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Table 2 - 6

Distribution, median and mean values of blood cadmium
levels in copper smelter employees
Active
employees Retirees Miners
CdB ug/1 N=680 N=96 N=144
N % N % N %
& S0 426 62.7 68 70.8 108 75,0
5.0- 10.0 176 25.9 23 24.0 29 20. 1L
11.0 - 20.0 75 11.0 5 5.2 6 o2
2 20:0 3 0.4 0 e 1 0.7
Median 2.7 L7202 . 1.80
Mean+SD 4446 % &.25 3.46 £ 3.45 3.30 = 2.53

[ot=2.27++] [+t=0.35+++]

p=0.01

P%h%*++**+¥¥h%+++t=3,44++444444444444444ﬁ

p=0.0007
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Table 2 —-12

Blood lead levels and smoking habits

Smokers Nonsmokers
PbB pg/dl PbB pg/dl

N mean*SD N meantSD t
Active
smelter 381 31.7 % 121 30.7 % 0.98
employees 9.5 9.8 n.s.
Miners 73 20.5 % 21 18.7 % 0.86

8.0 8.4 n.s.
t 9.44 5.27
p 0.0001 0.0001
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Table 2 - 14

Ranking of factors contributipg to blood cadmium levels
Mallows' Cp criterion

Cp(*) r-square (&=
Smoking 23.2 0.37
Intensity of exposure 418.9 0.01
Age 431.0 0.006
Duration of exposure 435.3 0.002
Intensity of exposure + smoking 6.0 0.39
Age + smoking ‘ 19.5 0.38
Duration of exposure + smoking 20 .9 0.38

Duration of exposure + intensity
of exposure + smoking 4.21 0.39
Age + intensity of exposure

+ smoking 4.51 0.39
Age + duration of exposure
+ smoking 2l .2 0.38

( *) "Best" is defined as the smallest Cp.

(**) The contribution to r-square for each variable is the
amount by which r-square would be reduced if that
variable were removed from the regression equation.

\
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Cd-B levels in smokers to be 1.5 to 3 times higher than in non-smokers. In
this study, in active smelter employees, median Cd-B levels in smokers were
approximately 10 times higher than in non-smokers (Table 2-13). When
comparing median Cd-B in smoking copper smelter employees with Cd-B (geo-
metric mean) reported from a cooperative study on Cd and Pb levels in the
general population in 10 different countries,'? the workers in our study
had Cd-B levels 4.5 to 5.5 times higher than were found for smokers in the
U.S. For ex-smokers, the geometric mean of Cd-B for the U.S. was 0.8 pg/l
while in the copper smelter employees the median Cd-B varied from 0.7 pg/l
in subjects with low exposure jobs to 1.4 pug/l in those with relatively
high exposure. Similarly, for male non-smokers in the general population
the geometric mean for Cd-B was 0.6 ug/l, while for the copper smelter
employees it ranged from 0.5 pg/l in the very low exposure group to 1.0
Mg/l in the high exposure group.

Consequently, for non-smokers and ex-smokers among the copper smelter
employees, blood cadmium was differentially increased above levels found in
the general population; for subjects in jobs classified as "high'" exposure,
an almost two fold increase in median Cd-B was found as compared to the

geometric mean in non-smokers or ex-smokers in the general population.

Tables 2-17, 2-18, 2-19, 2-20, 2-21, 2-22 present mean, median and range of
Pb~B, ZPP, Cd-B; Cd-U, and As-U in the most important occupations in the
copper smelter. The differences among the various occupations are obvious;
for each of the metals, a subpopulation with higher absorption can be
identified. Preventive engineering controls and medical surveillance

should address with priority the subgroups with higher levels of exposure
and absorption of Cd, Pb and As.









