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Effect of Short-term Benzene Exposure on Peripheral Blood and Chromosomal Damage among
Workers WANG Xue-sheng, LIU Nan, GUAN Wei-jun*, PANG Shu-lan, BAI Yu-ping, XU Guo-hui, LIU
Ying-1i( Laboratory of Occupational Health and Safety in Coal Industry, School of Preventive Medicine, North
China Coal Medical College, Tangshan, Hebei 063000, China ) .*Address correspondence to GUAN Wei-jun;
E-mail: guan-weijun@sohu.com

Abstract: [ Objective | To investigate the effect of short-term benzene exposure on human peripheral blood and cell
genotoxicity. [ Methods | Benzene concentrations in the air of workplaces were determined. Blood routine indices were
examined in peripheral blood in 203 workers of a shoemaking factory who were exposed to benzene, and their chromosomal
damage of peripheral blood lymphocyte were evaluated with cytokinesis-block micronucleus ( CBMN ) method. A total of 178
workers who weren’t exposed to benzene and other toxic substances served as control group. [ Results | Compared with the
control group, the abnormality ratio of red blood cell (RBC ), hematocrit ( HCT ), platelet count ( PLT ), red cell distribution
width (RDW ), mean corpuscular hemoglobin( MCH ) and mean corpuscular hemoglobin concentration ( MCHC ) of benzene
exposed group showed significantly decrease, y* were 38.21, 21.37, 18.02, 22.17, 36.59 and 41.23, respectively( P < 0.01 ). Two
hundred and three exposed subjects were divided into three groups by their length of service( < 8 months, 9-15 months and 16-24
months ) , stratification analysis found that significant associations between the abnormality ratio of granulocyte ( GRAN ) and the
length of service( F =7.47, P < 0.05 )existed. The abnormality of HCT, mean corpuscular volume( MCV ), PLT, hemoglobin( HGB)
and RDW in females were significantly higher than that in males, >=21.04, 36.26, 6.94, 71.62, 12.91, P < 0.01, respectively. The
lymphocyte chromosomal damage level expressed as frequency of CBMN in benzene exposed workers was significantly higher
than that in controls[ ( 2.98 + 1.49 ) %o, vs(0.39 £0.72 ) %o, P < 0.001 ]. [ Conclusion | Shori-term benzene exposure 1Is an
occupational hazard to workers’ blood system and cell genotoxicity. The changes in the above-mentioned indices are shown earlier
than the decrease of leucocytes.
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Table 1 Concentration of benzene and its homologens in the air of workplaces

VAt % ( Benzene ) HR ( Methylbenzene ) - HZK( Dimethylbenzene )
Work places e FE YL ( Concentration range ) $4{E ( Mean value ) ¥V FEI( Concentration range ) YJ{H ( Mean value ) #¢J% 75 Fl( Concentration range ) J{f ( Mean value )
1 6.36~19.21 16.72 18.15~126.32 61.16 1.17~11.46 3.06
2 7.53~21.04 18.15 11.15~105.26 17.63 0.98~9.53 1.38
3 6.24~22.52 21.57 17.82~199.92 76.38 1.24~12.51 5.92
4 6.92~19.70 18.86 13.43~178.67 34.92 1.08~10.36 2.27
5 7.41~22.52 22.41 15.05~183.69 36.68 1.12~11.17 2.34
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Table 2 Indices of peripheral blood between exposure group and control group

FFEH (n=203)

X HRZ (=178 )

1n4n ek Exposure group Control group
Changes of blood cells N BATEZR (% ) Ju N AP (9% ) Ja
Number Positive rate Concentration range Number Positive rate Concentration range
WBC( x 10°/L )3’V ( Decreased WBC ) 13 6.4 3.24~11.05 10 5.6 3.89~13.50
RBC( x 10"/L)J§/b> ( Decreased RBC ) 48 23.6™ 2.38~5.96 11 6.2 3.34~5.75
HCT F#AIK ( Reduced HCT ) 161 79.3™ 0.24~0.57 39 21.9 0.33~0.51
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#7524 (n=203) XHARAL (n=178 )
IfiL 24 fifL 2% A Exposure group Control group
Changes of blood cells N4 PHPER (% ) Fiene| N PRI (% ) Y
Number Positive rate Concentration range Number Positive rate Concentration range

MCH ( pg ) 54 ( MCH abnormality ) 51 25.1%* 16.30~87.70 14 7.9 24.90~35.60
MCV (L) 352> ( Decreased MCV ) 10 49 36.10~112.00 6 34 73.60~101.40
PLT( x 10°/L )/} ( Decreased PLT ) 38 18.7** 69.00~693.00 9 5.1 91.00~724.00
HGB( g/L ) F#I% ( Reduced HGB ) 46 22.7 75.20~168.90 30 16.9 85.30~165.80
RDW ( g/L)F#A% ( Reduced RDW ) 45 222 11.30~22.60 11 6.2 13.60~24.10
MCHC( /L) 5% ( MCHC abnormality ) 58 28.6™ 246.00~523.00 8 4.5 309.00~375.00
GRAN( x 10%/L) /> ( Decreased GRAN ) 4 2.0 1.10~12.40 1 0.6 1.80~11.90

