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PREFACE

The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field
investigations of possible health hazards in the workplace. These
investigations are conducted under the authority of Section 20(a)(6) of the
Occupational Safety and Health Act of 1970, 29 U.S.C. 669(a)(6) which
authorizes the Secretary of Health and Human Services, following a written
request from any employer or authorized representative of employees, to
determine whether any substance normally found in the place of employment has
potentially toxic effects in such concentrations as used or found.

The Hazard Evaluations and Technical Assistance Branch also provides, upon
request, medical, nursing, and industrial hygiene technical and consultative
assistance (TA) to Federal, state, and local agencies; labor; industry and
other groups or individuals to control occupational health hazards and to
prevent related trauma and disease.

Heniicn ¢f c.apany names or products does not constitute endorsement by the
Nationel Ims:ituts for QOccupational Safety and Health.
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SUMMARY

In April, 1983 workersz at Metz Metallurgical in Sauth Plainfield,
NJ requested that NIOSH perform an investigation of health hazards at
their plant. The request dealt with riumerous exposures in this
precicus metals refinery, but focused on the health effects of the
primary product, silver powders. Two hundred and twenty employees
work in the refinery in extraction, fourdry, chemical purification and
precipitation, and drying, screening and packaging of metal powders.
Silver powder exposures were high in several areas. Workers with the
highest potential silver exposure were studied for the potential
health effects. .

Field visits and medical examinations were conducted in March and
RAugust, 1984. Air sampling was conducted for silver powders, and
participants received a work history, symptam questiormaire, and an
ophthalmologic examj] urine was collected for the measurement aof
urinary creatinine and N-acetyl-B-D-glucosaminidase (NAG). Urire
samples were collected and analyzed for silver and cadmium content arnd
blood samples were callected and analyzed for silver content.

Airborrne silver levels were found above the 0SHA PEL of @.91 mg/m3
in ten of 13 samples (range @.0037-1.55 mg/m3, mear @. 383 mg/m3).
Ninety—-six percent of the 27 workers had elevated urine silver levels
{range 0.5-52.@ ug/l, mean 11.3 ug/1l). Ninety-two percert had
elevated blood silvers (range 8.05-6.2 ug/10@ml, mean 1.@ ug/10@ml).
Nineteen percent had elevated urine cadmium levels (range 1.9-76.0
ug/ly mean 11.8 upg/l)}. Respiratory irritation symptoms were reported
in a majority of workers and nose bleeds were reported in 8 of &7
(380%). Deposition of silver in the cornea of the eye was detected in
S5 of 8 (63%X) of the long—term workers. Although not statistically
significant, correal deposition was associated with complaints of
decreased night vision. NAG was significantly elevated in 4
individuals and was correlated with blcod silver levels. In additionm,
the group’'s average NAG level was significantly higher than that found
in a control population similarly tested. Estimated creatinine
clearance was significantly lower in the silver exposed group thar in
an unexposed control group. Kidney furiction appears to have been
adversely affected by exposures at work. Because of the expasure to
cadmium, silver's role in causing the decremernt in kidrney furctiorn
could not be definitely determined. Recommendations are given to
reduce silver and cadmium exposures and to mornitor the health status
of workers at the plant.

bPased on envirormental, biolcgical and medical results, it is
corncluded that a health hazard exists at Metz Metallurgical. Exposure
to silver and cadmium dust arnd fumes are causing respiratory, eye and
kidrey problems among exposed woarkers. Expasures should be reduced
and a follow—up medical suveillarce program should be initiated.

Key Woras: SIC Code 3341 (Secondary Frecicus Metals Smeltinpg and
Refirang) Silvery, Cadmium, Ocular Toxicity, Nepnrotoxicity, NAG

p



http:0.0037-1.55

ro

INTRODUCTION

In Aprail, 1383 NIOSH received a request from employees of Metz
Metallurgical Corporation, South Flainfield, New Jersey to conduct a
Health Hazard Evaluation of their plant. The request merticoned
exposures to formaldehyde, hydroguirnorney, acids, caustics, cyanide,
metal fumes and silver compounds. In addition, the request cited
emplayee problems with rnosebleeds, headaches, tiredness arnd vision
oroblems. In Septemoer, 1983, the investigation was assigrned to the
New Jersey Department of Health (NJDOH) urnder a cooperative sgreemert
with NIOSH to conduct Health Hazard Evaluations.

In March 1984, a walkthrough of the plarnt was conducted arnd a
short guestiormaire administered to approximately 2@ employees. On the
basis of this irnspection, exposure to silver was identified as the
most significant exposure and therefore, a study protoccl focusing on
the effects of silver was developed. In August, 1984 in—-cepth field
work including guestiormaires, medical examinations, air sampling and
laboratory tests was conducted.

