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1_ l~:TRODUCTlON 

There is no qucs;tion that DDT ( l-l_ I-trichloro-l,?-bis( p-chlorophcn~l)ethane 
(Dicophunc) and its ;tntlIog~ h:t~e b~c11 the Ilmst important contcmpnrar_v insecticides 

in scale of production and utility among pest control agents_ Although lirst synthc- 
sized in IS71 by Ztidler’_ the insecticidal properties of DDT were first recognized by 
klullcr at the Geiv Laboratories at Base1 in 1939_ --.. 

More than 4 billion pounds of DDT htlvc been used since 1940. about SO:!;, in 
agiculturc and the remainder in the control of the insect vectors of primarily malaria. 
typhus_ and the plagtc. The production of DDT in the U.S.A_ reached a peak of 
about 160 million pounds in 1961_ In this period DDT was re+tcrsd for use in the 
U.S.A. on 334 tyt-icultural commodities_ Over the past fifteen ycnrs about 6 :-. IO”’ b 
( 140 million pounds) per yt‘;lr of DDT httve been manufactured in the U.S.A._ of 
which a cansidersblc fraction is esportrd. The total global production per year \v:ls 
estinuted to be in the order of IO’I g (ref_ 2). of which all can be assumed to be released 
into the environment. Despite the fact the ust’ of CDT has rscentlv been severely cur- 
tailed in North America and Europe, it is evident that its utility in Asia. Africa. and 

South America is continuing. This combined uith aspects of the ubiquity and pcr- 
sistence of DDT and its mrtabolitcs, plus the equivocal aspects of their tosicity. suz- 

zests continuing interests and evaluation in this important class of environmental 
agent. 

DDT is most generally prepared via the condensation of 2 nwlcs of chloro- 
benzene with 1 mole of chloral in the presence of condensing agents such as COIIC. 

suItkric acid, okum. hydrogen fluorid e, anhydrous ahuninurn chloride_ tluorosulfonic 
acid. etc_ In industry, the most frequently employed method is condensation of chloral 
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with chIorobenzene in the presence of cone_ sulfuric acid or \vtxk &LI~ at 3 tempcr:t- 
ture not higher than 20’.. The technical grade product is :I comples mixture of com- 
pounds in which the pq’-isomer mnounts to 75-76 y,‘, (fibk I shows the composition 
of 1 samples of technical grade DDT)3_ Pure p.p’-DDT is a white crystalline substance 
melting at lOS_50- 109’: vapor pressure ttt 10” is 1.9 ‘-: IO-’ mm Hg and its solubility 

0.1 1 

IY.4 
-_---._---__ . _ _~ __-.. ___ __ .___ ___ .~___ .._. __.___._. 

_ This vatue does not represent all the ~_p’-DDT prtxcnt, as al1 oily frm_xions xere not eshaus- 
tiucIy 

0.06~t of p,p-DDD isolated 0.11”; of the corresponding 

CsHSC15 and representing 2_54”“’ of origina material. I” 
2s Qualitative tests for ferric. Imd and magnesium carbonates were obrained. 

*ss lnsolubk in boiling Y50: rthanoI_ 
+ Qualitativr tats for ferric, ammonium, halide and sulfate ions were obtained. 
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in water is about 0.001 m@Thc structures of DDTand related compounds arc shown 
in Fig. 1. 

Hailer et (11.~ delineated the chemical composition of technical DDT in several 
commercial samples. Since technical DDT melts over a range, the settins point is used 
rather than the melting point to give an indication of its purity. Components isolated 
from technical grade DDT included I p,J/-DDT (66.7-76.7 :A): o,l~‘-DDT (7_9-20-C) y,{,). 
p-p’-DDD (0.17-4.0 ‘x,) I o.p’-DDD (O-044’%,) I 2-trichloro-J-o-chJorophenylcthyi-p- 
chlorobenzenesuifonate (O_ J I-1 _S5 2,): 2-trichioro-J-~wA~JorophenyJetJu~no1 (0.2 1:;:): 
his-(I’-chlorophenyl)sulfone (0.034-0.6 ‘;-:,) I (cc-chloro-cc-/J-cJiJorophenylncetnmidr 

C’ 
J 
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(0.006-0.01 x,): chlorobenzene (2.44%): p-dichlorobenzene (0.73 t?;;): sodium p- 

chlorobenzenesulfonate (0.02 %); I, 1~ 1,2-tetracl~loro-2-~~-chJoropl~enyletl~ane (trace) 
ammonium I.‘-clilorobenzenesulfonate (O_OOS ‘x,) ; inorganic (0.0 1-O. 1 :.‘,i,) : mlidentiticd 
components (Xl-19.4’;-;;). 

The occurrence of the fourteen compounds which were isolated was explained 
from a consideration of the main and side reactions of chloml and chlorobenzene (and 
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possible impurities in technical chloral and chlorobenzene) in the presence of sulfuric 
acid, followed by treatment of the product mixture with an nlkaline wash mnterial. 
These reactions can be summarized as follows: 

Ahhough some of the b_v products are active insecticides. none of thrm arc as toxic 
as P-P’-DDT_ The recovery of ~I~WII compounds in the stlmples varied from SO.6 to 
93.5 “1. I *.- 

DDT has been used for the control of most phytophagous insects attacking 
fruits_ vegetables_ cotton_ forest_ livestock and home (including such house!lold in- 
sects as housetties_ stable flies_ mosquitoes_ roaches_ lice_ bedbugs_ ants_ ticks and other 
insects)_ Agricultural products are avaiiable as wettable powders and emulsifiable 
concentrates_ (The dusts range from I - 10 yjf, and sprays from 25-50 I!;;_) The principal 
formulations are 50 :‘;; wettable powder. 15 7; emulsiliabie concentrate. 5 y’;, dust and 

IO?: aerosols- For use in the home_ DDT is commonly awilable in aerosol form with 
the pesticidal synersist piperonyl butoside and a pyrethrin for rapid knockdo\vn. 

DDT undergoes thermal decomposition above its melting point to produce 
DDE (1,1-dichloro-2,2-bis(p-chIorophenyI)eth_vlene) and HCI. The reaction is cata- 
lyzed by ferric and aluminium chloride and by ultraviolet light. In solution DDT is 
radily dehydrochlorinated by alkalies or organic bases. Dehydrochlorination of DDT 

may proceed at temperatures as low as 50’_ However, DDT is stable to aqueous alka- 
lies. akoholic permanenate and withstands acid osidatior?_ The utility and chem- 

_ _ 
istry’_ analysis m formuIations and residues”_ and pharmacological’ and epidemiologi- 
caF9 aspects of DDT have been reviewed- 
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2_ BlOLOGlCAL AND TOXICOLOGlCAL ASPECTS 

The principal reasons for the concern regarding the potential hazard for human 
health represented by DDT and its metabolites are based on (a) their ubiquity and 
persistence in the environment, (b) their capacity to accumulate in living oqnnisms, 
including man and their capacity to accumulate in the fetus and in mothers‘ milk, 
(c) the csperimental evidence of DDT to increase tumor incidence in laboratory 
animals, (d) evidence of the mutagenic potential of DDT and its mettlbolitcs in mam- 
makm and insect organisms, and (e) implication of DDT in the declining reproduc- 
tion of several species of birds- 

The acute oral median lethal dose (MLD) of DDT in various animnl species 
is summtlrized in Tabie 2_ Animtds \vith large amomlts of body f3t appear less SLIS- 

ceptable \vhile those in :I fastins state or receiving an inadequate diet and young ani- 
mals are more susceptible to acute toxicity of DDT’_ .4cute tosicity in rmimnls and 
IIXLII is evidenced by ellicts on the nervous system which produce signs and symptoms 
of increasing severity from apprehension. headache, anorexia, nausea, hyperescitabil- 
ity to profound nvttk~~css. paresthesia. muscle fibrillation. and tremors. to myoclon- 
sis. vcnticular tibrillation, respiratory arrest, convulsion, and coma to de:Lt!l’“_ The 
ncurotosic effects are _ ~*encrally agreed to bc due to interference \vith nerve :LSOIIS 

rather than synapses. 

T.-\BLE 1 

ACUTE ORAL XlEDL-\N LETH.-\L DOSE (XILD) OF DDT iN VXRIOUS XNIXl_-\L SPECIES 

DDT has been sho~vn to cross the placenta in the mouse”, dog”+ and rabbit’“. 
and since DDT residues have been detected in the aborted human fetus. placental 
transfer is likely in man”. DDT has been reported to induce hepatomas in mice of t\vo 
strains follo\ving its continuous administration for SO \veeks (ref. 15). Kemcny and 
T:lrj;m1h-*7 reported that the administration of crysttlllinr I>_II’-DDT at levels of 2-S 
and 3-O ppm in the diet to BALBic mice for tivc consecutive generations resulted in :L 
progressively increased incidence of tumors from the second generation on\t.ards. The 
most frequent tumor types were leukemia. reticulum-cell sarcoma. carcinoma of the 
lungs and hem3Ilgio-endothelioma_ Tomatis of n1_‘” described the effect of long-term 
exposure to DDT of CF-I mice. CF-1 minimal inbred mice \vert * given technical DDT 
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miscd into the diet at the dose lc~cls of 2, 10, SO_ and 250 ppm for the entire life span 
for t\so consccu~ive ~~ncrtttions. Esposut-e of 311 4 Icvtls of DDT rcsttlted in a signiti- 
cam increase in liver tumors in rnttlcs (most evident at the highest levels used). In 
fanttlcs.. the incidcncc of !iver ‘tutnot-s was slightly increased foIlowing the exposure to 
10 and 50 ppm_ while tl nxtrkcd increase \V;IS observed fi.~IIowin~ csposurcz to 250 pptn_ 
The age 31 dcarh with !ivct- tumors and the incidence of livct- tumors appcarcd to be 

directly related to the dose of DDT to which the mice wet-e csposed_ 
Fitzhu$ and Nclsont” reported the occurrence of hcptttic ccl1 tumors in four 

of I50 Orhornc Mendel rats rccciving D DT (S 1 _S ‘!,[, p-p’-isonicr and 1 S.2 ::r, o.p’- 
isamcr) in the diet :tc lc\-~1s of 310~SO0 ppm. xvhilc I 1 other rats met-e described 3s 
showing ndcnomrrtoid hvpcrpk~sis of the liver_ _A11 15 T;lfs sttrvivcd owx- 1 S montlls 
and the ;tze distribution for t-s& with liver tumors tort-csponded to that in ttntt-catcd 
controls_ Heptttonxts occurred in about 1 y!f; of the ttntrt-rtttd controls_ 

Shrthad tv NI.‘” reported the early occurrwcc of hypcrplttstic foci in lung otqn 
cttltttres of strain A Ural tnicc_ Hle mo&crs of \vhich awe csposcd to DDT. 

The occttrrt’nct of hepatotuas in rainbow trout fed ;t diet of 1s or 75 ppm of 
DDT hxs been rcportcd by Halvk”_ Howtvet-_ in ;t few reports on rats and in one on 
Khcsus tnotlk~~s” _ as well as in one report on Syrian golden 1~atnster~“. the long-term 
csposttrc to DDT w;ts not shorty to t-txtlr in an inctvttssd inctthcnce of tumors_ The 
sttg~cstion of the :tnti carcinogenic potential of DDT has also been ;tdxttlccdj2‘i-2a and 
cvidcnw for the atltiltttllori~_ctllic eikcts of DDT in mice (C57B I ) cited”. 

A study of a txttttral population at- tnicc in the fm>rhilIs of the ~ndcs rcverttcd 
an ttnprccxdcntsd numhet- of g-ctnc‘tic and chrtm~o?;ot~~;tl tntttants with DDT suspected 
to bc the cxtts:tl :tgcnt”. Johnwn and J:tl:~l-‘~ recently rc‘portc’d DDT-inducrcd chro- 
mr~.s~wt:tl damage in mice_ DDT It-c:tltlwtlt r;1tl$g from 100 pptn (tng per ks of body 
wSght)_ to 400 ppnl in BXLB:c mice ax5 as?;oci:ttc_‘d with sigtiiticttitlv lii$ier pmpor- 
rions 01- c!ironiowtnal abnormxlitirx in the t;>rm of dcletic>tls_ stickiness atid Ktt-cly. 
ring and mctaccntric chronwsotnt’s_ This invcstig-arion indiGttcd th:tt chrotnosotnal 
d:tnlagc to mice accurt-ed ftxqtttmfly ;tt dosages of 150 pptn or hi+x- (LD,,, is 550 
ppnl)_ Since the induction of chron~osomrtl damage is closely associrttsd \vith tnttt;t- 
l *cnicevccts (point tnukt~iotis) iti n~:tt~~n~:t[s”‘_ -_ DDT appears to be :t potential mutagen. 
Markaqati” had prt’viottsly rcportcd signiiicantly hi&t- proporrians of stickinms 
and chrotnosonul datnagc in mice on It-txtttntxt Gth a sit@ dose of DDT ;tt 100 
ppt11_ 

Kelly-Gttrvcrt and Lcgatori5 dsrcribcd c_vtogenetic and tnttta~enic c‘tkcts of 
DDT and DDE in a Chitwx hatnstet- cell line In all cspcritncnts_ DDE consistently 
produced a siyitktnt increase in the mutation ft-eqttcnc~ <>\‘t‘i the control level_ whik 
DDT proved inactive. The cgogl-t‘nctic srudies also indicated that DDE-treated cells 
hrtd :t signiticant itxrcasc in chrotnosonlc :tbcrrttrio,ns 1~ ith esch:tn~c tigurcs and 
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tjlron~atid breaks being evident while DDT produced no si~!tiScunt increase in cItro- 
masome abnormalities_ The Chinese lttttttstet- cc11 populatictts cspcxed to DDE also 
mr!nifested an increased tt!!mber of polyploid ~~11s ovtx the control lewl. 

Palmer ef ul_j” reported that chronwsome abnormalities ;vere produced by 
DDT and its metubolites in :t cultuwd nianuwlian cell lint‘, ltowcvcr. Lcgator e’f a/_-;:’ 
later reported no cytogl-cnetic t!bncrrlalitics wxe found in bone-mm-row cells 01‘ !-ats 
trcntcd \vitlt DDT_ 

Palmer c’f u/_‘~ rscc!ltly rqxx-ted that DDT \V:IS c>nlv n~arginall_v positive \vitit 
respcc~ to tltc dominant Icthal test in rats. A str!tisticr!lly sig!tilicant clTect \v;ts found in 
the proportion of females llavinf one or tnott’ dead implant after being mated during 
week 3 with ~ttttlcs given DDT ort!lly in a dose of 100 ntg_jkg: IIU sigttiticant tltkts \vere 
fm!ttd in fenmles mated with i.p_-trcatcd nmles. 

The !ong twnt clkts of DDT on nta!ttnx!lia!t reproduction ;!rc uttclcur al- 
thou$t DDT t‘st‘rts ;t tlttnlbtx of reproduction-rclatcd cllkc& in ttt:!tn!nt!Iian specks. 
TItcsc include an incre!scd incidcttcc of stillbirths in co~vs3”: hi&!- blood lcvcls of 
DDT in ftxttale st‘a lions tl!:!t t!horr compared to fctnnl~s with normal gcst:!tion”‘: 
and lti+x- blood levels ofp_p’-DDE tltc principal stored !net:!holitc of‘~q’-DDT. in 
pt-cmaturs inft!!tts titan in ttornx!l inf:!!tts at ttxntJ’_ Treatment of pregnant r:!hhits at 
doses of 10 and 50 m&kg ofp_I)‘-DDT caused an i!tcrct!sal incidcncc of prc!tt:!!!trit~. 
;!tt i!tcrwse iii tltc ni9ttbw of fetal rcsorptions and ;! decrcasc in f&al wcigltt”_ It is 
i!tttrcsti!tg IO nott’ that tltese doses of DDT did nol i!tc!-case tltc i!tci&!tce of cltromu- 
so~ti:il ;~bcrr:~tiolts in rltc !tiatcrnaI or fetaI tissue and csposurc if1 rifr-IJ tn kvcls as high 
as 100 ,~tg_‘nil cawxd no t~hnorntaliticf’. 

Residues of cltlorinatcd ltydt-ctcarhon insccticidcs in ~~!II- e!tvi!-aumcnt ha\-c 
been inplicatcd in tltc dcclinin g rcproductian of several sptxics of hi!-ds”-J’. DDT in 
birds is bclkvtxi to p!-educe thinner c ~ggsltclls with cottscql!ent m2I-T hrcakage l~:!di!tg 
to dcct-e!scd popi!l:!tio!t4i_ Ottolwni” dcscrihcd tltc fccdin g (~1~ technical DDT (SO I’., 
~_I>‘-DDT: Z’.‘,, IJ.\>--DI>E) at lcvsls af O_ Xl_ and 33 ~1x11 to Sl-,ra~luc--t)~!\~lc!- dcrivccl 
r;!Is (hsgutt \vith :i \wanIing parc!tt gcncrntion tittd ttxnti!t:!tcd \vitIt \ke;!!tling ~d‘tltird 
litrcrs frottt tltc F, gcttcrr!tiott)r DDI itt~cstiott pr~~ducc’d tto :!pparc!tt c‘lkcts LW I& 

cundity of dams or vi;!bility ofyou!tg. Cornpariw!t of tot:!1 !t!!!ttha-l; of prcgm!!tcics in 
e:!clt group indk!taI there \\x?; tto cllkt of DDT cm I;-!-!ili!v of l6- <w ~-Lncck-~~l~i 

rats_ hut data obtained for ;!tt i!tdivid!tal ft!!ttil~ line in the cspcritttcttt suggcsrcd tltc 
possibility of ;!n advcrsc ctkct of DDT ic matings of margi!tr!l fertility. 77~ I-cpro- 
dttctivc pcrl~wttancc of 52-\veck-old r;m indicated that D DT ntxl; t!lso ~‘sc‘rt ;! protcc- 
tive stlkt :!g:!ittst age dtxremcnt of rltt rcproductivc process. Tltc 200 ppnt DDT die! 
praduwd ;I signiticrwt incrcasc in tltc occurrence of ringrail. L 2 discaw of absmrc ctic>l- 
ogy that clkts suckling rats_ 

Deichttann and Kcplingcr’” and Wxc and Goi&” tqortcd studies rckiting 111 
tltc clt-txt of DDT. t!lonc and i!t combination \vitlt other pcsticidcs. olt rcpraductiu!t in 
mice_ hkitlter dccreascd vit!bility of mice” !to!- dazrcased fertility of tltc ~l;!nis~~ \v;!s 
associated \vitlt DDT ittgcstion. 

c111111g cl ul.“-5” - teportcd on the ability of DDT or dicldrin to rcducc or stimu- 
late (depending mt the concentration used) tltc syntltcsis of‘ nucleic acid or protein in 
huntan strain HcLa ccl1 cultures \vlten used tit ccmct’ntr;hotts ofO.5, 10, or 50 ppnt :!nd 
the cltsn~e in synthesis of RNA and protein by subccllular fractio!ts of HcLa cslls 
esposed to thcsc inswricides ;!f tltc si!nw co!tcettmttio!ts_ DDTt!!td aldrin_ \vItcn tcstcd 



at 125 ppm with monolayer cultures of HeLa cells?_ produced I 42 and 4s “/, decrease 
in the synthesis of DNA after 4.5 h of treatment while synthesis of RNA w;1s signifi- 
cantly decreased by both aldrin and DDT at the same concentrations as above. 

Robinson5Z reviewed the evidence regarding the residues or organochlorinc 
insecticides in the general human population, the dynamics of the uptake. storage and 
elimination of these compounds in man and other vertebrates. theireffects upon hepat- 
ic microsomal enzymes and the metabolites found in vertebrates. 

The microsomnf enzynie induction or%anochforine insecticides have been de- _ _ 
scribed by Hart rt N/_‘~-“_ Conney”. StreeF’. Risebrough er a/-j7 and PeakalP”. 

The estimated average daily intakes of DDT-type compounds in the U.S__4_. 
and the United Kingdom are about 0.001 mg per kg of body lveight (ref. 59-61) and 
the corresponding intake of diefdrin (HEOD) in these t\vo countries is in the range of 
0.0001-0.0002 mg per kg of body xeigfx (ref_ 62-64)_ Robinson 5Z stressed tflat hepatic 
microsomaf induction ettects that may arise from these exposures can only be assessed 
at present by extrapolation from animal experiments. Ho\vevcr the ambiguity \vas 
cited in the extrapolation of animal trials to man since diKerent exposures in terms of 
mg of insecticide per kg of body \veigflt of rats and man on the one hand. and by 
comparing residues in adipose tissue on the other hand. 

Induction of hepttric dctosifvin, a enzymes by organochforinc insecticides 1x1s 
the potential of influencin= ~1 several rllkts of these insecticides in the gencraf cm-iron- 
ment, c.g. louvered chronic toxicity of certain insecticide combinations as the result of 
antagonism of insecticide residue stortte in animal tissue due to accelerated metabolic 
degradation. Conversely, disturbed endocrine imbalance due to increased flormonc 
turnover by induced enzymes can lcztd to physiological aberrtttions. c-g__ as that sus- 
s&ted to bc tfre basis for e gg fragility and poor reproduction in certain birds’“. It has 
:d&o been shown that DDT and dieldrin are additive at low doses in inducing tc‘stostcr- 
one m&bolism in pigeon liver_ Street er af_OJ reccntf~ reuic\ved the txofwjcal signili- 
ctince of pesticide interactions. The authors nsscsscd the si+ticancc of such elkts 
depending on minimum etktive levels. combined action of two or more pesticides and 
species sensitivities to\vatrd interaction ellkcts. Table 3 shows the minimum oral levels 
for hepatic enz_vmc induction in the rat b, :I number of organochlorinr insccticidcs. 

