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Chromosome Studies in Workers

Exposed to Benzene

or Toluene or Both

Vrssandra Forni. M D; Emma Pecifico, SeD; and Antonio Limonta, M D. Milan. Italy

:mosome studies were carried out on
-~ral blood lymphocytes of 34 workers of a
swre plant, and in 34 controls matched
+and age. Ten of the workers were exposed
--:ene before 1953 and then to toluene. and
e teen exposed only to toluene after 1953.
r-sportions of unstable and_stable chromo-

~ONIC inhalation of benzene vapors'is
.to be able to induce toxic effects on
surrow, resulting in pancytopenias,
-in eventually evolve into leukemias.1-3
cytotoxic edect of benzene however
Wt Seem to be restricted to bone
s+ cells, but also involves other cell
Several recent reports have appeared
vh chromosome aberrations were in-
! bv occupational exposure to benzene
mot only iN bone marrow cells,3-s but
1 the lymphocytes of peripheral blood.
nused rate of chromosome changes in
mphocytes cultured In vitro was dem-
«d not only in subjects with benzene
ithy, -8 but in subjects recovered from
-+ hemopathy,* and in subjects ex-
:l0 benzene without overt signs of blood
chromosome aberrations observed are
-vific, similar to those induced by x-
‘.und can persist even several years
.~ition of exposure. They may, there-
npresent a sign Of cellular damage
'ue—d_ for publication March 31, 1970 ac-
'J.‘: lgxim'ca del Lavoro “Luigi Devoto,”
t of Milan, Milan, Italy.

ot requests to Cliniea del Lavoro “Luigi
Via S Bamaba 8, 20122 Milan, Italy (Dr.

some aberrations were significantly higher statis-
tically in the benzene group compared with the
controls, and in the benzene group in comparison
with the toluene group No significant differences
were tound between tha frequencies of chromo-
some changes in the toluene and control groups.

caused by the toxic agent, provided the expo-
sure to other chemical or physical agents
capable of inducing chromosome changes is
ruled out.

In 1952 to 1953 an epidemic of benzene-

poisoning occurred IN a rotogravure plant,
where benzene was largely used as an ink
solvent and diluent. Many workers suffered
fmm severe benzene hemopathy, many
shoned slight hematologic ehanges, and only
a few showed no siign of toxicity.? Since then
toluene (containing traces of xylene) was
substituted completely for benzene.

The present investigation, part of a wider
study on chromosomal damage from benzene.
was carried out to study the frequencies of
chromosome aberrations among workers of
the Same rotogravure plant, some of whom
had had known exposure to benzene beiore
1953 and o toluene after that time, but most
of whom have been exposed only to toluene.
The rates were compared with those ob
served I a group 0i matched controls.

Materials and Methods

The subjects studied in this survey were 39
male workers, who had been occupationally
exposed to benzene, or its homologues (toluene
with traces of xylene), or both in a rotogravure
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plant. Their blood status has been checked
everv three months since 12533,

The cnromosume 2tuciss were 1efiormed i
1967 and 1968, Thev were carried out blindly
bv two of us (A.F. and E.P.‘'. Oniy after
compieton nf the sludy the exhosure and hc-
matoiome datia as weil as the history of the
workers were collected by one of us (AL,
After collietion of the data, two subjiects were
discarded from the #4nal evziuntuon due to
thernpeutic exposure to x-rayvs for ankvlosing
apondylitis. and three were discarded due to
occupationzj exposure to other chermicais like
lead, suspected of inducing chromosome
changes. The exposure data are reported in
Tables 1 and 2, together with the results of the
chromosome studies and some hematoiogic
notes.

At the time of the cytogenetic study, each
worker was matched with a healthy control
from the general population, of the same sex
and approximateiy the same age (within =4
years), with no historv of exposure to benzene
or its homologues, or to therapeutic or occupa-
tional x-irradiation. We could not exclude sub-
jects with exposure to diagnostic x-irradiation,
especially of the chest, due to the high fre-
quency of this diagnostic procedure, but it must
be remembered that the subjects under study
also had occasionally had diagnostic x-rays. For
both subjects and controls, we iried to rule out
recent viral diseases (especially hepatitis) and
recent vaccinations, in both of which conditions
rates of chromosome aberrations higher than
usual are described.

