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. paired urinary concentrating ability and reduced lead clearance rates)

Summary

San baniin tspmvaret,

Epidemiologic studies conducted in.1°75;75 in 5
lead levels and symptome of lead poisoning in every plant studied. 'Hen;a—
tologie, neurologic, and renal damage dﬁe t§ lead were also encountered.
Inappropriate medical practices were noted including the wmisuse of oral
chelating drugs and allowing lead-poisoned workers to conmtinue to be ex~
posed to lead during chelation therapy.

?he usefulness of monitoring blvod lead and/or protoporphyrin levels
as indicators of lead toxicity was clearly shown by the high degree of
correlation between these measurementsz and the signs and symptomg of lead
toxicity. The newly deveioped portable ﬁethdd of zine pro:oborphyrin {zprp)

d
determination was shown to be & promising method of screening iead-expose!

workers.

In several locations, home tontaminztion with lead dust from lead
plants resulted in lead absorption and in ome ilocation lead poisoning among
workers' children. These studies {llustrate the importance of goaﬁ‘wprk
practices which,in addition to minimfzing worker expoztre,will minimize
exposure te his family. "

Chronic neurologic and renal effects of lead exposure wer: demonstrated
in this study. Neuropathy was noted at a relatively low ovloond lesd level
(81pg/10Cxm1) and after only 2 months of exposure. Abnormal glomerular
function (elevated blood urea nitrogen and creatinine levels and di~

creased glomerular filtration rates) and abnormal tubular function (im~ !

were noted in lead workers. . |
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These findings emphasize the need for improved industrial hygilene

i measures in the lead industry and the importance of biological monitoring
in preventing lead toxicity. Based on the data contained in this report, _
. : e
a standard of 60ug/100ml is recommended as the "biologic threshold limit
‘value" for lead.
o
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Occupagtional 1e§d poisoning has been recognized since the 19th V
cem:utyl and methods for its prevention wete-wel; ieveloped in Great
Britain 4in the early 20th centuryz. Nevef:heless, eradication or even
control of this disease is far from a reality in the United States in
1976. The current report summarizes the results of 5 recent lead plant
investigations (Table 1) conducted by the National Institute for Occu-
pational Safety and Health and the Bureau of Epidemiology, Center for
Disease Con:rol,-whiéh clearly demonstrate that 1e§$:poisoning is occur~-
ring with an z2larming frequency in lead plants across the country.
(Detailed reports of these investigations are included as appendices.)
Investigations of 6 othar similar plants are currently in_progfess; data
from these studies will be added to the current report as they become
available, 1In the current report, special atteation is given to studies
which relate blood lead levels to signs and symptoms of lead toxicity

and to studies of the chronic effects of lead exposure.
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B. ngmarv‘of Investigations: :
1.Menphis, Tennessee: Secondary lead smel;er*
Following reports of excessive blood lead levels and clinical .

lead poisoning at this plant, 77 (92%) of 84 current employees and
i,EO?mer employee were examined in November 19753. Concurrently,
écmmunity lead exposure and exposure of workers' families to lead
carried home on work clothiugaﬁas evaluated ™ Workers blood levels
ranged up to 184 ug/100 ml with 677 >60 ug/100 ml (Table 2). Highest
blood lead leﬁels were seen in production area workers. Classical
symptoms of lead poisoning were evident: ahdominél pain (177),
gastrointestinal dysfunction (22%), joint pain (28%), neurcmuscular
symptoms (272), and anorexia (23%). Ten workess were found to have
lead neurspathy, with weskness of wrist extensor muscles. Anesmia
(hemoglobin concentration <1&gn/100um1§ ) was noted in 11 workers and
correlated with elevated blood lead levels aﬁd erythrocyte protopor-—
phyrin concentrations. Elevated blood urea nitropen (ELN) levels
{greater than 20 mg/100 ml) were seen {n 6 workers, These azotemic
workers had worked at the plant longer and were older than workers
with normal BUN levels. Increared arsenic absorption was noted in

10 (14X) of 72 employees. A survey of 228 children living near the
smelter showed no excessive lead absorption. In January 1976; nanage-
went temporarily closed the smelter and initiated efforts to redesign
the production process. Young children of mmelter workers were found
to have elevated blood lead levels and 8 were haspitalized and treated

for lead poisoning. (Details of that investigation are discuseed below.)

* Complete report - Appendix 1
&% Complete report - Appendix 2
1
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- 2. Joplin, Missouri: Lead chemicals plant*
\ ' " - L .

In March and May 1976, medical evaluations of 53 production workers
at this plant revealed blood lead levels from 39 to 135 ug/100 ml, with
83% > 60ug/100 .mi. Comparable levels of erythrocyte proéoporphyti,n were

- noted. Three workers were anemic; wrist weakness was noted on physical
“examingtion of 1 worker; ankle drop in 1 worker: and tremor of the out-
stretched hands in 2 workers. Symptoms compatidle with lead intoxication
were noted in Z0 workers (Table 3). .

| The moet notable finding of this study inQolVéd renal disease among
these workers: 17 had elevated blood urea nitrogen (BUN) levels (>20 mg/
100 ml) further ‘studies reveasled significant impairment of “ renal tubular
and/or glomerular function in 7 workers which may represent lead

nephropathy. (A more detailed diecussion is given below.)

3. Salt Lake City, Utan: Secondzry laad smelterks

A medical !::\mlv.mt.'i.mi6 of 36 (86%Z) of the plant's 42 employees was
conducted in January 1976 following the hospitalization of 7 workers for
lcad poisoning. Two of those hospitnliz_éd had blood lead levels over
250 ug/100 ml and evidence of podsible lead encephalopathy. Nireteen

enployess hsd unequivocal lead poisoning *%* wi_thin_ the previous & months;

% Complete report - Appendix 3

*%k Cemplete report - Appendix 4

*h%Lead poisoning was defined in this study as a blood lead level __>_80ugi
100z} ‘a;nd/o: urine lead levels _>_25dugl’1-00n1 plus symptoms compatible with
lead toxicity which could not be otherwise explained. As discussed below,

manifestations of lead toxicity are seen at blood lead levels < 80ug/100ml

) and, therefore, this definition uses criteria which may exclude persons '
suffering from the toxic effects of lead. ;
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13 workers were anemic.

