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Because of i t s  extreme s e n s i t i v i t y  and s e l e c t i v i t y  toward halogen- 
ated compounds, the e lec t ron capture detector  (ECD) has been the 
most common method fo r  gas chromatographic ana lys is  of po lych lo-  
r ina ted  biphenyls (PCBs) (ASTM 1983; AOAC 1980a; DCMA 1982; EPA 
1982, 1984a; FDA 1977; Erickson 1985). While i t  is  considered a 
se lec t i ve  detector ,  ECD can detect  many non-PCB compounds (halo-  
genated pes t i c ides ,  po lych lo r ina ted  naphthalenes (PCNs), ch loro-  
aromatics, phtha la te  and adipate esters ,  and other compounds) 
which may be d i f f e r e n t i a t e d  from PCBs only on the basis of reten- 
t i o n  time. In add i t i on ,  there are other in ter ferences which do 
not give d isc re te  peaks. Elemental s u l f u r  can i n t e r f e r e  wi th  PCB 
ana lys is  in sediment and other samples which have been subjected 
to anaerobic cond i t ions .  Another non-spec i f i c  in te r fe rence is 
mineral o i l  (ASTM 1983), a complex mixture of hydrocarbons, which 
is  used as a d i e l e c t r i c  f l u i d .  Mineral o i l  in transformers often 
contains PCBs as a r e s u l t  of cross-contaminat ion of t ransformer 
o i l s .  A t yp i ca l  ana lys is  of mineral o i l  fo r  PCBs en ta i l s  simple 
d i l u t i o n  wi th  hexane to reduce the v i s c o s i t y  and also achieve a 
concentrat ion in the l i n e a r  range of ECD (Sonchik et a l .  1984). 
The mineral o i l  in the d i l u t ed  sample reduces the ECD response 
(ASTM 1983). In order to minimize the e f fec ts  of the mineral o i l  
i n te r fe rence on the quan t i t a t i on ,  ASTM (1983) recommends tha t  the 
sample and standard contain the same amount of mineral o i l .  

This study reports the e f fec t  of the o i l  concentrat ion in sample 
ex t rac ts  on the ECD and the accuracy and p rec is ion  of t h i s  homolog 
method of ana lys is .  The study was conducted using the Dry Color 
Manufacturers Associat ion (DCMA) homolog mix, a homolog mix pre- 
pared at Midwest Research I n s t i t u t e ,  and Aroc lor  1260 as standard 
sp ik ing  so lu t ions .  

MATERIALS AND METHODS 

Three standard sp ik ing  so lu t ions  (Table 1) were prepared in hexane 
fo r  use in the study: (a) a DCMA congener mix obtained from 
Supelco, Inc . ,  Be l le fon te ,  PA, (b) an MRI congener mix prepared 
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Table 1. Composition and Retention Time Ranges of Standard Solutions. 

Solution 
Designation 

DCMA 

MRI 

Spiking Final 
Congener a amount concentration Retention ti~e 

no. Congener (pg) (Mg/mL) range (min) 

1 2-Mono 5.0 0.50 1.23-1.33 
11 3,3~-Di 5.0 0.50 3.45-3.55 
29 2,4,5-Tri  0.50 0.050 4.25-4.35 
47 2 ,2 ' ,4 ,4 ' -Te t ra  0.50 0.050 5.85-5.95 

121 2,3~,4,5',6-Penta 0.50 0.050 7.40-7.50 
136 2,2' ,3,3' ,6,6~-Hexa 0.50 0.050 9.80-9.90 
185 2,2 ' ,3 ,4,5,5 ' ,6-Hepta 0.25 0.025 13.25-13.35 
194 2 , 2 ' , 3 , 3 ' , 4 , 4 ' , 5 , 5 ' - 0 c t a  0.25 0.025 17.70-17.80 
206 2 ,2 ' ,3 ,3 ' ,4 ,4 ' ,5 ,5 ' ,6 -Nona 0.25 0.025 18.85-18.95 
209 Decachlorobiphenyl 0.25 0.025 19.65-19.75 