BACKGROUND

Metz Metallurgical is a silver and cother precious metal refinery.
It uses pure metals (silver bars, cadmium, gold, platirnum and
paladium) as well as silver-containing wastes (spent chemical
catalysts) for its raw materials. Numerous chemicals including nitric
acid, hydrochloric acid, formaldehyde, caustics, hydroquinone and
solvents are used in the refining process. Products from the plant
include several grades of powdered metals and wire.

Approximately 220 workers were employed at the plant irn 1284 in
all phases of the operation. This included about 30 maintenance
workers and 15@ in producticn. There is rnoc uniors representing
employees at the plant.

Several processes are of interest to the present investigationr.
Silver powders are produced both for use in other plant processes, and
for sale as pure silver. The powder is manufactured by adding silver
riitrate, water ard formaldehyde into a reactor vessel and heated.
Sodium carbornate is then added and the product is decanted into a
centrifuge on the lower level of the plant. Workers then mariually
scocp the silver cake from the centrifuge. During routine operaticons,
workers stated that they experierced burning and reddered eyes. The
powder is then dried, pulverized, screened and packaged in several
grades in S5 gallon drums.

Metal bars, scrap and dust are melted ir furnaces and poured into
irigots in the melting area. Although some lxcal exhaust ventilation is
present, workers are potentially exposed to metal fume cduring melting
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and paurirg procedures.

In the crystal area, silver nitrate is produced by dissalving
silver bars in rniitric acid arnd precipitating silver nitrate crystal.
The crystal is dried on trays in ovens and then packaged.

Silver oxide is praduced by adding scdium hydroxide to silver
nitrate, heating and precipitatirng ocut the silver oxide powder. The
precipitant is filtered and washed with water. The resultanmt mud
cakes are then dried. The dried cake is hand scooped into a trough
that leads to the packaging area.

Silver chloride and silver-cadmium oxide products are similarly
produced. Materials are chemically combivied, precipitated and then
dried, screened and pachkaged. The major potential for metal dust
exposure is during screening and packaging processes.

Silver flake is made by tumbling silver powder in steel drums with
solvernts and steel balls to flatten the particles. After tumbling,
the silver sludge is dried, screerned and packaged. Operators have
potential exposures to silver powder, hydroguinone and salvents
including methancl arnd petroleum hydrocarbons. g

In November, 1982 a walkthrough inspectiorn was caonducted by an
industrial hygienist from the Somerset County Health Officers
Asscciation. His report cited potential exposures to cadmium and
silver dusts, caustics, and nitrogen oxides and the rieed for review of
health and safety policies, equipment ard employee educatiocn. The
report also recommended further medical evaluation of plant employees.

A Federal 0OSHR health inspection was cornducted at the plarnt from
12/81 to 2/82 on the basis of a referral from an 0SHA safety inpector.
Citations were issued at that time for over exposure to silver in
eight areas of the plant and for deficiencies in the safety equipment
and procedures. The Federal 0SHA standard for exposure to silver dust
is a time weighted average (TWA) of @.@1 mg/m3 for eight hours.
Airborne exposures to silver as measured by 0OSHRA were:

Area Silver TWA (mn/m3)
Meltirng 2.11, @.15, Q.05
Nitrate Crystal B. @4, @.025

Powder &, 38, 0,32

Flake 0. 1@, Q.63

Oxide 2.13, @.35, .27, Q.12

-~



4

On March 21, 1984 a preliminary evaluation was conducted by NJDOH
utilizing a short gquestiormnaire and brief examimation of skin and eyes
to detect chariges associated with chronic silver exposure. All
employees who worked at least two years in silver flake, silver
nitrate, silver powder or the refirery area, maintenarce workers with
greater than 5 years of work experience at the plant, and workers fram
any area with more than 1@ years work experierice were asked to
participate. All but two of the eligible workers agreed to
participate. 0One of these individuals had gorne home early because of
illress and orne individual was being patch tested that day for a
possible contact dermatitis. In all, thirty—-four employees agreed to
participate.

Few chronic health problems were reported. The most frequently
reported condition was high blood pressure, 6 cof 34 workers. 0One
individual had diabetes and twa a history of ulcers. The most
frequently reported symptom was rnose bleeds, S of 34 workers. These
symptoms were associated with silver oxide production. Three warkers
in the silver flake area had caomplaints of eye irritation,
lightheadedness and fatigue. One individual complained of stomach
pain relieved by antacids. Three individuals were noted by the
examiner to have darkening of the whites of their eyes and ore worker
had multiple black pigmented spots on the side of his face fram an il
explosion involving silver nitrate.

