
Estimalion of DDT and Related Compounds Togoelher wilh
Polychlorobiphenyl Compounds. in Biological Media

I. I''TRODUCTIOS

DDT, its nriouo isoInon and d.~atic. pcod."",. (iDcladin& DDE) ""
dolM'" and _OIl III 1>'Cllop:1l modlI by _\i.<l..unio:D oyuen bIOId
OIl d\romI'OI'IplIy. T1Io <)......". IIIed abo respond 10 polychlotcJblphetlyl
(PCB) ~. (which IO~I I oompbcl'lOD in DDT ~IM'

anaJym); ,"",",. Ihno II' mcounleml lhoy usuolIy comprise I .:ompl..
lliln". of ....oy dirr,,,,," PCB oornpoIlIIds of '"Ir)"int .:o~1oo
acootdlna '0 ollu," of \he partioula. I..,hnlcallllltetil.l (or ....t.riIls) from
which th.y d.ri"" IOd possibly in addition ,..ryina on lCCOunl of
wb.equ.nl ~llh.ring procedu,.. which y h... 10Il1O,"0<1 0' dOi,ld.d
lOme lodivldual c"n"jtu'''l< at dirr.rina ,"t Th.,. i< no singl. Inllytlcal
proceduro which i$ applk.bl. 10 III .ubttrat••;o' to. ';ngl.oubmlt. fo' til
possible ,..Idu. pon.m. (9. I).

By ....y of ."'mpl., the pall.,n of F'CBlIomen from IImpl.. ofwildUft
.. jadttd from lhoi. p, ehtom>, mo Is 00\ ld.o'i<tI '" \hat obstl\'td In
c:ommrftial PCB ~potllionl, so of ,h. I......... harintllpparonlly bftn
...toolly Ol partly Inttll>olioo<l. ConoeqU,,"ly 1ht I..-nt of I"C.1l in I wIIdllft
sampIc elMOI be ..1m-led by direct .:ompariooa ..lth I .IIMlrd .,bsl.ance
1ft<! _ futtha fonn of "l'pnwntlon _ be _. By irlfe<;t"'llasowll

IfDO",m of PCB OIl 10 III ApiotZOlll t ........ it .... be mo.... that the l'llio
of the Toul PnIi: AteI. 10 lbe T<Mal "'tlI:h' blj«ted for ""'" ohllt JolIhtr
o:hIonnIltd _rtUl Pft'PIl'Itiom II ~. the _ .. that for
pp'·DOE, .. all c:akulatiom .... be bated oa thh compound .. ttlDdmi.

The prtl(oduro OUIIin.., below must be r-eprded oaJr .. iII"SI"n_ of the
IpptOKh 10 DDT IDd POl rosid"" 1lI1lysk. Itotloldual anaI)1ical procedures
muIf be ",,"fled 10 tbe b&hl of lho consldenlio'" oullined _ and wilh
due .... rd to the ..,.."al poin....t OUt III the InttodUo01Ioo 10 lhil tJOlu......

2. SCOPE

I'tol'ided d"" 'eaard II had 10 lh. mall... outlined in Ih. InlroolXtlon
Wove, thil melhod ;. 'pplklbl. to bloloakal twu.. which Cln be
5UllIcl.nlly comminuled 10 allow ~\loInlitlll ... Ulrlctioo of Ihe comp""ndl
...Ilyred.

3. PRl~IPU OF METHOD

Tbo IIfIIlIIe Is coa..llIl"ed witb I .n.eal II _ ttmprnla" ... II!Mt
I'iltu J rJODl ..hicll lhe ul...,1 Is otIl1!u11d by _" II Is I,,",
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subjected 10 dean-up and examined q\WIlillti..ly by p" chrom:>tographl<
analysi. mini.n eleclron o.plure detector. ~'...urtmtntt art made relit;..
to .undard 'Olulions anolyWd at the same time.

