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ABSTRACT

We evaluated 160 lead workers in two smelters and a chemicals plant

to determine dose-response relationships between blood lead levels and

toxic effects. Blood lead levels ranged from 0.77 to 13.51 umol/l

(16 to 2S0 ug/dl). Clinical evidence of toxic exposure was found in 70

(44%) workers, including colic in 33, wrist or ankle extensor muscle

weakness in 12, anemia ( Hgb<S.69 umol/l (Hb/4) or 14.0 gm/dl) in 27, elevated

blood urea nitrogen (BUN) (~7.l4 mmol/l or 20 mg/dl) in 2S, and possible

encephalopathy in two. No toxicity was detected at blood lead levels

below 1.93 umol/l (40 ug/dl). However, 13% of workers with blood lead

levels of 1.93 to 3.Sl umol!l (40 to 79 ug!dl) had extensor muscle

weakness or gastrointestinal symptoms. Anemia was found in 5% of workers

with lead levels of 1.93 to 2.S5 umol/l (40 to 59 ug/dl), in 14% with

levels of 2.90 to 3.Sl umol/l ( 60 to 79 ug/dl), and in 36% with levels

~3.S6 umol!l (SO ug!dl). Elevated BUN occurred in long-term lead workers.

ill but three workers with elevated BUN had at least four years occupational

lead exposure, and nine had received oral chelation; eight of this group

had reduced creatinine clearance; and eight had decreased renal concen­

trating ability. These data support the establishment of a permissible

biological limit for blood lead at a level between 1.93 and 2.90 umol!l

(40 and 60 ug/dl).





INTRODUCTION

Occupational lead poisoning has been recognized as a disease entity

since possibly the time of Hippocrates (Hunter, 1969) and certainly since

Nikander in the second century B.C. (Major, 1939) described colic,

neuropathy, optic atrophy, and encephalopathy in workmen exposed to white

lead. More recently, lead poisoning was described among painters and

potters in post-Renaissance Italy by Ramazzini (1713); in plumbers, house­

painters, and paper-stainers in Victorian England by Charles Turner Thackrah

(1832); and among storage battery workers, typefounders, smeltermen, enamel

workers, and pigment makers in the early 20th century United States by

Alice·Hamilton (1915; 1917; 1919; 1934). The National Institute for Occu­

pational Safety and Health (NIOSH, 1972) curren~ly lists some 113 trades

with potential for occupational exposure to inorganic lead.

Inhalation of lead-contaminated dust and fumes has for many years

been recognized as the major cause of occupational lead poisoning. Sir

ThOlnas Legge (934) note~ axiomatically that:

Practically all industrial lead poisoning is due to

the inhalation of dust and fume; and if you stop

their inhalation, you will stop the poisoning.

Despite the long recognition of the sources, symptoms, and means of

preventing occupational lead poisoning, cases continue to occur in the

United States. Levine et al. (1976) described an epidemic of lead

poisoning at a scrap smelter in Alabama; between 1970 and 1971, eight of

37 workers developed colic, and another developed encephalopathy. Lilis

et al. (1977) in Indiana, Winegar et al. (1977) in Minnesota, and Giguere
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et a1. (1977) in Vermont, have described recent episodes of occupation­

ally acquired lead poisoning in smelter and storage battery workers.

Lead poisoning and increased lead absorption have been found also in the

children of smelter workers (Baker et aI, 1977) and in children living

near primary lead smelters (Landrigan et al. 1975, 1976; Ordonez et aI,

1976).

In this report we describe three epidemiologic investigations of

occupational lead e~posure and lead poisoning in the United States--two

in smelters in which workers had acute. high-dose exposure to lead, and the

third in a lead chemicals plant where exposure was more chronic. In each

instance we evaluated dose-response relationships between blood lead

levels and the clinical and biochemical manifestations of lead toxicity.

We wanted particularly to determine ~~hether the maintenance of workers'

blood lead levels below ~ limiting value' of either 2.41 or 2.90 ~mol/l

(50 or 60 ~g/dl) would serve to protect most workers against the toxic

consequences of exposure to inorganic lead.