Table 2 - 19

Blood cadmium (median, mean * SD, and range)
in different job categories of copper
smelter employees

Cd-B yg/1

Job categories N Median Mean * SD Range

MACHINE SHOP 28 1.10 2.96 +* 3.66 0.3 - 15:5
ELECTRICAL SHOP 36 1.20 2.61 % 3.00 D4 = 11.3
LABORER (OUTSIDE) 21 1.40 2:82 £ 2.69 02, = 9:3
RAILROAD CONSTRUCTION YARD 24 1.50 3.62 £ 4.21 0:3 = 13.5
CONVERTOR 72 1.60 3.80 % 3.72 0.3 - 14.3
CARPENTER 22 1.65 3.22: % 3.17 0.3 = 9.l
PIPEFITTER OR PLUMBER 23 2.50 4.00 + 3.81 0.4 - 12.3
FURNACE 84 2.60 4.33 £ 4.15 0.1 - 18.1
SAMPLE MILL 32 3.35 5:35.% 5.38 0.2 - 21.0
WELDER 18 3.45 4.41 £ 3,60 1.0 = 147
HEAVY EQUIPMENT MAINTENANCE 46 3.50 4.35 £ 3.89 0.4 - 16.4
ROASTER OR MIXER 16 4.00 4.67 £ 3.84 0:2 = 13.4
CONCENTRATOR UNLOADING SHED 26 4.20 5.69 * 4.79 0.3 = 16.8
REACTOR FEEDER 47 4.50 6.17 + 4.68 0.4 - 18.6
CONCENTRATOR 25 4.70 4.84 t 4.96 0.2 - 19.4
RIGGER 27 5.20 520 & k23 1.0 - 18.0
DUST COLLECTOR 20 5.60 5.31 & 3,71 0.4 - 11.4
POWER HOUSE BOILER 15 6.90 5.98 * 4,66 0.4 - 13.4

8%









Table 2 - 22

Urinary arsenic (median, mean + SD, and range)
in different job catepories of copper
smelter employees

As-U pg/g creatinine

Job categories N Median Mean % SD Range

CONCENTRATOR UNLOADING SHED 26 14.5 18.6 = 12.9 4 - 50
ROASTER OR MIXER 16 17.0 23.4 = 19,0 b - 70
PIPEFITTER OR PLUMBER 19 18.0 8.2 &+ W2 1 - 84
CONVERTOR 64 20.5 29.7 + 32,7 2=~ |8
POWER HOUSE BOILER. s - 15 21.0 257 & 123 10 -« 51
CONCENTRATOR 16 22.0 30.0 = 27.5 3 = 91
ELECTRICAL Sliop 34 23.0 30,9 & 26,3 j - 108
LABORER (OUTSIDE) 19 23.0 26. 1L % 15.0 6 - 65
FURNACE _ 81 24,0 28,3 £ 21.%4 3~ 105
RAILROAD CONSRUCTION YARD 21 26,0 310 % 26.7 5 < 9B
CARPENTER 21 26.0 29,5 & 25.6 3 - 128
HEAVY EQUIPMENT MAINTENANCE . L 27.0 35.4 ¥ 23.8 6 - 97
SAMPLE MILL ' 25 28.0 313 £ 22.9 - 86
MACHINE S1IOP 26 28.0 v T S | 2 - 147
DUST COLLECTOR 18 28.5 42.0 £ 45.0 6 - 197
RICGER 25 32.0 33..9 ¥ 207 3 - 83
WELDER 14 41.0 b7.3 £ 53.9 b - 148
REACTOR TEEDER 42 7.5 a8.9 ¥ 69,5 6 - 308

TS
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INTRODUCTION

Medical histories, reported symptoms, objective findings on physical exami-

and perxrtinent biochemical laboratory results were analyzed for

active smelter workers, retired smelter workers and miners.
with duration

nation,

Relationships
of employment and time from onset of employment were ex-

whenever necessary the effect of age was assessed in order to

differentiate between the effect of age and that of duration from omnset of
exposure.

plored;

Relationships with indicators of absorption for lead, cadmium

and arsenic were explored through multiple approaches, in order to identify
health effects which might be attributed to these exposures.

Past Medical History

A medical history questionnaire was administered to all examined. The

frequency of reported cardiovascular, metabolic, and remal conditions in
copper smelter employees (active and retired) and miners is presented in
Tables 3-1 and 3-2. The highest frequency of cardiovascular conditions,

myocardial infarction, was found among retirees; it
should be noted that this subgroup included individuals on disability.

such as angina and

Two conditions were reported more frequently by copper smelter employees:

hypertension, which was somewhat more frequent among active smelter work-

ers; and kidney stones, more frequently reported by smelter workers (up to
age 60).