STUDY DESIGN AND METHODS

On the basis of cur preliminary walk—-through and evaluation of
Metz employees, it was decided that additional testing would be
conducted to identify and further define any health effects due to
exposures at the plant. RAlthough rnumercus exposures were present,
silver was by far the highest exposure. Cadmium was also identified
as a potentially hazardous exposure for several employees. Exposures
to numerous irritants were also present at the plant but were more
intermittent in rnature, present primarily acute effects, and were
therefore felt to be more difficult to address in the corntext of this
HHE.

The study design was developed to identify exposure to silver and
cadmium primarily using biological indicators of exposure (blood and
uring metal levels) and health outcomes including reported
symptomatology, physical examination findings and indicators of renal
toxicity (creatinine clearance and enzyme excretion).

A. Ernvirormerntal

On 8/16/84 personal air samples were callected by NJDCH to aobtain
further informatiorn about levels of exposure to silver present in the
plant. Samples were collected and aralyzed by NIOSH Methca F&CAM 173

using a personal air sampling pump calibrated to about 1.5 liters per
mirnute. Samples were analyzed by atomic abscorption spectrometry.



B. Medical

Ory August 15, 1984 NJDOH returrned to the plant to conduct a more
extensive examinatior. Testing at that time consisted of a detailed
questiormaire, slit lamp examinatiorn by an ophthalmclogist, a weight
measurement, urinary levels of silver and cadmium, & blocod silver
level, a blood chemistry including BUN and creatinine and a urinary rn-
acetyl-B-D-glucosaminidase (NAG) level. Estimated creatinive
cleararice was calculated from the serum creatinire, reported age and
measured weight(l1}). Creatirnirie cleararice was corrected toc a standard
bady surface area of 1.73 m3..

The 34 individuals included in the preliminary exam were invited
to participate in the more externsive study. Twenty-seven workers
agreed to participate. The seven individuals who did not participate
in the second examination included 2 lorg term workers from rnorn-silver
areas, 3 workers from silver nitrate, 1 silver flake worker and 1
maintenance worker.

The questiormaire was administered by trained interviewers. The
eye examinations were conducted with a portable slit lamp. The
.ophthalmologist was unaware of the work histories of the individuals
he examined. He coded conjunctival ard corrneal findivngs o a 1-4
scale, based orn a previously developed scoring system(Z). Commercial
laboratories performed the blcod chemistry (METPATH) and urine
silver(3) and cadmium(4) analyses (National Medical Laboratories).
Blood silver analysis was performed by the NJDOH Laboratories(S) and
NAG analysis was conducted by Cornell Medical Center(g).

Analyses for cadmium, silver and NAG were dore on spot urine
samples. Urinary silver and cadmium levels were reported as micrograms
metal per liter urine. Haowever, for all analyses relating urivie metal
levels with health effects (correlations and regressions), the urinary
metal levels were corrected for urine corcentration by expressirng them
as micrograms of metal per milligram creatinine.

Both systolic blood pressure greater tham 160 mm Hg and urinary
protein on dipstick of &+ or greater have been associated with
elevated NAG levelsi{t). Therefore, all statistical tests for NAG were
done excluding individuals with either of these parameters.

An additional aralysis of the effect of silver on NAG arnd
creatinine clearance was conducted by comparing urinary NAG in the
group as a whole with results of NAG in an unexpased control
population. This group cornsisted of the first twenty-eight of fifty-
one male workers from a turgsten carbide machine shop who were being
studied for the pulmonary effects of tunpstern carbide and caobalt
exposure.



EVALUARATION CRITERIA
A. General

As a guide to the evaluation of the hazards posed by workplace
exposures, NIOSH field staff emplay ernvirormental evaluation criteria
for assessmernt of a rnumber of chemical and physical agents. These
criteria are internded to supgest levels of exposure to which most
woarkers may be exposed up to 1@ haours per day, 42 hours per week for a
worhking lifetime without experierncing adverse health effects. It is,
however, important tao note that rot all workers will be protected from
adverse health effects if their exposures are maintained below these
levels.

In addition, some hazardous substarnces may act in combination with
other warkplace exposures, the general envirornment, or with
medications or personal habits of the worker to produce health effects
evenr if the occupatiorial exposures are controlled at the level set by
the evaluation criterion. These combined effects are often not
considered in the evaluation criteria. RAlsc, some substarnces are
absorbed by direct contact with the skin and muccocus membranes , and
thus potertially increase the overall exposure. Firnally, evaluation
criteria may charnige over the years as new information on the toxic
effects of an agent become available.