BACKGROUND AND HETHODS

The Plants. The first plant evaluated was a secondary lead smelter

in Memphis, Tennessee. In the 11 months preceding our investigation

.(October, 1975), this smelter had recovered 11,500 metric tons of lead,

principally from used storage batteries. The plant had been monitored

by the State of Tennessee since its opening in 1948, and since 1951 had

received 19 citations and enforcement notices for exceeding permissible

air lead standards or for not providing workers with adequate respiratory

protection.
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The second plant, in Salt Lake City, Utah, was a smaller scrap

smelter, which had recovered 258 metric tons of lead in the six months

preceding our investigation. Our evaluation (January 1976) followed the

hospitalization of seven workers with symptoms of acute lead poisoning.

The acute episode had apparently resulted from a change in plant opera­

tions from antimony production to lead recovery without concurrent

changes in plant ventilation.

The third plant studied was a lead chemicals factory in Joplin,

Missouri, which produced lead oxides (red lead and litharge), lead perox­

ide, lead sulfate, lead silicate, and "b-lue lead." The plant had been

inspected by the Occupational Safety and Health Administration (OSHA) in

1975 and was found to have air lead levels consistently above the recom­

mended standard of 200 ~g lead/m3air. During our investigations in March

and May 1976, we learned that the plant physician had as recently as

January 1976 administered oral chelation therapy to asymptomatic workers

with elevated blood lead levels as well as to workers with symptoms of

lead poisoning; workers with less ~han severe symptoms remained at their

work during courses of chelation therapy.

Environmental Evaluations. At the Tennessee and Utah plants we ob­

tained breathing zone air samples for lead analysis using personal samplers

attached to individual workers. Also at the Utah smelter we obtained back­

ground air samples in several plant areas using stationary monitors. Samples

were collected and analyzed according to methods described by OSHA (OSHA,

1976). Air sampling was not extensive in either plant, but was intended to

provide an approximate picture of the intensity of exposure to airborne lead.

-3-
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Study Populations. The Tennessee plant employed 84 workers at the

time of our evaluation, the Utah plant 20, anc the Missouri plant 74.

Personnel turnover rates at the smelters were high (median duration of

employment in each less than one year), while the work force at the

chemical factory was more stable (me9ian employment, 20 years).

We conducted evaluations of 77 (92%) current workers in Tennessee,

of all 20.(100%) in Utah, and of 53 (72%) in Missouri. In addition, we

examined one recently discharged employee in Tennessee and nine workers

who had been discharged during the month before our evaluation in Utah.

Worker Evaluations. Evaluations at each plant were undertaken

on plant premises during a one-to two-day period by personnel from the

Center for Disease Control (CDC) and state and local.health departments.

Blood lead levels were not known at the time of these evaluations. Demo­

graphic data, a complete occupational history, a history of the occurrence

in the preceding year of symptoms possibly related to lead exposure, a

history of past episodes of lead poisoning and of chelation therapy, a

history of possible extra~pccupational exposures to lead, and histories

of tobacco and alcohol consumption were obtained for each worker. Each

worker was examined in a standardized fashion by a physician who was not

aware of the subject's exposure history. Examinations focused on the

functioning of central and peripheral nervous systems and employed

established techniques for the neurological examination (~Iedical Research

Council, 1975). Any abnormal findings discovered during examination were

required to be confirmed by a second physician; only those findings judged

abnormal by both examiners were so recorded.
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A venous blood sample was obtained from each worker for lead,

hemoglobin, hematocrit, and erythrocyte protoporphyrin (EP) analyses;

a lead-free tube was used for the lead sample. Serum samples were

obtained for determination of blood urea nitrogen (BUN) levels.

Laboratory Procedures. Blood lead analyses of samples from the

Tennessee and ~issouri plants were performed by atomic absorption spec­

trophotometry (Sherfinski, 1974). The Tennessee samples were analyzed at

the CDC Toxicology Laboratory, and the speciffiens from Missouri at the

NIOSH \~estern Area Occupational Health (WAHO) Laboratory. The blood

samples from the Utah smelter were analyzed at the Bureau of Laboratories,

Utah Division of Health using the method of Keenan et al. (1963).

