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HIOSH Lead and Inorganic Lead Respiratar Selection Recommendations,

March 15, 1977

Airborne Particulate

Lon:entration of Lead

Required Respirator

Fire-Fighting

In excess of 200 mg/M3
or entry and escape from
unknown concentrations

Kot in excess of 200 mg/M°

Not in excess of 100.mg/M3

Not in excess of 5 mgIM3

Bot in excess of 1 rng/l‘f3

Rot in excess of O.5~mg/M3

. - - ——
Self-contained breathing apparatus with a full face-
piece operated in pressure-demand or o:her positive-
pressure mode.

Self-contained breathing apparatus with a full face-
piece operated in pressure-demand or other positive-
pressure ‘mode.

A combination respirator which includes a Type €
supplied-air respirator with a full facepiece operated
in pressure~demand or other positive-pressure or
continuous~flow mode and an auxiliary self-contained
breathing apparatus operated in pressure-~demand or
other positive-pressure mode.

e :
A Type C supplied-air respirator with a full facepiece
operated in pressure-demand or other positive-pressure
mode or with a full facepiece, helmet or hood operated
in continuous~£flow mode.

A powered air-purifying respirator with a high
efficiency particulate filter.

A Type € supplied-air respirator operated in pressure=-
demand or other positive-pressure or contimuous—
flow mode. . :

- A high efficiency particulate filter respirator with

a full facepiece.
Any supplied-air respirator with-a:full facepiece.

Any self-contained breathing apparatus with a full
facepiece.

Any dust and mist respirator, except single-use
respirater or quarter mask.

Any fume respirator or high efficiency particulate
filter respirator.

Any éuppliedbair respirator.
Any self-contaiced breathing apparatus.'
Any dust and mist respirator, except single-use.

A
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FOLLOWUP OF HEALTH HAZARD EVALUATION (76-36) EAGLE PICHER INDUSTRIES
| JOPLIN, MISSOURI

Background:

During a NIOSH Health Hazard Evaluation (76-36) of lead exposure -
at the Eag?g»?icher Industries, Lead Chemicals Plant in Joplin; Mo., 17

of 53 workers examined were found to have elevated'blbpd urea nitrogen

{BUN) 1evels on at least one of two determinations; 2 workers had borderline

results. Levels ranged from 21 to 44 mg/100m1. Ten of these workers had
been treated with oral calcium disodium EDTA on at least one occasion.
Symptoms énd signs of lead'toxiciiy in this group inclu%gd.periperiphera1
neuropathy, anemié, and gastrointestinal and neuromuscuiar symptoms. Serum
creatinine levels were within normal limits on all wbrkers tested.

Since elevated BUN levels are associated with remal disease, a well-
récognized.seque]a of chronic lead exposure, further medical evaluations
were deemed necessary to determines '

1} fthe extent of renal functional impairment in these workers; 7

2) the role of occupational ]éad exposure in the ctiq1agy of this

disease. |
Accordingly, these 19 workers (2 workers with borderline results were
included) were referred to a board-certified nephrologist in Tulsa,

Oklahoma for outpatient diagnostic studies which were performed in July.

Hethods:

Following complete history and physical examination, blood and urine
tests were performed on specimens from each worker. In evaluating renal

concentrating ability, the cemolality of a urine sample collected after
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a 12-hour water fast was determined (1). Creatinine and lead clearances

were determined usingvl hour timed urine co?Tections'and'simultanebusly

collected blood samples. Lead:]eVeis were determined by atomic absorption

spectrophotometry. Betgzmicrog]obulin Tevels were determihed using a
radioimmunoassay prﬁcedure.* Urinary aming acid screen was performed.
using thin layer chfomatographyb _ _ ' .

Urine aminolevulinic acid (ALA) was measured by standard techniques.
Blood chemistry tests (ﬁnélUding creatinjne,BUN; and uric acid) were
performed using-an automated clinical aﬁaiyzer, ‘Hemqgram; differential,
routine urinalysis, and VORL were performed by standdrd methods.

Participants were informed prior to testing of the voluntary nature

" of the studies and that medical information would be treated in a

confidential manner in compliance with the provisions of the Privacy Act.

Results:

History: Six of the 19 workers were hypertensive (blood pressure

greater fhan 140780 by history or when examined dﬁring this evaluétion),

Two workers were on treatment for hypertension at the time of examination.