The chromosome studies were performed on
peripheral blood lvmphocytes cuitured in vitro
for 68 to 70 hours with phytohemaggiutinin,
according to minor modifications of the method
of Moorhead et al.10 The 68 to 70 hours culture
period was chosen instead of a shorter time, as
suggested by Buckton and Pike,!l! since no
significant differences in chromosome aberra-
tion vields were found, and a larger number of
mitoses was available for scoring.

In most cases 100 metaphases from each sub-
ject or control were counted and scored for
chromosome aberrations. Counts were per-
formed directly under the microscope at
X 1.250. Metaphases with dubious chromosome
aberrations and some apparently normal ones
were photographed and karvotyped. At the
direct analysis of the single metaphases, an
evaluation was made of the chromosomes be.

longing to easily recognizable groups, such as.

A. D, G. and Y. Each metaphase was classified
according to Buckton et al3 as: A, cells with
apparently normal chromosome complement;
B, ceils with chromatid aberrations: C,. cells

with “unstable” chromosome uberrat -
menty, dicentrics, NNE ¢hromosane..
with “stable” chromu<ome ompnoes
monocentri: chromosemes dun o
transiocations, ete, trisomiear In o
precence of each fragment wos o
“une break,” the presence of a v ne
chromosome was constaered as “ta i

Concentrations of the Solventyin o

The concentrations of benzene a-l
logues in April 1953, at the tme o
ic of chronic benzene powsomni
ppm of benzene, were: 131 ppm o -
of the rotary machine room and saiv.i.»
ment, 125 ppm near the windows «f *
the rotarv machine room, and 5i -
auxiliary room. All these convenrru
above the maximal allowuaible onoe
(MAC) (25 ppm of benzene), were :
April at a time when windows wer
kept partly open: it is assumed th. -
centrations may have been hivher o -
preceding winter months.?

The ink solvents examined proved t
zene. Two types of ink diluents wee. .
was technically pure benzene. and t!.
mixture of benzene (55%), tolurne
xylene (20%).?

After the epidemic of benzene
benzene was no longer used as in in. -
diluent; toluene with traces af .0
from benzene was substituted. The -
use at the time of this study was pure*

Concentrations of toluene vapers 1 -
bient air in different parts of work arn -
from 0 to 240 ppm in the veams iv% -
Values for the years 1957 to 1967 .t *
in Table 3. In 1966 the plant wax =
values shown for 1967. much lower -
previous ones, were obtaired in the :.
ing department where ventilatn ..
improved.

Mean concentrations were zenetal..
and only sometimes just above the *°
toluene (200 ppm) near the [nidin: -
and in the center of the working r-
were well above the MAC between th -
elements. Since empiovees work m -
the folding machines, and only nwa-:

a few minutes between the mawiune .
they are exposed to the MAC of

most of their shifts, and to .
higher than the MAC for very shor: ;- -

Results

Chromosome studies in single s
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Yable 1.—Exposure Data. Chromosome Stucies, and Hematolegicai Notes of Ten

Workers Zxcosed to SBenzene Sefore 1953 ang 1o Toluene After 1353

Years ot €xposure

to Total % Ceils
. Ceils

Age Benzene  Toluene Stug.ad Cy Cs Hematological Nates

38 <l 14 100 1 i Slignt anemia
in 1953ana 1957

45 2 100 2 2 Severe Denzene nemapatny
ini353

45 3 14 64 3 Slight anemia in
1553, 1957, 1958, 1964

54 3 14 100 Slignt anemia ana
leukoperua in 1953

54 14 100 shignt anemia in 1955

4] 100 LLL 2 Severe benzene ncmoparny
1n 1953

47 >3 14 100 3 1 Slight anemia in 1953

36 14 100 4«5)* Siignt anemia in 1954

45 7 14 100 2 1

50 22 12 100 (5"

w.moers iN parentheses indicate the calculated breans in Gy cells.