EP analyses of the samples from Tennessee were performed at the CDC

Laboratoiies using a micromethod (Piomelli, 1973). EP analyses of the

Missouri specimens were performed at Environmental Sciences Associates

(Burlington, ~assachusetts). EP determinations were not done in the Utah

investigation.

Quality Assurance Procedures for Blood Lead Determinations. The

CDC Toxicology Laboratory is a national and international reference center

for blood lead analysis (Center for Disease.Control, 1975, 1976). In

1976 and 1977, the NIOSH WAHO Laboratory participated in a blood lead

proficiency testing program organized by CDC. For those years the WARO

Laboratory produced acceptable values (within + 15% of reference mean

values) on 38 (90.5%) of 42. blood samples submitted through the program.

As an added-check on the lead analyses performed for this study, dupli­

cate aliquots of 30 of the Missouri blood samples were sent to both the

WARD and CDC Laboratories. The mean lead level for these aliquots in the

WARD Laboratory was 4.25 ~mol/l (88.1 ug/dl), while that at CDC was 4.03.
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umol/l (83.5 ug/dl); the coefficient of correlation (r ) between the 2

sets of values was 0.90.

The Utah State Laboratory did not participate in the CDC blood

lead proficiency testing program, but did exchange aliquots of samples

from 15 of the workers "tested in the Utah plant with the WAHO Laboratory;

the mean values obtained on these aliquots in the two laboratories were

6.02 and 6.76 u~ol/l (124.8 and 140.0 u~/dl). respectively: the coefficient

of correlation between the two sets of value~ W~~ n.qa.

RESULTS

Environmental Data. Environmental sampling. data showed that workers

at the Tennessee and Utah smelters were being exposed at the times of our
..

evaluations to air lead concentrations in excess of the then current OSHA

standard of 200 ug lead/m3 air (expressed as an eight-hour time-\oIeighted

average, TWA). At the Tennessee plant air samples on 16 production workers

showed a range of breathing zone lead exposures from 120 ug/m3 for a battery

wrecker to 350 ug/m3 for two yard workers .. At the Utah plant the average

air lead level in background samples collected in the plant office was 60 ug/mJ,

in the lunchroom 90 ug/m3, and in the furnace room 100 ug/m3 with the furnace

shut down. and 2,650 ug/ffi3 during charging of the furnace. The mean breathing-

zone air lead concentration (eight-hour THA) for an office worker was 17 ug/m3,

for two welders 700 ug/m3, and for two furnace workers 2.660 ug/mJ.
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Elood Lead Data. Blood lead levels of workers at the three plants

ranged from 0.77 to 13.51 umol/l (16 to 280 ug/dl). Fifty-two (67%) of

the 78 workers evaluated in Tennessee, 44 (83%) of the 53 tested in

Missouri, and 23 (79%) of the 29 studied in Utah had lead levels ~2.90 umol/l

(~60 ug/dl); 26 (33%), '13 (31%), and 21 (72%), respectively, had levels

>3.86 umol/l ( ~80 ug/dl). Highest blood lead levels were found in

maintenance and production workers (Table 1), lowest in office and

laboratory personnel. Blood lead levels at the -two smelting plants rose

with duration of employment, and levels ~3.86 umol/l ( ~80 ug/dl) were not seen,

except at the Utah smelter, in workers employed for less than two months.

Clinical Data. Clinical manifestations of lead poisoning were
.J

evident at all three plants. In the smelters, with their poorly controlled

air lead exposures and rapid labor turnover, symptoms tended to be relatively

acute in nature, and symptom prevalence at the smelters increased with duration

of employemnt. The dominant findings there were colic, gastrointestinal

symptpms, anorexia, fatigue, myalgia, joint pain, and extensor muscle weakness

(Table 2). Symptoms were particularly acute and severe at the Utah plant, and

two workers in Utah had possible lead encephalopathy. One presented with

acute confusion; the other, who had a past history of seizures, presented

with a grand mal convulsion after having been seizure-free on anticonvulsant

medication for the three preceding years. At the Missouri lead chemicals

plant symptoms were more chronic and the dominant findings were fatigue,

joint pains, and myalgia. The most striking finding at the lead chemicals

plant was a high prevalence of renal functional impairment.

