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PREFACE
The Occupational Safety and Health A ct of 1970 emphasizes the need for 

standards to protect the health and safety of workers exposed to an ever-increasing 
num ber of potential hazards at their workplace. The N ational Institute for Occu­
pational Safety and H ealth has projected a formal system of research, with prior­
ities determined on the basis of specified indices, to provide relevant data from 
which valid criteria for effective standards can be derived. Recommended stan­
dards for occupational exposure, which are the result of this work, are based on 
the health effects of exposure. The Secretary of L abor will weigh these recom­
mendations along with other considerations such as feasibility and means of 
implementation in developing regulatory standards.

I t is intended to present successive reports as research and epidemiologic 
studies are completed and sampling and analytical methods are developed. Criteria 
and standards will be reviewed periodically to ensure continuing protection of the 
worker.

I  am pleased to acknowledge the contributions to  this report on cadmium by 
members of my staff, by the Review Consultants on Cadmium, by the ad hoc 
committees of the Am erican Industrial Hygiene Association and of the Society of 
Toxicology, by Robert B. O ’Connor, M .D., N IO SH  consultant in occupational 
medicine, and by Edwin C. H yatt on work practices and respiratory protection. 
The N IOSH recommendations for standards are not necessarily a consensus of 
all the consultants and professional societies that reviewed this criteria document 
on cadmium. Lists of the NIOSH Review Committee members and of the Review 
Consultants appear on the following pages.

John F . Finklea, M .D.
Director, N ational Institute for 

Occupational Safety and Health



The Division of Criteria Documentation and Standards Development, National 
Institute for Occupational Safety and Health, had prim ary responsibility for de­
velopment of the criteria and recommended standard for cadmium. The Division 
review staff consisted of J. Henry Wills, Ph.D . (Chairman) and F rank  L. Mitchell, 
D .O ., with Philip J. Bierbaum  (Division of Surveillance, H azard Evaluations, and 
Field Studies) and R obert L. Roudabush, Ph.D.

The University of Cincinnati, College of Medicine, developed the basic inform a­
tion for consideration by N IO SH  staff and consultants under contract No. HSM- 
99-72-87. Keith H . Jacobson, Ph.D., had NIOSH program  responsibility and 
served as criteria manager.
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I. RECOMMENDATIONS FOR A CADMIUM STANDARD

T he N ational Institute for O ccupational Safety 
and H ealth  (N IO SH ) recom m ends th a t w orker ex­
posure to  cadm ium  in the w orkplace be controlled 
by adherence to  the following sections. T he stan­
dard is designed to  p ro tec t the  health  and safety of 
w orkers fo r up to  a 10-hour w orkday, 40-hour 
week, over a working lifetim e. C om pliance w ith all 
sections o f the  standard  should p reven t adverse ef­
fects o f exposure to  cadm ium  on the health  and 
safety o f workers. The standard  is m easurable by 
techniques th a t are valid, reproducible, and availa­
ble to  industry and governm ent agencies. Suffi­
cient technology exists to  perm it com pliance with 
the recom m ended standard . T he crite ria  and the 
standard  will be subject to  review and  revision as 
necessary.

“ C adm ium ” refers to  elem ental cadm ium  and all 
cadm ium  com pounds. An “ action level” is defined 
as half the  tim e-w eighted average concentration  
environm ental lim it o f cadm ium . “ O ccupational 
exposure to  cadm ium ” is defined as exposure to 
cadm ium  a t a concen tration  g rea ter than  the ac ­
tion level. Exposures a t lower environm ental co n ­
centrations will no t require adherence to  the fol­
lowing sections, except for Section 6 (b )  and 7 (d ).

Section 1—Environmental (Workplace Air)

(a )  C oncen tration
O ccupational exposure to  cadm ium  shall be con­

trolled so th a t w orkers are no t exposed to  cadm i­
um at a concen tration  g rea ter than  40 m icrogram s 
per cubic m eter of air (40  fig  C d /cu  m ) d e te r­
m ined as a tim e-w eighted average (T W A ) expo­
sure concentration  for up to  a 1 0 -hour workday, 
40-hour w orkw eek, o r a t a  ceiling concentration  
greater than  200 fig  C d/cu m for any 15-minute 
sampling period.

(b ) Sampling and  analysis
Sampling in the  w ork environm ent shall be p er­

form ed by the m ethod provided in A ppendix I or 
by a m ethod with a t least equivalent efficiency.

Sam ples shall be analyzed by the m ethod provided 
in A ppendix II o r by a m ethod shown to be at 
least equivalent in precision and sensitivity.

Section 2 —Medical

M edical m onitoring shall be m ade available to 
all w orkers subject to  occupational exposure to 
cadm ium .

(a ) P rep lacem ent exam inations shall be m ade 
available to  new o r reassigned em ployees prior to  
jo b  placem ent, and, within 6  m onths o f the 
prom ulgation o f a standard  based on these recom ­
m endations, to  em ployees already engaged in work 
involving exposure to  cadmium.

Preplacem ent exam inations shall include com ­
prehensive work and m edical histories, a 14” X 
17” P.A. chest X-ray, m easurem ent o f forced vital 
capacity  (FV C ) and forced expiratory volume du r­
ing the first second (F E V j), m easurem ent o f blood 
pressure, blood analysis (b lood urea nitrogen, 
com plete blood count, and serum  glutamic ox- 
a loacetate  transam inase or o ther liver enzym es), 
and urinalysis (m icroscopic exam ination, sugar 
determ ination , quantitative protein determ ination, 
and specific gravity m easurem ent). A judgm ent of 
the  w orker’s ability to  work in positive or negative 
pressure respirators shall be made.

T he m ethod fo r protein  determ ination in urine 
shall be quantitative and capable o f detecting low 
m olecular weight proteins (see Appendix III). 
D eterm ination o f urine cadm ium  levels is also 
recom m ended.

(b )  Periodic exam inations shall also be m ade 
available. Except fo r urine protein  determ inations, 
which shall be m ade available every 4 m onths, 
these exam inations shall be offered yearly, o r as 
otherw ise d irected  by the responsible physician.

T hese periodic exam inations shall include in­
terim  w ork and m edical histories, urinalysis (with 
quantitative p ro tein  determ inations every 4 
m onths), pulm onary function tests (FV C and
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F E V ,), and blood pressure. C hest radiographs 
shall be taken  if judged necessary by the responsi­
ble physician.

In addition, blood analysis, pa lpation  o f the p ro ­
state in m ale w orkers over 40 years old, and m oni­
toring o f  urine cadm ium  concentrations are also 
recom m ended. If the concen tra tion  o f  cadm ium  in 
the urine rises above 1 0  pig/liter, an investigation 
o f  the cause, such as environm ental exposures, 
personal and industrial hygiene practices, and 
nonoccupational exposure, should be conducted .

R eassessm ent of occupational exposure, work 
practices, and  personal habits shall be undertaken  
if FVC or FEV! becom es reduced  15% or m ore or 
the ratio  FE V ,/FV C  is reduced  10% o r m ore than  
would be expected from  the age and smoking 
habits o f  the  person exam ined, if persistent sym p­
tom s o f respiratory  trac t disease develop, if there  
are frequen t upper or low er respiratory  infections, 
o r if persisten t p ro te inuria  or o th e r abnorm al 
laboratory o r clinical findings rela tab le  to  cadm i­
um  toxicity develop.

Sm okers should be counseled on their possibly 
increased risk of chronic respiratory disease.

(c )  A t term ination o f o r transfer from  em ­
ploym ent involving occupational exposure to  cad ­
mium, a com prehensive exam ination including the 
com ponents o f (a )  above shall be offered.

(d ) P ertinen t m edical records shall be 
re ta ined  fo r 2 0  years after the last occupational 
exposure to  cadm ium . These records shall be 
m ade available to  the designated m edical rep resen­
tatives o f the Secretary o f L abor, o f  the  Secretary 
o f H ealth , E ducation, and W elfare, o f the  em ­
ployer, and o f  the em ployee o r fo rm er em ployee.

Section 3 —Labeling and Posting

(a ) C ontainers
Shipping and storage containers o r  packages 

containing cadm ium  o r cadm ium  com pounds shall 
bear the following label:

DANGER!
CONTAINS * POISONOUS FUM ES M AY BE 

FO RM ED  ON HEATING H A R M FU L IF 
IN H A LED  OR SW ALLOW ED AVOID 
C O N TA C T W ITH SKIN, EY ES, AND

C LO TH IN G  W ASH HANDS THOROUGHLY 
A FTER  HANDLING

Avoid breath ing  fum e, dust, or mist Keep 
con ta iner closed Use only with adequate 

ventilation

♦Com plete by inserting “ cadm ium ” o r name of 
cadm ium  com pound.

(b ) W ork areas
L ocations o r areas w here cadm ium  dust or fum e 

are likely to  be generated  shall be designated with 
clearly visible w arning signs as shown below:

DANGER! 

CADMIUM (Cd)
C adm ium  Fum e (o r  D ust) A reas Authorized

Personnel Only B reathing Fum e (o r D ust) May 
C ause Im m ediate o r D elayed Injury

N o Smoking

R espirators A re L ocated ............................**

**Give location o f respirators.

This sign shall be prin ted  in English and in the 
predom inant language o f non-English-speaking 
w orkers. All em ployees shall be tra ined  and in­
form ed o f the  hazards and the hazardous areas. All 
illiterate w orkers shall receive special attention.

Section 4 —Personal Protective Equipment and 
Clothing

Engineering contro ls shall be used if needed to 
m aintain airborne cadm ium  concentrations a t or 
below the limits recom m ended in Section 1. C om ­
pliance with these w orkplace environm ental limits 
by the use o f respirators is perm itted  only during 
installation and testing o f engineering controls, 
during perform ance o f  nonroutine m aintenance or 
repair, during single operations, o r during em er­
gencies. W hen use o f  a resp irator is perm itted, it 
shall be selected and  used in accordance with the 
following requirem ents:

(a )  For the purpose o f  determ ining the type 
o f  resp irator to  be used, the em ployer shall m ea­
sure the  concentrations o f cadm ium  in the w ork­
place initially and thereafter w henever control, 
process, operation , w orksite, o r  clim ate changes 
o ccu r th a t are likely to  increase the concentration  
o f  a irborne cadm ium .
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(b )  T he em ployer shall ensure th a t no w orker 
is exposed to  cadm ium  in excess o f  the  recom ­
m ended limits because of im proper resp irator 
selection, fit, use, o r m aintenance.

(c )  A respiratory p ro tec tion  program  m eeting 
the requirem ents o f 29 C FR  1910.134, w hich in­
corporates the A m erican N ational S tandard  P rac­
tices for Respiratory P ro tection , Z 88 .2-1969, shall 
be established and enfo rced  by the em ployer.

(d )  T he em ployer shall provide respirators in 
accordance w ith Table l - l ,  and  shall ensure th a t 
em ployees use the respirators provided in a  p roper 
m anner w hen wearing o f  respirators is required.

(e )  R espirators selected  from  those described 
in T able 1-1 shall be those approved  under the 
provisions o f  30 CFR 11.

(f) T he em ployer shall ensure th a t em ployees 
are properly instructed  in the  use o f  respirators as­
signed to  the ir use and on  how to test for leakage, 
p roper fit, and p roper operation.

(g) R espirators specified in T able 1-1 for use 
in atm ospheres o f higher concen trations o f a ir­
borne cadm ium  may be used in atm ospheres of 
lower cadm ium  concentrations.

(h ) T he em ployer shall establish and conduct 
a program  o f cleaning, sanitizing, inspecting, m ain­
taining, repairing, and storing o f  respirators, to  en ­
sure tha t em ployees are  provided with clean 
respirators th a t are in good operating  condition.

(i) T he em ployer shall periodically m onitor 
the  use o f respirators to  ensure th a t the proper 
type o f resp irator is w orn, to  evaluate the  effec­
tiveness o f the respiratory  pro tection  program , and 
to  elim inate any deficiencies in use and care of 
respirators.

Section 5 —Informing Employees of Hazards from 
Cadmium

(a ) W orkers initially assigned o r reassigned to 
jobs involving occupational exposure to  cadm ium  
shall be inform ed o f the  hazards, sym ptom s of 
overexposure (including inform ation on the 
characteristics o f  onset and stages o f  illness), ap­
propriate procedures to  be taken  in the event o f 
an em ergency, and precautions to  ensure safe use 
and to  minimize exposure. They shall be advised 
of the availability o f relevant inform ation, includ­
ing th a t prescribed in (c )  below. This inform ation 
shall be accessible to  each  w orker occupationally  
exposed to  cadm ium .

(b ) A continuing education  program , con­
ducted  by a person or persons qualified by ex­
perience o r special training, shall be instituted to  
ensure th a t all w orkers have cu rren t knowledge of 
jo b  hazards, p roper m aintenance procedures and 
cleanup  m ethods, and  th a t they know how to  use 
respirators correctly . It shall include a description 
o f the general nature  o f the m edical surveillance 
procedures and why it is advantageous to  the 
w orker to  undergo these exam inations.

(c )  R equired inform ation shall be recorded  
on a “ M aterial Safety D ata S heet” as specified in 
A ppendix IV o r on any o ther form  approved for 
the  purpose by the  O ccupational Safety and 
H ealth  A dm inistration, US D epartm ent of Labor.

Section 6 —Work Practices

( a) Exhaust Systems
O perations creating w orkplace exposure to  cad ­

m ium  shall be enclosed to  the maximum extent 
practicable and be provided with local exhaust 
ventilation unless appropriate air sampling and 
analysis have dem onstrated  tha t concentrations are 
a t o r below the environm ental limits. M ethods 
o ther than  enclosure and ventilation for m eeting 
exposure limits to  cadm ium  may be used if they 
bring concentrations in w orkplace air to  or below 
the environm ental limits. Effluent air shall be 
cleaned to  m eet any emission standards tha t may 
becom e prom ulgated. Air from  the exhaust ven­
tilation  system shall no t be recirculated  into the 
w orkplace.

Enclosures, exhaust hoods, and  ductw ork shall 
be kept in good repair so that design airflows are 
m aintained. Airflow shall be m easured at each 
hood a t least sem iannually, and preferably 
m onthly. C ontinuous airflow indicators are recom ­
m ended, such as w ater o r oil m anom eters properly 
m ounted a t the  junctu re  o f fum e hood and duct 
th ro a t (m arked  to  indicate acceptable airflow). A 
log showing design airflow and results o f sem ian­
nual inspections shall be kept.

(b )  W elding, Brazing, and T herm al C utting
W elding, brazing, or therm al cutting  of m aterial

containing cadm ium  shall be perform ed using local 
exhaust ventilation dem onstrated  by air sampling 
and  analysis to  keep cadm ium  concentrations 
w ithin the limits o f Section 1. For single opera­
tions w here local exhaust ventilation is not availa­
ble, w here air sam pling has no t been perform ed,
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TABLE 1-1

RESPIRATOR SELECTION GUIDE

Cadmium
Concentration Respirator Type

Less than or equal 
to 0 .4  m g/cu  m

Less than or equal 
to 2 .0  m g/cu  m

Less than or equal 
to 40 m g/cu  m

40 m g/cu  m or 
greater or unknown

(1 )  Half-m ask respirator with 
high-efficiency filter(s).
(2 ) Type C demand-type (neg­
ative pressure) supplied-air res­
pirator with half-mask facepiece.

(1 ) Full facepiece respirator 
with high-efficiency filter(s).
(2 )  Type C demand-type (neg­
ative pressure) supplied-air res­
pirator with full facepiece.
(3 ) Self-contained breathing ap­
paratus with full facepiece in de­
mand m ode (negative pressure).

(1 )  Powered air-purifying (posi­
tive pressure) respirator with 
high efficiency filter(s).
(2 ) Type C continuous-flow  
(positive pressure) supplied-air 
respirator.

(1 ) Combination supplied-air 
respirator, pressure-demand type, 
with auxiliary self-contained air 
supply.
(2 ) Self-contained breathing ap­
paratus with full facepiece in 
positive pressure mode.

or w here air sam pling has dem onstrated  a 
likelihood o f overexposure to  cadm ium  fum e or 
dust, respirators shall be provided and worn as 

-specified in Section 4.
W here m olten cadm ium  is used o r form ed, tem ­

peratures should be kep t as low as possible con­
sistent with the requirem ents o f the operation  to 
prevent excessive fum e generation. Additions of 
cadm ium  should be m ade in the m anner genera t­
ing the least fum e. W herever possible, this should 
be accom plished by autom atic contro ls, with 
recording o f tem pera tu re  and use o f  alarm s or in­
dicators for higher tem peratures.

(c )  Em ergency Procedures 
Em ergency procedures shall be established for 

any event w hich may result in substantial release 
o f airborne cadm ium . Such procedures shall in­
clude provision for appropria te  respirators as 
specified in Section 4.

Specific em ergency procedures shall be designed 
for fires, to  p ro tec t bo th  in-plant workers and 
firefighters.

(d ) W ork C lothing
W orkers shall w ear w ork clothing consisting of 

at least hat, shirt o r blouse, pants o r skirt, and 
shoes. W ork clothing and  s tree t clothing shall be 
exchanged at the beginning and the  end o f each 
workday, so th a t work clothing will not be worn 
outside the w orkplace. T he em ployer shall provide 
for p roper laundry o f clothing and shall instruct 
launderers on procedures to  be taken  to  avoid in­
halation o f cadm ium -containing dusts.

Section 7 —Sanitation Practices

(a ) W here there  is cadm ium -containing dust, 
cleaning should be perform ed by vacuum  pickup 
or w et mopping. N o dry sweeping o r blowing shall 
be perm itted .

(b ) Em phasis shall be p laced upon prom pt 
cleanup o f spills, repair o f equipm ent and leaks, 
p roper storage o f m aterials, and collection of cad- 
m ium -containing dust.

(c ) Cadm ium -containing and cadm ium -plated 
m etal parts should be k ep t separate  from  parts not 
containing cadm ium  and m arked appropriately so 
that accidental exposures resulting from welding 
and cutting  will not occur.

(d ) Facilities shall be m aintained to p ro tec t 
foodstuffs and  food consum ption areas from  con­
tam ination by m aterials containing cadm ium . Food 
storage, handling, and consum ption shall be 
separate  from  cadm ium  work areas. Smoking or 
carrying uncovered tobacco  or tobacco products 
in cadm ium  work areas shall be prohibited.

(e )  A dequate handwashing and shower facili­
ties shall be provided. W orkers shall wash their 
hands before eating or before using tobacco to 
p reven t their absorbing additional am ounts o f cad­
m ium  com pounds.

Section 8 —Monitoring and Recordkeeping

W orkers are not considered to  be occupationally 
exposed to  cadm ium  if environm ental concentra­
tions, as determ ined on the basis o f  an industrial 
hygiene survey to  be perform ed within 90 days of 
the prom ulgation o f  a standard, do no t exceed the 
action  level, ie, half the recom m ended TW A en­
vironm ental limit, o r if there is no operation, 
storage, or handling o f cadm ium  in any form  or
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contam ination o f w orkplace air by cadm ium  from 
o ther sources. These industrial hygiene surveys 
shall be repeated  at least every 3 years and within 
30 days after any process o r operating change like­
ly to  result in increases o f airborne concentrations 
o f  cadm ium . R ecords o f  these surveys, including 
the basis for concluding tha t airborne concen tra­
tions o f  cadm ium  are a t o r below the action level, 
shall be m aintained until the  next survey has been 
com pleted.

T he following requirem ents apply to  occupa­
tional exposure to  cadm ium , ie, to  w orkplaces 
w here the action level is exceeded.

(a )  Personal m onitoring
A program  o f  breath ing zone o r personal m oni­

toring shall be instituted to  identify and m easure 
the  exposure o f all em ployees occupationally ex­
posed to  cadm ium . This sam pling and analysis 
shall be conducted  every 3 m onths on at least 25%  
o f  the w orkers so th a t each  w orker’s exposure is 
m easured a t least every year; this frequency and 
fraction o f em ployees sam pled may be different if 
so d irected  by a professional industrial hygienist. 
Sufficient num bers o f sam ples shall be collected 
and analyzed to  perm it construction  o f valid esti­
m ates o f the TW A  and ceiling concentration  expo­
sures o f w orkers during each  workshift; the 
num ber o f TW A and  ceiling concentration  deter­
m inations for an operation  shall be based on such 
factors as mobility and  job functions o f workers in 
th a t operation . If m onitoring o f any w orker shows 
exposure in excess o f  e ither recom m ended en ­

vironm ental limit, additional m onitoring shall be 
prom ptly initiated. If confirm ed, control 
p rocedures shall be institu ted  as soon as possible; 
these may precede and obviate confirm atory m oni­
toring if the em ployer desires. A ffected em ployees 
shall be advised th a t exposures have been exces­
sive and be notified o f the contro l p rocedures 
being im plem ented. M onitoring o f  these em ­
ployees’ exposures shall be conducted  a t least as 
often as every 30 days and  shall continue until 2 
successive samplings a t least a week ap art confirm  
tha t exposure no longer exceeds recom m ended 
limits. N orm al m onitoring may then  be resum ed.

(b ) R ecordkeeping
Environm ental m onitoring records shall be 

m aintained for at least 20 years. These records 
shall include m ethods o f sam pling and analysis 
used, types o f respiratory  p ro tec tion  used, and 
TW A and ceiling concen trations found. Each em ­
ployee shall be able to  obtain  inform ation on his 
own environm ental exposures. Environm ental 
records shall be m ade available to  designated 
representatives o f the Secretary  o f L abor and  of 
the  Secretary  o f H ealth , Education, and W elfare.

Pertinen t m edical records shall be retained  for 
2 0  years after the  last occupational exposure to 
cadm ium . R ecords o f environm ental exposures ap ­
plicable to  an em ployee should be included in tha t 
em ployee’s m edical records. These m edical 
records shall be m ade available to  the  designated 
m edical representatives o f  the  Secretary  o f  L abor, 
o f the Secretary o f H ealth , E ducation , and W el­
fare, o f the  em ployer, and o f the em ployee or 
form er em ployee.
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II. INTRODUCTION

This rep o rt presents the  criteria  and  the  recom ­
m ended standard  based  thereon  w hich were 
p repared  to  m eet the need  for preventing im pair­
m ent o f health  from  occupational exposure to  cad­
mium. T he criteria  docum ent fulfills the responsi­
bility o f the Secretary o f H ealth , E ducation , and 
W elfare, under Section 2 0 (a )(3 )  o f the  O ccupa­
tional Safety and H ealth  A ct o f 1970 to  
develop crite ria  dealing with toxic m aterials and 
harm ful physical agents and  substances w hich will 
describe. . . exposure levels at w hich no em ­
ployee will suffer im paired health  or functional 
capacities o r dim inished life expectancy as a result 
of his w ork experience.”

T he N ational Institu te fo r O ccupational Safety 
and H ealth  (N IO SH ), after a review of data  and 
consultation with o thers, form alized a system for 
the developm ent o f crite ria  upon w hich standards 
can be established to  p ro tec t the health  and safety 
o f w orkers from  exposure to  hazardous chem ical 
and physical agents. T he crite ria  and recom ­
m ended standard  should enable m anagem ent and 
labor to  develop b e tte r engineering contro ls and 
m ore healthful work practices and  should no t be 
used as a final goal.

These crite ria  for a standard  for cadm ium  are 
part o f a  continuing series o f crite ria  developed by 
NIOSH. T he proposed standard  applies only to  the 
processing, m anufacture, and use o f cadm ium  as 
applicable under the O ccupational Safety and 
H ealth A ct o f 1970.

T he standard  was no t designed for the popula­
tion-at-large, and any extrapolation beyond general 
occupational exposures is no t w arranted . It is in ­
tended to  ( 1 ) p ro tec t against injury from  cadm i­
um , ( 2 ) be m easurable by techniques th a t are 
valid, reproducible, and  available to  industry and 
official agencies, and (3 ) be atta inable  with exist­
ing technology.

The c rite ria  docum ent reviews sources, uses, dis­

tribution, and biologic effects of, and sam pling and 
analytical m ethods for, cadm ium . In selecting from  
extensive scientific and  technical literature on cad­
m ium  to prepare  this review, em phasis has been 
given to  those studies m ost relevant to  occupa­
tional exposure and, w here m any investigations 
give sim ilar inform ation, to  the m ore basic or 
recen t articles. For additional inform ation, various 
reviews are suggested. These include Cadmium in 
the Environm ent (second  ed ition) by Friberg and 
coau tho rs1 and a supplem ent Cadmium in the E n­
vironm ent III,2 a  shorter review by R iihim aki,3 the 
W HO-IARC review o f cadm ium ,4 E P A ’s Scientific 
and Technical Assessment Report on Cadmium, 5 a 
study o f Environm ental Impact o f  Cadmium  by 
F leischer e t a l ,6 Cadmium, The Dissipated Element, 
by Fulkerson and G oeller ,7 and a  book Cadmium  
on technology and properties o f  cadm ium  and its 
com pounds by Chizhikov from  the USSR, availa­
ble in an English transla tion .8

Cadm ium  is one o f the m ore thoroughly in­
vestigated w orkplace hazards, and considerable in­
form ation about occupational health  problem s as­
sociated with cadm ium  has been developed. 
N evertheless, there  are im portan t gaps in the 
know ledge o f toxic effects in m an at concentra­
tions o f  cadm ium  encountered  in the workplace. 
Im portan t gaps include possible effects on male 
and fem ale gonads, possible b irth  defects in off­
spring o f w orkers, and the possibility of cancer, 
especially am ong m ale w orkers. Conclusions on 
these and o ther points arrived a t in this docum ent 
should be verified, refuted, or m odified by addi­
tional research. In addition, b e tte r data  are needed 
on absorption, distribution within the body, accu­
m ulation, especially in the  kidney, and excretion 
o f  cadm ium . R esearch in this area  may resolve 
several questions, including questions about the 
significance o f cadm ium  in blood and urine to  
health  status and to  cadm ium  absorption.
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III. BIOLOGIC EFFECTS OF EXPOSURE

M etallic o r elem ental cadm ium  (C d), w hich has 
atom ic num ber 48 and atom ic w eight 112.40, has 
a silver-blue-white appearance. The use o f cadm i­
um  as a protective coating  relies on the resistance 
of the  oxide to  fu rther ox idation .8 (p 81

A brow n aerosol o f cadm ium  oxide is form ed on 
ignition o f cadm ium  v ap o r .9 The m etar has a  boil­
ing point o f  765 C, o r  1409 F , 10 and the vapor is 
readily form ed under conditions w hich allow o ther 
m etals to  be w orked. Cadm ium  will also m elt a t a 
low tem pera tu re  o f 321 C, or 610 F , 10 so suffi­
ciently heated  cadm ium  can  flow to an  area w here 
volatilization can occur. Physical properties of 
cadm ium  are  sum m arized in Table X IV -1.

The electrical conductivity  o f cadm ium  is less 
than  tha t o f  silver or copper, bu t g reater than tha t 
o f  iron. T he addition o f cadm ium  to  copper, for 
exam ple, reduces the conductance and the 
breakage and wear; this yields wire and  electrical 
contacts o f im proved functional properties. C adm i­
um is also used in o th e r alloys to  produce a 
m aterial which is m ore readily m achined or melts 
a t a low er tem p era tu re .8 (pp 86"67)

T he principal cadm ium  ore is greenockite, cad ­
mium sulfide , 9 but it is no t a m ajor source o f m etal 
production. Cadm ium  occurs in econom ically 
recoverable form  only with the sulfide ores of 
o ther elem ents, particularly  zinc .9 Cadm ium  is ob­
tained com m ercially as a byproduct in the refining 
o f zinc, lead-zinc, and copper-lead-zinc ores and 
these are the prim ary sources o f cadm ium . M etal­
lic cadm ium  was form erly p repared  by fractional 
distillation, but this has increasingly been replaced 
by electrolytic m ethods . 9

E stim ated US consum ption o f  cadm ium  
(production  plus im ports) ranged from  4.2 to  6.9 
million kilogram s in the 1961-1970 period, with 
the highest consum ption in 1969 and the lowest in 
1970.11 The average estim ated annual consum ption 
for the period 1961-1970 was 5.3 million kilo­
grams and for the previous decade, 4.4 million

kilogram s. W orld production  in 1970 was reported  
to  be 35 million pounds, or alm ost 16 million kilo­
gram s .4

Electroplating is and has been the leading use 
for cadm ium , consum ing from  45 to  60% of the 
am ount produced  each  year. A bout one million 
k ilogram s/year are used for stabilizers in plastics, 
and som ew hat less than  a million kilograms in pig­
m ents, with plastics a large consum er of the pig­
m ents . 12 O ne-quarter to  one-half million kilograms 
o f cadm ium  are used annually as an alloying agent 
in low m elting-point brazing alloys, in copper for 
autom obile radiators, in silver-cadmium electrical 
contacts, and in o ther m etallurgical alloys. These 4 
m ajor categories accoun t for 80-90% of the cadm i­
um used, with the rest d istributed am ong m inor 
uses such as nickel-cadm ium  batteries, fungicides, 
photography, and television picture tubes.

C adm ium  dusts, fum es, and mists are commonly 
p resen t in some sm elting processes involving zinc, 
copper, and lead as well as in specific processes 
for extracting cadm ium . 13

NIOSH estim ates th a t 100,000 persons in the 
w ork force are potentially exposed to  cadmium.

Extent of Exposure

B oth the natural occurrence o f cadm ium  and 
zinc in soil and the application o f superphosphate 
fertilizers14 result in detectable concentrations of 
cadm ium  in vegetables, land animals, and fresh 
w ater fish . 15-19 The cadm ium  con ten t of sea w ater 
results in m easurable cadm ium  concentrations in 
seafood. Cadm ium  has been reported  to  accum u­
late in certain  anim al tissues and to  undergo 
biologic concentration  in oysters .20

(a )  Com m unity Air
The National Air Sampling N etw ork reported  in 

1966 and 1967 tha t 73% of the samples in 136 ci­
ties contained less than  the m inimum detectable 
concentration  o f 10 ng/cu m . 21 O ne study of parti­
cle size distribution gave a mass median

7



aerodynam ic d iam eter (m m ad) o f 3.1 ¿tm in C in­
cinnati, O hio, and an estim ated 10 /xm in Fairfax, 
O hio .22 These lim ited data  should probably be 
used with som e caution.

(b ) W ater
Both surface w aters23 and drinking w ater24 have 

been analyzed for cadm ium . Analyses of 194 
finished w ater supplies serving 139 m unicipalities 
showed a m ean cadm ium  concen tra tion  o f 0.008 
ppm 24; in 16% o f the analyses, the  Public H ealth 
Service drinking w ater standard  o f  0.01 ppm  was 
exceeded. A m ore recen t (1970) review 25 o f 969 
w ater system s indicated  tha t 0 .2 % had concen tra ­
tions in excess o f  the  PHS drinking w ater standard  
o f 10 /ng/liter. Cadm ium  concentrations in d rink­
ing w ater can  be increased w hen the  w ater flows 
through e ither galvanized or polyvinyl chloride 
p ipe . 15 W ater containers soldered w ith silver-cad- 
mium alloy may also pose a risk o f  contam ination .

(c )  Food
D ietary in take o f cadm ium  has been  reported  by 

several investigators . 16' 19,26"31 D uggan and Cor- 
neliussen31 estim ated a daily in take in 1969-70 of 
2 fig  C d from  dairy products, 3 from  m eat, fish, 
and poultry products, 1 0  from  grains and cereals, 
8  from  po tatoes, 3 from  leafy vegetables, less than 
1 from  legum es, 1 from  roo t vegetables, 2  from  
fruits, 1 from  fats and shortening, 1 from  sugar 
and adjuncts, and 5 from  beverages. These esti­
m ates have no t been adjusted for mass or caloric 
intake and  are probably high for the  average adult 
diet.

The UN Food and A griculture O rganization and 
W orld H ealth  O rganization32 have estim ated from  
lim ited results of to tal d iet studies th a t dietary in­
take o f cadm ium  varies according to  country from  
50 or less to  150 ¿ig/day. O n the  assum ption that 
renal dam age may occur when cadm ium  concen­
trations in the  renal cortex  exceed 2 0 0  m g/kg wet 
weight, FA O /W H O  proposed a provisional to lera­
ble weekly intake o f cadm ium  o f 400-500 fig  for 
each individual.

A nother source o f cadm ium  exposure is from  
tobacco  products. Side-stream  cigarette sm oke was 
found to  contain 0.4-0.7 fig  cadm ium /cigarette , 
while the  m ainstream  cigarette  sm oke contained 
up to  0 . 1  fig  cadm ium /cigarette .33

Historical Reports

Bonnell34 has com m ented  tha t the occupational 
toxicity o f cadm ium  was noted  as early as 1858 by 
Sovet ,35 who repo rted  a case of vomiting, cram ps, 
and severe abdom inal pain due largely, probably, 
to  ingestion o f cadm ium  carbonate  used as a silver 
polish. Inhalation o f the dust and swallowing o f the 
m aterial im pacted on the m ucosa of the upper 
respiratory  trac t may have contribu ted  to  the in­
toxication, which had  the characteristics o f acute 
poisoning by oral ingestion o f  cadm ium  ra ther 
than  from  inhalation o f  a cadm ium -containing 
m aterial. A ccording to  C hristensen and O lson ,36 

there  were only 64 exposures reported  in the 
literature  up to  1945, about 15% o f them  fatal. 
H owever, Fairhail’s37 com pilation o f  cadm ium  
poisoning by ingestion cited  20 cases prior to  1940 
and 689 in the period  1941-1946.