Since there was potential for arsenic exposure, special attention was given

to skin conditions. Table 3-3 presents the frequency of skin conditions as

reported by the examinees. Skin cancer had been diagnosed in only 5 copper

smelter employees and in one miner. In a study of a random sample of the

male population in the state of Michigan,! history of skin cancer was re-

ported by 1.7 percent. It can therefore be concluded that skin cancer does

not pose a major problem among copper smelter employees at arsenic exposure
and absorption levels found in this study population.


















Table
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3 =5

Prevalence of symptoms in copper smelter emplovees and in miners

(three age groups)

Copper
smelter employees Miners
(Active)

Age (years) < 40 41 - 60 60 < 4 41 60 > 60

N =304 N =320 N 56 N = 13 N = 69 N = 62

N % N 7% N 7 N % N 7 N 4
Irritability 75 25 75 23 10 18 5 38 28 41 15 31
Fatigue S0 30 124 39 18 32 5 38 32 46 25 40
Weakness 23 8 46 15 8 15 1 8 17 25 13 2%
Sleep 105 35 135 42 20 36 5 38 28 41 36 58
disturbances
Depression 24 8 34 11 4 7 i & 8 iz 16 g 15
Memory 30 10 71 22 21 38 - S €. 22 32 24 39
problems :
Headaches - 79 26 58 18 7 12 1 8 16 23 16 26
Paresthesia 68 22 101 32 21 38 5 38 36 52 20 32
Weight loss 53 A7 66 21 12 21 6 46 16 23 14 23
Loss of 42 14 42 13 10 18 1 8 13 19 8 13
appetite
Nausea 34 11 30 10 3 4 2. A7 6 9 5 8
Abdominal pain 50 16 64 20 4 7 2 17 18 26 15 24
Abdominal pain 14 5 41 4 2 4 3, 23 4 6 3 5
with constipa-—
tion
Muscle pain 62 20 93 29 20 36 4 31 31 45 18 29
Joint pain 63 21 124 39 27 48 3 23 33 48 33 54
"CNS plus" 163 54 185 58 33 .58 8 62 49 71 42 68
Weight loss
and/or appetite
loss . 80 26 83 26 17 30 6 46 21 30 Iz 27
""CNS plus'" and
weight and/or
appetite loss 50 16 63 20 i5 27 4 31 17 25 14 23
Muscle and/or
joint pain 101 33 166 52 36 64 6 46 45 49 41 45
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When comparing the prevalence of symptoms among active copper smelter
employees with that found in a group of autobody shop employees exposed to
lead only, similar prevalence rates were found for most symptoms.? Sleep
disturbances, weight loss and muscle pain were the only symptoms with

slightly higher prevalence rates in copper smelter employees (Table 3-6).

On the other hand, fatigue, depression, memory problems, loss of appetite,
and abdominal pain occurred more frequently among autobody shop employees.
Mean age was shifted towards the younger age group in automobile assembly

workers (Table 3-7). The autobody shop workers had higher Pb-B levels
(Table 3-8).

The fact that the prevalence of reported symptoms was generally similar in
copper smelter and automobile assembly employees (although lead absorption
was higher in automobile assembly workers) could be related to two factors:
older age of copper smelter employees and the presence of other toxic
exposures, such as arsenic and cadmium, in addition to lead exposure in the
smelter.

Respiratory symptoms

The MRC questionnaire on respiratory symptoms was administered to all
examined persons. The prevalence of chronic bronchitis, as defined by the
MRC Criteria, is shown in Table 3-9. As expected, chronic bronphitis was
more frequent among smokers and ex-smokers in all subgroups. It is of
interest to note that chronic bronchitis was found in over 8 percent of
copper smelter workers who had never smoked; this is probably related to
exposure to irritant gases, fumes and dusts in the smelter environment.
Miners had the highest prevalence rates for chronic bronchitis. Twenty-
eight percent of the non-smokers (never smoked) had chronic bronchitis,
only slightly less than the 36 percent among current smokers. These find-
ings suggest that exposure to dust and irritants in the mining operations

contributes significantly to the high prevalence of chronic bronchitis in
metal ore miners.