The primary sowrces of environmental evaluation criteria for the
workplace are: 1) NIOSH Critera Documerits and recommendatiorns, 2) the
American Conference of Goverrmental Industrial Hygienists (RACGIH),
Threshaold Limit Values (TLV's), and 3) the US Department of labor
{0SHA) occupational health standards. Often, the NIODOSH
recommendations and RCGIH TLV's are lower than the corresponding 0SHA
standards. Both NIOSH recommendations and RACGIH TLV's usually are
based on more recent information tharn are the 0SHA standards. The
OSHA standards also may be reguired to take into account the
feasibility of controlling exposures in various industries where the
agents are used; the NIOSH-recommernded standards, by contrast, are
based primarily on concerns relatirg to the prevention aof cccupation
disease. In evaluation the exposure levels and the recommendations
for reducing these levels found in this report, it should be rnaoted
that industry is lepgally required to meet the levels specified by an
OSHA standard.

A time-weighted average (TWAR) exposure refers to the average
airborre concentration of a substance during a normal 8 to 1@ haur
warkday. Some substarnces have recommernded short-term exposure limits
ar ceiling values which are internded toc supplement the TWA where there
are recognized toxic effects from high short—term exposure.

In addition to using air levels of exposure, in this study we alsc
consider the levels of silver and cadmium found in body tissues as an
indicator of exposure. Sirce air levels carncot take into account the
use of respirators, and silver and cadmium are retained in the body
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for scme time after exposure, concentrations of metals in bicleopgic
tissue carn be used as a relative index of exposure. Levels of urine
cadmium thought to be safe have beer iderntified by previcus
investigators and are adopted for use here. However, safe levels of
silver in the body have not beeri identified, and we therefore use
levels found in persorns without any kriown exposure as an upper limit
of narmal body levels.

B. Taxic Effects

i. Silver: There are no known acute effects of exposure to silver
metal. Certain silver compournds like silver oxide and silver nitrate
are irritating and exposure to them has beén asscciated with nose
bleeds and abdomiral pain(2).

With chronic exposure, silver binds to proteirs in cells.
Depending on the duration and amcurnt of exposure, individuals may
develop darkening of the whites of their eyes (conjgurnctiva) and
darkening of the skin especially in sur—exposed areas. The darkeniwng
can be described as a slate—-gray color. These skin and eye changes
are riot known tc be related to disease, or altered furnctior in these
organs. Other than the cosmetic charipe described above, there are no
other well documented effects from chrornic exposure to silver(7).

Silver is deposited in the corriea of the eye. In a previcous study
of silver exposure, extersive eye examinatiors to follow up complaints
of decreased night vision in workers with corneal opacities fram
silver did not urncover a cause for this complaint (8). Whether silver
effects the kidriey like other heavy metals such as mercury or cadmium
has rnot beewn specifically irnvestigated. Ore previous study in silver
exposed workers found limited eviderice of an effect of silver on
creatinirne clearance(2).

The current 0OSHA standard for silver is @.@1 mg/m3. ACGIH
recaommerids levels below @.1 for the metal and @.Q21 for saluble silver
coampounds. Urine silver levels in an unexposed group are reported tao
average 1.61 ug/liter with a standard error of the mean of @.15 (39).
We have adopted arn upper limit of riormal for urnexposed groups as the
mearn plus two standard errors, o~ 1,21 ug/l. Urexposed individuals
wave bhlood silver less than 0.27ug/12@ml whole blood (S5).

2. Cadmium: Focute exposure to cadmium fumes has beer associated
with chest pain, difficulty .n breathing, dizziness and burning on
urinatiorn. Exposure to cadmium oxioe has caused flu=like symptoms
which in some cases nave grogressed o fluid in the lungs (pulmonary
edema) ancd death (12,

Chronic effects from repeated exposure to cadmium have included
ices of weight, Ridrey cdisease, liver disease, bore disease with an
rrerease in brolken bomez, chronic lung disease (emphysemal) and anemia.
Ircreased orostate cancer has alsoc been reported among cadmium smelter
wior wees (1Z),



The current 08HA standard for cadmium dust is 2@@ ug/m3E for an 8-
nour TWA, and 682 ug/m3 as a 15 mirmte ceiling. On the basis of
chronic Kidrney disease risk, NIOSH recommended an 8 hour TWA of 4@
ug/m3 and 228 ug/m3 as a 13 mirnute ceiling. However, on the basis of
recent evidernce on the carcirnogernicity of cadmium, NIOSH has
recommencded reducing exposure to the fullest extent feasible. The
NICEH recommerdaticon for cadmium fume is the same as cadmium dust.
Urirne cadmium concentraticns should be kept below 1@ ug/l (11).

2. Medical: Elevation of urinary NAG is a sensitive indicator of
Xidney damage (1Q). Irn particular, elevated levels of NAG in urire
suggest camwage to the renal proximal tubule. Elevation of the enzyme
ievel in hypertensive patients has been reported to be reversible in
irndividuals whose hynertensicon was successfully controlled (11). A
previous investigation of a worker population with rno kidney toxin
exposure showed an vpper limit of normal as 79 units (rmoles substrate
hydraolyzed per hour per mg creativnine). Upper limit of normal was
cefirned as the mean plus three standard deviations(4). This upper
limit was adopted for the present study.

