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- T&determination of &ganochIorine-pesticide residues (OCPs) in extracts ~of 
environmentaf sakpks is a difkult and compiex proc&iu&. The presence of multi- 
component industrial compounds ~such as pofycEEarinated bipheliyrs (PC&)- and 
poZychEoriuated naphthaIenes (PCNs) in the extract&3-interfenzs with the determi- 
nation of OCPs*_ PCEs and PCNs have simikchemical properties and, as both are 
m&i-comp&etit~compounds, the determination of one group of comp%nmds i&the 
presence of the other-group is extremely dif&& (see below); Possibly for-this reason 
teports df. PCB* contamination -of the envirotient arti many, yet few repO;ts of 
contamination by PCNs have: appeared. However, PCNs were as commonly use&in 
industry as PCBs_ 

. ~ A mkture of PCBs and PCNs say. IX physicaliy-sepetid fio&OCPs by 
chromatography on silica gel (deactivated with 3 0/e w&er)-C&te (4~ L)? and also on a 
silka gek3Iumica cofumn ‘p7 but f&s separation is -extremely d&cult to controf. 
EfGwever, ih &ese procedures PC3s and PCNs~akkrried through in the-same frac- 
tion. Thus, if either- PC& or PCKs are to be determined, then *he other group of 
compkmds wilI constitute a sourceof interference ti their wtive gas4iqtid chro- 
matogra@ic (GLC) eIution reg%nS overItip~cOnsiderably_ There is thus a need for B 
method capable-of determin&g PCNs & the ‘presence- of PCBs- and u&z rersa,.One 
such technique developed with &is aim in mipd requires perchIor&ation of the poly- 
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cklorinaFed s@es to either ccf2cfifcronapkthdenc crdecxkhrobipkeayf. :2Tlxse Fwo 

compxmds are then quzaitated by GLC using an e1ectnm-captm-e detector and the 
respect& concerrtrztiorrs related bzck tc the original compounds. Pcrcklorinaticn 
req&ires &eacment of *&e PC% zad PCBs ~Gtk antimony pentachioide in a-sealed 
gkzss vi& at t6Q”C for ES k, deastiva~ion of excess SbCl, witk 6 M kydrockloric acid 
ad .%traction witk kexrrae_ ‘Y&is procedure has many disadvantages ll~t Ike Ieast of 
wkick zre: tke reagents m daagzous, tke reaction time is Iong nd tke &u&s a& 
~mrdiabk king Et@& by 2s much 2s 2 factor of 2 in the cze of ECBs. Kowewr the 
pziziple of sk@&&on of a campkx mixture hy ckemiczl reaction prior to anatysis 
is z valid one. 

Tke aiterzative reaction whick provides a c&mica1 simpEkation of campIex 
organockloriirte mixtures is kydrodccklorination. Compounds of industrial si_&- 
czmce such 25 PCBs aad PCNs zs weil ;?s agrockemic& suck as toxapkene are made by 
c~orinatioe of 2 singe p.zrem kydro-zzrbon. For tkese tkree ex2mpies the parent 
hydrocarbons are bipkeny!. nzphthalene arzd camphene. Hence con&oiled kydro- 
dcchforin2tion of the mixture of po~ychfotinated and isomeric comporrnds will yield a 
siag:e kydrowbon product which m2y be easily chromato_gap&ed as its retention 
chancteristi-s FZE, in gene&, be less thaa thee of &e cMorin2ted specks. Identifi- 
cation 2nd qu2ntitition of the pzrernt hydrocarbons is a relatively simpk procedure 
2nd the concerrtr&ion mzy be related back to tke original mixture of pofycfiorinated 
.Qeciess. 

I-rydrod,-tMorirradon m2y be zchiev& by severrrl diEerent metkods. For 2 gas 
ph2z re2ction we k2ve wed eitker palladium or plrrtinum coated on zm inert support 
zs a catalyst_ TiSs is placed in the *hjection port of a gzs ~Erromatograph and th-zs 
heated- With hydrogeen as botk Currier and reagent gas, injection of a mixture of 
organocklorine compounds onto the catalyst results in a rapid hydrodecblorination 
reaction’_ The resultant hydrocubcms may be separated by _gzs ckomatogaphy azd 
t’ilen idewikd by mass spectromet#*-” and quuldtated. The determination oftrace 
amounts of orgaxochlorine pe&cid~ such zs F.~‘-DDT by this route provides results 
in excellent agreement ~Gth &ose obtained by more con\7entionA metkods’. This 
tecknique czm Aso be modied for use witk cap3lary cokmns”. 