3_ ECOLOGICAL ASPECTS 

The widespread distribution of clllorinittsd hydrocarbon residues as contami- 
nants in the g-lobal ecosystem is an established f&Y5-“_ Substances deposited in the 
biosphere and troposphere can and often are_ as in the case of chlorintlted hydra- 
carbon insecticides”_ transported thousands of kilometers from their original site of 
application_ Their rates of utilization are such that they contamintlte soil, water_ and 
food in terms of parts per trillion to parts per million, the extent of pollution depend- 
ins on the location and meterologicaf conditions of ;I given communit_v. Although 
pesticide contamination, as \vell as other forms of chemical contnmintltion_ can be 
generally reduced by photochemical osidatiotx aqueous hydrolysis. and via biochsm- 
ical degradations in micro-organisms7 plants, and animals in the soil. detectable 
amounts of the more stable pesticides such as DDT and of their degradation products 
er.trr ground waters through feachin~ and erosion_ Fig. _ 7 siimmtirizes a general scheme 
for the cycling of pesticides in the environment and illustrates the movement of resi- 
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TABLE 3 

MINIMUM ORAL LEVELS FOR HEPATIC ENZYME INDUCTION IN THE RAT BY 
ORGANOCHLORINE INSECTIClDES 

aldrin epoxidasc microsomes 

i-i 
1-I 
7-11 

-1 
I_-_.j 

DDT- 
dieldrin 
heprachlor eposide 
aldrin 
heptnchlor 
DDT 
DDT 
DDT 
tosaphene 

DDT, dieldrin 
DDT. dieldrin 

DDT 

___-____.___ 
! r 

I 

i 

dues through the various compartments of the environment ivhile Figs. 3 and 3 illus- 
trate some typical anlottnts of DDT found in the environment and dcgrtdative psth- 
\vayr of DDT in the environment, respectively. Trtblcs 3 and 5 summarize the distribu- 
tion of DDT. DDE. DDD residues collectively in the principal segments of t!x 
environment in ternis of typical relative values, some masimum V:~LICS and the biocon- 
cetitrittion of DDT residues in plants or animals from its environment. respectively”. 
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fi_e i_ Typical amounrs of DDT (ppml in the environment_ 

DDT 

/ 

DDOH 
Fig. 4. Dcgr&a&e pathways of DDT in the environment_ 
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TABLE 4 

DISTRIBUTION OF DDT-R’ IN THE PRINCIPLESEGMENTS OFTHE EARTH‘S ENVIRON- 
I\IENT 

10.0 

1.0 
-, 

2.0 
1 .o 

7_1-19-I ppm 

0.16-100 ppni 

993 ppm 

117 ppm 

o-131 ppn1 
0 

l~--IO pp111 
- 

0.9-32 ppm 

179 (by deposirion) ppni 

_ DDT-R is the coniposirr of DDT. DDE and DDD rcsiducs. 
*- Assigned by Edwards72_ 

--_ Adapted from rabks in Edwards”. 

The very tktors that have made DDT such an ellkctivo insccticidc (c._y-. its 
low vapor pressure. I.5 :-: lo-’ mm at 20” I its low watt‘r solubility. 0.00 11 ppnl at 25 - : 

its high fat soiubilify. CU_ 100.000 ppm: and its general stabiliry to photo-osidtltion) all 
have ironically conspired to rnnke DDT the prototype environmental pollutant. Both 
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TABLE 5 

BIOCONCEKI-RATION OF DDT-R’ RESIDUES IN PLANTS OR ANIM4LS FROM ITS 

ENVIRONMENT” 

G1 Gwlu~l~*ilr PhilI Will Conccwrt-uriim frrrrar 
cmirmrl ur_pnrism ( DDT- R rcsithe or~wri.vm 

tliridd 1)~ rmidw ii1 
cw rironmwt) 

-___-- 
21 fuxinunn 11 fiirimum 
ruItre wlrrc 
uhscTrd ohm-l-d 

_ __._~__ __ ._.. _ ___ ._-._._._._ .~.._______. 
Soil earthworm 72 0.67 

beetle 3.SI 0.3 I 
Slurs 3.70 2.3; 
crop routs O-13 0.01 
crop folirtgc 0.0s - 

Water sea squirt I .000_000- - - 200’ * - 
stud hare 17S.000’ - - - 
eastern oysstcr. 

clam 70.000’- - 60 
shrimp Z.SOO - - - X0 

Cl-h 1-H - 
ctxtish 97 IT 
rn& I=tSO”’ - 
pltlnkCun 16_666_-- 250 
t&k SlWOO’ - - 5-i1-t50,--- 
tish (DDD) 921-&--- 117 
algae 33 0.3-l 
aquaric pkints 100_0011- - - (k-l5 

Diet pheasant 3.9 1 
ri-oodaxk 1.5 1.6 
bald eiIgIc 

brain 0.1 
Iiver 1.9 
Far 35.7 

* DDT-R is the composite of DDT. DDE and DDD reidues. 
__ Xdapr~vt from Ed\x-xds’2_ 

1-S DDT mxy be present in c..ctzxs of sdubility in w;lwr_ 

DDT and its major mctabolite, DDE. arc concentrated in organisms in the trophic 
webs. increasing roughly tenfold in concentrzltion stored in lipids and in percentage 
of DDE at each trophic IeveP’. 

The remarkable extent to \vhich r&ti\-eIy stable lipid-partitioning subsranccs 

may concentrate through food chains is cscmplilied in the cast of DDT in Lake 
Michigan. DDT is present in its waters at about Z parts per trillion (0.000002 ppm), 
however. it has been showx that bottom muds contain an average of 0.013 ppm, 
amphipods O-41 ppm_ and tish such as coho and lake trout 3-6 ppm. Herring qulls. ;tt 
the top of the food chain, contain as much as 99 ppm. The overall concentration from 
the water is approsimately 5 million fold_ The long-term eftkcts of this process on the 
biota of the lake are admittedly ditlicult to estimate, but it has been suggested that 
they are likely to result in disturbing species composition73_ 

The average rate of water retention in Lake Michigan is 30-S years and the lake 
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has a volume of 4$71 kn13 (reF_ 74). it is su,= CTmested that even if no more DDT we-c to 
enter it from the contaminated water shed around it, the problem would not be cor- 
rected for several generations_ The magnitude of this aspect of biosphere pollution by 
a very stable lipid-partitionin g substance is illustrated by the calculation that only 
about 43 metric tons (5 tons) of DDT are required to produce the present concentra- 
tion of DDT in solution in Lake Michigan”_ 

The processes of accumulation are especially dl-amatic in fish and other aquatic 
poikilotherms where detosification and elimination are very low_ A highly significant 
correlation has been found between the age of lake trout, S~lwfii~wn /IU~IIN_W~~SJ~ and 
total body residues of DDT, DDE, and DDD which ransed from about 1 ppm at 1 
year to 3s much as ZS ppm at 11 to 12 years of tisei”. It is iillpOrtallt to note this long 
term nccuiiiulation in fish, together with the very long water retention times in water 
such as Lake Michigan (30-S years) and Lake Superior (IS9 years) which re-empha- 
sizes the dimensions of- the contamination with DDT. 

Over wide limits, the storngc of DDT in fat of humrrns and in laboratory ani- 
mals is directly proportional to intake” . although it appears that a plateau is eventually 
attained_ The avcrttge of U.S.A. inhabitants is 2.3-4.0 ppm 01~ DDT and 4.3-S-O ppm 
&DDE. respcctivcly_ in bode fat_ In India_ where usage is higher, the respective figures 
arc I6 ppm of DDT and 10 ppm of DDE. Storage of DDT and DDE in Eskinws 
(~vhcrc there is no use of the cl~lorinated insecticide) is OS ppm and 22 ppm, respec- 
tivcly. Warm-blooded animals slowl_v metrtbolizc and excrete stored DDT, and its 
biological half-life in humans is about O-5 year_ 

Residues of DDT have been sllo\Vil to be ptrsistcnt and pervasive, appearing 
in ;Lir~~-S” and in the lipids of most or~lllismsis-“L-“-‘. Concentrations of DDT in 
certain ofthc earth‘s biottt h;~vc rctuzhed toxic lcvcls which have been attributed to the 
dcclincs in populations of a number of carnivorous and scavenging birds and fish, 
and thrwtenin~ signihxnt conttLmin:ltion of Illlnliln food chrlinss4-sh. DDT has 3 
vapor pressure lIi$i enoii~h to assure direct losses from plants and soil into the 
atmosphere which can result in ubiquitous residues: hence soils, air. and the waters 
of the ocr’;~l~s and the biottl are all considered potential reservoirs for DDT residues. 
The residues of DDT have been silo\\-n to be extremely persistent in nature with csti- 
mtltcs of their half-life ranging upward to 20 years and perhaps lonser under certain 
condition?-‘” . - 

Tilt vapor pressure of DDT at 10’ is 1.5 :; lo--’ mm Hg (ref. 9 I) producing an 
equilibrium concentration of DDT in the tltmosphere of about 3 :-: IO-” s/n? or about 
1 ppb by uxzig-ht. The dominant mechanism fk- the removal of DDT from the at- 
mosphere is probably by rainfttli. Conccntrtltions in the USA and in England haw 
hccn reported in the range of tlpprosimately 73-210 ppm (refs_ 91 and 92)_ 

It is estimated that agricultural soils in ths U.S.A. contain an average concen- 
tration of DDT approaching 0.16s gjm’ ( 1.50 lbs.jt~cre; refk 93-07). DDT is kno\~n 
to be quite stable in soil f-or lone periods of time. Considerable amounts of DDT in 
soil have been detcctcd in soil even S-10 years after tl-c;ltnlcnt. Non-~igricLlltLlct1 soils 
were estimated to contain an average of43 x lo-* gjm’ (ret’s_ 03 and 94). 

Four rnccl~trnisms h:tve been sugscstcd to ;lccount for most losses of DDT resi- 
dues from soils: (1) volatilization, including losses by \vind erosion of srnilll particles 
from the soil surface; (7) removal by harvest of orgtlnic matter: (3) water run-off: 
and (4) chemical, including biotic degadation. 
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The total amount of DDT retained \vithin the biota is considered smz~ll by com- 
pzlrison with the totals that can be terained in other pools within the biosphere and is 
also small by comparison with the annual amount of DDT produced_ It is estimated 

that [OS-10’” g of DDT are held within the biotu \vorld\vide (including residues in 
m:m)yS-w_ This is about ‘!z0 of the amount produced in one year during the mid- 
1960-s. The world\vide pattern of mo\-emrnt of DDT residues appears to be from the 
land through the atmosphere into the oceans and into the oceanic abyss. 

Until recently_ there had been no attempt to construct a model of the dynam- 
ics of DDT circulation throu&out the ecosystem_ Htu-risen ei ~1.‘~ applied :I sim- 
plitied model to an idealized ecosystem and concluded that the response time (982 It:, 
of equilibrium attained) could be estimated as betlyeen four times the longest life- 
time and the sum of all the life-times of individual species. In their model. it \vas 
assumed that degradation and escretion wcrc negligible_ Ho\vever. Bloom and Men- 

ze[Iuu have shown that t’ven very slow rates of degradation and escretion lead to short- 
er response times_ 

Cramer’“* recently developed :L model to predict the _ ~~lob:ll distribution and 

accumulation of DDT_ The model considers the land, atmosphere. shallow sex and 
aquaric planktax a~ rrscrvnirs for DDT_ VtlIws for the rates of transfer bet\\-een res- 
ervoirs and r;ttes of chemicttl and biolo@l degadation \vere estimated. and the 
parameters of the model were system:ktic:dly wrkd in ;III attempt to determine the 
partm~rrers of most critical importance to the prcdictcd results_ T\vo hypothcticnl 
rtlternr~tix rritcx of future DDT usage were considered I ( 1 ) continued constant rate 
of DDT usage at the lY70 level and (2) zero rate of DDT nsagc aftcr 1970. The time 
required to return to equilibrium after the termination of DDT usage could not be 
precisely determined but was tstimrwd by Cramer Iul to be bet\vecn 25 and 110 years 
with most of the decrease in the concentration of DDT_ ho\vcvcr_ occurring in the 
em-Iv wars. It \V:IS also sugestcd that the conccntr;~tion of DDT in marine life is al- _ - 
ready near its equilibrium saluc and should not increase signilicantly in the future. 
The factors which were considered to be most important m-e the rates of biological 
and chcmicttl degradation of DDT, both on land and in the SW, the ~IIWLIII~ 01’ DDT 
which enters the atmosphere. the rate of trnnsfiir between the deep and shallow sea, 
and the rates of direct absorption of DDT by phytoplankton and zooplankton 

A model similar in many respects to that ofCramcrl”’ was recently described by 
Wood\\-ell e: LI[_“_ The principal ditkrence in the latter model is the emphasis placed 
on the ro!e of the t~tmosphcre as both a ressrvoir and means oftransport of DDT. For 
csample, Woodwell er rrl. ” ztssumcd very h+h values for the mr’:m residence time of 

DDT in air and for the transfer rate of DDT from land to air \vhich Cramer suggests 
arc not substantiated by the gewrally low background levels of atmospheric DDT 
\shich have been reported”_ 

A recent finding that may have signilictmt environments1 signiticance concerns 

the studies of Mailmen and Crosby’“’ which sugpt that DDT nlay be a source of 
polychlorinated biphenyls (PCB) by irradiation with ultraviolet light of the smn~’ 

w~uclmgths present in sunlight in the lwvcr ;~tmosphcre (Fig. 5). Extrapolated to the 
atmosphere, the overall scheme of Moilanen and Crosby predicts that DDT vapor is 
con\-erted to small amounts of DDD, which should accumulate in the biosphere_ and 
to a grat deal more DDE. which should degrade more slo\vly than DDT. DDE vapor 
in turn is converted at ;I moderate rate to dichlorobsnzophenone (DBP) via l-chloro- 
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2_~-bis(~~-chlot-c~plrcn~l)ctl~~lct~c ( DDkI U), and then at :t much sfo\vcr rate to dichlora- 
biphenyi. Sotnc of the DDE is also converted to 3_(,-dichiot-otlttorellvlle (wluxc en- 
uirotinietitai fate is ~ttiktio~vn), and to small ;ttnmtnts of di-_ tri-_ and tetrrtchiorobi- 
pi~st~~is. The dtgt-adation of DDT vapor as proposed by Moiirtnen and Ct-osbyt”‘, if 
canfirmed. could h:tvc profound ctKxt in rcf; trd IO the fate of pesticides in the envi- 
tuntncnt. For csatnplc. atmospheric degradation of DDT by sunlight \vas considered 
to bc ttnitnportant in cotnpttrison to tt-msport. ;tithott~h the rcsidcncc time of DDT in 
the ttttnosphct-e is estimated to be npprositnately 4 years_ It \v;ts suggested by Moiittncn 
and Ct-o+hv*“’ that nmch of the DDT and DDE tnav have been converted to othtt- 
chemicals ~\-iwsrl pt-escncc in the environtncnt would tmt necessttrii_v be suspicious 
becausrr of the other swtrc‘cr’s for these products. It is of importance tO note thnt ai- 
though DDE and CDT should be :tcctttnuittting in the biosphere since 2-S _. 10’ ks of 
DDT 1x1~ hscn dispcrscd sitlcc the ctlriy 1940‘s_ global tnod& of pesticide trmsport 
and monitoring of pesticide residues can account for only :t sniaii fraction of that 
;ltaL~tttlt. 

The vapor pressure and rel:tti\v \-oitttiiity of sotnt‘ DDT isotncrs. itnpttrities 
in the tcchnicai nxttct-iai and potential bt-ettkdmvn products have been rscsntiy de- 
scribsd by Sptwccr and Ciiath’“‘. Vapor densities of DDT and related compounds \vith 
and \\-ithour soils wet-r det~rtnined by ;t gas saturation method in which nitrogen gas 
u’;ts passed tht-ottgh ths insccticidc-treated sand or soil at ;t sutlicienti_v slo\v t-ate to 
insure cqttiiihriutn vapor srtrttratiotl. The apparatus and the procedures have been 
previously dmxibedt”-‘_ 

The O.J”- and p.p’-isomers of DDT. DDE and DDD in sand wt-e anaiyzcd by 
*us-liquid chromatographv (GLC) foikxvin = s estrttction from sail in. bcnzme-, cl-;tp- 
oration of soivcnt, piaci& the sandity in 6 .-. 43 ctn glass colun~ns. followed by 
passttpc of dry nitt-ogt-n g-as tiir0ttgh the coi~tnitis at 3-5 nii~tilitl until sttfticirtit nxttt’- 
riais had been trapped in hrsttnc for analysis, thence concentrating in ;I Kttderntt- 
Dttnish appm-:tttts_ A 1.53 tn :i 3 nun I.D. girlss coi~ttnn w:ts u&d_ packed \vith Z:.!i, DC- 
ZOO (I?.500 cst) on SO-90 tncsh Anttkrotn ABS or 3 7; QF-1 on Anttkrotn kkBS (SO-SO 



mesh)_ Heiium carrier gas tlow-rate was 50 ml!min and the injection port. column and 
detector tcmpcrutures were ZOO’_ 155’ and 150.._ respectiwly. The vapor prcssurc of 
~,[J’-DDT was 7.5 times that of p,p’-DD T. At 30-’ the :ttmosphere above ;t surface 
deposit of technical grade DDT contained approx 63:< a/~‘-DDT. 16’.?‘: a[~‘-DDE. 
14 1:_: p_~>‘-DDE, and only S ‘); IP,[P’-DDT_ When technical grade DDT 1~3s applied to 
moist soil at conceiitrtttions Up to 20 ft I ~~~~ t!le atmosphere in and above the soil con- , 2. z 
tained approximately equ:rl quantities of a/>‘-DDT and I’_P-‘DDT_ but at higher con- 
centrations the ration ofo,p’- to I~_~‘-DDT in the vapor phase incrcascd. The primury 
breakdown product of DDT_ IJ_~‘-DD E. had u hi&x- v:~por pressure than the orig 
inal’ compound II-P’-DDT. which sug_eerts that much of the D DT now present in the 
soil may volatilize as DDE. Dieldrin applied c-it11 DDT did not :tlTect DDT vapor 
density and the interaction betwzen o_[J’- and II_P’-DDT was very slight. 

Because of its resisttmce to either microbial or chemical degradation. DDT 
tends to persist and ttcctm~t~lr~te in soils_ It has been recently shoals_ ho\\-ever. that 
DDT degrades more rapidly in soils under biologically active, :maerobic conditions 
compared with well-aerated systems with DDD :ts the major productto’ -*“‘_ 

The chemical strtbilitv of DDT and r&ted compounds in selected :dkaline 
environments \v;ts studied by Smith and P;wt-L”s_ DDT was stable in soil t&cd with 
anhydrous ttmmonitt (pH 10.0) and in sterile. buffered_ g&s microbcads up to pH 
12_0_ The threshold pH for deh~drochlorin3tio11tti~~~~ of DDT to DDE in microbwds w:ts 
12-5 with estrnsive conversion i70yJ at pH 1X0 where the amount of applied DDT 
unaccountsd for increased from ZO‘f,:, at 140 h to appros_ 50’:;; after SO days. suggest- 
ins the formation of intermediates that \vcrc relatively stable in microbeads even at 
pH 13-O where nearly complete recovery \v;ts obtained after 7 days. Howxcr. estend- 
r--d incubation to 1s day resulted in :t prtldual disappearance of DDE \x3h only SS 
and 74:‘:, accounted for at pH 10-O and 13.0, respectively. s : pgesting active-dependent 1 
pH relationship for transformation under these conditions. Similar observations \vere 
observed in resard to the elkt ofpH on the dthydrociliorin:ltioII~rii~~tti~~ii of DDD to DDM I_!. 
While DDD was stable for extended periods at pH 10-O. it converted rrlpidly to 
DDMU at pH 13-O and then tended to disappear \vith time. 

DDT and other residues \vere assayed with :I Micro-Tek Model CiC’-ZOOR gas 
chromatog_raph equipped with ;t “3% electron capture dctcctar operated tit X5- with 
the inlet at 215” and the oven at 105 _ The column \vas a IS0 cm - 6 IIUII coiled gktss 
tube packed \vith SO-100 mesh Chromosorb W acid-washed DMCS corttsd \vith 3 ‘I-,‘, 
OV-1 : the carrier gas was nitrogen at a &xv-rate of I20 cni’~min. 

Tcssari and Spencer ‘W described air sampling and GLC antdvsis of pesticides 
iii the environment_ The pesticides wet-e adsorbed onto nylon-chiKon cloth (0.3 or 
0.5 m’) impregnttted with ethzmcdiol and held vertically in ;I \voodcn frame and e?;- 
posed to the atmosphere for 5 days. The pesticides \yere extracted with acetonc- 
hesane ( ! :I )- cleaned up on alumina and Florisil columns and analyzed by G LC 1vitl-i 
microcoulometric and tlame photometricdetection fix or ganophosphorus compounds. 
Lewis found were 05-50 ,~g of p,p’-DDT per sq_ mctcr of cloth. The technique \~a?; 
used for monitoring air inside and outside the homes of people handling pesticides_ 
72 - S6dercTrcn”” described the determination of chlorinated hvdrorarbon residues ._ 1; Z 
in airborne fXout with application to the an:tIysis of the input and output of chlori- 
nated residues in a fresh water ecosystem in south Sweden. Aliquots of fallout es- 
tract were determined by elrctron capture a- ,a chromatography. The s~umpIes \vcrc run 
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on three columns wide 4‘%; SF-96, S :.‘;I QF-I and SF-96-QF-I (3:l) as the sttttiotlary 
phases on 100-170 mesh Gas Chrom P. The remperature of the injection block, 
column and detector were X5’, 175’ and 190”, respectively. The identity of the more 
important peaks in the chromatograms was confirmed by chemical methods. ~~_IJ’-DDT 
was hydrolyzed to ~J+‘-DDE by boilin g with alkali solutions: I’,/>‘-DDE which intcr- 
fet-cd with some of the PCB peaks was decomposed by oxidation with chromic acid. 

