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RED BLOOD CELL GLYCEROLLYSISAND HEMATOLOGIC
EFFECTS IN OCCUPATIONALBENZENE EXPOSURE
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Fort?-ninefemale workers in the shoemaking industry, exposed to a solvent mixture

containing benzene and rwenrv-seven non-exposed controls, were investigated.

Concentrations of benzene and toluene in the working atmosphere, as well as benzene

and toluene in blood and phenols in pre- and post-shift urine asparameters of biological

monitoring, were determined. In order to assess hematotoxic risk, a complete blood cell .
count with differential, hemoglobin. hematocrit, mean corpuscular volume, mean ?
corpuscular hemoglobin, mean corpuscular hemoglobin concentration, reticulocytes,

serum iron, alkaline phosphatase in neutrophils and red blood cell glycerol Iysis time

were determined in all subjects.

Benzene concentrations in the workplace atmosphere at the shoemaking factory ranged
from 1.9 to 14.8 ppm (median=5.9). Significant difference in benzene in blood
(p = 0.005) and phenol in post-shift urine (p = 0.003)between exposed workers and
controls confirmed exposure to benzene. Hemoglobin level (p = 0.02) and mean
corpuscular hemoglobin concentration (p = 0.0002)in the shoe workers were lower,
and band neutrophils (p = 0.005)and mean corpuscular volume ( p = 0.03)higher; than
in controls. Red blood cell glvcerol lysis time was significantly higher (p=0.000001)in I |
shoe workers (X +£SD = 41.6 #8.9) than in controls (X £ SD =31.1 £6.5) andshowed i

a significant correlation with exposure biomarkers.
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The results confirm that benzene exposure below /5 ppm may produce qualitative
abnormalities. particularly macroerythrocytosis and increased red cell glycerol
resistance. in rhe absence of an overt quantitative decrease i circulating blood cells.
Increased resistance to the hemolytic action of glycerol is a potentially useful biological
monitoring procedure in medical surveillance of benzene exposed workers. The results
of this study suggest that potential threshold concentrationfor hematologic effects of
benzene is lower than 15 ppm.

INTRODUCTION

Benzene, a common chemical used in industry and an ubiquitous environmental contaminant,
has long been associated with hematopoietic disorders, ranging from mild peripheral blood
cytopeniasto fatal aplasticanemia and leukemia. Most of these disorders, however, developed in
individuals exposed to relatively high benzene concentrations (> 100 ppm) (Aksoy et al., 1971;
Aksoy et al.. 1972).1t is assumed that benzene exposure below 25 ppm (Yardley-Joneset al.,
1991)does not have such adverse health effects. Continuousreduction of the permissible exposure
limit in the working atmosphere has resulted in decreased benzene emissionsand consequently a
significant drop in the concentration of ambient benzene. Thus, the question remains whether
low-level exposure increases the risk of incurring hematotoxic non-leukemogenicand clinically
inapparent effects. It is. therefore, necessary to investigate the appropriate tests capable of detecting
early benzene toxicity and suitable for medical surveillance program.

Circulating blood cell count is not a sufficiently sensitive indicator for detection of early benzene
hematotoxicity (Goldstein, 1986). In addition to a quantitative decrease in all blood cell types,
there is evidencethat benzene also leads to qualitative abnormalities of these cells. Such changes
may precede an overt decrease in cell counts and therefore be useful for the detection of early
benzene toxicity. An increased red cell mean corpuscular volume (Aksoyet al.. 1972; Goldstein.
1983;Goldstein. 1986: Beving et al., 1991), altered red cell osmotic fragility (Aksoy et al., 1972)
and impaired activity of alkaline phosphatase in neutrophils (Songnianet al., 1982)were found
in persons exposed to benzene.