These cases of acute lead poisoning were related to a éhange in
plant processes: two small rotary furnaces, previously used for antimony
production, were used to process lead in December 1975. Inadequate ven-
tilation of these furnaces was felt to be responsible for the elevated
air'lead Levels';n the plant. One case of lead poisoning occurred in
the company president who was apparently exposed outside the préduccion
area: the air intske for the vengila;ipn system for his office was
adjacent to the furnace ‘room. *

The smelter was closed by the local and rtete health departments
on January 16, 1976, and the plant was ordered to reduce lead exposure to
an acceptable level. The plant was reopened in February 1976 after
enéiﬂeering contrale were Iinstituted and personzl industrial hygiene

stressed, but was closed agzin in June 1976 after blood lead levels of

employees were noted to be rising.

C 4. Eagan, Hinneso:a: 'Secondary lead emelterk

Two cases of chronic lecad poisoning in employees at this plant were
reported to the state health departmeni and medical studies of emplovees
and their families were conducted in May 1976. The medien blood lead
level of the 38 workers was 72.5 ug/100 ml; 76% had levels >63 ug/100 mi.
Workers on the night shift had the highest average blood level. Fodr
ﬂorkers‘hgd weakness of wrist and/or ankle extensor muscles; 10 workers
had tremor of the ou:s:tetched hands. There was no consistent relation-

ship betweent lead poisoning symptoms and blocd lead levels, Five (16%) of

*Complete report - Appendix 5
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31 children {ages 1-9) of plant employees had blood lead levels >30 ug/

100 m}, indicating increased lead absorption. [

5. Atlanta, Geq:giﬂ: Seconéary_Lead smelter

A brief visit to thig plant was performed in March 1976 as 2
follow-up to an earlier NIOSH study performed in 1971. TFive workers
were interviewed and plaﬁt blood testing records reviewed. Seventy

percent of the plants' 39 employees had blood lead levels >60 ug/100 ml

_in February 1976, as compared with 74X over 6C ug/100 ml in Januvary 1975.

The percentage of workers with blood lead levels over Sﬁfuglloo ml had

fallen during this period {rom 437 to 26%. Workers at this plant who

were treated for lead poisoning with intyavenous chelation vere allowed

to rémain on thé job during therapy.

Tone of Fynncnres

The Tennessee and Utah investigations represent studies of rela~
tively acute exposure to lead ; the average duration of exposure to lead
was 4 moaths and 2 months, respectively. In all the other locations,
exposures were more chronic, lasting up to 30 yvears in some instances.
This difference in exposure duration was sssociated with differerces in
the prevalence of sytmptoms and signs of lead toxicity. These effects are

discussed ‘separately below.

Relationship of blood lead and protoporphyrin levels to manifestations

of lead toxicity.

The usefulness of bloed lead testirgz in evaluating workers exposed

to lead has been extensively debated. Some workers feel that blood lead

!
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" and erythrocyte protoporphyrin (EP) levels bear no relationship to :

symptoms or signs of lead toxicity and, ‘;he,refore, thegse tests have no

valoe in screening lead~exposed workers. However, in the currently reported

group of studies, blood lead and EP levels were well correlated with the -

manifestations of lead toxicity.

1. Smtoms,,:_' -

Blood lead and EP levels were correlated with the classical symptoms éo.n:-
sistent with lead intoxjication (Table 3). Persons reporting s'ymp,tomé during
the previocus year had significantly higher blood lead levels than workers
without symptoms (Table 4). Sixty to seventy percent oégjawor!;ers with
symptoms during the past year were currently symptomstic at the time of the
interview. TFurthermore, the higher the blood lead or ervthrocyte pratopor-
phyrin level the greater was the proportion of symptomatic workers. The
relationship between blpnd lead levels and symptoms was clearest in a

plant (Tennessec) where workers had been employed for a relatively short

period (average duration of employment = 5 months). In plants (Minnesota,

Missouri) vhere the average duration of employment was greater (4 and 20
years, respectively) symptoms correlated less clearly with EP and lead
levels (Table 5).

For+y-nine percent of workers with blood lead levels from 60 to 79ug/
100ml reported symptoms during the past year corsistent with lead poisoning.

Within this blood lead range, workers with higher EP levels had higher symptom

_rates (Table 6). Lower symptom rates were uoted for each blood lead category

when we considered only workers symptomatic at the time of the interview
and blood testing (Table 7). TIwenty-three percent of workers with hlood

lead levels from 60 to 79ug/l00ml were currently experiencing syinptoms

" S . - .
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compatible with lead noisouing when tested. Most of those with blood lead
. p

levels below 60ug/100ml who had reported symptoms duting the previous

year were not symptomatic at the time of testing.

Since the symptons of lead poisaning-are'nonspegific and may be re-.
lated to othar disease processes, the same questionnaire used to evaluate
symptoms in lead workers ia Missouri was administered to an age-matched
contrbl group without occupational lead exposure. The prevalence of
symptoms consistent with lead toxicity wﬁé much lower in unexposed workere
than in lead workers living in thé szme town (Table 8).

2. _Hematologié Effects: . "

Blood lead and erythrocyte protoporphyrin levels were closely
correlated (r=0.76) especially in the range of b'uod lead concentrations
from 40 to 80 ug/100 ml (Figure 1). Erythrocyte protoperphyrin levels

were closely correlated with levels of zinc prectoporphyrin (ZPP) measured

directly by a new technigues.using a dedicated portable hematofluoro-
~meter (r= .94) and when measured by the standard method of Lamola gt.alg
3 (Figure 2). Thus, the above-mentioned relationships between symptoms,
blood lead levels and EP levels wﬁuld also hold for ZPP determinations

as well.