QESLILTS
A. Erviraormental

A limited number of air samples were obtained on 8/16/84 to
conifirm that the ocver—-exposure identified by OSHA was still present.
A total of thirteen personal air samples for silver exposure were
conducted. Persconal samples were obtained on individuals working in
silver powder and oxide productiorn and packirng. Operators wear powered
air—-purifying respirators during most dusty jobs, thus airborne levels
are only notential exposures. The average of the samples was 0. 303
mg/m3,; with a very broad range of @.0037 mg/m3 to 1.55@ mg/m3. Ten
wut of 13 samples taken were above the 0SHA standard of @.01 mg/m3.
Previcus monitoring by OSHA indicated silver exposures from .04 to
.63 mg/m3 as presented in the Background Section above.

B. Mecdical
1. General

Twenty—sever: male workers participated in the examination. Their
average age was 41 years and they had worked at the plant an average
of 8.1 years. Table I gives demographic characteristics of the study
group. For all aralyses of the urinary ernzyme NAG, the four employees
with systaclic blocd pressure greater than 16@ or urinary protein
excretion 2+ oo greater on dipstick were excluded, leaving 23
celividualses in the study group.

Bazed on inspection of the plant ano job titles, individuals were
catecorized as working in one of six exposure groupings. The six
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areas were: silver crystal, silver flake, silver powder, melting,
~efirngry and all cver. The "all over” category included mairntenarce
ard supervisory jcoch titles involving work in many areas of the plant.
Table II presents the rumber of workers participating from each of
these exposure groups.

p=t Biclogical Maonitoring

Results of biological monitoring for metals exposure (urirne
silver, bloxd silver, urine cadmium) are givemn in Table III. All but
one worker (96%) had urine silver levels higher than expected in an
urexposed population. RAll but twa workers (92%) had elevated blood
silvers and rnireteen percent elevated uririe cadmium levels.

Bload arnd urinary silver levels were similar betweern individuals
from different work areas. The elevated cadmium levels were primarily
in workers from the melting and powder departments where cadmium dust
or fume exposure would be most likely.

Correlation coefficients betweern metals levels ard age and years
worked are given in Table 1IV. Urirnary cadmium was significantly
(p{(@.@5) related to years worked.

To check if the metal levels varied with cigarette smoking, mearn
urine silver, urine cadmium and blood silver corcentrations were
compared between current, never and ex smcking groups. No
statistically significant differernces were rnoted for blood or urine
silver levels. Urirne cadmium was higher in the rever smoked group
thar in current or ex smokers indicating that the urire cadmium levels
were rnot srimarily caused by cigarette smoking. The mean cadmium
levels by smoking group were, Never - 2,017, Current - 2.31, Ex -

@. 224 ug/mg creatinine).

-

3. Respiratory System Complaints

Dverall, 15 of 27 workers (56%) complained of muceosal irritation
such as itchy, red or watery eyes, sneezirng, runny or stuffy riose or
zore throat, Thirty—-three percent complained of lower respiratory
symptaoms such as cough, wheezirnp or tightress in the chest.

Complaints of upper or lower respiratory symptoms were most prevalent
in the crystal, powder, ard meltirng departmerits. Na significarnt
associatiorn was found between smockirig status and respiratory
comnplaints.

Zight of 287 (32%) complaired of rnose bleeds. This included four
of the five irndividuals in the crystal area. Respiratory system
omplaints had no statistical relationship with biclogie mowmitoring
results.
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4, Visicnm

Sixn of 27 (22%4) reported difficulty seeirig at mnight. Results of
the slit lamp examination showed 17 of 27 (37%) had conjunctival
depasitions with 12 of them rated greater tharm 1+. 8Six of 27 (2&%)
had corrneal deposticrns, all of them scored 4+.

Individuals with corneal ocpacities were 3.5 times maore likely to
report praoblems with night vision than those with riegative correal
slit lamp exam results. This asscociation did riot reach statistical
sipnificance.

Table V shows the distribution of slit lamp findings by years
worked at the plarmt. Corgunctival discoloration increased with the
length of time arn ingividual had worked in the plant. All but ore of
the workers with corneal opacities had worked for more than 10 years.
Over half of the workers with greater than 1@ years at the plant had
caorneal apacities. Urivary silver, blood silver and urinary cadmium
were not associated with preserice of slit lamp findings, or with
reported night vision symptoms.

3. Kidrey Furction

Mean results of urinary NAG and estimated creatinine cleararce are
giverr in Table VI. Kidriey function parameters were caompared betweer
the study population and a control group of workers who were rot
expased tao silver or kriowrn rephrotoxins. Fopulation characteristics,
creatinine cleararnce and urinary NAG results of the two groups are
givernn in Table VII. Five NAG results from the comparison group were
excluded because of high blocd pressure, leaving a comparison group of
23. There was no significant differernce in age between the study ard
contral group.