Bonnell34 c ited  Stephens, in 1920, and M ancioli, 
in 1940, who described cases o f chronic illness 
due to  occupational exposure to  cadmium. During 
W orld W ar II, the superim position of nutritional 
deficiencies on to  cadm ium  exposure was suggested 
by N icaud and cow orkers38 as contributing to  bone 
disease (osteom alacia) in  cadm ium  w orkers in 
France. Cadm ium  is also believed to  have been 
one causal fac to r in the developm ent o f  Itai-Itai 
( “ ouch-ouch” ) episodes in Jap an . 1 (pp 137' l s , ) ’39' 41

Effects on Humans

This section reviews the effects o f cadm ium  on 
hum ans, mostly from  evidence developed in 
epidem iologic studies, in term s o f types of effects 
such as organs or organ systems affected. M any of 
these studies together with additional ones are 
reviewed, often in m ore detail, in the  section on 
Epidemiologic Studies. In the la tte r section, there  is 
m ore em phasis on population studies and on a co r­
relation o f hum an effects w ith airborne cadm ium  
concentrations.

(a )  Pulm onary Effects
(1 )  A cute Effects

A cute intoxication from  exposure to  cadm ium  
oxide fum es in concentrations o f a t least several 
m illigram s/cubic m eter has a characteristic clinical 
p ic tu re .42"45 Initially, there  are virtually no symp­
tom s; these usually appear 4-10 hours later, when 
dyspnea, cough, and  not infrequently a feeling of 
constriction in the chest develop. O n occasion, 
w orkers may com plain o f substernal chest pain or



a burning sensation in the  chest th a t is accen tu ­
ated by coughing. Som e may also develop a flu­
like syndrom e characterized  by shaky chills and 
myalgia localized in the back and limbs. U nder 
this la tte r circum stance, the illness may be 
m istaken fo r m etal-fum e fever. In any event, acute 
pulm onary edem a may develop w ithin 24 hours. In 
such cases, physical exam ination reveals an acutely 
ill patien t w ith rales heard  on auscultation  o f the 
chest. C hest X-rays show bilateral pulm onary infil­
tra tes suggestive o f pulm onary edem a. Pulm onary 
function testing, w hen perform ed, has show n a 
decreased  forced vital capacity  (F V C ) and forced 
expiratory volum e during the first second (F E V ,). 
In addition , there  is evidence o f abnorm al gas 
exchange w ith a m arkedly reduced  carbon  m onox­
ide diffusion capacity. T he subsequent clinical 
course is unpredictable. In m ost cases, the sym p­
tom s resolve over the next w eek; bu t in approxi­
m ately 2 0 % of the people exposed, the dyspnea is 
progressive and may be associated with wheezing 
or hem optysis. In cases th a t are progressive, death  
characteristically  occurs w ithin the  first week after 
exposure. C hronic sequelae include pulm onary 
fibrosis and “ honeycom b” lung. T here  are in tersti­
tial fibrosis, hypertrophy o f c ircu lar m uscle o f the 
m edia and  form ation o f longitudinal m uscle in the 
intim a o f m uscular pulm onary arteries, hyper­
trophy of the  m edia o f bronchial arteries, 
atherom as o f  the intim a of elastic pulm onary arte ­
ries, thickening o f  the  elastic lam ina and 
pronounced  proliferation of the fibroelastic com ­
ponent o f  the intim a o f pulm onary veins, and, oc­
casionally, evidence o f  recanalized throm bi in both 
arteries o r veins .42,46 In addition, there  has been 
evidence in two acutely intoxicated m en o f liver 
changes . 47,48

The stages o f acu te  pulm onary edem a and acute 
interstitial pneum onia have been fu rth er studied by 
autopsy on hum ans exposed to  cadm ium  by inhala­
tio n .42,44,49,50 Tow nshend43 in 1968 reported  one 
case o f pulm onary edem a caused by acute cadm i­
um poisoning which he followed over a period o f 4 
years. Serial pulm onary function tests showed im ­
provem ent in lung function  during the first 6  

m onths. Four years la ter, carbon m onoxide diffu­
sion capacity  was norm al, bu t the  forced vital 
capacity was less than  80% o f the p red icted  value.

T here are few da ta  re la ted  to  the  acute dose- 
response relationship for cadm ium  in hum ans. 
However, estim ates o f  lethal concentrations o f

2 ,500,51 2,600,44 and 2,90052 m g-m in/cu m have 
been m ade. These calculations have been based on 
som e estim ations o r  assum ptions about the air­
borne concentrations o f  cadm ium  after fatal expo­
sures to  cadm ium  oxide, the pulm onary ventila­
tion, the  percen tage o f  cadm ium  retained, and the 
concentrations o f cadm ium  w ithin the alveoli o f 
the  lungs. W hile som e uncertainties exist, it seems 
reasonable to  conclude th a t a probably lethal ex­
posure to  CdO fum e consists o f breathing about 5 
m g/cu m during an 8 -hour period (this is 
equivalent to  2,400 m g-m in/cu m .) This concen­
tration  probably should no t be considered to  be 
the lowest which can  give rise to  fatal poisoning, 
however. A likely in terpreta tion  o f da ta  obtained 
through animal experim entation 49 indicates tha t a 
concen tration  o f  cadm ium  oxide fumes o f about 1 

mg/cu m inhaled during an 8 -hour period may be 
dangerous for hum ans. Sufficient da ta  are not 
available for m aking sim ilar estim ations for o ther 
form s o f cadm ium .

Blejer e t al47,48 described two cases of cadm ium  
oxide fum e poisoning in a silver brazing operation. 
The first m an, exposed at a concentration  thought 
to  be above 1 mg C d/cu  m, becam e acutely ill and 
died about 3 days later. Post-m ortem  exam ination 
show ed he had pulm onary edem a, bronchial 
deepithelialization, extrem e hem orrhagic con­
gestion o f  the lungs, and a “ nutm eg” liver. The 
brazing operation  was m oved outdoors, w hereupon 
a second w orker becam e ill. He was hospitalized, 
was adm inistered oxygen under positive pressure, 
and recovered. L aboratory  exam inations showed 
elevated serum  glutam ic oxaloacetic transam inase 
(SG O T) and serum  bilirubin, suggestive o f hepatic 
dam age. R econstruction  o f the circum stances of 
the  exposure led to  several estim ates o f the 
breathing zone concentrations, viz, 1 0 , 2 0 , and 
140 fig  C d/cu m. The w orker was estim ated to 
have been exposed for about 9% hours, apparently 
over a period o f 3 days .48 The authors47 suggested 
tha t sim ultaneous exposure to  fum es o f cadm ium , 
copper, and zinc (probably  as the oxides) and to 
fluoride gases such as hydrogen fluoride and car­
bonyl fluoride contribu ted  to the  intoxication in 
bo th  cases.

(2 )  C hronic Effects
C hronic cadm ium  inhalation has been reported  

to  cause pulm onary em physem a in m an . 53' 56 

Friberg57 investigated male workers exposed to  
cadm ium  oxide dust in an alkaline storage-battery
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factory in Sweden. He found th a t shortness o f  
breath  was a com m on com plaint, and pulm onary 
function studies revealed increased residual 
volume in relation  to  to tal lung capacity  in w or­
kers exposed for an average o f 20 years. Results 
from  exercise studies w ere abnorm al in m any o f 
these individuals. B aader58 studied a w orker who 
had becom e ill after being exposed to  cadm ium  
oxide dust in a battery  factory. From  clinical and 
X-ray evidence, he had  “ considerable 
em physem a.” He died  a t the  age o f 39, apparently  
from  right h ea rt failure. Post-m ortem  exam ination 
showed bullous em physem a, fibroplastic 
peribronchitis and prim ary peribronchial in tersti­
tial pneum onia of all lobes o f the lungs, and puru­
lent bronchitis. F rom  evidence o f lesions o f vari­
ous ganglia, Baader suggested nerve tissue lesions 
as a contribu ting  fac to r in pathogenesis of the  ob ­
structive lung disease. Lane and C am pbell53 

described th e  developm ent o f em physem a w ithin 2  

years after the  first exposure to  cadm ium . Kazant- 
zis and associates54 found no evidence of pulm ona­
ry abnorm alities in w orkers exposed to  cadm ium  
sulfide dust 12-14 years. However, 4 of 6  o f those 
em ployed fo r over 25 years had  respiratory  im pair­
m ent, including 1 who died o f em physem a. H ol­
den59 found on pulm onary function  testing th a t 8  

of 23 m en exposed to  cadm ium  12-39 years had 
abnorm alities suggestive o f em physem a. This 
em physem a may be due to  cadm ium ’s inhibition of 
antitrypsin. C how dhury and Louria60 added 5-50 
fig/ml C d(H ) to  hum an plasm a and found an in­
hibition o f o^-antitrypsin with a decrease in trypsin 
inhibitory capacity. O ther m etals tested , viz, 
Pb(II), H g(II), F e(II), Z n(II), and N i(II), had  little 
or no effect in concen trations equim olar with that 
of C d(Il).

Investigations utilizing pulm onary function test­
ing55 in b o th  cadm ium -exposed and control groups 
have suggested a higher incidence o f obstructive 
lung disease am ong the  exposed w orkers. There 
have been several o th e r studies61-64 in w hich no 
pulm onary effects from  chronic cadm ium  intoxica­
tion w ere observed. A t least som e o f these in­
volved exposures at low er concentrations o r for 
shorter exposure times.

(b ) R enal Effects
The m ost com m on abnorm ality  found in w or­

kers exposed to  cadm ium  is p ro te inu ria .54,55,65 

Friberg55 found pro te inuria  in 81% o f 43 w orkers 
exposed to  cadm ium  for an average of 2 0  years in

the alkaline storage battery  industry and pointed 
o u t th a t the protein  excreted  was not the protein 
conventionally excreted  after kidney injury, ie, it 
was o f low m olecular w eight, about 2 0 ,0 0 0 - 
30,000. Piscator*6  exam ined p ro tein  in urines of 79 
cadm ium  w orkers, 55 o f  whom had been previ­
ously studied by F riberg .55 He found an average 
excretion  o f protein  o f 50 m g/day in 10 healthy, 
unexposed subjects and 70-2,600 m g/day in cadm i­
um  workers. In m en excreting m ore than  150 
m g/day, the  e lectrophoretic  pa ttern  o f urine 
p ro tein  was characterized  by a low album in con­
ten t and increased contents o f  a 2-, /3-, and y- 
globulins. In 75% o f the m en excreting m ore than 
400 m g/day, there  was a distinct /3 -globulin peak. 
In a  few, he found a post-y-globulin fraction. C ad­
m ium  w orkers also had a significantly higher con­
centration  of 7 -globulin and o f protein-bound hex- 
oses in serum  than  did unexposed workers. Potts65 

studied 70 battery  w orkers and found proteinuria 
in 34% of those exposed 10-19 years, and 82% of 
w orkers exposed for over 30 years. Kazantzis and 
associates54 no ted  th a t duration  of exposure to 
cadm ium  was im portan t in the  developm ent of 
proteinuria. They found no proteinuria in those ex­
posed for less than  2  years; p ro teinuria  was found 
in 3 o f the 4 exposed for 12 to  14 years and in all 
o f those exposed for 25 years or m ore. The 
p ro teinuria  was characterized  by excretion o f uri­
nary protein  o f  low m olecular weight, betw een 
20,000 and 25,000. The pathogenesis o f  the 
pro teinuria  has no t been fully delineated, but 
Vigliani67 has suggested tha t p ro tein  may appear in 
the  urine because tubular-bound cadm ium  in ter­
feres w ith the ability of the  norm al kidney to 
catabolize im m unoglobulins and o ther proteins. 
O thers 1 (pp l0f' '106)- 68,69 believe th a t it results from  a 
decreased  reabsorption  o f norm ally present protein 
by the renal tubules. This la tter view seems m ore 
likely, ie, it is likely tha t low m olecular weight 
pro teins appearing in the urine o f  persons intox­
icated  by cadm ium  would have been reabsorbed 
by the norm al kidney, so tha t the ir appearance in 
urine is an early sign o f renal dysfunction. How­
ever, as Friberg and associates1 <D 112) have sug­
gested, both  altered  catabolism  and altered reab­
sorption  o f proteins may exist.

T here are few da ta  on acute renal effects. Bi­
lateral renal cortical necrosis has been reported  in 
a fatal case .44 The concentration  o f cadm ium  in 
the kidney was given as *.7 ppm  w et weight,
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which seem s no t abnorm ally high in view o f the 
report70 th a t the concentrations o f  cadm ium  in 
renal cortices o f people 50 years old from  several 
different countries range from  15 to  50 jxg/g; even 
higher concentrations o f 60-125 /ig /g  have been 
found in kidneys from  areas o f Japan  regarded  as 
not polluted with cadm ium .

O ther repo rted  evidence o f  d isturbed  renal tubu­
lar function besides pro te inuria  includes the find­
ing o f  glucosuria ,54 ,61 ,7174  am ino ac iduria ,54,71,75 

decreased urine-concentrating  ability ,55,71 and ab­
norm alities in renal handling o f uric acid, calcium , 
and phosphorus .54,71 H owever, p ro te inuria  can ap­
pear alone w ithout the  o th e r above-m entioned 
changes, so th a t it may often  be the earliest sign of 
renal dysfunction in cadm ium  intoxication.

A few instances o f reduced  glom erular filtration 
rates in cadm ium  w orkers have been re­
po rted .55,71,76

Renal stone form ation has been  repo rted  in cad­
mium w orkers in Sw eden .55,76 A hlm ark and cow or­
kers76 found tha t 44% o f a group o f w orkers ex­
posed to  cadm ium  dust for m ore than  15 years 
had a history of renal stones. W hen exam ined, the 
stones w ere found to  be com posed mainly o f calci­
um  phosphate .77 O ther investigators have no ted  a 
high prevalence o f renal stones in nonproteinuric 
w orkers . 71,77 Some w orkers had hypercalcinuria 
w ithout proteinuria. T he high incidence o f kidney 
stones may be the result of disturbed excretion of 
calcium  and phosphorus, as suggested by Ax- 
elsson . 77 Inform ation from  autopsy and biopsy 
m aterial o f kidneys is lim ited. F riberg et al1 lpp 107‘ 
i°8 ) reviewed findings o f  several o f the ir published 
studies and o f unpublished studies o f  autopsy and 
biopsy m aterial and concluded th a t the 
m orphologic changes are confined mainly to  the 
proxim al tubules, with less evidence o f effect in 
the glomeruli. Kidney cadm ium  levels w ere m ea­
sured and, in general, tended  to  be lower when 
m orphologic changes w ere presen t than  w hen such 
changes w ere absent o r  m inor. O n this basis, it 
seems th a t renal dam age following cadm ium  expo­
sure may result in a decrease in the concentration  
o f cadm ium  within the kidney. If this is so, a 
w orker with significant renal dam age may have a 
lower concentration  o f cadm ium  w ithin his kidneys 
than one with only slight renal d istu rbance . 1 <p 107) 
There is support for this inference from  experi­
m ental studies in anim als, reviewed later.

(c ) O lfactory Effects

A poten tia l consequence of cadm ium  exposure 
is dam age to  the olfactory apparatus, which may 
result in to tal anosm ia. As with lung and kidney 
dam age, duration  and concentration  of exposure 
are  probably im portan t factors. Potts65 found ol­
factory dam age in 53-65%  o f w orkers exposed 10- 
29 years and in 91%  o f those exposed for m ore 
than  30 years. Thirty-seven percen t o f the 43 w or­
kers studied by Friberg 55 showed olfactory im pair­
m ent. Adam s and C rab tree 78 reported  cases o f  
hyposm ia and anosm ia am ong w orkers exposed to 
cadm ium  oxide dust as well as to  nickel dust, in an 
alkaline-battery operation. A group o f 106 battery 
w orkers were com pared  with 84 age-m atched con­
trols. O lfactory acuity was judged from each sub­
je c t’s evaluation of his own acuity and from  a 
phenol smelling test. Battery w orkers reported  sig­
nificantly m ore anosm ia (15%  vs 0% ) and did less 
well on the phenol smelling test (27% vs 5%). 
T here was a positive correlation between proteinu­
ria and anosm ia; 17 w orkers with proteinuria also 
w ere anosm ic. Exam ination o f noses showed many 
cases o f  local irritation from  dust, some subm u­
cosal fibrosis in m ild cases of deficient olfactory 
acuity, and cases o f ulceration, occasionally with 
dry crusting, in m ore advanced cases. Biopsy 
m aterial from  one case showed a mild nonspecific 
subm ucosal chronic inflam m ation with a few small 
loose focal accum ulations o f lym phocytes and a 
few widely scattered  eosinophils. The authors a t­
tribu ted  the anosm ia to  exposure to  either cadm i­
um  or nickel, o r to  a m ixture o f the two. The 
population studied by Friberg55 was also exposed 
to  nickel. Potts65 did not report nickel exposures, 
but the w orkers m ade batteries, so there were un­
doubtedly exposures to  nickel dust, as well as to 
cadm ium . However, Tsuji e t al79 reported that 
several workers exposed to  cadm ium  in a zinc 
refinery, w ithout evidence of exposure to  nickel, 
had a so-called insensitiveness to  smells.

(d )  H em atopoietic System 
A cute effects on the blood after respiratory ex­

posure at a high concentration  of cadmium have 
been noted  both in hum ans and in anim als .44,80 

Elevated hem oglobin in some hum an subjects may 
well have been the result o f hem oconcentration 
from  pulm onary edem a .44

A nem ia has been described in workers exposed 
for a long tim e to  cadm ium  oxide dust and 
fum e .38,55,81 The anem ia was usually m oderate. In a 
group o f w orkers exposed to  cadm ium  5-30 years,
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Piscator, in unpublished studies reviewed by 
Friberg, Piscator, N ordberg, and K jellstrom 1 <p 1141 

reportedly found a significant co rrelation  betw een 
high cadm ium  and low hem oglobin concentrations 
in blood. Bone m arrow  exam inations o f 19 cadm i­
um -exposed w orkers revealed no pathologic 
changes .55 Peripheral eosinophilia has been re­
ported  to  occur in som e w orkers .38,55,62

(e) C ardiovascular Effects 
There are some controversial d a ta  on a possible 

role o f cadm ium  in hypertension. Epidem iologic 
investigations o f the general population have noted 
a positive correla tion  betw een cardiovascular dis­
ease and am bient cadm ium  levels82; no distinction 
was m ade in these studies betw een hypertensive 
and arteriosclero tic  diseases. Perry and 
Schroeder83 reported  th a t hypertensive patients 
had increased urinary cadm ium  and, to  a lesser ex­
ten t, increased  urinary m anganese levels, as com ­
pared with norm otensive individuals. In 187 adults 
studied a t autopsy, the 17 suffering from  hyperten­
sion had e ither higher concen trations o f cadm ium  
or higher cadm ium -to-zinc ratios in the ir kidneys 
than  the norm otensive ones .84 A correlation 
betw een cadm ium  level and m ortality  from  car­
diovascular disease in the  U nited States has been 
reported 82 bu t canno t be considered to  be indica­
tive o f a d irec t cause-effect relationship because 
the am ount o f  cadm ium  absorbed from  inhaled air 
during a day in the city o f  the US with the highest 
airborne cadm ium  concen tration  (C hicago) would 
be no m ore than 12% o f the to tal intake. It could 
be as little as 1 % of the  to ta l in take, depending on 
the com position o f the  diet. S chroeder85 has com ­
m ented on the association betw een hypertensive 
disease and cadm ium  and  has suggested th a t the 
use o f galvanized pipes to  carry  soft w ater, com ­
m on m any years ago, caused increased cadm ium  
ingestion. O n the o ther hand, w orkers exposed to 
cadm ium  were repo rted 55 no t to  have had a higher 
prevalence o f hypertension than o th e r groups.

No definitive relationship betw een cadm ium  
levels in the kidney and cardiovascular disease has 
been dem onstrated . For exam ple, M organ86 d e te r­
mined the cadm ium  con ten t o f  liver and kidney 
tissue from  80 individuals a t autopsy and found no 
significant difference betw een contro ls and hyper­
tensives. Also, no significant d ifference in the 
Cd/Zn ratio  was found. Szadkowski e t al87 m ea­
sured the excretion o f cadm ium  in the urine and 
did not find any correlation  with hypertension in a

large series o f individuals. On the o ther hand, 
Schroeder84 reported  tha t the ashed kidneys o f a 
group o f  hypertensive US patients contained a 
m ean o f 4,220 ppm  o f cadm ium  whereas a group 
of ashed kidneys from  presum ably norm otensive 
US people killed in accidents contained a m ean of 
only 2,940 ppm  o f cadm ium . In a later rep o rt ,88 

but w ithout additional inform ation, Schroeder 
re itera ted  his belief tha t people dying o f ca r­
diovascular diseases have higher concentrations of 
cadm ium  in the ir kidneys than norm otensive ones.

(f) Skeletal Effects
(1 ) Bone

N icaud and associates38 described a group of 
storage-battery  w orkers exposed to  cadm ium  oxide 
dust who had sym ptom s o f back and extrem ity 
pain and difficulty in walking. Isolated cases o f 
bone changes have also been reported  in British 
cadm ium  w orkers .34,71 In som e of the workers 
described by N icaud e t al ,38 pseudofractures were 
no ted  on  X-ray exam ination o f the scapula, pelvis, 
fem ur, and tibia. The causes o f these bone 
changes, similar o r identical to  those of 
osteom alacia, are no t known. It may be tha t al­
tered  tubular function, with im paired renal tubular 
regulation of calcium /phosphorus balance, is 
prim arily responsible fo r bone dem ineralization, as 
suggested by Friberg  and  associates . 1 (p 12,) But 
o th e r factors, such as decreased  gastrointestinal 
absorption o f m inerals, changes in Vitamin D ac­
tivity, or changes in parathyroid  activity or o ther 
horm onal effects have no t been ruled out.

T he Itai-Itai (“ ouch-ouch” ) disease which oc­
curred  in certain  areas of Japan  was attributed to 
pollution o f  w ater and  crops by industrial, cadm i­
um -containing w aste . 1 (pp l37-1<UK7 ,40'41.89 The disease 
is apparently  osteom alacia and involves painful 
jo in ts and bones, especially in the back and legs. 
Those affected w ere mostly m ultiparous, post­
m enopausal wom en. A nutritionally deficient (low 
calcium  and p ro te in ) d iet was perhaps an addi­
tional factor. Low estrogen levels may also have 
had som e bearing on the osteoporosis seen in 
these cases.

(2 ) T eeth
T he developm ent o f  a  yellow ring a t the neck of 

the too th  was reported  in early epidemiologic sur­
veys in occupationally  exposed persons and was at 
one tim e suggested to  be a w arning sign of chronic 
cadm ium  in toxication .62,90 W hether this is because 
o f  surface absorption o f cadm ium , reaction with

12



salivary sulfur-containing substances, o r through 
m etabolism  has no t been  established.

(g) Liver Effects
Friberg55 reported  abnorm al liver function tests 

in w orkers exposed to  cadm ium  oxide dust for a 
m ean exposure tim e o f 2 0  years in addition to  kid­
ney changes and em physem a discussed earlier. 
O ther investigators34,54 have com m ented  th a t in 
con trast to  the frequen t, p ronounced  changes in 
renal function , gross changes in liver function  are 
unusual findings in cadm ium -exposed w orkers. It is 
no t know n a t p resen t to  w hat ex ten t liver abnor­
m alities occu r in w orkers exposed for long periods.

(h ) G onadal Effects
Little a tten tion  had been  draw n to  the effects of 

cadm ium  on gonads p rio r to  the  m id-1950’s when 
Parizek91 and  Parizek and  Z ahor92 described the 
destructive effects on testicu lar tissue in anim als, 
since confirm ed by o thers in testicu lar o r ovarian 
tissues in several species o f anim als (see later 
discussion in Animal Toxicity). Favino and cow or­
kers ,93 in the ir studies o f  fertility o f 1 0  cadm ium  
w orkers, revealed one case o f  im potency; abnor­
mally low testosterone blood levels w ere found 
only in this m an. Sm ith e t al94 found high levels of 
cadm ium  in the testes o f m en exposed to cadm ium  
fume. T hey also repo rted  m icroscopic changes 
(depression o f m atu ra tion ) in the testes a t autopsy, 
bu t, because of the relatively small m ito tic activity 
o f sperm atocytes, they ascribed this depression to 
term inal illness. F u rther studies are necessary be­
fore any final conclusion can be draw n concerning 
the possible effects o f  cadm ium  on gonadal func­
tion in persons exposed to  cadm ium . It should be 
noted  th a t the da ta  on gonadal changes developed 
in anim als w ere all ob tained  from  acute  anim al ex­
perim ents, and corresponding doses in m an would 
rep resen t an unusually high, conceivably lethal, ex­
posure.

(i) Teratology
T he question o f teratogenicity  o f  cadm ium  has 

not been thoroughly exam ined in m an bu t has 
been investigated experim entally in anim als (see 
discussion on Anim al Toxicity). Tsvetkova95 re ­
ported  th a t children born  of wom en occupationally  
exposed to  cadm ium  at high concentrations 
weighed less than  ch ild ren  o f  a  group o f w om en 
considered to  be unexposed controls. T here were 
only 2 0  contro ls, and  no m ention was m ade of 
w hether consideration was given to  o ther possible 
determ inants o f birth  weight, such as m aternal

w eight, num ber o f previous pregnancies, 
socioeconom ic conditions, p renatal nutrition, 
m aternal illnesses, and  smoking habits. Four o f the 
children  born  to  these cadm ium  w orkers had signs 
o f rickets, one had re tarded  eruption o f teeth , and 
two had undescribed dental troubles. Piscator 
(w ritten  com m unication , D ecem ber 1975) has in­
te rp re ted  these changes as the result of fetal zinc 
deficiency as the  consequence o f  zinc retention  by 
the cadm ium -exposed m others. This po in t has 
been discussed in m ore detail by Friberg and 
coau tho rs , 1 <p 129) w ho have suggested, in a review 
o f reproductive changes in experim ental animals, 
th a t teratogenic effects are the consequence o f this 
zinc deficiency in the  fetus because o f zinc re ten ­
tion by the m other.

(j) Carcinogenesis
Surveys o f  cadm ium  w orkers have indicated that 

carcinom a o f the  prostate  may be found m ore 
frequently  in these m en than  in the general popu­
la tion .65,96 P rostatic  cancer was cited as the  cause 
o f 3 of 8  deaths in a survey by Potts65 o f 74 men 
with m ore than  1 0  years exposure in a nickel-cad- 
m ium  battery  factory. Kipling and W aterhouse96 

surveyed a group o f  248 w orkers exposed to cad­
m ium  oxide for a m inimum o f one year. There 
w ere 4 deaths from  prostate cancer, significantly 
m ore than  expected. C ancer rates o f  the bronchus, 
o f  the bladder, o f  th e  testis, as well as cancer rates 
a t all sites, w ere n o t significantly different from 
the expected rates. A ccording to  a  com m unication 
from  Kipling to  the  In ternational Agency for 
R esearch on C ancer (IA R C ) , 4 3 o f these cases of 
p rosta te  cancer w ere also 3 of P o tts’ cases .65 

Kipling and W aterhouse cautioned against drawing 
conclusions until fu rther studies had been un­
dertaken . They indicated  tha t inquiries of cadm i­
um  users had been initiated and that “ . . . so far 
[these] have proved negative . . . ” but gave no 
details.

A dam s e t al ,71 in a study o f  the same plant 
previously described by P otts ,65 reported  two cases 
o f p rosta te  cancer am ong 1 2  deaths occurring du r­
ing the 12-year period o f study. One prostate 
cancer death  was clearly not in the group reported  
by Potts, but the o th e r case may also have been 
one  o f P o tts’ cases. D iscrepancies in specific 
details about this p lan t in the two studies m ake 
close com parison o f their da ta  im practical.

L em en et al97 studied causes o f  death  in 92 w or­
kers, from  a cohort o f 292 in a cadm ium  sm elter,
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who had died during the  period 1940-1974. Four 
cases of p rostate  cancer were found, com pared  to
1.15 expected on the basis o f m ortality rates for 
the US white male population adjusted  fo r age and 
calendar year. O ne case was a 64-year old w orker 
who died in 1951; all o thers w ere 71 years o f age 
o r older. W hen only those w orkers w ho had lived 
for a t least 2 0  years after the ir first exposures to 
cadm ium  w ere considered, 0 . 8 8  deaths would have 
been expected  vs the 4 observed. T he difference 
betw een these two figures was said to  be signifi­
can t a t the 0.05 level w hereas th a t betw een the
1.15 deaths expected in the en tire co h o rt and the 
4 observed was no t significant. T hese em ployees 
were also exposed to  arsenic a t low concen tra ­
tions, as is discussed later in Epidemiologic Studies.

These studies65,71,96,97 suggest th a t occupational 
exposure to  cadm ium  oxide may increase the risk 
o f  p rostate  cancer in m an, but the  num bers o f m en 
developing prostate  cancer w ere small. In addition, 
as m entioned  above, two, and possibly th ree , of 
these studies are no t independent ones.

O f the  74 m en exposed for 10 or m ore years at 
various concentrations o f cadm ium  oxide dust in 
the p roduction  of alkaline batteries repo rted  by 
Potts65 in 1965, 8  died. T hree  of these deaths 
resulted from  carcinom a of the  prosta te , one from  
carcinom a o f the bronchus, and  one from  carc ino­
matosis. D etails o f the post-m ortem  exam ination 
o r the bases for diagnosis o f p rosta te  cancer were 
not given. T he age range of these m en (65-75) is 
probably relevant, also.

In 1949, concentrations of cadm ium  in the air of 
plate-m aking and assembly shops ranged from  0 . 6  

to  2 . 8  m g/cu m, and in the e lectrode departm ent 
concentrations as high as 236 m g/cu m w ere re ­
ported . Installation of local exhaust ventilation in 
1950 reduced  concentrations below 0.5 m g/cu m 
in m ost parts of the  factory. In 1956, fu rther m ajor 
im provem ents reduced levels to  0 . 1  m g/cu m at 
m ost points.

Lem en e t al97 also found a significant excess of 
m alignant tum ors o f  the respiratory  trac t ( 1 2  cases 
observed com pared  to  5.11 expected). E ight of 
these were characterized  histologically; one was an 
undifferentiated small-cell tum or, th ree were 
anaplastic, th ree were squam ous-cell carcinom as, 
and one was an oat-cell carcinom a. W hile a m ore 
local com parison group m ight have been better, 
the excess m ortality due to  lung cancer am ong the 
people exposed to  cadm ium  probably would not

have been decreased  by this procedure. The 
authors also no ted  a significant excess in total 
neoplasm s (27  observed vs 17.51 expected).

N o excess o f any form  o f cancer was detected  in 
3 o ther studies1 <p 132)-98-"  o f  m en occupationally 
exposed to  cadm ium , but sam ple size o f  each 
study was small.

A geographical correlation  betw een the frequen­
cy o f p rosta te  cancer and the am ount of 
suspended particu late  air pollution in various com ­
m unities was repo rted  in 1969 by W inkelstein and 
K antor100 w ith the suggestion by the authors that 
cadm ium  exposure m ight be involved in the as­
sociation, bu t m easurem ents o f  cadm ium  in the 
am bient air w ere not perform ed. Smoking histories 
and socioeconom ic factors m ight also be relevant 
in evaluating any such association.

In an epidem iologic study o f  cancer in persons 
exposed to  cadm ium , K olonel101 com pared the in­
cidences o f  several types o f  cancer in persons hav­
ing an inferred occupational history o f  cadm ium  
w ork with those in a control population. The basis 
for inferring a history of occupational exposure to  
cadm ium  was indirect, from  jo b  classification in­
form ation revealed in an interview on admission to 
a cancer research  hospital. T he test and control 
populations w ere all white m ales, aged 50-79 
years, and were all referred  to  the Roswell Park 
M em orial Hospital in Buffalo, New Y ork, because 
o f suspected neoplastic disease. O ne group of con­
trols w ere those found to  have nonneoplastic gas­
trointestinal disease; a second group of controls 
w ere those found to  have colon cancer. Kolonel 
found a significant increase in renal cancer, and a 
nonsignificant increase in pancreatic  cancer among 
the patients thought to  have been exposed to  cad­
mium. He anticipated  an increased incidence of 
prostatic  cancer, bu t found none. He looked for a 
sim ilar increase in cancer am ong those exposed to  
cadm ium  from  dietary intake of cadm ium  or from 
sm oking, but the association was questionable. In 
view o f the deficiencies in his da ta  on occupa­
tional histories, conclusions from  this study are un­
certain .

