
Table 1. Data on pyrite removal. All coals were washed prior to use. Each coal sample 
(100 g) was pulverized to - 100 mesh top size for accurate sampling (no decrease in the 
amount of sulfur that can be removed for larger particle sizes has been observed). Each 
coal sample was treated with four 1-hour leaches with IM FeCI!; Fe2SO4 gives almost the 
same results as FeCl,. The elemental sulfur was removed with hot toluene after aqueous 
treatment. 

Sulfur content (% Pyritic sulfur Total sulfur 
by weight) of removedt removed 

Coal as Coal after (%by (%by 
receivedt treatingt welght) weight) 

Number 6 3.81 2.19 98 43 
Number 5 3.49 2.02 94 42 
Pittsburgh 1.77 0.77 84 57 
Lower Kittanning 4.30 1.13 88 74 
* Sources: number 6, Randolph County, Illinois; number 5, Fulton County, Illinois; Pittsburgh, 
Greene County, Pennsylvania; Lower Kittanning, Indiana County, Pennsylvania. f Total sulfur 
content and sulfur forms (dry basis) were determined by American Society for Testing Materials tech- 
niques at the Commercial Testing and Engineering Laboratories, Chicago, Illinois. $1We confirmed 
the values for the amounts of sulfur removed by analyzing the aqueous extract for its sulfate content 
and the toluene extract for its elemental sulfur content. 
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Some typical experimental results 
(average of duplicate runs) are shown 
in Table 1 for four major U.S. coals. 
It can be seen that for these four coals 
almost all of the pyritic sulfur is re- 
moved, while the decrease in the total 
amount of sulfur varies from 42 to 
74 percent because of the varying or- 
ganic sulfur content. The molar ratio 
of sulfate to sulfur formed as a result 
of the treatment with ferric salt varies 
from 0.2 to 2.5. The heat content of 
the coal increases and the ash content 
decreases as a result of pyrite removal. 

These four coals were selected for 
evaluation because their distribution of 
sulfur forms is typical of coals east of 
the Mississippi River and because they 
represent major U.S. coal beds. The 
Pittsburgh bed has been described as 
the most valuable individual mineral 
deposit in the United States and per- 
haps in the world. Its production ac- 
counts for approximately 35 percent of 
the total cumulative production of the 
Appalachian bituminous coal basin up 
to 1 January 1965, and 21 percent of 
the total cumulative production of the 
United States to that date (6). The 
Lower Kittanning bed together with 
its correlative beds contain even larger 
reserves than the Pittsburgh seam. The 
number 5 bed is the most widespread 
and commercially valuable coal bed in 
the eastern interior coal basin. The 
Herrin number 6 bed is second in com- 
mercial importance only to the number 
5 bed. Thus, the experimental results 
presented here indicate that the sulfur 
content of a significant portion of U.S. 
coal can be lowered by at least 40 to 
75 percent if the coal is treated with 
aqueous ferric solution. 

A block diagram of one preliminary 
process design utilizing the technical 
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approach described above for the re- 
moval of pyritic sulfur from coal, to- 
gether with an air oxidation regenera- 
tion scheme for the ferric leach solu- 
tion, is shown in Fig. 1. 
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Absence of Polymerase Protein in Virions of 

Alpha-Type Rous Sarcoma Virus 

Abstract. Noninfectious particles of a mutant of Rous sarcoma virus failed to 
exhibit DNA polymerase activity even with the use of the most sensitive synthetic 
template-primer complexes. A neutralization blocking test against antibody to 
DNA polymerase revealed that these mutants did not contain protein immunologi- 
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Abstract. Noninfectious particles of a mutant of Rous sarcoma virus failed to 
exhibit DNA polymerase activity even with the use of the most sensitive synthetic 
template-primer complexes. A neutralization blocking test against antibody to 
DNA polymerase revealed that these mutants did not contain protein immunologi- 
cally related to the DNA polymerase. 