The functions of ss;tunrint scditnents as a pollutant sink and as a pollutant 
bank were assessed by Albonc ct cd. ‘*I in relation to the fate of DDT in the envit-on- 
ment. /)_~J’-DDT wts degraded more slowly irk situ in Severn estuary sediments than 
\vhen incubated in sediment samples maintained under hydt-oeen in the laboratory_ 
These transformations wet-e compared with the more extensive deSr:td:ttion of DD r 
on itlcttb:ltioil in tmacrobic stwn~e sludge. In all incubtttions. metabolites included 
J’.IJ’-DDD_ Extracts were measured initially by GLC using : t Pet-kin-Ehncr F-l 1 chro- 
matopraph with 3 “‘Ni electron capture detector ittld ;1 6 ft. . ‘IA in. silanized glass 
column with a mixed plx~e of l--F:?{, OV-i7 and 1.95 ::{, QF-1 on SO-!00 mesh Ditto- 
port S; column temperaiture, 200” isothcrn~al: nitrogen carrier 31s iIt 75 mljminr and 
subsequently by thin-layer chromi~to~txphy (TLC) usin= ‘T Kieselgcl G or GF1,, \vith 
u-hcsune-ethyl acetate-acetic acid ( 15: 1 :O_Ol ) or n-hcsnnc-dicthyl ether-scetic xid 
(1: 4:0.1). 

Although the nsc of organochlorinc pesticides in Britain is 55 :-:’ 10’ kc/\:cilr_ _. _ 
it has been cstimrttcd’t that Britain’s ri\-crs tmnually transport some 1 -.-. IO4 kg of 
these compounds to the sea at levels avcragin~ I SO ppb. 

Residue levrls of persistent chlorit~itted hydt-ocarbons (m:tinly DDT and its 
metabolites as \vcll its the polychlorinatsd biphcnyls) in open ocean biota. especially 
those occupving Iaver positions in the food chain _ at-c generally espected to be lo\v. 
c-_~-. in the ppb range. Because of limittttions in sample availability ttnd h:tndlin~ 
problems. composite samples for analysis are tts~tttlly in the range of25-100 g_ Hence_ 
sample eat-acts require concentration to a small volume_ often from about SO0 ml to 
less than 5 ml. Gas chromato~rttphic analysis also has fo be operated at very high 
sensitivity in order to detect such io\v levels of chlorinated hydrocilrbotx_ Giam and 
Wong*tJ recently rrporwd on the problems of background contamitl:ltion from chem- 
icals, materials_ atId equipment used in the analysis of open wx:ln biota for chlori- 
nated hydrocat-bans. 

A Tracer Model MT 210 gas chrotiwograph eqttippcd with a ‘“Ni clccrron 
capture detector \\‘a~ used with i1 6 ft. .-. tj4 in. 0-D. U-shaped glass columns packed 
with 51f.J DC-200 OII HP Chromosorb W (SO-100 m&l)_ Nitrogen \v:ts used as the 

cm-rier ~1s at a ilow-rare of 60 mI,imin and the injector. oven ittld detector temperature 
\\‘ere 775.’ 100’ --_ _ - , and 275”. respectively. The operatin, ‘1 sensiti\-itv ~1s about 0.03 ng 
heptachior cposide si\tine 50 T,,‘, full-scale defection (f_s_d.)_ Cont:lnlinttnts which were 
found to interkre with the GLC zmalysis of chlorinated hydrocarbons included: 
Florisil. shnrkskin filter paper, &ss\~oo~, nluniit~um foil. reagent grade Ntl,SO, and 
NKI. nanogradc petroleum ether. distilled water, PTFE equipment and PTFE-rubber 
ltlmintttcd discs. It was recommended that where applicable. hearing the materials_ 
equipment and chemicals at 300-330” overnight was &ective in removing the contam- 
inants respondinp to the electron cttptttre detector. 

Low concentrations of organochlorine pesticides have been found it1 utters 
from most areas of the world, hi$er levels being found in streams draining \vtttet-- 



19? L. FISHBEIN 

sheds in which pesticides have been applied 1’J-115_ Although these snx~ll quantities of 
pesticides are often unnoticed in terms of water quality, they can lead to detrimental 
eflkets in aquatic orstlnisms esposed to these waters _ *I6 leading to concentrative n~ove- 
ment up the food chain_ For esampIe_ levels as high as 90 ppm of DDT have been 
reported in Coho srtimon ( OII~-~J-/~I~~~~II~ kri-lrfc-/I)“‘_ 

The fomlation of bis(pchlorophenyi)acetonitriie </>.I>‘-DDNC) (I) in anaero- 
bie scw\-a~.c sludge has recently been reported by Jensen et a/_“” and Aibone et <I/_“~, 
with separation and confirmation of product bein, ‘ 0 xcompiished in both studies by 

I “as ehromatopraph\--mnsz-mass speetrophotometric procedures- In the studies of Jensen 
er ~ri_“~ one liter of activated sludge was fed \vith 100 mg of p,p’-DDT fortified with 
[“C]DDT (5 fKi) and containin, n 4-O>:, DDD and 3.1 y;, DDE and incubated \vith 
stirring for S days ;tt 10” in an atmosphere of nitrogen. One-n~iiiiiiter samples were 
mixed wirh i mI of methanol and shaken \vith 15 illI of hcsane for 1 h. then analyzed 
on a Ovarian I4CO gas chromatogrttph fitted with an electron capture detector and :t 
160 cm I- O-IS cm I-D_ 311 $ass column filkd with 4::: SF-96 methyl silicone oil on 
100-120 mesh siianized Chromosorb W. The oven temperature (c-n. ISO’) save a re- 
tention time of20 min for DDT \vith :I nitrogen tIo\v-rate of 20 mijmin_ The DDT \vas 
fkund to be rapidly consumed \vith ZL half-iif-e ofoniy 7 h partly under transformation 

to DDD_ DBP_ DDhlU and DDCN. The original lo\\- content of DDE disappeared 
within 1s h_ DDCN \\-a~ isohted from the sludge by iirst centrifugation at 75,000 rpm 
yielding complete sedimentation and no “C-activity in the \vater phase. The centrifu- 
sate \v;ls air dried (213 s) on tilter paper _ “t-omld before Soshlrt txtraction with ace- 
tone-hesane ( I I I )_ The “C activitv recovered was 2.5 #Z-i ( 13 :I,‘,)_ The concentrated 
atmet was separated on a partiy deactivated oiuminum oxide column (7 oz._ 5 y-,, 
\vater)_ Elution with 160 ml of hextne ~-avc almost pure DDD. \vhiIe elution \vith 
diethyl ether in hes:me ( 10 ‘:;I_ 250 ml) gave :i frxtion continuing the ne\v DDT trsns- 
formation product (9 y;; of initial “C activity) contaminated \vith traces of DDT_ 
DDD_ DDMU and DBP_ A tinal eiurion with X0 ml of cthtmol gave a fraction of 
unidentified products adding up the recovery ot _ IJC activity to -IO:;,_ The DDCN \~;ts 

further purified b; preparative TLC usin, m 1 mm silica gel HFZsJ and diethyi ether in 
hexme (ZO‘.!;,) as eiuant. The chromatogram \vas covered with :I Kodak X-ray film 
for 3 days and after development the R, value of DDCN was determined by estension 
of spots correspondin, ‘1 to human DDT metabolitcs such as DDA (RF 0.0). DBP 
(R, O-39)_ DDD (RF O_lrS)_ DDMU (RF 0.64) and DDT (RF 02%) and verified b> 
GLC. An estract of the zone conttlining DDCN (RF O-IS) was analyzed on an LCB 
9COO combined gas chrom3togmph-mttss spectrometer usin, m the coiumn system de- 
scribed above_ The mass spectrum \vitb moiecuiar ion at I+‘V 261 (isotopic pattern 
iffy’ 261:263:265 with relative intensities I _0:0_62:0_10) :lbund:lnt ion :lt ill/~> 226 
(ny’i* 226225 with rel:ltive intensities I .0:0.33)_ J~‘C I9 1 and nz/e 190 3s the :lbund:lnt 
ions were essentially identical \vith a mass spectrum from an authentic sample of bis- 
( p-ehiorophenyl)-acetonitrile (m-p_ 90-9 I’_ synthesized according to Grmllmit and 
Marsh”q)_ The tendency of DDCN to undergo antioxidation forming DBP (p-p’- 
dichloro-diphenyl-benzophenone) in ethanolic potassium hydrosidc. and its conver- 
sion to bisphenyl ttcetonitrile \v;ts found to be suitable for contirmation of DDCN at 
low concr’ntrations_ In the studies of Jensen et N/_ 1*8 it could not be detemlined whether 
DDCN \v;ls formed via a metabolic path\vxt or originated from a direct reaction with 
substances present in the sludge_ DDCN N;LS also found (O-6 ppm by dry \vcight) by 



the authors in a sediment faycr of the Lake Mafaren in Swcdcn. DDCN 1x1s not pre- 
viously been found in nature, probably due to its polar properties \\hich complicate 
separation from common substances, its low cl-iemica! stability and relatively lo\\- 
response to electron capture detection (about one-fourth of that of DDD) as nv!! as 
its tendency to form DBP on treatment with bases. Tf-iis latter tendency is a reaction 
typical of the dicofof-like substances also formed from DDT in diKerent biological 
systems. 

DDCN !I) 

In the studies of Albone cl ~1.““ m~twrobic se\\ag-t‘ sludge nx incubated t-or 
SS days ;tt 37 \vith ;I total of 7-45 mg [“C]I~.~~‘-DDT (-!.7 $3) and 20 g minced beef 
added (to cnf~ttnce microbiofo~ica! activity)_ The solid residue \v;ts cstractcd rapidly 
three times in the cold \vith ~sopi-opanof-heptane (I: 1 ) using a modi!icd procedure of 
Dole and Mcincrtz’“. - and :I total of 1.5 >/rCi (X’.:;, of total label) \vas rccovcrcd_ The 
Dofc-Mcincrtz cxtr;lct \v;ts !irst csmnined by G LC using ;I Pa-kin-Efmcr k!odcf F-l I 
instrunlent litted \vith ;L %!i cfcctron capture dctcctor and a 6 ft. :.-I ‘!a in. sifanizcd glass 
CO!UI~I~ uith ;I miscd phase of I-5”,, OV-17 and I-95 I’,‘, QF-I on SO-100 nwsf~ Diato- 
port S (cof~min tr’mpcraturc 260 _ isothcrma!). TLC using Kicselgcf F \sith IZ-f~esanc- 
cttlyf ;mxltc-acetic acid ( 15 I I I 0.0 I ) rcuxlcd 3 Z~IXS of activity I Znnc A ( RI.- 0.3-0.6) 
including II_~>‘-DDT and IJ_II’-TDE: zone 6 (RI- 0.1-0.3) and zone C (R,: 0.0~O-1) in 
tfw rstin 62:29:9. TLC zone B wts found to = Gvc nnfv one major peak on fiirther 
cfcctron capture-GLC rtnafysis (rctcntion time refati\x to /~_I~*-DDT. 0-Q). !-iigh 
rcsofution probe m;~s spectromctry using an AEI-~IS9OI instrunwnt indicated the 
co~npo~~~~cf TLC zone B tcl he DDCN. contirmcd by comparison of /J-I”-DDCN 
synthcsizcd by the method of Skerrctt and Woodcock”‘. n1.p. 90-95 _ As in the prc- 
viomfy cited studies of Jcnscn cr d_ ‘I’_ it \vas not kno\~n wftcthcr DDCN \V;IS pro- 
duccd micrabialo~ical!~ or chemically in the nitrogen-&Ii alkaliiic environment or 
:tnacrohic sc\vage sfudgc. Possibfc routes SLI gscsted includcr via /~.I]‘-DDA-----amide- - 
nitrifc or nwrc directly from pq’-DDT. 

Tfle ana!Fsis of pesticides in \vatcr has been rcviaved by Hindin C[ al.““. 
Cfl!orin:ttcd insecticides arc of low sofuhifity in \vatcr and hence tflcy may ht cm-acted 
\vith \~atcr-immiscihfs solvcnts such as hcs:tnc or b~~~zcnc. Ha\~evcr_ the cstraction 
of f;trgc \o!utilcs of water to achieve tfic ncccss;irv ssnsitivitv rec;uircs time-cansLlmiilg 
h:ttch~vise procedures_ 

fioscn snd !Uiddfcton*2J rcmovcd the pcsticidts from 1000 I of water \vith :t 
carbon filter and desorbed them from carbon bv Soshfct sstl-action \\-itI1 cf~foroform. 
Rccavcrics of BHC. cf~lordane. DDT_ afdrin. TDE_ and findanc \vcre in the range of 
754X’,:,, at the 1.5 ppm !cvcf. but some were !o\vcr below tfw I ppm level. Kahn and 
\V:l~nl;m~‘~ described :I simple :tpparatLls tflat could bc used for the continuous extrac- 
tioli of scvcraf hundred fitcrs of water \\-itb pctrolcum spirit and ohtaincd a S3- 100 :I;; 
recovery at the 0.2-340 ppb fc~cf \vith ;I rtmgs of compounds. Organocf~lorinc pcsti- 
tide residues in water sediment_ afg_tle. and lish in Ha\vttii during the period 1970-1971 
\vcrr‘ investigated by Bcvenuc L’I N/_“~, rtlimvatcr. drinking \vater and wn-potable \~a- 
ters in Ha\vaii uvre found to contain chlorinated insccticidc residues in the 101~ parts- 



per-trillon r:mpe_ Dieldrin. 1q’-DDT and lindanc \vere the pesticides most prevalent_ 
Pcntr~chlorophenul was present in samples From sewage fallout. The ratio of chlori- 
natcd pesticide residues in a&e, sediment, and fish from the same canals was’ 
1 r4_~0019_000r32_000 respectively_ The following two gas chromrztographs were used 
for analyzing the water and sediment samples_ The first was a Varian Acrograph 
Model 204 with a concentric tritium electron capture detector and a 6 ft_ x ‘/y in. 
borosilicate $tss column: column temperature. 190”: injector and detector tempera- 
ture_ 200. I and carrier gas argon-methane (90: 10) at :t !lo\v-rate of 75 mljmin. Four 
types of cohimn pxkin, ~1 were used. I-L ( i 1 3 IT;; SE-30 on SO- 100 mesh Chromosorb 
\V. AW. DMCS; (2) 3x, QF-1 and 3 ::,; DC-200 cm SO-100 mesh Chromosorb W_ AW_ 
DMCSr (3) Ir‘,!z; SE-30 and Cq,‘, QF-I on SO-100 mesh Chromosorb Wt HP: and (4) 
I_5 ::; OV-17 and 1_95‘,‘,: QF-1 on 100-200 mesh Supelcoport. The retention times of 
the pesticides on these columns relative to aldrin are g v= i rn in Table 6_ The limits of 

RE-&XTlO?r! TIMES OF PESTICIDES 1X G.-Y5 CtiRO~I:\-i-OGR.L\PHlC COLlJhlSS RELA- 
TIVE TO RETENTION TlXlE Ot- XLDRIS 

-. 
LiIldXll 

Heptachlar 
XI&in 
Heptnc!rIor cporide 

p-p--DDE 
Disldrin 
A@-DDD 
p-p--DDT 
PentachlompIlalof 

ethyl ether 
Pentxhlorophenol 

merhvt ether 

0.4: 
0_77 
I SW) 
1.26 
I.97 
’ 76 -__ 
2.60 
3_?6 

O-46 0=16 

detectability of the pesticides ranged from about O-05 ppt (lindane the most sensiti\v) 
to 0.5 ppt (DDT the least sensitive)_ Dieldrin \vas detected at about 0.1 ppt_ This w;ts 
an approsimatr range only because detection limits varied with the degree of purity of 

the water stlmple on the degree of-success in cleaning up non-potable water. sediment. 
and biota stimples_ 

The mechanism of conversion of DDT to DDD by ilcroharrw CIC’I-~_~LWL*S \;\‘;1s 
described by Plimmer et nl.“‘. The conversion proceeded by direct reductive dechlo- 
rination Gthout the intermediate formation of DDE in still cultures of dwohrrcre~- 

cr~ro_spws_ Dcuterated DDT was used to determine whether an unsaturated intcr- 
mediate wts fomled during the reaction. Retention of the deuterium atom in the 

product would es&de the possibility of a two-step reaction involvin_r DDE_ Under 
anaerobic conditions_ 91>:, conversion of DDT to DDD was measured in the ether 
e.xtract. The product was identified by mass spectroscopy, vapor-phase chromzlto- 



graphy and TLC on silica gel_ Mass spectra v--we obtained by voiatiiizin2 the DDD 
directly from silica gel in the probe of the mass spectrometer. The parent peak oc- 
curred at m/c 319 due to the contribution of the species C,,H9Dx’Ci,, indicating that 
the deuterium atom originrdi~ present at the 2 position in DDT wts retained through- 
out the reaction. 

Mass spectral studies wereconducted on a Bendix Model No. 11 mass spcctrom- 
ctcr usins a direct inlet probe. GLC was performed on a Wiikens Aerograph Model 
204B gas chromatograph equipped with a tlame ionization detector and a 5 ft. :-: ‘/s in 
i.D_ stainless-steel coi~unn containing 5 :?t, SE-30 on Chromosorb W, AW_ DCMS, 
at a column temperature of 21 a”_ The carrier gas (nitrogen) flo\v-rzxe uxs 30 ml/min. 
The identity of the products \v:~s cstabiished by co-chromatogrtiphy a?th authentic 
sttmpies on silica gel C (Merck) plates developed with carbon tctrachioride-cycio- 
!wsane ( 1 : I)_ Compounds were visualized by ultraviolet irradiation. The RI.- values 
for DDT and DDD were O-S7 and OX%, rcspcctively- 

Pfacnder and Aiesandcr12” attempted to establish how [“C]DDT would bc 
transfkmcd in samples from natural ecosystems containing highly heterogeneous 
microbial commur~ities_ Estrxts of I-iydrogctiomonas sp_ ceils converted DDT to 
DDD, DDMS and DBP and several other products Lmder anaerobic conditions_ 
~Khiorophenyi acetic acid was formed when \vhoie ceils and oxygen were subs- 
qucntiy added. she\\-in, s= that enzymes of :I single organism could convert DDT to 
ring-cieavagc products. A strain of Arthrobactcr also grew on p-chiot-ophenyi acetic 
acid. indicating that the action of t\vo bxtcritl led to rstensive biodesradntion of 
DDT_ The Arthrobacter formed p-ci~ioropi~enyi giycoi ttidehyde and other products 
from I>-cl~ioropiicn~i acetic acid. The major mstaboiites formed by microbial commu- 
nitics of sc\vagc and fresh xvatcr containing sediment \vas DDD and DBP and sma!l 
amounts of DDAIS and i,i-dichioro-1_2-bis(/J-chioropi~en~i)cthyiene. No /w&lot-o- 
pkcn~i acetic acid \v;ts :uxumuitlted : added p-chiorophenyi acetic acid was rapidly 
decomposed by the sewage rnicmtlora. 

TLC and GLC \vere used for isolation and idcntitication of ether estracts of 
DDT and its degradation products_ Silica gel S sheets containing a fluorescent indi- 
cator (Brinkmann) \vcre used with 2 :‘.;; acetone-hesancand 10 ]‘:,chiorot~~lni-methanol 
as dewloping soivcnts- Spots \vcrc visualized by vielving the sheets under UV iisht at 
270 nm. G LC was performed with an Aerogmph Model 1740-20 instrument equipped 
\vith electron capture and hydrogen tlame ionization detectors_ The separntion of 
DDT and the products t%rmed from it anaerobictdiy xvas achieved using ;L 1 S3 Y-’ 0.3 cm 
Pyres glass column containing 10 1:: DC-200 on acid-\vashed Chromosorb W at I SO’ 
\vith electron capture detection. p-Chiorophenyi acetic acid and its metaboiitcs \verc 
scparatcd with the same pa&in, 0 material in 3 iS3 ._ O-3 cm stainless-steel coium:i 
using hydrogen flame ionization detection. The opcratin g temperatures for the detec- 
tor and injector tvere 195’ and 205’. resprctiveiy. The flow-rates \vcrc 1 10 a:ld 30 
mi,‘min for the glass and stainless-steel columns. respectively. 