In a later publication based on these data, 
K olonel102 com m ented on evidence o f a synergistic 
relationship betw een exposure to  cadm ium  and 
cigarette  smoking. In the  belief tha t the greater 
than  additive effect could no t be accounted for by 
the increased cadm ium  exposure, he suggested 
th a t som e o ther com ponent o f  cigarette smoke
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contributed  to  the synergistic effect. However, in 
addition to  the  uncertain  evidence com m ented on 
above on occupational exposure o f the subjects to 
cadm ium , his assum ptions about exposure concen­
trations may have been inaccurate.

In a 1969 le tter to  the  ed itor o f  The L ancet, 
H olden98 m entioned having studied 42 cadm ium  
workers exposed 2-40 years, 6  o f  them  for m ore 
than 1 0  years, a t concentrations o f cadm ium  
greater than  4 m g/cu m and the rest exposed a t an 
average concen tration  o f 0.1 m g/cu m. T here  had 
been one case o f  carcinom a o f the  prosta te  and 
one of carcinom a o f the  bronchus in the group. 
T he point o f his le tte r seem ed to  be to  refute sug­
gestions o f hypertension am ong cadm ium  workers. 
Although som e of the m en had pro teinuria  and 
em physem a, none o f  them  had a blood pressure 
greater than  140/90 mm Hg, including a m an of 
73 years. He also com m ented th a t “ none is ap­
parently sterile” and th a t there  was no increased 
incidence o f coronary  artery  disease. U nfortunate­
ly, no details w ere given in this short com m unica­
tion. It is inferred th a t he was discussing the same 
population he previously com m ented on in a 1965 
report59 o f m en working in a factory m aking cad­
m ium -copper alloys for trolley wires.

It has been found by M organ 103 th a t the  cadm i­
um concentrations in blood and tissues were sig­
nificantly increased in som e patients with 
bronchogenic carcinom a but, as the  au thor com ­
m ented, w hether this elevated cadm ium  level was 
the cause o r the  consequence o f  the  cancer, or 
was unrelated  there to , is not known. It is possible 
tha t the elevated cadm ium  concentrations and 
lung cancer w ere bo th  related  to  smoking, 
cigarette sm oke usually containing higher cadm i­
um concentrations than  the  am bient air.

M alcolm , 104 how ever, cam e to  the conclusion 
tha t cadm ium  is unlikely to  be a  cause of prostate 
carcinom a, even though the data  available in 1972 
suggested this possibility. M alcolm  reviewed some 
then  unpublished experim ents on rodents con­
ducted a t a British cancer research  institute and 
concluded tha t cadm ium  is unlikely to  be a cause 
o f prostatic o r o ther in ternal cancer in m an. These 
animal experim ents have subsequently been re­
ported  by Levy and associates105"107 and are 
reviewed in the section on Animal Toxicity.

(k ) O ther Effects o f Cadm ium
A cute sym ptom s have occurred  in subjects ea t­

ing cadm ium -contam inated food o r beverage, ac­

cording to a review by Fairhall37 and a report by 
Lufkin and H odges . 108 G astrointestinal m anifesta­
tions characteristically  occurred  ^4 to  5 hours after 
ingestion and w ere often m arked by increased 
salivation, nausea and vomiting, abdom inal pain, 
d iarrhea, and tenesm us. Cadm ium  has also caused 
food poisoning from  the use o f a cadm ium -plated 
refrigerator shelf as a grill to  hold steak over char­
coal for broiling . 109 A 2-year old child with en­
cephalopathy originally attribu ted  to  lead was 
found to  have a very high cadm ium  concentration 
o f 710 (j.g/liter in his urine. It was found that the 
child was fond o f licking freshly polished white 
shoes (polish solution containing 275 pig Cd/100 
m l), occasionally a te  silver polish (185 /xg/100 
m l), and ate red pain t (500 m g /100 g) from  his 
c rib . 110

Bui e t al111 analyzed the chrom osom es in 
lym phocytes from  Swedish battery-factory workers 
and Itai-Itai patients from  Japan , together with 
contro ls from  Sweden and Japan, and found no 
significant differences in chrom osom al aberrations 
betw een cadm ium -exposed people and their 
respective controls. However, sizes of populations 
studied were small in each case. M ean frequencies 
of aberrations ranged from  2.0% in Swedish ba t­
tery w orkers to  6.7% in Itai-Itai patients. Shiraishi 
and cow orkers112’113 cu ltured cadm ium  sulfide with 
hum an leukocyte cells and exam ined leukocyte 
chrom osom es from 7 Itai-Itai patients, and in each 
case found an increased incidence o f chrom osom al 
aberrations over controls. The rate o f abnorm ali­
ties in the Itai-Itai patients112 ranged from 14 to 
64% o f the  50 cells exam ined, m uch higher than 
the rate found by Bui e t a l . 111 In view of the possi­
ble variety o f etiologic factors in Itai-Itai disease 
and the lack o f confirm ation o f the  results o f a 
procedure as m ethodologically delicate as 
karyotyping, it is difficult to  assess these results 
until additional studies have been conducted. 
D eK nudt and L eonard 114 found an increased in­
cidence o f aberrations in chrom osom es cultured 
from  leucocytes o f w orkers exposed to cadmium, 
lead, and zinc. These changes consisted of chro­
m atid changes (gaps, breaks, deletions, and 
exchanges) and chrom osom e anomalies (gaps, 
fragm ents, d isturbances o f spiralization, transloca­
tions, centric  rings, and dicentrics), usually with 
only one structural aberration in each abnorm al 
m etaphase. The 35 w orkers, aged 19-58 years, 
w ere divided into tw o groups according to  type
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and duration  of exposure. The first group, consist­
ing o f 23 w orkers, had been exposed to  high con­
centrations o f lead and o f  cadm ium  fo r an average 
o f 1 2  years; the second group, consisting o f  1 2  

workers, w orked in a rolling mill for an average of 
1 1  years and  were exposed m ostly to  zinc, but 
with exposures to  low er concen trations o f lead and 
cadm ium , also. The tw o exposed groups had 
statistically significantly higher incidences of 
anom alies than contro ls, bu t the two exposed 
groups did no t differ significantly from  each  other. 
As the au thors com m ented, there  are  inheren t dif­
ficulties in interpreting studies o f such mixed expo­
sures. They no ted  th a t seven o f the  w orkers in the 
first exposed group had  previously w orked in coal 
mines and tha t these w orkers had a rate o f severe 
aberrations (1 .35% ) nearly  tw ice th a t o f the o ther 
m em bers o f  the same group (0 .71% ).

T here has been som e in terest in pancreatic  func­
tion, since high concentrations o f cadm ium  have 
been found in the pancrea ta  o f  autopsied  cadm ium  
w orkers .94,115 L ittle investigation, how ever, has 
been conducted  in this field (see Anim al Toxicity).

High cadm ium  levels have also been found in 
thyroids from  autopsy m ateria l . 115

V orob’yeva116 studied changes in the  chronaxies 
of cutaneous sensory and optical nerves and 
skeletal m uscle in 160 w orkers exposed to  cadm i­
um oxide and  com pared  the results with w hat she 
described as norm al values cited  in the  literature 
and with standards established from  studies o f 70 
workers in con tac t with otherw ise undescribed 
toxic substances. T here  had been com plaints of 
headache, dizziness, irritability, depression, and 
sleep disturbances. Cadm ium  concentrations in the 
w orkroom  air varied from  0.1 to  24 m g/cu m, but 
sampling and  analytical m ethods w ere not 
described. T he type o f  industrial operation or 
o ther inform ation on possible contributions to  ob­
served reactions by o th e r contam inants was not 
discussed. T here was a prolongation o f the 
chronaxy o f cutaneous nerves in many cases as 
well as in optical chronaxy; the  changes were pro­
portional to  the years o f  exposure to  cadm ium . 
M otor chronaxy changes in 37 w orkers w ere varia­
ble; in w orkers with less than 5 years o f w ork ex­
perience, m uscle chronaxy was reduced , while in 
workers with 5 years o r m ore o f  exposure to  cad­
mium, it was increased. V orob ’yeva concluded 
tha t cadm ium  exposure caused cen tral nervous 
system changes, bu t suggested the  need  for further

research  to  resolve questions abou t the effect o f 
cadm ium  oxide on the brain. She com m ented that 
the changes in the functional state o f the cerebral 
cortex occurred  significantly earlier than  other 
signs o f cadm ium  poisoning, but did not describe 
w hat signs o f poisoning were being com pared and 
gave no supporting data. She presented  no actual 
evidence o f effects on the central nervous system. 
It is no t clear how to assess the  significance of 
these findings to  a recom m ended standard for cad­
mium.

C igarette tobacco has been repo rted 117 to  con­
tain  considerable cadm ium  (abou t 30-40 /xg/20 
cigarettes), about 30% o f which is trapped in the 
filter o r rem ains in the cigarette residual. Approxi­
m ately 2-2.4 fig /20  c igarettes is inhaled . 33 A pprox­
im ately 70% escapes into the sm oke . 117 Lewis and 
colleagues118 found tha t, o f the cases studied, those 
who died with a diagnosis o f bronchitis or 
em physem a o r bo th  had elevated liver cadm ium  
concentrations. U nfortunately, da ta  were not 
available in this study on occupation or history of 
cigarette  smoking. A nother study103 has reported  
increased cadm ium  levels in serum , liver, and kid­
neys o f  patients dying with bronchogenic car­
cinom a.

In a study119 o f 5 people, it was possible to 
establish th a t the urinary route of excretion 
predom inates m arkedly over the  gastrointestinal 
route. Five people w ere given oral doses o f 115Cd- 
labeled cadm ium  n itra te , and the radioactivity in 
urine and feces was followed for 47 days. Urinary 
excretion  o f cadm ium  has been reported  in a 
num ber o f studies.87,120,,2> These studies indicate 
th a t the daily urinary excretion in the general 
adu lt population is approxim ately 1-2 fig. Even if 
fecal excretion also w ere 1 - 2  fig, to tal daily excre­
tion  would probably be som ew hat less than daily 
assim ilation from  food, w ater, air, and cigarettes, 
in the case o f  sm okers. This is consistent with the 
indications from  autopsy data  tha t for m ost o f 
the ir lives people are  no t in cadm ium  balance . 1 (pp
59-65 )

The urinary excretion  o f cadm ium  increases 
m arkedly with the onset o f  proteinuria in high cad ­
m ium  exposure . 71 This is consistent with animal 
d a ta . 122,123 In m an, the  m agnitude of increased 
excretion o f cadm ium  in association with pro teinu­
ria  is quite variable, but may be m ore than 1 0 0  

tim es norm al .71,124 This probably represents an  ac ­
tual m obilization o f cadm ium  stores in the kidney
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(and possibly elsew here in the  body), since the 
kidney cadm ium  concen tration  o f  exposed w orkers 
with renal dam age is appreciably lower than  the 
concentration  in exposed w orkers who do no t have 
renal dam age . 1 tpp ,07  08)i 34 ,94

Epidemiologic Studies

One o f the  earliest a ttem pts in the U nited States 
to  study the  effects o f  continued  exposure to  cad­
mium in industrial w orkers was m ade by Hardy 
and Skinner81 in 1947. They repo rted  the clinical 
histories o f five m en (ages 28-53) engaged 4-8 
years in the m anufacture  o f cadm ium -faced 
bearings. A tm ospheric cadm ium  fum e concen tra­
tions in the  w orkplace ranged from  0.06 to  0 . 6 8  

m g/cu m. Cadm ium  concen trations in urines stu­
died on one occasion w ere less than  50 ¿u.g/liter in 
all cases. Sym ptom s repo rted  by these men were 
varying degrees of fatigue, gastrointestinal upset, 
and respiratory problem s, eg, coughing, sternal 
pain, and th ro a t irritation, especially on dam p 
days. Four o f  the five m en who claim ed to  have 
had good tee th  p rio r to  em ploym ent had 
developed dental caries. Two cases had reduced 
concentrations o f blood hem oglobin (70%  on Sahli 
scale). In all five m en routine X-ray and urinalysis 
were norm al. The authors suggested th a t the re­
ported  sym ptom s w ere due to  prolonged cadm ium  
exposure.

Princi62 studied 20 cadm ium  sm elter w orkers ex­
posed at atm ospheric concen trations o f cadm ium  
fumes varying from  0 . 2  to  6 . 6  m g/cu m and cadm i­
um dusts (m ainly C dS) ranging from  0.04 to  19.0 
mg/cu m , in one case as high as 31.3 m g/cu m for 
2-3 hours/day. Exposure tim es varied from  6  

m onths to  22 years (m edian 4.5 years). Princi 
noted  th a t personal protective m easures w ere not 
adhered to . The w orkers w ere exam ined at 
monthly intervals fo r th ree  m onths. The most 
characteristic  finding was a yellow ring a t the base 
o f the tee th  in 9 o f  15 m en with natural teeth. 
From the da ta  presen ted , degree and ex ten t of 
coloration did no t seem  to  be related  to  exposure 
time, except tha t the yellow ring did occur m ore 
frequently in w orkers exposed for m ore than  two 
years. H em atologic tests revealed no significant 
changes, although the au tho r stated  tha t the 
hem oglobin and red  b lood cell counts were slightly 
lower than  expected for tha t altitude (C olorado, 
about 5,300 feet). Princi found no evidence o f  a

significant increase above norm al o f chest com ­
plaints; X-ray exam inations disclosed no pneu­
m onitis, pulm onary fibrosis, o r skeletal changes in 
long bones. A bsorption o f cadm ium  was dem on­
stra ted  in m ost cases by levels o f  blood cadm ium  
(10-40 ptg/100 g) and urinary cadm ium  (25-125 
/xg/liter). N o correlation  could be found betw een 
blood and urinary values or tim e of exposure. 
R enal studies w ere no t reported , although the 
au tho r m entioned th a t there w ere no com plaints o f 
genitourinary dysfunction. H e found no p ro teinu­
ria, bu t his m ethod o f detecting  protein (boiling 
te st) , according to  a la te r com m unication 
discussed by Friberg  e t a l , 1 <p 103) probably would 
no t have detec ted  cadm ium -induced proteinuria.

Lem en e t al97 studied the m ortality experience 
betw een 1940 and 1974 in the same plant studied 
by Princi .62 In this later report, the p lant was 
described as producing cadm ium  m etal o f high p u ­
rity by electrolysis followed by m elting and distilla­
tion in the absence o f oxygen. Cadm ium  oxide was 
produced  by m elting the m etal in the presence of 
oxygen and capturing the fume. Cadm ium  sulfide 
was produced  interm ittently  by dissolving the 
m etal in sulfuric acid and passing hydrogen sulfide 
through the filtrate. Princi62 had previously found 
environm ental concentrations o f cadm ium  fum e of 
from  0.04 to  6 . 6  m g/cu m and o f  cadm ium  dust of 
17.23 m g/cu m, w ith one man being exposed for 
several hours/day a t a concentration  o f  31.3 m g/cu 
m. An industrial hygiene survey in 1973 reported  
by Lem en et al97 found tha t m ost air samples con­
tained less than 1 m g/cu m o f cadm ium , bu t some 
sam ples ranged up to  24 m g/cu m. Two samples in 
one departm en t contained 74.8-90.3 /¿g/cu m of 
cadm ium  and 0.3-1.1 fig /cu  m o f arsenic. A sam­
ple taken  in ano ther departm ent showed 1 .1  mg/cu 
m o f cadm ium  and 1.4 ¡j.g/cu m o f arsenic. Prior 
to  initial roasting, bulk sam ples o f preprocessed 
o re  contained  70% cadm ium , 6 % zinc, 4.3% lead, 
and  0.3%  arsenic; after initial roasting the calcined 
o re  contained 42.2%  cadm ium , 3.53% zinc, 0% 
lead, and 0.02%  arsenic. Further refining steps 
reduced  im purities further, so th a t exposure to  
m etals o th e r than  cadm ium  was “ considered insig­
n ifican t.” Since a resp irator program  was in effect, 
w orker exposures w ere probably less than would 
be expected from  the  environm ental levels re­
ported . The au thors reviewed the m ortality ex­
perience o f a group o f 292 white male workers, 
com paring it with corresponding age-calendar year
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statistics for the US white m ale population. As was 
discussed in Effects on H um ans, there  was an ex­
cess of to ta l m alignant neoplasm s (27 observed vs
17.51 expected), respiratory  system tum ors ( 1 2  vs 
5 .11), and prosta te  tum ors (4  vs 1.15 for the  en­
tire cohort and  4 vs 0.88 for those w ho had lived 
for at least 2 0  years after the ir first exposure to 
cadm ium ). In addition, there  was a nonsignificant 
excess o f deaths from  nonm alignant respiratory 
disease ( 8  vs 5 .04) bu t a significant decrease in 
deaths from  heart disease (24  vs 43 .52 ), no t ac­
counted for by the excess in neoplasm s. Total 
deaths (9 2 ) were slightly less than  expected 
(99.32).

In 1950, Friberg55 repo rted  a com prehensive in­
vestigation o f 58 w orkers in a Swedish nickel-cad- 
mium battery  factory. T he w orkers w ere divided 
into two groups based on the ir periods of em ploy­
m ent. He com pared  43 w orkers (G roup  I) em ­
ployed fo r an  average o f 20 years, ranging from  9 
to  34 years, with 15 w orkers (G roup II) who had 
w orked an average o f  2 years, varying from  1 to  4 
years. M ean age of w orkers in G roup I was 44 
(30-74) as com pared to  35 (25-57) in G roup II. 
For contro ls, Friberg studied  age-m atched groups 
of sawmill w orkers, ie, w orkers no t exposed to 
cadm ium . In the battery  factory, the  w orkers were 
exposed to  cadm ium  (CdO), iron, nickel, and gra­
phite dusts. A ir analysis perform ed a t the  start of 
the investigation in 1946 (p rio r to  technical im­
provem ents) was considered representative o f the 
w orkers’ exposure in p rio r years. T he am ount of 
cadm ium  in the dust ranged from  3 to  15 mg/cu 
m, and 95% o f the  cadm ium -iron dust consisted of 
particles o f less than  5 //.m. A fter pro tective m ea­
sures had been installed, factory air analyses 
(1947, 1948) showed decreased  cadm ium  concen­
trations ( 0 .2 - 1 .9 m g/cu m ) in various p lan t areas.

The m en in G roup I com plained of m ore 
fatigue, shortness o f  b reath , coughing, im paired 
sense o f smell, and sensations o f dryness in the 
m outh than  did those in G roup II. O n exam ination, 
16 of the  43 w orkers (37% ) in G roup I had im­
paired olfactory sense (14  had to ta l anosm ia) vs 1 
o f 15 ( 6 %) in G roup II. N o correla tion  o f anosm ia 
with a troph ic  changes in the nasal m ucous m em ­
branes was found. A trophic changes w ere ob­
served in 10 ou t of 19 cases exam ined. O f these 
10 cases, 6  had anosm ia while 4 had norm al olfac­
tory sense. M ean values for respiratory function 
tests (ie, spirom etric exam ination o f various lung

volum e fractions and ventilation ratios) for both 
G roups I and II w ere no t significantly different 
from  the  m eans o f the contro l groups except for, 
in G roup  I, a significant increase in residual 
capacity  and residual quotien t and a  possibly sig­
n ificant decrease in vital capacity. Considering in­
dividual differences, Friberg observed a significant 
increase in the residual quotients (residual capaci­
ty /to ta l capacity) o f 12 ou t o f 42 workers (29% ) 
in G roup I when com pared  to  m atched controls. 
He considered the increased residual quotien t in 
these cases to  be “ chiefly caused by a pulm onary 
em physem a, in the absence o f o ther conceivable 
causes.” In discussing etiologic aspects, he pointed 
o u t the  possibility th a t exposure o f the battery 
w orkers to  the o th e r substances found in factory 
air analyses, particularly  nickel, may have con­
tribu ted  to  the pulm onary em physem a. His experi­
m ents on rabbits dem onstrated  to  him tha t both 
cadm ium -iron dust and nickel-graphite dust may 
give rise to  em physem atous lung changes, although 
m ore pronounced  with m uch sm aller concen tra­
tions o f cadm ium  in com parison with nickel.

Exam ination o f  m en in G roups I and II for ca r­
diovascular function  based on blood pressure, 
h eart X-ray, and electrocardiogram  dem onstrated 
no significant differences from  their age-m atched 
controls. R enal function  tests carried  out in 18 
w orkers o f G roup I showed a reduction in average 
urine concentrating  capacity (in  9 cases urine 
specific gravity was 1.019 or less) and a decrease 
in average inulin c learance (90.3 ±  5.6 m l/m in) as 
com pared  to  norm al values (124.1 ±  2.2 m l/m in) 
in Swedish males. P recipitation tests with 
trich loroacetic  acid for urinary protein  gave posi­
tive results in 35 o f  the  43 workers (81% ) in 
G roup I vs 0% in G roup II. F u rther exam ination of 
the  urinary p ro tein  by electrophoretic  mobility (9 
cases) and ultracentrifugal analysis ( 2  cases) 
dem onstrated  a  p ro tein  com ponent with lower m o­
bility and m olecular weight (20,000-30,000) than 
ordinary urinary proteins. In this study, proteinuria 
was found only in th e  group o f w orkers employed 
fo r longer than  9 years (average 20 years). There 
was a tendency for the  renal function tests to  co r­
relate  with proteinuria. In 12 cases (23% ) with 
relatively persisten t proteinuria, the inulin 
c learance and urine concentration  tests showed 
the  lowest m ean values. F riberg ,55 however, was 
no t then  o f the  opinion tha t p roteinuria is a  result 
o f kidney injury, b u t ra ther suggested the possibili­
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ty th a t the kidney injury was secondary to  the 
excretion o f the protein  com ponent. On exam ina­
tion o f the  w orkers’ m edical records since their 
tim e o f em ploym ent, F riberg  found th a t 8  o f the 
43 w orkers in G roup I had  a history o f p roteinuria 
and 5 o thers w ere trea ted  for kidney stones. In 
contrast, none o f  the w orkers in G roup II had  a 
history o f p ro teinuria  and only one had o cca­
sionally had  pains described as resem bling those 
from kidney stones.

H em atologic tests revealed slightly lower m ean 
values for hem oglobin ( 8 6  vs 92 ) and red  cell 
counts (4 .6  vs 5 .0) fo r G roup I com pared  to  
G roup II. H ow ever, this could be due to  the dif­
ference in m ean age betw een the groups (44  vs 
35). T he average ery throcyte sedim entation rate 
was m oderately increased in bo th  groups, being 
m ore m arked  in G roup I (23.5 m m /hour) than  in 
G roup II (14.3 m m /hour). D ental changes consist­
ing o f a yellow coloring a t the base of the teeth , 
similar to  those found by Princi62 and Barthelem y 
and M oline, 90 were observed in 12 o f  37 w orkers 
with natu ral teeth  in bo th  groups and could no t be 
co rrela ted  with the use o f  nicotine. C onsistent with 
P rinci’s findings, 62 no  skeletal changes of the type 
described by N icaud e t al38 were found on X-ray 
exam ination. Bicycle ergom eter testing showed 
lower w orking capacity  in both  G roup I and G roup 
II, com pared  with age-m atched contro ls, but 
Friberg considered the  differences in G roup II to 
be insignificant, w hereas G roup I results seem ed to 
correlate  with higher residual quotien ts found in 
pulm onary tests, and on this basis w ere consistent 
with “ lung changes in the  form  o f an em physem a.”

This im portan t study dem onstrated  the ability of 
cadm ium  to  cause renal dam age and em physem a. 
It also pointed the way to  subsequent p roo f o f  the 
im portance o f low m olecular weight proteins in 
the urine in detecting  effects o f cadm ium  in hu ­
mans.

B aader125 reported  th a t 8  o f  11 battery  w orkers 
exposed to  cadm ium  had  partial o r com plete loss 
o f sense o f smell. Six o f  the  eight had low m olecu­
lar weight p ro tein  in the ir urines. T en  o f the 11 
w orkers had em physem a. Two had warts, one in 
the nostril, the o ther in the epiglottis. Baader58 

com m ented tha t w om en w orkers w ere m ore sensi­
tive to  cadm ium  exposure than  m ale w orkers, and 
tha t blond wom en w ere especially sensitive. He 
gave no details o r supporting data , o ther than  to  
com m ent tha t blond w om en w ere susceptible to

vom iting and fainting, from  w hich one might 
question w hether inhalation o f cadm ium  com ­
pounds was the cause.

Bonnell34 exam ined 100 w orkers exposed to cad­
m ium  oxide fum es and 104 controls with similar 
age distribution in 2 British copper-cadm ium  alloy 
factories. N ineteen of the 100 exposed workers 
had em physem a, pro teinuria , o r both, while 3 of 
the contro l group had e ither em physem a or 
proteinuria. All 19 m en with signs and symptoms 
had been exposed to  cadm ium  for m ore than 5 
years and 13 o f them  for m ore than  15 years. Four 
additional w orkers required hospitalization 
because o f shortness o f  breath. Significant dif­
ferences in results from  certain  respiratory func­
tion tests w ere found by Kazantzis126 betw een the 
exposed and the contro l groups in these same fac­
tories, particularly in the  tim e constan t of the ex­
piratory forced vital capacity curve. In the group 
o f these w orkers exposed to  cadm ium  for m ore 
than  10 years, B uxton 127 found tha t the volume of 
residual air and the residual quotien t (ie, residual 
air as expressed as a percentage o f the total lung 
volum e) were both significantly increased. This 
finding is consistent with F riberg’s .55 The same two 
factories were reexam ined 4 years later in 1957,72 
and 83 o f the original 100 men were still working. 
An additional 24 w orkers with em physem a or 
pro teinuria , o r both , were found, making a to tal of 
43 (43% ).

King128 conducted  environm ental surveys of 
these same two plants. A rea sam ples were filtered 
on dextrose pads and analyzed polarographically 
after trea tm en t by hydrochloric acid to separate 
cadm ium  from  copper. Particle sizes in all samples 
tested  w ere mostly less than  0.5 /xm by weight 
analysis. Air cadm ium  concentrations in one facto­
ry 8  feet from  the furnaces varied from  13 to  89 
pig/cu m, and in the  o ther 18 feet from  the fur­
naces they w ere 4-132 /ig/cu m in one shop and 1- 
270 /xg/cu m in ano ther shop.

In addition, there w ere undoubtedly exposures 
a t m uch higher concentrations, based on the occa­
sional presence o f visible emissions o f brown 
(C dO ) fumes. King felt tha t because of variations 
in concentrations observed and because o f signifi­
can t im provem ents in ventilation in troduced be­
fore his survey it was no t possible to  draw a valid 
relationship betw een concentration and disease in­
cidence.
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Smith and cow orkers129 in 1955, Potts65 in 1965, 
Adams and C rab tree 78 in 1961, and A dam s and as­
sociates71 in 1969 have reported  successive studies 
in one factory (originally two factories) w here 
nickel-cadm ium  storage batteries had been m anu­
factured under the sam e m edical supervision since 
1934. In the  presen t factory, annual m edical and 
regular environm ental evaluations have been ca r­
ried on since 1957. Smith e t al129 developed a 
m ethod for the quantitative m easurem ent o f  cad ­
mium in urine in o rd er to  study the  relationship 
betw een cadm ium  excretion  and pro te inuria  in 
these factory  w orkers. A to tal o f 120 em ployees 
exposed to  cadm ium  oxide dust w ere com pared  to 
a contro l group o f 1 0 0  w orkers o f similar age 
w ithout any known cadm ium  exposure. P ro teinuria  
was observed in 2 0 % o f the exposed w orkers as 
com pared w ith 5% o f the contro l group. T he nor­
mal range o f  urinary cadm ium  was found to  be 0 - 
2 0  f/,g/liter, while the range in w orkers exposed to  
cadm ium  was 10-580 /xg/liter. P ro teinuria  did not 
appear to  be related  to  urinary cadm ium . Potts65 

reported  44% of 70 m en (aged 37-73) w ith over 
10 years (m axim um  40 years) o f cadm ium  expo­
sure to have pro teinuria, and 64% to  have some 
degree o f anosm ia. A part from  pro teinuria , there  
was no evidence o f renal dam age by clinical ex­
am ination o f two w orkers or post-m ortem  ex­
am ination o f two m en who had pro teinuria  for 
many years. He investigated deaths o f past workers 
and found 8  deaths ou t o f 74 m en with a t least 10 
years’ exposure. Five o f these deaths w ere from  
cancer, o f  which th ree were prostatic  (discussed 
earlier in Effects on H um ans). However, the 
source o f inform ation as to  the cause o f death  was 
not stated (ie, w hether from  a post-m ortem  ex­
am ination o r the death  certificate). A dam s e t al71 

found th a t 14 o f 100 men then  w orking had 
proteinuria, and 14 o f 1 0 0  had anosm ia (five with 
pro teinuria). A lthough the average FEV, for the 
group was significantly reduced  (p  less than  0 .0 0 1 ) 
from  norm al, 22 o f 27 m en exam ined were within 
norm al range. In a previous study by A dam s and 
C rab tree78 in 1961, the incidence o f  proteinuria 
was 17 o f 106 exposed w orkers, indicating m inor 
change over the years. Air sam ples taken  at regu­
lar intervals and analyzed for cadm ium  in the 
years 1957-1967 showed concentrations that 
ranged from  0.05 to  0.5 m g/cu m in assembly 
areas, 0.05 to  1.0 m g/cu m in platem aking areas, 
and 0.2 to  over 5.0 m g/cu m in the negative elec­

trode m aterial departm ent. M arked decreases in 
airborne cadm ium  w ere noted  in 1950 and 1956, 
a fter which concentrations were fairly stable until 
1967, when new facilities for platem aking reduced 
the airborne cadm ium  levels in tha t operation to 
less than  0.1 m g/cu m .65 D ust m easurem ents 
showed approxim ately 2 0 % to  be in the respirable 
size range .71

Kazantzis and colleagues54 reported  on a group 
o f  1 2  w orkers em ployed in making cadm ium  sul­
fide pigm ents (cadm ium  zinc sulfide o r cadmium 
selenosulfide) and cadm ium  oxide. O f the 12 w or­
kers, 6  had w orked 25-31 years with cadmium. O f 
these 6 , all had proteinuria, 3 had  mild respiratory 
sym ptom s such as breathlessness on exertion, and 
one had recently  died from  em physem a. There was 
some im pairm ent in respiratory function tests, but 
no abnorm al physical signs were detected. The 4 
m en with 12-14 years’ exposure w ithout clinical 
pro teinuria  still w ere excreting protein, elec- 
trophoretically  sim ilar to  tha t excreted  by the men 
with clinical proteinuria. The urinary protein had a 
higher than norm al am ount o f globulin com ­
ponents, w hich was suggestive to  the au thor of 
nonspecific tubular m alfunction, but he also ob­
served some glom erular fibrosis in two kidney 
biopsies and in one autopsy. Only 3 workers who 
had been exposed less than 2  years showed no ab­
norm alities. In 4 o f  the 12 w orkers, there was in­
creased urinary excretion o f calcium  and, in 3 o f 8  

m en with proteinuria, there were glycosuria, 
am inoaciduria, and decreased w ater reabsorption. 
The authors found no yellow discoloration of 
teeth . They found no definite evidence of sterility 
based on fertility histories. One worker had 
progressive loss o f ability to  smell and another had 
a perforated  and u lcerated  nasal septum , thought 
by the authors54 to  be possibly unrelated  to  cadm i­
um exposures. No environm ental m easurem ents 
were reported .

