
Subsequently, the HPLC fractionation 
was repeated under the same conditions 
but with the collection of smaller frac- 
tions which were tested for mutageni- 
city. The results for 4a (Fig. 1) show two 
peaks with mutagenic activity. These 
peaks were later shown to coincide with 
samples of 1,6- and 1,8-dinitropyrene (6). 
The mutagenicity of these compounds is 
extremely high (7), thus explaining the 
lack of detectable response in the mass 

spectrometer analysis. 
It has been established that several 

photocopying processes are associated 
with mutagenic compounds that can be 
detected with the Salmonella assay. Evi- 
dence by Rosenkranz et al. (3) indicates 
that dinitropyrenes (present as impu- 
rities in the carbon black, the toner col- 
orant) are the principal mutagens in se- 
lected toners of manufacturer 1. They 
found that through modification of the 
carbon black manufacturing process, it is 

possible to reduce substantially the ni- 
tropyrene content of the carbon black 
and thereby correct the problem. 

Our results indicate that the mutagenic 
compounds found in the aromatic frac- 
tion of the extracts are the same for cop- 
ies from manufacturers 1, 2, and 4. Man- 
ufacturers 3 and 4 have, in addition, 
mutagenic compounds present in their 
toners and copies that are different from 
nitropyrenes. We suggest that these 
compounds may be related to nitrogen- 
containing aromatic dyes, some of which 
have been shown to be mutagenic in the 
absence of metabolic activation (8). 

The potential health hazards of muta- 
genic components in copies and toners 
are difficult to evaluate (9). It is not 
known whether the different compounds 
can volatilize in the copying process or 
from copies or can be transferred to the 
skin from the copies when they are han- 
dled. Neither is it known what will hap- 
pen to the mutagens when copies are re- 
cycled in paper manufacturing or treated 
as waste material and possibly incin- 
erated. 

Nitroarenes, similar to or the same as 
those responsible for the mutagenic ac- 
tivity in some of the copies and toners, 
may also be present as common air pol- 
lutants. Their presence may explain why 
a substantial part of the mutagenic activi- 
ty of combustion emissions and airborne 
particulate matter detected by the Sal- 
monella assay does not require rat liver 
activation (2, 10). Precursors to these 
compounds, polycyclic aromatic hydro- 
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copies made from the modified carbon 
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During an investigation of the various 
sources of mutagenicity (1) in the Stock- 
holm environment, Lofroth et al. (2) de- 
tected genetic activity in the acetone and 
dimethyl sulfoxide (DMSO) extracts of 
selected xerographic copies and toners. 
The mutagenic activity calculated from 
the extracts of types B and H toners (3) 
and the copies made (4) with these toners 
ranged from 1.2 x 105 to 12 x 105 re- 
vertants per gram of toner in Salmonella 
tester strain TA98 without microsomal 
activation (5). We initiated a major col- 
laborative effort to detect the source of 
the mutagenic signal, to identify the 
chemical (or chemicals) responsible for 
it, and to reduce it. 

We confirmed Lofroth's observations 
(2) on toner B and copies made using to- 
ner B, but the use of the same procedure 
on toner H did not result in a reproduc- 
ible demonstration of mutagenicity (3). 
When we used a modified procedure (6), 
linear dose responses were generally ob- 
served. The activity was greatly de- 
creased or even eliminated when micro- 
somal preparations were included in the 
assay (1). The highest responses were 
observed with Salmonella tester strains 
TA98 and TA1537, lower values with 
TA1538, only occasional responses with 
TA100, and consistently no activity with 
strain TA1535. 
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In tracing the source of the activity, it 
became essential to determine whether 
the xerographic equipment, the process, 
or both influenced the mutagenic re- 
sponse. Extracts of copies produced on 
the Xerox 3100 machine showed a five- to 
sixfold increase in mutagenicity, while 
equivalent extracts derived from image- 
free paper that had passed through the 
copying process had values comparable 
to the spontaneous frequency (Table 1, 
experiments 1 and 2). Use of the same 
toner formulation in a Xerox 660 copier 
(Table 1, experiment 3) and a Xerox 2300 
machine (Table 1, experiment 4) with al- 
ternative development and fusing sub- 
systems, respectively, produced copy 
extracts that showed similarly elevated 
mutagenic activity. In contrast, no activ- 
ity was detected in the extracts of copies 
made with the Xerox 9200 toner formula- 
tion in the same 2300 machine (Table 1, 
experiments 5 and 6). Thus, from two 
separate sets of experiments-(i) the 
same toner formulation used with dif- 
ferent hardware and (ii) a different toner 
formulation used with the same hard- 
ware-the conclusion is reached that on- 
ly differences in toner formulation influ- 
ence the mutagenic response. 