Relation of Blood Lead Levels to Clinical Signs and Symptoms. At

both smelting plants a positive association was evident between the prevalence

of clinical findings in workers and their blood lead levels. Horkers who're-
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ported symptoms consistent with lead poisoning had significantly higher

blood lead levels than workers at the same plant without such symptoms

(Table 3). Further, there was noted at each plant a progressive increase

in prevalence rates for symptoms and signs with increases in blood lead

levels (Figure 1). At the Tennessee plant (Table 4), no workers with

blood lead levels below 1.93 umol/l (40 ug/dl) had extensor muscle weakness

or gastrointestinal symptoms, whereas 5 (13%) of the 38 workers with lead

levels of 1.93 to 3.81 umol/l (40 to 79 ug/dl) had one or both of those

findings, as did 14 (54%) of the 26 workers with lead levels >3.86 umol/l

(80 ug/dl). At the Utah plant, symptoms were reported by three (38%) of the

eight workers with blood lead levels below 3.86 umol/l (80 ug/dl), by seven

(78%) of the nine with levels of 3.86 to 4.78 umol/l (80 to 99 ug/dl), and by

all 12 (100%) of those with levels ~4.83 umol/l (100 ug/dl).

In the chronic exposure situation of the lead chemicals plant, no

correlation was found between symptom prevalence rates and blood lead levels.

Potential confounding factors were, however, the long duration of ,"orkers'

exposure to lead and the.use until two months before our evaluation of oral

• chelation therapy.

Relation of Blood Lead Levels to Hematologic Abnormalities. EP

concentrations were found to correlate positively (r=0.76) with blood lead

levels. Increases in EP concentrations above background values were first

seen at blood lead levels of 1.93 to 2.90 umol/l (40-60 ug/dl) (Figure 2).

Anemia, defined as a hemoglobin concentration of <8.69 m mol/l (Hb/4)

«14.0 gm/dl) (Thorn, et aI, 1977), was seen in 27 (21%) of 129 workers

evaluated for hemoglobin concentrations at the three plants (Table 5). Anemic

workers had significantly higher mean blood lead and EP values than non-anemic
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workers. Only one anemic worker had a blood lead level of <2.90 umol/l

«60 ug/dl) (Table 5); however, six had blood lead levels of 2.90-3.81

umol/l (60-79 ug/dl), while the remaining 20 had lead levels ~3.86 umol/l

( ~80 ug/dl). At the Tennessee and Utah smelters the frequency of anemia

was observed to increase with duration of employment.

Relation of Blood Lead Levels to. Renal Func~ion Abnormalities.

Elevated BUN levels (~7.14 m mol/lor 20 mg/dl) were found in six

(8%) workers in Tennessee, in five (24%) of 21 tested in Utah,and in 17

(32%) of the 53 workers evaluated in Missouri. Elevated BUN values ranged

from 7.50 to 15.71 m mol/l (21 to 44 mg/dl). All azotemic workers,except

for three in Utah, had been exposed occupationally to lead for at least

four years. Blood lead levels at the time of evaluation were not signifi­

cantly higher in azotemic than in non-azotemic workers.

