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I n t r o d u c t i o n .  Polychlorinated biphenyls (CI2CInHIO_n with n = I ,  
2 . . . I0) or iginate as commercially prepared mixtures of con- 
t ro l led chlorobiphenyl content. However, once released in the 
environment, the i r  original d is t r ibut ion pattern is altered as a 
resul t  of speci f ic physicochemical interactions with the various 
media of the receiving system. This d is t r ibut ion behavior has 
been observed during recent f ie ld  investigations conducted in a 
number of coastal and estuarine regions (PAVLOU et  a l .  1974). 
Since there is experimental evidence that tox ic i ty  is homolog 
dependent (DEXTER and PAVLOU 1972; HAMMOND 1972) i t  is apparent 
that the transport and bioaccumulation character ist ics of the 
individual homologs should be an important factor in assessing 
biological perturbations to an ecosystem receiving a substantial 
input of these compounds. 

Other investigators have also noted d is t r ibu t ion changes 
in marine samples, (ZITKO et  a l .  1972; VIETH 1972; RISEBROUGH 
et  aZ. 1972; GIAM et  a l .  1973) but the data has been generally 
reduced to total PCB, rather than component concentrations, 
pr imari ly due to the d i f f i cu l t i e s  inherent in the 
analysis of individual components. The commonly employed 
method of quanti tat ion by electron capture gas chromatography 
(EC/GC) provides l i t t l e  d is t r ibut ion information since results 
are obtained from total integrated spectral comparisons with 
commercially available mixtures such as the Aroclor series. 
ROTE and MURPHY (1971) have improved the data analysis by 
separating the spectra into regions corresponding to the 
isomers of the same chlorine content, but fa i led to recognize 
the high va r iab i l i t y  in response for isomeric chlorobiphenyls 
(ZlTKO et  a l .  1971). WEBB and MCCALL (1973) provide a method 
for determining individual component responses but the tech- 
nique requires microcoulometric detection capabi l i ty which 
l imits the analytical sens i t i v i ty .  
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With the above considerations in mind, we have developed a 
modified gas chromatographic spectral analysis technique based 
on the determination of the indiv idual  component responses. This 
technique is s imi lar  to that  proposed by UGAWA et aZ. (1973) but 
provides a more rapid assessment of residue concentrations with 
l i t t l e ,  i f  any, loss in precis ion. We are current ly  implementing 
th is  method to characterize the spat ial  and phase d i s t r i bu t i on  of 
polychlorinated biphenyls in the marine environment. This paper 
presents a detai led descr ipt ion of the computational framework 
together with typical  standardization resul ts .  

Computational Fro~ework. Since al l  chlorobiphenyls show nearly 
the same molar response on a flame ion izat ion detector (FID) 
(ALBRO and FISHBEIN 1972; UGAWA et al.  1973), the re la t i ve  peak 
area of a given spectral component to the total  area of the 
mixture is proportional to i t s  mole f rac t ion .  I f  the degree of 
ch lor inat ion of the component is  known, a mass corrected response 
can be obtained. The mass f rac t ion  of each component, F i ,  is then 
expressed as: AiMi 

Fi = ~i(AiMi ) ( I )  

where A i is  the peak area in cm 2 and M i is the molecular weight 
in g/mole of the i t h  component, 

Applying th is  analysis to a standard chlorobiphenyl mixture, 
one can generate a series of F i values corresponding to the ind i -  
vidual components of that  standard. Thus, for any known mass of 
standard, m t ,  and the appropriate F i ,  the spec i f ic  mass of 
component i can be determined from 

m i : m t F i (2) 

I f  the same standard is chromatographed under ident ical  condit ions, 
but with EC detect ion, s imi lar  component separation w i l l  be ob- 
tained but with d i f f e ren t  response character is t ics .  The corres- 
ponding EC response, R i ,  is then simply expressed as: 

F 

R i : Ai/m i in uni ts of cm 2 g-I (3) 

r 

where A. refers to the area in the EC trace. Once an R i value has 
been de~ermined from the analyses of the standard, i t s  correspon- 
ding m i in an unknown sample can be easi ly  obtained from re la t ion 
(3). 

Although F i is only in te rna l l y  consistent and independent of 
the absolute FID response, R i is governed by the operational 
parameters which af fect  A i .  Therefore, the ca l ib ra t ion u t i l i t y  of 
R i is l imi ted since simultaneous in ject ions of standards would be 
required with each unknown. This shortcoming can be overcome by 
calculat ing the response of each component re la t i ve  to an 
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opera t iona l l y  convenient external  standard. 
t i ve  response as the s e n s i t i v i t y  r a t i o  

S i = Ri/Rst (4) 

where Rst refers to the EC response of the external standard. 