The utility of DDT dehydrochiorinase for the identitication of DDT in soil 
\vas outlined by Goading et n/_“‘_ Soil extrxts were treated \vith DDT dehydro- 
chiorinase (estracted fkom DDT-resistant housetlics) in order to convert DDT to 
DDE under relatively mild conditions so that non-DDT moieties uxwld unlikely lx 

destroyed_ The DDE thus obtained v.xs analyzed by G LC usins ;I Varian Aerogrsph 
1200 chromstograph with a 250 rnCi 3H foil detector snd a 90 an L. 3 nun 0-D. 
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Pyres glass column packed with 5 YJ-;; Dow-l 1 on 6040 mesh Chromosorb W_ HMDS. 
The temperatures of the column_ injector and detector \vere 190’. 1 S5” and 2009 
respective&, and nitrogen carrier gas wts used at :I tlo\v-rate of I5 ml/xc. A compari- 
son of the retention times of the peaks in the mtlterial extracted from soil uith the 
retention times of PCB standards su ggested t!lat most of_ the contaminants \vere 
PCBs. It \V;LS found, however. that rtftf~ougf~ PCBs interfered with the routine cfuanti- 
tation of DDT. they did not interfere with the enzymatic confirmation of DDT_ 

Shin er ~~1.‘~~ described an empirical attempt to identify actively adsorbing 
fractions st~ch as soils, soil fractions and biological mttteriafs \vhich may have sig- 
nificant ecological and structural relationships in the soil with rt,& -cvrd to the absorption 
of p.p’-DDT_ DDT in the hestme extracts of the absorbin, ‘r fractions \vas identified 
by efution time and estimated by peak area using a Beckman CC-3 s-as chromato- 
graph with an electron capture detector and :I 3 mm ._ 1 _S3 m borosificatt gfass 
cniumn pa&cd with Z’,‘;, DC-1 1 on Gas Chrom Q: helium \vas the cxrier gas_ 

In I966 Terricre cv uI_‘~’ rsportcd that about SS I,!,; of the DDT remaining in 
the soil of two orchtlrds (Hood River and hlcdford. Crcgon). which had been treated 
since f 946. was in the apper sis inches and it \v;ls coccfudcd that conttlminati~~Ii of 
the Iand :tdj;lcc’nt to the orchards XIS slight and tflat losses in undcr~round \vatcr xere 
ne~fi~ibfc. The ftlrther t’,ltc of tflese residues \vas recently wmmarized by Kiigemagi 
and Terrier&” in 1972 Bctwern i9-N and 196-l the Hood Riwr orchard \\‘a< treated 
\\-ith 3% pounds of DDT and Ii pounds of dicot-ol (kclthaner ~.~‘-dichloro-c:-( tri- 
cf~foromcth~f)b~r~zh~drof) per acre and \vith additional tnxtments through 1967 
totaffed 414 pounds of DDT and 12-l pounds of dicofol. The Medford orchard l-e- 
wived ;L total of 169 pounds of DDT and l-l.32 pounds of dicolilf from 19-l?--1 966. 
The soil samples tested \vere composites made oi‘ subsamples from the drip mnr of 
3 trees_ c__y__ 5 cores per srimpk and the samples were trkcn \vith :L 3.,‘, inch sail auger 
itt O-6. 7-12. 13-24. and 25-36 inch fcvek. The %tmpfes \vcre estracted by shaking l-1:1- 
1 11 \vith a 1 :f mixture of axtone -11esa11c. tfx cstrxts wrc \~:~shcd free 01~ ilcct<lnc 
and dritd with unh~drous sodilim suff5te. They \vc‘re analyzed \vitfwut cfcanup by 
electron capt-tire gas chromatogrxpfl~~ win, 9~ :I column of QF-l-Dow-1 1 (2x1 ) on IOO- 
200 mesh HP Chromosorb \V at ISO- (other details of the analytical mctflod \xxre 
described earfier’3* )_ Resolution of DDT analogs and metabolitcs \vas good esccpt 
that when residue levels \verc fiigh TDE appeared as :L shoulder on the farger/a_p’-DDT 
perk Dicofof was converted to its thsrmrd decomposition product DBP_ To mcasurc 
the soil Icvcls of dicofol :ud DBP_ aficluots of tfle extrxts \vcre given ;I preliminary 
cIsrtnup by passage through an activated Fforisil column and &ted with 300 mf of 
hesane-diethyi ether (3:f )_ The cluatss wxc concentrated and chrom;lto~rnphcd on 
alumina-coated platrx \vhich \verr‘ developed \vitfz carbon tetr:lchfaride-hesatlc- (2: f )_ 
The RF ~:zlfurs in this s-stem \t:ere 0-f f for dicol~of and 0.50 For DBP. The absorbent 
was scraped from the plates in th- appropriate ;u-e;ls_ cxtrxctcd with ;kcctOne itnd 
quantitied by electron capture GLC_ Th e amount determined by tflis TLC procedure 
agreed \vith tflose indicated bv the DBP peaks in the original GLC arxtlysis of the soil 
estracts_ The sensitivity of the anaf_vtical method K:~S O-0 I ppm i-or all compounds and 
recovery averaged S9 1!,;_ An esamination of the fevels o,f DDT analog and metabofites 
showed the largest fesses occurred in ~J_I>‘-DDT rcsiduss and the fwgest gains in dico- 
t-01-DBP residues_ This lnttcr tinding su,, t**vsts t\vo possibilities- C.-X:._ (a) In soil dicofof- 
DBP residues are more stabfc than DDT_ or (b) the_\- are mctabolitcs or drgrrtdation 
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products of DDT_ The latter possibility is supported by Lichtenstein L’I <I/_‘~~ who re- 
ported traces ofdicofol in soil trcatcd carlicr with DDT. Csne of the n~ore intcrcstingas- 
ptxts afthc study of Kiigctnagi and Tcrricrc’” nxs the similarity in the t-csidttc trends 
sin in the tuw loettiatx. Tbc net loss i:> the 5 ycar pt‘t-iod in the Hood River soils 
ttmountcd to 1 S :!;; and in the kledf<xd soils to 17 :I. This \V:IS in spite ofditli-rcnces in 
climate_ soil type and cultural practices. it aas stt,, ~~wsttzd that the DDT residttcs in 
these soils attained ;I threshold Icvel \vitbin a l?l.v years aticr its rcytlar ttst‘ bcg:ttl_ 
The declitlc iti total residues is pt-occcdin g :tt ;t ~;ttc of :thottt 3.5 :!;, per >yctlt-_ brtscd ot1 
those prcsctlt in 1965. nit11 ;:!I rtdditional loss l)f the :ttnotmts added since 1963. The 
dtxlitw of DDT t-residues it? soils is cnnlirmcd by a Mis&sippi study reported by 
Stnitll’J’ \vhich siw\vcd that an initial rcsidw 01~ 230(! pptn declined by 30-SO:.‘<, in a 
20 ycat- period. 

Phato-L~sidati~,tl of DDT and:DDE in mctb~tnol has been reported by Plitnxncr 
cf tr/_‘-“. \vhu su~~estcd that pbotalytic genmttim &- 1-rcc radicals may abstract hy- 
drosen from solvent. react \vith a.syg-cn_ or abstract b~dragcn ti-om unrwcted sttb- 
stratt. Furthct- dexmqwsition of shm-t-lived itltct-mtxiiatcs yields many cornpounds_ 
Osidation products it;clt&xi bc’tlzck acids. ;twtn;ttic ixtotws and chlorinated plw- 
twls. DDE nxs also f~wm_f to uncicrgo phc~t~~c?-clizati~~t~ 1~ yield dici~lorolf~tor~nc deriv- 
ativcs;. Mcthanolic solutions of‘ DDE or DDT (m_ ! _G g i) xr’rt‘ irrrtdiatsd with ;t 
-iSO-\Vatt tiicrcury lamp in a \\.Ztc‘l~-c‘t~t~lt2d qmtrtz hausing and a suitable liltct- clitni- 
tntcd light ~~l‘sh~wt ~~~tvclcn~th (Cows - ZhtW ki c>t- Pyres - IS00 A) and oxygen OI- 
nittx~gcn XLS huhhi~d throttgi? the solutiot: in scpm-ate cspcrimcnts. Products \vt‘t-t‘ 
ohtaitwd hy cht-ot~~~tt~~~r;tpl~~ &~tIw tncthanolic soiuti<>tl atier it \v;ts concentrated in ;t 
rotarv cv;tpot-;ttcw-_ Acids and pliciiols net-i‘ t-ctnovcd hy atraction \vitli Na0l-l. the 

NaOkl cstract aciditicd_ :tnd the Ii-cc acids xnd pht’n~~ls cstracted into dkthyl tztlwr. 
Acids \v~‘t-t‘ then txtt-:tcttxl ti-mn the cthcr 1~ ith XtHCC+ Portions of the free acids and 
phcn~~ls thus ohtaitwd \vr‘t-r‘ tiicth~lxted \vitli diai~~tiictlwtic hcfore GLC atialysis. The 
ttetttrsl t‘.strxt \v;ts fr:tctiotwtai hv CI1r‘~tll;tt~l~r;tl~ll~ on a silica ~4 coltttnt1 and each 
Ii-acti~m w:ts ~.satnincd hv TLC a:tJ tn;ts~ qxxtrtnnctt-;_ A Pcrkin-Elmer kiodcl 
GS1171) iti~triitiir‘tit \v;ts c-‘tl~tippt‘d xitii ;t 3C iii open tttbuktr c:tpillary colittiiti (0.051 
cm I.D.) coxtd nit11 SE-30 on Chratn~~siorh W (s;Cc>t)_ T:tbie 7 lists the photoiysis 

products uf DI>T and DDE in mcthmtol. A IO:,, _ vi&l of 3.~~-di~lilorot~uorti~~ti~ \v;ts 
~~htairaxl hv irradiatiml 4 ;I t~wtl~:tt~olic sltIutit>tl ~~1‘ DDE (\~a\-clctl~th _I- 2600 _A)_ 

The irradiati~in crt‘ DDT u ith ultravi&t and visihlc light under ;I varict>F of 
cotiditiatis has becii rq~w-t~d’-‘5i.-‘“~_ The chain Jcchll~ritl~ttian of DDT in aicol~oi solu- 
tic)n inducal hy ic>,nizing r:t di:ttioti htts bccti rcportcd by Evans CI u/.‘“‘. 

Kitnbrott~b and Gaines”” studied the frttrl of DDT rcsiducs stored in the lipids 
:)I- t\wds procltsscd by 1’ irradiation. The r;tdi;ttiun prodrtcts a! _ :t 1 I 2 mixture af tccli- 

nical DDT and tristcxin in u;ttr‘r is sho~\-n in Tahl c‘ S. Twlmical DDT is cotnposcd of 
$5~90”,; I’_/“-DDT_ IO- 15 I’,, ~_~J’-DDT and trxcs of scvcral other compounds in- 
cluding: I~.~P’-DDE and o_l~‘-DDE”_ DDT nxs found to bc Fairly resistant tu ionizing 
radiatioti. TliC atxtlysis of ~_;~se’uus rxdiation products \s:ts carried out by gas cbrotnrt- 
tograph~. fi_\;drogxi NXS dctcrtnitxd on alumina aitb argon as carrier ftts. and ni- 
trugcti n;ts dctcrtiiiticd ~ti a tiioIccitiar sieve n%li iiciitttii ;ts carrier gas. Atirtlysis of 
solid t-reaction products \v:ts carried ottt by GLC otl SE-30 rtt 250‘ \\-ith nitrogt‘n as 
carrier s:ts and h>- TLC on silica gel \vitb hcsane :ts solvent. The strips met-c dctcctcd 
by qxtving \vith O-S:,, silver cittatc itI t‘tlr:ttiol_ tllct: dried 3 tnin at lCO’_ respt-aycd 



-l-ABLE 7 

PHOTOLYSIS PRODUCTS OF DDT AND DDE IN METHANOL 

R is C[CaH,. The cotnpounds listed represent the vohrile components of the photolyzate separated 
by gas chromatography; m 7: present in moderate amounts; -5 := dcttvrted: - -: not drtcvrtable: 

___..--___-.-.__---.-. _. - ..- 
Net&t r&l fraction 
I36 
I?0 
170 
IS0 
IS4 
20-l 
214 
777 - 
216 
231 

236 
2-s 
24s 
25-O 

260 
266 
X0 
zs1 
zs4 
2M 
294 
311 
316 
31s 
321 
338 
352 

PhCO,CH, _. 

RCHO . 

RCO-CH> 
PhC=CH2 _. 

RCH&OzCH; 

(3)’ 
PhRC=CH~ - 

R2 ._. 

Ph:CHCO~CH~ 
PhRCHOCHz 

RLCH: 
RIG- CH, 

(g)’ . 

RZCO ._ 

PhRCHCO:CH> 111 

R:CHOCHJ -. 

(C)’ _ 

R:C==CHCI ._ 

PhRCHCHCiz In 

(b)‘ 
RICHCOzCHJ 111 

Cd)’ - 

RIG-CCL? (DDE) -- 

RlCHCHCIz (DDD) 111 
RzC(OCH,)CO,CH, -- 
Unknown __ 

R2CHCCIz (DDT) - 
. . 

1- 

1-n 

--. 

7 

_.. 

._ 

- 

111 

-. 

: 

-1 

__ 

111 

111 

Acidic and phenolic compounds (mtthylzlted) 

1-z ROCH> _._ 

1io RCOICHJ _. 

176 Cl>C,,HaOCHJ 
201 ClrCbHzCOrCH~ -_ 
210 Ci,C,H,OCH, _~ 

PM (a- - . . 

wo (r)- ._ 

2Y4 RJZHCO:CH~ _~ 
--- -___.____- 

-. 
- 
_- 
_. 

111 

111 

._. 

: 

CO$J-iJ 

- Structur~x: (a) := ‘I 
/ 

c(b) ~- 

. 

(c) = = y)--JJ=* 

c(f) -= 
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with a mixture of O.l‘>~ btomophenol blue and 0.15 :!J, silver nitrate in ethyl ncetnte- 
ethanol (111) and dried 10 min at lOO’_ 

The degradation of [“C]DDT on silica se1 G chromatograms has been recent- 
ly reported by Ernst IJo TLC of [*‘C]DDT on silica gel G and silica gel GFZ5, using _ 
two solvent systems, (A) n-hcptane with 1 % axtOne” and (B) benzeIlc-methtlnol- 
acetic acid (SO:I4:7)_ followed by esamination and irradiation with UV light at 254 
and 366 nm gave rise to the formation of polar substances, The most e&ctive source 

TAIXLE S 

RADIATION PRODUCTS OF I:1 MIXTURE OF TECHNICAL DDT AND TRlSTEXRlN 
IN WATER 

The G value is rhr mdiation clwnical yield espresscd as the number of ~noiccule~ or ions of product 
liberated per 100 cV of absorbed mcr~y. 

Hvdrogen 

p&-DDE’ 

t>.p’-DDE‘- 

DDT-Dinxr___ 
DDT-Tristmrin___ 

addition product, 
Remne sol;lblr 

DDT-Tristearin 
hrsanr insoluble 

. -.._ ~_-- 

GC on SE-W. nitrogen 
cxricr gas 

GC on SE-30 . nitrogen 
carrim gas 

TLC 

0.001--- TLC 

0.2 

_ The G vsluc for the formation of this mntrrizll XLS obtained from irradiation of pure p-p- 
DDT-tristciarin which conrainect no p-p’-DDE before irmdintion. 

__ The G vAue for the fornvation of this nmterhl was obtninrd from irmdhtion of pure o,p’- 
DDT-tristenrin which cont;~irnd no o,~‘-DDE before irradiation- 

___ The G ~tlue \vas estimated front the size and intensity of the silver nit~tt~-br~~mopl~~~iol blue 
spot conqmred to spots of known concentration of DDT. 

5.7 including that 
which reacted with 
the 0, prw2nt 

0.04- 

was shortwave UV light. \vhrn even after 15min periods (as used in the detection of 
separated compoulds). ~lv’t’ rise to 4 components_ Table 9 lists the RF values of [“Cl- 
DDT and unlabeled DDA, DDD_ DDT. and DDE 9s \vell as components I-1V in 
determining solvent systems A and B_ Studies by ;I more sensitive method such-as 
radioscanning led to the conclusion that in the investigation of metabolic or other 
degradation pathways with [“C]CDT, the evaluation of silica = 4 chromritogranis \vill 
not be conclusive if appropriate precautions are not followed. e_g_. working in the 
dark and repeated purification of the [“C]DDT batches to remove interfering mats- 
rial. 

McKinnev ZI NI_~‘~ described the synthesis and reactions of a propost‘d DDT 
metabolite, 2.2~bis(p-cl~loropl~enyl)acett~ldehyde (DDAA). G LC. N MR and mass 
spectrometry were utilized for the identification of DDAA. A Varian Aerograph 
1535B chromatograph was equipped with a tritium detector and 3 &ISS c01~m~n of 
1 x, orthophosphoric acid and 3 Ft, DECS on 3040 mesh Chromosorb W. Low-resolu- 
tion mass spectra were obtained \vith an LKB 9000gas chromatograph-mass spectrom- 
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~_ _ 
DD:\ 
DDD 
DDT 
DDE 
Conlponent I 
Component I1 
Componrnr III 
Componsnr IV 

SvIr~v~r B 

0.7 
0-Y 
0.9 
0.9 
0.0 
0.7 
0.S 
0.9 

ctcr. TLC \v;ts used to scpartttc DDAk from the DBP reaction byproduct_ Eastman 
Chrcmx~grtm~ Type 6C60 sheets with tluorcscc‘nt indictltor \\-erc dcvc!opcd in l~csa~w- 
chloroi~~mr-meth~~ilol (3:l:i ) and the spots wcrc dctcctcd under UV light (RF values 

of059 and O-71 for DDAA and DBP_ respcctivcly). 
Z.Z-Bis( p-chlr>rophcn\-I;~cct~ildch\-dr was su_t, *wsted to bc a logical precursor of 

7 ~-bi~(p-chiorophcnul)acctic acid (DDA). It had hecn cxlicr shwvn by Pctcrson and -_- _ _ 

RobisonxaJ that Z-Z-bis(Ir-cl~Ioropl~en_vl)etl~t~nol (DDCH) could hc obtained from iiz 
riro trtmsformtttions of other known DDT mctabolitcs and it \v;~s sw~cstcd by 
McKinne_v CI rri_ that the occurrence of DBP, DDA and DDOH in DDT mck~bolism 
is stroq supporting cvidsncc for the intcrmcdiacy of 2_~-his(~~-cl~Ioropl~e~~~l)3cct31- 
dchydc_ Ho\vcwr_ it was noted that the dctcction of DBP pw se in riw w~nfd br es- 

tremely ditkult because of its insttlbility and reactivity_ md it \v:is hclicvcd that 
DDAA would more IikeI~ bc stabiiizcd by interaction with functional goups. e.g.. 

intertlction with :unino aclds to form SchiK bases \\-hich might hc incorporated into 
proteins, than chcrnicdy binding DDT residues and simulating storage. 

~DDAA 1 (DE?) 

The chromatographic brhavior of DDT and fourteen rclatcd compounds. 
metaboIitcs_ a~x@s and degradation products on commercially available prccoatcd 
aluminum aside TLC chromatopIates was inucstigatcd by Bish;lr;t et CI/_~‘~-‘.‘~ using 
33 solvent systems. The color and/or tluorescc~~~c response of the DDT-type com- 
pounds and their sensitivity to the chromogenic reagent ammonittctll silver nitratc and 
Z-phenosv ethanol in xetonc \vas also described_ Table 10 lists the solvent systems 
and their development times on aluminum oside (Type E) Fzsa plates- Table 11 lists 
the RF values 12: 100 of DDT and some related compounds developed by ascend- 
ing one-dimensional TLC on aluminum oxide (Type E) F254 plates. Table 12 records 
the color and/‘or fluorescence response of DDT and some r&ted compounds on alu- 
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SOLVENT SYSTEMS AND THEIR DEVELOPMENT TlMES ON ALUMlNlUkl OXIDE 
(TYPE E) Fa PLATES 

Ivrrrrrim- 

1 

11 
111 
IV 
V 
VI 
\‘I1 
VI11 
IX 
X 
Xl 
xi1 
Xl11 
XIV 
XV 
XVI 
XV11 
XV111 
SIX 
xx 
xx1 
xx11 
SSlIl 
xxiv 
XXV 
XXV1 
XXV1 I 
XXV111 
XXIX 
XXX 
XXX1 
SS_Xl1 
XXSlll 

lr-h~.SXlC 

n-hrxnne-benzene (YO:lO) 
Iz-hexan~~hloroform (90: 10) 
rr-hestlne-chloroforml (SO:ZO) 
n-he~anr-chloroform-acetic acid (YO:lO:l) 
Ir-hesnnc-dicrhyl ether-acetic acid (YO:ll):l) 
n-hexnnc-ethyl xel~lte (9O:lO) 
n-hesrine-ethyl acetate-acetic acid (SO:ZO:7) 
/desrmc-ethyl propionate (Yl):lO) 
rdrsanr-carbon disultidr lYOr10) 
diesane-ethylene dichloride (YO:lO) - - 
Ir-hexanc-:tceL’tww (93 I>) 
fr-tic’stlne-nc~roi~-~~~tic acid (YS:5rl) 
~r-hcsan~--tlceto~i~-~i~~~i~l ether lSO~lO:lO) 
/r-hrsane-~thtlno~I-~~~:L~ acid (YO:lO:l) 
,I-hrstlnr-crhnnol (SO:X)) 
Ir-hes~n~-~Lhanol-acetic acid (SOrZ!O:1) 
,I-h~~~nr-prclpioliic acid (Y55) 
u-hrsane-prclpiollic acid 190: 10) 
rr-hcsanr-accric acid lL)l~:lO) 

erhsnol klhsolutr) 
mrtlxu~ol tabsolute) 
c\-clohe.xmlc 
c~cloh~sanr-carbon tetmchloride (YO:lO) 
c?-clohcsnne-lc~tunc (955) 
c~clotlrsallr‘-r~ccric acid (90: 10) 
II-pr‘ntttne 
II-pcnL31:e-~~rboll disultide-x&c acid (SllrlO:2) 
II-pent;tne-acetone (Y5:5) 
r,-pent~inc-mL’rhtlnol (50150) 
n-pmrantl-propioilic acid 1YY:l) 
n-pcnrane-propioniv acid 1Y)olO) 
II-p~nttlti~--ethanol-aceric acid (.YO: 10: 1) 

31 
31 
36 
36 
36 
3-I 
26 
36 
31 
I!?) 
32 
3-l 
3’ 
17 
33 
-IO 
50 
16 
60 
34 

106 
55 
71 
65 
70 
70 
3-t 
35 
7-‘) 
60 
15 
64 
11 

TABLE 10 

minus oxide (Type E) FzS4 TLC plates and Tab!r 13 lists the limit of detectability of 
DDT and its fourteen related compounds on aluminum osidr (Type E) Fz5, TLC 
plates developed with /l-penttine-methrlliol (5050). Fig. 6 illustrates two-dimensional 
TLC chromatograms of DDT and eleven related compounds. 