Anemia, defined as a hemoglobin level < 14 gm/lOO:m;s. were noted in

14% of workers at the Tennessee plant and in 31% in Uzah. Both of these

outbreaks represented relatively acute exposure to lead and the rates :
were higher than in those plants where chronic exposure to lead was
occurring (no anemia was noted in Mirnesota and 117 of Missouri

workers were anemic).
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Comparison of blood lead a:;d EP levels with hemoglobin levels shows
a partern similar to that noted previously for symptom rates. The higher the
lead or EP level the lower the hemoglobin level (Tables 8 and 9). Leﬁ-
related anemia is assnciated with elevated EP levels and elevated blood lead - 7 '
,l,evelsw; therefore, to differentiaf:e anemia related to lead toxic! ty‘ from .
anemia _of other causes, EP levels in anemic and '_non;a'uemic workers were com-
pared, Anemic workers had significantly higher EP levels and b.lo.od ‘._l,é_aﬁ

than noa-anemic workers.

‘The _c’linic_ai significance of anemia varies with the degree of hemoglo-
bin depression. Symptoms classically assocdated with ,ahemﬁa (i.e.,
ti.r__edness, fatigue, etc.) are not generally encountered at hemoglobin
levels above 8 gm/100 mln. Decrements in work performance as measured
by standard techniques har been noted at hemoglobin levels of 11 to 13 gm/
100 xn'l'u,. A dose-response effect between hemoglobin level and work per-
formance was noted throughout the range of hemoglobin levels from 3 to .
17 gm/100 ml; a threshold effect was not seen. Kkesistance to infection
may also be impaired in anemic persons -1% pbut the relationship between
the ;!egree of anemis and the degree of decreased resistance has .not_:. beer. : i
established. Therefore, the definition of anemis cannot be based on |
clinical abnormalities but must be relatel to the coacentration of hemo~
globin in the blood of in normal persons. The lower limit of horma_l ;
for U.5. adult males living at sea level has been consistently reported as .

5, 12713

24 gm/100 ml and this level has been used in defining anemia

throughout this report. ' ' : :
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Relationships of duration of exposure to manifestarjons of lead.

toxicity

In the Tenncssee study, blood lead levels rose during the first month
of employment and reached a plateau 2 to 3 menths after beginning work
(Figure 3). At tha:.sameiplan;, symptoms did not dévelop until 2 o 3
months of Emplcymentfwere completed (Table 10). The predominant symptoms
varied vith duration of exposure: after brief exposure (2 to 3 months),
gastrointestinal symptoms predominated whereas constitutional symptoms
and joint pains were relati?ely‘more common after prolonged exposure
(aver 1 ye_ar‘).. i

In other locations, workers acutely exposed to 1lcad experienced
relatively more gastrointestinal symptoms thsn chronically exposed
workers. The highest relative rate of gastrointestinal cympicms was
noted in lead poiscning cases in Utazh (Tablie 11) yher-e exposures were

very $rie£ (3~4 montchs duration). Workers in the Minnesptaz plant were

_chronically exposed and noted more nonspecific, constitutionsl symptoms

' (e.g., tiredness, irrftability, joint pains, muscle weakness) (Table 12).

Anemia was noted only after 2 months of work with 1 exception (one
worker who had completed 1 month of work, was anemic (Hgs: 13.0 gm/

100 mi, lead level: 79 1g/100 ml, EP level: 299 ug/100 ml)).
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Wrist extensor weakness‘ was noted in 2 workers who had completed
only 2 mon?hs of employment at the Tennessee piant. They had blood "
lead levels of 81 and 130 uyg/100 ml and EP levels of 281 and 258 vg/
100ml. One worker st the Minnesota plant with 2 months of exposure
had a blood lead level of 78 ug/100 ml and an EP level c.:_f 250ug/100 ml
and mild asymmetrical ankle extensor weakness. Thirteen other workers
from Tennessee had evidence of either wrist or ankle weakness; 2all
had worked for at least 7 months and had‘blood lear. levels above 80 ug/
100 ml and EP levels above 2350 ug/100 ml. One former worker in
Tennessee who had worked for 3 months and t'ermf;nated mploy:;g}}ent 2 months
prior to our ﬁeating had mild asymmetrical wrist extensor weakness with
a blood lead level of 41 and an EP level of 49 ug/100 ml.

Although no definite relationships were nnted hetween duration of
exposure and development of overt lead nephropathy, some abnormalities
of renal function were correlated with duraticn of lead exposure. The
highest prevalence of abnormal renal function tests was noted in Missouri
where 17 (32%) of 53 workers tested had elevated blood urea nitrogen {BUN)
‘le_l;vels; workers with abnormal results had worked at the plant for 4.5 tol
31 ye;u's. Six {B%) of 78 workers ir Tennessee had elevated BUN levels;
3 (82) of 38 workers in Minnesota had elevated serum creatinine levels
(> 1.5 ng/100 ml). Except for 3 workers with less than 2 months of lead
exposure, no worker with less than 3% years of exposure had abnormal
renal function tests. Thus, no azotezia was noted prior to approximately

4 years of lead exposure..
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Renal_?gncglpn Testinzy - Missourl

Spacific "anctional abmormalicies included decreased glémerularlfii::a:iqn
rate 91 mllminIB) in 8 of 19 workers tested, decreased urinary concentrazing
ability (inability to councentrate the urine pelew 800 mosm/liter after a 12-
hour water‘faszla} in B workers, and elevated urinary beta, microglobulin levels
(¢4 37Oug/11ter15) in 2 workers (Table 14). A significant negacive correlation
was noted he:wgenqguration of lead.exposure and rate of lead :lexrahce§ (Fizute 4).
| S5ince a nmodest age effect was noted in ielatian to 1ga4ic1eatance (i.e.,
impaired lead clearance in older wownkers), data from w@:kershéged 45-55 was
analyzed aad a significant negative reiaticnship was again noted between dutation
of exposure ard lead ;Ieérancﬂ ratc (Figure 5. Decrease in lead clearance
was associated in most workers with impaired urinary concentrating ability and -
decreased glomerular filtration rate. Blood lead levels increased with de-

creasing lead clearance rate,

*Lead ¢lesrance was calculated by determining ihe lead coucentration in a timed,
measured urine sample and rthe lead coucentration of a whole bload sample drawn

during the urinz collection period; clearance wos computed by the standard formula:

)8
G = ‘
P - - where (= clearance of thé substance
U= urinz concentration of the substance
P= blc ? concentration of the substancs
' 16
Ve urine flow rate over collection perioa1
/)%
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, workers were removed froa exposute to lead.