Prevalence rates for chronic, non-productive cough were also investigated

and the results are presented in Table 3-10. Of copper smelter employees















Tahle 3= 10

Prevalence of chronic cough (non-productive)
in copper smelter employees and miners

Copper smelter employees Miners
Active Retired
total total total
. N % p. K % . N %
Present smokers 382 56 14.7 43 9 20.9 74 8 10.8
Ex-smokers 1715 7 4.0 41 4 9.8 49 4 8.2
Never smoked ‘122 B 65 I3 © = A

L9


















Table 3-14

Clubbing in copper smelter employees and miners

Copper smelter employees Miners
Active Retired
Ex~- Current Ex~ Current Ex- Never
smokers smokers smokers smokers smokers smoked
= 175 N = 43 N = 41 N=74 N = 49 N =21
N I %2 1z Nz N % N %
14 8.0 4 9.3 5 12.2 12 16.2 6 12.2 2 9.6

€L












77

Table 3-17 "

Ranking of factors contributing to radiologic evidence of
emphysema in active copper smelter workers

Mallows'Cp Criterion

*
Cp r—square

Cdu ; 14.18 0.06
Age 24.33 0.04
Pack-years

cigarette smoking 36.01 0.02
CdB 37.95 0.01
Duration of smelter

employment 44 .59- 0.00
Age + CdU 8.28 0.07
CdU + Pack-years 14.39 0.06
Duration of smelter

employment + CdU 14.63 0.06
CdB + CdU 15.48 0.06
Duration of smelter

employment + Age

+ CdU 4.10 0.09
Age + CdB + Cd4dU 7 51 0.08
Age + CdU + Pack-

years 10423 0.07

*#Best is defined as the smallest Cp.

**The contribution to r-square for each variable is the amount
by which r-square would be reduced if that wvariable were
removed from the regression equation.












Age (in years)

< 30

30 - 50

> 50

Table 3-20

Prevalence of hypertension (systolic > 150 mm Hg, diastolic > 95 mm Hg)

in copper smelter employees and in miners

Copper smelter employees

N  systolic diastolic
> 150 mm Hg > 95 mm Hg

N Nk
131 ) 4.6 4 3.0

|>e

Ny 4 3.3 i D

3260 9F 29,7 49  15.0

Miners
N systolic diastolic
> 150 mm Hg > 95 mm Hg
L S
4 0 - 0 -
25 2 &0 3 12,0
115 38  33.0 21 18.3

T8



Age

Cdu
ug/g Creat

log CdU

Table 3 - 21

Correlations between blood pressure (systolic and diastolic),

age, and urinary cadmium excretion in copper smelter

employees and miners

Copper smelter employees

Total (active and retired) Active employees
only

Blood pressure Blood pressure

systolic diastolic systolic diastolic

r = 0.411 r = 0.288 r = 0.376 r = 0.280

p < 0.000001 p < 0.000001 p < 0.000001 p < 0.000001
r = 0.145 r=0.075 r=0.15" r=0.105"

p = 0.00006 p=0.025 p < 0.000001 p = 0.0048

r = 0.150 r=0.094 r=0.148 r =0.123

p = 0.00004 p =0.007 p =0.00013 p = 0.001

Miners

Blood pressure

systolic diastolic
r = 0.346 r = 0.179
p = 0.00001 p = 0.016
r =-0.119 r ==0.114
p = 0.092 p = 0.102
n.s. n.s
r ==0.082  r =-0.09
p = 0.182 p = 0.158
n.s. n.s

Z8
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The relative importance of several factors with potential contribution to

hypertension was also investigated. These factors are: age, an index of
body weight versus height (Quetelet Index), duration of employment in the
smelter, cadmium absorption and body burden as reflected by Cd-B and Cd-U,

and lead absorption as reflected by zinc protoporphyrin.

Based on Mallow's Cp Criteriom, it was found that age and body weight had a
greater contribution to hypertension, than Cd-B, Cd-U and ZPP.