One hypertensive worker gave a ﬁistory of a cerebrovascular accident in
1975. Eleven workers reported histories of musculoskeletal symptoms
{wrist, elbow, back, or shoulders). Three men complained of recurrent

abdominal colic and two men noted chronic easy fatiguabi?ity.

*Kits produced by Pharmacia Diagnostics, Inc., Upsala, Sweden;

e
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Physical Examination:

- Physical examinations were generally within normal limits. HNo wrist

i

drop or lead lines were noted.

Laboratory Examinations:

dmero—

1. Renal Function Testing

Only five of the 19 workers tested had elevated BUN levels (722 mg/100m1)

~ and only one had an elevated serum creatinine concentration (>1.5 mg/100m1)

(T;ble 1). However, 8 (42%) had decressed creatinine clearance 91 m1/

min/1.73 sq m BSA) (Table 2). Impaired drine concentrating ability (i.e,;
-inability to concentrate the urine below 800 mosm/liter after an overnight

water fast) was noted in 8 of 15 workers tested (Table 2).

Lead clearance, calculated by the standard formula* (1), tended to

decrease with increasing duration of exposure to lead (Figure 1). This

inability to clear lead was independent of the age of the worker: amalysis

.of data from 45-55 year old men shows the same negative relationship

between duration of exposure and clearance rate (Figure 2).

Routine urinalyses were essentially within normal limits.

ieadees;s: _
Fifteen (79%) workers had blood lead levels »60ug/100mi, 7 (37%)
had levels »80ug/100m1. Erythrocyte protoporphyrin (EP) and urinary ALA

. levels showed comparable elevations (Table 3). EP and ALA-U levels were

not correlated with !eaq clearance rate (r = .05 and .17 respectively).

uy : _
*C= P where C = clearance; U = urine lead concentration;

P = blood Tead concentration; V = urine flow rate over
‘collection period
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. Bématol¥gic Tests:

Five workers were anemic (hemoglobin less than 14 gm/100m1} (Table 3).
Hemoglobin levels were not correlated wwth b]ood ]ead or EP levels or with

lead clearance rate. : » : o } | =

Other Tests:

Serum ahemistry tests were generally within normal limits. Urinary
' beta2 microglobulin levels were strikingly g1évated in two workers (993
and 4890 ug/11ter) and normal in all others tested Urinary amino acid

screen was normal in all. ,

Discussion:

These studies cleak?y demonstrate & signifﬁéantly increased prevalence
of mildly to moderately severe kidney disease in employees at the Eagleb
Picher plant in Joplin, Missouri. Although further studies are needed
to clarify the cause of these disorders, lead nephropathy is a likely
etiblogy for several reasons. These workers have been heavily.exposed to
lead for prolonged periods (5-30 years) and manifest other toxic sequelae |
of 1ead exposure including anemia, recurrent colic andvjoint symptoms. Both
renal glomerular and tubular dysfunction were noted in these men, a pattern
previously noted (2,3) in other studies of lead nephropathy. A positive
relationship exists between the degree of ‘rena) dyéfunction (impaired lead
clearance) and duration of exposure to lead; an effect which is independent
of age. In view of the§e findings, other etfo1ogies of renal disease seem

unlikely but must be ruled out with further testing.
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This study illustrates the insensitivity of blood urea nitrogen and
serum crgatinfne determinations and routine urinalysis in detecting renal
disease; this findihg'has been we11 ﬁoéumented in the medical literature
(1). More sensitive measures should be used in screening for lead
nephropathy in exposed populations; such tests could include measurement

of lead clearance, creatinine clearance, and urine concentrating abilaty

as were done in the current report. All testing was perfpnwgd over several

hours in & doctor's offi.- and could be adapted to in-p]ént scheening.

In view of the impaired iead clearance noted in some of these'workers,
they would be expected to aemonstrate greater toxicity from lead exposure
than coworkers without such impalrment. However, we d1d not find any
relationship between hemato?ogic toxicity and. impaired renal function. Of
greater importance is the potentiation of lead neurotoxicity by lead
nephropathy which has been previously reported but was not evaluated in
this.stud&. Further work is indicated to c1a§ify the significance cf '

impaired lead clearance ability. The current report of mildly to moderately

;severe renal disease which may relate to lead exposure at Eagle Picher

Industries, Lead Chemicals Plant in Joplin, Mlssouri, further illustrates

'the importance of reducing lead exposure at this plant. The recommendations

‘made in the previous HHE report should receive further attention as well as

those noted below.