A small fraction of clones of chicken 
cells transformed by the Bryan strain 
of Rous sarcoma virus (RSV) is known 
to produce only noninfectious virus par- 
ticles, whereas the majority produce in- 
fectious RSV (1). The defect of this 
noninfectious virus, called RSVa, can 
be complemented by helper leukosis 
virus but not by the viral genome exist- 
ing in normal chicken cells (1, 2). 
Characterization of the RSVa particles 
demonstrated that these are deficient in 
RNA-dependent DNA polymerase that 
is generally found in the virions of 
RNA-containing oncogenic viruses (3). 
Independent work by Robinson and 
Robinson (4), however, suggested that 
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this type of RSV has an abnormal 
enzyme that is inactive with the endog- 
enous viral RNA as template, but 
active with exogenous DNA templates. 
Moreover, since the original workers 
(3) did not use synthetic templates 
that can substantially heighten the sensi- 
tivity of the enzyme assay (5, 6), the 
existence of a low level of enzyme in 
RSVa could not be ruled out. 

In this study, we first examined the 
enzyme activity in RSVa particles with 
the most sensitive assay systems avail- 
able. Then we asked whether or not 
the enzyme protein is present in a func- 
tionally inactive form by examining 
possible reaction with a monospecific 
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Table 1. DNA polymerase activity of 
and RSVa. DNA polymerase was ass 
a method essentially similar to that d 
(5). Samples were incubated for 60 
at 37?C. Reaction mixtures for ( 
tained 80 pmole of [8H]dTTP (30,00( 
min per picomole), 100 nmole of dA 
nmole of dCTP, and 95 nmole of X 
0.2 ml. Reaction mixtures for (B) c 
40 pmole of [SH]dTTP (30,000 count 
picomole), 3000 pmole of poly(A) 
pmole of (dT),1-18. A background 
pmole was found for an unincubatec 
sample and was subtracted from eac 
mental sample. 

Virus Amount 
(/g) 

RAV-2 

RSVa 

(A) Endogenous 
0.35 

35 
35 

(B) Poly(A) ? oligo(dT) as a ten 
RAV-2 0.01 

0.07 
0.14 
0.28 

RSVa 1 
2.5 

antiserum against avian myelo 
virus polymerase. 

The alpha-type RSV releas 
transformed cells will be simp] 
RSVa in this report. These parti 
respond to RSVa (0) or RSVa 
their preparation has been d 
Two preparations obtained from trans- 
formed cells derived from single foci 
were used. Avian leukosis viruses, avian 

myeloblastosis virus (AMV) and RAV- 

2, and the sarcoma virus, Schmidt-Rup- 
pin RSV (SR-RSV), and Bryan wild- 

type RSVlP (f) and RSV, :(-) were 
also used. 

The endogenous DNA polymerase 
activity in preparations of RSVa was 
first compared with that of RAV-2, a 

completely active avian leukovirus. 
When 35 jg of viral protein from each 
stock was compared, no activity was 
demonstrable in the RSVa stock, 
whereas extensive incorporation was 
observed with the RAV-2 stock (Table 
1). Even a 100-fold dilution of the 
RAV-2 stock gave detectable activity 
(threefold over background of unincu- 
bated sample), indicating that RSVa 
contains less than 1 percent of the 

endogenous DNA polymerase activity 
of RAV-2. 

A number .of different template- 
primer combinations have been tested 
with both RAV-2 and RSVa. When 

poly(A) oligo(dT) was used, extensive 

incorporation with RAV-2 was ob- 
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t RAV-2 served while RSVa gave no significant 
,ayed by amount of incorporation (Table 1). In- 

minutes corporation with 2.5 jSg of RSVao 
A) con- protein was insignificant, while 0.01 ,ug 
0 count/ of RAV-2 protein gave incorporation LTP, 100 
dGTP in tenfold higher than background. Thus, 
:ontained when poly(A) oligo(dT) is used (7), 
/min per RSVa has less than 0.1 percent the 
and 300 
of 0.017 activity of RAV-2. 
I control Stocks of RAV-2 and RSVa, and a 
h experi- mixture of the two, were assayed for 

activity with poly(C) ? oligo(dG), as well 
1H]dTMP as with poly(A) * oligo(dT). It is evident 
incor- 

porated from Table 2 that RSVa exhibited 
(pmole) little detectable activity with either 

template. With both templates, the mix- 

0.03 ture of the two stocks showed the full 
5.10 activity of RAV-2 alone, indicating that 

< 0.01 no inhibitor was present in the RSVa 

iplate stock 
0.07 When a preparation of activated 
0.39 DNA (8) was assayed as a template- 
0.76 primer for DNA synthesis, RAV-2 