A hlm ark and associates76 reported  on 110 cad- 
m ium -exposed w orkers and 22 controls. Several 
test m easurem ents showed tha t kidney functions 
w ere reduced with long exposure. Urinary protein 
excretion increased regularly w ith length o f  expo­
sure from  100 m g/24 hours (ranging from 50 to 
170) at less than 5 years to  955 (ranging from  370 
to  1800) m g/24 hours a t 31 years and over. The 
incidence o f kidney stones increased from 9.1% in 
the controls to  12.3% in the 6 - to  10-year exposed 
group and to  43.6%  in the g reater than 15-year ex­
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posure group. N o environm ental m easurem ents 
were repo rted  from  this nickel-cadm ium  storage 
battery p lan t, whose w orkers had been previously 
studied by F riberg .55

Suzuki and cow orkers61 repo rted  on a polyvinyl 
chloride-film  p lan t in w hich lead and cadm ium  
stearates w ere used as stabilizers. In 1963, 27 ex­
posed and  7 nonexposed w orkers w ere exam ined. 
The risk due to  lead was presum ed by the authors 
to  be negligible. Exam ination o f  th e ir da ta  largely 
supports this presum ption; urinary coproporphyrin  
levels w ere no t increased in exposed w orkers com ­
pared with th a t o f  contro ls, and m ost o f the urina­
ry lead levels were below  200 /xg/liter. A lthough 
airborne lead concen trations w ere higher than 
those o f cadm ium , partic le  sizes of lead com ­
pounds w ere larger than  those o f the cadm ium  
stearate. E ight o f  17 w orkers reexam ined in 1964 
had increases in degree of urinary p ro tein  excre­
tion by the trich loracetic  acid (T C A ) test. The 
num bers th a t w ere positive w ere significantly 
greater in the  exposed w orkers than  in the controls 
in the 1964 tests. Statistically, this m ight possibly 
have been due in p a rt to the larger num ber o f con­
trols and therefore  to  a m ore norm al distribution 
curve w hich is apparen t in the 1964 da ta  (24  con­
trols vs 7 controls in 1963). These increases were 
dem onstrated  by all th ree  m ethods o f testing for 
urinary p ro tein , nam ely 25% TC A  test, sulfosal- 
icylic acid test, and boiling test, w ith TCA  being 
the m ost, and boiling the least, sensitive. No sig­
nificant differences in respiratory function  were 
found betw een exposed and con tro l groups. No 
significant differences in m ean urinary cadm ium  
levels w ere dem onstrated , though th ere  w ere a few 
slightly higher urinary cadm ium  levels in the ex­
posed group. No differences in olfactory acuity 
betw een the two groups were shown. Yellow 
discoloration o f the  tee th  o f  exposed w orkers was 
looked fo r bu t no t found. L iver function, as 
evidenced by the results o f thym ol turbidity  and 
serum  cholesterol tests, was no t significantly dif­
feren t in exposed and control groups. Similarly, 
there  w ere no  significant differences in 
hem oglobin, urine specific gravity, o r urine occult 
blood, bu t there  was a slight increase in urine 
sugar (by test tap e ) in exposed w orkers as op­
posed to  controls. B oth groups had  less than 
0.05%  o f cells with basophilic stippling. However, 
the average age o f the w orkers in this study was 
lower and work experience was less than  th a t of

w ork populations described in US, UK, and Eu­
ropean studies. W orkroom  air was sam pled by 
im pingem ent in 1 0 % nitric acid at a sampling rate 
o f 2.0 liters/m inute. Lead and cadm ium  in the sam ­
ples w ere analyzed by appropriate m odifications of 
dithizone colorim etry. Each w ork operation, in­
volving exposure to  lead stearate  and cadm ium  
stearate  as well as to  organic plasticizers, took 2 0  

m inutes to  com plete and these processes were re­
peated  3 o r 4 t’.mes in each 8 -hour work shift. En­
vironm ental m easurem ents showed 0.03-0.7 mg/cu 
m cadm ium  in 1963 and 0.02-0.2 mg/cu m in 
1964, bu t the operations covered only about 1 
hour/day. Particle size distributions were studied in 
several operations, including casting o f both lead 
and cadm ium  stearates (m ixed casting) and of 
cadm ium  stearate alone (cadm ium  casting). These 
distributions were: 25% in mixed casting and none 
in cadm ium  casting in the  6-20 /im  range; 17% in 
mixed and none in cadm ium  in the 0.7-2 /x.m 
range; and 42% in the mixed and  83% in the cad­
m ium  casting in the 0.4-0.7 (im  range.

Tsuchiya63 reported  on 13 w orkers (aged 19-32 
years) exposed to  cadm ium  fum e (probably CdO 
fum e) in a  silver and cadm ium  alloy smelting 
operation , com pared  with 13 age-m atched nonex­
posed factory workers. The periods o f exposure 
ranged from  9 m onths to  12 years. Samples were 
co llected  by an  electric  dust sam pler and were 
analyzed polarographically. One day o f air sam ­
pling continuously a t nose level on each of 5 w or­
kers selected  for a time study gave T W A ’s o f 6 8 - 
250 fig /cu  m o f cadm ium , with an overall 
w eighted average exposure for the 5 workers of 
125 /tg /cu  m. W hile m ost w orkers were not ex­
posed for 8  hours/day (abou t 6  hours/day was 
com m on), w orkw eeks were 5-6 days. Both the 
specific gravity and the concentration of 
hem oglobin in blood were significantly lower in all 
cadm ium  w orkers than  in controls, while urine 
coproporphyrin  levels were higher. Urinary protein 
levels by quantitative m icrodeterm ination were 
considerably increased in exposed w orkers except 
fo r 3 w orkers who had  only 9 m onths of exposure. 
W orkers with m ore than  5 years’ exposure had the 
highest urine protein  levels. The cadm ium  workers 
excre ted  114-667 /¿g/ml, and the control group 
29-82. Similarly, urinary cadm ium  levels were 
elevated in exposed w orkers (35-140 /xg/liter) ex­
cep t in the  sam e 3 w orkers and  in 9 controls, 
whose urinary cadm ium  levels w ere all lower than
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15 jLtg/liter. O ther than  pro te inuria  and  anem ia, no 
abnorm alities w ere no ted . These findings are  con­
sistent with the im pression from  reviewing o ther 
reports on cadm ium  toxicity tha t serious renal ef­
fects o f cadm ium , as presaged by high pro teinuria  
and as evidenced by increased cadm ium  excretion, 
develop slowly and with early w arning o f serious 
changes.

Tsuchiya63 concluded th a t his da ta  argued 
against the  TLV  o f 0.1 m g/cu m and suggested 
tha t a value of abou t 0.05 m g/cu m would be 
preferable, at least for Japanese w orkers.

In 1976, Tsuchiya130 repo rted  on  the  same plant 
he had studied  10 years ea rlie r .63 Five of the 
original 13 w orkers w ere still em ployed there; 
o thers had left the  com pany and new w orkers had 
been em ployed, with a to ta l of 16 w orkers being 
involved in the la ter study. The w orking environ­
m ent had been  im proved in the  interim , except for 
a period in 1970 w hen engineering controls did 
no t function  properly, and w orkers had  started  
w earing respirators a t least p art o f  the time. Some 
workers w ith significant p ro te inuria  in the  previous 
study had  been transferred  to  o th e r operations. 
Except for two o f the  original five w orkers, none 
had p ro te inu ria  by sulfosalicylic o r TC A  test. Two 
o f these who w ere no t p roteinuric by these tests 
had increased concentrations o f  /32-m icroglobulin 
in the  urine, one slightly and the o ther m oderately 
increased. O ne w orker w ho had a severe pro te inu­
ria from  1965 to  1970 had been  hospitalized in 
1970. A fter discharge from  the hospital, he 
changed jobs and was lost to  fu rther exam ination. 
A renal biopsy taken  in the hospital showed slight 
m icroscopic changes in the tubules, with a very 
slight thickening of B ow m an’s capsule in the  
glomeruli; there  was no clinically apparen t im pair­
m ent o f renal function.

In 1965, environm ental concentrations had 
averaged 125 /xg/cu m o f cadm ium , then  had 
decreased, rising in 1970 to  282 (11-1 ,116) the 
first half of the year and 114 (7 -586) the second 
half. Subsequently, environm ental concentrations 
decreased; in 1971 they were 28 (2-118) pig/cu m 
the first half o f the  year and 25 (4 -65) the second 
half; in 1972 they were 29 (11-57) the  second half 
(first half-year not being given); and in 1973 they 
were 16 (7-29) the first half and 16 (9-20) the 
second half. The im provem ent during and  after 
1970 was attribu ted  in p a rt to  rep lacem ent o f  the 
gas furnace with an elec tric  furnace.

T he original 5 w orkers im proved during the 10- 
year period in term s of clinical test results. New 
w orkers had no t developed proteinuria. G lucosuria 
was no t observed, but the au th o r130 com m ented 
th a t the  paper test m ethod  used might have been 
less sensitive than quantitative m ethods used by 
som e investigators. All w orkers in the later study 
w ere norm al with respect to  b lood specific gravity, 
erythrocyte counts, hem oglobin, and hem atocrit; 
this represen ted  an im provem ent in the case o f the 
older-service w orkers, suggested to  be due in part 
to  im proved nu trition  and in p a rt to  decreased ex­
posure to  cadm ium . A positive correlation 
betw een blood and urine cadm ium  was no t found. 
Tsuchiya concluded th a t cadm ium -induced 
pro teinuria  is reversible in som e w orkers (probably 
those with pro te inuria  o f short duration).

Tsuji e t al79 studied a num ber of workers ex­
posed to  cadm ium  in a zinc refinery. A bout 90% 
o f the  w orkers repo rted  on w ere male, the rest 
fem ale. P ro teinuria detec ted  by sulfosalicylic acid 
occurred  in 14.7% o f the m en and 15.5% o f the 
women. Analysis o f sugar in urine by a test tape 
showed positive results in 7.8% o f the m en and 
1.4% o f the wom en. There were some com plaints 
o f respiratory trac t symptoms, nasal symptoms in­
cluding anosm ia, w eight loss, and  nocturnal pol- 
lakiuria. M any exam inees had a history o f stom ach 
o r duodenal ulcers. Yellow rings on the tee th  were 
looked for bu t no t found, but the authors com ­
m ented th a t stained teeth , poor dental repair, and 
ill-fitting dentures m ade the exam ination of 
questionable significance. Environm ental da ta  
w ere no t reported . If men and women were 
similarly d istributed betw een the  various types of 
exposure, an inference th a t the sexes were no t dif­
feren t in their sensitivity to  cadm ium  would be 
reasonable; how ever, it is no t clear w hether men 
and w om en were so distributed.

Tsvetkova95 investigated w hether cadm ium  af­
fects reproduction. She exam ined 106 women, 
aged 18-48, who had  spent 2-16 years in w ork in­
volving cadm ium  exposure. Som e o f these workers 
w ere exposed to  cadm ium  oxide a t concentrations 
sta ted  to  be 0.1-25 m g/cu m, some in a chem ical 
factory  involving exposure to  soluble cadm ium  
salts a t 0.16-35 m g/cu m, and som e in a zinc-cast­
ing factory  w here cadm ium  sulfate, cadm ium  sul­
fide, and m etallic cadm ium  w ere presen t in a  con­
cen tration  o f  0.02-25 m g/cu m. Sampling and 
analytical procedures w ere not described. Tsvet­
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kova was unable to  show changes in the m enstrual 
cycles o f  w om en exposed to  cadm ium  as com ­
pared to  unexposed w om en serving as controls. 
T here w ere isolated m enstrual changes bu t these 
w ere attribu ted  to  endocrinal-gynecologic illness 
which, how ever, the au tho r95 a ttribu ted  to  working 
with cadm ium . C ourses and tim es o f  pregnancies 
were norm al. However, children born  to  these cad ­
m ium -exposed w om en w eighed less than  children 
o f control w orkers. Four o f  the children born  to  
cadm ium -exposed w om en had signs o f rickets, one 
had re tarded  eruption o f teeth , and  tw o had dental 
disease otherw ise undescribed. T hese changes 
were no t p resen t in children o f contro l workers. 
D etails o f  findings and bases for conclusions were 
no t presented . M ost o f the paper was concerned  
with the effects o f cadm ium  on reproduction  in 
rats, described later un d er A nim al Toxicity. A t the 
concentrations to  w hich these w om en w ere ex­
posed, renal changes m ight be expected  as well as 
renal com plications o f pregnancies, bu t Tsvetkova 
did not com m ent on these points.

P iscator e t al131 studied 53 w om en, aged 18-71, 
all bu t four o f whom w orked in a cadm ium -nickel 
battery factory previously studied by F riberg ,55 

who had found renal and lung dam age in male 
workers approxim ately 25 years previously; two of 
the women then w orked in ano ther factory, and 
two were retired. The contro l group consisted o f 
34 wom en, aged 18-60, who w orked in a candle 
factory in the sam e city as the battery  factory; 
these w om en had no know n exposure to  metals. 
The exposed and con tro l groups w ere fairly well 
age-m atched except th a t there  w ere no controls 
over 60 years of age; 5 o f the exposed group were 
60-71 years old. A ir concentrations, said to  be 
below 100 bu t mostly abou t 40 f i g  C d/cu m , based 
on personal sampling, w ere considerably less than 
the concentrations a t which the previously studied 
m en had been exposed (M  Piscator, w ritten com ­
m unication, O ctober 1975). Sedim entation rates, 
blood hem oglobin, 26 serum  constituents, and 
various urine com ponents including to ta l protein  
and /32-m icroglobulin w ere studied in these w or­
kers. In the  age group 50-59, there was a statisti­
cally insignificant increase in hypertension in ex­
posed women. T here was a significant increase in 
average haptoglobin and sedim entation ra te  in the 
40-49 age group and a nonsignificant increase in 
the 18-29 year age group. Serum  iron was lower in 
the 50-59 year group. There were no significant

differences in urinary findings. Am ong the controls 
there  was one case with a very high excretion of 
/3 2-m icroglobulin; th e  pattern  obtained by elec­
trophoresis o f urine suggested an effect on tubular 
function bu t there  was no glucose in the urine, and 
a bacterial infection involving the tubules was sug­
gested as the explanation. There was a slight tubu­
lar dysfunction in a 71-year-old exposed woman, 
bu t w ithout increased /32-m icroglobulin excretion. 
She had been classified as a suspect case in 1969.

Piscator e t ' a l131 also observed significant dif­
ferences in blood and urine cadm ium , and found 
tha t urine cadm ium , bu t not blood cadm ium , in­
creased  with age. T hey also noted  a slight decrease 
in urine zinc with exposure tim e, except that urine 
zinc was increased by use o f drugs for treatm en t of 
hypertension. Sm okers had significantly higher 
blood cadm ium  levels than nonsm okers; dif­
ferences betw een cadm ium -exposed smokers and 
nonsm okers were no t found in urinary excretion o f 
cadm ium  bu t contro l sm okers excreted  m ore cad­
mium than contro l nonsm okers. It was believed 
tha t cadm ium  m ight have been deposited on 
cigarettes during w ork, then vaporized during 
sm oking and inhaled. They found a significant co r­
relation betw een blood and urine cadm ium  in non- 
sm okers exposed less than  1 0  years but no t in 
sm okers.

Kjellstrom and associates132 studied the excre­
tion o f  /3 2-m icroglobulin in m ale and female w or­
kers in the battery  factory originally studied by 
F riberg .55 T here w ere 240 m ale and female w or­
kers exposed to  cadm ium  oxide dust and to  nickel 
hydroxide dust in the study group, and there were 
87 unexposed male controls. The exposed workers 
w ere em ployed in the departm ent w here m aterials 
for battery  electrodes were m ade (m aterial plant) 
o r w here the electrodes and batteries were assem­
bled (assem bly p lan t). S tationary and personal 
sam ples w ere collected on m illipore filters except 
in 1959 and prior years and analyzed by atom ic 
absorption spectrophotom etry. Particle size analy­
sis in 1972 showed tha t 95% o f the particles were 
sm aller than  5 /xm. Environm ental concentrations 
had been occasionally m easured in the factory 
from  1946 on, but system atic m easurem ents based 
on personal sam pling had not been perform ed. In­
dividual samples in the assembly plant in 1946, 
based on stationary sam plers, averaged 6 . 8  mg 
C d/cu m (range 3-15), were reduced in 1947 to  an 
average of 760 ¡ig/cu m (range 400-1,000),
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becom ing fu rther reduced  gradually to  340 jxg/cu 
m (range 3-2,150) in 1961. B etw een 1967 and 
1972, sam ple averages ranged from  22 to  91 /xg/cu 
m and individual sam ples ranged from  6  to  802 
jug/cu m. C oncentrations o f  nickel hydroxide were 
reported  to  be 2 - 1 0  tim es the cadm ium  concen tra­
tions. In 1968, stationary sam plers in the m aterial 
plant w ere analyzed and found to  contain  cadm i­
um equivalent to  7 and 31 /xg/cu m; how ever, p er­
sonal sam ples show ed a irborne concentrations of
10-4,800 /xg/cu m (m edian  o f 290). In 1972, sta­
tionary sam plers showed levels o f 8-170 /xg/cu m 
and personal sam plers show ed 280-690 /xg/cu m. 
Exposure concen trations a t the  tim e of the  study, 
apparently referring to  bo th  p lants, w ere described 
as about 50 /xg/cu m. Protective m asks w ere occa­
sionally b u t no t consistently used by the workers.

Diagnosis of p ro te inuria  was m ade in those 
whose m icroglobulin excretion  was g reater than 
the upper 95%  confidence limit o f the norm al con­
centration  in the  urine; the authors cautioned that 
this was no t considered necessarily to  be a clini­
cally significant proteinuria. T here was an in­
creased incidence o f m icroglobulinuria in the  ex­
posed group. In the  unexposed controls, 3.4% had 
m icroglobulinuria. In the  assembly plant, women 
had a 2.3% incidence o f  this type o f proteinuria 
and m en had a 25% incidence. T he m en who 
w orked in the m aterial p lant had a 52% incidence 
o f m icroglobulinuria. These incidences in male 
w orkers w ere significantly d ifferent from  control 
incidences a t p less than  0 .0 0 1 ; d ifferences in in­
cidences betw een fem ale w orkers and controls 
were no t significant. T h e  2.3%  incidence among 
w orking wom en represents one case of 
m icroglobulinuria am ong 41 wom en. Y et 15 o f the 
women had been exposed fo r m ore than 5 years. 
The authors speculated  th a t the lower rate  of 
m icroglobulinuria am ong w om en m ight in part 
reflect a lower sm oking rate; of the  13 women 
whose sm oking habits were know n, 5 were 
smokers. Nonsm oking cadm ium -exposed workers 
had a lower prevalence o f  the  defined proteinuria 
than sm oking cadm ium -exposed w orkers. N ine of 
the w orkers were separately trea ted  in the study 
because they were from  Yugoslavia, w here tubular 
proteinuria is endem ic (B alkan nephropathy); two 
of them  w ere found to  excrete  increased am ounts 
o f  m icroglobulin. In the  185 em ployees that 
worked continuously with cadm ium , the 
prevalence of m icroglobulinuria increased with ex­
posure time.

Lauwerys and cow orkers133 studied Belgian cad ­
mium w orkers exposed for periods up to  40 years. 
They took breath ing zone sam ples o f  total cadm i­
um particu late and, in the m ost polluted sites, of 
respirable cadm ium  particulate, ie, aerodynam ic 
d iam eter o f less than  5 /xm. Samples were 
analyzed by atom ic absorption spectrophotom etry. 
The w orkers were draw n from  3 different facto ­
ries, an electronic workshop, a nickel-cadm ium  
storage battery  factory, and a p lan t producing cad ­
mium. Each factory had  a control group selected 
to  m atch  the exposed group in sex, age, weight, 
height, smoking habits, and socioeconom ic status. 
Since no im portant m odifications had occurred  in 
the  different industrial processes since their institu­
tion, the authors believed that levels o f airborne 
cadm ium  found in the 3 plants were quite 
representative o f past exposure. A description of 
the  exposed groups and the w orkroom  cadm ium  
levels found are given in Table III-1.

C ontro l groups w ere described as Cl, C 2, and 
C3, corresponding to  the th ree  exposed groups. 
Exposed groups w ere exposed to  dust of cadm ium  
or its com pounds; four w orkers in G roup E3 were 
also interm ittently  exposed to  fume.

In group E l ,  the only change was a slight in­
crease in urine cadm ium ; there w ere no significant 
differences in pulm onary function indices, but it 
was noted  th a t an effect o f cigarette smoking on 
pulm onary function was evident.

In group E2, in bo th  sm okers and nonsm okers, 
all pulm onary indices w ere on the average lower 
than  the corresponding control group, but these 
differences w ere no t statistically significant. Blood 
and urine cadm ium  concentrations were higher 
than  control levels. E lectrophoresis showed 
evidence o f glom erular proteins in four workers. 
One w orker know n to  have glom erulonephritis had 
w hat was described as excessive proteinuria.

In group E3, pulm onary indices (FVC, F E V l 
and peak expiratory flow ra te) were significantly 
lowered. C ough bu t not expectoration was m ore 
com m on in E3 than  in C3 workers. There were 
slight but statistically significant changes in some 
o f the blood enzymes, viz, an increased /3 -galac- 
tosidase, an increased lactic dehydrogenase, and a 
decreased RBC acetylcholinesterase; hem atocrit 
was also lower in E3 than C3. However, these 
changes were not sufficient to  suggest adverse 
health effects. T here  was an abnorm al elec­
trophoretic  pa ttern  of urinary proteins found in 15
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w orkers in E3. U rinary cadm ium  was elevated, 
m arkedly so in those whose p ro teinuria  was be­
lieved to  be pathologic. T here w ere slight in­
creases in blood cadm ium , also. O f the  15 w orkers 
whose urinary proteins show ed abnorm al e lec­
trophoretic  patterns, selective glom erular p ro te inu ­
ria was diagnosed, on  the basis o f e lectrophoretic  
pa ttern , in 7; in the o th e r 8 , there  was a  mixed 
pro teinuria, ie, o f  the  glom erular-tubular type, and 
this was confirm ed by im m unoelectrophoresis.

It is in teresting  th a t E3 w orkers, consisting of 22 
m en exposed 21-40 years, were m ore m arkedly af­
fected  by exposure a t 6 6  ju.g/cu m than  the E2 
w orkers, consisting o f 27 m en exposed for less 
than  2 0  years at m ore than  tw ice th a t concen tra ­
tion (134  ¡jiglcu m ), and  this suggests the im­
portance of length o f  exposure, com pared  to  expo­
sure concentration , in the  developm ent o f chronic 
toxicity from  cadm ium . H owever, som e of the  E3 
w orkers w ere also exposed to  cadm ium  fum es, ap ­
parently  at higher concentrations.

The au tho rs 133 suggested th a t the ir da ta  sup­
ported  a reduction  o f  the  environm ental lim it o f 
cadm ium  dust to  50 fig /cu  m. They also recom ­
m ended th a t urine cadm ium  determ inations be 
perform ed, and th a t urinary cadm ium  should be 
kept below 15 /xg/g o f creatinine.

Lauwerys and cow orkers134 also studied a group 
o f  90 w orkers exposed to  cadm ium  oxide dusts for 
less than  20 years (average of 7.5 years) and 
ano ther group o f  25 w orkers exposed for over 20 
years (average of 27.5 years). C oncentrations at 
the tim e o f the study w ere usually below 90 fig/cu  
m to ta l cadm ium  dust and below 30 ¿ig/cu m 
respirable dust. Both groups had slight bu t signifi­
can t reductions in pulm onary function , a m arked 
increase in blood and urine cadm ium , and kidney 
lesions diagnosed from  electrophoresis o f  urine 
protein. The incidence o f kidney lesions was 9% in 
the group with the shorter work experience and 
64% in the group with the  longer exposure. Expo­
sure caused a higher increase in urine cadm ium  
than in blood cadm ium . T heir d a ta  on  blood cad ­
mium suggested th a t it did not increase with du ra­
tion o f exposure, tha t it does no t reflect body b u r­
den o f cadm ium , bu t th a t it may reflect cu rren t 
exposures. They suggested tha t a t low cadm ium  
exposure concentrations urine cadm ium  m ight at 
least partially reflect body burden. They did not 
find a co rrela tion  betw een cadm ium  in the urine 
and duration  o f exposure with o r w ithout kidney 
lesions.

Further details o f these studies133,134 as well as o f 
those on o th e r w orkers exposed to  cadm ium  have 
been published in a com prehensive report, also 
from  the C atholic U niversity o f Louvain, Belgium, 
by M aterne et a l . 135 Some o f these w orker groups 
w ere also exposed to  lead, which may m ake some 
o f the  observations less clearly attribu tab le to  cad­
mium. However, the  authors concluded that lead 
absorption  had little or no role in the kidney 
changes, and tha t the effects in the kidneys were 
from  cadm ium  absorption by these workers. In 
Factory  I, involving electronic m anufacture, 26 ex­
posed wom en and 26 control w om en were studied. 
T here  was no lead exposure in this group. In Fac­
tory II, w here nickel-cadm ium  batteries were 
m ade, 2 1  exposed m ale and 6  exposed fem ale w or­
kers w ere studied, with 19 control m ales and 4 
contro l females. In Factory III, involving cadm ium  
production, 25 exposed and 25 control males were 
studied. In Factory IV, also involving cadm ium  
production, 6 6  exposed and 65 control m en were 
studied. C ontrols w ere m atched with cadm ium -ex­
posed w orkers in age and in smoking habits. A ir­
borne cadm ium  concentrations were variable, 
ranging betw een 7 and 19 /xg/cu m in Factory I, 6 - 
94 in Factory II, 1.2-97 in Factory III, and up to  
several m g/cu m in Factory IV, after om itting 
several values (eg, 27 m g/cu m ) tha t were believed 
due to  gross contam ination o f samples. The con­
cen tration  ranges m entioned were sm aller in 
specific work sites w ithin a factory.

D ifferences betw een exposed and control groups 
w ere often less rem arkable than differences 
betw een sm okers and  nonsm okers. In Factories II 
and III there  were decreases in hem atocrit; while 
this m ight be attribu ted  to  lead, airborne lead con­
centrations were in the range o f 40-50 ¿tg/cu m, 
w hich seem s unlikely to  be high enough to  cause 
anem ia, so possibly the reduction in hem atocrit 
was due to  cadm ium  alone o r to cadm ium  and 
lead.

A nother group consisting o f 108 exposed and 
110 contro l w orkers were exposed at 74-210 
yxg/cu m total (20-30  /xg/cu m respirable) cadm i­
um  dust, o f  whom 18 exposed workers had w hat 
was described as pathologic urine proteins on elec­
trophoresis. Proteinuria was also seen in some 
w orkers in Factories III and IV, together with pul­
m onary function decreases. The authors concluded 
tha t, in o rd er to  prevent any renal im pairm ent, air­
borne cadm ium , w hether dust o r fum e, should not 
exceed 50 ¿ig/cu m.
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Animal Toxicity

In the ensuing discussion o f anim al toxicity, 
emphasis is given to  those investigations w hich sig­
nificantly add to  inform ation from  hum an studies, 
eg, reproductive effects and experim ental car­
cinogenesis, with a resu ltan t lack o f  em phasis on 
those effects m ore extensively studied in hum ans, 
such as renal and pulm onary effects. In addition, 
in such areas as testicu lar effects and biochem ical 
studies, w here there  are many published studies, 
the m ore represen tative o r im portan t studies have 
been selected  for discussion.

(a ) Skin
Little is know n abou t the absorption  o f cadm i­

um through the skin. T he only cadm ium  salt which 
has been  studied in this regard  is th e  chloride, and 
the only species o f  anim als studied has been the 
guinea p ig . 136-137 An absorption o f 1.8%/5 hours 
was observed w hen the concen tration  o f aqueous 
solution applied was 0 .239 M. A t lower concen tra­
tions, the absorption was less than  l% /5 hours. 
From these data, significant absorption of cadm i­
um through the skin does no t seem  likely, bu t 
m ore definitive studies are needed.

(b ) Blood Effects
D ecker e t al138 studied the effects o f long-term  

ingestion of low levels o f cadm ium  in young rats 
(34 days o ld). Six groups of ra ts w ere given w ater 
containing from  0.1 to  50 ppm  cadm ium  chloride; 
controls received distilled w ater only. The animals 
were killed a t various intervals up to  one year, and 
blood and tissue sam ples were then  analyzed. A 
50% reduction  in hem oglobin was found in rats in­
gesting 50 ppm  cadm ium  for th ree  m onths. Rats 
given from  0 . 1  to  1 0  ppm  cadm ium  for one year 
showed no differences from  control groups.

Fitzhugh and M eiller , 139 in a study published 
only as an abstract, repo rted  giving C d(II) as cad­
mium chloride (15-135 ppm ) to  3 -week old rats in 
their diets for up to  six m onths. There was 
evidence o f toxicity a t concentrations of 45, 75, 
and 135 ppm . A t 135 ppm , dietary cadm ium  
caused a m arked anem ia with hem oglobin values 
as low as 4 g, and erythrocyte counts o f two mil­
lion in som e cases w ere observed. A reduction  in 
growth weight occurred , and in som e instances 
early death . Some anim als on 45 ppm  had no 
blood changes after one year, and only one animal 
on 15 ppm  had m arked anem ia. B leaching o f  the 
incisor tee th  was observed in all anim als except in 
some anim als receiving 15 ppm  C d(II).

O ral adm inistration o f large doses o f an unstated 
form  o f cadm ium  (75 m g/kg) to  Japanese quail 140 

fo r four weeks produced  severe anem ia 
(hem atocrit value reduced  about 50%) and growth 
retardation . Low concentrations o f  iron with high 
concentrations o f cadm ium  in the liver were o b ­
served. T he authors suggested from  their da ta  tha t 
a prim ary effect o f cadm ium  under these condi­
tions and in this species was the production o f  an 
iron-deficiency anem ia, which could be prevented 
by adequate  dietary ascorbic acid. Friberg55,141 has 
also suggested th a t the type o f  anem ia induced by 
cadm ium  is mainly hypochrom ic and m icrocytic. 
He studied the effect of iron in male rabbits in­
jec ted  sc with 0.65 mg/kg o f C d(II) daily for 70 
days . 141 O ne group received iron, and another 
group was given liver three times a week. In 
anim als given iron, the hem oblogin values were 
significantly higher than  the o ther groups; how­
ever, even large am ounts o f iron did not com plete­
ly prevent the developm ent o f anem ia. This obser­
vation indicates th a t the anem ia was due in part to 
an alteration in iron utilization. In this connection, 
K ench and G ubb 142 reported  a study in which 
chick em bryos w ere injected seven days before 
hatching with 12-15 /u,g C d(II). The livers of the 
newly hatched  chicks w ere found to  have im paired 
biosynthesis in vivo o f catalase, a hem e-containing 
enzyme.

D alham n and Friberg143 adm inistered cadm ium  
sulfate sc to  3 groups o f rabbits, 6 /group, 6  

days/w eek, for 10 weeks, at 650 /xg Cd/kg. Two of 
the  groups w ere in jected thrice daily with dimer- 
caprol, one a t 4 and  the o ther a t 12 m g/injection; 
the th ird  group received only cadm ium  sulfate. 
Four of the  anim als on the high dose o f dimer- 
caprol and 3 receiving only cadm ium  sulfate died 
during the experim ent. T here was a progressive 
weight loss in all groups, greatest in high-dose 
dim ercaprol animals. Proteinuria developed in all 
bu t two rabbits, earlier in m ost of the animals 
receiving the higher dose o f dim ercaprol. There 
was a significant and progressive decrease in 
hem oglobin concentrations in the  blood, but a sig­
nificant decrease in erythrocyte count occurred 
only in the high dose dim ercaprol animals. Post­
m ortem  exam ination showed th a t all animals had 
hepatic  cirrhosis, nephrosis, and splenic fibrosis. 
C adm ium  concentrations o f organs studied did not 
differ from  group to  group; they were 60, 30, and 
24 m g /100 g w et tissue in liver, kidneys, and
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spleens, respectively. It was concluded tha t dim er- 
caprol had  no prophylactic action on cadm ium  
poisoning and probably enhanced  the  poisoning.

The evidence o f  renal dam age with pro teinuria  
in hum ans intoxicated by cadm ium  can be in­
terp reted  to  indicate th a t p ro tein  m etabolism  is af­
fected by cadm ium . L aw ford 144 observed two ab ­
norm alities in the pro te in  pattern  (a  decrease in 
one com ponent and a concom itan t increase in two 
o ther com ponents) in the  serum  o f rats given 50 
ppm  C d(II) as cadm ium  chloride in the ir drinking 
w ater fo r four weeks. Positive identification o f one 
com ponent band was n o t m ade. However, it was 
possible to  bind radioactive iron to  the increased 
com ponents, which suggested th a t these bands 
were serum  transferrin . In a study by Jacobs et 
a l , 145 Japanese quail w ere fed a p ro tein  d iet which 
contained 75 m g/kg o f zinc and to  w hich 75 mg/kg 
o f  cadm ium  chloride was added. C ontrols received 
the usual d iet containing 75 m g/kg of zinc, since 
young quail are sensitive to  zinc deficiency. A fter 
4 weeks, 80% o f the  cadm ium -fed birds developed 
severe anem ia associated with an increased con­
centration  o f transferrin  (15%  in contro ls vs 23% 
in the cadm ium  group) and m oderate  decreases in 
the serum  album in (31%  vs 27% ) and  lipoprotein 
fractions o f the plasm a. This resulted in a signifi­
can t increase in the  transferrin-album in ratio 
(contro ls 0 .49 vs cadm ium  group 0 .86). The 
plasm a protein  electrophoretic  p a tte rn  of cadm i- 
um -treated  birds did no t show the abnorm al serum  
pattern  described by L aw ford144. The authors 
postulated  th a t the effect o f cadm ium  in elevating 
transferrin  m ight be explained by the iron-deficien- 
cy anem ia. Since transferrin  functions as the iron 
donor and it is bound in this process, a lack of 
iron would allow the transferrin  to  be released into 
the blood and thus result in hypertransferrem ia. In 
a prolonged exposure study by Axelsson and Pisca- 
to r123, rabbits (Belgian G iant) w ere given daily sc 
injections o f 0.25 m g/kg C d(II) five days/week for
11-29 weeks. T here was an initial reduction  in 
serum  album in and an increase in a - and /3-globu­
lins. This appeared  to  be an acute reaction  since 
prolonged trea tm en t resulted in a decrease o f the 
a 2-globulins. H aptoglobin determ inations showed 
the developm ent o f ahaptoglobinem ia after 1 1  

weeks, indicating hem olytic anem ia.
(c ) V ascular Effects
Schroeder88 a ttem pted  to  duplicate the hum an 

condition o f  chronic hypertensive disease in small

laboratory  animals. Rats and mice were given 
trace  am ounts o f  cadm ium  (5 /u.g/ml) in their 
drinking w ater from  the tim e o f weaning. C adm i­
um produced  hypertension in rats after approxi­
m ately one year and this effect increased with age. 
T he incidence in fem ales was higher than in males. 
H owever, the m ortality was g reater in males with 
hypertension, and m edian life spans of both  sexes 
w ere shortened com pared  to  controls (156 vs 140 
days, p less than  0 .005). Schroeder88 also reported  
results of ano ther experim ent in which 80% o f rats 
receiving soft w ater w ere hypertensive by 500 days 
o f age vs 17.7% o f those rats receiving hard 
(calcium -containing) water. A nother part o f the 
study dem onstrated  tha t following the ip injection 
o f cadm ium  aceta te  (1 .5 , 2 o r 3 mg/kg) mean 
blood pressures (apparen tly  systolic) were in­
creased an average o f 47 mm Hg. W hen cadm ium - 
hypertensive rats w ere given a zinc chelate ( 2 - 
diam inocyclohexane disodium  zinc te traaceta te ), 
they becam e norm otensive within a week. 
Analyses for cadm ium  and zinc in the kidneys and 
liver o f 90 hypertensive and norm otensive rats sug­
gested a reasonable correlation  betw een the renal 
ratio  o f C d/Zn w ith the level of blood pressure; 
hepatic  ratios were no t significant. A renal C d/Zn 
ratio  o f  m ore than 0.80 indicated hypertension. 
The au thor88 suggested on the basis o f his animal 
da ta  tha t cadm ium  might be a factor in hyperten­
sion o f unknow n origin in humans.