Detailed evaluations were undertaken of the 17 azotemic workers dis­

covered at the Missouri plant as well as of two additional men there with

borderline elevation of BUN (6.43-6.78 rnmol/l; 18-19 mg/dl) (Table 6). Nine

of these 19 workers were found to have previously received courses of oral

chelation therapy with ethylenediaminetetraacetic acid (EDTA); six had received

multiple courses, and one had been chelated 13 times. Six of the workers

evaluated were found to be hypertensive (blood pressure above 140/90 rnm Hg,

either by history or during examination). Eight had diminished creatinine

clearance «1.52 ml/sec or <91 ml/min/I.73 m2 body surface area) (Thorn et aI,

1977). Eight had diminished renal concentrating ability, i.e., inability to

concentrate urine to >800 mosm/liter after overnight water fast (Hamburger

et aI, 1968). Urinary 82 - microglobin levels were strikingly elevated in

two 'of these workers (993 and 4,890 ug/liter), and normal in all others

(Berggard et aI, 1968). Urinary amino acid screening by thin-layer chromatography
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was within normal limits in all.

DISCUSSION

In this epidemiological and clinital investigation we examined

relationships between blood lead levels and the siRns and symptoms of lead

toxicity. We were particularly interested in determining whether or not

toxicity had occurred in workers with blood lead levels of 1.93 to 3.81

umolll (40-79 ug/dl). We focused on those exposure levels. because the

Occupational Safety and Health Administration in the United States have

ruled recently (OSHA. 1978)) on the basis of reported toxicity in that

range of blood lead level~ that the permissible biological limit for the

concentration of lead in the blood of workers must be decreased stepwise

over the next five vears from the present limit of 3.86 umolll (80 ug/dl)

to 2.41 umolll (50 ug/dl).

An issue which we had to confront at the outset of the study w~s

whether the blood lead level could be used reliably as an index of lead exposure

in groups of workers with varying degrees of absorption of lead. Analyses

of the lead content of blood are well known to be subject to myriad bio­

logical and analytical sources of error. Biological variation in blood

lead results may either be statistically random or it may be systematic in

nature (Table 7). Random biological variation may reflect short-term

fluctuations in exposure, in absorption, or in the m~vement of lead to and

from bony stores. Systematic biological 'increases in blood lead levels

may be seasonal, may occur during metabolic acidosis, or, most importantly.

may occur in response to chronically increased exposure. Decreases in the

blood lead level may occur in anemia, due to decrease in the red cell mass

(to which over 90% of the blood lead is bound) (\villiams, 1966), or as the

result of chelation therapy.
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Analytical variation in blood lead results may also be either random

or systematic. Random, intra-laboratory analytical variation was described

in a report by Lerner (1975), in which lead values obtained on 35 blind

replicate determinations of aliquots from a single venous blood sample were

found to range from 0.58 to 2.03 umol/l (12 to 42 ug/dl) (mean, 19.1; S.D.

5.7 ug/dl). Inter-laboratory variation, which is more likely to be of a

systematic nature (Rose et al., 1968), has been documented in blood lead

analyses by Browne et al. (1974) in Great Britain and by Keppler et al.

(1970) in the United States through the technique of simultaneously sending

aliquots of a blood sample to a number of laboratories for blind analysis.

It is clear that in making a clinical diagnosis of lead poisoning,

the result of a single blood lead determination must be interpreted with

caution. Further, the responses of individual workers to a given internal

dose of lead will vary, and mild lead poisoning may occur in the face of a

very high blood lead level (Chamberlain et al., 1972) or vice versa. A

diagnosis of increased lead exposure or of lead poisoning in an individual

worker has therefore to be based on full clinical evaluation, on replicate

determinations of the blood lead level, and on assessment of lead-related

hematologic indices, such as erythrocyte protoporphyrin (EP) or delta­

aminolevulinic acid.

Nonetheless, the blood lead determination, and even the single

determination of the blood lead level, is not without value. Chisolm et al.

(1976) have shown by means of a calcium-EDTA mobilization technique that

the concentration of lead in blood reflects rather closely the concentration

of diffusible lead in soft-tissue and bony stores; they measured 24-hour

urinary lead output in 102 children and adolescents after administration

of intramuscular calcium-EDTA (25 mg/Kg body weight), and found the coefficient
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of correlation (r) between blood lead and chelatable lead to be 0.818.

Further, analytical variation in blood lead determination may be

reduced considerably by careful application of quality control techniques.

