HCOOH -+ n-hexane
Hexane Extraction
Ist extn 9.47 10.20 5.23 5.13
2nd extn 2.80 3.48 2.19 2.09
Ist + 2nd extns 12.27 13.68 7.42 7.22
B 1.30 1.30 4.30 4.30
Total 13.57 14.98 11.72 11.52
Recovery, 9 87 96 100 98
Formic Acid-Hexane Extraction
1st extn 13.71 16.00 11.20 10.20
2nd extn 0.43 0.36 0.21 0.20
1st 4 2nd extns 14.14 16.36 11.491 10.70
Cc 0.00 0.00 0.10 0.10
Total 14.14 16.36 11.51 10.80
Recovery, ¥, 91 105 98 92

* For n witro study, 15.6 ppm '4C.DDT was added to serum; for in vivo study, '4C.DDT refers to total concentration

found by radioassay hefore extraction,

the serim., Material balanees of 08 amed 1000
were obtained by RA and GLLC, respectively,
with the simple hexane extrnetion method. A
maderial balanee of 92 and 98¢7 was obtained by
RA and GLC, respeetively, for in eive added
DT and related matevial-, using the formie neid-
liexane extraetion methad,

Both these data and thase of Dale of al. (6)
show that theve is a difference in i ritro and o
rive bindding and that DDT and related materials
present i eivo ave wore didieult to estract from
serum,

For monitoring purposes o rapid, sensitive,

Table 2. Precision of formic acid-hexane exiraction
method for DDT and related materials

Rel.
Std Std

Compound Range, ppm Xs Dev. Dev., %
p.p'-DDE 0.782 0.841 0.808 0.024 2.97
0,p'-DDT 0.240 0.300 0.270 0.020 7.41
p.p’-DDT 1.776 1.982 1.885 0.071 3.77

aceurate, and precise method is needed, Although
it i~ recommended that the <erum be extracted
twiee, it ean he readily scen that approximately
935 of the total DD Trelated matorial was ro-
moved by one extraction with fornsie aeid-hesane
and that, in the interest of time, one iy rhoose
this option,

The range, mean, standaed deviation, and rela-
tive standard doeviation for the determination of
pp=DDE o DT aned pop"-DIYT in serum of
i occupationally exposed man are presented in
Table 20 These data show o relative standard
deviation of 297 wd 3774, for pp=-DDI and
=D espectively, which is well within the
500 reported by Sehafer (200, The =lightly higher
relative standard deviation (715 abtained for
o -DDT was undoubtedly due to the lower
coneentration of this zomer in seram, which made
peak height measurements more diffienlt.

Studies accomplishied s pare of u contraetural agreeinent
between the Center for Disense Control and the Ageney for
Internations] Development,
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Table 3. Comparison of formic acid-hexane method with hexane extraction method for determination of DDT
and related materials in serum of general population (values expressed in ppm)

Formic Acid-Hexane Method (FH)

Total as

Per Cent

Itexane Extraction Method (HE) Increase®

Totalas [(FH - HE)/HE]
Sample p,p'-DDE 0,p-DDT p,p'-ODT DDT p.p'-DDE 0,p"-DDT p,p’-DDT DDT 100
1 0.020 0.007 0.023 0.052 0.016 0.008 0.016 0.042 23.8
2 0.047 0.008 0.030 0.090 0.032 0.010 0.024 0.070 28.6
3 0.026 0.007 0.026 0.061 0.020 0.011 0.021 0.054 13.0
4 0.033 0.007 0.025 0.068 0.023 0.008 0.015 0.049 38.8
5 0.030 0.008 0.035 0.076 0.021 0.009 0.026 0.058 31.0

“ Percentage increase in total DDT-derived materials as DDT obtained by hexane-formic acid method compared

to the simple hexane extraction method.

Result= obtained by the formie acid-hexane and
by the simple hesane extraction methods for the
determination of DDT-velated material= in the
serum of & men of the general population are
reported in Table 3. In all cases, higher results
were obtained Tor pp/-DDE and pp-DIYT by
the formie acid-hexane method than hy the simple
hexane extraction method. Although very slightly
higher results were obtained for o.p-DDT by the
hexane extraction method this may not he o true
refleetion of a difference in the 2 methods in that
maxinnm sensitivity of the method for o p'-HDDT
ix 0.007 ppm A comparison of results obtained
by the 2 methads for total DDT=derived materinls
alenlated ax DT <howed that the formie aeid-
hexane extraction method was 13-38.89%  more
efficient than the hexane extraction methed,

Results abtained for DT and velated ma-
terials from the serum of the 4 oecupationally
exposed men are presented in Tuble . Con-
parison of the results obtained by the formie
acid-lexane method and the original hexane
extraction method shows that higher results were
obtained for DDT and all related materials by
the formie acid-hexane method. Values for total

DIYT-dervived materials obtained by the fornie
acid-hexane method inereased from 15,6 to 66,14
over those found by the simple hesane extraction
methd.

A typieal chromatogram of o seruni extraet
from an oeeupationally exposed individuad and o
eliomatogram of DDT and related compounds
are shown in Fig. 1. Peaks corvesponding to pp'-
DDE op-DDT, and pp-1' DT were found in
all =amples analyzed, Weak peaks corresponding
to op-DDI and pp'-DDD were observed oeea-
sionally in occupationally exposed individuals,
No peak corresponding to o.p-DDD was ob-
served in any of the sumples,

Conelusions

A modifieation of the Dale of al. (7) method
for the determination of DDT and DDT mietaho-
lites in seram is deseribed, The new method s
rapid, stmple, and more precise il acearate
than the original method. A sinple but inportant
maoditication releases hound DDT and its metabo-
lites without degradation, This permits the ex-
traction of total DDT-related materinls from
serum. An additionad advantage of the formie

Table 4. Comparison of formic acid-hexane method with hexane extraction method for determination of DDT
and related materials In serum of occupationally exposed men (values expressed in ppm)

Formic Acid-Hexane Method (FH)

Per Cent

Hexane Extraction Method (HE) Increase”

Total as Total as  [(FH -- HE)/HE]
Sample p,p"-DDE o0,p'-DDT p,p'-DDT bDT p.p-DDE 0,p'-DDT p,p’-DDT DDT % 100
1 0.38 0.07 0.43 0.92 0.2% 0.04 0.28 0.60 53.3
2 0.74 0.08 1.03 1.93 0.58 0.05 0.97 1.67 15.6
3 1.02 0.07 1.03 2.24 0.68 0.06 0.67 1.49 50.3
4 1.04 0.21 .60 3.97 0.60 0.14 1.58 2.39 66.1

" Percentage increase in total DDT-derived materials as DDT obtained by hexane-farmic acid method compared to

the simple hexane extraction method.
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aeid-hexane method is the elimination of emul-
sions which frequently form when serum is ex-
tracted with Lexane in the absence of formic acid.
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