O thers146-151 have also found hypertensive effects 
o f C d(II) in animals.

P orter e t al152 found no elevation o f blood pres­
sure in C d(II) intoxication. They adm inistered cad­
mium acetate ip a t 2 mg Cd/kg to  fem ale Sprague- 
D aw ley-derived rats, then a second ip dose o f 1 
mg C d/kg 3 weeks later. From  days 14 to  27 after 
the second adm inistration, various autonom ic 
drugs were adm inistered in sequence by vein, and 
systolic blood pressures were recorded. With 
norepinephrine but no t epinephrine, drugs causing 
elevated blood pressure in control rats, there was a 
lesser elevation in cadm ium -treated rats, with 
acetylcholine, isoproterenol, and atropine, but not 
propranolol, drugs causing decreased blood pres­
sure in control rats, there was a lesser decrease in 
cadm ium -treated  rats. A ortic strips from  cadmium- 
trea ted  rats had a dim inished reactivity to  an­
giotensin, epinephrine, barium , and tyram ine. The 
authors concluded th a t cadm ium  desensitizes rat 
vasculature to  vasoconstrictors and dilators inde­
pendently  o f any ability to  cause hypertension.
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Fowler and  cow orkers153 gave drinking w ater 
containing 0, 0 .2 , 2, 20, and 200 ppm  C d(II) as 
cadm ium  chloride to  m ale rats fo r 6  o r  1 2  weeks. 
Rats w ere also given a d iet with norm al (0 .7% ) or 
low (0.1% ) calcium . T he anim als’ feed also in­
cidentally contained 0.4 ppm  cadm ium , so even 
controls w ere ingesting some C d(II). (Similarly, 
animals in o ther experim ents probably also in­
gested small am ounts o f cadm ium  norm ally 
present in feed .) Kidneys o f  anim als on a low cal­
cium diet had a higher cadm ium  concentration  
than  those on  a norm al diet. T he cadm ium  feeding 
caused constriction  o f sm aller and  dilation of 
larger renal arteries and a fibrosis o f peritubular 
capillaries. T here  was an  increased BUN bu t little 
tubule cell dam age. T he authors suggested that 
cadm ium -induced vascular dam age has a role in 
cadm ium  nephropathy. W hile dietary  calcium  did 
not influence the vascular effects o f cadm ium , the 
authors briefly referred  to  the ir unpublished obser­
vations th a t dietary calcium  did affect blood 
chem istry and parathyroid  glands in the same 
animals.

Singhal e t a l154 have suggested tha t hyper­
glycemia and arterial hypertension from  C d (ll)  in­
toxication m ight be re la ted  to  increased synthesis 
o f epinephrine in adrenal glands. They injected 
cadm ium  chloride, 1 m g/kg ip, in ra ts daily for 45 
days. A drenal weights were increased, as were 
levels o f adrenal norepinephrine and epinephrine 
and activity o f adrenal tyrosine hydroxylase. 
Tyrosine hydroxylase activity and  norepinephrine 
and epinephrine levels had  retu rned  to  norm al 28 
days after the last C d(II) injection, bu t the 
adrenals had only partially  recovered the ir original 
weights.

(d ) R eproductive Effects
Little a tten tion  had been draw n to the effects of 

cadm ium  on gonads p rio r to  the m id -1950’s when 
Parizek91 and Parizek and  Z ahor92 described the 
necrotic effects on testicu lar tissue in rats, which 
has since been confirm ed by m any o thers in 
several anim al species. Parizek and Z ahor92 in­
jected  80 m ale rats sc w ith 1 ml o f 0.03 M solu­
tion of cadm ium  chloride. T he rats w ere killed at 
various intervals from  2 to  48 hours after the  in­
jection. M icroscopic changes in the testes were ob­
served as early as 2-4 hours after injection, as 
evidenced by edem a and capillary stasis. Testicular 
tissue dam age progressively increased with time. 
After 48 hours, com plete testicular necrosis was

found in all 80 animals. Similar data  were 
developed by M ason e t a l*55 a t various doses of 
cadm ium  chloride (0.57-6.8 mg C d/kg) given sc to 
rats. Again, edem a p receded  an ischemic necrosis 
which was associated with increased intratesticular 
pressure, hem orrhaging, and ultim ate interference 
with testicular blood supply. In this study, a  dose- 
response relation was found a t the lower dose 
levels, 0 .57-1.4 mg/kg. A t the lowest dose, no ef­
fect was observed, a t 0.85 m g/kg ischemic necrosis 
o f sem iniferous tubules occurred  in 32% o f the 
rats, a t 1.1 m g/kg there  was a 90% incidence, and 
at 1.4 m g/kg 100% o f the  rats had  these injuries. It 
was suggested th a t the unusual sensitivity o f the 
testes to  cadm ium  was related  to  the unique vascu­
la ture , ie, pulseless, sem istagnant flow, which 
m ight have facilitated  alteration  of capillary en ­
dothelial perm eability by cadm ium .

Sangalang and O ’H alloran 156 studied testicular 
injury and changes in androgen synthesis in brook 
tro u t exposed to  C d(II) for 24 hours at 1 ,2 , o r 25 
ppm . Testes o f the fish trea ted  at 25 ppm showed 
extensive hem orrhagic dam age. Form ation o f 11- 
ke to testosterone, 11-/3-hydroxy testosterone, and 
testosterone from  14C-pregnenolone in vitro was 
used to  study the effects o f C d(II) exposure on an­
drogen synthesis by the testes. T he results showed 
th a t cadm ium  inhibited the form ation o f the ste­
roids in vitro; w hether this reflects the situation in 
vivo is not known. However, the study suggests 
th a t cadm ium -induced testicular dam age is not 
confined to  species with scrotal testes.

In o rder to  investigate the testicular dam age 
from  cadm ium  in m ore detail, Parizek91 injected 
rats and m ice with cadm ium  chloride (2.2-4.5 mg 
C d/kg) into the in terscapular region sc. Some of 
the  rats w ere trea ted  with testosterone ( 1  mg/ml in 
olive oil) o r zinc aceta te  (0.2 m oles). M icroscopic 
changes (hyperem ia and interstitial edem a) in the 
testes o f  cadm ium -treated  animals occurred within 
a few hours after injection. Forty-eight hours later, 
th ere  was destruction  of tubular epithelium , and 
interstitial tissue was hem orrhagic. After 10 days, 
there  was rep lacem ent o f testicular tissue by 
eosinophilic m aterial. T here  was also a decrease in 
w eight o f the  accessory sex organs, seminal vesi­
cles, and p rosta te  glands. However, when 
testosterone was given 1 0  days after the cadm ium , 
the weights o f these glands increased again, sug­
gesting tha t the  weight loss was the consequence 
o f a horm one deficiency. Doses o f  zinc acetate  80,
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100, and 200 tim es tha t o f  C d(II) (3 .33-4 .8  mmole 
zinc aceta te /kg ) adm inistered  before, during, and 
after the C d(II) p revented  the testicu lar dam age. 
The protective effect o f Z n(II) against cadm ium - 
induced testicular dam age was confirm ed by 
W ebb , 157 w ho suggested th a t p rio r injection  o f zinc 
induced hepatic  synthesis o f a  specific binding 
protein th a t im m obilized cadm ium . Protective ef­
fects by Z n(II) o r Se(IV ) against injury by C d(II) 
to  ra t testes were also found by K ar e t al158 and by 
M ason and cow orkers . 159-160

Since the injury to  ra ts ’ testes does no t occur 
before the age o f  7-16 days, the  possibility th a t a 
horm onal balance in im m ature anim als prevents 
testicular vascular dam age from  cadm ium  was in­
vestigated by G unn e t a l . 161 Four groups o f  m ature 
m ale mice w ere in jected  sc w ith 0.03 m m ole/kg 
cadm ium  chloride (3 .4  mg C d/kg). Each group 
received 0 . 1  ml o f e ith er saline solution, sesam e 
oil, testosterone ( 1 0 0  ¡xg), o r estradiol ( 1 0 0  /¿g) 3  

tim es/w eek for 7 weeks. T he cadm ium  trea tm en t 
consistently produced  vascular dam age to  the 
testes, characterized  by m arked edem a, capillary 
hem orrhage, and tubu lar necrosis. T rea tm en t with 
testosterone did no t a lte r this response; how ever, 
estradiol p ro tec ted  the testes from  vascular 
dam age. This pro tective action  o f estradiol was 
reversible, since the testes w ere again susceptible 
to vascular dam age by C d (Il) w hen the estradiol 
treatm ent was stopped.

N ordberg 162 gave CBA m ice single sc injections 
o f cadm ium  chloride a t 1 mg C d/kg, causing 
com plete testicu lar necrosis. Single doses o f 0.25- 
0.5 m g/kg caused little o r no testicu lar dam age. 
W hen these lower doses w ere adm inistered 5 
days/week for 6  m onths, testicu lar changes were 
slight at 0.5 m g/kg and within contro l limits at 
0.25 m g/kg, though testicu lar cadm ium  levels were 
6-7 ppm, com pared with 0.3 ppm  after single in­
jection  at 1 mg/kg. R epeated  adm inistration of 
0.25 m g/kg, to  induce m etallo th ionein  synthesis, 
p ro tected  the  m ouse testes from  the necrotizing ef­
fect o f  a subsequent injection o f cadm ium  chloride 
at 1 mg C d/kg. W hen cadm ium  partially bound to  
m etallothionein was in jected a t 1 .1  m g/kg, no 
testicular necrosis developed. W hen CBA m ice 
were given sc injections at 0 .25-0.5 m g/kg 5 
days/week for abou t 6  m onths163 kidney dam age 
occurred , as evidenced by pro teinuria , altered 
com position of urine p ro tein  on e lectrophoretic  
exam ination, and a m arked  increase in urine cad ­

mium concentrations a t the  tim e o f developm ent 
o f  e lectrophoretic  patterns o f urine protein judged 
to  be pathologic. Similarly, rabbits adm inistered 
cadm ium  chloride sc 5 days/w eek for 24 weeks at 
0.5 mg C d/kg did no t develop m acroscopically or 
m icroscopically evident testicular changes, though 
m arked kidney dam age developed . 164 This suggests 
th a t repeated  adm inistration o f  cadm ium  com ­
pounds at doses th a t cause slight o r no kidney 
m alfunction will no t cause testicular damage.

M adlafousek e t a l165 found th a t the copulatory 
activity o f m ost m ale rats tested was lost within 3 
weeks o f injection with cadm ium  chloride a t a 
dose previously found  in th a t laboratory 91 to  cause 
com plete testicular necrosis and perm anent sterili­
ty. T he effect could be prevented  by adm inistra­
tion o f androgens. Two m onths after Cd(II) ad ­
m inistration, there  was only slight im pairm ent o f 
sexual behavior; norm al copulatory activity and 
ejaculatory  behavior accom panied by the produc­
tion o f plugs had resum ed in these animals. Spon­
taneous restitution o f norm al sexual activity did 
not occur in surgically castrated  males.

Friberg e t a l1 <pp 124-27) have reviewed results 
from  investigations o f testicular necrosis from  
C d(II) and have persuasively argued that dam age 
to  the germ inal epithelium  is probably secondary 
to  cadm ium -induced vascular dam age.

Studies o f the m arked  effect o f cadm ium  on 
m ale gonads stim ulated several studies o f possible 
effects on ovaries. Experim ents have shown th a t sc 
injection of C d(Il) has a sterilizing effect on the 
ovaries o f rats and gerbils . 166 169 Kar et al168 re ­
ported  acute changes in ovaries o f p repubertal rats 
( 6 - 8  weeks o ld) following adm inistration o f cadm i­
um chloride sc at 10 mg/kg. Cadm ium  treatm ent 
had an insignificant effect on ovarian and uterine 
weights, but the ra te  of follicular atresia was m ar­
kedly changed. Initially, the large- and m edium ­
sized follicles w ere dam aged; granulosa cells and 
ova showed signs of atrophy. At 48 hours after in ­
jection , all follicles were destroyed. Response of 
the ovaries to  exogenous gonadotropin was in­
hibited. The au thors suggested tha t the observed 
atresia m ight be due to  in terference with pituitary 
factors. Parizek et a l167 injected 5-day old female 
rats with e ither testosterone or 19-nortestosterone. 
A fter 3-6 m onths, the  rats had a persistent estrus, 
a fter which they w ere injected sc with cadm ium  
chloride or acetate  a t 0.02-0.04 mmole/kg. All 
ovaries exam ined had  massive hem orrhages ac­
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com panied by necrosis. Kaul and  R am asw am i168 

com pared the effect o f a single sc injection of 
C d(Il) on the ovaries o f  e ither m ature o r im m a­
ture fem ale gerbils. M ature anim als w ere given 
0.45 and im m ature anim als 0 .22 mg/kg. T here 
were no significant changes in ovarian  weights of 
im m ature gerbils, bu t there  was a  gradual reduc­
tion in ovarian weights o f adult fem ales. T here 
were extensive hem orrhages and w idespread a tre ­
sia in both  m ature  and  im m ature fem ale gerbils.

W hether the follicular atresia is from  a d irec t e f­
fect o f  cadm ium  on  germ  cells o r a secondary ef­
fect from  alterations in blood, especially capillary, 
supply, is no t know n. T he la tter effect was sug­
gested by the  developm ent o f p lacental necrosis in 
pregnant ra ts . 169

Kar e t a l158 found th a t sim ultaneous injection of 
zinc aceta te  or selenium (IV ) oxide and  cadm ium  
chloride into rats did no t result in the ovarian 
dam age p roduced  by cadm ium  chloride alone.

Tsvetkova95 exposed groups o f  fem ale ra ts to  
cadm ium  sulfate for up to  7 m onths at 2.8 m g/cu 
m. A t 2 m onths 50% and  a t 4 m onths 75% o f the 
animals had  a prolongation of the  estreus cycle. 
L itter sizes w ere the sam e in exposed and control 
rats, bu t neonates from  exposed dam s were sm aller 
and weighed less than  those from  controls. Fetuses 
taken  from  exposed dam s on the 2 2 nd day of 
pregnancy had a higher cadm ium  level in the liver 
than  fetuses taken  from  contro l rats.

Parizek e t al170 found th a t in jection o f cadm ium  
acetate  in the  range o f 30-40 ptmole/kg in several 
groups of pregnant rats caused 40% of the 
pregnant rats to  die w ithin the first 24 hours after 
cadm ium  adm inistration. The rats w ere injected on 
the 21st day o f pregnancy. In 80% o f these 
pregnant rats, b ilateral hem orrhagic renal necrosis 
was observed.

C hernoff171 adm inistered 4-12 m g/kg cadm ium  
chloride to  CD -strain rats sc on 4 consecutive days 
beginning on  day 13, 14, 15, o r 16 of gestation. 
T here was a dose-related  increase in fetal deaths, 
decrease in fetal weight, and increase in ra te  o f 
anom alies, which included m icrognathia, cleft p a ­
late, clubfoot, and small lungs. He concluded tha t 
the decrease in lung size, observed in fetuses from 
animals in jected at 8  m g/kg on days 14-17 o f ges­
tation, was a specific re tardation  ra ther than the 
result o f overall grow th retardation . He did no t 
find a basis for concluding w hether the fetal 
anom alies w ere the result of a d irec t action on the

fetus, placental effects, m aternal effects, o r a com ­
bination o f these factors. D ata on deaths o f dam s 
w ere no t reported , from  which it is inferred tha t 
none occurred .

B arr172 found th a t cadm ium  chloride (16  /¿mole 
C d/kg) was no t teratogenic  w hen adm inistered sc 
to  2 d ifferent stocks o f W istar rats on day 9, 10, 
o r  1 1  o f gestation, bu t was when adm inistered ip. 
T here  was uniform ly a  w eight loss in dam s after ip 
C d(II) for 1 or 2 days, bu t in 2-4 days m ore their 
weights re tu rned  to  prein jection values or m ore; 
by 2 1  days, in jected rats did no t differ significantly 
in weight from  contro l rats. R ats given C d(II) sc 
had little o r no  weight loss. Doses g reater than 22 
/xmole C d/kg often  killed pregnant rats. 
A nophthalm ia o r m icrophthalm ia was found in the 
g reatest num ber from  C d(II) adm inistration on day 
9 and was seldom  found when cadm ium  was given 
after day 9. D ysplastic or absent ears were found 
only after adm inistration o f cadm ium  on day 9. 
Few facial m alform ations were seen, in contrast to 
the findings o f Mulvihill et a l173 in ham sters. 
H ydrocephaly was often  observed after adm inistra­
tion o f cadm ium  on day 9 or 11, bu t not when 
cadm ium  was given on day 10. T here were a few 
cases o f  encephalocele and  exencephaly in day-9 
and  d ay -11 groups. A thin abdom inal wall (less 
than  0.5 m m ) was seen, especially in day-9 rats, 
and corre la ted  highly with a left-sided umbilical 
artery , ear dysplasia, undescended testes, and renal 
agenesis in one stock of W istar rats bu t no t in the 
o ther stock. O ther changes seen in some groups of 
a t least one strain w ere diaphragm  hernia, anal 
a tresia w ithout gross abnorm alities o f the gut, dys­
plastic o r absent tail, hydronephrosis, and a  small 
ra te  of appearance o f  dysplastic forelim bs. The 
au thors suggested th a t cadm ium -induced in ter­
ference w ith zinc m etabolism  m ight explain some 
o f the changes seen, a t least the limb defects.

Ishizu et a l174 adm inistered cadm ium  chloride sc 
to  pregnant m ice on  the 7 th  day o f  gestation at 
doses o f 0.33-5 mg/kg. An increased rate o f m al­
form ations was no t seen at 0.33 mg/kg, but there 
was a dose-related  increase a t higher doses (0 .63, 
2.5, and 5). Exencephaly was the m ost com m on 
change in these fetuses, taken from  the dam s on 
the  18th day o f gestation, and many of the exen- 
cephalic anim als had  the ir eyes open. T here were 
also spina bifida, absence o f tail, and vaginal a tre ­
sia. T here  were m alform ations in the ribs as well 
as in the  skull and vertebrae. Some dam s in all
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cadm ium -injected groups aborted ; in addition, 
dams did no t have weight increases expected du r­
ing pregnancy. A m niotic fluids observed during 
removal o f fetuses w ere hem orrhagic. Total fetal 
cadm ium  concentrations w ere no t significantly in­
creased, bu t p lacental concen trations were.

Investigators in F erm ’s labo ra to ry 173 175,176 per­
form ed several studies, all involving injection of 
cadm ium  sulfate by vein into p regnan t ham sters, at 
a dose o f  0.88 mg C d/kg. G ale and Ferm 175 ad­
m inistered the cadm ium  sulfate on the  8 th  or 9th 
day of gestation, and fetuses w ere rem oved from 
dams on the  15th day. The m ost frequently  ob ­
served m alform ations w ere in the brain 
(exencephaly and  encephalocele), eye 
(anophthalm ia, m icrophthalm ia, and  exophthal­
m os), jaw (cleft lip and m icrognath ia), tail, and 
forelim bs and hindlim bs (am elia, m icrom elia, and 
ectrodactyly). M alform ations o f the  head were 
seen m ore frequently  in anim als in jected  on the 
m orning o f the  8 th day, while the  limbs w ere m ore 
likely to  be m alform ed in anim als given cadm ium  
on the evening o f the 8 th  day o r the m orning of 
the 9 th  day. The au thors suggested tha t som e of 
the m alform ations m ight be the  result of an effect 
o f C d(II) on the perm eability  o f the  m esenchym al 
cell m em branes. F erm 176 also adm inistered the 
cadm ium  salt on the 8 th  or 9th day o f gestation, 
and again the dam s w ere killed on the 15th day 
and fetuses rem oved fo r exam ination. Facial mal­
form ations and exencephaly were m ore frequently 
found in fetuses from  anim als given cadm ium  on 
the m orning o f the  8 th  day than  in those from 
animals in jected  on the evening o f th a t day, while 
injections a t the la tte r tim e caused m ore rib and 
forelim b m alform ations. Fetuses from  anim als in ­
jected  on the  9 th  day had  mostly rib and limb d e ­
fects. Mulvihill e t al173 in jected the cadm ium  salt 
on the 8 th  day o f  gestation and rem oved the 
fetuses on the 12th, 13th, or 14th day. Heads of 
fetuses w ere fixed and processed for palatal ex­
am ination. C adm ium -induced changes in facial 
developm ent included unilateral and bilateral cleft 
lips and palates, in addition to  abnorm alities in 
cartilage form ation and delayed ossification. The 
authors suggested tha t these effects w ere the result 
o f m esoderm al deficiency ra ther than  o f a delay in 
transposition o f the palatine shelves, but could not 
determ ine w hether this was from  a specific action 
on m aternal m etabolism  with secondary effects on 
d ifferentiating em bryonic tissues o r an interference

with placental transfer o f an essential m etabolite. 
They did no t com m ent on w hether a cadm ium -in­
duced  zinc deficiency m ight be the proximal cause 
o f e ither o f  these m echanisms.

In o ther studies o f  the teratogenic effects o f cad­
mium, Ferm  and C arpen ter177,178 showed that 
Z n(II) inhibited the teratogenic effect o f Cd(II). 
A dm inistration o f cadm ium  sulfate to  ham sters by 
vein a t 0.88 mg C d/kg caused abnorm alities 
sim ilar to  those seen in o ther studies (cleft lips and 
palates, m icrophthalm ia and anophthalm ia, and 
encephalocele and exencephaly ) . 177 Simultaneous 
adm inistration o f  zinc sulfate a t 0.45 mg Zn/kg 
reduced  em bryonic resorption and m alform ation 
ra te  to  control levels. If the injection of Zn(II) was 
gradually delayed after C d(II) injection, the p ro ­
tective effect lessened, and no protective effect 
was evident after a delay o f 1 2  hours or more. 
C obaltous acetate  did no t have a similar protective 
effect on C d(II)-induced tera ta . Pathologic 
changes were no t seen in dam s injected with both 
Z n(II) and C d (II ) . 178

These studies o f teratogenicity  usually analyzed 
da ta  by considering the individual fetus as the 
trea tm en t unit. W hile the litter rather than the in­
dividual animal or fetus might be better as the unit 
for com parison, it is doubtful th a t different conclu­
sions on cadm ium  teratogenicity  would have been 
reached  thereby.

Wills e t al179 studied the effects of C d (ll)  on 
reproduction  and on blood pressure in rats and 
m onkeys. M ale and female rats were given feed 
containing cadm ium  chloride a t 33 o r 73 ppb. 
M onogam ous matings were perform ed and con­
tinued until 4 litters/couple had been delivered. 
Offspring and subsequent generations were 
similarly fed and paired  except for a few from  the 
first and fourth  litters and all animals from the 
second and th ird  litters o f each generation. These 
anim als and anim als dying during the experim ent 
o r killed at its end were exam ined m acroscopi- 
cally, and, in the case o f abnorm al tissues and o r­
gans, m icroscopically. R eproduction was continued 
for a to tal o f 4 generations. The lower concentra­
tion (33 ppb) had little effect. A t the higher dose 
level (73 ppb), there  was a slight increase in fer­
tility, especially in the  last tw o litters in each 
generation. T here  was a slight increase in longevity 
o f  anim als fed a t 33 ppb and a slight decrease at 
73 ppb. T here  was a deficit in weight gain, greater 
a t 73 than  at 33 ppb. There w ere initial increases
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in systolic blood pressures, bu t these were within 
the range o f contro l values, and  they la ter sub­
sided, suggesting to  the authors th a t C d (ll)  in­
creased neurogenic hypertensive activity which 
disappeared as the rats becam e accustom ed to  the 
pressure-m easuring procedure.

There w ere no significant m acroscopic o r m icro­
scopic changes in the 276 rats exam ined. Changes 
seen w ere usually o f  a m inor natu re  and  w ere at­
tributed  to  spontaneous disease. Tum ors w ere of 
various types and no t significantly d ifferent in con­
trols and test animals. A notew orthy finding was 
the absence o f kidney o r im portan t vascular le­
sions. In fac t, the  au tho rs179 concluded tha t feeding 
o f C d(II) a t the lower o f  these tw o doses may have 
been beneficial.

They also fed four fem ale m onkeys cadm ium  
chloride in a sw eetened beverage a t 1.5 and 3.0 
/ig/kg/day, with 2  m onkeys a t each dose level and 
a fifth as a control. The control m onkey and one 
a t 1.5 /xg/kg/day died after abou t 6  m onths, ap­
parently from  disease unrelated  to  C d(II) in­
gestion. T he three rem aining anim als survived the 
18 m onths of treatm ent. They w ere m ated with 
norm al m ales, following which tw o, one at each 
dose level, becam e pregnant. B oth delivered one 
infant, the  one a t the  lower dose prem aturely. 
Both infants nursed and developed norm ally, and 
neither appeared  to  have any abnorm alities. 
Systolic b lood pressures of^the dam s were no t sig­
nificantly affected by C d(II) ingestion; however, 
the num ber of anim als was too  small for statistical 
validation.

Epstein e t al180 studied 174 com pounds, includ­
ing cadm ium  chloride, for their ability to  cause 
m utations in mice by a m odified dom inant lethal 
assay. Cadm ium  chloride was adm inistered to  male 
mice ip a t 1.35-7.0 mg/kg. D etailed da ta  on those 
substances no t causing significant evidence o f m u­
tagenic activity, including cadm ium  chloride, were 
no t presen ted ; how ever, according to  a footnote, 
early fetal deaths and preim plantation  losses from 
cadm ium  chloride w ere within contro l limits, but 
there was a  reduced rate  of pregnancy. This sug­
gests th a t C d(II) may have caused testicular 
dysfunction in the  trea ted  m ales prior to  mating, 
which m ight have m ade the dom inant lethal assay 
less sensitive for this com pound. Gilliavod and 
L eonard 181 also found no increase in dom inant 
lethal m utations from  adm inistration of cadm ium  
chloride to  m ale BALB/c m ice. They in jected  cad­

mium chloride ip a t 0.5, 1.75, o r 3.0 mg/kg and 
in jected contro ls w ith saline solution. M ice ad ­
m inistered 1.75 m g/kg were m ated, after which 
pregnant fem ales w ere exam ined for corpora lutea, 
im plantations, and live and dead embryos. 
Pregnancy rates w ere 45-68%  in test animals and 
57-68%  in controls. T here  was no increased in­
cidence o f dom inant lethal m utations in test 
anim als over th a t in controls. All sires were killed 
3 m onths later and dividing sperm atocytes were 
found no t to  have chrom osom al rearrangem ents 
such as reciprocal translocations. Similarly, male 
offspring o f  m ice in jected at 1.75 mg/kg were 
found no t to  have translocations.

NIOSH has indicated  its in terest in possible 
teratogenic or m utagenic effects of some chem ical 
agents, including cadm ium , in the  Federal Register 
41:12731-32, M arch 26, 1976. This statem ent of 
concern  was based on unevaluated inform ation in 
the 1976 edition, being prepared  for publication, 
o f N IO SH ’s Registry o f  Toxic Effects o f  Chemical 
Substances, which refers to  several reports o f  ex­
perimental! teratogenicity 171-172-178 and to a separate­
ly published abstrac t of one o f  these reports . 171 

These studies, together with additional investiga­
tions o f experim ental teratogenicity, have been 
reviewed in the discussion above.

(e )  Carcinogenesis
In 1967, G unn and  associates182 reported  tha t 4 

sc doses o f 0.17 mg o f cadm ium  chloride 
p roduced  pleom orphic sarcom as at the site o f in­
jection  12-16 m onths later in 3 out o f 30 male 
W istar rats. O thers183' 187 have also induced injec- 
tion-site sarcom as in rats by suspensions o f CdO, 
CdS, C d S 0 4, o r C d m etal pow der. Injection of 
cadm ium  chloride sc a t 30 /xmole/kg also caused, 
in addition to  injection-site sarcom as, interstitial 
cell tum ors o f testes . 188-189 However, injection of 
zinc acetate  (3 m m ole/kg) inhibited the develop­
m ent o f  bo th  types o f tum ors resulting from Cd(II) 
in jection .188-189 Cadm ium  sulfate or cadm ium - 
precip ita ted  ferritin injected sc or po in rats and 
m ice also caused testicular atrophy, often followed 
by hyperplasia of Ley dig cells w hich in rats tended 
to  progress to  neoplasia . 190

In a  series o f experim ents reported  by Schroeder 
and cow orkers191 and by Kanisawa and 
S chroeder , 192 Long Evans rats w ere given w ater 
containing cadm ium  acetate at 5 ppm  from  w ean­
ing to  death  (up  to  4 years). In some experim ents, 
o ther m etals were included in the  drinking water.
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Longevity o f  male rats fed  C d(II) exceeded  th a t of 
controls, bu t tha t o f  fem ale rats was less than  con­
trols. C d (ll)-fed  rats did no t have a significant in ­
crease in tum ors above the incidence in controls.

Levy and  cow orkers105 107 investigated in rodents 
the ability o f Cd (II) to  cause p rostate  cancer. 
They in jected cadm ium  sulfate sc once a week 
into the flanks o f  specific pathogen free (S PF) CB- 
strain hooded  rats fo r two years a t dose levels of 
87, 44, 22, o r 0 ¿ig C d /k g , 105 and 3 tim es/w eek in­
troduced  cadm ium  sulfate through an intragastric 
ca the te r in to  the stom achs o f SPF CB rats for 2 
years at 350, 180, 87, o r 0 /¿.g C d /kg 106 and of 
Swiss m ice once a week for 18 m onths a t 1.75, 
0 .88, 0 .44 , or 0 mg C d /kg . 107 Rats in jected sc at 
87 m g/kg had  a significant decrease in weight gain 
bu t not ra ts in jected  a t lower doses. N o other 
changes in experim ental anim als a ttribu tab le  to 
cadm ium  w ere found except for a low incidence of 
injection-site sarcom as and  for cadm ium  accum u­
lations in spleens, livers, kidneys, and testes in sc- 
injected rats, w ith the m ost m arked  accum ulations 
in the kidneys. T here  was no  evidence o f an 
elevated incidence o f pro te inuria  in rats, above 
tha t high incidence com m on to o lder rats o f the 
CB strain. T here was a high incidence o f testicular 
changes and Leydig-cell tum ors com m on to  both 
treated  and contro l rats. T here w ere no prostate 
neoplasm s o r pre-neoplastic changes in the  p ro ­
state glands o f e ither roden t species. However, the 
n ear absence o f toxic changes from  C d(II) in these 
experim ents raises a question w hether the  doses 
adm inistered were high enough to  produce p ro ­
state neoplasm s, assum ing such a capability by 
cadm ium .

In a screening study193 o f possible carcinogenici­
ty by a large num ber o f  com pounds, ethyl cadm ate 
(cadm ium  diethyl d ith iocarbam ate) caused an in­
creased incidence o f tum ors in m ice trea ted  sc or 
po. H owever, several o th e r d ith iocarbam ates also 
caused an increased incidence o f tum ors in mice 
in this study, so it is likely tha t this tum origenesis 
resulted from  the d ith iocarbam ate ra ther than 
from the cadm ium .

NIOSH stated  its concern  abou t possible tu-. 
m origenicity o f a num ber o f  chem icals including 
cadm ium  in an announcem ent in the Federal Re­
gister 40:26390-496, Ju n e  23, 1975. This concern  
was based on then-unevaluated  reports o f 
neoplastic effects listed in the Registry o f  Toxic E f­
fects o f  Chemical Substances. In the 1976 edition

o f this NIOSH registry being p repared  for publica­
tion, there are several references on possible tu- 
m origenicity o f cadm ium  com pounds which have 
been cited  in the discussion above, im-iss.iot-im.iw 
O ne additional reference in the registry not 
discussed above is to  the IARC review o f cadm i­
um . 4 This review sum m arized results o f  several ex­
perim ental and epidem iologic studies giving infor­
m ation relevant to  carcinogenicity o f  cadm ium  
com pounds, and suggested th a t the data  were in­
sufficient to  perm it conclusions on w hether o r not 
cadm ium  is carcinogenic.