5 again showed extensive incorporation, 
< 0.01 as did a preparation of SR-RSV, while 

<--_-_ RSVa showed no detectable activity 
(Table 3). The limit of detection in this 

assay was about 1 percent of the RAV-2 

iblastosis or SR-RSV activity. 
Using poly(A) * poly(dT) as a tem- 

ed from plate, we also compared the enzyme 

ly called activity of RSVa with that of two forms 

icles cor- of Bryan RSVP, and of AMV. As 

(f), and shown in Table 4, the two forms of 

escribed. Bryan RSV/, had almost the same 

Table 2. Poly(A) * oligo(dT) and poly(C). 
oligo(dG) as templates for DNA synthesis 
with RAV-2 and RSVa. Samples were in- 
cubated for 60 minutes at 37?C. Reaction 
mixtures for (SH]dTMP incorporation were 
the same as Table 1. For dGMP incorpora- 
tion, 0.1 ml reaction mixtures contained 185 
pmole of [PH]dGTP (7000 count/min per 
picomole), 2600 pmole of poly(C), and 270 
pmole of (dG)s-.12. 

[3H]- [1HI- 
dTMP dGMP 

Virus Amount incor- incor- 
(pg) porated porated 

(pmole) (pmole) 

RAV-2 0.14 0.83 40.48 
RSVa 1 < 0.01 0.01 
RAV-2 0.14 

+ + 0.90 35.42 
RSVa 1 

specific activity as AMV, while no 
significant activity was demonstrable 
with RSVa. The RSVP (-) is another 
noninfectious virus, released from 
transformed cells without any assistance 
of helper virus or helper factor. The 
positive enzyme activity in RSV,8(-) 
confirms the notion that the defect of 
this form of RSV is not in the polym- 
erase (3). We conclude from these 
results that preparations of RSVa con- 
tain no detectable DNA polymerase 
activity either with endogenous tem- 
plate or with various exogenous tem- 
plates. 

In the next experiments, we con- 

0 Fig. 1. Neutralization of Bryan RSVp- 
DNA polymerase activity by IgG from 
antiserum to AMV DNA polymerase. 
Purified virus suspensions were disrupted 
for 30 minutes at 0?C with 0.2 percent 

20 Nonidet-P40 detergent. In a volume of 
60 dl, the virus suspension was mixed 
with increasing amounts of IgG protein 

S^"*t~~ ,| ~~ifrom antiserum to AMV DNA polymerase. 
. 4_The IgG protein fraction from normal a 4"0 rat serum was used as a control. The 

reaction mixture also contained 0.01M 
'?~*.2? n?~ ~tris-HCI, pH 8.2, 0.15M potassium chlo- 
s.&jl"~ llt~ ~ride, 20 percent (by volume) glycerol and 

) 60 5 0 50 /g of bovine serum albumin. After 15 

;Z?~~ -||~ llminutes at 37?C, standard polymerase 
assay conditions were established by ad- 
dition of triphosphate -and templates 
(Table 4). The acid-precipitable radioac- 

80 tivity represents the DNA polymerase ac- 
tivity not neutralized by antibody against 
AMV DNA polymerase. To establish how 
much viral enzyme from RSVp(f) and 
RSVp(-) disrupted by detergent was re- 

o 10 20 30 40 50 quired for the neutralization tests, an en- 
IgG (tg) zyme activity was titrated against in- 

creasing amounts of viral protein. With 
AMV virion enzyme activity as a reference, one unit of each viral enzyme activity 
was added per assay. The one unit of AMV virion polymerase activity represents 
the amount of detergent-disrupted virion suspension necessary to render acid-precipitable 
1 pmole of [H]TTP per minute with poly(dT) * poly(rA) as a template in a stan- 
dard polymerase assay. The rate of incorporation of V[H]TMP at this concentration 
of viral enzyme activity was linear for more than 90 minutes. 
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Table 3. "Activated" DNA as a template 
for DNA synthesis with RAV-2, SR-RSV, and 
RSVa. Samples were incubated for 60 minutes 
at 37?C. Standard 0.1 ml reaction mixtures 
were prepared as described for (A) in Table 
1. Where indicated, 13 nmole of "activated" 
calf thymus DNA (8) was added. 