Confirmation of these findings was ob- 
tained by formulating a series of toners 
composed of four different polymers and 
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Nitropyrenes: Isolation, Identification, and Reduction of 

Mutagenic Impurities in Carbon Black and Toners 

Abstract. Extracts of selected xerographic toners and copies were found to be 

mutagenic in the Salmonella assay. The activity was independent of the xerographic 
hardware and process and was traced to nitropyrenes present as impurities in the 
carbon black, the toner colorant. Manufacturing process changes resulted in a sub- 
stantial reduction of the nitropyrene content of the carbon black and thus in the 

mutagenicity of the corresponding toners. Nitropyrenes are potent frameshift muta- 

gens, and possible mechanisms for their biological action are discussed. 
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Table 1. Results of Salmonella assay without activation of copy extracts generated under vari- 
ous conditions. Three copies (21.6 by 27.9 cm) with line print were cut into strips and placed in a 
flask with 20 ml of acetone. The paper absorbed approximately 10 to 15 ml of the solvent. The 
mixture was shaken and portions of the solution were used in the assay. The values shown 
represent 75-,ul amounts of the above solution. The standard (1) Salmonella plate incorporation 
method was used. 

Ex- Hard- Salmonella strain (revertants per plate) 
peri- Toner Condition 

ware ment TA1535 TA100 TA1537 TA1538 TA98 

Baseline 
1 3100 3100 Normal 27 133 42 58 146 
2 3100 3100 Blank 19 112 29 7 38 

paper 
Same toner, different hardware 

3 3100 660 Normal 9 158 66 57 113 
4 3100 2300 Normal 17 160 59 62 188 

Different toner, same hardware 
5 9200 2300 Unfused 14 101 13 27 
6 9200 2300 Normal, fused 21 107 17 21 

Blank (acetone)* 
21 + 5.5 116 + 22 14 + 5 11 + 3.3 35 + 4 

*Mean + standard deviation. 

two different carbon blacks at the typical 
10 percent loading and evaluating the 
corresponding DMSO slurries (6) for 
mutagenicity in the Salmonella assay. 
The results (Table 2) show that all four 
toners made from carbon black A yield- 
ed nonmutagenic slurries, while those 
containing carbon black B were muta- 
genic (7). The magnitude of the mutagen- 
ic signal was influenced by the polymer 
used in the toner; higher values were ob- 
tained in the presence of the vinyl poly- 
mers than with polyester. Although 
DMSO slurries of toners containing car- 
bon black B were mutagenic under our 
experimental conditions, similar slurries 
of each raw material, that is, carbon 
black, polymer, and other individual in- 
gredients, were not. This apparent para- 
dox is due to competitive adsorption. 
Prolonged Soxhlet extraction of the car- 
bon black with solvents such as toluene, 
however, produced solutions that exhib- 
ited mutagenicity. To exclude in- 
volvement of the toner fabrication pro- 
cess, we gently mixed (8) finely ground 
polymer and carbon black of the above 
formulations and assayed the resultant 
samples. In each instance, the dry blend 
containing carbon black B yielded muta- 
genic activity, although of slightly lower 
magnitude than the corresponding toner, 
while the blends containing carbon black 
A were genetically inert. These results 
demonstrated that the mutagenic activity 
was associated with the toners contain- 
ing carbon black B. 