(f) Biochem ical Studies
A significant fac to r in the absorption, distribu­

tion, and reten tion  o f low and m oderate levels of 
oral o r  paren teral C d(II) is the presence and 
possibly the induced synthesis o f  the low-molecu- 
lar weight protein  thionein, which binds certain  
heavy m etals to  form  m etallothioneins.

M etallothionein was first isolated by M argoshes 
and V allee194 from  horse kidney cortex and was 
shown to contain a high concentration  o f cadm ium  
with a lesser am ount o f zinc. Subsequently, Kagi 
and V allee195,196 purified this m aterial, showing 
tha t it was a hom ogeneous, low m olecular weight 
p ro tein  (10,000 mol w t) containing 5.9% cadm i­
um , 2.2%  zinc, and 8.5% sulfur, and having very 
low spectral absorptivity at 280 nm , indicating a 
lack o f arom atic am ino acids in its com position 
bu t with a specific absorptivity a t 250 nm due to 
cadm ium -sulfur groupings. These investigators sug­
gested tha t the m etal-free protein  be called 
thionein, and tha t the cadm ium  protein be called 
cadm ium -thionein. Ninety-five p ercen t of all sulfur 
in the m etal-free th ionein m olecule was present as 
the  sulfhydryl group o f cysteine. M oreover, 
cysteine accounted  for 1 o f every 3 to  4 am ino 
acids, ie, 25-30%  o f the am ino acids o f  this protein 
are cysteine m olecules. Pulido e t al 197 showed that 
a similar protein  could  be isolated from hum an 
renal cortex. This purified m etallothionein had a 
m olecular weight o f  10,500 and contained 4.2% 
cadm ium , 2.6% zinc, 0.5% m ercury, and 0.3% 
copper. As with the equine protein , the  sulfur con­
ten t was high, nam ely 8 . 1 %, and the characteristic 
ultraviolet absorption band a t 250 nm was present.

Following these early reports from  the H arvard 
g roup , 194 197 one group o f w orkers a t the Karolin- 
ska Institute in Sw eden198 and another a t Dal- 
housie University in N ova Scotia199' 201 have found 
th a t th ere  are tw o cadm ium -binding proteins, both
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of w hich are of low m olecular weight ( 1 0 ,0 0 0 - 
1 2 ,0 0 0 ) w ith high sulfur conten t, in rabbit and ra t 
liver. Tw o form s o f cadm ium -thionein found by 
N ordberg and cow orkers198 differed slightly in 
am ino acid con ten t o th e r than  cysteine and had 
isoelectric points (p i)  o f 3.9 and  4.5. The protein 
with pi 4.5 contained  zinc as well as a lower 
am ount o f proline and a higher am ount o f gluta­
m ate than  did the form  with p i 3.9. T he m olecular 
weights o f both  the fractions w ere estim ated to  be 
about 6 ,0 0 0 ; possibly, b u t no t likely, the m olecular 
weights w ere an integral m ultiple o f  6,000. T here 
is no evidence o f the existence o f isom orphic 
form s o f th ionein , b u t it seem s possible tha t 
thionein represents a family of low m olecular 
weight p ro teins contain ing large am ounts o f sulfur 
and which bind heavy m etals in general.

T he capacity  of th ionein  to  bind heavy m etals 
suggests a possible role in heavy m etal m etabolism  
or as a detoxifying m echanism . T hionein  in its 
various m etal form s has now been found in liver, 
kidney, testis, spleen, pancreas, and intestines of 
m ice, rats, m onkeys, and m an, indicating by its 
wide d istribution a probable role in cadm ium  
m etabolism  and toxicology . 194 198 This is best illus­
tra ted  a t p resen t by the  induction  of th ionein 
biosynthesis by adm inistration o f low initial levels 
of C d (II ) . 202,203

In his studies, W ebb204 showed th a t thionein is 
induced by Z n(II), C d (II), and H g(Il), bu t no t by 
C u(II), N i(II), o r P b(II). Its synthesis was inhibited 
by cyclohexim ide bu t no t by actinom ycin D, w hich 
suggests th a t induction o f  th ionein is contro lled  at 
the translational level and no t a t the transcrip­
tional one. From  these and o ther facts, W ebb sug­
gested tha t thionein is a p art o f a m echanism  that 
has a relatively specific affinity for G roup IIB ele­
m ents and no t for heavy m etals in general.

G rasso ,205 in a review of m orphologic and 
biochem ical studies o f the  effect o f cadm ium  on 
renal function , has suggested th a t any protection  
against renal dam age afforded by th ionein is 
probably lim ited, in view o f the  ra ther small 
am ounts of cadm ium  th a t can  cause m orphologic 
and functional changes in the kidney. N ordberg  et 
al206 found tha t cadm ium -thionein caused a greater 
degree o f dam age to  renal tubules and was lethal 
a t lower doses than  cadm ium  chloride in CBA 
mice adm inistered these form s o f C d(II) iv o r sc. 
As was reviewed earlier, m etallo th ionein  can  p ro ­
tec t m ouse testes from  cadm ium -induced inju­
r y  162.164

Phosphorylation coupled to  aerobic oxidation of 
succinate o r reduced  diphosphopyridine nucleotide 
is uncoupled a t low concentrations o f C d (II ) . 207,208 

In ra t liver m itochondria, 207,208 addition of C d(II) 
in vitro uncoupled phosphorylation, at a low con­
cen tra tion  (5 /liM). This was observed with the ox­
idation o f  both succinate and citrate. The un­
coupling effect o f  cadm ium  was com pletely 
reversed by the chelating agent ethylene diamine 
te traacetic  acid. In a m ore recen t study by 
M ustafa and  Cross209 using pulm onary alveolar 
m acrophages, the inhibition o f oxidation by C d(II) 
in the cells and m itochondria o f this p reparation  
was dem onstrated . Both phosphorylation and 
respiration were abolished with 5-10 ¿iM C d(II). 
T he uncoupling action  appears to  involve the  b ind­
ing o f cadm ium  to dithiol groups o f the enzymes. 
M any heavy m etals com bine with -SH groups and 
a large num ber o f enzym es contain  -SH groups 
w hich are required  for their activity. If heavy 
m etals com bine w ith these -SH groups, the en­
zymes would likely be inhibited. Using succinox- 
idase, a sulfhydryl enzym e, B arron and Kalnitsky210 

studied the effects o f  a num ber o f heavy m etals on 
this enzym e-m etal complex. Cadm ium , bismuth, 
and  m ercury had  the  greatest inhibitory effects, 
producing 50% inhibition at concentrations of 
7,12, and 12.5 /xM, respectively. W ebb204 found 
th a t in addition to  the  inhibition of a-oxoglutarate 
dehydrogenase by heavy m etals at the -SH groups, 
o ther m etal-sensitive sites were involved. These 
sites were sensitive to  inhibition by cadm ium , zinc 
and copper.

G lucose is m etabolized by a num ber of phospho- 
rylating enzym es to  yield high energy phosphate 
com pounds. T he effect o f C d(II) on glucose 
m etabolism  has been studied bo th  in vivo and in 
vitro. H arkonen and K orm ano211 injected rats with 
C d(II) and  determ ined the m ajor energy 
m etabolites in the testes. Following the sc injection 
o f 0 .04 m m ole/kg of C d(II), ra ts  were killed at 
0 .5 , 1,2 and 4 hours and the testes rem oved. G lu­
cose concentrations increased significantly a t 30 
m inutes and again a t 2 hours. T here  was a m arked 
decrease in glucose-6 -phosphate and adenosine 
triphosphate a t 2 hours. G lycogen and total high 
energy phosphate w ere considerably low ered a t 4 
hours, a t which tim e lactate concentration  was in­
creased. It was suggested th a t the decrease in high 
energy m etabolites m ight be related to  the 
ischem ic o r anoxic state o f  the  ra t testes. In a
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recen t rep o rt from  C an ad a ,212 the effect o f cadm i­
um on the glucose synthesizing enzymes 
(gluconeogenesis) in the  liver and kidney was stu ­
died in vivo. Rats received daily ip injections of 
cadm ium  chloride (1 m g/kg) for 45 days; controls 
were given saline. To determ ine the effect o f  cad ­
mium w ithdraw al, o th e r rats w hich had received 
the sam e trea tm en t w ere m aintained w ithout 
fu rther cadm ium  adm inistration for ano ther 28 
days. Cadm ium  enhanced  gluconeogenesis, as was 
evidenced by increased activities o f four glucose- 
synthesizing enzym es in bo th  the liver and kidney. 
This was correlated  w ith an increase in blood glu­
cose levels and a concom itan t decrease in liver 
glycogen. D iscontinuation o f the daily injections of 
cadm ium  for 28 days failed to  reverse the in­
creases in glucose synthesis found in the liver and 
renal cortex. T he d a ta  suggested a possible 
biochem ical basis for som e o f the toxic effects ex­
erted  by cadm ium . T hese observations w ere in 
d irect con trast with an earlier study of R utm an et 
al 213 on the effect o f m etal ions in vitro on glu­
coneogenesis by ra t kidney cortex. O f a num ber of 
m etal ions whose effects on glucose form ation 
were exam ined, C d(II) exerted  the  g reatest inhibi­
tion.

Cyclic adenosine m onophosphate (A M P) 
m etabolism  was exam ined to  determ ine w hether 
the testicular dam age following exposure to  cadm i­
um was related  to  changes in this m ed ia to r .214 R ats 
were in jected ip w ith 1 m g/kg cadm ium  chloride 
daily fo r 45 days. T esticu lar and prostatic  as well 
as body weights w ere decreased  in the  cadm ium - 
trea ted  rats com pared  to  controls. Cyclic AM P 
levels in testes w ere unchanged because, though 
adenyl cyclase was significantly increased, the  in­
crease was offset by a concom itan t increase in 
phosphodiesterase activity. Cyclic A M P-dependent 
and A M P-independent form s o f testicular protein  
kinase w ere decreased  in activity, bu t the binding 
o f cyclic AM P to protein  kinase was no t affected. 
The results w ere opposite in the  p rostate  gland, ie, 
there  was a decrease in cyclic AM P, attribu ted  to 
a decrease in activity o f adenyl cyclase; cyclic 
AMP binding to  prostatic  protein  kinase was in­
creased, together with an increased activity o f 
cyclic A M P-dependent p ro tein  kinase.

Kench and  G ubb 142 found cadm ium  intoxication 
in the chick to  result in inhibition o f lipoam ide 
dehydrogenase, 5-am inolevulinate synthetase, and 
xanthine dehydrogenase. They also found an im ­

pairm ent in the  in vivo biosynthesis of catalase, a 
hem e-containing enzyme.

Ribas-O zonas and cow orkers215 found C d(II) to  
cause a significant decrease in the activity of al­
kaline phosphatase (a  zinc-containing enzym e) in 
bo th  kidney and prosta te  gland in guineas pigs. 
They did no t find any effects on acid phosphatase 
and esterase activities. Vigliani67 found a severe 
reduction in kidney leucineam inopeptidase activity 
in m ice after C d(II) adm inistration at 50 /xg/day 
for 5 days.

(g) Interaction  with Zinc and O ther M etals
T he fact tha t cadm ium  is in the same group of 

the Periodic Table as zinc, ie, IIB, has led to 
research  on the question o f w hether cadm ium  in­
terferes with the m etabolism  o f the essential ele­
m ent, zinc. Similarly, since cadm ium  occurs in 
solution in only one valence sta te—C d(II)—and 
binds to  -SH groups, as do o ther heavy m etals in­
cluding copper, there  have been several investiga­
tions of w hether the  m etabolism  o f any of the 
com m on essential divalent m inerals could be af­
fected  by the presence o f Cd(II).

Supplee ,216 in a study of poultry  growth, and 
Cotzias e t al ,217 in a study with rabbits, developed 
evidence of an antagonistic effect o f zinc and cad­
m ium , with a suggestion218 tha t cadm ium  might in 
part ac t as an antim etabolite for zinc.

Hill e t al219 reported  evidence th a t C d(II) in ter­
fered with the m etabolism  o f copper and iron, as 
well as zinc, in a study on chicks; additional 
am ounts o f these essential m etals reversed some or 
all o f the adverse effects of cadm ium . Bunn and 
M atroné 220 showed similar interactions in rodents. 
Lease221 reported  evidence tha t C d(II) given orally 
to  chicks decreased the intestinal trac t absorption 
o f zinc and postulated  th a t cadm ium  interferes 
with zinc absorption by occupying the same trans­
po rt binding sites.

Parizek and colleagues222 found tha t the  lethality 
o f  in jected cadm ium  chloride in rats could be 
greatly reduced if zinc chloride or zinc acetate 
w ere in jected 5 hours prior to  the cadm ium  dose. 
C upric chloride did no t have this protective effect. 
These results, together with those previously cited, 
suggest tha t zinc could a lte r the acute and chronic 
toxic action of orally or parenterally  adm inistered 
C d(II) by com peting for recep to r sites o f cadm i­
um.

Petering and cow orkers223 showed tha t C d(II) 
adm inistered in the drinking w ater at a concentra­
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tion of 3.4 /xg/ml caused definite alteration  o f both 
zinc and copper m etabolism  w hen dietary  zinc was 
suboptim al and the Z n/C d ratio  was 1, bu t that 
these effects could be prevented  by raising the 
level o f dietary  zinc to  a Zn/C d ratio  o f 4/1. The 
increased am ount o f d ietary  zinc did no t affect the 
elevated level o f cadm ium  in blood o r kidney, but 
it did inhibit the increase in the  liver concentration 
o f  cadm ium . U nder these conditions o f low intake 
o f cadm ium , there was no evidence o f testicular 
effect or accum ulation o f  cadm ium  in the testes. 
W hen the Z n/C d ratio  was 1, testicu lar zinc levels 
w ere significantly low er than  norm al, bu t a t a 4/1 
ratio , testicu lar zinc concentrations were normal. 
This suggests an ind irect effect of cadm ium  on 
zinc m etabolism  in testes.

W ebb,157 using high doses o f in jected C d(II), 
found th a t prior in jection o f Z n(II) in rats pro­
tected  testes from  the adverse effects o f cadm ium  
and caused the synthesis of the cadm ium -binding 
protein th ionein  in the livers o f rats.

S tarcher224 and Evans and cow orkers225 have re­
ported  th a t copper and zinc absorption in the gut 
involves a thionein-like pro tein , the sites of which 
are blocked by cadm ium . Following the oral ad­
m inistration o f 64Cu (1-30  fxg as the n itra te  salt) to 
chickens,224 absorption was g reatest in the 
duodenum . The radioactive copper was bound to  a 
protein o f low m olecular weight (10 ,000). Both 
zinc and cadm ium  antagonized the binding of 
copper to  its protein  com plex.

As was discussed earlier in this Section, Z n (ll) 
can also prevent various experim ental effects of 
C d(II), such as hypertension,88 fetal abnorm alities, 
177,178 ovarjan dam age,158 o r testicu lar in jury .91,157‘ 
160,223 a jso prevented the  developm ent of tum ors 
a t the site o f sc C d(II) injection as well as those 
rem ote from  the injection-site, ie, in the  testes.188

In addition to  the protective action  o f dietary 
zinc and copper and o f the  induction  o f thionein 
synthesis in response to  adm inistration o f cadm i­
um, o ther physiologic and nutritional factors have 
been ascribed a p rotective role against cadm ium  
toxicity. G unn and cow orkers226 have shown that 
estrogens reduce the dam age to  the testicular 
vasculature o f  rats caused by cadm ium  chloride at 
sc doses o f 3.36 mg/kg. G unn and cow orkers161,227 
have also reported  th a t cysteine and o ther thiols 
p ro tect against some o f the testicular dam age due 
to  paren teral cadm ium .

Selenium  also can  antagonize cadmium toxici­
ty 158-160,228 sim ultaneous sc adm inistration o f cad­
mium chloride and sodium selenite resulted in the 
appearance o f  a peak blood concentration  of cad ­
mium about 13 tim es tha t caused by injection o f 
the sam e am ount o f cadm ium  alone.228 The 
decrease in toxicity o f cadm ium  by the com bined 
adm inistration, as well as the elevated concentra­
tion  o f cadm ium  in the  blood, was attributed  to 
blockage by selenium  o f uptake of cadm ium  into 
tissues. This results, then , in bo th  retention of cad­
m ium  within the blood and, presum ably, its in­
creased excretion from  the body in correspon­
dence with its m arkedly elevated concentration in 
the blood. H olm berg and Ferm 229 found that 
selenium  as sodium selenite p ro tected  ham sters 
from  the teratogenic effects o f cadm ium  ad­
m inistered by vein to  the dams. As discussed earli­
er, selenium  can also prevent cadm ium -induced 
ovarian158 or testicular injury158' 160 in rats. T he ef­
fect o f selenium  may be related  to  a chem ical 
similarity to  sulfur and to  the ability of sulfur to 
com plex o r otherw ise detoxify various m etal salts.

(h ) O ther Effects
Several investigators have studied the possibility 

th a t hyperglycem ia and glucosuria in cadm ium  in­
toxication m ight be due to  pancreatic effects. 
Ithakissios et al230 in jected  rats every other day for 
a to ta l o f  70 days with cadm ium  acetate solution 
a t 0.25-0.50 mg C d/kg ip. One group of rats had 
their pancreata  perfused with buffered glucose 
solution, while o ther trea ted  rats were studied for 
changes in plasm a glucose, im m unoreactive insulin 
(IR I), and urine glucose, following which 14C02 
radiorespiration  was studied. Pancreata from 
anim als given 0.5 m g/kg secreted  less insulin, but 
there  w ere no significant changes in plasma glu­
cose o r insulinogenic index (ratio  o f plasma insulin 
to  glucose). T reated  animals excreted  less radioac­
tive carbon  dioxide from  the lungs than controls, 
and excreted  m ore radioactive carbon and m ore 
glucose in the  urine. IRI released during perfusion 
was decreased.

Ghafghazi and M ennear231 cam e to  a similar 
conclusion th a t cadm ium  affected pancreatic func­
tion based on their perfusion o f  isolated ra t pan­
crea ta  with 0.5-1 mM  C d(II) and finding inhibi­
tions o f the secretion  o f  insulin in response to  glu­
cose, to lbutam ide, and  potassium .

Nom iyam a e t al232 found evidence tha t 
am inoaciduria and enzym uria are  earlier indices of
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renal changes than  pro te inuria  o r  glycosuria. They 
adm inistered cadm ium  chloride to  rabbits in the 
d iet a t 300 ppm  C d for up to  54 weeks. 
A m inoaciduria and  enzym uria w ere detec ted  after 
14-16 weeks. A nem ia was observed after 27 
weeks; la ter, p ro teinuria  and glycosuria appeared. 
T here was loss o f body weight and  appetite  after 
42 weeks. T here  was no evidence o f osteom alacia. 
They concluded  th a t excretion o f am ino acids and 
enzymes in the  urine can be used to  d e tec t early 
cadm ium  intoxication, w hereas tests o f  tubular 
function should be useful to  d e tec t la te r cadm ium  
nephropathy. However, the ir m ethod  for detecting  
urinary pro te in  (a  sem iquantitative application  of 
the b iu re t reac tion) Riay not have been  sufficiently 
sensitive to  allow reliable estim ation o f small con­
centrations o f urine protein . Axelsson and Pisca- 
to r233 found significant increases in am ino acid 
excretion in the urine o f  cadm ium -intoxicated rab­
bits only after developm ent o f p ro teinuria , as de­
tec ted  by m ore sensitive m ethods for protein 
determ ination . They adm inistered  cadm ium  
chloride sc at 250 /xg/kg to  groups o f Belgian 
G iant rabbits 5 days/w eek for 1 1 , 17, 23, or 29 
weeks; ano ther group was similarly adm inistered 
cadm ium  chloride for 24 weeks and observed an 
additional 25 weeks. Renal tubu lar changes were 
judged from  m icroscopic exam ination o f tissues, 
by a glucose reabsorp tion  test, by alkaline 
phosphatase activity changes in the renal cortex, 
and from  electrophoretic  exam ination o f urine 
protein; glom erular filtration was judged from  a 
creatin ine clearance test with extrinsic creatinine. 
Renal tubu lar dam age was localized to  the  prox­
imal segm ent. In rabbits exposed fo r a longer 
period, th ere  w ere som e m icroscopic changes in 
the glom eruli w ithout definite im pairm ent o f the 
filtration rate . Cadm ium  was deposited  mainly in 
the renal cortex , largely in the  proxim al segm ent 
o f the tubules bu t also, to  a lesser degree, in the 
distal tubules bu t no t in the  collecting tubules, 
glom eruli, o r  strom a. Excretion o f cadm ium  in the 
urine increased greatly after renal dam age o c ­
curred , correlating  w ith proxim al tubule  function; 
eventually, a fter renal dam age had  occurred , cad ­
mium was excreted  in the  urine in g rea ter daily' 
am ounts than  w ere being adm inistered daily. M ost 
o f the cadm ium  in the urine was bound to  colloids 
or cells.

In cats, fatty infiltration o f  the  liver has been 
described 80 following exposure a t high concen tra ­

tions o f cadm ium  oxide fum e or dust, bu t no t cad ­
mium sulfide, for short periods o f time. Liver en ­
zyme changes were noted  in anim als given 1 ppm 
C d(II) in drinking w ater (as cadm ium  chloride) 
for 11 m onths .234 T here  was evidence o f a ltera­
tions in hepatic  carbohydrate  m etabolism , ie, there 
was an increase in phosphatase and a decrease in 
aldolase activity. W hen larger am ounts (10  ppm ) 
w ere given fo r short periods, 60 days, oxidative 
phosphorylation  activity in  hepatic  m itochondria 
was altered , ie, there  was an uncoupling action by 
C d(II). C d(II) did no t affect m itochondrial oxida­
tive phosphorylation when fed a t 1 ppm in w ater 
for a long period, 335 days.

The possible relationship o f  cadm ium  adm inis­
tra tion  to  dental caries has been investigated. Ginn 
and V olker235 adm inistered 50 ppm  C d(II) (as cad ­
m ium  chloride) in food o r in w ater to  rats for 150 
days; o ther rats w ere adm inistered fluoride. Unlike 
fluoride, cadm ium  did  not inhibit developm ent of 
caries, and it may have increased caries suscepti­
bility. C d(II) decreased  the degree o f pigm entation 
of incisor enam el in these rats, and there was a 
reduction  in blood hem oglobin. The authors sug­
gested th a t the effects on enam el and blood were 
the  results o f in teraction  o f cadm ium  with iron- 
containing proteins. In ano ther experim ent with 
rats given 40 ppm cadm ium  chloride in drinking 
w ater during the period o f  calcification o f 
m olars , 236 there  was no increase in num bers of 
carious lesions, but there  was an  increase in their 
ra te  o f progression, a ttribu ted  to  C d(II) intake.

Correlation of Exposure and Effect

C adm ium  com pounds affect many organs and 
body systems. T here  is evidence from  m an or 
low er anim als o f effects on the respiratory tract, 
on the nervous system, on the liver, on form ed ele­
m ents o f the blood, on vascular function, on male 
and  fem ale gonads, on thyroids, on  pancreata, on 
bones, and, probably m ost im portantly, on kidney 
function. In addition, there  is evidence that cadm i­
um may cause cancer and birth  deformities.

(a )  Respiratory T rac t Effects
In the respiratory trac t, irritation o f the nasal 

m ucosa w ith partial or total loss o f the sense of 
smell has been observed in association with cadm i­
um  and nickel exposure55,65,78 bu t, a t least in one 
case , 79 there  was a loss o f sense o f smell w ithout 
evidence o f exposure to  a irborne nickel in a zinc
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refinery. Thus, it seem s appropria te  to  conclude 
tha t exposure to  cadm ium  com pounds, albeit at 
high concentrations, can cause partia l o r to ta l loss 
of the sense of smell. W hether this is due to  olfac­
tory nerve dam age or to  a m ore local effect is no t 
clear. H ow ever, as was m entioned previously, 
V c ro b ’yeva116 found increased chronaxy o f the 
sensory nerves o f the  skin and the optic nerve in 
w orkers exposed to  dusts o f  cadm ium  oxide.

Exposure at high concen trations has caused 
acu te , fatal, pulm onary edem a . 42' 50 Lethal exposure 
levels have been estim ated a t 2 ,500-2 ,900 mg- 
m in/cu m .44,51,52 This is equivalent to  5-6 m g/cu m 
for an 8 -hour day. Several epidem iologic stu ­
dies55-62 ' 116 have repo rted  w orkplace environm ental 
concentrations well in excess o f this concentration , 
w ithout deaths. It m ay be th a t w orkers w ere no t 
exposed to  cadm ium  a t such high concentrations 
for m ore than  b rief periods, and, since m any of 
the m easurem ents w ere based on a rea  samples, 
th a t w orkers may no t have been exposed at these 
concentrations a t all. O r the discrepancy may in 
p art be explained by d ifferent acu te  toxicities of 
fumes and dusts, since the la tte r studies55-62-116 in­
volved dust exposure. It is concluded  th a t expo­
sure a t C t’s (p roduct o f concen tration  and expo­
sure tim e) o f around 2,500 m g-m in/cu m may 
cause acu te  effects and should be prevented . The 
m ain relevance of this conclusion to  an occupa­
tional standard  for cadm ium  is to  the  developm ent 
of a ceiling concen tration  and to  w ork practices 
for operations generating large quantitites o f cad ­
mium oxide fum e, such as brazing with cadm ium - 
containing alloys.

T here  is considerable evidence o f chronic o b ­
structive pulm onary disease (em physem a) from  
prolonged exposure o f w orkers to  cadm ium  com ­
pounds .34,53"56,58,59,126,127 In F riberg ’s com prehensive 
study o f nickel-cadm ium  battery  workers, 
published in 1950,55 m ean values from  spirom etric 
tests and spirom etric m easures in individual w or­
kers showed changes attribu ted  to  em physem a. 
W hile these effects could have been attribu ted  to 
e ither nickel or cadm ium , Friberg concluded, in 
part from  his anim al tests, tha t, although either 
nickel o r cadm ium  was capable o f causing 
em physem atous changes, cadm ium  was m ore 
po ten t in this respect than  nickel. Baader58 con­
firm ed m any o f F riberg’s findings in a G erm an 
nickel-cadm ium  plant, bu t reported  his findings in 
less detail. Bonnell34 found som e w orkers with suf­

ficient obstructive lung disease to  require 
hospitalization for shortness of breath; these w or­
kers w ere exposed to  cadm ium  oxide fumes. Ka- 
zantzis126 confirm ed by spirom etry th a t many of 
the w orkers in this plant had  reduced  pulm onary 
function , prim arily in the  tim e constan t of the  vital 
capacity  curve. In those w orkers in this plant ex­
posed for m ore th an  10 years, Buxton 127 found 
significantly increased residual air volume and 
residual quotien t, consistent with F riberg’s obser­
vation 55 o f a significant increase in residual quo­
tient. O ther epidem iologic studies, including recent 
ones from  Belgium , 133' 135 continue to  confirm  the 
ability o f cadm ium  to  cause functional changes 
consistent with em physem a. This cadm ium -in- 
duced em physem a may be related  to  cadm ium ’s 
ability to  inhibit antitrypsin activity . 60

(b )  Blood Effects
A nem ia associated with cadm ium  exposure has 

been reported  in several groups o f w orkers .38,55,81 

A few cases o f elevated hem oglobin44 probably in­
d icate hem oconcentration  from  acute pulm onary 
edem a. A nem ia in experim ental animals as the 
consequence o f high doses of cadm ium  has also 
been rep o rted , 138' 140,143 and appears to  be the result 
o f  iron deficiency. E lsew here, cadm ium ’s ability to 
cause zinc deficiency has been discussed (see 
Anim al Toxicity), bu t there  is only sparse evidence 
o f cadm ium ’s ability to  cause iron deficiency, 
though o ther m echanism s for production of an 
iron-deficiency anem ia could exist. However, bone 
m arrow  changes w ere no t found in 19 workers stu­
died by F riberg .55 An apparen t iron-deficiency 
anem ia could be caused by a deficiency of copper, 
w hich is probably carried  by the same transport 
m echanism  (th ionein ) as cadm ium . A deficiency 
o f copper would no t usually result in a m arked al­
teration  o f bone m arrow  bu t would be evidenced 
by a norm ocytic anem ia.

(c )  V ascular Effects
Perry and Schroeder83 have presen ted  evidence 

o f increased excretion o f cadm ium  in the urine of 
hypertensive people, which may suggest tha t cad­
m ium  absorption can cause hypertension, and 
som e experim ental evidence from  animal studies 
has supported  this suggestion .88,146 151 This hyper­
tension may be due to  cadm ium ’s ability to  inhibit 
utilization o f zinc . 88 However, cadm ium -induced 
hypertension has n o t been confirm ed in w orkers 
studied55 o r in som e experim ental anim als . 152 The 
facts im plicating cadm ium  and those absolving it
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as a fac to r in hypertension are  impressive. 
Evidently, m ore research is needed  to  clarify the 
role, if any, played by cadm ium  in the genesis of 
hypertension. T hat one group o f w orkers studied 
did not have elevated b lood pressure55 w hen other 
m arked effects (anem ia, pro teinuria , em physem a, 
and anosm ia) w ere p resen t suggests th a t either 
high doses o f  cadm ium  o r the  presence o f cofac­
tors are required , bu t evidence for this argum ent is 
no t adequately reassuring.

(d ) Pancreatic , Thyroid , and A drenal Effects
High cadm ium  levels in pancrea ta94115 and in

thyroids115 from  hum an autopsy m aterial suggest 
adverse effects o f  cadm ium  on these glands. T here 
is lim ited confirm ation o f  decreases in pancreatic  
function from  anim al studies.230,231 T here is also 
evidence from  anim al studies 154 th a t cadm ium  
may increase adrenal activity.

(e ) N ervous System Effects
Evidence o f an adverse effect o f cadm ium  on 

the nervous system is sparse. V o ro b ’yeva116 found 
changes in the chronaxies of cutaneous sensory 
and optical nerves o f w orkers exposed at high con­
centrations o f cadm ium . O ther reports o f fatigue81 
and duodenal o r stom ach ulcers79 may conceivably 
reflect nervous system effects o f cadm ium , but 
such an attribu tion  is very uncertain  from  the data 
presented. It does no t now seem  appropriate to 
conclude th a t cadm ium  exposure in the w orkplace 
will cause effects on the nervous system , bu t addi­
tional research  to  clarify this point is needed.

(f) Effects on Bones and T eeth
Bone changes from  cadm ium  absorption  have 

been especially m arked in the Itai-Itai episode in 
Japan.40,41,89 However, possible contribu tions by 
nutritional deficiencies, horm onal im balance, or 
o ther factors seem  likely. A group o f w orkers in 
France also developed osteom alacia after exposure 
at high concentrations of cadm ium ,38 bu t nu tri­
tional deficiencies w ere probably a contributing 
factor in these cases, also. T here  seems little 
reason to  doub t th a t cadm ium  absorption  was a 
significant factor, though not necessarily the  only 
factor, in the  etiology o f  osteom alacia in cadm ium  
w orkers and  in people absorbing high am ounts of 
cadm ium  from  pollution o f w ater and resultant 
pollution o f food (the  Itai-Itai incidents). However, 
very high am ounts o f absorbed cadm ium  were 
required to  produce the disease, so it is no t a 
probable consequence o f exposure to  cadm ium  at 
concentrations relevant to  developm ent o f an oc­

cupational health  standard. Som e evidence o f cari­
ous tee th  in association with cadm ium  exposure 
was presen ted  by H ardy and Skinner,81 and there 
is lim ited support fo r this in anim al studies.235 A 
yellow fringe on the tee th  o f w orkers has been ob­
served by several investigators.62,90 Its cause is not 
know n, bu t it may reflect deposition of pigm ent 
form ed from  reaction  o f cadm ium  with sulfide 
from  decom position o f proteins in the m outh, p ar­
ticularly a t the rims o f  the dental alveoli.

(g ) H epatic Effects
T here  are a few reports o f changes in liver func­

tion in cadm ium  w orkers.55,61 O ther studies have 
failed to  confirm  these findings 34,54 Fatty infiltra­
tion o f livers o f cats,80 liver dam age in rabbits te r­
m inating in cirrhosis,55 and changes in activities of 
liver enzym es in ra ts234 have been  reported  as a 
consequence of cadm ium  adm inistration to these 
anim al species. Inadequate investigations of 
hepatic effects in w orkers exposed at high concen­
trations and lack of specific hepatic  effects a t the 
lower exposure levels, w hich caused only renal ef­
fects o r renal and pulm onary effects in m ore 
recen t studies, are suggested as the explanation for 
these apparen t contradictions, bu t additional in­
vestigations are needed  to  confirm  this suggestion.