Reﬁal effects

Potential adverse effects of cadmium on the kidney were of particular inte-
rest. Excessive cadmium absorption has been associated with nephropathy,
characterized by an increase 1in the excretion of low molecular weight
proteins (typically B-2 microglobulin), due to renal tubular dysfunction.
Impairment of the proximal tubular segment of the nephron prevents the
normal reabsorption of low molecular weight proteins from the glomerular
filtrate. More recently, impairment of glomerular function has also been
detected with reduction of glomerular filtration rate and an increase in
serum creatinine.®

Renal function in this study group was evaluated by blood urea nitrogen,
serum creatinine, and uric acid measurements; urinary excretion of B-2
microglobulin was also assessed. f-2 micrqglobuliﬁ in urine was determined
by a radiological method using a commerqially‘ available kit (Phadebas
2-micro Test, Pharmacia diagnostics). Phadebas reference serum was run

with each group of samples tested.?

As previously mentioned, copper smelter workers had evidence of mild to
moderate lead absorption. Cadmium absorption and body burden, as reflected
by Cd-B and Cd-U, was moderate; Cd-U did not exceed 10 pg/g creatinine
which is considered the '"critical level" for renal function impairment.
Although both lead and cadmium absorptions were relatively lower than in
other occupational groups with well documented renal function impairment
due to the effect of the individual metals,® the possibility that simul-
taneous exposure to these metals could result in renal dysfunction even at

lower levels of absorption was considered.
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Distribution of blood urea nitrogen (BUN) levels in copper smelter em-
ployees was unremarkable (Table 3-22), with relatively few (3.4 percent)
elevated values (BUN higher than 26 mg/dl). A similar pattern was found
for serum creatinine (Table 3-23); levels of 1.4 mg/dl or higher were found

in 3.6 percent of those examined.

Creatinine has not been found to correlate with age in populations without
exposure to nephrotoxic agents.® 2 In previous studies of lead-exposed
groups,! ¥ significant, positive correlations between serum creatinine,
duration of lead exposure, and age were repeatedly found; the degree of
these correlations was higher in occupational groups with higher levels of
lead absorption. In this group of copper smelter employees, significant
correlations between serum creatinine and age, duration of employment and

urinary cadmium were found (Table 3-24).

Since the distribution of urinary B-2 microglobulin levels was skewed
(Tables 3-25, 3-26) a logarithmic transformation was used in the analysis
of data. Means, standard deviations, medians, and ranges for urinary B-2
microglobulin levels are presented in Table 3-27. Cases with cligically
established chronic renal conditions, hypertension and/or diabetes were

excluded from the analysis.

The possible relationships between urinary B-2 microglobulin levels and
Cd-U, €d-B, Pb-B and ZPP were explored; no significant correlations were
detected in either copper smelter employees or miners. There were no
significant correlations between urinary B-2 microglobulin excretion and

serum creatinine or BUN levels.

However, urinary B-2 microglobulin levels correlated significantly with age
in copper smelter employees, but not in miners (Table 3-28). This indi-
cated that long-term exposure in the copper smelter might result in higher
levels of B-2 microglobulin. Although age has been found in other studies?
to be associated with urinary -2 microglobulin levels, such a relationship
was not found for the miners in this study. Among the active copper smel-
ter workers, a younger group than the miners, a highly significant correla-

tion between urinary B-2 microglobulin excretion and age was present which









Table 3-24

Correlations between serum creatinine and age,
duration of smelter employment and urinary
cadmium in active smelter employees

Creatinine mg/dl Age (years) Duration of Cdu
smelter employment (density corrected)
r = 0,165 r = 0,131 r =0.113
p = 0.00001 p = 0,0003 p = 0.0027

L8









Urinary
g-2

microglobul ins

Mean
Standard deviation
Median

Range

Table 3 - 27

Urinary beta-2 microglobulin levels (pg/g creatinine)

in copper smelter employees and miners

Copper smelter employees

Active Retired
(N = 560) (N =78)
Beta-2 microglobulins

ug/1 ug/ 8 ug/l ug/ 8
density creatinine density creatinine
corrected corrected corrected corrected

