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Biological monitoring of
polychlorinated biphenyls in plasma:
a comparison of enzyme-linked
immunosorbent assay and gas
chromatography detection methods
P. Griffin, K. Jones and J. Cocker

Polychlorinated biphenyls (PCBs) are ubiquitous and
persistent environmental compounds. Exposure of workers
handling these materials can be assessed by biological
monitoring. We have compared the concentration of PCBs in
the plasma of exposed workers as measured by gas
chromatography with electron capture detection (mean =
40.9 ng ml ± 1, range = 6.7± 120.3 ng ml± 1) and enzyme-linked
immunosorbent assay (ELISA) (mean = 47.1 ng ml ± 1, range =
6.8± 186.2 ng ml± 1). There was a good overall correlation
between the two methods (n = 28, r = 0.92). We conclude that
an ELISA is a useful screening tool for biological monitoring
purposes where there is not immediate access to standard
analytical equipment or where a very high throughput of
samples is required.
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Introduction
Polychlor inated  biphenyls  (PCBs)  are  ub iq u ito u s a nd

pe rsis tent  env ironm en tal  co mp oun ds.  T hey  con sist  of  a

bip henyl r ing st ru c tu re  w ith differ ing degrees of  chlorine

subst i tu t ion giving a  po tential  of  209 congeners.  P CBs were

p rod uced  f rom  192 9 to  the 197 0s and were  used in  electr ical

capacitors  and tr an sfo rmers as  w el l as a  variety  of  other

indust r ia l  uses (Menzer  1991).  Worker s deco m m iss io ning

m ac h in e ry  conta ining PCBs m ay  sti l l  be exposed to  these

com po und s.  P CBs are  l ipo ph il ic  in  nature  an d are  usu al ly

m e a su red  i n  seru m or plasm a sam ples fo r  the p urpo ses of

bio logical  monitoring.  High resolutio n gas chrom a tog ra ph y

w ith electro n  ca ptu re detecti on (GC/ECD) or  gas

c h ro m ato graph y/m ass spect rom et ry (GC/MS) pro vide the best

sensi tivi ty  and speci f ici ty  for t race  analysi s of  PCBs (Kru p c ik

et  al. 1992, 1993). PCBs used  com merc ial ly  w ere  p ro d u ce d  as

m ix tu res of  congeners characterized  by the percentage of

overal l  chlo rine substi tut ion of  th e biphenyl r in g. T herefore ,

A roclor  1260 had 60%  chlorin e subst i tut ion,  A roclor  1242  had

42%  sub st i tut ion an d so  on.  D ue to  differe nc es i n

biotransform ation  and  el im inat ion from  the body of  the

various congeners ,  the pattern  of  co ngeners  m easured  in  b od y

fluids differ from  the pattern  of  congener s in  the P CB mater ial

involv ed in  th e origin al  exposure (Cairn s and S iegm un d 1 98 1)

and i t  has been shown  that  an analysis  of  the co ngeners

p resent  in  seru m  can be used  to  id entify  the source of  expo sure

(Luatomo 1988). A na lytical  standards m ade up  of  specif ic

congen er s are  used to  se t  enviro n m en ta l  regulatory  ex po sure

l im its in  sever al  E uropean count r ies (DeBoer  and  Doa 1991).

The G C/ECD used  to perform  congener speci f ic  analysis  is

exp en si ve to  pu rch ase an d re qu i res high ly skil led  technici an s

for  i ts  maintenance  and o per at ion.  On e w ay of  re du cing  th e

overall  cost  of  monitoring  is to  perfo rm  a s im ple screen ing test

to  iden ti fy  if  PCBs are  p resent .  Im mu noassays can be u sed for

this  pu rpo se .  T h e equ ipm ent co sts  f or  im mu noassay s are  m u c h

less than,  f or  examp le ,  a  GC/E CD an d imm unoassay equipm ent

do es not  req u i re  such highly skil led  staff for  i ts operat ion.

Sev eral  method s h ave b een p ubli shed  describing  the

m e as u rement of  PCBs in  environ m en tal  sam p les by

im m un oassay and show  a go od  co rre l at io n with st and ard

analytical tech niques (Johnson and Van E mon, 1996, Lawru k

et al. 19 96) .  A  r adioim mu noassay has been  dev elop ed w hich

det ected  A roclor  1260 in  sp iked  blood at  levels from  2 to  16

ppb (New som e and  Shields 19 81).  A s yet  no co mpar ison  has

been m ade between th e PCB co ncen trat ions in  plasma o f

workers  occupationally  ex posed  to  these m ater ials  as

m e as u red by im mu noassay  and  a  tr adit ion al  analy tical

technique such as GC/E CD .