Some of the alt.,nati.e cle.n-up method. may be adequlte for oen.in
sample" bUl the mo.. draslic proce<lurt' may "mo,e 'Orne of the Ie..
st.ble organochlorine compound. by decompo';lion.

4, REAGENTS

Acetooe, column di"iIle<l: magn..ium .ulph"e, washed wilh ,nhydrou.
ether; lighl pelroleum boitini range 69°,71°C, trelled with COne. <ulphuric
.cid, Wllshe<l wilh w.ler, dried over magnesium .u1f.le and column distiUed;
ethe,; dichloromelh,ne (colul1Vl di.litle<l): lcetonitrile (column diottlled),
saturated wilh tight pelroleum; sodium 'u1phate, anhydrous: f1o,i,;l,
.oti"'le<l It 600°C, .dd 2% W'ter w/w; 'ilicl gel, Kiese1gel G (Stahl):
sulfuric acid midure, 38m! fUming (2();{, SO,), ,ulfune ..,id 62ml couc.
wlfuric aoid; sodium chloride solution, 2% w/\': oldrin standard solution.
O.02ng/lll.

5. APPARATUS

Homogeniser, 20,OOOrpm; gia....".ction column with G3 ,;nter gl... filter
and polyl<traf1L1Oroethylene "op<ock, I50mm x II mm; ..ntrifuge: ga'
ch,omalogrlph, with electron clptur. detecto,. Column, .il glas.,
1.6m, 3mm 00; eyaporatiou m.nifold; column padings (I) 5.1% QF +
1.4% SF - 96 on 100/120 mesh G.sch,om P 'ilaniled; (2) 4.0% SF - 96 on
100/120 mesh Goschrom P silaniud,

6. PROCEDURE

6.1 Estinution. ore usll.1lly made on I .. rie. of ..mpl.. , one of which i. a
blink (u.ually. preyiously .nalysed sampl' ,""own to be sati.f.ctory for this
pur-pose) .nd one. slandard, The ""ndard is liso prepared from I blank
sample by Idding , standard solution oonlO;mng known amount> of the
compound. 10 be analysed. At inle"'all in between the gas ohromOlogr:aphic
IfIlly.'", "andard injection. of oldrin, Or 'imilar low retention compound.
ore made to <hed: sensitivity.

~2 Otrmi"l0[t1a"'''''''

Oeon.1I smoller gl..." .. " items by healing in 0 ,ped,l delergent solution
Rinse with water, then wilh distilled ""..ter .nd dry. Cle.n extraolion
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columns with the dete<ient, lhen he.t to 70·C in I 4 + I mixture of conc,
,ulfuric ond nitric 100', rin.. with w'ter. then "irh dhti1Iod woter. After
drying, rinse once with .ceton. ood twice with light petroleum (bolling
fooge 6O·.70·C). From the fm.l "",Ivent rin... remo'" • !-Omple for
examin>tion by 8"s chromatography.

6.3 Sample PUparotlO1i

Weigh between one .nd three trams of "mple directl}, uno the .,.,,"ction
column. Add Smloc.tone Ind oomminute uolng the ho"",geniser. Rinse the
homog.niser rotOr in Smllight petroleum in 0 «mrifug.tube, Ind trlnsfer
the ",l,em to the column. Co'er the top of the column with .Iuminium
foil. Rime the rotOr Once in "'oter then in two tuhe.-oom.ininglc.tone and
two tub., light petrol.um before comminuting 'he n"t "mple. I.e..e the
columns to ".nd 2.S houa or o"might. Ploce 0 2SmI melsuring cylinder
under the column and run the liqUid into the filS!<, .pplying pre..ure to the
oolumn with. handpump until all the liquid his n.ln out. Fill the measurin&
fWk wi'h oodium chlorid. solution until the I..el i••bout 2cm .bo" the
ntlIk, in""t c'refnlly , few lime,. Remo,. th. stopper and centrifuge
slowly", fint .nd fin,lly at 2.000rpm. T..tt>fer the upper lay." .ft"
freezing OUt if noc....ry, wi'h a pipette to , "'eighed. gr>duared 10ml
centrifuge tube, Add further smail quantiti.. of light petroleum to 'he fink
and tran'fer to the tube, Pllce the centrifuge tube in • wiler both.t 4S'C
Ind reduce to 2ml (or Somo other convenient ""lume) with. strum of >if
or nitrogen.

