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Short-term heavy exposure to lead has been reported to cause nuclear inclusion bod- 
ies in renal proximal tubular cells, whereas prolonged exposure causes diffuse inter- 
stitial or peri-tubular fibrosis in the proximal tubules (Cram6r et al. 1974). 
However, no functional impairment has been found by measurements of serum cre- 
atinine, or of inulin or p-aminohippurate (PAH) clearances. These renal functional 
parameters, which also include the concentration of blood urea nitrogen (BUN) and 
the total urinary protein concentration, are too insensitive to detect the early loss of 
renal function due to lead. Therefore, in order to clarify whether a relatively low 
level of occupational exposure to lead can cause renal damage, it is necessary to de- 
tect subclinical renal dysfunction or impairment using more sensitive measurements 
than the classical renal tests which can detect only symptomatic renal failure. 

The excretion of low molecular weight proteins or renal specific enzymes in the 
urine may be a sensitive indicator of early renal injury. However, B2-microglobulin 
(82-m) has been measured among lead workers, but elevated concentrations have 
not been found (Bernard et al. 1989; Endo et al. 1990; Gerhardsson et al. 1992). In 
the case of urinary N-acetyl-6-D-glucosaminidase (NAG) excretion, elevated levels 
have been found in lead workers (Verschoor et al. 1987; Endo et al. 1990). In 
order to determine whether urinary NAG activity is the only marker responding at 
an early stage of lead nephropathy, we measured concentrations of another low 
molecular weight protein, txl-microglobulin (Ctl-m), in male lead workers. Many 
reports indicate that the increase of urinary tx 1-m (U-txl-m) can be used as an early 
indicator of renal tubular dysfunction (Itoh et al. 1983; Kusano et al. 1985) but no 
one has reported the relationship between tx 1-m and lead exposure. 

MATERIALS AND METHODS 

This study was conducted on 99 male workers employed in two lead solder facto- 
ries and in a secondary lead refinery. The subjects were battery dismantling work- 
ers, lead refiners, lead smelters, workers making lead solders, maintenance work- 
ers, office workers and managers. The airborne lead concentrations in the work- 

Send reprint requests to Ginji Endo at the above address. 

744 



places handling lead in the two solder factories and in the secondary refinery were 
6.6, 7.9 and 113 lig/m 3 as geometric means, respectively. The workers' age and 
duration of employment were 43.6 + 13.3 and 11.0 + 11.7 yr (mean + S.D.), re- 
spectively. None of the subjects had a history of chelation therapy. 

Blood and spot urine sampling were performed during medical examinations of the 
lead workers. The blood was carefully venipunctured to avoid lead contamination. 
Biological analyses were conducted as follows. Blood lead (Pb-B) was measured 
by anodic stripping voltammetry (Karai et al. 1980). Serum ct 1-m (S-tXl-m) and U- 
txl-m were measured by the double antibodies radioimmunoassay method (AMG 
RIA Shionogi, Shionogi, Osaka Japan) (Matsui et al. 1989). Serum and urinary 
creatinine concentrations were measured by Jeff6s modified method (Fabiny et al. 
1971). The value of U-oq-m was adjusted for dilution by the concentration of crea- 
tinine in urine. 

Non-parametric statistical methods, Mann-Whitney U test and Spearman rank order 
correlation coefficients between two indices, were used because group sizes and 
variances varied to some extent among groups. Probability values (p) less than 
0.05 were considered to be statistically significant. 

RESULTS AND DISCUSSION 

Since the blood lead level is a good marker of lead exposure (ACGIH, 1991), the 
subjects were categorized into five groups according to blood lead levels as shown 
in Table 1. All workers in Group I were working in offices and had no occasion to 
receive occupational exposure to lead. This group was considered to be a control 
group. Workers in Group V were lead refiners, smelters and battery dismantling 
workers. The remaining groups consisted of workers with various occupations. 

The average ages of Groups IV and V were significantly higher than those of Group 
I (p<0.01), but those of Group II and III were almost the same as those of Group I. 

Table 1. Age and employment duration of 99 workers categorized by blood lead. 

Group I II III IV V 
Number 16 27 26 14 16 

Pb-B 7.9 14.4 27.6 49.6 76.2 
(gtg/dl)  (3.9-9.9) (11.2-19.5) (20.9-37.3) (41.7-59.1) (61.3-107.7) 

Age 40 36 44 52 ** 57 ** 
(yr) (19-63) (19-76) (22-63) (41-65) (29-64) 

Employment 1.5 4.5 9.4 * 11.4 * 8.4 * 
(yr) (0.5-35) (0.5-44.3) (0.2-43.6) (1.2-42.3) (2.0-42.3) 