In th is  co m m un icatio n we  co m pare  the concentrat ion of

PCB in plasm a of  occupat ionally-exposed worker s as

m e as u red by GC/E CD and a modificat ion of  a com merc ial ly

available  enzyme-linked  imm unosorbent assay (EL ISA) for

measur in g PCBs in  enviro nm ental  sam ples.

METHODS

Samples
Plasma samples were collected from workers occupationally exposed to PCBs

during decontamination of machinery. Samples were analysed by GC/ECD and

those which had detectable amounts of PCB (n = 29) were chosen for further

analysis by ELISA.

GC/ECD
A calibration curve (100, 80, 60, 40, 20, 10 and 0 ng ml± 1) was prepared in horse

plasma of a mixture of PCB congeners 18, 28, 44, 52, 66, 74, 101, 118, 126,

138, 153, 170, 180, 194 (Promochem). Congener 209 (40 ng) was added as an

internal standard. One ml of each standard and sample were aliquoted separately

into screw-capped glass tubes (Fisher Scientific). Each sample was processed in

duplicate. Methanol (400 m l) was added to each tube which was then vortexed for

10 s. Hexane (4 ml) was then added, the tube capped and agitated on a rack

rotator for 20 min. The tubes were then spun at 1600 ́  g for 15 min and 3 ml of

the organic layer was transferred to a new glass tube. The hexane was removed

by evaporation under nitrogen at 30 °C. At the end of this process the samples

were reconstituted in 100 m l of hexane and analysed by GC/ECD (Hewlett

Packard). Using helium as a carrier gas a 1 m l split injection was made into a BP5

fused silica column (50 m ́  0.33 mm i.d., 0.25 m m film) (Scientific glass

engineering).

Run conditions:

Injector temperature = 250°C.
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Conclusion
We found a  good corre l at ion  be tween  th e tw o m etho ds used  to

m e as u red PCBs in  plasma. In  a  prev io us s tu dy  N e wso m e an d

Shie lds (1981) reco vered  A roc lor 1260 from  sp iked blo od by

solven t  ext ract io n an d m easured  t he recov ered PCB by

radioim m unoassay an d G C/ECD ; both  m eth ods used  Aro clor

1260  as a  s tandard . They found  a goo d correlat ion between  th e

tw o m etho ds (r2 = 0.99) . Our result s are  com parable  w ith this .

T he E LISA used  in  our  study uti lized Aroclor  1248 as a

st a n d ard . T he an tibo dy has m inim al cross- react iv i ty  with  other

ch lo ro h y d rocarb ons but  cross-reacts with Aroclors 1016, 1242 ,

1254 an d 1260 with a  response within two-fold of  A roclor

1248 (Millipore  l i ter atu re) . Therefore  the resul ts  o bta ine d

sho uld be regarde d as A roclor  equiva lents. T he  GC/ECD

m e as u res individual ly  each of  a  range of  congeners  on the

basis  of  the congeners  foun d in  po pulat ions ex posed to  Aro clor

m ix tu res with  differing degrees of  chlorine substi tut ion (Fai t  

et  al. 1989, L uatom o et al . 1991), the  biotransform at io n  an d

el imination of  congeners (Cairn s an d S iegm un d 1 981 , L uatom o

1988)  and those used to  set en viron m en tal  regulatory  ex p osu re

l im its in  several  E uropean countr ies  (D eBoer  and  Doa 1991).

T he  cross- reac tivi ty  of  the an ti-PCB an tibody for  diffe re n t

A roclo r  m ix es  explains the clo se  corre l at ion  b etwe en the

GC/ECD and E LISA assay s and m eans that the E LISA can  be

used as a  sc re ening  p ro c e d u re  to  detect  ser a  w hich co ntain

PCBs. A sim ilar cros s- reac tiv i ty  has been  noted for  other  an ti-

PCB an tibodies (Johnson and Van E mon 1996, Lawru k  et al.

1996) .

O ne sam ple w as ex clud ed f rom  the s ta t ist ica l  analysis  of  the

data .  The value obtained using the EL ISA  may have been a

false negative  resu lt .  S uch p otenti al  anom alies  co uld be

avoided by assaying two al iquots  of  p lasma and thereb y

detect ing  exper imen tal  anom alies . T his optio n w as cu rtai l ed

in this  s tu dy by  sam ple availabil i ty.