15

Although this observation must be confirmed on a larger series of workers
wvith varying exposure periods, those data suggest that the measurement
of lead clearance may be a useful tool in evaluahing renal function in

lead workers.

VI. Chelation Therany

In the Missouri plant, oral EDTA was adninisterbd to workers with

evidetce of lead toxicity (anemig) or to workers withve%evatgd'blood lezd
levels; intravenous chelation therapy was also used. During therapy,
In the CGeorgia planc, intra-
veaous chelation was used but the workers were allowed to continue working
at the plant during therapy. In Tennessee, intravenous chelation was d
reserved for workers with evidence of lead toxicity; no orel therapy was
prescribed. ‘

In MissouriZ, chelzated workers had slightly higher BUYN levels than

non-chelated workers (Table 15); these workers were also older than those

without a chelation history and had longer lead exposure.

VII. Illness in Child:en of Lead VWorkers

Health effects of occupational lead exposure are not liﬁited to the
warkers themselves_bu: extend to involve wotkers; families, especlally
their crildren. Lead dust carried hone on work clothing has apparently
resulted in contamination of the home environment'in several locations.
Scudies in Tennessee, Mincesota, and'Véfmcn: have shown elevated leacd
Young children

content in household <5t taken Prom homes of lead workers.

1living in these homes have been showa to have elevated blood lead levels,

soue high enough to require hospitaliza. fon and chelation the;apy,ﬂ

lo
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A study (4) of lend workers' children, 1~6 vears of age, and age-
marched neighborhood controls showed “elevated ~ blood lead and EP levels
in the lead workers' children. Thirty-eight (42%) of 91 children tested h£§

blood lead levels >30 yg/100 ml, indicating incressed lead absorption. Eight

children had levels > 80 pg/100 nl and were hospitéliZed and chelated., Blood .

levels of workers' children increased as the fathers duration of employment
at the smelter increased (Table 16) in a manner similar to that previously

noted (Figure 3) in the workers themselves. i
@

The children's blood levels uére mndescly'correlated wich their fathers'
blood lead levels {(Table 17) and closely correlated with the level of lead
in nousehold dust {r = .50, p <.0025) (Tzble 18). The hypothesized mechanisa

of

exposure was throuch ingestion of lead-rich household dust through normal
hand~to-mouth activity common in young children. This mechanism has been
shown to be responsible for lead absorption in children exposed to lead in

inner cities (17) and in children living near primary lead smelters (18,19).

VIII.Performance of Blood lead Analyses
In the Missouri plant, periodic blood lead testing was performed as
part of an oagoing medical surveillance program. The blood rests were

analyzed in a laboru.sry which appeats to be providing resulrs which are con-

sistently lower than the actual lead conteat of the sarple. A study usiag bling,

split sample analyses showed .this laboratery to be approximately 307 lower than

the tarzet value detcrmined by the roxicology laberatery of the Center for

Diseasa Control {Table 19).

!
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17
. Biolopic Monitoring System

If lead toxicity is to be prevenrﬂd..a biologic monitoring systen
o ‘should be fastituted which removes a worker from exposurﬁ prior to the
Ao development of illness. Sinze overt toxicity (f.e., wrist veakness and
lead-related anemia) was noted at a leat level of zbou::so ngflbo-hl, gnd .
since anemia and lead~related symptomatoslogy were nered ar blood levels
- , beloﬁuéo ug/100 =1, this value should not be used as the ”bfgloéically safe"

values

In our studies, we eancountered no workers with evidence of lead~related
//( anenia, wrist weakness, or lead-related reaal digfase, with 2 blood lead

) : level <62 uz/iC0 =l. Very few workers with blood lead levels <60 ug/1Odml

had symitons consistent with leed intoxzizerion. Since the primary reason

for biclogic monitoring is to prevenr the occurreace of overr illmess and

chronie disabiliry fn workers exposed to hazavrdous Zntgri;ls, a level should

be set which provides a nargin,oi safesy which will insure that the wosr fus-

ceptible workars will not develop lead toxieity.

The data in this report cleariy suppart the sctting of a blologic threshold

1izit value of 60 ux/100al for occupationally-exposed populations. Deleterious

. health eiicets may occur at lower blood ievels and;.if these are conclusively

demonstrated fa the future, this standard should be revised downward.

X Historv of Plant Inspections znd Cirations

Every plant studied had been inspected by OSHA during the 12 wonth

peri. .. prior tc .our pedical studies. The Missouri plant had been cited by

0s3A in 1975 alleging a situarion that ewuld cause serious physical harm.
Our tedical studies were performed during the 1 year abatement period
’ ’ | - 12
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which expired September 10, 197¢, During the abatement period, workers were

requirsd to wear respiratots and 2 program of Improved engiheéring controls

and medical and envireamental survelllance were instituted,

The Tennessee plant had becn inspected by :ﬁe45;nte of Tennussee's
Occupational and Radiological Health Division and found ro be in wviolatien
of existing standards on nuaerous occasions since 1951 (Table 19), ‘The
company had been cited twice (1972 and 1974) for excessive cxpﬁsute to
airborne lezd and once for an I:nadct;u.a:c r.c.spir.'x.toryVprote._r;-.;ion progran

(1%75). Our studies rhere were performed during nnwﬁbatezent period.

The Mipnesota plant had been found to have excessive airborne lead
exXposure 00 QAUTerous occasica§ since 1949 (Table 20). The most recent
inspection in November 1975 had dosurented air lead levels up to 14 tirzes
the standard (0.2 mg/m3).