The silver exposed group's mean creatinine cleararnce was
statistically lower tham in the corntrol group. Urinary NAG was
significantly higher in the study group than in the controls (p(d.a1),
and the crnliy abnormal NRAGs (»73) were in the study group.

Further testing of the study group alone was conducted with the
use of correlation and regression models to try to identify the most
significant variable in the depression of creatinine clearance and
elevation of urinary NAG. Correlation coefficients between metal
levels and renal function parameters are given in Table VIII.

Estimated creatinirme clearance was highly correlated with years
worxed at the plant, and age. Toe test the apparent relationship
between urire cadmium with creatinire clearance, a multiple regression
analysis was conducted with age and urine cadmium as the independant
variables. Results of the regressiocn are presented i1rn Table IX. I
this regression egquation, age was sigrnificantly asscociated with
creatinine cleararce although the biclogical indicatocrs of expasure,
nlood silver and urine cadmium, were rnot significant predictors



(pra, 25).

The NAG values obtained in this study were riot normally
distributed and were therefore transformed for further analysis by
taking their mnatural logarithms. A histogram of 1lvi NAE (natural
logarithm of NAG) appraximated normal distributicon appropriate for
regression analysis. Ceorrelation coefficients betweer biclogical
indicators of exposure arnd urinary NAG are presented in Table VIII.

NAG was highly correlated with blcocod silver and age, and there was
a borderlirne statistically significant correlation with urine silver.
Wher the log of NAG was takern,; these correlations were reduced.
Nevertheless, ln NAG was still statistically asscciated with age
(p(@.21), and statistically asscciated with blcod silver levels
{p=1a.048). A similar correlatiocrm in the conmtrol group indicated ro
asscciation betweern age and urinary NAG (r=—-.0252, p)@.1@).

Results of a multiple regression on Log NAG are presented in Table
X. Ivy this arnalysis, age was a highly significant variable {(p{@.201).
Flood silver contributed sigrnificantly to the variance in NAG
(p(@.@@1), however, when contralling for age, blood silver lost
statistical significarce (p=2.137). Neither urire cadmium, wnor years
worded were significant variables in these egquatiorns.

DISCUSSION

This Health Hazard Evaluation was desigried to identify health
effects occurring at Metz Metallurgical caused by exposure to silver,
silver compounds, and cadmiuin. Although the HHE reguest asked broadly
about all health effects, the study was targeted toward the effects of
the dominarnt exposure, silver. In addition to eye and respiratory
complaints, special emphasis was placed on the evaluation of possible
kicney damage from silver and cadmium exposure.

Twenty—seven of the workers cormsidered toc have the greatest
pctertial for silver and cadmium exposure participated irn the study.
‘This small group limits the statistical power of the findings arnd
nrecludes defirnite conclusion of rates of illness in the wheole
populaticr. Howevery the findirngs do indicate acute irritation
arrablems, and eye and kidrney effects asscciated with plant exposures.

Limited information on actual envirornmental levels of silver
exposure or other air contaminarnts was obtained. However, the samples
collected durivng the study as well as previcus air sampling by OSHA
consistently shawed high air silver levels, often above the 0OSHA
standard of @.@1 mp/m3. PBiclogical measures of silver exposure (blood
arnd urirne silver) were elevated in the majority of workers (9% urine
siiver and 92% blood silver). No correlaticonm was found between
glevated blood arnd urine levels and work area. This is rot surprisang
since many workers used powered air purifying respirators in heavy
sxpoasure Jjobs. Urine cadmium was elevated in eleven workers above the
recommended limit. This iwmdicates that exposure levels for cadmium
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were aisx too hign,

As “as been reoorted in other studies of the effects of silver
exposure, waorkers had symptoms of irritation of the respiratory system
tncluding eye, nose, thrcat irritation (S56%) and lung symptoms such as
coughy, whaeezing and chest tightrness (33%) (2). Thirty percent of the
study group complained of riose bleeds. There were very few complaints
of abdomirnal discomfort. Silver compournds such as silver oxide and
riitrate are irritating materials and probably account for these
symptons.

Difficulty seeing at night was reported by six workers in this
group. Thaose incivicduals with correal cpacities were more likely to
repart night vision problems thanm those with rno detectible copacities.
This firnding has been previcusly reported in silver workers(8). In
this previous study an attempt was made to explain the association
using electrophysiclogical measurements. Although unable to identify
a physiological basis for the association, these investigators were
unable ta exclude reduced light peretration and scatter as a cause of
the vision symptoms.