Examination of the toluene extracts 
(9) of these two blacks proved informa- 
tive in that the mutagenic activity from 
carbon black B was much higher than 
that of carbon black A (Table 3). The 
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consistently high responses in tester 
strains TA98, TA1538, and TA1537 are 
indicative of frameshift mutations (1). 
The lack of stimulation and actual de- 
crease in mutagenic activity on in- 
cubation in the presence of microsomal 
preparations (10) suggest the presence of 
direct-acting species not requiring enzy- 
matic activation to express their muta- 
genicity. Unsubstituted polycyclic aro- 
matic hydrocarbons (PAH) generally re- 
quire metabolic activation to exert their 
mutagenicity in bacterial systems (1). In- 
deed, high-performance liquid chromato- 

Table 2. Salmonella assay results (tester 
strain TA98 without activation) of toner 
slurries. A slurry of the toner in DMSO 
(5 mg/ml) was agitated at 30-minute intervals 
for 5 hours. The values shown represent a 
100-,ul portion of the toner slurries. Toners 
were fabricated from 90 percent polymer 
and 10 percent carbon black. Polymer 1 is a 
propoxylated bisphenol-A-fumarate, molec- 
ular weight, - 7000; polymer 2 consists of 
a ratio of styrene to 2-butylmethacrylate of 
80 to 20 (percent by weight), molecular 
weight, - 28,000, plus 20 percent penta- 
erythritol tetrabenzoate (plasticizer); polymer 
3 consists of a ratio of styrene to 1-butyl- 
methacrylate of 58 to 42, molecular weight, 
- 70,000; polymer 4 consists of a ratio of 
styrene to 1-butylmethacrylate of 65 to 35, 
molecular weight, - 70,000, plus 10 percent 
polyvinylbutyral. 

Revertants from slurries 
containing carbon black 

Toner types (No. per plate) 

A B B* 

Blank/DMSO 15 15 12 
Polymer 1 12 38 8 
Polymer 2 10 108 11 
Polymer 3 12 75 8 
Polymer 4 11 65 

graphic (HPLC) analysis, while in- 
dicating the presence of more than 50 
compounds, showed very low concen- 
trations of PAH. Benzo[a]pyrene, typi- 
cally present at about 1 part per million 
(ppm) in ordinary carbon black, was 
found to be only 0.001 ppm. The concen- 
tration of pyrene, usually a major com- 
ponent of such extracts, was 0.06 ppm. 

By combining HPLC fractionation 
with the microbial assay (11) we were 
able to focus quickly on the most active 
fractions. The toluene extract from car- 
bon black B was divided by reverse- 
phase HPLC into three fractions, a PAH 
fraction and two polar fractions (12). The 
middle fraction contained about half the 
total weight yet nearly all of the muta- 
genic activity. Further separation result- 
ed in a fraction that accounted for less 
than 3 percent of the weight of the total 
extract yet contained more than 80 per- 
cent of the total mutagenic activity. Its 
mass spectrogram (13) indicated a mo- 
lecular ion of m/z (mass to charge) equal 
to 292, major fragment of mass 200, and 
loss of two successive 30-mass units. 
This evidence is consistent with the di- 
nitro derivatives of either pyrene or fluo- 
ranthene. Since manufacture of carbon 
black B involves a nitration-oxidation 
step, appearance of nitrated PAH and 
disappearance of PAH appear to be plau- 
sible. 

Next, samples of pyrene and fluoran- 
thene were each nitrated and the reac- 
tion products chromatographed (14). The 
chromatograms of the nitrofluoranthenes 
(Fig. IA), extract from carbon black B 
(Fig. IB), nitropyrenes (Fig. 1D), and the 
most active subfraction (Fig. 1E) were 
compared. There is good agreement be- 
tween peaks of the extract from carbon 
black B and the nitropyrenes (Fig. 1, B 
and D). Further, the two peaks of the 
most active subfraction (Fig. 1E) are 
common to both the extract from carbon 
black B and the nitropyrene chromato- 
grams. In contrast, the pattern of peaks 
in nitrofluoranthenes (Fig. 1A) is quite 
different from that of the extract of car- 
bon black B. 