Cerpite these nuwerous insrections and cftations, significant health
‘problexs were noted in workers employed at each of these plants.

e

¥I. Evaluation of the Usefulness of ihe Protonornhvrin Test in

Sc?eeainz Lead Workets:

Determination of the protoporphyrin level in blood has been proposed
as a metho?! of screening workers for excess lead absorption, The newly-
developed portable henatofluorimeter, which neasures zine protoporphyrin
directly from a drop of blood, provides a rapid and incxpensive method of

perforning this analysis.

e b e
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Soa Measurement of the sensitivity and specificty of a screening test is
essen:ial-in evaluating its usefulness. "ﬁensltivi:y 1s the cxteut to
which persons whe truly manifest a characteristic are so cl1qqif1cd
specificity 18 the extent to which persons who do not manifesr a character- -
istic are correctly classified” (20)(Exsmple, Table 22). Using daLa frem
152 workers from 3 plants (Tennessee, Missouri, and Minnesota), the sensi-
tivity and specificity of the EP test was calcuiated Qsingvdiffetent ievelsi
of acceptabilicy for EF and blood lead (Table 23). Minety-six perceux
of the werkers with bicod lead levels >60ug/100ml had EP levels >100ug/
100ml (sensitiviey); 607 of workers with blood lyad levels less than 6%ug/
100ml had EP levels < 100ug/100ml (specificity).
The usefulness of a screening test varies wirh cthe prevalence of the
characreristic for which screening is performed. As the characteristic
becoxes less common, the number of “false positives" (e.g., workers
with "abnormal" EP tests but "normal” blood lead levels) will increase.
The predictive value positive (PVP) measurement is a useful indicater of the
applicability of screening tests to a given sitvation, siﬁce it incorporates
specificity and prevalence into its calculations (21).

number with positive FP test & elevated lead level
" number with positive EP test

PYP =

In a plant with a high prevalence of elevated lead levels (plant A-
Table 24;, the EP test, using 100ug/100ml as the cut off walue, would be
wmore useful (i.e., have a higher predictive value) than in plants (Tables

25 & 26) with lower prevalence of elevated lead levels. As seen in

l
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v " Tables 24-26, as the prevalence of elevated blord lcad levels decremses
' the number of false positives (workers with “"abnormal" EP test but

"normal™ blood lead level) increases.
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Table 2: Blood lead levels in lesd plant workers

/

Blood lead level (up/100m1;
< 40

4059

60~79
> 80

Total tested

Hgm_phis, IR

14
12
26
26
78

(182)
(15%)
(33%)
(33%)

Blood lezd level (up/10Cml)
< 40
40~5%
60-79
> 80

Total tested

;vﬁlqod lead level (ug/100=l)

< 40
40-59
60-7%
> 80

Total tested

Atlanta, GA

(15%)
(15%)
(44%)
(26%)

Eegan, MN
3 (8%)
6 (67)

17 (45%)

12 (327)

38

Jop115;_no_
1 (2
71D
21 (50%)
13 (31%)
42

Bnlﬁ(Lake City, UT
1 (3%)
5 (17%)
2 (%)
21 (72%)
- 29

_—
25 (1%
36 (16%)
83 (3770
82 (36%)

226

. gy
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. Table 3. Symptoms of Lead Poisoning
1. Gastrointestinal symptoms {Nausea, vomiting, diarrhea, and/or
‘ constipation)
2. Abdominal pain _ : : ) ' o
’ 3. Neuromuscular symptoms (tuscular weakness and/or tremor)
. 4. Anorexia
5. Joint paims
6. Comstitution complaints (fatigue, insomnia, {irritesbility,
and/or headache). )
“
g 1 ~
DUP040013334
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- Table 4. Disrribution of synproms and blood lead levels of employees,
Menphis, Tennessee, hovember 1875

. Present/ Number Employees Blood Lead Level
Symptom . Absent @ Mean (up/100a1)
. ya
Gastrointestinal Present 17 (22%) 101.24%
gymptoms Absent 61 65.98
Abdomina' pain Present 13 (177 100.77%
Absent 65 . 68.25
Keuromuscular Present 21 (27%) 94.52%
symptous Abseat 57 65.98
Anorexia Present 18 (23%) 93.89%
. Absent 60 4 67.60
Joint pains Present 22 (28%) 92.59*
Absent 60 66.23
Constitutional Present 31 (407) ‘ 89.68%
compliaints Absent 47 63.11
#Significantly greater than level of those without symsptoms (p < .01, l-talled t test)
i
4
NEE
/ - pos
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Takle 5

Percentage of Workers with Symptoms* of Lead Poisoning Ly Blood Lead

and Erythrocyte Protoporphyrin Level at Three Lead Plants

Ratio. () of Symptomatic Workers by

Plant ——Blood Lond Level Gu/200WL) o
tocariem L E M0 .. JAa0e3? 5013 »80
Teanessee 1/13 (8%) 2/12 (17%) 7/26 (2712 18/26 (699 s
Missourd fo/1 (D} 417 (577 2L (673)  7/13 (547)
Minnesota {o/2 (ox)] '2/6 (33%) 9/14 (64%)  5/12 (42%)
. _Erythrocyte Protoporphvrin Level (up/100ml)
<100 160-199 200-299 > 300
Tennessee 2/26 (8%) 2/13 (15%) 11/16 (69%)  13/21 (62%)
Missouri {1/ (1002)]  4/10 (40%) 10/15 (62%)  9/15 (607)
Minpesota 18/2 (02)1 1/5 (20%) [o/6 (ax)] 15/23 (65%)

#*Tvo or more of gyuproms in Table 3 during past year

+Brackets around cells with S members or less

IS ]

e ek

i
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Table 6

‘Tercentage of Symptomatic* MWorkers by Blcod Lead and.Er}Lhrocyte
Frotoporphyrin (EP) Level

Ratio (%) of Lesd Workers With Symptoms By

‘Blood Lead Level (ug/100ml)

Erythrocyte
protoporphyrin
(ue/100nl blood) < 40 _40-59 60-79 % 80 . Total 4
<100 1/15 (7% 2/9 (227) {075 (0231 - 3/29 (107>
100199 (071 (02)1+ 2710 (20% 5/15 (33%)  [(0/2 (0%)] 7/28 (25%)
200-259 - {3/3 (100%)] 10719 (53%)  8/13 (62%) 21/35 (60%)
300~399 - f1/2 (50%)) 10/14 (71%)  7/14 (50X) 18/20 (60%)
> 400 - - 5/8 (63%) ‘j;x.s,/’zz (68%) 20/30 (67%)
Total 1/16 (62} 8/24 {33%) 3D/61 (49%) 30/51 (59%)
*Tvo or move of the symptoms or symptom categories in Teble 3 during past year
+Brackets sround cells where 5 or iess persons represented.