Table &—Exposure Dam, Chromosome Studies. and Hematological Notes of 24 Workers
Exposed Oniy to Toluene Afier 1853

Years of Total % Calis
Exposure to Celis
- Age Toluene Stucied Cu Cs Nematoiogical Notes
29 3 100 1 Moderate thrompocytopen:a 0 1965
ad "’ 100 ann ..
32 7 100 Siignt aneamia in 1961, 1963.1.966. 967
4] 7 100 . s
32 7 100 ana
35 7 100 ann ann
32 "’ 100 e
i 7 100 2
35 [ $00 S ann
37 10 100 ann . s
a2 10 100 asn ann
35 10 100 1 ana
39 10 100 1 wan .
a7 10 100 2 I .
30 1 100 s e
48 11 100 . n
38 11 100
33 13 100 ) Slight anemia in 1961. 1963
37 19 100 2(3)* ST Y o
" T80 12 100 3
. 45 13 160 Sugnt anemia in 1958
43 14 100 1 . aum
55 If 100 Siignt anem:a in 1955. 1966
- 58 TS TOO T T T

Moderate leuxopenis in 1960

Arch Environ Health—Vol 22, March 1971
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Tak'e J.—C_crcentrations of Toluens Yazors in Tooie &.—CSromesome Slucies in v 23 C:- Table §.—Fra
Cilterent Par:s ot the /orking Cezartment”® Maicheda vith the Exposes Sudiec!s b ‘z-:ff
Tawwene Concentrations . 2pmM) Contrr
Total S
Near Ja‘wean Mairaes Cers — ~
Cenver Faiding Machine No. Age With Stucieg Cy Sxposure Sudiecrs
Year o1 Room Macnmines Elements ’ .
Caontrols of the synyesis evposed 10 Senzare L Banzane i+ vave-
1287 223 56 513 Tiluenae
1958 189 306 1 38 1 100 Control suc-eets
wGED 224 200 322 2 45 2 120 * Numzoersn care
195 e 223
1359 2:8 226 2- 3 a7 3 100
1961 140 186 43: Table 5.—Ckre
1962 = 7 239 277 824 4 56 4 62
1963 150 213 338 5 sg s &5
[+}
heoomomom e a e
a - Ex 2 .
1957 . 156 265 7 46 7 100 Dosure Suliects
e Mean values of many determinations. 8 37 8 100 2 Benzene (+ toluen.
9 a2 9 100 1 Toluene
N their matched controls are reporied N 10 49 10 100 2 Controt susiects

Tables 1, 2, and 4 All data are summarized

in Table 5. Data were analysed statistically Controls of the subiects exposed only to tofuer=
by the x* ‘est and, when possible, by the 1 o5 100 ant (x7 = 0.43. _P > 0.
Wilcoxon matched-pairs test. 028, P> 005 for ¢

1

Benzene Group Versus Controls—The in- 12 28 2 100 e rate of C, cells was -
cidence of unstable chromosome changes 3 32 3 100 uene group (0.03%) a
(C,) (1.86%) and of calculated breaks N 14 41 4 100 2 ””"l"’)ﬂ' and the difere:
C, cells (1.8%) were higher in the benzene 15 32 5 100 e (= 011, P > 008
group comrared with controls (0.61 and ;4 . 160 ""“ﬂlem Group Versus
0.675, respectively); the difference was ) ‘ta- frequencies of chror
highly significant (x* = 845 P <001 for ** %3 4 169 : ~ henzene group were }
C, cells; y* = 9.9, P <0.01 for calaulated 18 29 8 109 PO mene grou, _and the di:
breaks). The same wes true for the frequen- 19 35 9 100 tieally significan: (x* =

[
o
e
(=]
o
=

cy of stable chromosome changes (x* = 751, 20 37 ceils: Ty = 5.68, P<C
P <0.0D). ~uksr x* = 630, P <00