[3I]dTMP 
Virus Amount incorporated 

Virus A/---- W(g) Endogenous + DNA 
(pmole) (pmole) 

RAV-2 0.14 < 0.01 0.46 
0.7 0.06 2.14 
1.8 0.17 4.79 

SR-RSV 0.6 0.04 7.84 

RSVa 2 0.01 < 0.01 

ducted a collaborative study with R. C. 
Nowinski (McArdle Laboratory, Uni- 
versity of Wisconsin) to determine if 
RSVa contains immunologically active, 
but nonfunctional polymerase protein. 
For these studies, detergent-disrupted 
RSVa was tested for its ability to 
absorb antibody from a monospecific 
antiserum prepared in rats against puri- 
fied AMV polymerase (9-11). The 
antiserum used in these tests has been 
previously shown to be active against 
a variety of avian leukosis and sarcoma 
viruses (9, 10), and as illustrated in 
Fig. 1, it was also active against 

DNA polymerase of two types of 
Bryan RSV/8. 

The IgG from antiserum to AMV 
DNA polymerase was mixed with a 
virus suspension that had been previous- 
ly disrupted with 0.2 percent Nonidet- 
P40 for 30 minutes at 0?C. This mix- 
ture of disrupted virus and antibody 
was then further incubated at 37?C 
for 60 minutes. This condition was 
satisfactory to inactivate the original 
viral enzyme so that the residual anti- 
body activity could be measured by 
addition of one unit of fresh viral 
enzyme to the mixture. Figure 2, A and 
B, shows that the antibody was almost 
completely blocked by preliminary in- 
cubation with AMV, since no antibody 
activity could be detected when addi- 
tional AMV polymerase was added to 
the reaction mixture. However, when 
the antibody was first incubated in the 
same manner with approximately a ten- 
fold greater amount of RSVa-disrupted 
virions, virtually no reduction in anti- 
body activity for AMV-polymerase was 
demonstrated. These results indicate 
that RSVa virions are deficient in DNA 
polymerase even as an immunologically 
detectable protein; the results are in 
agreement with another observation 
(10). 

Recently, Weissbach et al. (12) found 

Table 4. Comparison of DNA polymerase 
activity of AMV, RSVp(f), RSV8(-), and 
RSVa. The assay of the polymerase was per- 
formed by the method described previously 
(14). Samples were incubated for 60 minutes 
at 37?C. Reaction mixtures (0.1 ml) con- 
tained 10.5 nmole of [PH]dTTP (300 count/ 
min per picomole), poly(A) poly(dT), 1.2 
nmole of polymer phosphate per strand, and 
20 nmole of dATP. Viruses were disrupted 
with 0.2 percent Nonidet-P40 for 30 minutes 
at 0?C. 

Amount [PHIdTMP Virus (IAg) incorporated 
Virus (ag) (pmole) 

AMV 0.1 29 
0.2 64 
0.3 111 

RSV/,(f) 0.5 136 
1.0 271 

RSV/p(-) 0.35 85 
0.7 153 

RSVa 18 < 0.55 

no .tumor virus-specific RNA-dependent 
DNA polymerase in chicken cells trans- 
formed by RSVa type. Therefore, it 
seems likely that RSVa is either a 
deletion mutant for the polymerase 
gene, or is deficient in an RNA subunit 
which contains the polymerase locus. 
However, the possibility still remains 
that RSVa might contain inactive pro- 
tein which does not cross-react im- 

Fig. 2. (A) Failure of RSVa to block neutralization of AMV 
RSV-~(0) AMV A DNA polymerase by the IgG fraction of antiserum to AMV 

4 _ A B 4 DNA polymerase. (B) Ability of AMV to block neutralization 
of AMV DNA polymerase with the same IgG. In a reaction 
mixture of 50 ,1 containing 0.01M tris-HCl, pH 8.2, and 0.15M 
potassium chloride, 3 ^tg of the IgG fraction from antiserum to 

3 - AMV DNA polymerase was mixed with a given amount of test 
virus suspension that had been previously disrupted with 0.2 

H / // percent Nonidet-P40 for 30 minutes at 0?C. After 60 minutes 
i / /2y at 370C (incubation 1), glycerol (final concentration 20 per- 