o 121
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Table 7
Percentage of Workers Currently Symptomatic* by 'B_ldod 'Lg_ad and EP Level :
: i,
Ratio (%) ~f 'Symp:qmazic Workers by Rlood lLead
Level ( ug/l00m1)
Erythrocyte : : e
Protoporphyrin ¢ 40 40-59  60-79 > 80 Total i/
< 100 0/13 (0X)  0/8 (03  ([0/5 (0%)] - o286 0T
100-199 {0/1 (0%)} {0/4 (0%} 3/14 (21%)  [0/2 (0Z)) 3/21 (14%)
200-299 - {2/3 (672)1  3/15 (202)  S/12 (A27)  10/3D (33%)
300-399 - {o/1 (0%)}] [2/5 (40%)) - - 3/10 (30%) S/16 (31%)
> 400 - - C[2/5 (40%)]  CB/15 (53%)  10/20 (507)
Total 0/14 (07) 2/16 (13%) 10744 (23%) 16/39 (41%)
*Horkers veporting 2 or more symptoms in Table 3 at time of blood sampling.
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Table~& Cut?ent symptoms of lead toxicity

g : Missouri, 1976

Symproms
Insomnia
Excessive Fatigue
Dizziness’

Muscle Weakness
Joint Pain
Abdominal Cramps

Nausea

Constipation

.

i o ¢ S ——— 1 o

Lead Workers (43)

Dol Cme e baee e oy

5
18
8
6
10

(12%)
(442%)
(19%)
(142)
(23%)
(23

%)

in lead workers and controis

)

Controly (15)

1 ()

1 (%)

o (= &S (=] L =]
~
[,%)
[=))
S
~
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Table 10. Mean Hemoglobin Level by Erythrocyte Protoporphyrin Range
: Missouri 1976 : ‘
B ’ ‘ Eryth~ocyte Protoporphyrin Level:(ug/100al)
: . :
<200 200 - 399 > 400 o
- A T FRmreicns b
Number testod Il 2 11
 Perceutage Anemict 0% 19% 18X :
Mean Remoglobin Level 15.89 15.03% 14.70%
o Standard Deviation 0.91 ‘ 1.03 ' 0.78
\
T *significantly less than mean level for EP < 200 ( t = 2.26, p<.025, one tailed t)
T **Si_gnificantly less than mean level for EP levels <200 (&t =~ 3.14, &f = 20)
A b {p< .005, one tailed t )
N " 4 Anemia defined as hemoglobin level ¢ 14.0 gms/100ml
X . ‘
L ;
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Table 1l.
~ ::' - - V
Symptoms 0-1
~%- Nauses oz
L
= Constipation ox
3 Anorexia 6%
e Abdominal pain OX%
A
R Muscular weakness 0%
,_._ Jotnt pains 0x
wT ?afc igue ox
- _. Insoznia 0z
- Irritability 0%
— .
R
<
%
e
~ j

MONTHS OF EMPLOYMENT COMPLETED
_ o ERYE
Q=17) (w12)  (NeB)  (N=20)

- 23

4=-12

33%
8%
422
25%
252
172
25%
25%
25%

L B R T

632
132
63%
50%
S0%
88%

25%
30%
35%
25%
35%
45%
30%

25%

15%

M

3

Percentage of production workers with symptoms by duration
of employment, Tennessee 1976

.

BTN 00 A Ay IV o TRV G R L Y 4 0

. .

SNTLe s e .

e b oY TR

Total Y¥umber Reporting

Symptoms

14
8
18
11
14
19
.15.
10

il
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.\_‘ "o - TABLE 13. Occurrence of Symptoms in Lead Smelting Plant Employees--Minnesota 1976
- Number with Percent with
Symptoms —Symptom — Symptem
. v
. Tiredness 17 . 52
) Loose bowel movements 11 33
Irritability 9 27
o Joint pains 9 - 27
\/4 Huscle weakness 9 27
’ Loss of appetite 7 21
’ Headache 6 18
; Leg cramps 6 18
Constipation 6 18
- _ Nausea* 5 16
) Trouble sleeping 4 12
) . Throwing up* 4 13
/‘\,‘ l' -Abdom.{ual pain* 3 9
Weight losgk* 2 6
Shakes 2 6
"% Excluding 1 employee with symptom due to ulcers. . _
~x ** Excluding 2 employees with symptom due to diet. Of the 2 with weight loss not
s related to dilet, 1 lost 20 pounds in 15 months and 1 lost 22 pounds in 7 months.
+ 13 of these 14 smoke.

I . DUP040013343
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Table 12, Frequency of .symptﬁms auong 22 cases of lead poisoning, Utah 19'7,6

. Smpren | Nesber  ©  Perceme
Abdominal cramps » » 19 ' 86 _
Rausea ' ' «- 18 82 ’
Diarrhes 12 55
Headache 12 55
Dizziness | 12 . | 55
Anorexia 12 55
Vomiting 9 @ 41
Paresthesias 9 \ 41
Constipation 8 36
Fatiguability 8 36

. Myalgias 7 32
Weight loss 6 .27
Irritability 5 : 23
Chest pain S . 23
’Huéc,le wveskness 4 18
Tremor 4 18
Joint pains 4 1‘3 :
Sy } 125
s S — R
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Table 15, Blocd Urea Hitrogen (BUN) Levels and Serum Creatinine by
Treatment History, HMarch 1976, iissouri.

o, of Courses**  Total Hean Hean Humber (%)
of Oral EDTA dumber BUN_ ~ Creatinine Elevated *
None. 28 17.28 100 6 (2)

1-3 10 19.30 1.8 3 (30)

» i
4-13 5 21.00 1.12 ‘ 2 (40)
. *Greater than 20 mg/199 ml

**Courses consisted of & gms EDTA orally for 5-7 days

aveam misra s o e b e w4
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Table 16. Relationship of children's blood lead level to duration of

father's employment at swelter--Memphis, 'iovember 1975

Months of
Erployment

Children's Blood lesd Level (ur/100ml)

Corpleted

by Esther’ Nuzber

0-2 5
3-4 8

5 - 12 . o4

=
;
i
i
|
{
§
-

e

Meen

S

S.D.