Red blood cell glycerol lysis time (GLTsp) is arapid. simple procedure for estimating the fragility
of erythrocytes suspended in glycerol and is useful as a screeningtest for anumber of erythrocyte
abnormalities (Gottfried and Robertson, 1974: Posteraro and Gottfried, 1978: Zanella et al.,
1983).Goldsteinand coworkers (Goldstein, 1988)demonstrated increased resistance of red cells
to lysis by glycerol in benzene treated mice, and proposed this method as a screening test for
benzene hematotoxicity. In this study, red cell glycerol resistance and other hematological
quantitative and qualitative parameters were determined in occupationally exposed individuals
in order to detect possible hematologic damage in benzene exposure below 15ppm and to establish
appropriate tests and methods for screening and routine medical surveillance.
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The study was carried out in 49 female workers. ages 23-53 years (mean 38). who were employed
in a shoe manufacturing factory, and were exposed to solvent mixture for periods of from 1to 33
years (mean 17).Agroup of 27 healthy women, ages 29-46 years (mean 38). who were employed
in the confectionery industry, constituted the control group. The shoemaking workers were exposed
to benzene as a contaminantin glues. cleaners and paints. The control group was not exposed to
solvents, including benzene or any otherhematotoxic agent. The groupsdid not differ with regard
to age, lifestyle. smoking habits or alcohol consumption. None of the examined subjects had a
history of disease of the hematopoietic system.

Benzene and toluene concentrations in the working atmosphere were measured continuously
during the work shift in the middle of the working week. Samples of air were collected at 10
stationary sampling locationsusing tubes with Casella sampling pumps (Casella. London, United
Kingdom) situated on the working tables at nose height. The sampling flow was 100 mL.m!.
The absorbed benzene and toluene on charcoal were desorbed with carbon disulfide and analyzed
by gas chromatography with a flame ionization detector (NIOSH, 1974). Benzene exposure for
each employee was ascertained according to the positions of each workplace within a radius of 3
meters around the sampling pump. Exposure assessmentwas performed blinded with respect to
hematologic measurements.

To examine internal exposure, benzene and toluene in blood and phenol concentration in pre-
and post-shift urine were determined. Blood samples were taken before the work shift in the
middle of the working week and urine samples were taken before and at the end of the same
working day. Benzene and toluene concentrations in blood were determined using head-space
gas chromatography (Angerer et al., 1973) and phenol in urine using the gas chromatographic
method (Sherwood and Carter, 1970).

Blood samples obtained for determination of complete blood cell count with differential,
hemoglobin, hematocrit,mean corpuscularvolume {(MCV), mean corpuscularhemoglobin (MCH),
mean corpuscular hemoglobin concentration (MCHC), reticulocytes, serum iron, alkaline
phosphatasein neutrophilsand GLT's, were collected at the same time as for benzene determination
and the measurements were performed within three hours of collection.

GLTs, isameasure of red cell fragility based on the time necessary for hemolysis of erythrocytes
in a mixture of glycerol and buffered saline solution. The test was carried out according to the
procedure described by Gottfried and Robertson (Gottfriedand Robertson. 1974).Briefly, 20 L
of whole blood anticoagulated with heparin was added to 5.0 mL of isotonic buffered saline (9
vol of 0.15 M sodium chloride plus 1 vol of 0.10 M phosphate buffer), pH 7.4. The suspension
was carefully mixed and 1mL transferred into a standard cuvette of an spectrophotometerequipped
with a linear/logarithmic potentiometerrecorder (Perkin Elmear spectrophotometerand recorder,
type 551, Uberingen, Germany). With the wavelength fixed at 625 nm and the recorder operating,
2.0 mL of 0.3 M glycerol was quickly added. Using a completely hemolyzed blood sample as a
blank, the rate of hemolysis was followed by measuring the fall in turbidity of the reaction
mixture. Results were recorded as GLTs, values, i.e. the time taken in seconds for initial optical

density to fall by half.
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Finally, statistical analyses were performed using Student t-test and Wilcoxon rank sum test, in
order to determine significant differences in hematologic parameters between the exposed and
control group. Spearman's correlation was applied to detect the relation between hematologic
values and exposure indicators. The independent variables were age, smoking habits, alcohol
consumption,benzene concentrations in the working atmosphere and in blood and urinary phenol
before and after the work shift. Hematologic parameters were dependent variables. Statistical
analyses were carried out using CSS:STATISTICA, Stat-Soft, Inc. 1993 (Computer program
manual, Tulsa, Oklahoma).