T he E LISA gives a sens it ive m easure of PCB exposure  bu t

does  no t  give congener speci f ic inform ation .  S uch data  are

useful  fo r  toxico logical  purposes  and there fore  l imit  the use of

ELISAs to  that of a scre en fo r  p osi t ive sam ples which can  then

be analysed further  by  tradit ional  analytical  m ethods.  We

envisage tha t E LISAs would  be cost  eff ect ive in  si tuat ions

Column temperature = 60 °C, rising by 5 °C min± 1 to 280 °C and held for 21 min.

Detector temperature = 300 °C.

The congeners eluted in the order 18, 28, 52, 44, 66, 74, 101, 118, 153,

138, 126, 180, 170, 194 and 209. The results were expressed as a cumulative

PCB concentration.

ELISA
A calibration curve was prepared by spiking horse plasma with Aroclor 1248, in

hexane, to give concentrations of 200, 100, 50, 20, 10, 5 and 0 ng ml± 1. The

standards and plasma samples from workers were processed as described for

the GC/ECD method except that samples were not processed in duplicate. After

removal of hexane by evaporation the residue was redissolved in 100 m l of

methanol and mixed with 900 m l of assay buffer (phosphate buffered saline (PBS),

(pH 7.4) + 0.1% TWEEN 20 + 1% bovine serum albumin). The samples were then

analysed using a commercially available immunoassay kit for measuring PCBs

(Millipore). Briefly, an aliquot (150 m l) of each sample was pipetted, in triplicate,

into the wells of an ELISA plate which had been precoated with anti-PCB. The

horseradish peroxidase± PCB conjugate supplied by the manufacturer was then

added and incubated for 1 h on an orbital shaker. The plate was washed five times

with PBS + 0.1% TWEEN 20. The enzyme substrate solution supplied by the

manufacturer (100 m l) was then added to each well and the plate incubated for

another 30 min. The stop solution supplied by the manufacturer (100 m l) was then

added to each well and the optical density, at a wavelength of 450 nm with

correction at 650 nm, of the solution in each well measured on an ELISA plate

reader. The optical density readings for each sample were averaged and the value

converted to a percentage of the optical density reading of a sample without any

inhibitor.

Statistical analysis
Statistical analysis was carried out on the C-Stat computer package (Cherwell

Scientific).

Results
T he  EL ISA was l inear  over a  concent rat ion  range of  5±200 ng

m l±1 with  the botto m of th e standard  cu rv e b eing the low er

detec t ion lim it.  By contr as t the lower detect ion lim it  of  the

GC/ECD method  was 1 ng m l±1 for  each congener.  T he plasm a

sam ples had a  m ean concentrat ion  of  4 0.9 ng ml±1 (range =

6.7±120.3 ng m l)  as m easured  by GC/E CD com pared  w i th  a

m ean concentrat ion of  47.1 ng ml±1 (range = 6.8±186 .2  ng  ml±1)

w h en  m e a su red  by  ELISA. A regress ion an alysis  carr ied  o ut  on

th e resu lts  m ea sured  in  th e pla sm a sam p les by  each  m etho d is

show n graphical ly  in  F igure  1.  The correlat io n betw een the

two sets of  resu lts w as  good (n = 28, r = 0.92) with a tendency

for  the ELISA to give higher  resu lts (slope  = 1.13).  Referen ce to

F igure  1 show s the variat ion between the tw o se ts of  resul ts .

O ne sam p le h as n ot  been  in clud ed in  this  a naly si s wh ere  there

was no P CB as m easured by the E LIS A and 92 ng m l±1 w a s

m e a su red by GC/E CD . Because  the plasm a samples  were

ana lysed  in  duplica te  for  the GC but  not for  the EL ISA it  was

assum ed that the E LISA gave a  false negat ive resu lt .  T he intra-

assay variat ion for  the E L ISA m ethod w as  11.9%  whilst  that

for  the  GC/ECD rang ed from  6.4%  for congener 194 to  10.1%

for congener  28.

W h e re the ELISA gave  higher  results  than the G C m ethod ,

no noticeable  difference was seen in  the congen er d ist r ibu tion

from  those sam ples wh ich  gave sim ilar  v alues.

P. Griffin et al.194

Figure 1. A comparison of PCB concentrations in plasma as measured by

GC/ECD and ELISA.
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w h e re  the re  is n ot  im m ed iate access to  stand ard  an alyt ical

e qu ip m e nt  o r  w h ere  a very  h igh throu ghpu t of  sam ples is

req u i re d .
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