2._60 ‘!

43.7

59.5

i

W

3.0

13.4

137

N ity

i eiinn e AR e w e #a e e e e

e D 147 0 o TR A 8 352 e

o amrer —
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H
Yable 17 Blood lead levels of current workers' children by parental blood
lead 1eve1——'bﬁ=.mphis_, November 1975
, No. (%) of Children with ,
Father's blood Total No. blood lead levels ‘ E
lead level Gf Children : 30-79ug/100ml > 80up/100ml
< 60pg/100ml 12 1 { 8.3%) 0
60-791g/100m1 35 - 16 (45.7%) 0 :
80~142pg/100m1 25 12 (48.0%) 4 (162)
i
1

BT Sio sF - DA Panis, 2o i1 et S

132

S b ot = o —— e ¢ . . T »

Rt et T e .
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Table la Comparison of lead concentrations in household dust with
children's blood lead level--Memphis, November 1975

Dust Lead
Concentration

(opm)
0 - 1000
1000-2000
2000-3000
5000~6000

7000-80,000

 Children's Blood Lead Level (ug/100=1)

Number

18

5
5
4
6

Mo oo 5aDe
2.3 + 7.8
41.6% + 11.1
46.2% 4 21.1
65.0% + 10.4

73.3% +,34.0

#Significantly greater than meen level of children exposed to
0 - 1000 ppm level of lesd in dust (p< .001).

s et Ar et & S S @O e @ soe
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Table 19, Lead Contentration in Split Blood Samples, May 1976
a - . b c
Lub £oc _NIOSH Contract lab Private lLab
" Sampie # _ :
1 12 , 112 80.1 s
2 95 88 58,3
3 98 110 74.5
4 68 69 49,3
5 71 72 46,2
6 62 62 42.9
7 88 85 63.1
8 92 92 63.9
9 88 ’ 92 64.8
10 73 70 47.8
11 112 115 . BC.9
12 72 80 a4 534
13 78 81 i 61.5
14 83 76 51.8
15 79 91 64.8
16 64 66 46.1
17 71 87 57.5
18 82 80 50.2
19 176 157 103.6
20 54 77 50.2
a3 56 54 34.8
22 76 ) 76 51.0
23 ; 96 96 68.8 ;
24 i 130 144 B87.4 :
25 74 74 48,6 :
26 : 82 85 57.5 .
27 78 - 82 56.7 ;
28 72 77 52.6 :
29 96 - 101 66.4 :
30 84 91 5 60.7 3
Mean Percent difference from CDC result: KIOSE Contract Lab + 4.0%
: Private Lab -~ 29.2%
Number (Percent) with acceptable result*: NIOSH Contract Lab 27/30 {(90%)
Private Lab 1/30 (3.3%) i
*Acceptable result: + 15X for blood "level 240. :
.+ 6 ug/100ml for blood level < 40.
. 13y 5~
» —
- !\l e e b -
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Table 20,7 History of Inspections and:- c:.tntion-s’ at a Secondary Lead Smelter,.
. Tennessee
Excessive Alrborne Lead v Enforcement Letter or
_Concentration Noted . _Citarion Issued
Year ‘ Year Number of Letters/
: Citations |
: ,
1952 1951 1
1953 1953 1
1955 " 1955 1
1956 ' . 1958 2
1958 1961 1
1962 1962 ¥ 4
1965 __ 1965 1
1972 _ o 1967 3
. 1974 1970 1
1971 1
1972 1
1974 1
1975 1
/35 -
™ ’ DUP040013351- L

04-0005-0510
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Table 21.

R R L e

Minnesota Secondar& Lead Smelter: Record of Inspections and

Citations hy State and Federal Agencies

- Bxcessive alr lead

concentrations noted

1648
1950
1955
1956
1957
13960
1963
1964
1966
1972
1973
1974
1975

Compliance order or

;;té;icn issued

B

1963

1970

1973

1974

’ 1975

‘g

ittt g

i g a4
<

e on o o o erdat s v e

B Rt

R
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Table 22 '
' calculation of Semsitivity and Specificity ~
Blood Lead Number of Workers with Erythrocyte Protoporphyrin Levels
Level 250 <50 Total f
: ‘ : 3
> 40 130 7 137 - . ! T
< 40 2 13 15 :
. . s s
TOTAL 132 20 152
Sensitivity = Number correctly identified as positive* ;
"Total number positive
130/137 = 95% C
Specificity = Number correctly identified as negntive** #
“Total number negative y # ,
g d
13/15 = 87Z ;
# positive = blood lead level >60vg/100m1 ?
v**negative = blood lead level (Aﬂugllﬂmnl
)
H
. |
L.
P
1
13> ~
et e At e o miem i e ...--_A.!____ —- T e -
& .
w -) .. et . - - d -
o g R ' X DS W (
4 , ; N . \
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Sensirivity and Specificity of Erythrocyte Protoporphyrin (EB)-Shrnening Test

Table 23 '

in Datecting Workers with Elevated.Lead levels.

Acceptable
blood lead
level .
40 pg/100ml
60 pg/l00ml

80 ug/100ml

Acceptable
blood lead
Aevel

40pg/100m1

60ug/100ml

80ug/100ml

Sensitivity

_Acceptable EP'Lgvels

50ug/100=1 blood 100 ug/100ml ZDOug/lopml
95% 90% 70%
99X 96% -78%
100% 100% 98%
i
Specificity
hcceptable EP Levels
5008/100ml blood 100 ug/l00ml  200ug/100ml
87% | 94z 100X%
50% 607 882
21%Z 292 552