RESULTS

Results of general air sampling in 10 production areas in a shoemaking factory showed that
benzene concentration ranged from 1.9 to 14.8 ppm (median 5.9) and toluene concentration
from 11.4to 49.9 ppm (median 24.9) (Table 1). Significantdifferences in benzene and toluene
concentrations in blood and phenol concentration in urine after the work shift between the exposed
and control group are shown in Table 2. The concentration of phenol before the work shift did
not differ significantly between the groups.

TABLE 1. Benzene and Toluene Concentrations in the Atmosphere at Different
Workplaces of a Shoemaking Factory

Production areas Benzene (pprn) Toulene (ppm)
Cutting 1.9 16.3
Cutting and glueing 35 25.1
Glueing | 6.9 28.2
Glueing IT 6.1 254
Fitting 5.6 25.1
Bottoming 14.6 49.9
Finishing 3.0 114
Heating and drying 4.3 17.4
Cleaning and inspecting 57 29.7
Packing
TABLE 2. Benzene and Toluene Concentrationsin Blood and Urinary Phenol
Before and After the Work-Shift in Shoemaking Workers and Control
Parameters Shoe Workers Controls p.
Benzene in blood 0.005 0.000 0.005
(mg/L) (0.002-0.030) (0.000-0.047) '
Toulene in blood 00.099 0.000
(mg/L) (0.009-0.879) (0.000-0.009) 0.000001
EE?]EOI in pre-shift 3.840 5197
(1.660-100.660) (0.504—9.770) s

(mg/g creatinine)

Phenol in post-shift
unne 5.240 2.759

o] ) —
(me/e creatinine) (2.150-27.310) (0.540-6.960)

Notes: Results are presented as median (range); p. level of significance (Wilcoxon test); and n.s., not
significant.

0.003
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Hematologic parametersare presented in Table 3. Hemoglobin level (» =0.02)and MCHC (p =
0.0002) were lower in shoe workers than in controls, while band neutrophils (» = 0.005) and
MCV (» =0.03) were higher. Red blood cell glycerol lysis time was significantly higher (p =
0.000001) in shoe workers (X £ SD = 41.6 % 8.9) than in controls (X £ SD = 31.2 + 6.5). It is
assumed that the same mechanism by which glycerol produces hemolysis is also responsible for
macrocytosis (Goldstein et al.. 1988). Therefore, correlation between GLTs, and MCV was
analyzed. Iron-deficiency anemia is associated with higher GLTs, values and normo- and
microcytosis and for this reason, microcytosis in persons with iron-deficiency anemia could
nullify statistically significant correlation between GLTs, and MCV. Hence. correlation was
examined after the 5 subjectswith low level of serum iron were excluded and positive correlation
was found between GLTsy and MCV (r = 0.2521, p = 0.0448).

TABLE 3. Hematologic Parameters in Shoemaking Workers and Controls
Parameter Shoe workers Controls P
Erythrocytes (10"/L) 4.127 + 0.266 4.278 £ 0.306 n.s.
Reticulocytes (/10* E) 105+ 4.2 106+ 26 n.s.
Hematocrit (vol %) 403+ 26 402+ 27 n.s.
Hemoglobin concentration (g/L) 1272+ 12.3 133.3£9.0 0.02
Mean corpuscular volume (fL) 98.1+54 95.3+5.2 0.03
Mean corpuscular hemoglobin (pg) 31120 315+ 18 n.s.
Mean corpuscular hemoglobin

foncemraﬂon (S/L) 3177+ 156  331.6% 126  0.0002
Serum iron (mmol/L) 214+ 75 206 £ 6.8 n.s.
Red blood cell glycerol lysis time (sec.) 416 +8.9 31.2+65 0.000001
Platelets (10°/L) 178.31+ 30.77 183.25% 39.32 n.s.
Leucocytes (101.) 5.719 % 1.147 6.160 £ 1.680 n.s.
Segmented neutrophils (10°/L}) 3.176 £ 0.799 3.5638 £ 1.440 n.s.
Band neutrophils (10°L) 0.039 + 0.058 0.006 £ 0.018 0.005
Eosinophiles (10%L) 0.137f0.115 0.176 £ 0.297 n.s.
Basophiles (10°/L) 0.017 £ 0.027 0.018 + 0.035 n.s.
Lymphocytes (10°/1) 1896+ 0512  2.016+ 0.428 ns.
Monocytes (10°/L) 0.381 £ 0.135 0.405 £ 0.192 n.s.
Alkaline phosphatase in neutrophils 59.9 £ 38.3 76.9 + 30.1 n.s.