1 2-Mono 6.4 0.64 1.23-1.33 
3 4-Mono 24.00 2.40 1.70-1.80 
7 2,4-Di 0.60 0.060 2.33-2.43 

30 2,4,6-Tri  0.55 0.055 3.10-3.20 
50 2,2 ' ,4 ,6-Tetra 0.75 0.075 4.65-4.75 
97 2,2 ' ,3 ' ,4 ,5-Penta 0.75 0.075 9.25-9.35 

143 2,2 ' ,3,4,5,6 ' -Hexa 0.70 0.070 10.80-10.90 
183 2,2 ' ,3 ,4 ,4 ' ,5 ' ,6 -Hepta 0.21 0.021 12.80-12.90 
202 2 ,2 ' , 3 , 3 ' , 5 , 5 ' , 6 , 6 ' - 0c ta  0.20 0.020 13.60-13.70 
207 2,2~,3,3 ' ,4,4 ' ,5,6,6 ' -Nona 0.21 0.021 17.00-17.10 
209 Decachlorobiphenyl 0.11 0.011 19.65-19.75 

Aroclor - 250 0.25 9.00-20.00 
1260 

a Ballschmiter and Zell (1980). 
b Measurement windows were determined by manually inspecting a chromatogram for baseline 

resolution between peaks. 

from neat compounds obtained from Ultra Sc ient i f ic ,  Inc., Hope, 
RI, and (c) an Aroclor 1260 solution prepared from neat commercial 
mixture obtained from the U.S. Environmental Protection Agency, 
Las Vegas, NV. Mineral oi l  used in the study was purchased local ly 
(Squibb Control No. 4A825). 

Five replicate samples for each of three oi l  levels were prepared 
for each standard spiking solution. All replicates were spiked at 
the same level for each standard spiking solution. Table I l i s t s  
spiking and f inal concentrations for al l  compounds. The spiking 
was performed by adding aliquots of standard spiking solution to 
containers holding either 5, 0.5, or 0.05 mL o i l .  As mentioned 
above, f ive replicate spikes were prepared at each oi l  level. 
Hexane was then added to each sample to achieve a total volume of 
10.0 mL. One m i l l i l i t e r  concentrated sul fur ic acid was added to 
each sample and the sample was agitated to mix the two phases. 
The acid was allowed to separate, and 1.0 mL of the hexane layer 
was removed to a clean vial .  To this al iquot, approximately 100 
mg F lor is i l  was added and the mixture shaken. A 3.0 NL aliquot 
was then withdrawn for analysis. 

All samples were analyzed by GC/ECD using a Varian Model 3700 
equipped with a 63Ni electron capture detector. A glass column, 
180 x 0.2 cm (ID), packed with 1.5% SP-2250/1.95% SP-2401 on 
Supelcoport (100/120 mesh) was used for separation. Operating 
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cond i t ions  were 250~ i n j e c t o r  temperature, 300~ detector  tem- 
perature,  and n i t rogen f low rate of  30 mL/min. The column tem- 
perature was held at 150~ fo r  1.0 min, then programmed at 5~ 
to 250~ then held for  4.0 min. Chromatograms were recorded 
using both a Nelson Ana ly t i ca l  Model 4400 Data System and a Heath 
Model SR-204 analog s t r i p  char t  recorder. Ca l i b ra t i on  curves fo r  
the three standard sp ik ing so lu t ions  were constructed and used to 
ca lcu la te  analyte concentrat ions in the samples. The samples were 
quant i ta ted  against  the corresponding standard so lu t ions  at three 
concentrat ions using l i nea r  regression. The Aroc lor  1260 amounts 
were quant i ta ted using the summed areas of a l l  peaks e l u t i ng  from 
9 to 20 min. The summed areas were compared to to ta l  areas fo r  
Aroc lor  1260 standard so lu t ions  w i t h i n  the same measurement win- 
dow. The leve ls  of i nd i v i dua l  PCB congeners in the DCMA and MRI 
standard so lu t ions  were determined by comparing to ta l  areas in 
designated re ten t ion  time ranges to the areas of the congener peak 
in  tha t  re ten t ion  time range. The congeners' re ten t ion  time 
ranges fo r  the DCMA and MRI congener so lu t ions  are l i s t e d  in Table 
1. 