21 44 e . N
If one excludes fium the benzene group 'he data obtaired in ¢

=
[y
=
o
o
-—

i 5 A A IN 3 1 B
the two subjects (cases 2 and 6) who had 2> 3 12 100 ! ivsed subjects and in ¢
sufered from severe benzene hemopathy h 28 36 13 100 e “i~ fsee Tables 1. 2, =
1953 ‘see Tabie 1), the frequency of C, 24 46 14 100 [ civsed by the Wilcox

cells was 1.83%; that of calculated breaks in 25 29 g __'”’e frequent occurre
C, clls, 2.09%; and that of C, cells, 0.26%. .5  4a 100 ) [ sime score greatly rec
Such proportions are significantly higher pairs useful for the anal:

B

o ol

L]
[
Q
o

27 38 17 100 wnort et
than those for controls for C, cells and cal- portions of unstable ar
culated breaks (x® = 9.53. P <0.01 for C, 28 32 18  1cc «wv changes in the ber
cells: x*= 1187, P <0.01 for calculated 29 34 19 35 -nificantly higher than

e ~ g ¢ i DT te] 1
breaks N C, cells). The rate of stablechro- 30 60 20 100 ot ‘h,f Jignacance e
mosome changes, though higher, did not 41 i =2 lor seven pair

:  Cl 31 21 100 2  four pairs)

differ significantly fron that of the control 42 0o 100 . i Tore g

group (x* = 0.39, P >0.05).  “eilerences in the prope
Toluene Gmup Versus Controls.—In the 32 51 23 100 . «vils between the sut

toluene group the proportion of C, cells 34 55 24 100 ._m-n'o ;md the coszrois \Vf

(0.89) and of calculated breaks (0.83% - Cases 110 in ~Matcnea wn" comrn ' ”f" S-h‘ = 36.5 for 18

: ; ; s those in Table I, - 2 for three irs).

wes somewnat higher than in the control 8 e e N 8 ehed With" column s e p:tnrs

group (0.61% and 0.67%%, respectively), but same as those in Tabie 2. able 6 presents a summ

t Numbers in parentheses indicate the ¢3 " othe chromosome coun

the differences were nOt statistically signif- |, /caks in Go cetls. ans. The proportion of

Arch Environ Health—Vol! 22, March 1971
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come Siugies i the 24 Co-v.

ith the Sx-osea Subjects

Total [
‘cmed Ceus —_——-
vitn Stuaied Cu

2cts exposed la genzene At

1 o
2 100

3 100

4 62

5 65
o 120 1

7 100
8 100 2
9 1C9

10 100 2

iects exposed onry to tQtuere:

. 1c0

2 100 .

3 1c0 .

4 Y ele) 2

S 100

] 100 ™

7 16O 1

8 1Go 2

9 100 s
i0 100 1
aa Ico A
12 1C0 1
13 100 H N
1 100 1
15 100 e
16 100 2
17 100 -
18 100 s
19 35 ™
20 100 .ee
2 100 2
22 100 1
23 100 an
24 100

4

*Matcnea With'.

Tapie 1.

-

“Matchea With'.

Table 2.

Jarentneses incicate the cak.

1972

column are

column are -
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Table s.—Frequency of Unstaole and Stablie Chromosoma Changes in Subjecis
Exposea to Benzene Or Toluene or Sotn, an@ in 34 Conwois

No. of Age
Exposure Subjects Cases Range
Senzene (& toluene) 10 36-54
Toluene 24 29-60
Control subjects 34 25-60

% Ceils
Total —
Cans - Cu Cs
96+ 1.66(1.37)° 262
2.403 0.80(0.83)" c.ca
3.262 0.61(0.67)* 9.0¢%

® Numbpers in parentneses snow percent of caicuiated breaus in Cy ceils.

Table 6.—Chromosome Caunts in Subjecis Exzosad to Benzene or Toluene,

or Both. and mn

34 Centrots

Total o, Cells With Chromosome Numogoer
No. ot Caus
Exposure Subjects Cases Counted <46 46 >46(Poiypiorc)
Benzene (4 toluene) 10 964 131 86.0 C.9(0.52)
Toluene 24 2.400 14.3 85.4 0.3(0.29)
Control subjects 34 3.262 10.2 895 0.3(0.3)

D (=043, P>005 for C, cells;
028, P >0.05 for caleulated breaks).
ate of C, cells was very similar in the
ne group (0.089%) and in the controls

-y, and the differencewas not s'gnii-
1= 011, P >0.05).