Results are presented as mean and SD; p, level of significance (Student r-test); and n.s., not significant.

Table 4 presents correlation coefficients for some hematologic parameters indicative of benzene
induced health effects (Aksoy et al., 1971; Aksoy et al., 1972; Goldstein, 1986). In our study,
age. smoking habit. and alcohol consumptionhad no impact on hematological values. Red blood
cell count, reticulocytes, hematocrit, hemoglobin, MCV, MCH. serum iron, eosinophile.basophile
and monocyte count were not dependent on exposure indicators. GLTso correlated with benzene
exposure time, benzene in blood and phenol in post-shift urine as significant benzene exposure

biomarkers.
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TABLE 4. Rank Correlation Coefficients for Hematologic Parameters
Benzene ' b ' g
exposure time Benzene Benzene Phenol Phenol

GLT,, -0.3242 0.2333 0.3642f 0.1767 04010

Platelets -0.1591 -0.3799' -0.0601 -0.0595 -0.0096

Leucocytes 0.2042 0.1440 -0.3743' 0.1718 -0.0248

Segmented ,

neutrophils -0.0542 0.0606 -0.3976 0.1853 0.0464

Band 0.0077 0.4044¢ 0.2672" 0.1463 0.2813'

neutrophils : ‘ : ' '

Lymphocytes  0.0574 0.0506 -0.2406" -0.0092 -0.1722

*In the working atmosphere.
®In blood.

*Before the work shift.
dAfter the work shift.
*p<0.05.

fp<0.01.

DISCUSSION

Most benzene-related hematologic effects have been reported in humans occupationally exposed
to relatively high concentrations (Aksoy et al., 1971; Aksoy et al, 1972). while the capacity of
benzene to cause hematopoietic damage in low concentrations remains controversial. Data are
lacking concerning a potential threshold concentration below which adverse effects do not occur
in exposed individuals (Mehlman, 1991). Hence. adequate health monitoring of early adverse
effects have been questioned (Goldstein, 1984; Goldstein, 1986; Ward et al., 1996).

Some authors investigated occupational exposure to benzene concentrations below 25 ppm by
means of a medical surveillance program and found no abnormalities of either quantitative or
qualitative hematologic outcomes (Fishbecket al., 1978;Tsai et al., 1983; Hancock et al., 1984;
Kipen et al., 1989; Collins et al.. 1991). Other authors demonstrated that exposure to similar
benzene concentrations may result in hematologic effects (Townsend et al., 1978; Yardley-Jones
et al., 1988; Rothman et al., 1996; Ward et al., 1996) (Table 5). The present study illustrated
altered hematologic response in workers exposed to benzene concentrations below 15 ppm.
Lowered hemoglobin level and MCHC confirm that benzene or its metabolites interfere with
erythropoiesis, which corroborates the results of previous studies (Aksoy et al., 1971; Aksoy et
al., 1972: Guy et al., 1991). Macroerythrocytosis in shoe workers and a significant difference in
MCV between the exposed and non-exposed group also support results of previous studies which
emphasized MCV as an early indicator of benzene hematotoxicity (Fishbecketal., 1978;Goldstein.
1983; Goldstein. 1984; Goldstein, 1986; Kipen et al., 1989; Beving et al., 1991). The results of
our study confirm MCV and hemoglobin as hematologic indicators of benzene hematotoxicity in
concentrations below 15 ppm.
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TABLE 5. Medical Surveillance Hematologic Parameters in Workers Exposed to
Benzene (Modified According to CollinsJJ. et al., 1991.)