The identity of retention times in the 
HPLC chromatograms is evidence that 
nitropyrenes are present in carbon black 
B extract. To prove that they are respon- 
sible for the observed mutagenicity, we 
conducted two experiments. In one, the 
constituents of each of the two most po- 
tent peaks (Fig. 1E) were isolated from 
the carbon black B extract and their 
mutagenicities compared at the same 
concentrations to those of the corre- 
sponding peaks in nitropyrene (Fig. 1D, 
peaks 3 and 4). In the second experi- 

SCIENCE, VOL. 209 



ment, the mutagenicity of the entire ni- 
tropyrene region of the extract (Fig. IB) 
was compared in a similar manner with 
that of a synthetic mixture made from 
the individual nitropyrenes. The coinci- 
dence in mutagenic activities found in 
the paired preparations in three strains is 
compelling evidence in support of the 
conclusion that nitrated pyrenes are re- 
sponsible for the major portion of the 
mutagenicity of carbon black B extracts. 

In order to permit unambiguous identi- 
fication and structural assignment and to 
provide larger quantities of samples for 
biochemical investigation, the various 
nitro derivatives of pyrene attainable 
through direct nitration were synthe- 
sized (15) by modifications of the proce- 
dure of Vollman (16). Separation of the 
crude dinitropyrene reaction mixture 
proved to be difficult and was finally 
achieved through a combination of frac- 
tional crystallization and preparative 
HPLC to yield three dinitro isomers, in- 
cluding the hitherto unreported 1,3-dini- 
tropyrene. Structural assignments (13) 
were made by means of 13C nuclear mag- 
netic resonance (NMR), and the 1,3-, 
1,6-, and 1,8-dinitropyrenes were found 
to correspond to peaks 2, 3, and 4 in the 
nitropyrene chromatogram (Fig. 1D). 
The 1,3,6-trinitro- and 1,3,6,8-tetrani- 
tropyrenes, prepared from the dinitropy- 
rene mixture and pyrene, respective- 
ly, correspond to peaks 5 and 6 in Fig. 
1D. 

Although nitro-containing chemicals, 
especially nitroheterocyclics, are widely 
used in human and animal medicine and 
despite the fact that nitroaromatics are 
presumably present in the environment 
as the result of industrial and automobile 
combustion (17), little is known of the 
structural requirements for the muta- 
genicity of these chemicals, especially 
the nitroaromatics. While nitrohetero- 
cyclics are mainly base-substitution 
mutagens (18), nitroaromatic chemicals, 
depending upon their molecular size, can 
induce either base-substitution (for ex- 
ample, 2-nitronaphthalene) (19) or frame- 
shift mutations (for example, 2-nitro- 
fluorene, 6-nitrobenzo[a]pyrene) (19- 
21). It has been assumed that the biologic 
activity of these chemicals is derived 
from their enzymic reduction to the cor- 
responding hydroxylamino compounds 
which then react covalently with the 
base moieties of the DNA. Indeed, the 
mutagenic activity of such chemicals is 
greatly reduced when Salmonella tester 
strains deficient in nitroreductase are used 
(19, 22). It would seem that the frame- 
shift mutagenic activity (that is, the 
predilection for strains TA98 and 
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Table 3. Salmonella assay results (tester strain TA98 without activation) of carbon black ex- 
tracts. A 10-g quantity of a carbon black (7) was extracted with toluene for 48 hours. The extract 
was concentrated at low temperature and the solvent exchanged with DMSO (final volume, 1.0 
ml). The values are expressed in micrograms of carbon black extracted. Subscripts refer to 
different batches of the type of carbon black. 

Concen- Revertants in extracts of carbon black types 
tration (,ug (number per plate) 
per plate) A, A2 B1 B2 B* B*2 

0 17 31 17 7 7 7 
10.0 27 215 127 8 7 

100.0 29 28 1,845 1,263 10 13 
1,000.0 108 55 715 1,407 30 223 

10,000.0 212 187 284 781 

TA1538, but ] 
base-displacen 
action results 
ment of the aci 
the heterocycli 
than an interca 
tween DNA b, 
"pure" DNA i 
proflavin, 9-ai 

IC 
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thene nitration p 
extract from 6 n 
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and (6) 1,3,6,8-t 
black B most ac 
on a Zorbax CN 
cent i-propanol 
detector). 