122.8 82.0 127.4 88.1
119.5 103.7 117.5 84.9
97 63 93.5 67

3.~ 1135 Z~ 1760 8 - 740 6 - 491

Miners

(N = 113)

Beta-2 microglobulins

ug/1 vg/g

density creatinine

corrdcted corrected
156.1 106.8
187.7 141.6
116 72

6 - 1270 3 - 1061

06
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In the copper smelter population studied, calcium, phosphorous, and alka-
line phosphatase blood levels were measured (Tables 3-29, 3-30) and correla-
tions with blood cadmium and urinary cadmium were investigated. Compari-

sons with findings in the 142 miners subgroup (who had never been employed

in the copper smelter) were also made.

The following observations were of interest:

= Significant positive correlations between serum calcium and

blood cadmium in copper smelter workers; no such correlation was

found in miners (Table 3-31).

e Significant positive correlations between serum phosphorus and

blood cadmium in copper smelter workers (Table 3-32).

= Significant negative correlations between serum calcium and
urinary cadmium (Table 3-33) in copper smelter employees (not in

miners).

- No significant correlation between serum phosphorus and urinary

cadmium (Table 3-34).

o Alkaline phosphatase levels were found to be positively and
highly significantly correlated with Cd-B and Cd-U in copper
smelter workers (Tables 3-35, 3-36).

Tentative explanation for these observations could be found in early ef-
fects of cadmium absorption, as reflected in increased Cd-B, resulting in
higher serum calcium and alkaline phosphatase (possibly mobilization from
bone); an increase in urinary cadmium excretion, indicating an increase in
cadmium body burden, could then result in an elevated urinary excretion of
calcium and thus lower serum calcium levels. More complete studies of
calcium metabolism in cadmium-exposed individuals, including measurements
of urinary cadmium excretion, are necessary to further clarify these

relationships.



Calcium mg/dl

9 - 10
10.1 - 11
> 11

Table 3-29

Distribution of serum calcium levels in

copper smelter employees and miners

Copper smelter employees Miners

Active Retired

N =676 N =094 N = 142

L No% L

8 L 1 1l 0 -
361 53.6 50 53.2 90 63.4
286 42.4 3 413 50 35.2
19 2.8 4 4.3 2 1.4

76



Phosphorus in mg/d1l

& 2.5
2.3 = .5

> 4.5

Table 3-30

Distribution of serum phosphorous levels
in copper smelter employees and miners

Copper smelter employees Miners

Active Retired

N =578 =178 N =128

A NooZ N2
55 9.5 3 3.9 6 4.7
510 88.2 13 93.6 117 91.4

B B4 ¥ 26 5 3.9

S6



Table 3 - 31

Correlations between blood calcium and cadmium

in copper smelter employees and miners

Copper smelter employees

Total (active and retired) Active employees.

only
CdB log CdB CdB log CdB
Calcium mg/dl r = 0.111 r = 0.101
p = 0.001 : p = 0.004
log Calcium r = 0.105 r = 0.099
p = 0.002 p = 0.005

Miners
CdB log CdB
r = 0.083
= 0.163
n.s
r = 0.086
p = 0.154

96






Table 3-33

Correlations between blood calcium and urinary cadmium
in copper smelter employees and miners '

Copper smelter employees Miners
Total (active and retired) Active employees
only

CdU ug/g creat log CdU CdU pg/g creat log CdU CdU pg/g creat log CdU
Calcium mg/dl r = -0.046 r = -0.080 r = -0.0005

p= 0.116 p = 0.025 p = 0.497

n.s. N+8.
log Calcium r = -0.081 r = -0.107 r = 0.066
p = 0.017 p'= 0.004 p = 0.23

86
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Fig. 4~2 shows distribution patterns for Pb-B and ZPP levels in the group
studied.

Both indicators of lead absorption were in a relatively low
range.

Further discussion of distribution patterns for this and other
metals is found in Chapter II.