i
138 1
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Table 24
Bftect of Screening lypothetical Plant A Using Different Levels of EP Acceptabiliry
‘1) Assume plant with 100 workers: ‘
2) 75 with blood lead levels >60ug/100ml & :
3) 25 with blood lead levels < 60ug/100ml ;
Using EP cut off of 100 'ug/_'iOO rml whole blood {sensitivity ‘9622. specificiry 602) "
- " 1) Correctly positive*: 72 workers i
‘ 2) Fail to identify 3 workers with eclevated blecod lead levels
) 3) Correctly identify 15 workers with "normal” blood lead levels
4) Incorrectly label 10 workers with “normal" levels as having inrreased
- lead absorption
N: Using EP cut off of 200 ug/100 ml blood (s_enstxtvi.ty 782, specificity 88X)
\ 10 Correctly positive: 58 workers
= 2) Fail to identify 17 workers with elevated blood 1dad levels
- " 3) Correctly identify 22 workers with "normal" blood lead levels
Lo 4) 1Incorrectly label 3 workers with "normal" levels as having increased
-2 ‘lead absorption .
e
.\'»\* - .
= *Horkers with elevated EP who in fact have elevated blood lead level (>60ug/100ml).
T i ‘
~{\ - .
:'**:i\;' .
S
Vet
" R
R
b
\};‘-~-
“';K ~ -
: | 139 4

e ST S e 2
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'l'able 25 -
Effect of Screening: Hypothetical Plant B Using Different Levels of EP Acceptability

1} Assume plant Qith 100 workers;

2) S0 with blood lead >60ug/100ml
3) S0 with blood lead <60ug/100m1

Using EP cut off of IOOug/IOOml

1) Correctly identify 48 workers wtih elevated blood lead levels o
2) Fail to identify 2 workers with clevated blood lead levels
3) Correctly identify 30 workers with "normal® blood lead levels
4) Incorrectly label 20 workers with "normal" blood lead levels as
having increased lead zabsorption

Using EP cut off of 200ug/100ml

1) Corzectly identify 39 workers with clevated blood lead levels

2) Fail to identify 11 workers with clevated lead levels

3) Correctly identify 44 workers with "normal" blood lead levels

4) Incorrectly label 6 workers with “normal" blood 1lead’ levels as having
increased lead absorpticm .

P R S IR T

Boraid ebd T 1M
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Table 26

Effect of Screening Hypothetical Plant C Using Different Levels of EP Acceprability

1) Assume plant with 100 workers
2) 20 with blood lead level >60ug/100m1
3) .80 with blood lead level < 60ug/100ml

Using EP cut off of 100 ug/100ml: f | d

1)} Correctly identify 19 workers with elevated blood lead levels

2) Fail to identify 1 worker with elevated blood lead levels

3) Correctly identify 48 workers with "normal” blood lead levels

4) Incorrectly lazbel 32 workers with "normal™ blood lead levels as
having increased lead absorption

Using EP cut off of 200 ug/100mi:

1) Correctly identify 16 workers with elevated blood lead levels

2) TFail to identify 4 workers with elevated lead levels

3) Correctly identify 70 workers with "normal" blood lead leveis

4) 1Incorrectly label 10 workers with "normal" blood lead levels as having
increased lead absorption
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Table 27

Predictive Value Positive of EP Test Using Different levels of Acceptability
in Plants with Varying Prevalence of Elevated Blood Leaa Levels,

Prevalence of Using EP Cut Off of Using EP Cué Off of

Elevated Lead* 100ug/100ml blood 2001g/100m1
Plant Levels _ . :
A sz < Bsx . esy g
B 50% 71% - . 87X A
ol 20% 37% '. 622
* > 60ug/100m1 .
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_Fig. ;. BLOOD LEAD AND ERYTHROCYTE PROTOPORPHYRIN LEVELS
IN WORKERS, MEMPHIS, TENNESSEE, 1975
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‘FOR ADHINI:STMTI$'£ USE . PUBLIC REALTH SERVICE-CDC-A"lanta
LIMITED DISTRIBUTION EPI-T6-33-2 Harch 5, 1976
KOT FOR ‘PUBLICATION
| o
T0 : Divector, Center for Disease Control ke
FRCM ¢ Cancer and Birth Defecte Division .
Bureau of Epidemiology - ) : -
SUBJECT: Occupational Lead Poisoning in Tennessee g
SIMMARY
Following reports of excessive blood lead levels and fllness :
in workers at a secondary lead swmelter in Memphis, Tennesske, ;
77 (22X) of 84 current cmployees and 1 former employce were :
examined in November 1§75, Blood lead levels ranged to 184ug/
100ml. with 33X >80ug/100uml, Elevated blood lesd levels
were seen in cll areas of the plent, especially in production
workers. Classical symptoms of lead poisoniry were evident:
abdominal pein (17%), gastrcintestinal dysfunction (22%),
Jjoint patin (28%), neuromuscular symptoms (27%), and anorexia
(23%). Ten workers were found to have lead neuropathy, with
weakness of wrist extensor muscles, Anemia was noted in 1l .
workers and correlated with elevated blood lead levels and i
erythrocyte protoporphyrin concentrations. There was also ) . p
suggestive evidence of lead-related renal disease. Increased :
argenic sbsarption was noted in 10 (14X) of 72 employees.
“Thirty-two (68Z) of 47 children of smelter workers had blood
lead levels >30ug/l00ml; 4 of these children with levels >80us/
100ml were hospitallzed and treated for lesd poisoning, A
! survey of 228 children living near the smel'~r showed no cxces-
, sive lead absorption. In January 1976, mansgement temporarily
i closed the smelter and fnitiated efforts to redesign the pro-
* ' duction process.
INTRODUCTION
On November 14, 1975, Philip J. Landrigan, M.D., Chief, Environmental Hazards Activity,
Cancer and Birth Efects Division, Burecau of Epidemiology, was notified by David S.
Tolland, M.D., EIS Officer located in Tennessec, of .o problem of lead poisoning in
workers at a secondary lead smelter in Memphis. Preliminary evaluation of the plant
by Myron Frank, M. P.H., Staff Epidemiologist, Division of Communicable Diseasc Control,
Tennesses Départment of Public Health, had indicated that blood lead levels wete ele~
vated to >60ug/l00nl in 46 of 67 employees tested in early November 1975: & had levels
>200ug/103=1. 16 betweea 100 and 19%ug/100ml, and 26 betwecen 60 and 9%5ug/l00ml. An
Industrial hygiene evaluation by the bepartment of Public Health's Division of Occupa-
tional end Radiological Heslth in November 1974 had noted excessive expo