An attempt was made in this investigation to determine if there
was an association between biclogical measures of silver exposure and
“idriey dysfunction. Since cadmium is a knowrn kidney toxin and it is
used at the plant, its effect was also investipgated.

Kidney furnction was evaluated by the use of both a sernsitive
measure of tubular dysfunction, urinary NAG, and estimated creatinirne
clearance. Creatinirne clearance was lower in the study group tnan the
rion—exposed control group. This finding is consistent with current
“nowledge of the effects of cadmium exposure (14). Estimated
creatinine clearance was not associated however, with either blcocod or
urine silver levels.

Urinary NAG was not statistically related to changes in urinary
cadmium levels., Urinary NAG levels were significantly higher in the
silver grouo tharn in an unexposed control group. NAG was positively
correlated with blood silver, however, when controlling for age, blood
silver was not a statistically sigrnificant predictor. In the control
group, however, there was rno asscociaticon between age and urirnary NAG.
Qlthcocugh these findings suggest that silver is responsible for the
elevated NAG levels, some guestion remains since the study group was
aiso exposed to rumerous Ridney toxins including cadmium and salvents.

NAG is a measure of damage to the proximal tubule in the kidrey.
Creatinine clearance, on the cther hand, is a measure of glomerular
Furncticr. Excess sxposure ta cadmium has been associated with boath
toanular and glumerular dysfunction (14). However, in these studies,
+abular dysfumction has beern identified with the use of B-2-
mivceaglobulzr instead of NAB. The relationship between NAG arng B-2-
microglobulivn is not clear, since among nercury exposed workers
@iavated levels of NAB have beernn found in 1ndividuals with low or
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ricormael levels of B-2-microglobulin (15).

Elevatiom of urirnary NAG above mormal limits 1s thought toa be a
possible indicator of propgressive renal damage. Elevaticorn in NAG
Ievels wmay decline to rormal levels as irndivaiduals are treated for
hyoertension (13). Our firndirng of four silver-exposed individuals
wilh NAG levels above the expected values and an asscciation of NAG
level with blood silver is suggestive of a toxic effect of silver on
the kidrey. hHowever, on the basis of the presernt informaticn 1t 1s
ot possible to determive if the observed NRAG elevatiorns are due to
siiver deposition, or cther renal toxins such as cadmium. Whether or
not these conditions will progress to permarnent kidrmey damage carnrot
be answered in the present study. Measures to reduce expasure to
irritants, silver and cadmium are indicated. Folicw—up of the
population for kidrney disease is also recommended.

SUMMARY

Exposure to silver and silver compounds above the PEL and
exposure to cadmium is adversely affecting the health of workers at
Metz. Two indicators of Kidney furnction, creatinire clearance and
urinary NAG, were adversely affected in the study populaticn compared
to an unexposed control group. Other healtnh effects noted included
charnges in pigmentation of skirn and eyes, reported difficulty seeing
at night, rose bleeds arnd respiratory tract irritation. Exposures to
silver, silver compounds and cadmium should be reduced. A follow—up
medical monitoring program is needed to determine both the
reversibiliﬁy of the conditiorns fournd and to better determine their
exact cause. ’

s
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RECOMMENDAT IONS
R. Ernvirconmerntal

1z Exposure to silver and silver compounds should be reduced to
comply with the 0OShA standard of @.@1 mg/m3 silver.

2. Exposures to cadmium should also be reduced to
the lowest feasible level. Bioclogic monitoring for
cadmium should be used to confirm that exposures have been
sufficiently controlled.

3. Detailed studies of current verntilation systems should be
pursued to iderntify primary sources of exposure to silver and cadmium
campourids and a ventilatiorn erngireer should be hired to gesign
improved exhaust systems.

4, Air sampling and biological monitoring results should be used
to evaluate the effectiverness of the coritrol systems. Prablems which
may result in elevated levels include both inadequate ventilation
equipment or maintenance and inadequate respiratory protection. Where
the use of powered air purifying respirators is found to be inadequate
protecticrn, the respirators should be carefully reviewed for design,
maintenarnce and use.

E. Medical

L A medical follow—up examinaticon should be set up for the
participants in this evaluatior urder the auspices of the New Jersey
Departmernt of Health. The purpose of the examinatiocn will be to
clarify the cause of the kidrney abrormalities found and to assess the
reversibility of the findings. In addition, the faollow—up will be
desigrned ta assist the company inm assuring that controls put in place
are adequate arid developing the appropriate medical monitoring program
for company follow—up. The following tests should be included in the
follow—up examination:

Blood for silver,

Uraine for silver and cadmium,

Urine fer Bz microplobulinm and NAG,

BFload for HUN

Urine and EBlood for Creatinine Clearance Calculation
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TABLE I

CHARACTERISTICS OF STUDY GROUF

Number 27

Mean Age (yeara) 41

Mean Seniority (yearsa) 8.1
years

Number of Participants

by Seniority <2 2

2-5 9
9-10 8
210 )