In a nationwide blood lead proficiency testing program organized in the

United States by the Center for Disease Control (CDC, 1975, 1976), the

percentage of laboratories 'producing acceptable results (within + 15%

of reference means) on 80% or more of test samples has increased from

35.3% in 1975, the first year of the program's operation, to 51.6% in

1978.

Finally, the fundamental difference between a clinical diagnosis and

an epidemiological survey, namely that the survey draws on data from a

number of individuals, helps to reduce the impact on survey results of

random variation from both biological and analytical sources. By definition,

random variation cancels itself out. Random error will reduce the precision

of survey results, but so long as the extent of variation, particularly
.

of random analytical variation can be monitored, it is a manageable problem

and will not produce biased results. Systematic variation is more dangerous,

because it can produce bias, and every effort must be made to reduce it

(Rose et al., 1968). However, with careful attention paid to proficiency

testing, a single blood lead determination can be a valuable and accurate tool

in epidemiologic analysis.'

In this study, we found a range of blood lead values from low normal

in groups anticipated to have low exposure through extremely elevated in

certain categories of production workers. Although we included no formal

control group in the study, we were able through application of the toxi-

cologie technique of dose-response analysis (Nordberg, 1976) to juxtapose
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and to compare data from these various exposure groups. In this approach,

the groups with lowest exposure serve as a sort of internal control.

We found evidence of clinical and biochemical lead toxicity in workers

with blood lead levels of 1.93 to 2.85 umol/l (40 to 59 ug/dl) and of 2.90

to 3.81 umol/l (60 to 79 ug/dl). Eleven percent of workers with extensor

muscle weakness or gastrointestinal symptoms had lead levels of 1.93 to 2.85

umol/l (40-59 ug/dl), and 16% of workers with those findings had levels of

2.90 to 3.81 urnol/l (60-79 ug/dl). Also 26% of workers with anemia had levels

of less than 3.86 umol/l «80 ug/dl). These data support the OSHA (1978)

proposal to lower the permissibl~ biological limit for the blood lead

concentration. Also, they are consistent with the findings of other investi­

gators who have noted clinical (Lilis et aI, 1977'; Dahlgren, 1978; Irwig

et al, 1978), hematologic (Roels et al 1976), and neurologic (Seppalainen et aI,

1975; Araki, et al, 1976) abnormalities in lead workers at blood lead levels

below 3.86 umol/l (80 ug/dl). Huch of this information was summarized in a

recent review by Nordberg (1976). Our results differ from those of a recent

Finnish study (Tola et aI, 1977), which found no association between symptom

prevalence rates and blood lead concentrations up to lead levels of 3.38

umol/l (70 ug/dl); however, the authors' of that report suggest that lack of

specificity in their questionnaire may have contributed to their failure to

detect a dose-response relation.

Our finding of renal dysfunction in 28 workers with occupational exposure
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to lead, nine of whom gave a past history of oral chelation therapy,

parallels the reports of Goyer et al. (1973), Lilis et al. (1968), and

Wedeen et a1. (1975) and resembles the experience in "moonshine" whiskey

drinkers described by Ball et al. (1969). All of those studies suggest

that relatively prolonged, high-dose lead exposure is required to produce

lead nephropathy; also it has been suggested that repeated use of oral

chelation therapy in persons with chronic exposure to lead may

enhance the severity of the renal effects of lead. The natural history of

lead nephropathy is poorly understood; however, a recent cohort study of

7,032 lead smelter and lead battery workers in the United States (Cooper

and Gaffey, 1975) found evidence for excess mortality rates in both groups

(standardized mortality ratios of 264 and 175, respectively) from chronic

nephritis. Nordberg (1976) suggests that BUN levels might begin to increase

in a small proportion of lead workers at blood lead levels of 5.79 umol!l

(120 ug!dl), and that approximately 50% of workers might suffer such im-

pairment at lead levels of 7.72 umol!l (160 ug!dl).