Ahernafive!y kydrodecklorinatiom m2y be carried out in tke liquid pkzse. En 
contrrrst to tke g2.s phase technique where reaction times are extremely skort, rezction 
tits in the l.iqtid pk2se range from 2 few minutes to a few flours. Several difEerent 
reasezzs may be used. Relatively ccnpfex reattiotl conditions simiiar to those re- 
quired for tke percklorination reaction are necessary when hminium ky$ride ard 
&oxy aknninirrrzm reagents are empIoyed’3-“L. Reaction times of several hours kave 
beea reported. 

An &em&t-e procedmeLS requiring the -meration of 2n active, Gnely divided 
nick+I boride c2tiyst as a suspension in isopropanol provides a much simp!er reac- 
tion system. Rezction times vzzry according to tke compounds b&g studied but are 
rzllrtiwiy skort. thus PCBs are completely dechlorinated in 60 tin and FCNs in only 
ZO min {see sefow). Tke reaction proceeds at ambient zemperature -in ti and uses no 
~oz;Jc or kazardom reagent%. We have preGously used a npid, ooco!umn kydro- 
decklorination re;ction to determine PCBs and PC% togetker, However tke ease, 
speed and Gmpliciry of tke reaction &v&&g (N&,B), -KS renders it particukxly 
witable t-or inwrpo_mrion into .zm an2iytiwl metkod FOE tie determination of poly- 



ckiorina@d aromatic‘ species. fts suitability-is reinforced by the-relative lack of &ac- 
tiviEy taw&$s chlorinated cycIodie& <e.g. chIordanz6), and towards chiqrinated af- 
kanes” -_ se -_ -. -. . _ -~- 

_ Wed row report a method-for the- determination-of PCEis in -the presence of 

PCBs in w’hich a hydrodechIo&ation step using (NizB)z - H, ‘is applied as a sample 
preparation procedure prior to determination. hy~c@iary gas chromatography. 

Ex&&&r~ _ 

y AlI sofvents were distilled before use. Standard solutions were prepared in dry? 
d&i&d hexane. The 2 &f nicker chloride soIution was prepared in distiIIed water. The 

5 M sodium borohydride solution was freshly prepared before each reaction from 
1.89 g NaBH,, 0.1 g (approx.) NaOH and distiiied water (tO mI)_ Naphthaiene, 
biphenyl, &3-&.methylnaphthZraIene, nickel chloride, sodium borohydride (alI from 
BDK, PooIe, GreaE Britain), Nibreo wax DSS (Bayer, Leverkuscn, G.F.R.), and 
Aroclor 1248 (Monsanto, Newport, Great Britain) were used as received. 

_’ A 24X series capillary gas chromatogzapk (Erba Science, Swindon, Great 
Britainj fitted w&h a Grab type spiit,%pli&ss injector system, ff ame ionization detec- 
tor (FID), and f&xi-silica coiumn (SF 2100, 12 m x 0.2 mm, He&eEE-Packard] was 
used. Other parameters were: tier gas (hydrogen) Box-rate (1.5 mf M&L-‘); injec- 

tion pati temperature 250°C; detector temperature 250°C; temperature pro,wmm 
60°C hofd t min, increase 6°C rnin-l to 200°C. increase WC min-’ to 21WC, hofd 
2WC 3 min, cool. Attenuation was x 16 unless otherwise stated. Chart speed was 5 
mm min-’ for ail chromatograms. Injection volume was norma& r & 

Quantitation was achieved by use of peak height ratios a_&st an internal 
standard (2,3_dimethyInaphthaIene). Several standard mixtures were prepared with 

varying amounts of naphEhaIene and biphenyl and a ConstanE amount of internat 
standard. Plots were then made of the peak hei& ratios of: for exampie, naph- 
thafene-internal standard against concenEration of napktbalene. For capkthalene the 
calibration fine equation was y = 0.054.x - 0.430 (F = 0.35X) and for biphenyl ,t’ = 
0.057x - 0.263 (r = 0.996) where t’ = peak height raEio, x = concentration of . 
component and r = correlation co&icier& 

The optimum conditions for Ehe dechEorinaEion of PCBs have been reporte_d 
I5 previously . These same conditions were used when PCNs were present fsopropanol 

was used as the solvent (see below). The e&iency of hydrodechlorination was 
measured by replicate (I I) reactions on a standard pool containing the Mibren wax. 
DS8 (fS3.2 ppm) and Aroclor 124s (232.4 ppm). The naphthaiene and biphenyl 
formed were determined for each reaction. 