(h )  G onadal Effects
G onadal effects have been repeatedly dem on­

stra ted  in lower m am m als adm inistered cadm ium  
salts.1 (p p  i 24- i 2 7 ),9 i , 9 2 . 155,166-168 Testicular damage has 
also been noted  in animals (tro u t) w ithout scrotal 
testes.156 M arked necrosis of testes and follicular 
a tresia  in ovaries have been consistently found. 
R epeated  adm inistration o f cadm ium  at doses 
causing significant kidney dysfunction in mice and 
rabbits162'164 did n o t cause testicular effects, in­
dicating tha t absorption o f cadm ium  in am ounts 
n o t causing renal effects will no t cause testicular 
changes or, probably, ovarian changes. Ovarian or 
testicular effects in hum ans have not been found, 
bu t they have no t been  investigated to  a significant 
extent, probably because o f  the  greater difficulties 
posed by studies o f  gonadal function in humans. 
O ne investigation93 of fertility in cadm ium  workers 
found one case o f  im potency with low blood 
testosterone levels. Kazantzis e t al54 interviewed 
cadm ium  w orkers and  took fertility histories, find­
ing no definite evidence o f sterility (this point was 
no t fu rther e laborated  upon). Sm ith e t al94 noted 
high cadm ium  concentrations in testes of m en ex­
posed to  cadm ium  fume. It is concluded that
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gonadal m alfunction may occur in w orkers ex­
posed only rarely a t sufficiently high concen tra ­
tions, bu t it is unlikely th a t it would occur in con­
centrations relevant to  establishm ent o f an en ­
vironm ental limit, ie, a t 100 /xg/cu m or below. 
M ethodologic difficulties in studying gonadal func­
tion in w orkers will m ake needed research  in this 
area  difficult. Subjective im pressions o f workers 
may add useful inform ation.

(i) R enal Effects
T here  is a great am ount o f evidence of the abili­

ty of cadm ium  com pounds to  cause renal changes. 
In m ost cases, this evidence consists of reports of 
urinary excretion o f  p ro tein , usually no ted  as being 
a  low m olecular w eight p ro te in .34,54,55,57,61,63' 
65,76,133,143 som e cases, glucosuria54,61,71-73 or 
am inoaciduria54,71,75 w ere observed. (T he glucosu- 
ria  may have been the consequence o f alterations 
in pancreatic  function ,230,231 though renal dysfunc­
tion  seem s a  m ore likely cause.) M ore overt 
evidence o f  renal dysfunction has also been ob­
served, eg, reduced  inulin c learance,55 reduced 
urine-concentrating  ability,55,71 changes in the 
processing o f uric acid, calcium , and  phosphorus 
by the kidney,54,71 and several cases o f form ation 
o f renal stones.55,76,77

R enal dysfunction may be the  cause of 
osteom alacia, though nutritional, horm onal, or thy- 
ro id-parathyroid influences may be involved in ad­
dition to , o r in place of, such changes in kidney 
function  as the  adult Fanconi syndrom e. Support 
for the theory  th a t osteom alacia is the con­
sequence o f  kidney changes com es from  a case re ­
ported  by Adam s e t al71 o f osteom alacia in a m an 
with a severe defect in tubu lar reabsorption.

D ata on which to  develop the m echanism  for 
cadm ium -induced renal injury and on the detailed 
nature  o f the  renal injury have no t been  presented 
in this C hapter. It seem s evident th a t the prim ary 
effect is a  decrease in tubu lar reabsorption of low 
m olecular weight proteins, w ith a lesser effect on 
glom erular filtration, perhaps as a sequel to  tu b u ­
lar m alfunction. F riberg  and coauthors have 
presen ted  a detailed  review o f th is1 (pp 105113) and 
their hypothesis is recom m ended as the  m ost use­
ful explanation based on evidence so far available: 
“ . . . cadm ium  is probably transported  to  the tu ­
bules bound to  the low m olecular weight protein , 
m etallothionein. D uring norm al conditions this 
protein  will be reabsorbed  in the tubules ju st as 
o ther proteins, and cadm ium  will accum ulate in

the renal tissue. Cadm ium  excretion in ’norm al’ 
people and in w orkers with short periods of expo­
sure to  low air concentrations o f cadm ium  thus is 
low because proteins are alm ost com pletely reab­
sorbed. W ith increasing exposure m ore cadm ium  
than  can be bound by m etallothionein will even­
tually be accum ulated  in the  kidneys. Cadm ium  
will then  exchange with zinc in enzymes necessary 
fo r reabsorption and catabolism  of proteins. . .
As a result of these anti-enzym atic actions less 
p ro tein  will be catabolized o r reabsorbed, causing 
tubu lar proteinuria. Cadm ium  excretion will in­
crease also as less m etallothionein will be reab­
sorbed. A t this stage the accum ulation rate o f cad­
m ium  will becom e slower, but cadm ium  will still 
be reabsorbed and cadm ium  levels in the tissue 
may get still higher. The reabsorption defect will 
be g reater and eventually renal cadm ium  will 
cease to  increase. T ubular cells will be dam aged 
by cadm ium , and it is conceivable th a t cadm ium  
will be excreted  together with desquam ated tubu­
lar cells, resulting in a decrease in renal levels o f 
cadm ium . If glom erular function is im paired, there 
will also be less filtration of m etallo th ionein .”

It is apparen t th a t urinary excretion of low 
m olecular weight proteins and perhaps also urinary 
excretion o f glucose o r am ino acids constitute 
early evidence o f altered  tubular function. This 
evidence does no t usually appear until some time 
after exposure at sufficiently high cadm ium  con­
centrations has started . Tsuchiya64 found no 
pro teinuria  in m en exposed a t an average of 125 
/xg/cu m for less th an  9 m onths, and w orkers with 
m ore than 5 years’ experience had the highest 
urine protein  levels. Kazantzis e t al54 noted that 
duration  o f  exposure was im portant in the 
developm ent of proteinuria; there  were no workers 
w ith proteinuria in the group with less than  2 
years’ exposure, there  were 3 workers with 
pro teinuria  in the  group o f 4 exposed 12-14 years, 
and all w orkers exposed m ore than  25 years had 
proteinuria. Friberg55 found pro teinuria  only in 
those w orkers with m ore than  9 years o f exposure; 
had  m ore sensitive m ethods been  used, he might 
have been able to  dem onstrate protein  in urine 
after shorter periods o f exposure. Tsuchiya130 con­
cluded, on the basis o f a reexam ination o f workers 
previously studied63 and found to  have proteinuria, 
th a t p ro teinuria  is reversible in some workers 
(probably those with proteinuria o f shorter dura­
tion). Thus, testing o f w orkers’ urine a t frequent
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intervals should enable early detec tion  o f absorp­
tion of toxic levels o f cadm ium  in tim e to  take 
preventive m easures th a t will p revent the develop­
m ent of serious kidney dam age and, if the  tubular 
changes can  be reversed, th a t will enable the o r­
ganism to  co rrec t the  early  m alfunction in the tu ­
bules.

M onitoring o f blood and urine cadm ium  do not, 
on the basis o f available evidence, give sufficiently 
advanced w arning o f kidney dysfunction. It ap ­
pears th a t urine cadm ium  may rise gradually as 
undue cadm ium  absorption  continues, but does 
no t rise m arkedly until m ore severe, probably irr­
eversible, kidney injury has occurred . A fter 
m arked kidney injury and m arked  increase in cad­
mium excretion  has occu rred , kidney cadm ium  
levels may decrease significantly. This is taken  into 
account in the hypothesis o f F riberg  e t al quoted 
above and  is exem plified by the finding of 
Lauwerys e t al133 th a t w orkers with severe 
proteinuria had  high cadm ium  levels in the ir urine. 
A m ore detailed  review o f the  possible significance 
o f cadm ium  in blood and urine has been presented  
by Friberg and coau tho rs.1 <pp 55'59, 65'72)

(j)  C ancer
T here has been m uch in terest in the possibility 

tha t cadm ium  exposure may cause cancer, bu t the 
issue rem ains in doubt. C adm ium  can clearly cause 
injection-site sarcom as in rodents*82 187 as well as 
testicular tum ors from  sc injection in another 
a rea .188 D evelopm ent o f injection-site and testicu­
lar tum ors could be p revented  by injection of zinc 
salts.188 However, injection-site sarcom as in 
rodents are no t indicative o f risk o f cancer in man 
(except, perhaps, by in jection). The testicular tu ­
m ors are probably the consequence o f hyperplasia 
and m etaplasia from  tissue regeneration  following 
extensive tissue dam age in the  testes from  absorp­
tion of cadm ium . Experim ental studies in rodents 
adm inistered cadm ium  by long-term  feeding192 did 
no t develop a significantly increased incidence of 
cancer, bu t feeding levels may have been too low 
to  allow detection  o f an  increased incidence of 
neoplasm s. Similarly, the investigations o f prostate 
cancer in ra ts and m ice, 105 107 although negative, 
used dose levels th a t did no t p roduce o ther signifi­
can t evidence o f cadm ium  toxicity and, hence, are 
not conclusive.

T here have been several suggestions o f  an  in­
creased incidence in prosta te  cancer in cadm ium  
w orkers.65'71,98,97. T he replication, a t least partial,

o f the  population studied (British battery  w orkers) 
in th ree  o f these reports65'71,96 should be noted. 
C redence to  only one  o f them , however, at least 
raises suspicions o f  a role by cadm ium  in the 
pathogenesis o f som e cases o f p rosta te  cancer. In 
addition , Lem en e t al97 found 4 cases of prostate 
cancer am ong 92 deaths in a study o f m ortality 
am ong 292 w orkers a t a  US sm elter. The small 
num ber o f  cases in this report as well as the  ad ­
vanced ages o f m ost o f the  m en in all of the m en­
tioned  reports m akes the argum ent that cadm ium  
causes prostate can cer less persuasive than is 
desirable for firm  conclusions. T he high incidence 
o f prosta te  cancer, a t least histologically dem on­
strable prosta te  can cer w hether in situ or invasive, 
in o lder m en com plicates the  problem  o f settling 
etiologic relationships. M oreover, the men 
developing prosta te  cancer in British battery facto ­
ries65,71,96 w ere also exposed to  nickel.

Lem en e t al97 also found an excess in to tal 
neoplasm s, mainly in lung cancer, in this same 
population o f w orkers a t a sm elter. NIOSH has 
previously concluded th a t inorganic arsenic causes 
a significant excess of cancer, especially lung 
cancer, based on a  review237 o f epidem iologic stu­
dies o f various populations including sm elter w or­
kers. W hether exposure to  arsenic a t concentra­
tions as low as 1 /xg/cu m would cause lung cancer 
is no t known; bu t it also isn’t know n w hether past 
exposure concentrations had been low. Thus, the 
role o f cadm ium  in the production  of lung and 
o ther cancers in the population studied by Lem en 
et al is no t clear. Kipling and W aterhouse96 sur­
veyed 248 cadm ium  oxide w orkers, and found no 
excess o f bronchial carcinom a in this group. The 
num ber o f the  original group still alive was no t 
sta ted  except tha t it was m entioned tha t 30 of the 
248 were still working.

A sum m ary o f the  data  o f Kipling and W ater­
house and of Lem en and associates is presented in 
T able III-2.

(k )  R eproductive Effects
B irth deform ities in children o f cadm ium  w or­

kers have not been studied, except in a study from  
the USSR w here several children o f female cadm i­
um  w orkers were found to  have rickets or dental 
troubles. The num ber o f such deform ities was 
small and details im portan t to  an  evaluation of the 
rep o rt are lacking, bu t the im plication o f  the 
study, ie, th a t cadm ium  may be a teratogen, is sup­
po rted  by experim ental investigations in
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rodents.95 170 178 M ost o f the abnorm alities in 
rodents could be classified as delayed o r erroneous 
ossification, such as spina bifida, facial and  skull 
abnorm alities, tail abnorm alities, and  defects in or 
absence o f limbs. D evelopm ent o f cadm ium -in­
duced fetal aberrations could be com pletely 
prevented by injection o f Z n(II) a t the  tim e of, or 
soon after, injection o f C d (II) .177-178 Thus, it is like­
ly th a t cadm ium ’s ability to  inhibit zinc utilization 
is the cause o f m ost or all o f  the terato logic effects 
observed, and tha t, if cadm ium  absorption  were 
reduced sufficiently so th a t zinc utilization were 
no t in terfered  with, cadm ium  would no t be 
teratogenic. It should be no ted , also, th a t in a 
reproduction  study179 involving several generations 
o f rats teratogenic  effects w ere no t found.

Studies o f w hether cadm ium  is m utagenic are in ­
adequate. Indications th a t Itai-Itai patien ts had an 
excess o f chrom osom al aberra tions112 w ere not 
confirm ed in ano ther study o f Itai-Itai subjects,111 
involving a  small population, how ever. In the same 
study,111 Swedish battery  w orkers exposed to  cad ­
mium w ere found to  have a low er incidence of 
chrom osom al changes than  controls, bu t again the 
population studied was small. T he significant dif­
ference betw een the chrom osom al aberration  rates 
in Swedish and Japanese persons in this study111 is 
a  curious bu t unexplained point. A no ther study114 
also found chrom osom al anom alies in w orkers ex­
posed to  cadm ium , bu t these w orkers w ere also 
exposed to  lead and som e to  zinc in addition to  
cadm ium  and  lead. Studies o f dom inant lethal m u­
tations in m ice180,181 indicated  th a t cadm ium  was 
not m utagenic by this test. In addition, m ale mice 
and their m ale first-generation offspring did not 
have aberrations in sperm atocytic chrom osom es.181

(1) Effects on Sm okers
Several studies o f  the effects o f cadm ium  on 

sm okers as com pared w ith nonsm okers have been 
conducted .131'135 As w ould be expected , pulm onary 
function is poorer in sm okers than  in nonsm okers 
exposed to  cadm ium .135 An additive ra ther than a 
potentiating effect seem s m ore likely from  the 
lim ited data . Sm okers also had  a higher incidence 
o f pro teinuria  than  did nonsm okers in a cadm ium - 
exposed population in a Swedish battery  factory .132

In addition, blood cadm ium  levels w ere higher 
in sm okers than in nonsm okers exposed to  cadm i­
um in the w orkers studied by P iscator e t a l.131

(m ) Sex D ifferences

Several w orkplaces have partially or com pletely 
rep laced  their m ale work force with women, so 
th a t com parative studies o f the two groups of work 
populations m ight reveal som ething about dif­
ferences in sensitivity to  cadm ium  due to  sex. 
H ow ever, with the rep lacem ent o f m ale workers 
with wom en, control m easures to  improve w or­
kroom  hygiene have also been instituted. Thus, the 
apparently  g reater resistance of women to  cadm i­
um , evidenced by few er effects in wom en than in 
m en previously em ployed in the  same w orkplace, 
is probably due to  the lower concentrations of 
cadm ium  aerosols to  which wom en were exposed. 
For exam ple, P iscator e t a l131 studied women w or­
kers, m ost o f whom  w orked in the plant previously 
populated  by the m en studied by Friberg,55 and 
found significantly fewer effects than  in the men 
studied previously; in fact, it is doubtful tha t his 
population  was adversely affected a t all. However, 
concentrations to  w hich the wom en were exposed 
w ere significantly less (under 100 yu.g/cu m ) than 
those o f the m ale w orkers (3-15 m g/cu m ), who 
developed many toxic effects, including 
em physem a and renal dysfunction. Tsvetkova95 
studied fem ale w orkers in a p lant w here concen­
trations o f cadm ium  w ere reportedly 0.1-25 mg/cu 
m; she found no effects in the workers (although 
she observed rickets and dental troubles in off­
spring), bu t it is no t evident tha t she investigated 
such effects as those on the pulm onary and renal 
apparatus. Lauw erys e t a l133 found no adverse ef­
fects in fem ale w orkers bu t did observe evidence 
o f a ltered  pulm onary and renal function in male 
workers. However, the fem ale w orkers were ex­
posed at 31 /xg/cu m w hereas m ale workers were 
exposed at higher concentrations (66 p-g/cu m and 
higher).

Tsuji e t al79 did n o t presen t environm ental expo­
sure data , so it is n o t clear w hether their male and 
fem ale w orkers w ere exposed at the same concen­
trations. If they w ere, a conclusion tha t the male 
and fem ale w orkers did no t differ significantly in 
sensitivity would be w arranted. T here  was a 14.7% 
incidence of p ro teinuria  in their male w orkers and 
15.5% in fem ale w orkers; there  was a 7.8% in­
cidence o f glucosuria in m ale w orkers and a 1.4% 
incidence in w om en, based on m easurem ent by 
test tape, which may be an inadequately sensitive 
m ethod.

(n ) Q uantitative Relationships
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Table XIV-2 shows toxic effects no ted  at various 
exposure concentrations in some epidem iologic 
studies. T he concen tra tion  levels shown in the 
table are frequently  oversim plifications of w hat 
was found in the environm ental surveys, especially 
a t the higher concen tra tion  values, and the discus­
sion o f the individual papers in Epidemiologic S tu ­
dies should be consulted  for a m ore thorough 
discussion of environm ental concentrations found. 
It is nevertheless evident th a t environm ental expo­
sure levels o f several ten ths o f a milligram  of cad ­
m ium /cubic m eter have usually resulted in 
em physem a and pro te inuria  and, often , in o th e r ef­
fects such as anem ia, anosm ia, and  a yellow fringe 
on the teeth . Changes in the  respiratory  system 
have no t been  reported  a t exposure concentrations 
less than  100 /xg/cu m , except in groups studied by 
Lauwerys e t a l.133,134 O ne of these groups133 of 
w orkers, exposed a t 66 /xg/cu m, had  a m ean 
reduction in pulm onary function; how ever, some 
o f these w orkers w ere repo rted  to  have been in ter­
m ittently exposed to  cadm ium  fum e a t unstated  
concentrations. It may be th a t they were exposed 
to  fume a t higher levels and th a t the ir pulm onary 
function results heavily w eighted the average 
values. Fifteen o f the w orkers in this group had 
proteinuria, so tha t only a few o f these cases o f 
p roteinuria could be attribu ted  to  the additional 
fum e exposure. The fac t th a t all the  w orkers in 
this group had been exposed to cadm ium  fo r from  
21 to  40 years is probably significant, in tha t 
length of exposure is probably an im portan t factor 
in developm ent o f cadm ium  toxicity. Taking these 
and o ther da ta  into accoun t, Lauw erys and cow or­
kers recom m ended a w orkplace environm ental 
lim it of 50 ¡s.g/cu m, the sam e as the previous 
recom m endation o f Tsuchiya.63

T here is som e evidence of pro teinuria  in w or­
kers exposed to  cadm ium  a t concentrations less 
than 100 /xg/cu m. As m entioned above, Lauwerys 
e t al133 found pro teinuria  in w orkers exposed 21 
years or m ore a t 66 /u-g/cu m. In ano ther study by 
Lauwerys e t al,134 both  pro teinuria  and slight but 
significant reductions in pulm onary function oc­
curred  in w orkers exposed at concentrations stated 
to  be below 90 /xg/cu m. The incidence o f renal 
effects in this group was 9% in the group exposed 
for less than  20 years and  64% in the group ex­
posed for m ore than  20 years.

In the population described by P iscator e t a l131 
there were no significant findings except an in­
crease in haptoglobin in two groups classified by

age. O ne elderly w om an who had  been classified 
as a suspect case in 1969 had proteinuria when 
airborne cadm ium  concentrations may have been 
higher. O ne contro l also had proteinuria, a t­
tribu ted  to  a bacterial infection o f the tubules.

A striking dem onstration o f the effect of the 
concen tration  o f a irborne cadm ium  on renal dis­
ease is given by the  tw o reports of Tsuchiya63,130 
describing w orkers in one plant, studied 10 years 
apart. In the earlier report,63 environm ental con­
centrations w ere a round  125 /xg/cu m and anem ia 
(a ttribu ted  in part to  inadequate nu trition130) and 
pro teinuria  occurred  in these workers. In his 
second survey,130 Tsuchiya found some im prove­
m ent in the condition of w orkers who had been 
exam ined in the previous study, and found no ef­
fects in w orkers who replaced those leaving em ­
ploym ent after the first study. Environm ental 
levels in the later repo rt were reported  to  be 16-29 
/xg/cu m with higher concentrations for part o f the 
time.

Thus, an environm ental limit tha t will protect 
against the developm ent of chronic obstructive 
pulm onary disease and against renal lesions as 
evidenced by low m olecular weight proteinuria 
should be sufficient to  p ro tec t against all toxic ef­
fects o f cadm ium  w ith the possible exception of 
developm ent o f deform ed offspring or neoplasms, 
if these are consequences o f cadm ium  exposure.

Friberg and coauthors1 (pp 79"80, 197-201> have 
discussed m athem atical m odels for accum ulation 
o f cadm ium  in the renal cortex. Based on an accu­
m ulation model involving a simple logarithmic 
curve, they calculated  the following exposures that 
would result in reaching the threshold of renal 
cadm ium  for renal injury: for occupational expo­
sure, 30 /xg/cu m in 10 years; fo r food intake, 0.4- 
0 .6  figig  w et weight; for com m unity air (ie, con­
tinuous) exposure, 1-2 /xg/cu m in 50 years; and 
from  smoking alone, m ore than  ten  packs of 
cigarettes/day. H owever, various assumptions of 
uncerta in  validity are  required  for these calcula­
tions, and  different assum ptions could lead to  dif­
feren t conclusions. Am ong these assumptions are 
pulm onary absorption, excretion rate, biologic 
half-tim e in the  renal cortex, and kidney weight. 
T he critical assum ption is tha t the  threshold cad­
m ium  concentration  in the kidney cortex is 200 
fig tg  w et weight, and, while th ere  are insufficient 
da ta  on which to  validate this assum ption, it seems 
tha t this threshold concen tration  probably lies 
betw een 100 and 300 /xg/g.

43



TA B LE I I I - l

DESCRIPTION OF POPULATION EXPOSED TO CADMIUM

Group Total

Airborne Cd, 
fxg/cu m

Respirable Population

Length of Exposure, 
years

Range Average

E l 31 1.4 31 Women 1-12 4.1
E2 134 88 27 Men 0.6-19.7 8.6
E3 66 21 22 Men* 21-40 27.8

*Four o f these m en were also exposed in term ittently  to cadm ium  fumes.

TABLE III-2
SUMMARY OF CANCER MORTALITY DATA OF 

KIPLING AND WATERHOUSE9 AND OF LEMEN ET AL07

Cancer Site
Number of Cases 

Expected Observed
Probability of 

Chance Occurrence

Kipling and Waterhouse*
All sites 13.13 12 Nonsignificant
Bronchus 4.40 5
Bladder 0.51 1 ”
Prostate f 0.58 4 0.003
Testis 0 . 1 1 0 Nonsignificant

Lemen et al*
All sites 17.51 27 0.05
Respiratory system 5.11 12 0.05
Digestive system 5.78 6 Nonsignificant
Prostate § 1.15V 4 >>

O ther unspecified 6.62 9 55

♦Environm ental da ta  w ere no t presented by K ipling and W aterhouse. In a 1973 industrial hy­
giene survey of the sm elter studied by Lem en et al, m ost concentrations o f cadm ium  were
below  1 m g /cu  m, bu t they ranged up to 24 m g /cu  m; there  were also low concentrations of 
arsenic found (about 1 ^ g /c u  m).

tT h e  ages at death  o f 3 o f these 4 m en were given by Potts65 as 65, 65, and 75.
§The ages at death  o f these 4 m en w ere 64, 71, 77, and 79.
f l f  the  com parison between observed and expected cases o f prostate cancer deaths is lim ited to 
those who lived a t least 20 years since their first exposure, the expected num ber is 0.88, which 
is significantly different from  the 4 observed cases at p< 0 .05 .
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IV. ENVIRONMENTAL DATA

Environmental Concentrations

C oncentrations o f a irborne cadm ium  fum e or 
dust in w orkplaces, as c ited  in the  lite ra tu re , are 
related  mainly to  reports o f toxicity o f  cadm ium . 
Ideally, such reports w ould give concen tra tions a t 
w orker breath ing zones, averaged over the  period 
of exposure. Size distribution, tem poral variation, 
and chem ical com position would be stated . In 
none o f the  reports are such ideal d a ta  presented. 
Samples ob tained from  fixed-position air sam pling 
devices are m ore com m on th an  breath ing  zone 
samples. M any o f the  reports an tedate  the 
developm ent of reliable personal sam plers.

Particle sizes o f freshly form ed fum e are  o r­
dinarily in the ten th -to  hundredth-m icrom eter 
range. The w orkroom  studies in w hich particle size 
has been estim ated confirm  this for cadm ium  
fume. N eum ann238 repo rted  th a t concentrations 
determ ined by e lec trostatic  p rec ip ita to r sampling 
were 65 tim es those determ ined  by im pinger sam ­
pling, typical o f a partic le  size well under 0.5 /xm. 
King128 repo rted  91% by weight o f a cadm ium  
fum e to  be less than  0.5 /xm.

Table XIV-2 shows som e toxic effects in as­
sociation w ith ranges o f a irborne cadm ium  con­
centrations. As the table shows, cadm ium  concen ­
trations have ranged to  very high levels.

Air Sampling

The m ost popular cu rren t m ethod  for taking air 
sam ples fo r cadm ium  is the use o f cellulose ester 
m em brane filters. Such filters having a nom inal 
pore size o f  0.8  ¡xm will provide essentially 
com plete collection for particu lates in the  size 
range o f fum e, less than  0.5 /xm, o r the larger p ar­
ticle sizes o f dust.239,240 If lower resistance to  air­
flow is necessary, m em brane filters w ith nom inal 
pore sizes up to  5.0 /xm may be used bu t possibly 
with som e loss in efficiency. O ther ashless filter 
papers may be used, bu t analytical filter papers

such as W hatm an 41 have efficiencies which vary 
greatly with face velocity, and m icrosorban is not 
as convenient o r as readily available. N uclepore 
filters are not sufficiently efficient at fum e particle 
sizes,241 and glass fiber filters, though otherwise 
useful,242 canno t be digested by the recom m ended 
analytical p rocedure. E lectrostatic precipitator 
sam ples are satisfactory for general air sampling, 
b u t inconvenient for breathing zone samples.

Size-frequency determ inations o f  airborne cad ­
m ium  may be useful in evaluating the degree o f 
poten tia l absorption. Several cascade im pactors 
are available for air sampling w hich could be suita­
ble for particle-size frequency determ ination  if fol­
lowed by a m em brane filter.243 Heavy stage 
deposits should be avoided to  prevent reentrain- 
m ent o f deposited particles. A n alternative for 
determ ination  o f  particle size frequency over 
longer tim e periods is the  m ultiple cyclone sam ­
p ler.244 O ptical o r  electron m icroscope size- 
frequency determ ination  is probably o f little value 
a t hygienic concentrations, because the cadm ium  
dust o r fum e canno t be readily distinguished from 
o th e r dust in polluted air. L ight-scattering elec­
tron ic  particle counters are similarly nondis- 
crim inatory.

A ir sam pling for w orker exposure should be p er­
form ed by personal sampling w henever possible. A 
personal sam ple can be taken  fo r up to  8 hours on 
a  w orker by using a battery-operated , belt-worn 
pum p connected  by rubber or plastic tubing to  a 
m em brane filter holder. Any known flow rate 
betw een 0.5 and 3 liters/m inute is satisfactory. To 
obtain  TW A  exposures, personal samples should 
be taken  fo r a  m inim um  o f 2 hours. If sam pling is 
conducted  fo r less than  a  full w ork shift, all opera­
tions likely to  generate  cadm ium  dust, fum e, or 
m ist m ust be included within the sample period.

As an often less desirable alternative to  personal 
sam pling, “ breath ing  zone” sam ples may be taken  
th rough a  filter o r precip ita tor tube held near the
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w orker’s face. If TW A concentrations are  to  be 
estim ated, there  should be at least 3 sam ples a t the 
site o f each  task perform ed by the  w orker. The 
average concen tra tion  o f  airborne cadm ium  for 
each task is then  m ultiplied by the  num ber of 
hours the w orker engages in th a t task; the  concen- 
tration-tim e (C t) p roducts  are  added  up and di­
vided by the num ber o f  hours in the w orking 
day.245 A lternatively, C t products can be added 
and divided by to tal sam pling tim e.

G eneral air sam ples are  often  desirable to  m oni­
to r effectiveness o f con tro l p rocedures. Such sam ­
ples should be taken  at specified locations so tha t 
contro l p rocedure  effectiveness m ay be d e te r­
m ined by before-and-after com parisons.

Chemical Analysis

Cadm ium  level is readily determ ined  in an  aque­
ous m atrix by a variety o f  techniques. Analytical 
procedures include electrochem ical, 246,247 spectro- 
graphic,246 colorim etric ,246,248,249 and atom ic ab ­
sorp tion110,242,250,251 techniques. These m ethods 
have been com pared  by C holak and  H ubbard246 
and by M atson e t al.252

All o f the m ethods no ted  above require th a t the 
sample be dissolved in an  aqueous m edium . This 
can be accom plished by a variety o f  techniques. 
Oxidizing acids, such as nitric acid, 246,248,249 
perchloric acid,252 or m ixtures o f acids, 250 have 
been used. Ashing in a muffle furnace may give 
variable results because o f the volatility of cadm i­
um and certa in  of its salts. Low tem peratu re  ash­
ing has also been used.242

The co lorim etric m ethod  using diphenylthiocar- 
bazone (d ith izone) has been em ployed.246,248,249 
The procedure  described  by Saltzm an249 uses a 
buffer system a t high pH . This m atrix m aintains a 
hom ogeneous aqueous system prio r to  the  ex trac­
tion step. T he reagents also m ask the reaction  
betw een certa in  m etals and  dithizone.

Spectrographic techniques have been  used ex­
tensively.248 Air quality da ta  have been  com piled 
using this m ethod o f analysis.13,242,253 This m ethod 
has desirable attributes, particularly  for analysis of 
several elem ents in a sam ple.

E lectrochem ical analysis using stripping 
techniques252 provides g rea ter sensitivity than  som e 
o f the earlier techniques.

A tom ic absorption spectroscopy has received 
wide acceptance. H om ogeneous solutions with

aspiration rates w hich can be m atched with those 
o f standards are readily analyzed at low concentra­
tions. Interferences by both phosphate110 and sodi­
um  ch lo ride1 <p 5),25‘1 have been reported. It does 
no t seem  likely tha t these interferences will be sig­
nificant in analyzing m ost sam ples o f  airborne cad­
m ium , but, if they are significant, the  samples can 
be trea ted  as described  in the discussion (see 
below ) of analysis o f  blood and urine, where such 
in terferences can be significant. The cadm ium  can 
be chelated  and the chelate com plex extracted  in 
an organic solvent for analysis. The flexibility 
which atom ic absorption  analysis has for the analy­
sis o f a num ber o f m etals is a considerable ad ­
vantage, because the  p reparation  steps are similar. 
T race  m etal analysis requires a highly skilled 
technician , regardless o f the specific technique 
used. M eticulous cleanliness and atten tion  to  detail 
are needed to  prevent loss or contam ination.

A m ethod  is p resen ted  in A ppendix II for the 
analysis o f  air samples. A tom ic absorption spec­
troscopy is recom m ended because o f the precision, 
accuracy, and sensitivity attainable; an additional 
advantage is the flexibility of analysis which this 
technique provides. This technique is used in 
several laboratories for the analysis o f air sam ­
ples.242,251,255

A sim ilar p rocedure for the determ ination of 
cadm ium  in air was developed by the Physical and 
C hem ical Analysis B ranch o f the N ational Institute 
for O ccupational Safety and H ealth  (N IO SH ). The 
test o f  the  NIOSH procedure included studies of 
the  variation o f hot-plate tem pera tu re, quantity 
and quality o f  nitric acid (57%  increase in acid 
volum e, acid no t redistilled), loss of cadm ium  by 
prolonged heating o r heating to  dryness, the use of 
hydrochloric acid fo r achieving final working solu­
tions, the use of a w ater blank, and the variation 
in band pass o f the  spectrophotom eter. The stan­
dard  deviation of 7 replicates was less than 3%. 
Tw o spectrophotom eters gave sim ilar results.