We encountered an unexpectedly high prevalence of frank lead poisoning

"in this investigation. Although the three plants in which these cases oc-

curred may have come to our attention because exposures in them were

atypically poorly controlled, they are by no means unique in the United States,

and there is no way in which the existence of the working conditions found

in them can be justified in a modern and humane society. The basic technology

for the control of airborne lead in the workplace has been un~erstood for

decades. Somewhat ruefully, we are reminded of Alice Hamilton's (1914)

observation that:

"Only a few years ago, most of us were under the impression

that our country was practically free from occupational

-14-
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poisoning ... that our lead works were so much bette~ built

and managed, ou~ lead workers so much better paid, and the~e­

fore betterfed, ... that lead poisoni~g was not a problem

here as it is in all other countries ... As a matter of fact.

the suooosed advantages ... obtain onlv in a few of the trades ...

that far from being suoerior ... in the matter of industrial

olumbism. we have a higher rate in many of our lead industries

than have England' or Germanv."

It is to be hODed that widesoread and enliqhtened comDliance with

. the lead exoosure regulations issued recently bv the Occuoational Safety

and Health Administration (OSHA. 1978) will bring to an end the most

serious sorts of lead exoosure observed in this study. In addition, full

attainment of the new standards is expected greatly to reduce the

incidence of the subtler manifestations of lead toxicity which have been

observed in this and in other evaluations of workers with blood lead

levels of 1.93 to 3.86 u~o}/l (40-80 ug/dl). Future evaluations of

~orkers whose lead exposures have remained within the limits set by the

new regulations will, however, be requi~ed to assess the success of these

standards in minimizing industrial lead toxicity.

-15-
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TABLE 1. Mean Blood Lead Levels, by Job Category,
Tennessee Smelter - November 1975

Job Category
Office + Laboratory
Floor Supervisor
Production Worker
Cleanup + Maintenance

No. of Workers
14

5
SO

9

22

,.

Blood
(~g/dl)

41. 8
49.6
82.6
87.2

Lead Level
(~mol/l)

2.02
2.39
3.99
4.21



TABLE 2. Frequency of Abnormal Clinical Findings in Lead Workers at
3 Plants - United States - 1975, 1976

Location Tennessee Utah Missouri

Type of Plant Smelter Smelter Chemicals Plant
Number of Workers
Studied 78 29 53

Fatigue 19(24%) 8(28%) 19 (36%)
Colic 13(17%) 19(66%) 1 ( 2%)
Gastrointestinal

Symptoms* 17(22%) 18(62%) 3( 6%)
Anorexia 18(2'3%) 12(41%)
Myalgia 15(29%) 7(24%) 6 (11%)
Joint Pain 22(28%) 4(14%) 10 (19%)
Objective Tremor 2( 3%) ·4 (14%) 2 ( 4%)
Extensor Muscle Weakness 10(13%) 0 2 ( 4%)
Possible

Encephalopathy 0 2 (7%) 0
Anemia 12(15%) 11(38%) 4 ( 8%)
BUN Elevation 6( 8%) 5(17%) 17(32%)

* Includes nausea, vomiting, diarrhea, and constipation
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TABLE 3. Distribution of Symptoms According to Blood Lead Levels of
Employees, Tennessee Smelter, November 1975

Present Blood Lead Level
Symptoms Absent Number Employees Mean (\.lg/dl) (\.lmol/l)

Gastrointestinal Present 17 101. 24* 4.89*
symptoms (1) Absent 61 65.98 3.18

Abdominal pain Present 13 100.77* 4.86*
Absent 65 68.25 3.29

Neuromuscular Present 21 94.52* 4.56*
symptoms (2) Absent 57 65.98 3.18

Anorexia Present 18 93.89* 4.53*
Absent 60 67.60 3.26

Joint Pains Present 22 92.59* 4.47*
Absent 56 66.23 3.20

Constitutional Present 31 88.68* 4.28*
complaints (3) Absent 47 63.11 3.05

* Significant difference (p <.01, I-tailed test)

(1) Nausea, vomiting, diarrhea, and/or constipation
(2) Myalgia, tremor, and/or extensor palsy
(3) Fatigue, insomnia, irritability, and/or headache