“.nzene Group Versus Toluene Group.—
{rquencies of chromosome changes in
tenzene group Were higher than in the
~ne group, and the differences were sta-
sally significant (x* = 4.22, P <0.05 for
wils; 2y = 5.68. P <0.05 for calcuiated
w = 63, P< 0.6 for C, cells).

ine data obtained in the two groups of

«ed subjects and in their matched cghe

- (+~ ‘Tables 1, 2, and 4) were
lid by the Wilcoxon matched-pairs

» The frequent occurrence of pairs with

. sume score greatly reduced the number

*-irs useful for the analysis. However, the

-wortions Of unstable and stable dhramo-
2 changes in the benzene group were

-iicantly higher than those in the con-
.at the significance level of 0.025 IC,,

-t = 2 for seven pairs; C, cells: t=0

- four palrs).

i)ilerences in the proportions of C., and
wlls berween the subjects expesed to

wne and the controls were not significant
colls: ¢ = 3.5 for 13 pairs; C, cells:
2 for three pairs).

i'ihle 6 presents a summary oF the results

. the chromoesome counts in the three
ws. The proportion of aneuploid cells

was similar in the three groups. A siigntly
higher rate of cells with more than 46 chro-
mosomes was obsenved in the benzene group.
ThiS fact seemed mastly due to a higher rate
of poiyploid Cells, but the difference was ot
statistically significant (x* =0.63, P>
0.05).

Comment

The increased proporiion 0i chromosome
changes found in the subjects exposed to
benzene in tte past & in agreement with
other reports.t? Compared to the data o0i
Tough and Court Brown, cur series showed
a lower incidence of stable chromosome
changes, both in those exposed and in the
controls. This may have been due to dii-
ferences IN methods used to assess stabie
aberrations; in our study much of the work
was done d e r direct observation, so that
minor chromosomal changes, especially in
chromosome groups B, C, and E might not
have peen detected.

The group of subjects exposed to toluenc
did show a somewhat higher rate oi unstable
chronosome changes snd of calculated
breaks compared to the controls. but the
differencewas not statistically significant. To
our knowledge, no data on the chromosorne
status of workers exposed to toluene are
availablein the literature.

In the groups of subjects exposed io ben-
zene, or luere. or btoth the values were

Arch Environ Health—Vol 22, March 1971
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; : Toh' DoAY T
somewna: dispersed Takles 1 and 2). Thi
was 1130 ‘rve for the conirel oo In o the
Larssma  sroun no o MITOLLUST ChUIleD e

tween vears of exposure or age ang Irecuen-
cv of chremesoms changes, [t is <nowTn hat
the cecurrence of pone marrow coxacity from
tenzene ften aees not srrelata Wt
sityv and .ength of exgosure, but depends on
individut factors. The group studied had a
rather homoyeneous degreae of exposure. Sut
=ad

two subiocts exrposed for two and

cocurred n
inree years,
respectively, and not in subjects exposed.
respectively, for 3, 7, and 22 wvears 'Table
1).

However, also amonz the conwois the fre-

severe benzene hemorathr
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quencies of chromosome chances wer

T
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in relation tn unknown environnmenti
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.trogen D

v Aldolase
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From nur data it is apparent tint .

inhaiation of teoluene varors ! e

tions in the orcer of maximumn ..
vaiues does not sienificant!y incrouse

. 4. Ramazzotto, P!

-vnre Jay Rappapor

of chromesome cnanzes, Sinee foe -

son was made with a group oi -uie

posed to concentrations of
acove the MAC, one cannot
toluene has absolutely no toxi «!
chromosomes or that effects utre o

This investigation was supporfee .
Heaith Service research zrant EC v~
Environmental Control Adminisimium

HE AP
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