Fig. 4-3 shows the scattergrams of age-corrected performance test scores

and ZPP in the study and control groups. Age-correction procedures are ex-

plained in a recent publication (Valciukas et al., 1981). Briefly, each

performance test score (BD, DS and EF) was transformed to Z scores as

follows. The expected value of each test score (BD', DS' and EF') was

calculated on the basis of linear age trends observed in the control group.
The ratios S5.BD, S5.DS and S.EF were computed as S.BD = BD/BD', S5.DS =

DS/DS', and S.EF = EF/EF'. 1If BD is identical to BD', S.BD is equal to 1.
Z.BD is defined as Z.BD = (BD/BD' - 1)/SD.

Although the scattergrams are somewhat different in the magnitude of the

spread, no significant correlations between ZPP and age-standardized scores

were observed for any of the three tests. When the three standardized

scores were combined in an index (Z.CNS) (Valciukas et al., 1981) no signi-
ficant correlations were observed between Z.CNS and Pb-B or ZPP levels

(Fig. 4-4).

Conclusion

Lead exposure in this group of copper smelter workers was low and at levels

not known to be associated with decrement in brain function as assessed by

this limited battery of neurobehavioral tests. In a recent publication

(Valciukas and Lilis, in press), we compared four occupational groups with

different levels of lead absorption. The copper smelter group studied here

was characterized by the lowest level of lead absorption and did not exhi-

bit correlations between standardized test scores and biological indicators

of lead exposure. Scattergrams of performance test scores were similar to

those expected in a normal, non-lead-exposed population.
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Introduction

A purpose of this investigation was to study the effects on the central
nervous system (CNS) of chronic lead and arsenic exposure in copper smelter

workers using saccadic eye movements as an index of dysfunction.
eye movements are rapid,

Saccadic
conjugate movements of the eyes from one station-

ary point in the visual field to the next. Precisely how the central ner-

vous system generates saccades is still speculative, although many of the

These include the cerebellum,

the vestibular system, parts of the reticular formation and several nuclei
in the brainstem.!?

neural control centers have been identified.

Very few attempts to study neurotoxicity affecting the oculomotor system

have been reported. 1In a recent study on the effects of inorganic lead on

the oculomotor system in a group of secondary lead smelter workers and
non-lead exposed controls, no significant differences between lead workers

and controls were found for measures of optokinetic nystagmus or smooth

pursuit movements. Mean accuracy of saccadic eye movements was found to be

significantly different between the two groups. However, saccade accuracy

was not significantly correlated with blood lead levels (Pb-B) or with

delta~aminolevulinic acid dehydratase (ALA-D). Significant differences in

saccade delay time were found between controls and a subgroup of lead
workers with blood lead levels

greater than 60 pg/dl. No significant
correlations

were reported between eye movement measurements and whole

blood or hair arsemic levels.? Results of a follow-up study conducted on

these same workers 12 to 18 months later were consistent with those of the

initial study with the exception that a negative correlation between blood
lead levels and maximum saccade velocity was observed.3 %

Recently, we conducted an investigation to determine the effects of chro-
nic, low-level exposure to inorganic lead on quantitative measures of

saccadic eye movements in automobile production workers. The results

indicated that workers exposed to inorganic lead showed statistically

significant differences when compared to controls, on all of the measures

of eye movements studied (total number of eye movements, saccades-to-target,

overshoots and velocity). Imn addition, both total number of eye movements



113

and the number of saccadic eye movements to fixate the targets were signif-

icantly correlated with Pb-B levels of both blood lead (Pb-B) and zinc pro-

toporphyrin (ZPP). Velocity of saccadic eye movements was not correlated

with Pb-B levels, but a highly significant correlation between velocity and
ZPP levels was observed.®

Current study

The main purpose of the current investigation was to examine the effects of
chronic exposure to inorganic lead and arsenic on saccadic eye movements in
individuals occupationally exposed to these agents in a large copper smel-
ter. Specifically, attempts were made:

1) to quantify measures of saccadic
dysmetria;

2) to compare quantitative measures of saccadic eye movements
in individuals exposed to inorganic lead and arsenic with a similar group
not so exposed; and 3) to correlate the quantitative measures obtained with

biological indicators of lead and arsenic, particularly ZPP, Pb-B levels
and urinary arsenic (As-U).