The naphEhaIene and biphenyl equivalents of 088 and E24S used were 199 ppm 
DSS 3 IO0 ppm naphEhafene and IS7 ppm Arocfot 1248 3 100 ppm biphenyl. 

Steam extraction e&iency was assessed from a spiked sampIe (50 g) of silica 
gel (6&S@ mesh, for chromatography) containing 2.26 - fOm4 g g-l DSS and 
2.86 - IO-& g g-’ AracIor 1248. Approximatefy 2 g of this silica gel were weighed 
accurateb into a 500-d round-bcttomed Bask and d&&led water (250 &) and hep- 
tarre (7 ml) were added and tzze sample was steam extracted for 3 h (for steam 
exEraction apparatus see ref. fS but fj3 SC&). The heptane layer was quanti’&tively 
removed, reduced Eo 2 ml under a stream of hitrogen and hydrode&orinated in 
isopropanol; Tne intemai standard was introduced after kydrodechIorination_ 



HydnJdecEo-ihl.ati~Et of PC& by “uickel boride”.has been reported pre- 
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Stph@@&ii &mp&n&~win react S&e .r&diIy than the non-pLan& EphqyZcOm- 

.- 

-- &&@s +k,h mq have go tibrdj&a%Stia b& &g and t&S <he #.k+qikn6&$ & 
o'rder to -G&ieve -&x&~ &iri5di&orin&on. 4& t&g &$ysis of PCNs th&Sforti a. 
reaclioti G&e 0fYg nGn iksu&+ent~ 7$e course of&e &action ygis G3~otiecL by CZJZ 
using~paclred~ohrmn-~~zti-x 0_4cm;-3~;/~Carbdw~20M-onGas-Chron~_-Tfie 
dramatic simplificafioti of the r&i&o&n$xtme is-shown & Fig-2 -fhe .&vent used 
__++cts the.cqprse ofthe reaction- VEth koproj$nof th& soIe p;oduct from the PcNFs 
-naphthalene_ If &e solver& ethanoL th&y the major @@duct is naphthalene but a 
z@qif,?%t a&~+~t of tetrafixi (err. IS-20 ya and a~trace of decalin is p?oduced_ If the 
sokent is. m&anqL then the majors product is dec%n (a f;lrr report of this solvent 
eE&t wii appear elsewhere). identification was by mass spedtrometry corriziation 
wif& library spectia, From Gese experiments isopropanoL was sekcted as the solvent 
for the hyirodechlorination reaction_ The optimum react& timei sekcted were 10 
min for PC& and 75 mk for EQs. 

The r&&s of- Z I rep&ate hy&ochIorinat& reactionS are shown in Table I; 
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_~ Fig 3: <A) Em-act of river sediment before hykxkchlorinztion; (B) -After hydrodechlorination_- 1 = 
InrzrnaI standas& 2 = naphtfi~m~ 3 = biphenyL 



The basis of aa axd~cal method wb.ich dismimimtes between PC& and 
FCBs has been estabM~~L Stea extraction of sampL=s f&owed by bydrodechlori- 
nation uld detezminatioa by capiHary GLC fleids accurate values for t&e PCN co=- 
tent of sznpIes tier recaverq- factors are *aken into account. The advantages of tis 
approach are the elinination of potenti& interference from PCBs, siroplicity a& 
bizviq. Thus sample simpiific~tion viz h#rodecErfotiztion remits in-s&eral impor- 
tant improvements over e.xisting methods. For exampIe a comentration step ~&its in 
imp~rovments as may chforinm~I compounds (poor FED response) zre transformed 
iElto z single hydroarbon (good FID response). Chromatographic separation from 
other compounds is thus rnore easily zcbieved. AmIysis tie is o&y a few hours, 
b&g a comSin2tion of stm extraction (2 h) hydmdtcblorination (10 rain) and czp& 
la-q- gzs c~omatograp~y (33 &II). We ate currently using tkis me’hod to reimzs- 
t&ate sampling sites on the River Sevem and t f&l accomt of these resuits WilE 
meaz elsewhere. 