2- 2 cent), and bovine serum albumin (50 Lg) were added to the 
reaction mixture, followed by the addition of one unit (see 
Fig. 1) of detergent-disrupted AMV virion DNA polymerase 
activity. This mixture (70 Al) was then incubated at 37?C 

1-* /~ .1.^' ^ } t for 60 minutes (incubation 2). To complete the assay, the 
volume of the mixture was increased to 110 ,J with the addi- 
tion of standard polymerase assay components as described 

AA^^ A /^^^ _-" ? ' ' 
"^.} (Fig. 1). Upon incubation at 37?C, 25-A1 portions were re- 

0 30. 60 90 30 60 90 moved at 0, 30, 60, and 90 minutes for determination of acid 

Time (minutes) precipitable radioactivity. Residual antibody after incubation 
I was measured by its ability to neutralize AMV virion en- 

zyme activity in incubation 2. To evaluate inhibition of neutralization, reaction mixtures were prepared as follows: 
(@-@) Test virus suspension and normal rat IgG in incubation 1 with no addition of AMV virion enzyme for incubation 
2. This control shows that the test virus suspension DNA polymerase activity is inactivated during incubation 1 and is, therefore, 
not contributing activity in the final polymerase assay. (0-0-O) IgG from antiserum to AMV DNA polymerase in incubation 1 
with one unit of AMV virion enzyme activity added for incubation 2. This control establishes the level of neutralization by the 
given amount of the IgG from antiserum to AMV DNA polymerase. (A-A) Test virus suspension and normal rat IgG in in- 
cubation 1 with one unit of AMV virion enzyme activity added for incubation 2. This control shows the effect of test virus suspension 
and IgG protein in incubation 1 on the AMV virion enzyme activity added in incubation 2 and established the optimum value of 
activity to be reached by inhibition of neutralization. (A-A) Test virus suspension and IgG from antiserum to AMV DNA 
polymerase in incubation 1 with one unit of AMV virion enzyme activity added for incubation 2. Test virus suspension that 
is antigenically related to AMV virion DNA polymerase will absorb the IgG from antiserum to AMV DNA polymerase in in- 
cubation 1, reducing the amount available for neutralization of AMV virion enzyme in incubation 2. Incubation 1 contained 
2 Jg of AMV or 30 Ag of RSVa viral protein. 
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munologically. In addition to RSVa, 
noninfectious forms of mouse sarcoma- 
leukemia virus have been reported to 
have very low levels of DNA polym- 
erase (13). None of the infectious forms 
has been found deficient in this enzyme. 
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Residues of polychlorinated biphenyls 
(PCB's) have been reported in fish (1), 
and general environmental contamina- 
tion by these compounds has been re- 
viewed (2). The concentration ,of DDT 
residues in a series of lake trout from 
Cayuga Lake in Ithaca, New York, was 
found to be proportional to their age 
(3). Since PCB's are similarly stable, 
fat-soluble compounds, analysis for 
them was performed on the same series 
of fish. 

The fish were netted in October 
1970. Their 'ages were accurately known, 
because 'the fish are annually stocked 
as yearlings and distinctly marked as to 
year class. Without evisceration, each 
fish was mechanically chopped, ground, 
and thoroughly mixed. Fish samples 
(5 g) were dried and extracted with 
hex'ane in a Soxhlet apparatus for 3 
hours. The hexane extracts were con- 
centrated, and PCB's were separated 

29 SEPTEMBER 1972 

Residues of polychlorinated biphenyls 
(PCB's) have been reported in fish (1), 
and general environmental contamina- 
tion by these compounds has been re- 
viewed (2). The concentration ,of DDT 
residues in a series of lake trout from 
Cayuga Lake in Ithaca, New York, was 
found to be proportional to their age 
(3). Since PCB's are similarly stable, 
fat-soluble compounds, analysis for 
them was performed on the same series 
of fish. 