not TA1537) is due to a induce mutations in strain TA1537 only 
lent reaction (23). This re- (21, 24). 
from the covalent attach- The mutagenic activity of the nitro- 
tive intermediate to one of pyrenes described is substantially higher 
ic bases of the DNA rather than that of related nitro compounds and 
3lation of the chemical be- indeed is among the highest encoun- 
ase pairs since classically tered. Up to five times higher mutagenic 
intercalators (for example, activities than listed in Table 4 are ob- 
minoacridine, quinacrine) tained in strains TA98 and TA98NR 

when resting bacteria are added to the 
plates. Presumably this reflects the meta- 
bolic state of these cells. The activity of 
1 x 103 revertants per nanomole in 
strain TA98 obtained with l-nitropyrene 
is 5 x 103 times higher than the results 
for 2-nitronaphthalene (0.2 revertants 
per nanomole, TA98 - S9) (21). The cal- 

_J_ ^ _ I__ tculated activities for the three dinitropy- 
rene isomers are even higher than that of 
l-nitropyrene, ranging from 2.8 x 104 to 
7.3 x 104 revertants per nanomole or 
1.4 x 105 to 3.7 x 105 higher than for 

nj(_ I~~ ~ 2-nitronaphthalene. The mutagenic activi- 
ty of 7.3 x 104 revertants per nanomole 
calculated for 1,8-dinitropyrene in strain 
TA98 is to be compared to 2.76 x 
103 revertants per nanomole (TA98 + 
S9) for 3-amino-l-methyl-5H-pyrido[4,3-b] 
indole (25), heretofore considered the 
most mutagenic substance, and 376 

^~~ ~~. I I <revertants per nanomole for the related 
2 3 4 5 6 benzo[a]pyrene 7b,8a-diol-9a,10a ep- 

oxide (TA98 - S9) (26). The specific 
activity of the 1,3,6-trinitropyrene is 
in the same range as the 1,3-dinitro- 
isomer, while the tetranitro compound 
shows significantly lower activity, 7.7 x 

_____-__-_? ___ -103 revertants per nanomole. A similar 
5 io pattern was observed in the nitroflu- 

Time (min) orenone series, where the addition of 
hromatograms. (A) Fluoran- up to three nitro groups increased suc- 
roducts. (B) Carbon black B, cessively the mutagenic activity while 
ng. (C) Carbon black B*, ex- the addition of the fourth nitro group (D) Pyrene nitration products. 
tified as (1) 1-nitropyrene, (2) resulted in a decreased signal (21). It 
e, (3) 1,6-dinitropyrene, (4) is important to emphasize that the above 
e, (5) 1,3,6-trinitropyrene, comparisons reflect the mutagenicity in 
etranitropyrene. (E) Carbon Salmonella of the pure nitropyrenes, :tive fraction. Data obtained . 
(35?C;e f2mmin, 5 tobt60per- which were present as impurities in (35?C; 2 ml/min, 5 to 60 per- 

-hexane; 400-nm ultraviolet the affected toners at a level of less 
than 10 ppm. Moreover, except for the 
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Table 4. Mutagenicity of various nitropyrenes for Salmonella. The standard (1) Salmonella 
plate incorporation method, except for the use of exponentially growing cultures, was used. The 
specific mutagenic activity listed has been calculated from the linear portion of the dose-re- 
sponse curves. The experimental values are omitted in the interest of space and will be pub- 
lished elsewhere. 

Revertants for Salmonella strains 

Compound (number per nanomole) 
TA1535 TA100 TA1537 TA1538 TA98 TA98NR 

i-Nitropyrene 0 225 500 260 1,050 950 
1,3-Dinitropyrene 0 8,350 13,400 15,600 28,600 4,900 
1,6-Dinitropyrene 0 33,300 12,100 36,350 37,850 
1,8-Dinitropyrene 0 11,800 9,950 72,900 75,500 
1,3,6-Trinitropyrene 0 5,750 20,100 15,650 31,400 28,330 
1,3,6,8-Tetranitropyrene 0 750 3,300 1,350 7,700 5,200 

1,3-dinitropyrene and 1,3,6,8-tetranitro- 
pyrene, the mutagenic activity was not 
significantly reduced when tested in the 
nitroreductase-deficient tester strain. This 
is in contrast to the behavior of oth- 
er nitroaromatics (for example, the 
structurally related nitrofluorenones) 
which exhibit only modest mutagenic ac- 
tivities and which require a functional ni- 
troreductase (19, 21). 