Depending on the general chromatographic mobilities and separation of the 
tiftren DDT-type compounds on tdunlinum oxide plates. they could be classitied into 
three groups, ri-__. the non-polar compomids exhibiting higher RF values. e.g., [‘.I”- 
DDT. ~,~I’-DDT_ II.I>‘-DDE, DDMU, DPE. and DDM ; the polar compounds h:lving 
lower mobilities, e-g_. DDA, kelthrtne, DBH and BPE; and an intermediate group 
consisting of one polar. DBP, and three non-polar, ~_~J’-DDD, m.p’-DDD, o,ll’-DDDI 
compounds with mobilities in between the precedin, 0 two groups_ Substitution of the 
less polar chlorine atom with a more polar hydrogen atom on the dichloromethyl 
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group of the three DDD isomers increased their polarity compared with the r&t of the 
non-polar compounds resulting in lower mobilities- 

In an earlier study reported by Bishara et al. *‘j it was shown that when DDT, 
DDE, DDD, DDA and DDM U were chromatographed on aluminum oside (Type E) 
F- (Brinkman) plates and multiply developed with 6 solvent systems and detected 
with ammoniacal silver nitratc’J6, multiple spots xvere observed for each compound_ 
It was suggested that they were due to degradation caused by exposure to ultraviolet 
per se as well as to the possible etfect of alumina which can catalyze reactions such as 
isomerization of double bonds and ester hydrolysW7_ 

Abou-Donia and MenzelIs described the separation and identification of 
DDT-type compounds by a systrm combining TLC. GLC. and infrared (1 R) spectros- 

TABLE 13 

LIMIT OF DETECTABILITY(pg~ OF DDT dSD ITS FOURTEEN REL.ATED COMPOUSDS 
ON XLUitlINIU~l OXlDE (TYPE El Fz, TLC PL_ATES DEVELOPED WITH n-PENTXNE- 
XIEXHANOL (5050) 

p,,p-DDT 
cr_p’-DDT 
p&-DDE 
c&-DDE 
_p.p’-DDD 
nr,p--DDD 
u_p’-DDD 
DDA 
DDMU 
DBP 
K&ham 
DPE 
DBH 
BPE 
DDM 

i_yY.~ 

0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.70 
0.50 
0.50 
U_U5 
0.05 
0.10 
U.25 
U.25 

copy. RF \~lues for DDT and I3 other compounds. most of which have been reported 
as DDT-brezkdown products_ lvere determined in 27 solvent systems Three columns 
in combination with electron capture dctsction were elaborated for the analysis of the 
DDT-type compounds_ Micro amounts of these compounds were then identitied by 
1 R, usin_g K Br_ TLC was performed on silica gel G with detection achicvcd using 1 :;i, 
o-toluidine in acetone followed by UV irradiation until spots appeared_ Table I4 lists 
the RF values of 14 DDT-type compounds obtained with 27 solvent systems. These 
compounds cou!d be classitied into two groups according to their separation by TLC_ 
ri=., non-polar compounds: p-p’-DDT_ u.p’-DDT. ~JJ’-DDD_ o-p’-DDD. DDE. 
DDMU, DDMS, DDNU, and DDM r and polar compounds: DDA, DDOH. DBH, 
kelthane and DBP. The non-polar group can be further subdivided into three sub- 
groups: (1) the unsaturated compounds: DDE, DDMU, and DDNU; (2) p.p’-DDT, 
o$-DDT and DDM: and (3) y-p’-DDD. o,p’-DDD and DDMS. Polar compounds 
also could be separated into three groups: (1) DDA: (2) DDOH and DBH: and (3) 
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kelthane and DBP_ The best system for the separation of polar compounds from each 
other as well as from non-polar compounds was 50 0/o chloroform-methanol (2: I ) in 
zz-hexane (final ratio of zz-hesane-chloroform-methanol (3 12 I 1)). Good resolution of 
~?.p’-DDT, p,p’-DDD, DDE, DBP, kelthane, DDOH, and DDA was obtained using 
a two-dimensional system consisting of 10 >“, diethyl ether in zz-hesane and n-hesttne- 
chloroform-methanol (3 2: I ) (Fi,. = 7). For GLC. a Micro-T& MT instrument equip- 
ped with a ‘H electron capture source was used and three U-shaped 6 ft. ;-. ‘I: in. 
0-D. glass columns were employed: 5 ‘i:, QF-1, 51;;: SE-30 -r 5 % QF-1, and 10);; 
DC-X0, all absorbed on SO-100 mesh Chromosorb W. All columns were conditioned 
at 250” with purified nitrosen at 70 mljmin for 23 h. The operating temperatures axx-e: 
column. 195”: detector, 100“: and injector block 230 ‘_ Optimal nitrogen flow-rates 
varied with the column: 70 ml/min for 5’::: QF-1. 100 mifmin for 5;:, SE-30 + Sz, 

i 

. -I 5 
z 

1 z 
6 

011 

‘40013 
60 

t Direction1 POA I 
I Direction ‘l FOA 
I 

(b) t 
--t----- 

-----------. 

I 

I N 

6 .- 

t .-I ‘; !! 140 013 
f .- 80 L3 

Fig. 6. Tuna-dimcnsionll thin-laxer chrunx~tugrmns of DDT and ekvcn related cun~puunds. The 
plates wcr~ devcluped three times with Jr-hesanc in dirtrtiun 1 and twice with rr-hesane-diethyl 
erher-acetic acid (90:lO:l) in direction Z (130 ml per solvent system). The numbers uf the sputa 
currtzxpund to Table 13_ (a) _-\luminum oxide (type E) Fzsa thin-layer plate. thr mixture spotted at thr 
point uT application (POA) contained I j,-_ l I of ash cun~pound: (b) Silca gel FzS, thin-laytr plate. 
4 jog uT each cunipuund were spotted. 

QF-1 and 120 ml,knin for IO::;:, DC-ZOO. The rerention times of the DDT-type com- 
pounds relative to aldrin are listed in Table 15. No single column separated all 14 
compourids. The QF-I column did not resolve DDM and DDNU and al)‘-DDT and 
DDMST DDE and DDP had very close retention times (Fig_ S). When the 10 I!,;, DC-200 
colunm was used. all the pairs of compounds with overlapping peaks on the poltu- 
column QF- 1 were resolved, e-g_? DDM-DDNU. DBP-DDE and o-p’-DDT-DDMS. 
However, DDE and a/z’-DDD were not resolved (Fi g. 9). All the compounds escept 
DDE and DDMS were resolved using a 5’;{, SE-30 + 5’:; QF-1 column (Fig. 10). 
Tables 16-1s list the characteristic IR absorption frequencies (cm-‘) of saturtxed 
DDT-, unsaturated DDT-. and polar DDT-type compounds. respectively. 

The column partition chromatography of DDT and a number of its homologs 
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0 DDE 

0 P.P’-DDT 

0 P.P’-DDD 

0 DBP 
0 Kelthane 

DOOHO ODDA I 1 

Fig. 7. T\vo-dimensional systems for separarion of seven DDT-type compounds by TLC: Solvent 
system for dirtxztion 1, lO:i diethyl ether in Ir-hesnner solvent system for direction 1, 50:;; chloro- 
form-niethanol (2:l) in Airsane. 

and analogs. DDE. DDD, DBP, krlthane and FW-I52 (4,4’-dichloro-c:-dichloro- 
metl~_vlbcnzl~ydroI) \vas achieved by Gillttt CY CI~.‘~~ usins 2,3,+trimethyl pcntanc 
(mob& phase) and 3-methosy propionitrile (stationary phase) on cellulose powder. 
Mcasurernent of the absorbancies of the etlluent fractions at 235 and 26s nni served 
as the primary quantitative and qualitative assay_ 

Separation of DDT and related compounds has been achieved on a silicic acid 

T_-IBLE 15 

REL:\TI\‘E RETENTIOS TIXIES OF DDT-TYPE CQAIPOUNDS BY ELECTRON CAPTURE 
GAS CHROMr\TOGRr\PH\i 

ClJ”lpC”td~ Rduriw rc*cmrion rime 

~- 5_“,, QF-I. 5”; SE& -+ 10” ,, DC-2lU , 
70 ml:rztin’ 7,. QF-‘-r. 132 mlfniin*‘ * 

I00 tn(~nrirre _ 
.~__ .~... __.. --.-___ 

p.p--DDT 4.4 3.65 3.24 
o.p’-DDT 2.96 2’.Y7 2.57 
DDE 2.30 ~‘.OO I.SY 
p.p’-DDD 4.09 1.70 z-43 
r~.p’-DDD 2-7s 1.1s I.S9 
DDhlU 1 .S3 1% 1 AS 
DDMS 1.Y6 2.00 1.66 
DDNU 0.9 1 as1 0.75 
DDM O-Y1 0.70 0.62 
DBP 126 1.x 0.99 
Kehhme 1.26 1.X 0.99 
DDOH 3-43 I_44 1.25 
DBH -_- 3 ‘6 1.x 0.99 

* Xldrin reference retention time, 3-7 min_ 
*_ Aldrin reference retention time, 12.8 min_ 

*-* Aldrin reference retention time, 12.2 min. 
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0 2 4 6 8 10 12 14 16 

Minutes 

Fk. S. Electron capture GLC 

18 

011 DDT-type 
and nitrogen flow&e of 70 mltmin. 

compounds. on Chromosorb W 

0 4 8 12 16 20 24 28 32 36 40 

Minutes Minutes 

Fig.. 9. Electron capture GLC of DDT-type compounds, using 107: DC-200 on Chromosorb W 
and nitrogen flow-rxe of 120 ml[min_ 

Fig. 10. Electron capture GLC of DDT-type compounds. using 5 I!(, SE-30 -: 5 y.; QF-1 on Chrome- 
sorb \V and nitrogen flow-rate of 100 ml!min_ 

column using gradient elution’50_ Table 19 lists the column conditions for the seoara- . 
tion and purification of some DDT-type compounds and metabolites. Fig. 11 illus- 
trrttes a chromatogram and conditions for the elution of a mixture of DDE. DDT, 
DDD, kelthane, DBP, and DDA_ Although kelthane and DBP were not completely 
separated, they could be resolved by continuing the benzene gradient instead of using 
pure benzene elution. The above separations were achieved using a water jacketed 
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TABLE 17 

THE CHARACTERISTLC 1NFRARED ABSORPTION FREQUENCIES (cm-‘) OF UNSfXTU- 
R.4TED DDT-TYPE COMPOUNDS 

For abbreviations see Table 16. 

___ ._ .__ ~--.-._I_ -. o_p_tf_ rr. _--_ -._. _. _.- .--_ sf. rib. 
c- c Sk St. 0.p.d i.p.rL 

column 22 cm :-: IS5 cm i-D_ packed with silicicacid (Mrtllinckrodt_ 100 mesh A_R_)- 
Armour and BurW5* described the separation of PCB4 from DDT and its 

w~ttlos and other chlorinntcd pesticides by column chromatography on silicic xid- 

Celite_ PCBs were eluted from the column with petroleum ether prior to elution of 
pesticides with a mixture of acetonitrile, hesanc and methylene chloride- Determint~- 
tions of PCB and pesticides could br made on the separate cohunn eIuatcs without 
cross-interference_ Recoveries of Aroclors 1254 and 1260 and of several chlorinated 
pesticides through the separation method rttngcd from 76-IO0 y: and SO- 107 3:,_ 
respectively_ The method ~1s su ssested to be applicable to samples prepared by 
multipesticide r&due methodology and should bc applicable to sample i’stracts 
prepared for GLC by usual procedures. 

GLC utilized an electron capture dctcctor and 6 ft. -: 1 mm I.D. &tss columns 

of either (1) 10 7; DC-200 on SO- 100 mesh Chromosorb W_ HP. or (2) 1 : 1 mixture of 
15flc, QF-1 plus 10% DC-200 on SO-100 mesh Chromosorb W. HP. The opcratins 
conditions were: nitrogen flow-rate. 120 mlimin; column and detector temperature_ 
200’ ; injection temperature, 125’ _ The concentric design electron capture detector 
was operated at dc voltage to produce ‘i2 full-scale rccordcr dctlection for I ng hcptrt- 
chlor eposidc when full-scale deflection \v:ts 1 .-- 10e9 amp. 

The effrct of water content ofsilicic acid on clution and separation of Aroclor 
1260 and DDT analogs is shown in Fig. 13. Silicic acid was heated at 1.30 ’ for several 

days before equilibrating with O_lO% (\v,!w) water_ A mixture of Aroclor 1260, u-p’- 
and P-P’-DDT. P-P.-DDE. and p-p’-TDE ~~3s eluted from columns of silicic acid of 
various moisture contents using petroleum ether as the eluent. The masimum mar$n 
of separation of PCB from Festicides with good reproducibility of elution pattern 
wts obtained with silicic acid contztining 3 “i;; \vttter. A more polar eluant \v;ts required 
for complete elution of p-p’-DDT and ~J.~‘-TDE when the water content was 5 zS or 
less. Aroclor 1260 W.IS completely eluted \vith ZOO-ml of petroleum ether: 250 ml of 
eluant was required for complete recovery of Aroclor 1254_ When more than 5 ‘9‘; w;t- 
ter NXIS added, activity was decreased to the extent that retentiveness was lost. An 
tldsorbent column of 20 g of silicic acid (containing 3 >lS added water) plus 5 g of Celite 
wts determined to be the best for separating PCB from DDTnnd analog_Thesepara- 
tion WIS accomplished by eluting PCB with 250 ml of petroleum ether followed by 
rlution of DDT and analogs with 200 ml of acetonitrile-hesane-methylene chloride 
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TABLE IY 

COLUMN CONDITIONS FOR THE SEPARATION AND PURIFICATION OF SOME 
DDT-TYPE COMPOUNDS AND METABOLITES 

..- ._~.~_ ____ ._--._. _______ .~ ..~ _ 
Ivutcr Suh-c!tr SlwCW~ 
uddrcr ru 

siiicic mid f uo) 

_Adsorption 
3.5, 10 dured ,r-hrxanr 
0, Z, 3,5,10 benzene gradient on I{-hexane 
3.10 carbon tcrmchIoride gradient on mhesme 
3 benzenegradient on carbon tetmchloride-lr- 

hexsane mixture 
5, 10 diethyl ether gradient on rr-hexme 

Partition and mixed 
5 aceronitrile stntionar)- phase 507;; viw ofsilicic 

acid, eluted lr-hexane 
IO aceronitrik stzaionary phase 657; VIXS’ ofsilicic 

arid, eluted II-hexane 
5 acetonitrite stationary phase 50:: v@ of silicic 

acid, eluted benzene gradient on rr-he.xane 
3-5 acetonitrile stationary phase 5OTL v,%v of silicic 

acid. eluted acetonitrile gradient on benzene. 
starting with Zo/- acetonitrile in benzene 

DDE. o,p’-DDT. p-p’-DDT 
DBP, phenol’. ketone’ 
DDE. o.p’-DDT, p.p-DDT 

kcithane, ketone’. DBP. DDD 
DBP, DDA_phenol’,carbosylicacid~ 

kelthane. DBP 

phenol’ 

kelthane, ketone‘ 
0 dioxrine stationary phase 50% vjw of silicic acid, 

e1ute.i benzene gradient on It-hexme DBP, phenol’ 
--. ..-.. .._. ___ __ _. _ 

_ Unidentified metabolite of DDT with this group indicated_ 

Tube NaCSml tractions) 

Fig- 1 I_ Chromatogram and conditions for the etution of a mixture of DDE, DDT, DDD, krlthane, 
DBP and DDA. 
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Petroleum ether eluant (ml1 

Fis_ 11. Etkcr ofsilicic acid watet- contrnt on clution and septtmtion of Aroclor 1260 and DDT t~nli 
anaIo_gs_ 15-1111 fractions of petroleum ether eluate analyzed by GLC: respective compound found 
present in volumes crossed by horizontal line. Various polar eluants used to elute pesticides C, D. 
and E. A =- Aroclor 1160: B = p,p’-DDE: C = o.p-DDT: D = p,p’-DDT: E = p.p’-TDE. 

( I : 19:SO). DDT and analogs were eluted by the first loo-125 ml of the second elwmt_ 
In addition to o.~>‘- and /L~‘-DDT. p,p’-DDE and ~,I>‘-TDE, complete recovery of 
lindtme_ heptachlor. heptachlor eposide. dieldrin and endrin was obtained by the 
second elution. Aidrin was cluted with PCB, and with the exception of dieldrin and en- 
drin, all these pesticides and PCB were found in the 6% diethyl ether-petroleum 
ether-Florisil eluate_ Recoveries of Aroclors 1254 and I260 and pesticides are sho~vn 
in Table 20. Aroclors 1221. 1231. 1262.5442. and 5460 \vere also completely separated 

RECOVERIES AND SEPAR.ATION OF XROCLORS AND CHLORINATED PESTIClDES 
ADDED TO h SlLlClC -ACID COLUMN 

Eharr I - 
Xroclor 125-t 
Aroclor 1160 
Aldrin 

-lo 
70-w 

1 

95-100” 
9%100-- 

101 

EIuurt- 2’. - 
Lindane 
Heptachlor 
Heptachlor epoxide 
Dieldrin 
Endrin 
p-p’-DDE 
o.p’-DDT 
p.p-DDT 
p,p--TDE 

10 Y5-100” 
1s 9%100” 
4 loo-103 

. 
-. 

a-. 

0.5 96 -I Y-l-100 
1 Y3 4 ss-OS 
1 100 4 96-101 
1 10-l 7 

1 Y-l 3 101-106 93-96 
5 YY IS SO-105 

10 YS 11 Y I-103 
10 YY IS 90-106 
5 97 IS 87-107 

Eluant : 250 ml petroleum ether. 
Recoveries estimnted; no Xroclor present in second eluate. 
Eluanrr 310 ml acetonitrile-hesrtne-mrthylene chloride ( 1:19:SO)_ 
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from .pesticides by the petroleum ether clutiox The multicomponent pesticides. 
chlordane and tostlphene were eluted by the polar eluant and did not intcrfcre with 

PCB. 
The analysis of residues and mttrtbolites of DDT in the presence of PCBs is 

complicated by the ditliculty of separatin g the t\vo groups of compounds. Reynolds’52 
and Armour -md BurkeZ5’ L utilized liquid-solid fractionation for the separation of the 
DDT compounds prior to analysis by GLC. 

The oxidation of DDE and DDNlU fo dichlorobenzopheaonc has also been 
utilized to cllkt a better separtttion of the DDT compounds from the PCB componenrs 
by liquid-solid fractionation_ 

The oxidation of DDE to dichlorobcnzophenol~e has been used by Mulhern 
ef crl.‘” to eliminate the interference of DDE in the TLC estimation of PCB_ The osi- 
dation of DDE to dichlorobenzophenone \V:IS tirst described by Hallcr cr t11.~ and this 
reaction was subsequently used by Wichmann L’I ui_ 15’ for the colorimctric analysis of 
DDT and DDE. (The parent DDT was determined by dechlorination to DDE fol- 
lo\vcd b_\r oxidation_) 

Miles155 ctkcted the separak~n of DDT compounds from interfering PCBs by 
oxidation of DDE and DDM U fo the more polar dichlorobenzophcnoIlc. DDT and 
o-p’- and p-p’-DDD \vere dehydrochlorinated utilizin g l.S-diazclbicyclo[5_4_0]undcc- 
5-ene (Aldrich Chem.) (5:<, in benzene) and the rcsultinp oletins \verc oxidized by 

chromic acid in acetic acid_ In subsequent Florisil frxtionation. rhc inrcrfering PCB 
compounds, which were relatively unchanged by the d~h~drc~chlorin~1tior~ and osida- 
tion. were elutcd in the hrxanc fraction, while the dichlorobsnzophcnoncs wtxr‘ elutcd 

by benzene_ GLC determined recoveries of IJ.IJ’-DDE and IJ.IJ’-DDT added to tish 
extracts at 5 ppm each were S2.5 2 2.1 ‘.!i, and S6_0 + 22:;;. respectively. The procc- 
dure has been successfully used to determine DDE_ DDD and o_la’- and I>.II*-DDT in 
the presence of large amounts of PCB in samples of bottom mud and lish in sfrexns 

receiving efkent from urban areas. The procedure has also been used to measurr’ 
DDE and DDT 3s lo\v ~1s 0.01 ppm each in dams. Aroclors 1354 and 1260 were es- 
amined by GLC to determine if they produced peaks which might interfere with the 
analysis of o-p’- and I?_IJ--dichlorobelizophcnones by the above proccdurc No shift in 
peak retention times was noted when these i\vo Aroclors \vere s~~alyzeci by GLC bc- 
fore and after dsh_vdrochlorination and oxidation. 

The facile conversion of ~l,p’-DDT and &-DDD to predominantly DCS 
(rrrrnr_l,_p’-dichlorostiIbene) \\-ith DDNIJ ( I_I-bis(IJ-chloroplien~~l;~th:lcne). DDM U 
( I. I -bis( p-chlorophenyl)-I-chloroethylsne) and DBP (~~_~~‘-dicl~lorobe~~z~~~~l~e~~~~~~e) :LS 
secondary products under acidic conditions (pH 3.7) usin, I* chromous chloride as the 

reducing agent has been described’jh_ 
The above products were analyzed by GLC utilizing an Aerograph Hy-Fi 

Model 600D with ;i ‘H electron capture dctcclor wit!1 operating parameters as those 
previously reported by Chau and Cochrtme*5’. 

Fig. 13 illustrates a chromatogram of /xI>‘-DDT after CrCl, rextion and 
Tablr 21 gives the relative retention times of /J.p’-DDT and its rcticrion products by 

electron capture CiLC_ It is of interest to note that DCS has bren isolarcd and identi- 
kisd as a constituent of mainstream cigarette smoke Lvhich \vas obtained from tobxco 
products containing p.p’-DDT or p,p’-DDD’jY_ 
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TABLE 21 

RELATIVE RETENTION TIMES OI- p.p--DDT .-\ND ITS RE.4CTION PRODUCTS BY 
ELECTRON C.-\PTURE GAS CHROXIXTOGRAPHY 

5. XNXLYSES OF METABOLIC. FOOD, X9D TOBACCO SAMPLES 

The chemical modilication and cscretim of DDT in anin~~tlsl”y md nun’“” is 
\vell established. Initial degradation of DDT nxty proceed sithcr by dchvdrclc!llorin~;- 
tiun. virIding DDE (I.I-dichlor~~-2_~-bis[~~-chlor~pl~c1~~l)eth~Icr~r or by substitution 
of hydrogen for one chlorine atom, yieldins DDD (1. I-dichloro-2-Lhis( I:-cl-iloropl~~- 
11_vl)etl1a11c~J~-'h'-'h'. DDD readily degadrs fwthcr through ;I series of intermrdiatcs tU 
the rscretabk DDA (bis(p-chlorophenyl xctic) acid and is rarely found as ;I stored 
metabolitc in the general population. DDE. however, does not undergo further brrsak- 
down to DDA and this stability_ in tbc main, accounts for the higher hunxm tiswc‘ 
store of DDE than of DDT in the ~cnrral population. 