Subjects were categorized into five groups by blood lead levels (Pb-B) as follows: Group I, 
0-9.9 gtg/dl; Group II, 10.0-19.9 ~tg/dl; Group III, 20.0-39.9 p.g/dl; Group IV, 40.0-59.9 
I.tg/dl; Group V, 60.0- gtg/dl. Values represent medians of the groups and the parentheses 
show the ranges. Values in Group II - V were compared with those in Group I -- level of 
significance: * p<0.05; ** p<0.01. 
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Table 2 presents U-ctl-m, S-txl-m and serum creatinine (S-creatinine) data of the 
five groups. None of the workers had any symptoms of renal disease and none ex- 
ceeded the normal range of serum creatinine (within 1.5 mg/dl). S-cx 1-m was re- 
ported to be useful for estimating glomerular filtration rate (GFR), and the mean and 
the standard deviation were 2.13 _+0.25 mg/dl for 20 healthy Japanese male adults 
aged 21-54 yr (Matsui et al. 1989). Median concentrations of S-tXl-m in the five 
groups were similar, and the values were also similar to that of healthy Japanese 
males reported by Matsui et al. (1989). In addition, we measured the S-Ctl-m of 
twelve healthy office workers employed in a company not included in this study. 
Concentrations of S-t~l-m ranged from 1.67-2.52 mg/dl and the median was 2.10 
mg/dl, which was also similar to that of Groups I - V. Therefore the S-al-m in all 
of our subjects was considered to be within the normal range except for one worker 
in Group V who showed 6.79 mg/dl of S-ct 1-m. 

The upper normal limit of U-t~l-m concentration, calculated as 95% of the range, 
was reported as 14 mg/g creatinine (Hofmann et al. 1989). The normal range of 
U-Ctl-m has been reported to be 4.2 +6.0 mg/g creatinine (mean +2S.D.) (Yu et al. 
1983). All workers in Groups I and II showed less U-tXl-m values than 14 mg/g 
creatinine. The percentages of workers who exceeded 14 mg/g creatinine in Groups 
III, IV and V were 11.5%, 28.6% and 12.5%, respectively. The U-txl-m in 
Groups III, IV and V was significantly higher than in Group I (p<0.01, p <0.01, 
and p<0.001, respectively). Also, the increases were dose related. These results 
indicated that workers with blood lead levels higher than 20.0 I.tg/dl suffered to 
some extent from renal tubular dysfunction. 

Table 3 shows the correlation among renal function parameters, blood lead and age. 
Urinary ctt-m correlated significantly with blood lead levels (r = 0.482, p<0.001) 
and also with age (r = 0.526, p<0.001). Next, in order to clarify whether the U- 
t~l-m elevation was due to lead exposure and/or aging, we separated the workers 
into ten groups according to age and Pb-B. U-txl-m was normal for all workers of 
Groups I and II, but was significantly elevated in the workers of Groups III, IV and 
V (Table 2). Our results suggested the Pb-B level of 20.0 I.tg/dl as the separation 
level of high and low Pb-B groups (Table 4), and lead exposure in the low Pb-B 
group could be regarded as having no effect on U-ct 1-m elevation. In low Pb-B 

Table 2. Median and range values of renal functions in lead-exposed workers. 

Group I 11 III IV V 

U-txlmicroglobulin 3.4 3.8 6.5 ** 9.1 ** 8.9 *** 
[mg/g creatinine] (1.2-13.9) (1.1-11.0) (1.3-21.4) (2.6-34.8) (2.5-19.9) 

S-tx lmicroglobulin 2.16 2.02 2.05 2.30 2.00 
[mg/dl] (1.45-3.08) (1.45-2.66) (1.38-3.03) (1.59-2.91) (1.58-6.79) 

S-creatinine 1.0 1.0 1.0 1.0 0.9 
[mg/dl] (0.8-1.3) (0.8-1.1) (0.8-1.2) (0.8-1.2) (0.6-1.4) 

The values are medians and the parentheses are ranges. ** p<0.01 and *** p<0.001 signif- 
icant differences in the Mann-Whitney U test for Group I. 
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Table 3. Spearman rank correlation coefficients between renal function parameters, 
blood lead concentration, age, and duration of employment in male lead workers. 

Pb-B  U-  o~ 1 -tTI S-0f, 1 -In S -Cre Age 

Urinary czlmicroglobulin 0.482 *** 
Serum cxlmicroglobulin 0.080 0.219 * 
Serum creatinine - 0.086 0.046 0.176 
Age 0.421 *** 0.526 *** 0.237 * 
Duration of employment 0.289 ** 0.179 0.179 

- 0.048 
- 0.036 0.475 *** 

Abbreviations are as follows: Pb-B, blood lead concentration; U-oq-m, urinary {~lmi - 

croglobulin; S-r serum ctlmicroglobulin; S-Cre, serum creatinine. * p<0.05; ** 
p<0.01 and *** p<0.001 significant differences. 

groups, the median of U-oq-m increased with increasing age. This indicates that 
U-oh-m is affected by age itself. The medians of U-tXl-m of the high Pb-B groups 
were higher than those of the low Pb-B groups for all age groups. A statistically 
significant difference between low and high Pb-B groups was observed in the 40's 
age group. This result indicated that lead itself led to an elevation of U-tx 1-m. 