These findings suggest that either the 
nitropyrenes are direct-acting mutagens 
or that they are "activated" by the bac- 
teria by a mechanism not involving the 
classical nitroreductase. A direct action 
of these chemicals could result from in- 
tercalation between DNA base pairs 
which in turn could lead to frameshift 
mutations. However, as pointed out 
above, DNA intercalators are expected 
to induce mutations in strain TA1537 on- 
ly. This was not observed with these 
chemicals. In addition, experiments with 
isolated DNA (calf thymus as well as co- 
valently closed circular plasmid DNA) 
show no evidence for intercalation as de- 
termined by helix-to-coil thermal transi- 
tion profiles (Tm), sucrose gradient cen- 
trifugation, and spectroscopy (21). 

An alternative mechanism for a direct 
reaction with the cellular DNA involving 
covalent linkage is by analogy with the 
well-known diol epoxides (27). If 1,8-di- 
nitropyrene is overlayed onto ben- 
zo[a]pyrene diol epoxide, it can be visu- 
alized that the nitrogen atom of the nitro- 
group can play the role of the benzylic 
carbon atom. In either case, the resulting 
carbonium ion (or nitronium ion) is stabi- 
lized by resonance and an electron-rich 
oxygen atom. However, results with iso- 
lated DNA provide no evidence for a 
covalent reaction between the nitro- 
pyrenes and DNA as determined by Tm 
sucrose gradient centrifugation, and sus- 
ceptibility to Si nuclease (21). 

The above speculations lead to the 
suggestion that reduction of the nitro 
functions of nitropyrenes is required for 
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mutagenic activity and that this is ac- 
complished by a bacterial enzyme that is 
different from the nitroreductase that 
acts on nitroheterocyclics and some ni- 
troaromatics. In support of this hypothe- 
sis, we have recently succeeded in isolat- 
ing Salmonella tester strains that have 
retained their permeability to large mole- 
cules and are resistant to the mutagenic 
actions of dinitropyrenes and yet can be 
mutagenized by other nitro-containing 
chemicals (21). Experiments are cur- 
rently in progress to characterize this 
possibly new enzymic activity and to de- 
termine whether it is unique to bacteria. 
In this connection it should be pointed 
out that the level of activity of the classi- 
cal nitroreductase is much greater in bac- 
teria than in mammalian cells, an ex- 
planation that has been given for the high 
mutagenicity of nitro-containing chem- 
icals without correspondingly high carci- 
nogenic activity (1, 28) or even a lack of 
carcinogenicity. It is also noteworthy 
that the mutagenic activity of the nitro- 
pyrenes is drastically reduced when they 
are tested in TA1978, a UvrB+ (29) ana- 
log of strain TA1538 (21). It has been 
shown that while the Uvr (29) phenotype 
does not affect the expression of the 
frameshift activity of simple inter- 
calators, it has a profound effect on the 
expression of reactive frameshift muta- 
gens, that is, those forming covalent 
products with DNA (30). These findings 
lead to the conclusion that nitropyrenes 
are metabolized by the bacteria to inter- 
mediates that are linked covalently to 
DNA and that are susceptible to excision 
by uv-nuclease (29). 

We have compiled the health records 
of Xerox employees (research and devel- 
opment, toner manufacturing, and ma- 
chine service personnel) exposed to xe- 
rographic toners. Toners have been in 
production in quantity only since the late 
1950's and the above cited carbon black 
B was first used in toner in 1967. Our 
analysis of these health records revealed 

no signs of health effects or clustering of 
any type (31). Xerox Corporation in- 
tends to continue medical surveillance of 
its employees. Mortality and morbidity 
studies of those who have worked with 
carbon black over several decades (32) 
have shown that there were no adverse 
health effects. The number of workers 
exposed to materials such as carbon 
black B is too small for a separate epi- 
demiological analysis. 