6.4 Qea",up

A number of procedur... of "Nch the foUowing exampl....e lypic.l. may
be uo.ed 'ccording to 'he n>ture of 'he !-Omple .nd the eXtrlCl obtlined.
Special procedure. may b. n.«sury fo' sompl., with. high "",iSlure
oontent Or for those high in sulfur (which gi..... 1 fal .. positive ,.spo"",).

6.4.1 Column dean.up

Pllce SJlg Aori'il in a chromatogr.phic column. odd • 2cm layer of
oveu<iried oodium ,lllpliote Rinse the column with .bout 40ml light
pe'roloum before .dding lml of sol"nt extract, When tli. meni,cLU ha,
aim"" ,..ched the column, odd light petroleum + ..hyl ether (4 + 1)
initi'lly only in smo.l1 portions. Collect SOm! elut. in a weighed ground
il'" stoppefed flask .nd eV'porate to I... than Sm!. Adjust the solution
volume with light petroleum to Smi by weighing. Remo". an aliquot for
mlly.;' by gao chromotovaphy

6.4.2 Thin layer c1eln-up

Carefully .pplY I small .mount, .bout 1{)I)J1, of ""Iu,ion containing not
molt than 20mg r.t, ,pot"i.. to form. b.nd on • smoll ,ilica gel plate
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(28 x 98mm) <:<>I,ed wilh 1.2••ilica ••1 which hIS previously be.n rinsed
wilh me,h11l01lnd ....t., Illd h••,ed 10 200'C befo,,"nd Ifl., Ipplicltion
'0 Ih. phi •. Develop with dichlo..meth.n. umillhe ",Ivenl ..lCh.,lh. 'op

of lite pl.,•. Dry qukl:ly trod ...mine in UV light. Scr.tpe Ihe1zy.r 5mm
.bove Ihe fll zone into I smail pICked column (in..rnl! dilmet., 7mm).
100 odd light pelrol.um t .lhyl .Ih.r (3 t 2) d,opwise un,il 1.Ontl .Iu.'. is
CO"tc'ed. R.move.n lliquol for Irll!~is by go. ch,omatOll"lphy.

6.4.3 AC<1onitril. "'''ition c1eon-up

To 1·5ml of lip,t petrol.um "',oe' in I gI.» Sioppe,.d lUbe Idd.n equ.1
volume of IC<toniuil•. Agillt•. 'fln.fe, the ""'onilril. pluo.. wilh I pipelle
'0 I ..par.ttina funnel. Repel' three lime., Dilut. ,h. combin.d oxtrools
wilh th. sam, "'lume of ligh' pelloieum .nd sil limes ,h. volume of w.,.,.
Sliok. carefully Irld di","d lh. wat.f phs". Wash 'h. ",Ivent pliose wilh I
f.w portion. of oodium chlorid. solu'ion. dry by pourinR fIIrough ••hort
column of oodium sulphlt.; wl.h ,he column wi'h I f.... ntI Hghl petrol.um,
C""centlli' by e'..powion .nd IdlUOl to 5,OmL R.move In .liquo' for
'OIly,;s by go. ohromlfogrlphy.

6.4.4 Add treatment

Tronsf.r Imlli&Jtt petroleum ",Iulion '0' 5m1 stoppered tube.•dd Inti
sulfuric Idd millurt and in.en 'he fub. cartfully I f ,imes ""h
odjus,mem of tho gl... nopper. Ctnlrifus. 1000n. fr out in solid
carbon dioxid'-IO.ton., dec.nt the upper II}'", into I 3m1 tub< .nd
noppe'- U...n oliquot for pi chrom>t"lflphy.