Smoking Status
Never 4
Ex 9

Current 14

-



TABLE II

NUMBER OF WORKERS IN EACH EXPOSURE AREA

AREA NUMBER OF PARTIClPANTS
All Over <4
Crystal S
Flake 4
Melting S
Powder . 6
Refinery 3

Total 27



TABLE II1

MEAN URINARY SILVER, BLOOD SILVER, AND URINARY CADMIUM LEVELS

Abnormal
N Mean Range’ » X
Urine Silver 27 1133 0.5-52.0 26 96
(ug/1)
Blood Silver 26 1.0 0.05-6.2 24 92
(ug/100ml)
Urine Cadmium 27 11.8 1.9-76.0 S 19
(ug/1)
Upper Limit for Unexposed groups - Urine Silver <1.91 ug/l (ref. 9)

Blood Silver <0.27 ug/100ml (ref. S)

Urine Cadmium <10 ug/l (ref.

11



TABLE iV

T

PEARSON CORRELATION COEFFICIENTS
BIOLOGIC MUNITORING RESULTS, AGE AND SENIORITY

Age Senioraty
Urine Silver =, 029 .218
Blood Silver w021 «017
Urine Cadmium .194 .428#=

s p<.05



Years

Worked

<2

2 -5

S - 10

>10

Total

TABLE V

PREVALENCE OF CONJUNCTIVAL AND

CORNEAL CHANGES= BY

DURATION OF EXPOSURE

Conjunctival Cornea

2+ or greater a+
N # x # %
2 e} e} o] o]
9 2 22 1 11
8 3 38 o] (o]
8 S 63 S 63
27 10 37 6 22

®*Grading System for Evaluation of Pigmentation of Conjunctival
and Corneal Silver Deposition (2):

Grade

Trace

1+

Conjunctiva

Equivocal pigment change
in 21it lamp view

Detectable by slit lamp
but not by unaided eye

Detectable without slit
lamp on caruncle and/or
inferior fornix

Confluent involvement from
caruncle to inferior fornix

Marked involvement of
conjunctive elsewhere

Cornaa

Equivocal pigment change

Minimal pigment change at
Descements membrane,
centrally or perpherally
just inside limbus

Present as in 1+, becoming
patchy at one location

Nearly generalized involve-
ment of cornea at level of
Deacemet’s membrane with
relative spared areas
remaining

Diffuse involvement
throughout cornea at
level of Descemets membrane



Creatinine
Clearance
(ml/min/1.73m2)

Urine NAG
(nmoles/hr/mgCr.)

Ihele e

ESTIMATED CREATININE CLEARANCE

<23

AND

URINAKY NAG RESULTS

Mean Range

4.6 9.6 - 119.7

S52.4 12.0 - 224.0
TABLE VII

COMPARISON OF NAG AND ESTIMATED CKREATININE CLEAKANCE LEVELS

n for NAG Analyais
mean age

mean NAG (s.d.)

IN SILVER EXPOSED WORKERS

VERSUS

UNEXPOSED CONTROL POPULATION

METZ

23

39.8

52.5 (46.3)

(nmoles/hr/mgCr)
# of workers with 4
NAG > 79
N for Creat. Clear. Analysis 26
Mean Creatinine Clearance (s.d.) 84.6 (l4.86)

(ml/min/1.73m2)

(» p < 0.05)
(em p < 0.01)

CONTROL

13.2 (11.8)=»

27

102.8 (23.0)+
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TABLE V11l

Creatinine

Clearance
Urine Silver =.005
Blood Silver 178
Urine Cadmium = .299
Senaocraty ~a%19»
-.805»

Creatinine Clearance -

#2p<.05

N=27 for creatinine clearance
N=23 for nag and log nag

2 I
> 0
o
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INDEPENDANT
VARIABLE

Constant
Age

Conatant
Blood Silver

Conatant
Age
Blood Silver

TABLE X

REGRESSION EQUATIONS ON LOG Urinary NAG

DE. B
21 2.4
0.03
20 3.2
59.1
19 2.02
0.03
37.4
TABLE IX

<.001
-009

<.001
.048

<.001
.005
137

r-aguare

.233

.182

.470

REGRESS1UON EQUATIONS ON ESTIMATED CREATININE CLEARANCE

INDEPENDANT
VARIABLE

Constant
Age

Constant
Urine Cadmium

Constant
Blood Silver

Constant
Age
Urine Cadmium

DE. B
249 126:3
=1 ald
24 87.4
_319 -8
24 82.4
2i9.4
23 126.9
-1.0
~158.6

<.001
.0038

<.001
« 138

<.001%1
383
<.001
.00
« 238

r-sguare

.584

. 089
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