When the nitropyrenes were identified 
as the major mutagenic impurities pres- 
ent in the carbon black B, a plan for their 
substantial reduction or elimination be- 
came feasible. Since carbon black pro- 
duction is a highly refined and controlled 
process, the conditions were adjusted to 
reduce the nitropyrenes extractable by 
toluene by a factor of 50 to 200, as dem- 
onstrated by HPLC analysis of an ex- 
tract of the modified carbon black B* 
(Fig. 1C). At these lower levels of dini- 
tropyrenes, the mutagenicity of the modi- 
fied carbon black B* extract is in the 
same range as that of carbon black A 
(Table 3). Toners formulated from the 
modified carbon black B do not give rise 
to a mutagenic slurry (Table 2) (6). The 
modifications incorporated into current 
manufacturing methods of carbon black 
B for use in toner production resulted in 
a black that is essentially identical to the 
former production material except for 
substantially reduced levels of nitro- 
pyrenes. This modified carbon black B* 
is being used by the various Xerox toner 
manufacturing plants. 

Nitroarenes like nitropyrenes may be 
ubiquitous in the environment. Pyrene is 
a common PAH and is formed in most 
incomplete combustion processes while 
nitrating agents emanating from natural 
and man-made sources are widespread. 
The facile reaction of PAH to form ni- 
trated derivatives has been documented 
(17, 33, 34). Likely sources of nitro- 
arenes in the environment may include 
incinerators, coal-fired power plants, 
polluted air, and exhausts from internal 
combustion engines. 
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Cells Isolated from the Embryonic Neural Retina 

Differ in Behavior in vitro and Membrane Structure 

Abstract. Several subpopulations of cells were isolated from trypsin-dissociated 
embryonic (14 days) chick retinas. The cells of each subpopulation differed in asso- 
ciative behavior measured by cell aggregation and stationary culture assays and in 
glycoproteins that contain glucosamine. Freeze-fracture analysis showed that these 
populations also differed in intramembrane particle content. 

During embryogenesis, the neural reti- Embryonic (14 days) chick retinas, 
na develops from a simple epithelium in- which contained all of the cell layers, 
to a multilayered structure in which each were dissociated with 1 percent trypsin 
cell layer is discrete and restricted to in calcium- and magnesium-free Ty- 
specific functions. The formation of the rode's solution (4). The single cells were 
layers could be considered a result of as- then resuspended in Eagles minimal es- 
sociative differences between the dif- sential medium containing 10 percent fet- 
ferent cell types of the retina. Several al calf serum (5). The suspension was di- 
studies have shown that soluble factors vided among three solutions of Percoll 
promote the tissue-specific adhesion of (6) in medium and then adjusted to final 
retina cells to each other (1). However, densities of 1.019, 1.034, and 1.060 g/ml. 
none of these materials discriminates be- These suspensions were incorporated in- 
tween cells in the tissue. Rutishauser et to a step gradient with a toplayer of me- 
al. (2) demonstrated the presence of a dium and a cushion of 1.090 g/ml. The 
material on cells of retina and other neu- total volume of the gradient was 190 ml, 
ral tissues that appears to affect fascicu- and it contained up to 109 cells. The gra- 
lation of axonal outgrowths. Although dient was placed in a HS-4 rotor and cen- 
this is clearly relevant to an aspect of ret- trifuged at 770g for 1 hour in a Sorvall 
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ers, which are detectable before the for- 
mation of the plexiform layers. In order 
to examine differences among the cells 
directly, we have been attempting to de- 
velop techniques to isolate specific cell 
types from the neural retina of the em- 
bryonic chick. Of the procedures we 
considered (3), we found that a buoy- 
ancy equilibrium method allowed us to 
isolate four cell populations that differ in 
associative behavior and membrane 
structure. 
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collected from the interfaces, and the 
populations were labeled 1, 2, 3, and 4 in 
order of increasing buoyant density. The 
cells in each fraction were counted and 
classified by size. The four fractions con- 
tained 35 percent of the original cells; the 
rest were between the interfaces. Phase- 
contrast micrographs of the populations 
are given in Fig. 1, a to d, and the rela- 
tive proportions of the cells are summa- 
rized in Table 1. 

The cells in fraction 1 are large-78 
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