6.4.3 A1J::oIi'r."tmen,

Add L().Untl po'assium hydroxide ",Iu,ion in .1Iuno! 10 inti ",Iven'
ex'r.tct (or. d ••ned up soIu'ion) in I cen'rifu•• tube. Mix car.fuily,lmid
welling the .tOppef. f'looe fII. 'ub. in. wal., both It 55· .ddi~ IdditioUlI
lii/lt petrol.um if ne..ISO')". Fill the 'ube with 1% sodium ohloride ",Iu,ion
(.bou' llml) 100 in,.. ,t severl! lime•. Centrifu•• Ind pllce lub< in I
fr••li"" mix'u... Dec.nt lhe uppe, IIY.' into I 3m1 tube. make up to i.llml
wilh liglll petroleum; use IlJ\ oIiquo, for p, chroma'ogr.phy.

6.~ G<!.c/uo1rtl1I01'aploy

wmi,.... , ,ui"ble .liquot by al 1 1 two different I"' chromltogllphic
SYS'."". Th... indicat.d Ibove typic.lly. Ope"Ole<!" 18O'C with. pi

Ilow_r.tt. of .bout 25m1 pe' min. livina I r".nlion time fo' pp'-DDT
of 20mi.n.
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CALCUu.nON OF RESULTS

1.1 Th. p, dlJOmllOV"IJJI oblained Ire <VlI!ualed by eomporison with
mose of 'tandlrd lOIulions of lhe pure eompound. wught If, u ,"&VUed
lbove, lhe gao chromat"i"phk condilions Ire Idju<ted 10 p," 'llndl,d
menlion lime$. peak heightS Ire melSured Ind uoe<! for the eVllultion.
VI,;"tion< in ..n<lhvily (more llwl 30% dUrirlJ I dly) and I ~mite<!linelr

dose-respon.. relalionship of the eleclron-<:Iplure delector may be laken
into Iccoufll by correclion flctOll calcuilled from f,~u.nl Inaly<i< of In
externll nlndlTd compound hiving I short retention lime and by
COI\sk!eraliou ouly of peok h.ight< which fall inlO the hnelr range of uch
eompound, Wh.u.... r the chron'lltOgrlPhic poltern alI",,~ lhe use of In
inlemal 'llndard lhi' win simphfy the calculltlon. Ind U1ullly impro.e
1Ortl<I<'hat Ihe quality of the anll>"1i~

7.2 Only an Ipproximate result can be calculated sine. eommercial PCB
preparaliorl1 differ Ind the composition of individual prep.,ltiorl1 ""8"" in
different way$ On .xpo,ure.....'h.n lhe pp'·DDE Ind PCB', Iur"e been
"plmed f,om the other chlorinated re,idue< by .ilkl gel column, eXlmine
Ih. concentrlle<! Ulraet by GLC. pref'rably On In Apin.on column. [,"Oflr
11 their retention ti..,.. Ire identical with th.... of I mndard preparation.
a1lth. pelk' fOliowirlJ tlurt of pp··DDE Ire ""umed to b. PCB compound,.
If pp' -DDE Ippean 10 be pre..nt Ind it is thoughl lhll lbe,e may be I peak
due 10 a PCB compound II ...elly lh. Slme retention timo which will
signiflClutly Iflecl lhe calcullted lmounl of pp'-DDE, Ihen oxidise th.
pp' ·DDE to pp' ·DeBP (9.2). On ChrOmalography, the pp'·DDBP will Jive On
..,lier ret.nlion lime peak Ind l."e lh. PCB'. unaffected. Calcullte the
amount of PCB', in the SImple injection in the foUowin8 manner:

(I) Det.rmin. lhe retention limo (RI) Ind pelk heights (Ht) of III the
compound. which Ippelt ", be PCB compounds,

(b) Multiply Ih. indiridual reteolion liM:' (Rt) by the pelk heightl (Ht)
Ind ,um IU lh. products 10 obllined'
Rt.· HI." Rt, . Ht r + RI,' HI, + Rt.· Ht, + .. , etc.