Combining re la t ions  (3) and (4) ,  the in jec ted mass of  each 
component in a sample can be determined as fo l lows:  

m. - i ( 5 )  
i SiRst 

A' i is  now the peak area of the i t h  component in the sample. The 

mass of a l l  chlorobiphenyls of a given ch lor ine  s u b s t i t u t i o n ,  
m N , can then be calculated from the sum of a l l  component masses 

of the same ch lo r ine  content. Hence, 

We define th is  re la-  

m N = (#mi) N (6) 
1 

where N refers to the degree of ch lo r i na t i on .  The corresponding 
sample concentrat ion can be eas i l y  computed as: 

m N 
CN - LP (7) 

where L is the volume f rac t ion  of  the sample ex t rac t  in jected in 
the GC and P is  the quant i t y  of  sample extracted.  

I t  can be seen from the above considerat ions that  from 
measured areas and the appropr iate s e n s i t i v i t y  r a t i os ,  one can 
determine d i r e c t l y  the N-CB abundance in any environmental sample. 

Experimental. Al l  analyses were performed on a Tracor MT-220 gas 
chromatograph equipped with both flame ion iza t ion  and 

63Ni-electron capture detectors.  A 6' x 2 mm ID pyrex column 
was packed wi th  1.5% SP-2250/I.95% SP-2401 on 100/120 Supelcon 
AW-DMCS and operated isothermal ly  at 160~ The ca r r i e r  gases 
were N 2 and a 5% methane/95% argon mixture fo r  the FI and EC 
analyses, respect ive ly .  Peak areas were recorded on a Westronics 
MT-22 s t r i p  chart  recorder and were measured by planimetry.  

F i and S i determinat ions were made wi th standard so lu t ions 
of Aroclors 1242, 1254, and 1260 together wi th p,p'-DDE as an 
external  standard. Molecular weights of the component peaks 
were i d e n t i f i e d  by GCMS in a Finnigan Model 1013 GCMS at the 
U.S. EPA Region-• labora to r ies .  In cases of i n s u f f i c i e n t  
reso lu t ion  or small peak areas, adjacent peaks were combined 
and t reated as one. 

Results and Discussion. Figure 1 shows a chromatogram of the 
mixed standards typ ica l  of  those generated in th i s  study. 
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Figure I. Typical 1.5% 0V-17/1.95% 0V-210 (SP-2250/SP-2401) 
column chromatogram of mixed Aroclor standards. 

LO 

Si 

0,5 

(a) 

~-.0 

1.6 

Sj 

0 

] 
2 

io] I 
I I I I 4 6 8 

N 

Figure 2. Plots of averaged sensi t iv i ty  rat ios, S i ,  
versus (a) relat ive retention time, t~ i ,  and (b) 
the chlorine number, N, observed in t ~ s  study, e, and 
reported by Zitko et a l . ,  (1971), o. The vertical 
brackets indicate the ranges of S i observed (offset 
for Zitko's data). 
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Figure 2ashows a p lot  of S i ,  averaged at a given retent ion 
time, as a function of re la t i ve  retent ion time, t r , i ;  both quanti-  
t ies are normalized to p,p'-DDE. S i i n i t i a l l y  increases rapid ly  
with increasing t r ,  i and approaches a maximum at longer retent ion 
times. 

The v a l i d i t y  of using the average S i values was ve r i f i ed  by 

quant i ta t ing single and mixed Aroclor standards. A summary of the 
data is shown in Table I .  I t  can be seen that in a l l  cases the 
total  mass (zm i )  determined from the S i analyses agreed well 
(+_6%) with the actual m t value. 

TABLE I 

Comparisons of actual and calculated mass values for single and 
mixed Aroclor standards, in units of lO -lO g 

zm. a %A b Standard mt, in jected i 

1242 2.06 1.97 -4.6 

1254 2.57 2.58 +0.2 

1260 2.28 2.26 -0.8 

1242 + 1254 3.25 3.36 +3.1 

1242 + 1260 3.07 3.24 +5.5 

1254 + 1260 2.89 2.98 +3.1 

1242 + 1248 + 1260 4.65 4.92 +5.8 

Determined from the averaged S i value at a given t r ,  i 

b 
%A = (mt, in j  - smi) / mt , in j  x I00 

The change of S i as a function of chlorine number, N, is 
shown in Figure~ together with ZITKO's (1971) data. The agree- 
ment is good, even though only a few of the isomers used by ZITKO 
have been observed in commercial mixtures. I t  should be noted 
that the apparent S i maximum depicted by the decachlorobiphenyl 

is pragmatic and does not correspond to the theoretical value 
that can be obtained from col l is ion theory (SULLIVAN 1973). 
Nevertheless, the linear dependence of S i on N is consistent with 
the capture rate constant behavior reported by SULLIVAN. 
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In summary, the spectral analysis technique presented in 
this paper is uniquely advantageous in describing environmental 
chlorobiphenyl distr ibut ions. I t  is based on easily determined 
empirical parameters, can be readily tai lored to most labora- 
tory systems, and can effect ively remove the ambiguities in 
chlorobiphenyl quantitation. 
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