The fish were netted in October 
1970. Their 'ages were accurately known, 
because 'the fish are annually stocked 
as yearlings and distinctly marked as to 
year class. Without evisceration, each 
fish was mechanically chopped, ground, 
and thoroughly mixed. Fish samples 
(5 g) were dried and extracted with 
hex'ane in a Soxhlet apparatus for 3 
hours. The hexane extracts were con- 
centrated, and PCB's were separated 

29 SEPTEMBER 1972 

4. W. S. Robinson and H. L. Robinson, ibid. 
44, 457 (1971). 

5. D. Baltimore and D. Smoler, Proc. Nat. 
Acad. Sci. U.S.A. 68, 1507 (1971). 

6. S. Spiegelman, A. Burny, M. R. Das, J. 
Keydar, J. Schlom, M. Travnicek, K. Watson, 
Nature 228, 430 (1970). 

7. Abbreviations: Poly(A), polyadenylate; poly(C), 
polycytidylate; poly(dT), polydeoxythymidy- 
late; poly(dG), polydeoxyguanylate; dTMP, 
deoxythymidine monophosphate; dTTP, de- 
oxythymidine triphosphate; dATP, deoxyadeno- 
sine triphosphate; dGTP, deoxyguanosine tri- 
phosphate; dCTP, deoxycytidine triphosphate; 
IgG, immunoglobulin G. 

8. L. A. Loeb, J. Biol. Chem. 244, 1672 (1969). 
9. K. F. Watson, R. C. Nowinski, A. Yaniv, 

S. Spiegelman, J. Virol., in press. 
10. R. C. Nowinski, K. F. Watson, A. Yaniv, 

S. Spiegelman, in preparation. 
11. D. L. Kacian, K. F. Watson, A. Bumy, S. 

Spiegelman, Biochim. Biophys. Acta 246, 365 
(1971). 

12. A. Weissbach, A. Bolden, R. Muller, H. 
Hanafusa, T. Hanafusa, J. Virol., in press. 

13. P. T. Peebles, D. K. Haapala, A. F. Gazdar, 
ibid. 9, 488 (1972). 

14. S. Spiegelman, A. Bumy, M. R. Das, J. 
Keydar, J. Schlom, M. Travnicek, K. Watson, 
Nature 227, 563 (1970). 

15. We thank Drs. A. J. Langlois and D. and 
J. W. Beard for supplying avian myeloblastosis 
virus. We also thank Dr. R. Nowinski for 
assistance in preparing antiserum against 
purified AMV DNA polymerase, and Dr. T. 
Hanafusa for various viruses. Supported by 
NCI grants CA-08747 and CA-02332 from 
the contracts from the Special Virus Cancer 
Program of NCI (including 70-2049 to the 
Institute of Cancer Research). 

6 July 1972; revised 12 August 1972 * 

4. W. S. Robinson and H. L. Robinson, ibid. 
44, 457 (1971). 

5. D. Baltimore and D. Smoler, Proc. Nat. 
Acad. Sci. U.S.A. 68, 1507 (1971). 

6. S. Spiegelman, A. Burny, M. R. Das, J. 
Keydar, J. Schlom, M. Travnicek, K. Watson, 
Nature 228, 430 (1970). 

7. Abbreviations: Poly(A), polyadenylate; poly(C), 
polycytidylate; poly(dT), polydeoxythymidy- 
late; poly(dG), polydeoxyguanylate; dTMP, 
deoxythymidine monophosphate; dTTP, de- 
oxythymidine triphosphate; dATP, deoxyadeno- 
sine triphosphate; dGTP, deoxyguanosine tri- 
phosphate; dCTP, deoxycytidine triphosphate; 
IgG, immunoglobulin G. 

8. L. A. Loeb, J. Biol. Chem. 244, 1672 (1969). 
9. K. F. Watson, R. C. Nowinski, A. Yaniv, 

S. Spiegelman, J. Virol., in press. 
10. R. C. Nowinski, K. F. Watson, A. Yaniv, 

S. Spiegelman, in preparation. 
11. D. L. Kacian, K. F. Watson, A. Bumy, S. 

Spiegelman, Biochim. Biophys. Acta 246, 365 
(1971). 