[9E ™. Gt 4 ( Compared with the control group ), P<0.01,

23 wEFELEIHBGEE
F % 20 GRAN Y /D 11 BA P 2R B 5 1% B4 38 K T 386 v 1Y)

B, ZRAGITFEL(F=747, P<0.05), lL#%3,
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Table 3 Association between abnormality ratio of peripheral blood and length of service in benzene exposed workers

Ty <811 (n=59)

T 9~151H (n=76) T 16~24 4~ H (n=68 )

L2 s A Length of service < 8 month Length of service 9-15 months Length of service 16-24 months
Changes of blood cells N4 PP (% ) N AT ( % ) N4 AP (% )
Number Positive rate( % ) Number Positive rate( % ) Number Positive rate ( % )
WBC /> ( Decreased WBC ) 3 5.1 6 7.9 4 5.9
RBC /> ( Decreased RBC ) 13 22.0 20 26.3 15 22.1
HCT P& ( Reduced HCT ) 47 80.0 60 78.9 54 79.4
MCH 5% ( MCH abnormality ) 12 20.3 20 26.3 19 27.9
MCV Ji’> ( Decreased MCV ) 3 5.1 4 53 3 4.4
PLT i) ( Decreased PLT ) 11 18.6 14 18.4 13 19.1
HGB [#{f%( Reduced HGB ) 12 20.3 13 17.1 20 30.9
RDW [#fI% ( Reduced RDW ) 14 23.7 15 19.7 16 23.5
MCHC 5% ( MCHC abnormality ) 18 30.5 23 30.3 17 25.0
GRAN Ji/b> ( Decreased GRAN ) 0 0.0 1 1.3 3 4.4

[FE " 2815 <8/ A4 . 9~15/ A 4 b % ( Compared with < 8 month and 9-15 month group, respectively ), P < 0.05,
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PLT /0 ( °=6.94 ). HGBREML(’=71.62 ). RDW A% (2= 12.91)
AR PR R TR ( P24 < 0.01 ), WBC IS/ GRAN I8/
PRk 250 2 2 ) 22 R I 4e 122 L (P=3.496, ’=4.039, P #]>
0.05), W34,
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Table 4 Association between abnormality ratio of peripheral blood and sex
in benzene exposed workers
5 (Male )(n=92) 2z ( Female )(n=111)
ANEC MR C%) A R (%)

1225 AL

Changes of blood cells

Number Positive rate Number Positive rate
WBC Jii/) ( Decreased WBC ) 7 7.6 6 5.4
RBC 2> ( Decreased RBC ) 24 26.1 24 21.6
HCT FA% ( Reduced HCT ) 67 72.8 94 84.7°
MCH 5% ( MCH abnormality ) 23 25.0 28 252
MCV J#/b> ( Decreased MCV ) 2 22 8 7.2
PLT i) ( Decreased PLT ) 14 152 24 21.6™
HGB 4% ( Reduced HGB ) 16 17.4 30 27.0°*
RDW F#I% ( Reduced RDW ) 15 163 30 27.0°*
MCHC 5% ( MCHC abnormality ) 33 35.9 25 225
GRAN /b ( Decreased GRAN ) 2 22 2 1.8

[V ]*: 5 % 1% ( Compared with males ), P <0.01,

2.5 CBMN #
2L i R 25 73 2 CBMN R BH 3 FXF BR 41 (P < 0.001 ), UL
%50
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Table 5 Status of CBMN frequencies between benzene exposed workers and controls

4151 NEC WA SRR CBMNE(x £ s, %o)
Group Number Lymphocyte Inclusion of lymphocyte Frequency of CBMN
A /;lf’é
%a@,ﬂ 203 203000 6059 2.98 £ 1.49"
Exposure group
Xt ARZH
" 178 178000 694 0.39+0.72

Control group
[VE 1™ 5t 4t % ( Compared with the control group ), ¢ =
4.69, P<0.001,

2.6 FAELT#EE CBMN £49 % &
7 2253 B B itk — 2 B Bonferroni % 1E #E4T P LLAR, 15
Ak TR 4 CBMN 2 52N 2R 5% Tl (4 B i Gk, W3k 6,

6 FIEA T3 CBMN EHIZM
Table 6 Influence of length of service to CBMN frequencies

T (A) NE CBMN % (x+ 5, %0) P
Length of service ( months ) Number Frequency of CBMN
<8 59 2.94+0.18
9~15 76 2.73 £0.26 0.33
16~24 68 3.37+0.23 0.10
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