Methods

Apparatus

The instrumentation used was designed to elicit, record and measure sacca-

dic eye movements under medical field survey conditions. The apparatus
consists of a programmable visual display unit and a recording system. The

programmable visual display unit consists of five point sources of light
appearing in the horizontal plame. The light sources are mounted so that
one of the lights is directly at the center of visual fixation and the

other lights subtend visual angles 7.5 and 15 degrees to the left and right
of center when viewed at a distance of 2.68 meters. Therefore, saccadic
eye movements to eight stimulus combinations are possible: 7.5, 15.0, 22.5
and 30 degrees from left to right and from right to left. The lights are
switched on and off by means of a silent programmable switch according to a
program which repeats itself automatically.
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Table 5-1 shows the age distribution of copper smelter workers and controls.
Workers in the study group ranged in age from 19-67 years; the mean age was
38.6. Workers in the control group ranged in age from 20-64 years with a
mean age of 37.9. Results of a t-test showed no significant age difference

between the two groups (t=0.30, n.s.; Table 5-5).

Table 5-2 shows the distribution of Pb-B and ZPP levels in the study group.
Blood lead levels ranged from 6.9 to 62.3 pg/dl. Most of these workers
(81.9%) had Pb-B levels less than 40 pg/dl; 17% had levels between 40-60
pg/dl; and only one worker (1.1%) had a blood lead level greater than 60
pug/dl. ZPP levels ranged from 21-181 pg/dl. Sixty workers in the study
group (74.5%) had ZPP levels less than 50 pg/dl; 23.4% had levels ranging
from 50-100; and 11.8% had ZPP levels in excess of 100 pg/dl.

Table 5-3 presents specific-gravity corrected urinary arsenic levels for
the group of copper smelter workers. Urinary arsenic levels ranged from
3-120 pg/l. Most examinees (86.1%) had As-U levels less than 49 pg/l; 9.3%
had levels between 50-99 pg/l; and 4.6% had levels greater than 99 pg/l.

The duration of employment of workers in the study group is presented in
Table 5-4. Many of the workers (43%) were employed at the copper smelter

for more than ten years; 35.5% were employed for five years or less.
Results

The characteristics of saccadic eye movements investigated in this study
were total number of eye movements executed during the test session and
number of saccadic eye movements to fixate the target (saccades-to-target).
These measures have been shown to be reliable indicators of saccadic dysme=

tria.® Results of between-group and within-group comparisons are presented
below.
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job categories, it becomes obvious th

at higher exposures are cha-

racteristic for some of the job categories.

To prevent adverse
health effects

due to toxic exposure

in the copper smelter, Ppar-
ticular efforts shoul

d be directed towards reducing levels of

in the job categories found to rank highest.
veillance

ex-
posure

Medical sur-

and monitoring should also give priority to those

at
highest risk.

Because of the well known carcinogenic effects of arsenic, examination

of the skin was given special attention (potential for arsenic-induced

skin changes including cancer); this did not reveal significant find-
ings.

Skin cancer had occurred, but with the prevalence expected in
the general population.

A - : L s .
lthough a cross-sectional clinical examination cannot provide com-

plete answers with regard to carcinogenic effects of occupational
Fealth hazards (these have to rely on long-term epidemiologic stud-
ies), the finding of previously undiagnosed lung cancer cases during

cross- i ini
. sectional clinical surveys of employed workers is uncommon, and
is a reason for serious concern.

' The finding of five lung cancer
cases and 3 highly suspicious cases among 920 examined copper smelter

emplo i i i
ployees and miners during the examination is consistent with an ex-

cess lu i i
ng cancer risk in copper smelter workers and in areas around

copper smelters, repeatedly reported in the literature, and also found
for the Rouyn-Noranda area. :

. The most probable etiologic factor  is
arsenic exposure, although other factors (SOZ’ mineral fibers) canﬁnt
be excluded.

I . . .
D the time period between the completion of the examination and the
conclusion of this report another 11 cases were

suspected of lung can-
cer; four of these were confirmed. The number of lung cancer cases in

the examined population of copper smelter employ

to the presence of at least ome carcinogen i

Arsenic exposure should be given specia

ees and miners points
n the work environment.
1 attention and engineering

controls to reduce this exposure should ceceive high priority.