12. A. Weissbach, A. Bolden, R. Muller, H. 
Hanafusa, T. Hanafusa, J. Virol., in press. 

13. P. T. Peebles, D. K. Haapala, A. F. Gazdar, 
ibid. 9, 488 (1972). 

14. S. Spiegelman, A. Bumy, M. R. Das, J. 
Keydar, J. Schlom, M. Travnicek, K. Watson, 
Nature 227, 563 (1970). 

15. We thank Drs. A. J. Langlois and D. and 
J. W. Beard for supplying avian myeloblastosis 
virus. We also thank Dr. R. Nowinski for 
assistance in preparing antiserum against 
purified AMV DNA polymerase, and Dr. T. 
Hanafusa for various viruses. Supported by 
NCI grants CA-08747 and CA-02332 from 
the contracts from the Special Virus Cancer 
Program of NCI (including 70-2049 to the 
Institute of Cancer Research). 

6 July 1972; revised 12 August 1972 * 

from DDT residues 'and other constitu- 
ents by ,adaptations of the methods (4) 
involving sulfuric acid partitioning and 
column chromatography on silica gel. 
Final analysis was made by electron af- 
finity gas chromatography with a col- 
umn 30 cm long, consisting of 10 
percent DC-200 on 100- to 120-mesh 
Gas-Chrom Q and operated at 185?C. 
The concentration was estimated by the 
method of Risebrough (5), in which 
the response of each PCB isomer is 
taken as equal to that of the 'correspond- 
ing weight of p,p'-dichlorodiphenyldi- 
chloroethylene (p,p'-DDE). This meth- 
od was sensitive to about 0.25 part per 
million (ppm) of PCB's in the fish. 
Analysis of PCB's in five portions of 
the same fish were 6.4, 6.0, 5.6, 5.6, 
and 5.3 ppm. The standard deviation 
for these analyses is 0.427. 

Table 1 lists the concentrations of 
POB's in the lake trout as a function 
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of their age, length, and weight. The 
correlation coefficient for PCB con- 
centration 'as a function of age was 0.86 
and was highly significant. The corre- 
lation coefficients relating PCB concen- 
tration with length and weight for fish 
2 years and older were 0.85 and 0.80, 
respectively. The weights and lengths 
of the year-old trout were not recorded. 
The relation between the concentration 
of PCB's in the lake trout and their 
age is shown in Fig. 1; the curve rep- 
resents the best fit of ,the data and has 
the equation: 

PCB = 1.031 e0259" 

where a is age. Figure 2 ,shows gas 
chromatograms of PCB's in a 12-year- 
old lake trout iand of Aroclor 1254 
standard (a mixture of chlorinated bi- 
phenyls containing 54 percent chlorine) 
to illustrate the similar peak retention 
times. The relative peak heights of in- 
dividual PCB isomers in the chromato- 
gram did not vary with age of the fish. 
This would indicate that 'there is no 
selective metabolism or storage of spe- 
cific PCB isomers as the fish mature. 
Combined gas chromatography-~mass 
spectrometry was used to verify the 
presence of the various PCB isomers in 
a 12-year-old lake trout (PCB's, 26.2 

Table 1. Residues of PCB's in Cayuga Lake 
trout as a function of maturity; J, juvenile. 

Age Sex Length Weight PCB 
(years) (cm) (g) (ppm) 

1 J 0.6 
1 J 1.6 
1 J 0.5 
1 J 1.2 
2 J 27.7 181 2.0 
2 J 28.7 226 1.3 
2 J 33.5 407 2.5 
3 J 44.5 815 2.2 
3 J 44.5 725 2.4 
3 J 41.1 770 1.2 
4 J 53.8 1310 3.5 
4 J 50.3 1160 4.1 
4 J 55.1 1359 5.1 
5 M 61.0 2030 5.7 
6 M 63.5 2440 3.4 
6 M 66.4 2850 9.7 
6 F 68.3 2310 8.6 
7 M 63.5 2260 4.0 
7 M 68.9 3300 5.5 
7 59.7 1990 10.5 
8 F 75.2 3390 17.5 
8 M 71.6 2805 13.4 
8 F 69.0 3300 4.5 
9 F 71.2 3390 30.4 

11 M 80.3 4200 12.4 
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Polychlorinated Biphenyl Residues: Accumulation in 

Cayuga Lake Trout with Age 

Abstract. The concentration of polychlorinated biphenyls was shown to pro- 
gressively increase with maturity in a series of lake trout. The presence of these 
compounds was determined by column chromatographic isolation, specific de- 
tector gas chromatography and mass spectrometry. The relation between fish age 
and the concentration of polychlorinated biphenyls was highly significant. 
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