24



· TABLE 4.. Prevalence of Signs and Symptoms by Blood Lead Level.
Tennessee Smelter--November 1975

Number and Percent Prevalence
Blood Lead Level Number of Extensor Muscle Gastrointestinal

(~mol/l) (lJg/dl) Workers ~v'eakness Dysfunction

<1.93 <40 14 0- (-- ) 0 (--)
1. 93-2.85 40-59 12 1 (8%) 2 (17%)
2.90-3.81 60-79 26 1 (4%) 3 (12%)

>3.86 >80 26 8 (31%) 12 (46%)

TOTAL 78 10 (13%) 17 (22%)

* Includes nausea, vomiting, diarrhea, or constipation.
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TABLE 5. Hemoglobin Levels by Blood Lead Level. Tennessee. Missouri. and Utah Lead Plants - 1975. 1976

Hemoglobin Level
mmol/l(Hb/4) (gm/dl) «1.93) «40)

Number (%) of Workers
Blood Lead Level (~mol/l)(~g/dl)

0.93":2.85) (40-59) (2.90-).8TI (60-79) (>3.86) (>80)

<7.45 <12 4 ( 7%)
7.45-8.01 12.0-12.9 2 ( 5%) 4 ( 7%)
8.07-8.63 13.0-13.9 1 ( 5%) 4 ( 9%) 12 ( 22%)
8.69-9.25 14.0-14.9 1 ( 8%) 3 ( 16%) 11 ( 26%) 12 ( 22%)

N >9.31 >15.0 11 ( 92%) 15 ( 79%) 26 ( 60%) 23 ( 42%)

'"
TOTAL 12 (lOO%) . 19 (l00~) 43 (lOO%) . 55-(100%)



TABLE 6: Re9ult9 of Renal Functional Testing, Missouri Lead Plant, 1976

DURATION FASTING
OF LEAD BLOOD LEAD URINE NO. OF

AGE EXPOSURE LEVEL, BUN * CREATININE CLEARANCE OSMOLALITY COURSES OF
SUBJECT (YEARS) JYEARS) (\.lg/dl) (mg/dl) HYPERTENSION (ml/min/l.73 sq.m) (mosm/Ii ter) ORAL EDTA**. --

I 56 7 154 44 + 85 8
2 48 20 66 30 + 142 0
3 37 20 35 29 + 82 871 1
4 47 23 71 29··· + 72 588 4
5 45 8 87 25 128 1020 2
6 53 23"( 61 24 + 91 1025 9
7 52 26 61 25 + 115 650 0
8 38 20 123 22 109 608 0

N 9 60 25 75 26 75 278 0
..... 10 42 21 66 25 96 1180 0

11 47 7 48 23 108 820 0
12 53 29 96 20 89 708 "13 35 13 56 21- 109 965 0
14 62 16 105 20 97 912 1
15 52 25 78 23 73 286 1
16 53 20 92 22 108 912 13
17 51 7 80 21 65 704 4
18 52 31 55 19

;

43 652
19 29 4.5 58 18 112 1114

* Arithmetic mean of duplicate determinations in March and May, 1976.

** EOTA, Ethylene Oiamine Tetraacetic Acid Chelation therapy



TABLE 7. Potential Sources of Variability in Blood Lead Determination

Random

Systematic

Biological

short-term variation
in exposure, absorption,
or metabolic flux

- seasonal increases
during summer

- increases in acidosis,
e.g. with fever, or ketoacidosis

- decreases in anemia and after
chelation therapy

28

Analytical

intralaboratory

interlaboratory
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Fig. I NUMBER AND CUMULATIVE PERCENTAGE OF WORKERS
WITH SYMPTQMS· AND SIGNS, BY BLOOD LEAD LEVEL,
MEMPH'S, TENNESSEE, 1975
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Fig. 2 BLOOD LEAD AND ERYTHROCYTE PROTOPORPHYRIN
LEVELS I N WORKERS, MEMPHIS, TENNESSEE, 1975