Recommendations:

1) Seven workers identified by the nephrologist (Dr. Browning} as having

impaired renal function should be removed from lead exposure. These individuals

should be reassigned by the company to a Tead free area of employment. Any

Yva
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1eaﬂ exposure, even at air'leve1svbe10w-thg OSHA standards, may exacerb#ie
existing venal disease. This reconmendation applies even to individuals
with renal impairment which is felt tovbe.uhreiatgd té‘lead gxp55uresé
‘ é) Further medical studies are indicated to determihg the étjblégy

and reversibility of remal functional impairmenf. 'These_stddies should

_be performed as socon as possible to avoid further deteribration_in renal

function. NIOSH will pay for the medical expenses of those wishing to
have further tests. o

3) Periodic screening of other ]éad exposed workers is indicated
to detect early 1ead-re1ated renal disease. This could bpst be accomplished
by measuring creatinine clearance and urinary conCentrSting.abi]ity-every
six months on workers with more than 20 years of lead expoSure_ Since

these indicaters become abnormal rather late in the course of rena1 disease, -

more sensitive methods should be sought to detect lead nephropathy in its

early, reversibie stage.

Report prepared by: KIOSH Project Officer:

Edward L. Baker, Jr., M.D. : Robert N. Ligo, M.D.
Acting Chief ‘ ’ Medical Section
Environmental Hazards Activity Industry-Wide Studies Br.
Cancer and Birth Defects Division Division of Surveillance,
Bureau of Epidemiclogy ‘ : Hazard Evaluation, and
Cente: for Disease Control, Atlanta, Ga. Field Studies

A ' Cincinnati, Ohio

Medical Evaluaticns Performed by: . s

David Browning, Jr., M.D.
6565 South Yale
Tulsa, Oklahoma 74136
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TABLE 1. Routine Renal Function Iés_ts-, Eagle Picher Industries,
July 1976 . -

A G )

£

s Creatinine S P

. -BUN Level ‘Level Routine . =~ - ' .

Sul,_ et {mg/100m1) Lg /100m1) ~ Drinalysis : ' . .
1 18 1.1 Normal ;

2 S1s 09 - ~ normal-

25 1.2 hyaline casts,
5-6 wbe/hpf - -

26 1.2 ‘ granular casts ..
17 0.9 ~ normal ’ |
24 0.8 : - norma,i
15 0.8 ) normal
i8 : : 0.9 - normal -
18 : ' 1.0 S ‘pgmal
10 19 : 1.0 __ normal
11 _ 15 ' 1.0 normal
- 12 - 18 : 1.0 normal
13 15 1.0° noreal
14 ) 18 1.2 'normal
15 ) 15 1.0 normal
16 . 13 A 0.7 : normal
17 27 T 1.9 normal
18 23 1.4 normal
19 : ' 16 0.8 ‘ normal

b

}
w

V00 Ny

Normal range <22 N <1.5
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. _ TABLE 3. Hematologic Testing, Eagle Picher Industrids, .fu'l-y 1976 ?
, Hemoglobin ‘Erythrocyte Urinary - o
» Level Hematocrit Protopotphyrin  Delta ALA i
Subject  (gm/100m1) (vol. %) Lug/100ml rbe)  (mp/100ml) :
1 . 15.5 4.1 502 . 1.46 \
2 15.2 46.9 ‘ 361 0.35 .
3 14.8 k2.7 260 0.51 T
4 12.6 36.7 468 0.18 '
5 15.1 44.2 464 0.89
6 14.8 43.1 142 1.82
7 14.2 . 41.8 449 L.89
8 12.3 ' 36.1 426 . . 0.85
9 1.7 43S 548 , 0.37"
10 5.4 45.0 351 0.33
1 13.8 39.9 - 174 ¢ 1.14
12 15.3 44.3 S 2370 o.62.
13 15.0 43.1 ’ 166 1.60
T 13.0 43.1 164 1.60
15 14.0 41.1 200 0.92
16 4.8 42.2 . 278 , 1.92
17 13.2 40,1 401 1.27
18 14.9 4.1 - 532 Lo0.78
19 14.3 42.5 244 10.91
1
L2 -
]
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