Aspects of the absorption, storage, and metabolic conversion of insl-estcd DGT 
and DDT tnetabolires in man \vere described by Morgan and R~an’~~. Human sub- 
jects ingested daily 5- to 20-rng doses of teclmicai DDT. I>./~‘-DDE. or p-p’-DDD 
for Sl-IS3 days_ The semn and adipose conct’ntrations of DDT and DDT mctabo- 
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litcs in response to these drugs indicated that the initial dechlorination of DDT 
was of crikal importance to its metabolic fate_ Conversion to the saturated p-p’- 

DDD permitted further degradation to the readily excreted p.p’-DDA. In contrast. 
dehydrochlorination yielded /~.p’-DDE. a stable metabolite that was widely re- 
tained in adipose storage_ Tissue stores of pip’-DDE in the general population is 
sugested to originate mainlv from preformed dietary ~>_p’-DDE in the diet, rather 
than from ~_I>‘-DDT_ Of the DDT related materials studied, propensity for human 
adipose tissue storage increased in the order p-p’-DDD < o-p’-DDT < II_/-DDT < 
IJ.~‘-DDE_ The same relationship of the chemicals esisred with respect to stability of 

the adipose sforc. once dosage was terminated. Electron capture CiLC analysis for 
pesticide was carried auf usin, ~7 6 ft. :-.: ‘i4 in_ l-D_ columns containing l-5 y(, OV-17 
and 27,; QF-1 coated on 100-110 mesh HMDS treated support. The operating condi- 
tions were: inlet temperature_ 230’ ; detector tcmpertlturc_ 110 ‘I column temperature. 
205. I nirrogtn carrier gas flow-rate 20 ml/min: and polarizing voltage_ 10-40 V_ d-c_ 

Epidemiologic surveys have shown that the presence ofp,p’-DDE in serum is 
indicative of chronic DDT esposure while p-j>‘-DDT levels are measures of recent 
exposurc’hJ-‘h’_ 

Aspects of the transport of DDT_ DDE and disldrin in human blood have been 
recently described h; Morgtln LV CI/_‘~“. Blood specimens were studied from workers 
Ions esposcd w chlorinated hydrocarbon pesticides_ and also subjects who had in- 
gested measured quantities of technical DDT about two ysars prior to these tcstslh’. 
Blood saniples were collected in heparinized tubes. erythrocytes separated by ccntrif- 
u@on wcrc washed three times in saline: samples of packed red cells were cstrtlcted 

by ~1 i rl :I mixture of ethanol. diethyl ether and hesanc and the cstract then clsancd- 
up by the Mills procedure”“. Thcsc extracts. as well its hrsnne extracts of plasma \vere 
rhen analyzed by electron capture GLC fox-l>_/>‘-DDT, p-l>‘-DDE and dieldrin. Elsctro- 
phoretic separation of the proteins contained in high-level DDT scrwii (DDT =-: 115 
ppb. DDE -7 t 10 ppb) was tweomplished \vith the B&ma~~ Cot:tinnous-tlc~~~ paper 
electrophoresis apparatus employin g veronal butiix at pH S-6_ 93 mA current and :I 
hesv-_v-duty coolinp system*h”_ Clean separation of proteins in appros. 3-6 ml of serum 
wts zlccomplishcd in appros. 1 S h. It ~~1s found that less than IS y{, of the ~_IP’-DDT 
and rq’-DDE fOund in human blood was carried in the erythrocytes w!lilc dirldrin 

was distributed between red blood cells and pkma roughly 111 proportion to VO~~IIIW. 
In non-lactescent sera, chylomicra cttrricd less than 1 yc, of the total pesticide: protrin- 
free serum was virtually devoid of pesticide. p_$-DDT and p,p’-DDE were found in 
relation to lipoproteins of various densities_ but principally in the triglyceride-rich 
lot\--density and very-low-density lipoproteins. The plasma albumin and secondarily 
the smaller @obulins are the principal plasma protein constituents associated with 
blood-borne 1)-p’-DDT and p-p’-DDE. 

Dgment L’I ~i_‘~’ investigated the relationship between levels of chlorinatsd 
insecticides in human milk and serum_ Simultaneous chlorinated rtnttlyscs were pcr- 
formed on milk and serum from IS lactating women in Texas. No correlation could 
be established between milk and serum levels of p_~‘-DDE, p-p’-DDT_ dieldrin or 
BHCand it was concluded that breast mi!k insecticide levels do not have the epide- 
miologic signilicance that the serum levels suggest_ Blood serum and milk were initially 
sstracted with hexane: the blood extract \vas then concentrated and analyzed by GLC 
whereas the milk extract required Florisil clean-up prior to concentration and GLC 
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analysis. A Micro-Tek 220 gns chromatograph equipped with a 3H foii detector was 
used with l-5:,: OV-17 and 1.95% QF-I on 100-700 mesh Chromosorb W, and Lcy<, 
SE-30 and 6:::, QF-1 on SO-100 mesh Chromosorb W: operating tcmperarurcs \verc: . 
column, 200”. inlet_ 125’ : detector, 105 ‘_ 

Problems of prevalence of pesticide residues in humans have been elaborated 
by Davies er al.““. Two devclopmenrs which have recently occurred which may pro- 
foundly aKect the ma&ude of swnpling surveys are: ( I ) a description of signilicant 
demographic dillkrences within respective popul~itions’~-Ii’-“‘, thus emphasizing the 
importance not only of size but also stratitic-ation of the community; and (2) studies 
presenting comparisons of human pesticide residue levels in 114th and disease. also 
emphasizing the requirements of precision data or prevalence levels in the healthy 
population using DDT and DDE as a model”“. Data were presented by Davies er 
al.“” from 159 autopsy fat specimens from persons accidentally or violently killed in 
Dade Count_v. Florida. Sr, ‘witkant dill-ercnces in levels of DDT-derived materials 
\vt’rt\ observed to be associated \\-ith race and other dcmo~raphic vztriables. and data 
obraincd by nccropsy adipose sampiin, ~3 were compared \virh uhoie blood studies on 
:i living general population goup. 

Gas chromato~mph~ usin g the Radomski method”’ was employed to measure 
residues of chlorinated hydrocarbon pesticides in tissue_ These \verc carried out using 
;I Micro-T& 270 gas chromatogmph with 3H or h3Ni electron capture detectors and 
6 ft. - ‘f, in_ glass columns packed \virh high-pcrformtincc acid-washed DCiMS- 
treated &romororb G coated \virh ( I ) a misturc of I .6 :‘;f, OV-I and 2.75 ‘T.:, QF-I and 
(2) 2_75’:,; QF-I_ The optx;ltin= ‘r conditions were: ink-t temperature. 210- : detector 
remperature, 200 for “H and 170 for “‘Ni: transfer line temperature. 215’ I nitrosen 
input pressure: 70 p_s_i.g_r ftow-rate_ 110 mljmin for OV-1 -+ QF-I and 90 ml/min 
for Q F- I _ 

Whole blood was an:Ll~zed for chlorinated hydrocarbon pesticide residues by 
a moditication of the method of Dale er rrl. L’S_ This moditict~tioni” gave results for 
DDT and DDE in \\-hole blood close comparable (cocfticient of correlation_ I- - 0.94 
for DDT and DDE_ p -c 0.001) fo thost x zivsn by Dale‘s original method and was pt-e- 
ferrcd in riw interest of rapid testing. Afier estraction of whole bIood Lvith hrsane, 5 
1’1 of the estract was analyzed by G LC using the nxisimunz practical sensitivity of the 
dctcctor. A Micro-Tek 220 \vith “‘Ni electron capture detector in the d-c. mode was 
used \vith the follo~ving operating paranirtt’rs: inlet temperature, 120”: column rem- 
prraturc, I SS : detector tempcraturt\, 350. : and transfer line temprrt~turc. 240“ : 
operating \oitagc_ 5-40 V: nitrogn input pressure. 40 p_s.i_g_: flak\--rate_ 90 ml/min 
for QF-I and 100 mljmin for Dow-100 -f OV-I. Two columns were routinely used 
for contirmation of peaks: (1) 1-61:;; OV-1 and 3-75 ‘,,;; QF-1 on DMCS-treated SO-100 
mesh Chromosorb W and (2) 1.75 I::, QF-1 on 6040 mesh Chromport XXX (Dolv). 
liccovcr~ studies using this moditicd method”’ have been done at levels of IO ppb of 
DDT and IO ppb of DDE with recovery of 90 and I lO!J,;, of DDT and DDE. rrspec- 
tivclyr reproducibility wts obtained within 1 ppb on repeated testing at the levels of 
-: 1 and 20 ppb of DDT and 9 and 20 ppb of DDE_ 

The determination of chlorinated hydrocarbon pesticides in human blood is 
incrcasin$y used as a method for the estimation of esposut-e to pesticides”“-‘s3. 

In the frequently used procedure of Dale et o/_“~ blood serum is separawd from 
the clot by ccntrii’u~ation at ZOCO rpm For 10 min. follo\ved by extraction of the serum 
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with 5-O ml of hestlnc. A I _6-ml sampIe of the hesane extract is concentrated and an- 
alyzed by electron capture GLC. Bonderman c’z u/_“’ described a statistical esamina- 
tion of the laboratory parameters involved in the recovery of DDE human blood 
serum by the above method of Daker N[_“‘_ The age of serum. amount of hexane used 
for extraction. duration of mising time and temperature were intercorrelated and all 
had ;1 statisticzlIy si@ficant etli-ct upon the results of the ;tn;dyticzd quantitation per- 
formed by GLC- The optimum conditions established from this study for the analysis 
of/l,p’-DDE residues \vere: azing time. immedit~tely: hcsanc volume, 2.0 ml; misinp 
time, 4 min: and water bath temperature, 40 -_ 

A Micro-Tek MT-Z20 gas chromatograph with a 13I);:C.i tritium electron 
capture detector and a G ft. I-- */a in. O.D_ glass U-tube contnmmS 61j: QF-I -+- a:.!; 
SE-30 on 60-90 mesh Anakrom ABS was employed for a11 analyses. A 3 % stabilized 
DEGS cm SO-ICO mesh Gas Chrom P column was used for conlirmation_ The number 
of throretictl! plates calculated for IJ_I>‘-DDE wts 2X0. The operating partm~cters 
\vere: oven temperature_ 190 I detector temperature_ 100. and Ho\\.-rate of nitrogen 
carrier gas_ 60 m!i:min_ The retention time for /xp’-DDE under these conditions w;ts 
I Z min. 

A quantitative method for the cstrxrion and dcterminotion at- DDT and its 
nwtabolites in serum \v;?s described b_\i Dale CI Cal.‘“‘. When rats wcrc given ;I sin$c 
oral dose of ‘JC-!abe!rd DDT_ it \Y;LS demonstrated bv parallel GLC and rsdiomctric 
measurements tlrat i~r riro introduced DDT and related materials could not be rc- 
moved quanritarivel~ from serum b_v simple hest~ne estrxtion_ Pretrearment of the 
serum with equal volumes of formic acid released the binding of DDT and its me- 
taholites permittins their estraction with H-hestme resulting in 95 y-,; rccoucrits. When 

applied to sera of men from the ~cncral population and of men \v!w had been esposed 
to DDT for more than 10 years in a manufacturing plant, this method gnve consistcnt- 
Iy higher results than the simplr hesane estraction mtthod_ A Varian Aerograph 
Model 200 chromatogrtlph \ws cquippcd with an S-mCi h3 I- - hr sow-w &ctron capture 
detector and ;t 4-S ft. :-’ ‘I4 in 0-D. aluminum tube packed with a misturc of equal 
parts Gf37:. OV-I 7 on 100-I 20 mesh and 5 ‘;;, OV-210 on IOO- I10 nosh acid-\vxshcd 
DMCS-treated Chromosorb W_ The operaring conditions wcrc: detector temperature_ 
265-, inlet and outlet block temperatures. 240 : and colimin oven tcmperaturc. 105 I 
nitrogen carrier gas Row-rate. 35 ml;min at 70 p_s_i_r and standing current 1 :-: IO-” A_ 
A typical chromtrtogram of ;I serum extract (obtained from the formic acid-hcsanc 
nghod) from an occupationally csposcd individual and a chromato~rtmi of DDT and 
rehted compounds m-e sho\t:n in Fis. 14. Peaks corresponding to p_/>*-DDE. al;‘- 
DDE and p-p’-DDT were found in ~11 smnples analyzed. Weak peaks corresponding to 
u+‘-DDE and II_IJ’-DDD were observed occasionally in occupationally exposed in- 
dividuals \vhi!e no peak corresponding to o,p’-DDD was ohsrrvcd in an; of the sam- 

pk._ 

Crtrnmcr cr (II.‘%’ described the determination of DDT :md mct:~ho!ites (in- 
cluding DDA) in human urine by GLC_ The procedure included joint electron cap- 
ture-gas chromato~raphic determination of DDT. DDE_ DDD, and DDA-methyl 
ester, as we11 as other estractnble chlorinated hydrocarbons such as lindane_ dieldrin, 
and dichloran- Detection of these compounds was possible at levels as lo\\- as I _O pph 
b_v the combination of the Co&on conductivity and pttrallel plate electron capture 
detectors. Identification was facilitated by comparison of the relative responses of 
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dilkcnt dcttxtion s;_vstctns and rclativi- rctcntion times on columns kvith ditLrent 
rr’tcntion characteristics. Urine samples \vt’re also cleaned up following extraction 
\<ith 1”,, acetic acid in he-xne and mcthylation by passage over :I micro Florisil 
colun~n wcording to the proccdurc-- of Enos LV &_LSJ_ A Micro-Tek Model MT-220 
Gas Chronxttapraph was equipped with the above detectors. A Dohrnlann niicro- 
coulometcr detection could bc used in place of the Coulson conductivity system 
These systems m-e rou@y squsl in their sensitivity to chlorintlted hydrocarbons. Thr 
most ust’ful column txpc \V;LS a S ft. .-: ‘ia in_ 0-D. Pyrex glrlss U-tube packed \vith 5 I:.:, 
OF-1 on SO-100 mesh Gas Chrom Q_ The own tempterature ws 170-175 ttnd the 
nitrogxi CtliriCr gas flow-rate mxs SO-100 nil/min_ Other successful column packings 
\vt’rt’ 5 ‘!i, OF-1 -1- 7.5 I.1;: DC-ZOO and 3 ‘,?L SE-30 on SO-100 mesh Gas Chrom Q_ Fig- 
15 illustrates an clrctran capture chromatogrtim of a general population urine extract 
and 5s. 16 is ;I Coulso~~ conductivity chromatogram obttlined by concentrating the 
em-act sho\vn in Fig. 15_ Fig. 17 is an csaniple of an clcctron capture chron~rtogrmn 
of fractian 2 from the micro Florisil cltxn-up of the t’.\tT;tct SIKI\W in Fig. 16. The 
Gnplest most str:tightfor\v:trd tnt‘t[wd of ;tll;tlysis \v;ls found tc> be concmmtion of 
the urine atract to an appropriate volunw (L’CL 020 ml) with subsequent conducri~-iry 
or microcoulornetric detection (Fi+ 16)_ However_ if electron capture detection is tc> 
be used_ cIe:ul-up by :t micro-Florisii column is necessary (Fig_ 17). 

D:~tt:~*“:’ investigated the irz rim detosifictltion of p_p’-DDT via ~I.II’-DDE to 
I>.I~‘-DDA in rats_ DDE pretreated animtds were used in addition to controis and the 
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I DDA 

DDA 

1y in intact ani!naIs_ The predotninanctz of one or the other mtty dcpcnd on physiologic 
response or the amount of toxicant used. DDE, DDOH_ and DDA (from tissue IX- 
n-xts) ~~r‘rr‘ identilied by comparison with authentic reftxcncc compounds by both 
pqwr chromtttogaphy and micro-inli-at-cd spectroscopy_ Tht devsIopi!ig solvent 

sgtcms usrd%a-r’: ( 1) immobile phase. S 3, rphenosgsthat~ol in cthcr and mobile 
phase I_l_~trimethylprntaner and (2) immobile phase_ 7 I!,;, olive oil in :tcc’tont :md 
mobile phase. 21?1 cont. NH,OH in absolute ethanol_ The complete pttthxty ofdctosi- 
tication of DDTvitt DDE to DDA\vas sugsstcd by Datta in thisstudy to bem indicated 
in Fig- IS- This pathway indicrttcs that DDE detoxification_ or enzymatic degradation 
to DDKU: occurs by a two-step process _ rtpprtr~ntly an aliph;ttic chlorine is replaced 
h_v h_vdros:cn in an osidrttion-rsduction process simiktr to that reported by CastrP 

t-or the conversion of DDT to DDD by porphyria cotnpks~s. SUCK ;\ dctosificntion 
mechanism may be :rrtributed to hem&x-type enzymes_ The scheme reported by 
P&xson and Robison’“’ for rht conwrsion of DDT via DDD fo DDA in rats indi- 
cates that DDMS is III intermediatt compound between DDMU and DDNU in that 
parhway_ Since DDMS wts absent in the DDT via DDE to DDA pathway reported in 
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WritTIlt LV rr/_‘“’ described studies of residttcs in chickens fed DDT. Adult -_ 
chickns xvt’w dascd with 10 ny ~~IJ_/~‘-DD-I- per kg of body wsight for 90 days and 

tlwtl s;icriljccci_ T]K rcsiducs of p-p’-DDT and t-r-latt-d compounds \vt‘t-c higher in the 
tissues oftreated adult males than it1 ti?;sLtt's of trmtcd IBXS. The highest reside k\~l~ 

u-a-r‘ found in the fats and preen &tnd_ :ltld the lo\vest levels \st‘rc found in the brcrtst 

nwscIc and brain_ The procedure used to r’xtrxt the tissues fw DDT and tnctabolita 
u-as :I moditied procedure of Radomski and Fisr‘t-o\~a-Bct-St-ro~~tt~~. In gcncc~l_ 025CI 2 
af tissue \vzts ground in a Thotnss fissut * grindct- \vith r~distilicd pert-olrrtm cthcr. The 
atract \VitS dried with sodium sulfate_ concentmtsd_ brought to volume \vith hcst~nc 

and Z;rtl portions wet-e rtnalyzcd win, . s* -1 Micro-T& 120 gas cht-c~matoft-n~~ll cquippcd 
with ;t “Wi electron capture dett‘ctot- and ;I 6 ft. -= 'j4 in_ strtinless-steel columtl prtckd 

\vith S’,?; QF-I coated on SO-100 tntsh Chrotnosorb W. 
A rapid method for the dctertnination ofp.p’-DDT to IL/“-DDE ratio?; in tisli 

WLS described by Fort _ ISy Tissue samples ranging from- 0.005-O_ I g tvcrr’ digested in 
2-4 ml of formic acid and maintained at 60 ’ for 1 S-2 h fc4lo\ved bv cstraction four 
times wirh hesane. The combined cstmcts xvr_‘t-e e\-apot-ated to dryness and the rcsiduc 

w;ts washed with three 1- ml portions of rtcctonitrilt‘. A small amount of ailttilins ('0 

nlg, SO-200 mesh) sxs added and the satnplc centrifuged. Atitt- cvapotxting the SU~CI-- 
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natant to dryness. the residue \v:ts dissolved in :t smttli amount of tthylttcetatc ttnd 
spotted on ;t plate coated with sluminium oside using the procedure of Ko~:tcs’~~_ This 

above procedure of Fort’= \\‘3s suggested to be ;t more rapid method of analyzing for 
the presence of DDT in fish than the mot-c commonly employed method of Mills er 
a[_t90_ 

A method for the analysis of Ml. animal and poultry tissue for chlorinated 
pesticide residues was described by Porter er al_‘sr_ Residues of the above tissues were 

rstracted by blending with petroleum ether and then employing the usual petrolrum 

ether-acctonitrile partitioning and Florisil column chromnto~r~tphic procedures for 
c!ean-up. Levels of metnbolically incorporated chlorinated pesticide residues cstrrtctcd 
f&m fish. meat and poultry tissue by the petroleum ether method wa-e equivalent to 
residue quantities extracted by Soshlet with chlorofxm- methanol ( 1 : I )_ Rccovcrics 
of rcpresentatise chh~ritxtted pesticides added to samples of vnrious tissues at levels 
of 0. I-2.0 ppm mn~ed from 90- IO2 >,,,_ Gas chromatogrttphy \vith electron capture 

detection according to the Official Methods of Analysis’“’ (sec. 29.IiO 1) \\‘;ts used fot- 

aI1 determinations_ 
klcstres er ~1.“~ described the analysis of DDT_ ttldrin and dicldrin residues in 

milk and butter. Samples of mtl _ k and butter \vere hydrolyzed \vith 3 :V ctktnolic 

KOH and 57;, aq. sodium osal:tte. prior to extraction with petroleum ctltct-_ The cs- 

tract was then prtritied on a FIorisii column in :I mam~er that resulted in DDE and 
aldrin being selectively etuted by petroleum alone (b-p. 45-40~~): dieldrin \v;ts elutcd 
later with a mixture of diethyl ether-petroleum ether_ The concentrated pttriticd cs- 
tracts awe analyzed by electron capture of microcoulomctric ~3s cIlrc~mato~r,tpll~~ 
usins both DC-100 and OF-1 columns_ The sensitivity of the method \~;ts limited for 
routine determinations at 0.01 ppm for aldrin and 0.01 ppm for DDT and dicldrin in 
milk and quantities ten times higher in butter_ An IR method was used tO conlit-m 

the presence of residues of DDT in milk higher than 0.5 ppm. 
Heeschct1’9’ described procedures for the determination of chlorinated hydra- 

cxrbons in milk and dairy products_ Table 22 lists the steps involved in the clean-up of 

CLEAK-UPOFMILK ASD XltLK PRODUCTS F<)RGXSCHROXIXTOC;R.-\PHIC.~Er\L’t’SIS 

I Extraction of butter oiI using hcx.urtne-ztcetonr or deep-frwzing. wtrtning up to 6W _ rind ccntri- 
fuging 

1 Misinz of I.0 g of fat and 1.5 g of Celitc 545 in beaker 
3 Filting of chromatographic colunm xvith butter oil-Cclite mlsturc 
1 Selective estmction of the chlorinated hydrocarbons \vith 3.75 ml of D%lS<) under pr~xsurc 
5 Ckxt-up of the instxricidc contaiking DXISO extrxt on Florisil alumini~tmh~dr~~side using 

hcxane 3s elmnt 
6 Reduction of the ehtatc to 5 or 1 ml 
7 Application of 5 or tO.ml on the gas chronxttogmph 

_ 

milk and milk products fk GLC analysis. Fig 19 and 20 illustrate the column chro- 
matographic equipment utilized for the cstrttction and clcttn-up of milk samples fot- 
detection of txsticides_ 

of the 
Mille;er ~1.“~ described ;t colIabortttivc stud? of the accuracy and reliability 