(e) [),>lide ,rullum by the prodUCI ofth. peak height" retention time for
1,,* pp'.DDE. This wiU Jive 10 estimate of the lotal amounl nf PCB
(in ng) in IheSlmple injection.

If I.ilicone column ho' 10 be used fo' Ihe ..tlmation. di,id. the.um of
the Rt'. x HI". by the product of Rl x Ht fo' lng dieldrin. Because it i<
lIIu,1 for the chromatographic p.altem. of lh. PCB compound. eluted from
Slmpl.. 10 be different from tho.. of Ihe mMlUflCluren' prep""iona, il it
impouible to u.e indi>lidual peo"l in Ihe standard rnateriallnd d'le,mine
Ihe amount of PCB by .imple proportion. A d....mination of the lrel per
nlllogram for the whole ,"nBC of PCB prep.,ation. Ji"" I figure which i<
very c1.... to thaI determined for I nlll"ilam of pp'·DDE on III Apiezon
colunul, i.•. lhe _un .lectron-<:aptu....tpo"", for PCB" il ""ry similar to
Ihlt for pp' -DOE. If only single PCB compound. are beina determined,
lhere will in lOme ..... be a II,!" e"Of. On silicone column., Ihe mean
electtOn~.ptu •• t.,ponle i< n.lrer to lh" of dieldrin. This is because tho



PCB compound. p,<>d~ diff.r.nt peak pall.rns on this liqu.id ptwe. Th.
vi.... tlu' the mean .It<tmn..cap'unna po....., of PCll', i' similar 10 thlt of
pp' ·OOE is confi'med by Zitko.t aI. (9,3).

8. SPECIAL CASE

8.1 ~P'UI"iort ofPCB', from DDT 11M olhu pW>cides

Pr.pare I column with .m.1 g.1 'u.ch as HopI<in &, Winilm, "'FC ...hioh hIS
be.n he.ted '0 IlO'C for at I.." 2h, and '0 whloh wh.n cool hi' bun
added 2.5% v/w of distilled water. w.1gh ou, 5.0! of the prep.red gel and
cov.r il immedilt.ly with h.xan., SlId. the mi.tu,. to '.1.... any iir
bubbl...nd ....sh ,h. prepara'ion in'o • n"row glass chronu.togr.phk
column (7mm 1.0.), usinl hex,n•. Run ,h. ,u,plus h.x.n. through ,he
column until in meniscus Is just touchina ,h••urfle' nf the <illc. VI.

Add the sampl•••1Iacl to the column in .oout 2.0mI of ",l..n,. Allow
lhe ",lu,ioo 10 !Uo in'o the c<llumn until ,h. meoiscus is jus' 'ou.ching the
top of ,h. gel. Wuh 'he sample c<lntoiner wi'h I.Oml ofh...o. and tr.nsfer
this wulting to the oolumn. E1ul< th. column with 4~ml of he..n. at the
rat. of I drop per s.eeond, stoppina Ih••Iution wh.n the meniscu. j""t
,..ch<$ ,h. g.l. Con"eo'ra,e the eluat••nd e..min< i' by GLe. It should
contlin all PCB-type compound., pp'-DDE Ind HCB. After chanP"l the
,=i.eT undeT ,he gel column, furth<r elU1< ,h••ilk. 11"1 ...ith SOmI of
hexan. conlumni 10% vf.. of diethyl.ther. Conc.ntrat. this second .IUlt.
and .x.min. 11 by GLe. It .hould contain pp'·ODT 100 In ,he more polar
resldu.. IS fa, as dl.ldrin,
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