No significant correlation was found between urinary txt-m and duration of em- 
ployment (Table 3). The workers in Groups I - V were also divided into subgroups 
by exposure duration of 5 years, and the difference of U-tXl-m levels was compared 
with the subgroups in each of the Groups I - V (Table 5). No significant differ- 
ences were observed, suggesting that U-txvm is not affected by long-term exposure 
to lead. 

The proteins txl-m and B2-m flow freely through the glomerulus and are reabsorbed 
by proximal tubular cells. Both proteins in urine increase when the renal proximal 
tubule is impaired or the normal function is reduced. In our previous study, we 
found no increase of U-132-m in lead workers (Endo et al. 1990). Other researchers 
also have found no increase (Bernard et al. 1989; Gerhardson et al. 1992). BE-M 
has been reported to be rapidly degraded in the bladder at pH lower than 6 

Table 4. Urinary ohmicroglobulin categorized by age and blood lead concentration. 

Age (yr) 19-29 30-39 40-49 50-59 60- 

Low Pb-B group 2.4 3.7 3.7 4.2 6.0 
(1.1-8.2) (1.8-9.5) (1.1-16.9) (4.0-7.6) (4.6-9.6) 

n=13 n=10 n=13 n=3 n=4 

High Pb-B group 3.3 6.0 7.9 * 9.6 8.0 
(1.3-6.5) (2.3-11.2) (2.0-3.8) (3.6-21.4) (2.7-17.9) 

n=6 n=8 n= 12 n= 19 n= 11 

Low Pb-B groups consist of workers with Pb-B levels lower than 20.0 I.tg/dl. High Pb-B 
groups consist of workers with Pb-B levels higher than 20.0 ~tg/dl. The values represent 
medians of urinary tx lmicroglobulin (mg/g creatinine) and the parentheses represent the 
ranges. * ; p<0.05, significant difference between low and high Pb-B groups in the gener- 
ations. 
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Table 5. Urinary txlmicroglobulin of the workers categorized by blood lead concen- 
tration and duration of employment. 

Group I 1I III IV V 

Exposure duration 4.5 4.4 6.0 15.2 7.1 
of less than5 years  (1.2-13.9) (1.1-11.0) (1.3-9.0) (4.6-34.8) (2.5-10.2) 

n= 11 n= 14 n=8 n=4 n=7 

Exposure duration 3.5 4.7 8.0 9.0 11.2 
of more than 5 years  (2.0-4.8)  (1.8-9.6) (2.0-21.8) (2.6-17.2) (5.2-19.9) 

n=5 n= 13 n= 18 n= I 0 n=9 

Group I, 0-9.9 lag Pb-B/dl; Group II, 10.0-19.9 lag Pb-B/dl; Group III, 20.0-39.9 lag Pb- 
B/dl; Group IV, 40.0-59.9 lag Pb-B/dl; Group V, 60.0- lag Pb-B/dl. The urinary almi- 
croglobulin values (mg/g creatinine) are medians and the parentheses are ranges. No signif- 
icant differences were observed in blood lead levels between the groups with less and more 
than 5 years of duration of exposure. 

(Schardijn et al. 1979). Generally, the cutoff value for determination of U-132-m is 
pH 5.5. However, the level is still correlated with the pH above 5.5 (Vershoor et 
al. 1987). This instability of 82-m in the urinary tract is thought to hide the actual 
inhibition of 132-m reabsorption in proximal tubules. 

txl-M is a glycoprotein with a molecular weight of 33,000 daltons (Takagi et al. 
1979) and was first isolated from the urine of patients with chronic cadmium poi- 
soning (Ekstr6m et al. 1975). Elevated levels of U-at-m have been found in pa- 
tients with cadmium poisoning (Itoh et al. 1983). Clinically, the level of U-tx 1-m is 
elevated in patients with renal tubular disorders and the increase precedes a decrease 
of creatinine clearance (Kusano et al. 1985). U-tXl-m is stable in urine with a pH 
range of 4-8 for at least 11 days at 4~ (Yu et al. 1983). This stability of al-m in 
urine can reflect the actual reabsorption rate. The change of the U-al-m level is re- 
ported to precede that of U-132-m among people with various degrees of renal failure 
(Weber et al. 1985). Therefore, as this study clearly showed a significant elevation 
of U-al-m among lead workers with Pb-B levels higher than 20.0 ~tg/dl, a func- 
tional change in renal tubules can occur with a relatively low level of lead exposure. 
Also, in addition to NAG activity in urine, U-tXl-m can be a useful indicator of 
renal impairment due to lead exposure. 
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