Benzene Hematologic parameters

Reference exposure
(ppm) RBC WBC Pl Hb MCV

Townsend
(1978) < 2-30 - 0 ? 0 0
Fishbeck >25 0 0 0 - +
(1978) 10 0 0 0 0 0
Tsai
(1983) c0.1-25 0 0 0 0 ?
Hancock
(1984) 19-315 0 0 ? 0 ?
Yardely-Jones
(1988) 1-10 0 0 0 0 ?
Kipen 75 - ? -
(1989) 15-20 0 0 ? 0
Collins
(1991) 0.001-1.40 0 0 0 Q 0
Rothman > 31 - ?
(1996) c3l - 0 ? 0
Bogadi-Sare <15 0 0 0 - +

Notes: RBC =red blood cell count; WBC, white blood cell count; P1, platelet count; Hb, hemoglobin level;
MCYV, mean corpuscular volume; - , benzene-exposed group is lower than the control group; + , higher in
the exposed group; 0, no difference between exposed and controls; ? , data not reported or tests not done.

In the present study we detected the prolongation of red cell glycerol lysis time in workers with
low-level benzene exposure. The exact mechanism by which glycerol produces hemolysisis not
known, although Goldstein speculated that whatever is responsiblefor macrocytosisalso prolongs
the glycerol lysis time (Goldstein et al., 1988). Higher GLT s values were also associated with
sickle-cellanemia, thalassemiaor other hemoglobinopathies, chronic renal and hepatic disorders
and iron-deficiency anemia, that were also characterized by micro and normoerythrocytosis
(Posteraro and Gottfried, 1978).Therefore, it is assumed that higher GLT s, and increased MCV
can distinguish benzene induced hematotoxicity from other hematologic diseases causing
prolongation of GLTs,. However, in our investigation a statistically significant correlation between
MCV and GLTs, was found after subjects with low serum iron were excluded, i.e. prolonged
GLTs, was accompanied by increased MCV when the influence of iron-deficiency anemia has
been nullified. This result confirms that GLTs, in combination with MCV could differentiate
benzene induced hematotoxicity from other hematologic diseases generating prolonged GLTs,.

In some investigations no correlation between hematologic parameters and exposure intensity
were found (Townsend et al., 1978; Hancock et al., 1984; Collins et al., 1991). Other studies
demonstrated a dose-responserelationship between various measures of current benzene exposure
and some hematologicparameters,i.e. leucocytes, lymphocytesand MCV (Rothmanet al., 1996)
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or white and red blood cell count (Wardet al.. 1996). Some of the hematologic parameters in our
study were correlated with exposure indicators. In comparison with hematologic parameters
indicative of benzene induced health effects, GLTsq showed the most significant correlation with
a large number of exposure biomarkers. QU results support Goldstein’s opinion that GLTso could
be a valuable biomarker of benzene effectin biological monitoring procedure of benzene exposed
humans.

The differences in hematologic parameters between workers exposed to benzene concentrations
below 15ppm and controls suggest that the threshold for benzene hematotoxic effects is lower
than was assumed. This suggests that even exposure to relatively low levels of benzene (below
15ppm) may result in a hematologic effect.

Although glues, solvents and paints used are mixtures of various components, our investigation
was directed to benzene, in view of the fact that benzene has been described as a hematotoxin
(Aksoy et al., 1971; Aksoy et al., 1972; Goldstein, 1977). Although, the ambient toluene
concentrations in this study were several times higher than benzene levels, previous findings
determined hematotoxic effects of toluene exposure only in cases when the purity of toluene had
not been established (Von Burg, 1993; WHO 1993). Toluene is also known as an agent which
inhibits benzene metabolism and decreases benzene hematotoxocity (Inoue et al., 1988;Purcell
etal., 1990). Thus, the hematologic effects found in our study have been attributed to benzene.

CONCLUSION

In workers exposed to a benzene concentration below 15 ppm, no cytopenic effects were found,
while lower hemoglobin and mean corpuscular hemoglobin concentration and higher mean
corpuscular volume and band neutrophils were found. Also, an increase in resistance to the
hemolytic action of glycerol. as a possible early sign of benzene hematotoxicity, was observed in
accordance with the previous experimental results (Goldstein et al. 1988).1n combination with
mean corpuscular volume, red blood cell glycerol lysis time could distinguish benzene induced
hematotoxicity from other hematologic diseases. Therefore, red blood cell glycerol lysis time
could be suitable as a workplace surveillance test. The results of this study suggest that potential
threshold concentration for hematologic effects of benzene is below 15ppm.
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