FDA modilicationtyh of the Mills method ‘W for the dcterrnination of otytno- 
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- FloriSil (50gm)r 15V~ 
of water.80 -100 mesh 

ALtO,EOgm) e 7% of water 

Glass wool 

TEFLON STOPPER 

The determination of organo clhrinc pesticide residue keels in l~~unttn milk 
axs described by Newton and Grcenc”‘. Smnples of ll~~rnan milk wt’rc collcctcd in 
1970 from 39 rural and 2S urhn donors in Victoria (Australia) and analyzed by 

&m-on capture ~~1s chromtlto~rtlphv. All smnplc~ contained DDT_ DDE_ :tnd IWXL- 

cl~lorc~bsnzene (HCB)_ T\vcnty-nine stmlplcs contained dicldrin (1nt’~~n 0.006 ppm)_ 12 
contained DDD ~n~~m~O.007 ppm) and 3 contained both dieldrin and DDD. Total DDT 
averaged O_l30 pprn for rur:tl and O-145 ppm for urban donors and HCB tlv&~_rd 
0.0-Z ppm and O_O53 ppm. respectively_ 

STOCK FLASK 

- Hexane 130mI Credietilled) 68-C BP 

CHROMATOGRAPHIC COLUMN 2 

- FlorisiI (5.0gm)-15% 

ot water. 80-100 mesh 

TEFLON STOPPER 

EVAPORATOR FLASK 
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A Varian Aerograph Model 1200 Chromatograph was used equipped with a 
250 mCi tritium electron capture detector and a 5 ft. x i - in_ Pyres glass column pack- 
ed with an equal mixture of 10% DC-200 and 15y.i OF-1 on individually coated SC- 
100 mesh Gas Chrom Q_ A @ass liner wns used in the injection port. The oven_ detec- 
tor and inlet temperatures \vcre ISO’, lS5” and ZlO‘, respectively. and the carrier gas 
was nitrogen at 35 ml/min. Fat was determined by the Gcrbcr method“‘“. and chlo- 
rinated hydrocarbon residues by modified procedures of Giuff-rida er c~I_‘~~ for sepa- 
rating the I& and Mills et d.‘90 for the cleanup. TLC with AgN03-UV visualization as 
described by Abbott c’c aLzoo \vits also used to contirm about one-half the samples. 
Additional conlirmation of HCB was carried out on four samples by scrapins the 
developed and UV-exposed HCB spot from the plate, extractins the alumina with 
hexmet and injectins the concentrated estrxt onto the first column_ 

To account for all samples tested havin= ‘1 HCB, it was sugscsted that HCB 
could have entered the food chain of Victorians from the improper channclin~ of 
I-iCB-treated seed wheat into the local poultry and stock food industries foIlo\ving ;1 
series of severe reductions in wheat acreaSe during the period of \vorld-\vide wheat 
over-production in the past decade_ 

The comparative metabolism of DDT_ methylchlor and ethosychlor in mice_ 
insects and in a model ecosystem has been described by Kttpoor crt a/_““_ Ethosychlor 
(2.2-bis( p-ethosyphenyl)-1 _I _ I-trichlorc~ethane) like mcthosychlor ~1s metabolized 
by 0-dealkylation to yield ~-(~~-hydros~p1leniI)-2-(~J-et1l~~syp1l~~lyl)- I _ I ) I -trichloro- 
ethane and subsequentlv to Z,Z-bis( p-hvdro~yphcn_l)- I _ 1_ I-trich1oroethatIc. In the 
model ecosystem ethoxychlor u-as found in tish at the top of the food chain at 1500 
times the amount in water, together \vith larger amounts of polar and dcalk~lation 
products_ Methylchlor (X3-bis( I)-methylphen_vl)-1) I_ I-trichloroeth:LlIc) wls mctabo- 
lized by osidzltion of aryi methyl groups to form 2-( ~~-l~ydrosymetl~~Ipl~cn~l)-2-(~~- 
methyIphenyl)-1.1. I-trichloroethanennd by subsequent oxidation to Z_Z-bis( p-carbosy- 
phenyl)-I. I, I-trichlororthane_ In the model ecosystem mcth~lcl~lor \vas found in 
fish at 1400 times the amou~~t in \vatcr together with larger tmiounts of polar me- 
ttlbolites. These two analog of DDT (cthosychlor and mcthylchlor) xere ITILICII more 
biodc~radablc than DDT which \v:is concentrated in tish at S5.000 timts the amount 
in water_ 3H-substituted ethosychlor was prepared by the method of Hilton and 
O‘Brien”’ and puritied by column chromatogaphy on silica c‘ 4 bv elation lvith 2”, _ I, 
diethylether in petroleum ether (b-p_ 60-6s )_ [“‘C]methglchlor was synthesized froni 

[‘JC]toluenc, condensed with chloral in cone- sulfuric acid_ The product \v;ts pttriticd 
by column chromatography on silica gel \vith petroleum ether (b-p. 6040”). 

Tables 23 and 24 list the properties (m.p_. TLC and detection) ofct1~osychlor 
and methylchlor. rcspectivcly. and their model metabolitcs. The path\vays of me- 
tabolism for cthosychlor and methylchlor in insects, mice. ; md in the model ecosystem 
(Figs. 21 and 22) showed that these compounds, like methosychlor and methiochlor 
previously investi_9atedzo3, are persistent, biodcgrsdable tmt~lo~s of DDT. It \v;ts 
suggested that the CH3, CH,O. CLHjO. and CH3S moieties can serve as degntdativc 
handles in the DDT type molecule and that the incorporation of any of thcsc can 
markedly accelerate the biodegradability of the molecule. Detailed methodology of the 
model ecosystem has been previously describrd by Kapoor er CI/.“‘~ and ivletcalf 
c’r aI zoJ _ _ 

Choprz and coworkers105-L”7 described systematic studies on the degradation 
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TABLE 22 

PROPERTIES OF ETHOXYCHLOR AND ITS MODEL hIETABOLlTES 

Abbreviations: HDE, == hesane-diosan~-di~tll~l ether lSO:~0:10): HDE? = hcsanc-diosane-di- 
ethyl ether (Y0:60:10): UV := exposure to UV light for 5-11) min: D-Z -1 spraying \vith 0.5::6 di- 
phenylamine -I- zinc chloride (in axtone). heating alt 111)’ for 10 min and esposurc to UV light for 

5 min. 

n1.p. ! c-j 

C.H,OC,H+HCCCI,C,tf,OC,tlj 105 
C,H,oC,tf,CCCl,C,ti,oC,H, 107 
C2H,0C,H,HCCCI,C,H;OCHICH,0H 117 
C2t~,0C,tI,HCCCl,C,,H,0t1 65-7 

HOC,,H,HCCCI,C,H,OH 101.0 
HOC,H,CCCI,C,.H,O H Zl’.l) 
t-iOC&~COCaHzOH 212-215.0 

R,. 

HDE, IIUE: 

0.49 0.7 1 
0.35 0.7 1 

0.41) 

OA9 
0.27 
0.31) 
O_lS 

Ctl,C”tf,tlCCCI.,C,tizCti.~ . \i; _ 0.3 0.7 1 Black 
Ctt,C~H~CCCl,C,tl~CI~l., sz 0.x 0.7 1 Pi& 
Ctt.~C,H;tlCCCtIC,H;CH_OCI 71 0.z.s Gray 
Ct-i.~C,tl~HCCCIIC-,t~~COOtl 107 O.-w cimy 
tfOt~,CC,H,HCCCI,C,,tl,CH~OtI G t11111li~ solid 0.30 ECllC 

HOOCC,H+HCCCI,C,H,COOH 271-6 0.35 NOIlC 

mospherc and the pyrolysis products \vere collected in psntmt- at -SO and isolated 
by fractionrtl distillation and ch-ornatography on tlluniintl and Florisil colutnns. The 
products isolated \vere: I~.II’-DDT_ />.p’-DDE. ~.II’-TDE_ bis(p-chlorophsn~l)chloro- 
n~cthmc, bis~p-chloropl~en_vl)~~~etht~ue,p.p’-dicl~lorobipl~e~~~l_ cc-l’-dichlorotoIL!ene_ hcs- 
xhloroethtme. chlorobenzenc. tetrtlchloroethvlenc, trichlorocth?rlcnc. carbon rerrn- 
chloride. chloroform and dichlorumrttiane. The solid (tirst eight) pyrolysis products 
\verc identified by gas chromatogrtlphy and IR spectronwtry and the liquid pyrolysis 
products (the last six) were identitied by GLC tend colorinictric tests_ Besides these 
pyrolysis products, p.l~‘-DDi\?l, and &- and rr-~~/l_s-l,_p’-dichlorostilbenes (present in 
csceeding small quantity) \vcrc also detrcted in the pyrolyzate and identified by GLC. 

Fily -_- 23 illustrates thr pyrolysis apparatus u4Gch consisted of three sections: :I 
hopper unit. a pyrolysis tube and traps_ The hopper unit and traps \vere nude ofghss 
and the pyrolysis tube NXS made of glass. All the connections in the apparatus were 
made of glass. /I,/-DDT (10 9) ~vas introduced into the tube (T) of the hopper and 
stoppered- From these it was introduced into the pyrolysis tube (PT) wit!1 a glass pis- 
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ton_ From the other end of the hoppcr_ nitrosen was introduced into the tube at the 
rate of I50 ml~min_ The pyrolysis tube_ 30 cm :-: 2-5 cm dituneter. had an indentation 
in the middle of which a Z-cm thick bed of broken quartz pieces (BQ) rested. The pyrol- 
ysis tube was heated in a muttle furnace to 900~. Smuli qutmtities of ~.II~-DDT w.xe 
dropped on :I red hot broken quartz bed over a period of about 2’ h. The escaping 
pyroIysis products \vere trapped in five traps (Fig_ 23). After the pyrolysis operation 
was completed_ the pentane solutions in the traps wc~-e combined and the residue left 
in each trap \ws extracted with 20 mI of pentane. The pentane solutions and extracts 
were combined and filtered and the filtrate (PE) processed as shoxn in Fig. 24. PE was 
worked up into three fractions: pentzlne rettus fraction (PRF). penttme estract distil- 
late (PED) and non-uo!ntile fraction (NVF). 

The PE was reflused with an ice-cold water cooled reflus condenser and the 
escaping gases trapped in a pentane trap at -SO’ to give PRF_ The PE after the re- 
moval of PRF WIS distilled on a water-bath at 50’ to give a viscous yellowish-brown 
solid residue, NVF (0_155 g) and the distillate PED. The ~1s chromatogrnms of the 
PED and NVF are shown in Figs. 25 and 26. 

The calorimetric tests were performed only on the constituents of the PED. 
These tests consisted of the following: ( 1) dichloromethane was detected by themethod 
based on that by Gronsber$“r (2) chloroform and trichloroethylene were detected 
by a modification of the Fujiwara test as reported by FeipF”“; (3) chloroform and tri- 
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Pentane extrcct (PE1 

Rc-:!:J.x 

I 1 
Residue EscaDing gases 

distiilotion NO haiogencted comDOu”C C!eteCted 

Distilla*.e Residue 

Pen tcne ex trcct 1~IonvoIatile fraction 
distiltafe (PEDI (.vVFl 

.Frcxctioncl distitlction ChrOmCtOgrODhed 0” 
*.vith 3 Snyder COtu.~nS 0ctivcteC Ffor~sil column 

I 1 Fractions r.10. F7 to FIG 

GistI!lC:e Residue 

(011 
f 

*~hrOmctO~r@Dhed 0” 
ccti*,cted Gumrnc cO!*~rr.” 

; 5-~~t;o,n;,‘,:‘~~ti~~ 

I 
Frcct~~ns NO Fi end ‘2 1 I 

Dis%ii!o;e Resic!ue 

CDT) CR!) 

Chron?ctOgrcEhed on cct~vCred ChrOmazOgrCDhed 0” 
clcmi”c c0Iuxn activeted oluminc column 

Frcctions: ‘3 and F4 i=rcc:~o”s. F5..=6o”d Fi 

Fig. 2.4. Prt_mxiure for isolation of pyrolysis products of p.p-DDT- 

Fig. 25. GLC chromatogrmn of PED on a _ i T,: SE-30 column. 1 = Pentanr: 2 = dichloromcthane: 
3 = chloroform: 3 = carbon tenxchloridc; 5 = trichloroethylener 6 = tetr~chIorc~eth~~Iener 7 = 
chlorobenzener S = hexxhIoroethane_ 

Fig_ 26. GLC chromttogram of NVF on a 3 “/” SE-30 column. 1 = Pentant; 2 = hexachlororthane; 
3 = qp-dichforotoluene; 4 = p,p’-dichIorobipheny1: 5 = bis-(p-chIorophenyI)mrtI~ane: 6 = cis-p,p'- 

dichlorostilbene; 7 = bis-lp-chIorophenyIkhIoromrthnne: S = p,p’-DDM: Y = p,p’-DDE and rram- 
p.p’-dichlorostilbene: 10 =-i p.p’-TDE; 11 = p,p’-DDT_ 
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chloroethylene were also tested by ;1 modification of Brumbaugh and StaI!txd’s metk- 
od2u’: (4) carbon tetrxhloride and chloroform wet-e detected by a modification of 
Bclyzrkov’s method”’ r an d (5) chlorobenzene was detected by its conversion to aniline 
with potassium amide in liquid ammonia_ A Micro-Tek MT-200 gas chromarogr:tph 
equipped with a b3”3Ni erectron capture detector and ;I Dohrmann Model C-200 micro- 
coulometer with tl Model S-100 combustion unit was empIoyed_ The giass columns 
were 6 ft_ :-< ‘/+ in_ with (A) 3 % SE-30 on SO-90 mesh Chromoport XXX, (B) 5 7; SE- 
30 on SO-90 mesh Chromoport XXX_ and (C) ZOl.!$ Carbowas ZOM on SO-100 mesh 
Chromoport XXX. The idrntificrltion of the various pyrolysis products in the PED 
and the NVF from the pyrolysis ofp_~~‘-DDT in a nitrogen atmosphere is illustrated 
in Tabks 3 and 26_ As a result of the above studies the mechanisms involving frag- 
mentation of p-/l’-DDT were su,, “Oestcd to involx-c the formation of free radicals 
(Fig 27) and ewbenes (Fis_ 2S)_ 

F7 
FS 
F9 

FIO 

FI I 

FI’ 
FI3 
FI? 

ant 

hexIchIoroethane SARC’ 

rc,l;-dichlorotoluenr SARC 
p_p--dichlorobi- S.ARC 

phenol 
bk(p-ciltoro- SXRC 

phen~IImethane 
bid p-chloro- SARC 

pIlen\-I)cIlIor~~- 
lllethnnc 

p,p--DDE SXRC 
p.p--TDE SA RC 
p_.p--DDT SARC 

S_L\RC 

SARC 
SXRC 

SARC 

SXRC 

SXRC 
S,\RC 
Se-\RC 

SARC 

S_-\RC 
SXRC 

SX RC 

S_-\RC 

SnRC 
SXRC 
S.-\RC 

p.p--DDE 
/a-j”-TD E 
j~.jl--DDT 

6_ LIQtiIDCHROX1.~TOGR~M’HIC_L\ND LIQUID CHROSIXTOGRhPHIC-SIXSSSPECI-RO- 
SCOPIC PROCEDURES 

The potcntiai USC‘ of higIl-pert~,rmancc liquid chromatography for the deter- 
mination of pesticides or pharmr~ccuticalI_v active ingrcdicnts in plant or animal tissues 
\xxs recently evaluated by Eisrnbeiss and Sieper”‘. The most important factors in- 
fluencing the etliciency of a residue method_ c-x_ dctcction limit, reproducibility and 
linearity are comparabIe to those of gas chromatographs if suitable CO~LII~I~ packings 
and sensitive dcrectors arc used. Liquid chromatography has a11 additional xdvantagc 
of being able to detect Iess volatile substanc‘a and subsrttnces that decompose rapidly 
at high temperatures. Eisenbeiss and Sieper’” su,, kJ_ested that high-performance 
liquid-chromatcrraphy could be usefui for confirmatory analysis or as :LII aIternative 
to conventional gas chromatography_ In their studies monochromator detectors for 
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Fig. 1S- Mru-hanisms for the fragmentation of DDT moleccule involving the formation of carbencs. 
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TABLE 27 

MINIMUM DETECTABLE SAMPLE FOR SOZIiE PESTICIDES IX LIQUID CHROMATO- 
GRAPHY 

[X-p--DDT -5 Zeiss, PMQ II 110 
Dithhnone -5 PM -I-CHR 251 
RICPA -5 PM 4-CHR 27s 
2-4-D -5 PM 3-CHR 175 
PCB (.ChIophcn A-W .-I Zeiss. PMQ II -210 

three orders of magnitude without any loss of linearity i Fig. 29). (allllwnfs ofO.Ol-IO 
110 of DDT in lO,ul wxc injected). In gcncrtll the linearity WIS limited by the optical ‘ -_ 
density and not by thr column. 

The utility of liquid chromatogrrLphy for the conlirmatory analysis in the sepa- 
ration .of FCBs and DDT is illustrated in Fig_ 30. 

Lovins er &_‘I3 described the LItility ofliql!id chrom~~to~rapl~~-~11;~ss spectrom- 

etry for the tmalysis of mixtures of DDT_ dieldrin- and DDD_ A DuPont Model S30 
liquid chromnrograph equipped Gth a X4-nm-wttvelen= 0th UV detector \Y;LS used with 
a DuPont Model 21-490 singk focusing mass spectrometer equipped with linear scan 
electrical detection and variable ionizing voltage. Fig. 31 iIlustrates a scheme of the 
LC-MS intrtrkc showing the major components including the capillriry line from 

LC to pneumatic valve located on the hollow probe_ Fig_ 32 depicts a scheme of the 
probe assembly.showing the major components_ A liquid chromatograph of :t mix- 
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Fig. 3 I. Scllerllc of LC-MS intcrfkcc showin, 0 the major components, including the capillary line 
front LC to pneumatic valve located on the hoIlow probe, the motor driven hollow probe (I.D. = 
tl.iK! :- 113:X in_ long) on J-in. bellows. and the high vaxurn inlet valve (motor driven). 

8allcws t’i’troveli 

and valve Hollow probe Oradsorbont 

Filr i’ Scheme of probe assembly showin =.- _ -- g the major components: pneumxic valve and reservoir 
(5ml capacity) coupled to the hollow probe (12 3:s ‘- 0.16 in.: 0.012 in. I.D.) operating on the 
helIo~~-s (I.&in. diamcrer) having ;t trxvcl of 3 in. The probe tip ( 1.09 I-: O.llS in. !.D.) is removable 
and can hc pxkai &her xvith gold pauze or adsorbent. 

tttrtz of dieldrin. DDT_ and DDD separated on a DuPont ETH column using 70% 
hcptanG30 y;; isopropyl :tlcohol at 1.000 p_s.i. and ambient temperature is shown in 
Fig 33 \vhilc Fig. 34 shoed the mass spectra of the components isolated using the 
LC-MS interface probe (correspondin g to the compounds in peaks 1. 2, and 3 in the 
liquid chromatogrm-n sho\vn in Fis. 33). The above LC-MS system was found eff‘ec- 
tive in the scpamtion of the cttluent pcrtks from :t liquid chromatogmph, via the sepa- 
ration of the solute from the solvent by ilash evaporation in the probe tip followed by 
the automatic insertion of the isolated material into the ion source of the nxlss spec- 
tromcter for analysis. 

7. SOS-CHR~)Il.-\TOGR,\PHIC TECHNIQUES 

A numba- of non-chromatogr:lphic techniques have been utilized for the quan- 
titation of DDT. its derivatives as ~41 ns other organocblorine pesticides_ Calorimetric 
methods of analysis of DDT and derivatives have been reviewed by ivlisk&‘_ Blinn and 
Guntrr”‘, Bruce”’ and Frehss”h revie\ved the utility of IR analysis for the determina- 
tion of residues of chlorinated hydrocxbons such as DDT_ dieldrin, endrin, chlor- 
dane. aldrin. endosulfkn. lindane, methosychlor in a range of sampks including crops. 
soils. air_ and water_ Nuclear magnetic spectroscopy has been utilized by Biros”’ for 
semiqLlantit:itive antilysis and contirmation of mixtures of p.p’-DDT and p,p’-DDE 
residues isolated from human adipose tissue of an occupationally esposed individual 
and animal liver tissue dosed with pg’-DDT. The relative error found for the mole 
frxtions of I’_$-DDT and p.~‘-DDE in standard mixtures ranged from 0.5-4.1 “/:, de- 
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Fig. 35. Liquid chromrttogmm of a mixture of dicldrin, DDD, and DDT wpacttcd on :t DuPont 
ETH colunm using iOft hrptanr-30:; isopropyl alcohol at l(1OO psi._ ztmbient temprtxurr‘. 

pending on the relative concentrations of pesticides present. Gas chromato~rtiphic 
analyses performed on the tissue extracts by electron capture and electrical conduc- 
tiyity detection agreed well \vith the results obtained by nuclear magnetic resonance 
(NMR)_ Spectral data for a number of compounds of the DDT type have been pub- 
lished by Keith et al_~*s and the quantitative aspects of the NM R method examined_ 

Polaro~raphic determinations of DDT and its mettrbolites have been reported 
bs Davidek and Janicek”‘. Fukami ct ~t1_~~‘_ Kcllcr rt NI.~~‘. and Kemul:t2”-2’J_ 

20 - 60 200 60 300 60 400 
40 80 2040 80 2040 80 

Fig. 34 Mass spectra of the components isolated using the LC-MS interlke probe corresponding to 
the compounds in peaks 1. 2, - and 3 in the liquid chromatogrtm shown in Fig. 33_ 
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The spectrophotometric determination of DDT in solutions after separation 
by TLC was reported by Feklisova”J. After separation of DDT by TLC on silica gel 
with hesane as the mobile phase and location with AgNO,-aq_NH,-30”/:, aq_H,O, 
reagent, the plzlte was esposed to UV radiation for 10 min_ The DDT was then estract- 
ed with hexane, the extinction measured at 221 or 237 nm, and the amount of DDT 
obtained from a calibration curve. The Lambert-Beer law was followed in the 5-10 
ng per ml ranse. From 5-30 ng of DDT could be determined with a relative error of 
f 5% and down to 1 ng per ml of hesane couid be detected. 