RESULTS AND DISCUSSION 

As reported by ASTM (1983), the mineral o i l  content of the sample 
mat r ix  can depress the ECD response and thus y i e l d  erroneously low 
readings. In an attempt to quan t i ta te  t h i s  phenomenon, samples 
were prepared as described wi th  d i f f e r e n t  amounts of  o i l .  As 
shown in Tables 2 and 3, the amounts of the i nd i v i dua l  congeners 
found was not dependent on the o i l  content.  S i m i l a r l y ,  for  the 
Aroc lor  1260, no t rend of response depression was found (Table 4). 

Analys is  of variance was performed to compare the observed concen- 
t r a t i o n s  of each isomer of PCB under the four  d i f f e r e n t  leve ls  of 
o i l .  The resu l t s  are summarized in Tables 2 and 3. Each table 
presents the mean observed concentrat ion for  each level  of o i l  (0, 
0.50, 5.0, and 50%) for  each PCB isomer. (Even though only two 
s i g n i f i c a n t  f igures  are given, a l l  s t a t i s t i c a l  work was performed 
using four  to f i ve  s i g n i f i c a n t  f i g u r e s . )  The F s t a t i s t i c  for  t es t -  
ing equa l i t y  of these means is also presented. The F s t a t i s t i c s  
ind ica te  tha t  there are s t a t i s t i c a l l y  s i g n i f i c a n t  (a t  the 5% leve l )  
d i f fe rences among the o i l  leve ls  for  most isomers. The p-values 
presented in the l as t  column ind ica te  the s ign i f i cance  of  the d i f -  
ferences in the values. Unless noted by "NS," a l l  sets contained 
at  least  one o i l  level  which was s i g n i f i c a n t l y  (a t  the 0.05 l eve l ;  
i . e . ,  95% confidence) d i f f e r e n t  from the others. 

While d i f fe rences in means e x i s t ,  they did not co r re la te  wi th  the 
amount of o i l .  The pat tern  of  response observed was fo r  the 0% 
o i l  level  to show the h ighest  concent ra t ion,  fol lowed by the 5.0% 
l e v e l ,  fo l lowed by the 50% leve l ,  w i th  the 0.50% level  showing the 
lowest. The two lowest are reversed in  penta through hepta for  MRI 
and in hexa through octa in DCMA. Other d i f fe rences ,  fo r  example 
which congeners e x h i b i t  n o n - s i g n i f i c a n t  p-values,  are not read i l y  
exp la inab le ,  but d id not appear to a f fec t  the overa l l  conclusion. 
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The data (Table 4) from the Aroclor 1260 were also s t a t i s t i c a l l y  
analyzed. There were s ign i f i can t  (at  the 0.05 leve l )  dif ferences 
among the mean concentrations found at the four levels of mineral 
o i l .  In contrast to the other preparation, in the Aroclor, the 
control (0% o i l )  had the lowest mean found PCB concentration. 
Group means are presented in Table 4. L i t t l e  dif ference is found 
among the three levels (0.50%, 5.0 and 50%), although the middle 
level happened to have a s l i g h t l y  lower value than the other two. 
At the j o i n t  5% level ,  using Dunnet's T, the 0.50% oi l  and the 
5.0% oi l  values were s i gn i f i can t l y  higher than the contro l ,  while 
the 5.0% oi l  level did not quite reach signi f icance. As with the 
indiv idual  congeners, despite the s ign i f i can t  differences in the 
amounts found, there was no cor re la t ion between the amount of PCB 
found and the amount of o i l .  

Table 4. 

% Oil 

Mean Concentrations Found in Aroclor 1260 Sample. c 

Number of Analyzed Concentration 
Samples (Ng/mL) 

0 2 0.248 
0.5 5 0.254 
5.0 5 0.250 
50 4 0.254 

F S t a t i s t i c  5.49 
p-Value 0.0132 

c Prepared Concentration = 0.250 Ng/mL 

While there are some differences among the o i l  levels which are 
s t a t i s t i c a l l y  s ign i f i can t ,  there is no trend in any of the three 
PCB solut ions with the amount of o i l .  Therefore, we conclude that ,  
under the condit ions of th is  experiment, there is no observable 
ef fect  on PCB determination with mineral o i l  levels up to 50%. 
Thus, the recommendation (ASTM 1983) that  samples and standards 
contain the same amount of mineral o i l  does not appear to be neces- 
sary. 

Since there were no observable trends with the amount of o i l ,  the 
samples were judged to be equivalent and were therefore pooled to 
assess the accuracy and precision. The resul ts  of the accuracy 
determinations for a l l  samples are given in Table 5. Mean recov- 
eries are given both by homolog and overal l  for  each spiking so- 
lu t ion.  The resul ts of the precision determinations are given in 
Table 5. Relative standard deviat ions are given by homolog and 
overal l  for  each spiking solut ion. 
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Based on the data presented above, the accuracy of  the PCB deter -  
minat ion using t h i s  method is  est imated to be between 90 and 105% 
of  the t rue value and the s ing le  l abo ra to ry  p rec i s i on  of an analy-  
s is  can be expected to be less than • 5%. These values apply only 
f o r  the concentra t ions studied and do not take in to  account e f -  
fec ts  of other mat r i x  i n te r fe rences .  More s i g n i f i c a n t l y ,  the ECD 
response fac to rs  vary w ide ly  among the congeners, as reviewed by 
Erickson (1985). Thus, d i f f e rences  in the PCB composit ion of  the 
sample and the c a l i b r a t i o n  so lu t i on  w i l l  markedly a f f e c t  both the 
accuracy and p rec i s i on ,  although the ex tent  of these e f f ec t s  can- 
not be r e l i a b l y  assessed. These d i f f e rences  can occur from mixing 
two or more Aroc lors or other commercial PCB products. They can 
also be caused by s e l e c t i v e  degradat ion of  the PCBs v ia  chemical 
or b i o l o g i c a l  ac t i on ,  or "weather ing. "  In a d d i t i o n ,  PCBs may be 
present as by-products of  other chemical manufacture (EPA 1984b). 

Table 5. Accuracy and Precision of PCB Homolog Method for Al l  Samples. a 

Standard 
Spiking Congener Accuracy 
Solution No. Homolog (% Recovery) 

Precision (Relative 
Standard Deviation) 

DCMA 1 Mono 91.8 3.25 
11 Di 97.0 1.93 
29 Tri 95.6 1.77 
47 Tetra 95.0 1.89 

121 Penta 94.6 1.55 
136 Hexa 97.2 1.90 
185 Hepta 90.4 1.73 
194 Octa 89.9 7.17 
206 Nona 96.8 2.19 
209 Deca 96.0 2.02 

Overall 94.4 • 2.74 2.54 

MRI 1 2-Mono 84.1 1.57 
3 4-Mono 90.2 2.86 
7 Di 88.3 1.48 

30 Tri 90.0 1.49 
50 Tetra 100 3.46 
97 Penta 93.8 1.47 

143 Hexa 88.6 1.34 
183 Hepta 95.5 1.78 
202 Octa 97.0 1.97 
207 Nona 97.0 11.64 
209 Deca 93.0 8.29 

Overall 92.5 • 4.72 3.40 

Aroclor 99.9 • 2.37 0.84 

a Total number of samples was 17 each for the DCMA and MRI solutions and 
16 for the Aroclor solution. 
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