S. DETERMIN.~l-ION OF KELTHXNE 

As has been pointed out earlier technical DDT contains approsimately 0.17- 
4.0 p: p.p’-TDE (II,II’-DDD) (rhothane). It has also been shown that II.~‘-TDE as well 
z.15 kelthanc (dicofol) are meta’oolic products of DDT_ Since both TDE and kelthane 
also have insecticidal utility IWI- .sL’_ a consideration of their preparation. properties 
and analysis is germane_ 

Kelthanr is made by the reaction of 1, I-dichlorophcnyl- 1,2,2,2-tetrachloro- 
ethane with silver acetate and the hydrolysis of the resultant ester. The technical 
product is a brown viscous oil. about SO:,!.:, purity_ The pure compound is a white solid 
melting at 73.579.3’_ The formulations of kelthane include: 1 S-5 y:.{B wettable polvder. 
19-5 5:: and 42 ‘.y:, emulsion concentrate_ Kelthane is a non-systemic acaricide used for 
the control of mites on a wide range ofcrops at concentrations from 054.0 lb_iacrc_ 

The acute oral LD,, of kelthane for male rats is SOS) 5 33 mg,!kg: for female 
rats 674 5 16 m&kg. the acme dermal LD,, for rabbits is l-570 ms!kg_ Kefthane has 
been reported by Andcrlan”S to produce malformatians when administered to 
mice_ 

Ketthane is a \vidrly cmploycd ncaricide for the control of phytophagous 
mites. The toxicity of kcltanr was studied by Smith et cd.““. McKinley and Ciricr”’ 
sugested that DDE was a metabolite of k&hane_ The storage. distribution and 
metabolism of kelthanr in the rat has been rlaboratcd by Browi rt N/_‘~~_ GLC was 
used for the determination of kelthanr and its mctabalites following both oral and 
i-p_ administration of kclthanc. Following clean-up of tissue extt-acts on Florisil by 
hcsane(hesanrconc~ntrat~d following~~cetonitrile-tlquroLls partitioning. and chroma- 
tographed on Florisil-Celite) concentrated 11ea11e eluate LV’;~S analyztSd by GLC 
usingaglass column packed \vith 4 ]J,L, SE-30 and 6:-i, QF-1 on 100-l 20 mesh acid-washed 
Chromosorb IV_ The operating parameters \vere: injector. colu~nn and detector 
tcmprratures. ZOO’. lS5”. and ZOO”. respectively: nitrogen carrier gas fo\v-rate_ 2 
ml/min. Under these conditions kelthanc \vas decomposed quantitatively to 4,J’- 
dichlorobenzophenone_ In the estimation of kelthanr and its metabolites, the parent 
compound and dichlorobenzophenone \vt‘t-e separated by TLC on silica gel G using 
4 1% ethyl acetate in hesnne as developing solvent. The results were contirmrd by using 
a 5 7.;: OF-1 on Chromosorb W column at 145”. The metabolites found \vere 4_4’- 
dichlorobenzophenoIlc, 4,4’-dichlorobenzhydrol, and l-l-bir(+chlorophenyl)-2.2- 
dichloroethylene (DDE)_ 

The determination of p.p’-kelthane and its p-p’-dicfilorobsnzophenonr dcgrs- 
dation product by TLC and oscillopolarography has bren reported by Ott er ~r/-“~. 

TLC was carried out using silica gel GF,,, (E. Merck) plates developed with 107: 
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methanol in n-pentttne_ The chromogenic rea-agent was 10 y,‘, N-N-dimethyl-p-phenyl- 
azo-aniline (methyl yellow) in ‘_)5:J:, ethanol. The R,- values for keIthane and dichloro- 
benzophcnonr were 0_3Y-0.36 nnd 0_77-0.W. respectively- Varintiolx in RF values 

were not ~rettter than 5 O-03 for either compound in the range 0.510 jrg whether 
chromtltogrsphed singly or in admisturc_ Detection of kelthane and dichlorobenzo- 

phenone was also accomplished by the usr‘ of fluorescent quenching of tluorescent 
TLC plates under UV li&t_ Oscillopoltlro~r3phy (employin,C ‘7-1 Davis Southern Analyt- 
ical Ditferential Cathode Ray Poltrrotrxc -Model A 1660 A and Goyan oscitlopolaro- 
graphic cells (Westsrn Scicntitic) with an electrolyte solufion of02 32 aq_ tetramethgl 
ammonkm bromide) of purified kelthtme at 2-5 jcg/ml in the ant1lytical solution rc- 
\-c&d t\w reduction potentials: -0-65 and --OS5 V. Thcsc reduction potentials 
became stightl; more neg-r!tivc nith increasing concentration from i_3- 10.0 pg/nlI in 
the tintd :mzrlytical solution_ The single reduction potential for purified dichlorobcnzo- 
phrnone was - 1.26 j O-01 V over the range 2.5 10 ;rg-iml_ 

The separation of kclthanc (dicofol) and its degradation product dichlorobrn- 
zophcnonc from ;I standard Florisil column has brrln achieved by Mor~m”” using 
clution mixtures consisting of (I) purilied diethyl ether-redistilled petroleum ether 

(b-p_ 30-60 ) (I I 9) and (3 purified diethyl ether-petroleum ethrr (1 1-l). Florisil 
(60-100 mesh) \v;~s first preheated to I65 _ then heated IS h at 130 and held at 130 
until ready for usr’. Column cluates were concentrated and anaI_vzed on a Jarrell-Ash 
~-4s chromatogxph equipped with ductI electron capture detectors_ One column \vas 

_ - 3’ lrttcd wth CL > tt. -’ 1’** in_ $ass column conttlining IO‘~~, DC-200 on 6030 mesh 
Gas Chrom Q_ A second 5 ft_ . ‘;*‘,, in_ &ss column w;ts pa&cd \vith equal portions 
of 10::;; DC-200 and lo’.::, QF-1 on 6040 mesh Gas Chrom Q_ The instrument \vas 
operated at i90’ with ~1 nitrogen tlow-rate of700 ml at 20 p-s-i. Recoveries of kclthanc 
from fortikd cstrrtcts of altX3 and lettuce in eluting mixture I \vert‘ 96 and 9s I,!,;_ 
respectively- at the 2.0~ppm level_ Recovery ofI’_I’.-dichiorobcnzophcnonc from forti- 
lied estmcts ofalf3fa and lettuce including mixture 1 \vere 95 and 96 ::I,_ rcspcctivcly. 
at the I-O-ppm level_ 

The GLC dstcrmination ofp_p’-kclthanc ( I _I-his(chlorphcn_\-I)-1_2_1-trichloro- 
ethanol) hm rcvesled the presence of sewn pcaks- ‘I* in the technical grade material 
and onlv one== or txo peaks in the purilied s:m~pies_ 

Morgan’” describrd the idrntitication and relative retention times of I>_!>‘- 
kclthanc and its brakdo\i-n producf_ I’_p’-dichlorobcnzophcnonr using GLC_ Purified 
kelthane _c-ielded two major peaks \vhich \v\‘r‘rt‘ obtained ~1s showy in Fig_ 35. The 
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amount of breakdown of p,p’-kelthane to I’./“-dichlorobenzophenone varied \vith the 

carrier _gas used and the operating parameters of the G LC. This is apparent in corn-- 

prtrin_r Fig. 35, where a 3OO;ccg sample of /I.p’-kelthane was analyzed on ;I Varim 
Autoprep, with Fig_ 36 illustrating a chromatogr:m obtained using 5 .“g of the smne 
compound antilyzed on :I Dohrmann Model 100 gas chrc~rnata~r~~p~~ using nitrogen 
carrier gas. In this latter figure. the first peak \vith a retention time of 4.5 min. \V;LS 

I~_P’-dichlorobenzophenonc and the last peak is /ql’-kelthanc with a retention time of 
16.6 min. (both columns were packed with 5 1J.L Dow-l 1 on 6040 mesh DMCS-treated 
Chromosorb W and the relative retention times on both instruments \vere identical_ 
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TABLE ZS 

RELATIVE RE-TENTION TIMES OF DICHLOROBENZOPHENOiE AND KELTHXNE 
ON THREE COMMONLY USED GLC COLUXINS 

CO~~lp#WXf 7ime rdurirc co drlrirr 

ihr-I I DC-200 QF-I T DC-200 

Aidrin 1.0 1.0 1.0 
p,p’-Dichiorobenzophenone 1.0 I .o I.1 
p,p’DDT 1.9 3-O 3.2 
p,p’-KrirIranc 3s 1.6 4s 

6 ft. :I ‘Is in_ I.D. glass column pxkcd with 3’;-; Oronite polybutene 1% (Analabs) 
on 60-SO mesh Gas Chrom Q win? temperature programming from 135205’: tit 4”i 
min. The flow-rates (mljmin) lvere: hydrogen, 30: heliuri~ carrier gas. 35; and air, 300. 
TabIe 29 lists the relative retention time data of components of technical kelthane. 

The identification of the impurities listed in Table 29 was based on the chemistry of 

TABLE 29 

REL.ATIVE RETEXTIOK TiXtE (RRT) D.&T_4 OF COMPONENTS 
KELTHXNE 

IO 
ii 
iz 
13 
11 
15 
16 
17 
is 

19 

OF TECHNICAL 

RRT- 

.~ _... __ ..- - ~-- ---- 
_ Reltttive retention tinwr p.p’-kclrhane .- 1.00. 

** _A thernul decomposilion product. not present in technical kcithanc. 

the process, IR and mass spectrogrttphic data_ A typical chromatogram of technical 
kelthane is shown in Fig, 3% Early attempts by Black er CII_~~~ to esttlblish a repro- 
ducible gas chromatographic system using the above column resulted in the fomx~rion 
of a sizeablr rhermal decomposition peak at relative retention time (RR-T) O-71_ This 
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column decomposition product eluted between o,l~‘-DDT (RRT 0.68) and p-p’-DDT 
(RRT 0.7s) and could be mistaken for the DDT isomer. By carefully controlling 
column packing density and by adherin g to the specified operating parameters, this 
artifkt (subsequently synthesized, isolated and identified as I.‘-(~cl~lorophenyl)-I- 
keto-‘.l-dichloroethnIie) was virtually eliminated. 

Gas and thin-layer chromatograms of Valencia and Navsl orange rind strip- 
ping solutions from mature fruit treated commercially in the trees early in the seascm 

with the acru-icide kelthane had revealed the presence of an unknown compound not 
present in control samples. The LII~IOWII compound had a TLC RF value and GLC 
retention time almost identical with those of heptxhlor. Westlake er a/_136 proved 
conclusively that this compound was not heptachlor and that its retention time and 
other characteristics were those of o.l>‘-kelthane. ;I compound known to be present in 
small amounts in technical grade ZieIthane. 

Gas chromtlto~ntphic analysis of aliquots of Florisil column fractions ob- 
tained by elution with 6 :,!.i dicthyl ether in hesane were performed using a11 Aerograph 
Pestilyzcr Model 6SO equipped with an electron capture detector and a 1 ft. :-: ifs in_ 
0-D. borosilicatc column packed with 100-100 mesh acid-washed HMDS Chromo- 
sorb W support coated with 5’j:: SF-96 at 150”. Verifications were carried out using a 
19 cm :-: I _ 134 in. I.D. Tetlon column packed with 60-SO mesh Teflon coated with 1 7;; 
Apiezon L at 150’. A nitrogen carrier gas flow-rate of 20 m&‘min was maintained 
through both columns_ Further aliquots wcrc analyzed usin 2 an Aerogaph Autoprep 
705 GLC miit with an electron capture detector and a 2 ft. :-i. ‘Is in_ st:xinless-steel 
column packed with 3.4?,: GF-I and 6.27:, DC-200 on gas Chroma;osorb Q at I SO' 
kvith a nitrogen flow-rate of 75 ml,imin_ TLC was performed on fuoresceni silica eel 
plates developed with diethyl ether-benzene (5: I ) (RF o.p’-kelthane 0.65O-72)_ The 
similarity of the retention times of heptnchlor rind o.p’-kslthane \vas shown by the 
formation of a distinct doublet peak when ;I misture of the two compounds \v;ls 
chromatoSrtlphed on the SF-96 and Apiezon L columns_ A mixed QF-l/DC-200 
column completely resolved thr two peaks despite rhe close relative retention times 
(O-77 and 0.91. respectively. when aldrin == 1.00). Table 30 gives the retention times. 
relative to zltdrin for the three gas chromtlto~raphic columns used. The most notable 
feature was the etkiency of the GF-l/DC-ZOO column in separating heptachlor and 
o.[“-kelthtme (o-/l’-dichlorobenzophenone) despite the very small ditl-erence in retcn- 
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T-ABLE 30 

EFFECT OF COLUMN PACKING ON RETENTION TIMES RELATIVE TO ALDRIN 

COZllpOUld 

Heptachlor 

u.p’-Kehhane 
o.p*-Dichlorobenzophenone 

Aldrin 
p.p-Kelthane 
p-p’-Dichlorobenzophenone 

Time rduriw to uidriu 

SF-Y6 -4 picon L QF-1 -r- DC--~~!~~ 

023 0.73 0.77 

023 1.10 0.94 
029 l-10 0.91 

1.00 I.00 1.00 
1.20 IS0 1.16 
120 IS0 1.16 

tion times_ This column. howxer. could not separate aldrin and o.p’-dichlorobenzo- 
phenone and it xas cautioned that an anaIyst might easily be led to believe that aldrin 
was present in a routine esamination of kelthane treated sampIe_ This observation 
emphasized the necessity for confirmin, ” gas chromatographic analyses by a more 
specific method- 

The breakdown of purified p-p’-kelthane to P./I’-dichIoroberlzophenone in 1% 
S5 % vields in gas chromatographic systems has been originally reported by Gunther 
rr aLs7_ Bothp_p’- and o,p’-kelthane \vere converted in good yields to thcircorrespond- 
ing dichlorobenzophenone in the three gas chromatographic systems used in the above 
study of Westlake et a/_L3h_ Technical grade kelthanc could not be gas chromato~raph- 
ed reproducibly until it has been passed through the Florisil column clean-up proce- 
dure_ The fraction eluted by 67: ether in hesanc contained compounds with the same 
GLC retention times as those from puriiied o-p’- and p$-kelthanr. 

Kelthane has been anaIyzed by calorimetry (the basic procedure is that used 
by Rosenthal er al_“” involving hydrolysis to chloroform which is dctcrmined colar- 

imetrically by the Fujiwara reaction)_ Kelthane has also been analyzed via hydrol_\-sis 
to 4,4’-dichiorobenzophenene which is measured by UV spectroscopy according to 
the procedure of Gunther and Blinn ~3 A calorimetric detrrminarion of kelthane _ 
residues in fruit and vegetables has been reported by CiundersoP’. The procsdurc in- 
voIved initial extraction and clezln-up as described by Mills er N/.‘“’ \\-ith moditication 
of the FIorisil clean-up step. The determinative step was a moditicd Fujiwara alkaline- 
pyridine reaction and the product of this reaction was treated with benzidinc in formic 
acid and the resulting solution analyzed spectrophotometrically at 530 nm_ The meth- 
od couid detect as little as 5 ng of kelthane with recoveries of 9%loo’?;; at Icvcls of 

l-2 and 5 ppm_ Other spectrophotometric procedures for the determination of kel- 
thaw have been reported by Gordon et uL’~’ and Hughes’“_ 

TDE is prepared via the chIorination of ethanol (below 35’. : until the loxvcr layer 
has a density of 129 at 10’) and this is then condensed with monochlorobcnzcne. The 
technical product has a setting point of about S6” and contains the o-p’-isomer as the 
main impurity_ Pure TDE has a melting point of 112’. (It is ofinterest to note that the 
o,p’-isomer has shown promising results in the treatment of malignant tumors of the 
adrenal gland_) Pure TDE has a melting point of I 12’. 

TDE is a non-systemic contact and stomach insecticide which. although is not 
of the general high potency of DDT, has equal or greater potency against certain in- 
sects, e-g-, hornworms mosquito Iarvae, and leaf-rollers_ The acute LDjo for rats is 
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3.4 g/kg and the chror.ic oral tosicity for rats is about one-third that of DDT. By 
skin absorption TDE is about one-fourth as toxic as DDT. by inhalation it is also less 
tosic than DDT_ TDE is available as technical grade or as a 50% wettable powder. 

Ott and Gunther’-‘” reviewed aspects of the decomposition of DDT to DDD 
during gas chromnto~raphy as well as in mct:tbolic systems_ 1 t 11:~ been earlier reported 
that ~1s chromatography of DDT resulted in its degradation to DDE and DDD’J’-2J5_ 
Ott and Gunther” presented unequivocal evidence of tbc formation of DDD from 
the recycling of tl startins sample consisting of two 1.0~mg portions of pure DDT 
through a commercial gas cl~rom:lto~r~~pl~_ GC-ZA and _kICGC instrwnr‘nts were 
used with a Z ft. :-. *js _ in_ 0-D. stainless-steel column packed with 1:“. SF-06 1x1 IOO- 
120 mesh acid washrd and t\vicc lwsamctbyl disilazane treated”” Clu-omosorb P. 

0 2 4 6 0 10 12 

Time Cmin) 

The operating parameters were: injection block tcnlperaturc‘. 105 : column temptxl- 
ture. 170’: nitrogen carrier gas tit 20 p.s_i _ and llo\v-rate_ 39 ml~min: and :I net resis- 
tance on the ranse s\vitcli of the coulomcter of 5 1-Z 0 kvith connection to ;i one-milli- 
volt recorder_ Fis_ 39 illustrrttcs gas chrornatogrrmls of rccyclcd ~LP’-DDT t!lrough a 
GC-IA clirornato~l-~ipli. Immediate brcakdoux of DDT to considcrablr amounts of 
DDE is noted in each of the t\vo injections IntIking LIP the tirst pass_ folio\\-ed by the 
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Iatter passes which show a propressive decrease in the relative area of DDE and of 
DDDI Retention time data-from MCGC determinations also supported DDE and 
DDD as the major gas chromatographic degradation products of DDT. Fig_ 40 illus- 
trates analytical data from MCGC determination based on relative integrated peak 
areas of the components in each aliquot from the ten passes of DDT through the 
GC-2A_ The two major breakdown products and one minor product were measurably 
detected by MCGC_ The study of Ott and Gunthei” cautions the exceptional esperi- 
mentation and interpretation required in the analysis of DDT in residue and meta- 
bolic studies_ 

0723 456769 

Pas.5 number(GC-ZAI 

Fig._ 40. Graph of data from MCGC antllysis of tlliquots from eztch of the kzn passcx of p.p’-DDY 
through the CC-?.A_ Breakdown o~JJ_~‘-DDT and nccumulttrion of breakdown products by the GC- 
Z-A is shown. Producrs DDE. DDD. and DDDE as labelled have been identified b>- compxaive gas 
chromrttogaphic retenrion rime and peak area dnra, by RF values in TLC and by IR spwtra. 

The synthesis of “C-labeled isomers of dichlorodiphenyl dichloroethanes 
(DDD) KS described by Counsel1 and WiIIette’-L7_ o,p’-[Y]DDD, IJZ,~‘-[Y]DDD 
and p-p’-[“C]DDD were synthesized by acid catalyzed condensation of [“Clchloro- 
benzene with excess Z,Z-dichloro-!-(o-, fw, and p-chlorophenyI)ethanoIs. The car- 
binois were prepared in good yields by reverse addition of chlorophenyl Griguard 
reagent to dichIoroaceraIdehyde. The isomers of DDD have been shown to have a 
predilection for adrena tissue and in the exe of o.p’-DDD, has been shown to produce 
tumor regession in metastatic adrenal cortica1 carcinoma and to cause remission of 
symptoms in patients with Gushing’s syndrome’J”-‘50_ 
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X 
a.Mg 

b.CI$ZHCHO 

Br 2.4 

I 
Ii 

X 

m a.x=o-Cl I 
b.X= m-Cl 

CHC12 

c.x= p-c1 m 

Fig. 41. Preparative scheme for [“C]DDD isomers. 

o,p’-DDD has also been found to have an effect on steroid metabolism. For 
example, it has besn sho\vn to stimulate cortisol metabolism”’ to alter the sstra- 
adrenal metabolism or cortisol”’ and to inhibit specitic enzymes”3. Fig. 41 illustrates 
the preparative scheme for the isomeric [IJC]DDD derivatives. The purity of the la- 
beled compounds WIS determined by TLC and GLC. Eastman chromagrams. type 
K301 R with tluorescencr indicator were developed with benzene. and spots detected 
with UV light and iodine vapor. Chromrttograms of Y-labeled compounds were 
scanned with an RCS-363 Radiochromatogr~~m Scanner (Atomic Associates). GLC 
was carried out with an F&M Model 400 chromatogrttph equipped with an electron 
capture detector and a 132 cm :-: 3 mm I.D. glass column containing 3-S ‘:;(, SE-30 on 
SO-100 mesh Diatoport S prepared according to Horning et u/_‘~‘_ The column, detec- 

Retention time<fIIin) 

Fig. 32. GLC trxing of 2.5 ng each of L’C-labelrd o p’- III p’-, and p,p-DDD. injected in 6r1l of . . . 
benzene. 
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tar, and flash heater tcmperrrtures \vcre IS’, 210’. and 30”: inlet pressure 40 p.s.i., 
flow-rare 70 mIjmin_ Fig_ 41 sho\vs ;t chromtttogxm of the scpttrxtion of 2.5 ng each 
of the ‘JC-labeled isomeric DDD compounds under the ;lbave aperzting conditions. 

Y_ StJ3lMARY 

The column_ thin-lavcr_ gas-liquid tend liquid chromatogr~lphic, the combined 
liquid rmd gs--liquid chromato~r~~phie-mass spectroscopic techniques_ ;ts ~41 :S the 

bioIogic.ll :rnd tosicological aspects of DDT and its metabolites hxve been revic\yed 
Primary focus \YLIS placed on their utility. ecological distribution. and toxicity, 3s 
~~11 9s diverse techniques for their separation from pol_vchlorinatcd biphenyls ztnd 
other chlorinated pesticidt3 xnd subsequent analysis. 
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