L ehnert e t al256 have described a m ethod of 
analysis o f blood and urine for cadm ium  by atom ic 
absorption  spectrophotom etry  after extraction by 
m ethyl isobutyl ketone  o f  a chelate  o f cadm ium  
and am m onium  pyrrolidine d ith iocarbam ate. W et 
ashing o f  10 ml of serum  o r 50 ml o f  urine was ac ­
com plished with a  solution o f  10 ml o f 65% nitric 
acid, 5 ml o f  96% sulfuric acid, and 5 ml o f 70% 
perchloric acid. Residues were dissolved in dilute 
hydrochloric acid and adjusted to  pH 2.5. The
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chelate was form ed by adding 2 ml o f  5% aqueous 
am m onium  pyrrolidine d ith iocarbam ate solution, 
and was ex tracted  into 2 ml m ethyl isobutyl 
ketone. This organic phase was then  analyzed by 
atom ic absorption  spectrophotom etry . U nder their 
conditions, they found detection  lim its of 12 ng 
C d/100 ml o f  urine or 60 ng C d/100  ml of serum , 
with a precision o f  10% and m ean recoveries of 
96%. Using this m ethod, L ehnert e t a l120 found 
m ean blood and urine concen trations o f cadm ium  
in 15 adults no t exposed to  cadm ium  in the ir work 
to  be 0.33 fig  C d/100 ml o f serum  and  84 ng 
C d/100 ml o f  urine, based on  24-hour urine sam ­
ples. Berm an 110 described a sim ilar p rocedure for 
atom ic absorption spectrophotom etric  analysis o f 
blood and  urine, except th a t b lood proteins were 
first p recip ita ted  w ith trich lo roacetic  acid before 
the chelation  and extraction. Im bus e t al121 used a 
m odification o f  the spectrographic m ethod of 
C holak and H ubbard246 to  analyze b lood and urine 
o f  abou t 150 w orkers, m ostly from  C incinnati bu t 
also from  o ther cities in the  US, apparently  no t ex­
posed in the ir w ork to  cadm ium  o r the o ther 
m etals exam ined. C adm ium  was rem oved from  
blood or urine sam ples by dithizone, then  rem oved 
from  the  dithizone solution by 0.2 N hydrochloric 
acid. A fter evaporation to  dryness, the  m aterial 
was dissolved in buffer and analyzed spectro- 
graphically. M ean blood concentrations w ere 0.85 
¿ig/100 g, with 95% of the  sam ples being less than 
1.68 ¿ig/100 g. M ean urine concentrations were 
1.59 /xg/liter, and 95% o f the  determ inations w ere 
less than  4.13 f ig/liter. T he ranges w ere 0.34-5.35 
fig  C d/100 g of blood and  from  less than  0.5 to 
10.8 fig  C d/liter o f urine. These concentrations are 
in the  general range of those found by L ehnert e t 
al120 on G erm an adults, viz, m eans o f 0.33 fig /100  
ml o f blood and 0.84 /xg/liter o f urine.

Pulido et al254 correc ted  for the  absorbance of 
chloride ion a t the cadm ium  2,288 A ngstrom  line 
by using a uniform ly shaped flam e such as that 
produced by a ring burner and by a reduction in 
slit w idth. They also found they could co rrec t for 
chloride interference by com paring absorbances 
from a continuous source such as a  hydrogen lamp 
with th a t o f the cadm ium  hollow cathode tube.

M atson e t al252 have reported  th a t use o f anodic 
stripping voltam m etry gives results and precision 
similar to  those of atom ic absorption  spec­

trophotom etry , neu tron  activation, dithizone 
colorim etry, and em ission spectrography for analy­
sis o f 1-500 ng quantities of b lood, hair, o r  urine.

R ecen t developm ents in analysis o f cadm ium  in 
food, urine, blood, tissues, w ater, and air have 
been  reviewed by Friberg e t al.2 (pp 2-1 10 2'17)

Procedures for the  determ ination  o f urinary 
pro teins are  discussed in A ppendix III.

Engineering Controls

In a  striking instance o f contro l, airborne cadm i­
um  concentrations w ere reduced  by a factor of 
over 1,000 in vacuum  m etalizing.257 Less striking 
reductions w ere observed in operations betw een 
m etalizing cycles. A reduction by a factor o f 10 in 
cadm ium  dust during battery  m anufacture was 
no ted .55 In both  the exam ples cited  above, conven­
tional ventilation techniques w ere used for control. 
C ontrol m easures fo r pow der-handling operations 
with both  m oderately toxic and very toxic m ateri­
als, applicable as c rite ria  in designing engineering 
controls for a num ber o f cadm ium - generating 
operations, are given in Industrial Ventilation,258 
Local exhaust ventilation should be provided at all 
operations as shown in this m anual. Inasm uch as 
cadm ium  is m ore toxic than m ost o f  the other 
m aterials handled, enclosure should be maximized 
and the upper parts o f ranges o f air turnover rates 
should be used.

A ir volumes tabu lated  for welding258-259 are cal­
culated  for a contro l velocity o f  100 feet/m inute 
(fpm ). For cadm ium  fum e, contro l velocities of 
150 fpm should be used, so tha t volumes 50% 
greater than  the tabu lated  volumes should be used.

Local exhaust systems should be designed and 
opera ted  in conform ance with the Am erican N a­
tional S tandard  Fundamentals Governing the 
Design and Operation o f  Local Exhaust Systems, 
Z 9.2-1971.260

Published designs for ventilation control258 are 
illustrative o f approaches which have been suc­
cessful in certain  applications. It should be 
em phasized th a t the recom m endations on environ­
m ental limits are fo r perform ance. Any m ethod of 
m eeting these recom m endations consistent with 
the  health  and safety of w orkers may be accepta­
ble. In each case, success o f control measures 
m ust be dem onstrated  by appropriate air sampling.
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V. DEVELOPMENT OF STANDARD

Basis for Previous Standards

In 1941, the A m erican S tandards A ssociation 
(now  know n as A m erican N ational S tandards In­
stitu te, Inc., or ANSI) recom m ended  as an A m er­
ican D efense Em ergency S tandard  an allowable 
concen tration  o f 1 mg C d/10  cu m (0.1 mg C d/cu 
m ) for cadm ium  and its com pounds.248 This was 
superseded in 1970 by ANSI Z 37.5-1970,261 which 
recom m ended a TW A  concen tra tion  o f 0.1 m g/cu 
m  and a  ceiling concen tra tion  of 0.3  m g/cu m for 
cadm ium  fum e and a TW A  concen tra tion  of 0.2 
and a ceiling concen tra tion  o f 0.6 m g/cu m for 
cadm ium  dusts as acceptab le  concen trations d u r­
ing an 8-hour workday. In the  case o f workdays 
longer than  norm al, the  standard  recom m ended 
th a t exposures no t exceed C t values (the  product 
o f concen tra tion  and tim e) o f  50 m g-m in/cu m for 
fum e and 100 m g-m in/cu m for dusts; this is ap ­
proxim ately equivalent to  m aintaining the sam e 
TW A concen trations calculated  fo r workdays 
g reater than  8 hours. A lthough the repo rt briefly 
reviewed cadm ium  toxicity, the specific basis for 
the accep tab le  concentrations was no t stated.

This ANSI standard261 is the basis for the 
present federal standard  (29 CFR 1910.1000) of 
0.1 (T W A ) and 0.3 (ceiling) mg C d/cu m for 
fum e and o f 0.2 (T W A ) and 0.6 (ceiling) mg 
C d/cu m for dust, published in the  Federal Register 
39:23543 (T able G -2), June 27, 1974 (w ith an e r­
roneous listing o f 3 instead o f 0.3 m g/cu m as the 
ceiling for fum e).

In 1946, the A CGIH recom m ended an  MAC 
Value o f 0.1 m g/cu m fo r cadm ium , continuing it 
for several subsequent years bu t changing the 
nam e M AC Values to  T hreshold Lim it Values 
(T L V ’s) in 1948 (these 1946-1949 M AC or TLV 
lists w ere unpublished bu t privately c ircu lated). In 
1956,262 the TLV o f 0.1 m g/cu m was assigned to  
CdO  fum e, ra ther than  Cd. In 1965,263 a tentative 
value o f 0.2  m g/cu m fo r cadm ium  (m etal dusts

and soluble salts) was added, and changed to  a 
recom m ended value in 1967.264 M ore recently, the 
ACGIH recom m ended several changes in the 
T L V ’s o f cadm ium  dusts and fum es. In 1970, the 
TLV  o f cadm ium  dusts and salts was continued at 
0.2 m g/cu m as a TW A concentration  but the 
TLV  o f fum e was changed to  0.1 mg/cu m as a 
ceiling.265 In 1973, the ACGIH announced its in­
ten t to  change the TLV  of fume to  0.05 m g/cu m, 
also as a ceiling.266 In 1974, the intention to 
change the TLV  o f  cadm ium  dusts and salts to 
0.05 m g/cu m as a TW A concentration  was an ­
nounced. 267 In 1975, a note was added indicating 
th a t cadm ium  oxide production involved a car­
cinogenic o r cocarcinogenic potential.268 In a sup­
p lem ent269 to  the 1971 TLV  docum entation,270 a 
review by Bonnell271 and the rep o rt of Tsuchiya63 
w ere cited  as reasons for a lowering of the TLV of 
cadm ium  fum e to  a ceiling concentration  of 0.05 
mg C d/cu  m. The basis for indicating tha t there is 
a  carcinogenic or cocarcinogenic potential in cad­
mium oxide production  was not stated.

A ccording to  R iihim aki,3 the occupational 
health  environm ental limit o f Finland was changed 
several years ago to  20 p.g/cu m for cadm ium  
dusts and 10 p.g/cu m for cadm ium  fumes. He did 
no t give the basis for these limits.

Sweden272 has prom ulgated limit values o f 0.05 
mg C d/cu  m (to ta l) and 0 .02 mg Cd/cu m 
(resp irab le), as TW A  concentrations for cadm ium  
and its inorganic com pounds. T he basis was not 
sta ted , bu t a discussion by Friberg e t al1 <p 200) sug­
gests tha t these limits are based in part on the 
m athem atical m odel discussed in C hapter III, Cor­
relation o f  Exposure and Effect.

In a com parison o f  USSR and US hygienic stan­
dards, Roschin and Tim ofeevskaya273 reported  in 
1975 th a t the USSR maximum perm issible concen­
tration  (a  ceiling value) for cadm ium  oxide was
0.1 m g/cu m, bu t they did no t describe the basis 
for this limit value.
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Many o th e r countries have also adopted  0.1 
m g/cu m as the perm issible lim it o f cadm ium  or 
cadm ium  oxide. A ccording to  a 1970 rep o rt o f the 
ILO /W H O ,274 these include Bulgaria, 
C zechoslovakia, Hungary, Japan , Poland, and  R u­
mania.

Basis for the Recommended Environmental 
Standard

(a )  W orkplace Environm ental Lim its
In C hap te r III (see Correlation o f  Exposure and  

E ffect), various chronic effects o f exposure to  cad ­
m ium  w ere discussed. C learly dem onstrated  effects 
include anem ia, kidney m alfunction, and  pu lm ona­
ry changes including em physem a; less clearly 
dem onstrated  effects or effects w ith less evidence 
of relevance to  a w orkplace environm ental s tan­
dard  include effects on gonads, adrenals, pancreas, 
thyroid, and  liver. C onflicting evidence o f  changes 
in liver function  may be accoun ted  for by dif­
ferences in exam ination of liver function in the 
various studies or by the likelihood th a t liver func­
tion is adversely affected only a t high exposure 
concentrations. Both possible explanations may be 
correc t, so th a t effects on the  liver m ay occur 
after sufficient exposure to  cadm ium .

Except for the study o f  Tsuchiya,63 anem ia has 
not been  observed in w orkers except from  expo­
sure at high concentrations. Tsuchiya observed 
anem ia in w orkers exposed at an average concen ­
tration  o f 125 ¿ig/cu m. However, in a la ter study 
o f  w orkers in this sam e p lan t,130 he com m ented 
th a t the anem ia m ight have been due in p a rt to  
nutritional deficiencies; in any case, it did not 
occur in w orkers whose exposure levels were 
reduced , eventually reaching 16-29 /xg/cu m after 
engineering controls had been im proved.

W hile it seem s likely th a t the  threshold  for 
developm ent o f adverse effects on  pulm onary 
function is higher than the threshold  for adverse 
effects on kidney function, available da ta  do no t 
clearly establish this. Lauw erys e t a l133 found 
reduced pulm onary function and  p ro te inu ra  in 
w orkers, all sm okers, exposed to  cadm ium  at co n ­
centrations o f 66 /xg/cu m, though t to  represen t 
past exposure also, for up to  40 years; som e o f 
these w orkers w ere also occasionally exposed to  
cadm ium  fum e (m ost likely cadm ium  oxide fum e). 
Only p ro teinuria  was seen in w orkers exposed 1-12 
years a t 134 /u.g/cu m.

W hile these findings could reflect the longer 
period o f  tim e required  for the  developm ent of 
em physem a, it was noted  th a t there  were 
decreases in pulm onary function m easurem ents 
th a t w ere no t statistically significant in the workers 
exposed a t 134 /xg/cu m. It seem s that if 
em physem a w ere going to  develop in these w or­
kers a reduction  in pulm onary function should 
have becom e m ore evident. Tsuchiya63 did not 
study pulm onary function (b u t he did no t find ab­
norm al chest X -rays), so his finding of proteinuria 
w ithout em physem a may n o t support the  argum ent 
th a t renal dysfunction occurs a t lower concentra­
tions than  does pulm onary dysfunction. In view of 
the less than positive support for this inference on 
relative thresholds for renal and pulm onary 
dysfunction, m edical exam inations o f  cadm ium  
w orkers should include studies o f  both kidney and 
lung functions (see la te r discussion of m edical sur­
veillance).

W orkplace environm ental limits o f 40 /xg C d/cu 
m as a tim e-w eighted average concentration and 
200 (xg C d/cu  m as a 15-minute ceiling concentra­
tion are  recom m ended as part o f  the  environm en­
tal standard.

Tsuchiya recom m ended a TW A  limit o f 50 
/xg/cu m in his 1967 report63 but qualified his 
recom m endation  w ith the com m ent th a t this limit 
applied to  Japanese w orkers and no t necessarily to 
others. T he nutritional status of these w orkers may 
have been a  consideration  in his qualification o f 
the  recom m ended limit. Lauwerys and cow or­
kers133 also recom m ended a w orkplace limit o f 50 
/xg C d/cu  m , based on findings o f no toxic effects 
in groups o f  w orkers exposed a t 31 fig /cu  m and 
o f  toxic effects in w orkers exposed a t 66 /xg/cu m 
o r m ore. T heir findings o f p ro teinuria  and reduced 
pulm onary function in w orkers exposed up to  40 
years a t 66 /xg/cu m suggest that the recom ­
m ended limit o f 50 f ig/cu m does no t have a large 
m argin o f safety. Some of this w ork force was in­
term ittently  exposed to  fum e, presum ably at higher 
concentrations, but this does no t com pletely ex­
plain the effects at 66. Prior exposure concentra­
tions may have been higher, bu t there is no d irect 
evidence to  support such a speculation. The 
au thors com m ented tha t they w ere unsure o f con­
centrations in prior years bu t had assum ed tha t 
they were the sam e because no im portant process 
m odifications had occurred; how ever, they con­
sidered lack o f  d a ta  on previous exposures to  con­
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stitute a  m ajor uncertain ty  in th e ir survey. It 
should be no ted  th a t Lauw erys and  cow orkers,133 
mindful o f  these considerations, recom m ended a 
limit o f  50 /tg /cu  m.

A dditional support fo r this TW A  limit o f 50 
/ig/cu m com es from  an o th er w ork population , in 
this sam e study o f Lauw erys e t a l,133 w hich had ex­
perienced no toxic effects a t 31 /xg/cu m, and 
from the repo rt o f P iscator e t al131 on w orkers ex­
posed at below  100 /xg/cu m, m ostly a t about 40 
f ig/cu m. O ne elderly w om an in this la tte r group 
o f w orkers had p ro teinuria , bu t she had  also been 
found to  have pro teinuria  som e years earlier, when 
exposures w ere apparen tly  higher. O ther signifi­
can t effects a ttribu tab le  to  exposure to  cadm ium  
were no t found; how ever, one con tro l had renal 
disease resem bling th a t induced by cadm ium , 
probably the  result o f  a bacteria l infection. The 
entire population  in this study was fem ale, and, as 
was discussed in Correlation o f  Exposure and E f­
fect, m en and  wom en appear no t to  differ in their 
susceptibility to  cadm ium .

However, because of the low m argin o f safety 
afforded by a lim it o f 50 /xg/cu m suggested by the 
proteinuria in m en exposed m any years at a con­
centration  believed to  be abou t 66 /xg/cu m, a 
m ore conservative limit o f  40 /xg/cu m is recom ­
m ended. This lim it offers a  g reater, and probably 
sufficient, m argin o f safety.

An im portan t dem onstration  o f the validity o f a 
limit in the range o f 30-60 /xg/cu m com es from 
the tw o sets o f findings o f Tsuchiya.63 130 W orkers 
who had developed anem ia and pro te inuria  at 125 
/xg/cu m im proved when exposure concentrations 
were gradually reduced  to  16-29 /xg/cu m and new 
workers did not develop toxic effects (although, as 
m entioned earlier, im proved nutrition  may have 
obscured the  pertinence o f the observation o f 
anem ia).

D ata on w hich to  base a recom m ended ceiling 
concen tration  limit are  m ore contradictory. 
Evidence o f  acute pulm onary disease at 2,500- 
2,900 m g-m in/cu m , or about 5 m g/cu m fo r 8- 
hours’ exposure, seem s an appropria te  basis for 
recom m ending lim itation on excursions above the 
TW A concen tra tion  limit. H ow ever, o th e r in­
vestigations have repo rted  exposure levels up to  25 
mg/cu m, 95 up to  2 4 ,116 up  to  19,82 and up to  15,55 
w ithout acu te  pulm onary disease. W hile it may be 
tha t w orkers w ere no t exposed a t such high con­
centrations m ore than  briefly o r th a t m uch o f the

airborne cadm ium  was nonrespirable dust, the ap ­
paren t contrad ictions canno t be readily dismissed. 
O n the o ther hand, one study47,48 indicated the oc­
cu rrence  o f  acu te  intoxication from cadm ium  
oxide fum e a t concentrations estim ated to  be in 
the range 10-140 /xg C d/cu m , for a cum ulative 
exposure o f alm ost 10 hours. T he great range of 
concen trations found in this sim ulation o f the ac­
cidental exposure m akes in terpretation  o f the ex­
posure C t (p roduct o f concentration  and exposure 
tim e) difficult. In addition, the authors47 suggested 
th a t o th e r fum es (copper and zinc, probably as ox­
ides) and  fluoride gases (hydrogen fluoride and 
carbonyl fluoride) contribu ted  to  this poisoning, as 
well as to  ano ther fatal poisoning case they 
described. Until b e tte r  and less contradictory in­
form ation is developed, a ceiling concentration  
limit is proposed th a t is based in part on good 
practice , ie, realistic lim itations on excursions, and 
in part on the belief tha t acute pulm onary disease, 
possibly with fatal consequences, can develop at 
around 2,500 m g-m in/cu m.

A ceiling concentration  limit of 200 /xg Cd/cu 
m , based on sam pling periods o f 15 m inutes, is 
recom m ended. A dherence to  this limit would 
prevent excursions, as averaged over a 15-minute 
period, m ore than  5 tim es the recom m ended TW A 
concen tra tion  limit. Furtherm ore, it would limit 
b rief exposures to  abou t 1/100th  o f that C t likely 
to  cause serious acu te  disease, ie, 2,500 mg-min/cu 
m. If a ceiling limit o f 200 /xg/cu m on 15-minute 
sam pling were enforced, it would be possible to 
expose w orkers for up to  2 hours/day, for 8 15- 
m inute periods, a t 200 /xg/cu m if there were no 
exposure fo r the rest of the day (a  concentration 
o f 200 /xg/cu m fo r 120 m inutes would give a C t 
o f  24,000 pig-min/cu m, the sam e as the TW A 
concen tra tion  o f 40 /xg/cu m fo r 600 m inutes). 
This C t o f  24,000 /xg-min/cu m is almost 1/100th 
th a t o f 2,500 m g-m in/cu m or 2,500,000 /xg- 
m in/cu m.

In addition to  these kidney and lung effects of 
cadm ium  exposure, there  is reason for concern 
abou t teratogenic and carcinogenic effects. Experi­
m ental evidence o f  teratogenic effects o f cadmi- 
u m 95 .170-178 was developed in rodents given high 
doses o f  cadm ium  com pounds, bu t there is limited 
confirm ation in a USSR study o f  children o f 
fem ale cadm ium  workers. U nfortunately, this re­
p o rt gives too  few details to  allow critical exam ina­
tion. These hum an fetal abnorm alities were
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probably the  result o f re ten tion  o f  zinc by the 
m other from  cadm ium  absorption, with the con­
sequence th a t too  little zinc was available for fetal 
developm ent. This is supported  by experim ental 
evidence th a t injection o f zinc salt into rodent 
dam s a t the tim e o f or soon after injection o f cad­
mium salt prevented  the  developm ent o f abnor­
m alities.177,178 Thus, reduction  o f cadm ium  expo­
sure to  a  level th a t does no t result in abnorm al 
zinc requirem ents should allow sufficient zinc to 
the fetus for norm al developm ent. This po in t in­
volves som e unproved assum ptions bu t has some 
additional support from  an analogy with the role 
of zinc in renal injury (see Correlation o f  Exposure 
and E ffect). C learly, research on this point is 
needed.

Evidence o f cadm ium ’s ability to  cause 
m alignant o r o th e r tum ors is contradictory . A 
small num ber o f  cases of p rosta tic  cancer have 
been found am ong m en working with cadm i­
um ,65,96,97 mostly in m en in their 7 th  and 8th
decades. A lthough these few cases do no t establish 
cadm ium ’s ability to  cause prostate  cancer, some 
investigators97 have found statistically significant 
evidence o f an increased incidence o f this type of 
cancer am ong men w ho have lived fo r 20 or m ore 
years since their first exposure to  cadm ium  and 
who w ere exposed during at least 4 years.
Evidence th a t cadm ium  does no t cause prostate 
cancer com es from  an epidem iologic study101,102 
and from  experim ental work w ith rodents.105107 
However, neither type o f  investigation has been 
free o f significant flaws. The epidem iologic
study101,102 did no t obtain  good evidence th a t the 
subjects w ere exposed to  cadm ium , so it is no t ap ­
propriate to  cite the  results as positive evidence 
tha t cadm ium  does no t induce p rostate  cancer or 
tha t it does induce kidney cancer, as was discussed 
in Effects on Humans. T he roden t studies105' 107 did 
not use doses o f C d(II) sufficient to  cause signifi­
can t toxicity and, thus, are  no t helpful.

Evidence o f  an excess o f  to tal neoplasm s and o f 
lung cancer am ong cadm ium  sm elter w orkers 
developed in a  NIOSH study97 is difficult to  in­
te rp re t because there  was also exposure to  arsenic; 
NIOSH has previously concluded th a t inorganic ar­
senic com pounds are carcinogenic237 (although 
concentrations o f arsenic know n to  have caused a 
high incidence o f lung cancer w ere higher than 
those found in 1973 in the  NIOSH study). In addi­
tion, the study o f Kipling and W aterhouse96 did

no t find an excess o f lung cancer, although lack of 
detail m akes com parison of the studies uncertain. 
P riority should be given to  m ortality studies of 
cadm ium  w orkers w ithout concom itant exposure 
to  o ther toxic m aterials and to  long-term  animal 
studies at doses up to  maximally to lerated  ones.

In view o f the presen t uncertain ties in the 
evidence on teratogenicity  and carcinogenicity of 
cadm ium  in occupational exposure, a standard 
based on these effects is no t now recom m ended. 
This recom m endation should be reconsidered if 
additional da ta  on these points tha t w arrant such 
reconsideration  are developed.

T he recom m ended limits o f 40 /xg/cu m (TW A ) 
and 200 pig/cu m  (ceiling) are fo r to tal particulate 
cadm ium . Thus, limits based only on small, so- 
called respirable, particles, are no t recom m ended. 
Cadm ium  oxide and m any other form s o f cadm ium  
are no t inert, varying in their solubilities in w ater 
and probably in body fluids, so th a t large particles 
no t reaching the alveoli may still be toxicologically 
active because they can be rem oved from  the 
upper respiratory tra c t by ciliary action and trans­
ferred  to  the gastrointestinal tract. Thus, som e of 
these large particles would probably be swallowed 
and becom e system ically toxic through gastroin­
testinal absorption (though gastrointestinal absorp­
tion  would be expected  to  be less than absorption 
from  the respiratory trac t).

It has been im plicit in the environm ental limits, 
such as T L V ’s tha t have prevailed for many years 
(see discussion o f previous standards in the section 
above), th a t cadm ium  oxide fum e is m ore toxic 
than  cadm ium  oxide dust. It seem s probable tha t 
the  basis for this is the assum ption tha t fumes, 
being usually o f sm aller particle sizes than dusts, 
will penetrate  m ore efficiently into the lungs and 
thus be m ore efficiently absorbed by the blood. 
For com pliance purposes, it is no t evident how to 
distinguish fum e and dust except by particle size, 
even if there  were some m ore fundam ental dif­
ference in toxicities o f  fume and  dust. A detailed 
com parison o f results from  various epidemiologic 
investigations is inappropriate because o f dif­
ferences in m ethods o f  investigation, in charac­
teristics of the populations studied, including dif­
ferences in work history, and, perhaps m ost im por­
tantly , in ability to  describe exposure levels 
because o f variations in m ethods and frequencies 
o f estim ating concentrations over the  years of ex­
posure usually required  to cause toxic effects.
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Nevertheless, allowing for these difficulties, it 
seems th a t a com parison o f the results o f the  stu­
dies o f Tsuchiya, 130 o f K jellstrom  et al,132 and 
o f Lauwerys e t a l133 exem plifies the problem . W or­
kers studied by Tsuchiya63,130 who w ere exposed to  
fum e a t abou t 125 /¿g/cu m developed toxicity, but 
new w orkers exposed in the  sam e plant at 
gradually decreasing concen trations (to  under 50 
/tg /cu  m ) did no t develop toxicity, and  the  clinical 
conditions of som e of the  first group of w orkers 
im proved. O ne o f the  groups investigated by 
Lauwerys e t a l133 a t 66 /xg/cu m (to ta l) o r 21 
/xg/cu m (resp irab le) o f dust contained  proteinuric 
individuals; it is conceivable th a t these exposure 
concentrations had been higher in previous years, 
as discussed earlier. K jellstrom e t a l132 described a 
population exposed to  cadm ium  oxide dust tha t 
was alm ost entirely respirable, ie, below 5 fim  in 
particle size; exposure levels o f this population  had 
been abou t 50 ¡xg/cu m recently  bu t had  been 
higher in p rio r years. Considering the incidence of 
pro teinuria  in these populations and m aking some 
judgm ents about differences in overall exposure 
levels, it seem s th a t the  effects found are com para­
ble a t sim ilar concentrations of e ither to tal dust o r 
fume. W hile this argum ent is no t a rigorous justifi­
cation  for basing the recom m ended environm ental 
lim it on to ta l particu late , it seem s a t least to  add 
som e support to  a limit expressed as to tal particu ­
late. Perhaps a m ore im portan t po in t is tha t, since 
data  are n o t available to  dem onstrate unequivo­
cally tha t a  given am ount o f cadm ium  is m ore 
toxic as small than  as large particles, a w orkplace 
environm ental limit in term s o f  to ta l particulate is 
m ore conservative, ie, effectively lower, in many 
situations than  the sam e limit in term s o f respira­
ble particulate.

The recom m ended limits are  also proposed to 
apply to  all form s o f cadm ium . T here  is lim ited in­
form ation th a t som e com pounds o f  cadm ium  are 
less toxic than  o thers, bu t lack o f good data  on 
these differences m akes difficult a  recom m enda­
tion o f  several limits for different com pounds of 
cadm ium . If exposure to alkyl form s o f cadm ium  is 
encountered , one could speculate by analogy with 
alkyl versus inorganic form s o f lead o r o f m ercury 
tha t the recom m ended standard  will no t offer suf­
ficient protection . M ore research  on relative tox- 
icities o f  various form s o f cadm ium  is needed be­
fore different standards for each  form  can be 
derived.

(b ) M edical M onitoring

It is proposed th a t m andatory m edical surveil­
lance include prep lacem ent and periodic exam ina­
tions o f  lungs, kidneys, and blood pressure. In ad­
dition, blood counts, studies of liver function, and, 
in m ale w orkers, palpation o f the prostate are 
recom m ended. Pulm onary function  tests should be 
perform ed periodically, and chest X-rays should be 
taken  if indicated from  results o f  periodic ex­
am inations. For com parison, preplacem ent ex­
am inations and exam inations at term ination o f  em ­
ploym ent involving cadm ium  exposure should in­
clude X-rays as well as pulm onary function tests. 
Q uantitative analysis o f urine protein  should be 
conducted  frequently , since this should give early 
and probably the first indication of adverse effects 
o f cadm ium . Pro teinuria with its im plications of 
renal dysfunction is less likely to  be reversible as it 
continues, so early detection o f low m olecular 
weight proteins in the urine, with the expected 
result o f  steps to  im prove hygiene and work p rac­
tices, should prevent serious and  irreversible ef­
fects o f cadm ium . Therefore, it is proposed that 
analysis o f urine be conducted  every 4 m onths as 
well as before p lacem ent and  a t term ination. 
P rocedures for estim ations o f proteins in urine are 
described in A ppendix III; the conventional boiling 
test is not adequate  for cadm ium -induced 
proteinuria. If a w orker is found to  begin to 
excrete significant am ounts of protein in his urine 
during exposure to  cadm ium , electrophoretic ex­
am ination o f the urine for the presence o f various 
proteins, especially for peaks in the /3-globulin re­
gion, will be helpful in deciding w hether exposure 
to  cadm ium  is involved in the  genesis o f the 
proteinuria. A lternatively, specific analysis for /32- 
m icroglobulin can be perform ed. It can be per­
form ed by radioim m unoassay o r radial im m unodif­
fusion, which give com parable results275; semi-au- 
tom atic procedures allowing sim ultaneous 
processing o f 24 sam ples have been described.276 
P iscator277 has poin ted  ou t that an increase in total 
protein  excretion in cadm ium  w orkers of 2-3 fold 
is accom panied by an increase in excretion o f /32- 
m icroglobulin o f abou t 50-fold. Analysis o f urine 
for glucose and  am ino acids is also recom m ended 
since in som e cases it may give early evidence of 
renal changes. In this connection, P iscator74 found 
th a t quantitative determ ination  o f glucose in urines 
o f  cadm ium  w orkers showed slight increases in 
excretion o f glucose tha t were no t revealed by test 
tapes o f  the type intended for detection  of 
diabetes mellitus.
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W hile the  evidence o f hypertension from  cadm i­
um absorption is con trad ictory , b lood pressure 
m easurem ents are sim ple, inexpensive, and harm ­
less and should be p a rt o f the  required  exam ina­
tion.

The uncertain  natu re  o f the  evidence o f liver 
dysfunction m akes a requirem ent fo r liver function 
tests difficult to  justify. Similarly, anem ia is unlike­
ly a t exposure concentrations n ear the  recom ­
m ended limits. H ow ever, bo th  liver function and 
blood tests are  recom m ended for the ir possible 
relationship to  cadm ium  exposure as well as their 
relevance to  an evaluation o f general health . A 
digital p rostate  exam ination is also recom m ended, 
a t least in w orkers over 40 years old, and  can  in­
clude a  recta l exam ination as p a rt o f an evaluation 
o f health  status.

Sm okers should be counseled on the ir possibly 
increased risk of chronic pulm onary disease during 
exposure to  cadm ium .

(c ) R ecord  R etention
Because of the possible developm ent o f chronic 

obstructive pulm onary disease o r chronic renal dis­
ease as a result of cadm ium  exposure, re ten tion  of 
m edical and environm ental records for 20 years 
after cessation o f w ork involving exposure to  cad­
m ium  is recom m ended.

(d ) Biologic M onitoring
M onitoring o f blood o r urine fo r cadm ium  is not 

proposed as a  requirem ent because blood o r  urine 
cadm ium  concentrations do no t adequately co rre ­
late with absorption o f cadm ium  o r with the state 
o f  health  o f the individual w orker. H ow ever, group 
m eans may correla te  be tte r, so such determ ina­
tions may be useful in assessing p lan t hygiene and 
w ork practices. In addition, gradually increasing 
levels o f cadm ium  in urine may indicate undue ab ­
sorption o f cadm ium  tha t may eventually lead to 
toxic injury. Thus, periodic m onitoring o f urine for 
cadm ium  is recom m ended. If the concen tration  of 
cadm ium  in urine o f an individual w orker rises 
above the upper p art o f the range o f norm al con­
centrations of urine cadm ium , probably about 10 
/utg/liter,121 an investigation o f  such a w o rk er’s 
personal habits and hygiene as well as of his or her, 
occupational exposure to  cadm ium  is suggested. 
Blood o r urine can be analyzed by the m ethod of 
Lehnert e t a l,120,256 described in C hap ter IV, 
Chemical Analysis. This and sim ilar m ethods such 
as that described by B erm an110 utilize atom ic ab ­
sorption spectrophotom etry , so tha t chloride and

o th e r interfering substances m ust be elim inated, 
for exam ple by chelation o f  the cadm ium  and ex­
trac tion  o f the  chelate  by an organic sol­
vent U0'120'256

(e )  Environm ental M onitoring
Sampling and analysis m ethods w ere reviewed in 

C hap te r IV. Cadm ium  aerosols should be collected 
on 0.8 /j.m cellulose filters. W hile filters of 
sm aller pore  size, for exam ple 0.45 n m , will be
ju s t as efficient, they place a g reater load, possibly 
to o  great a load, on  the sam pling pump. M uch 
larger pore  sizes, for exam ple 5 /im , may collect 
the particu late less efficiently. Atom ic absorption 
spectrophotom etry  was selected  for analysis o f 
cadm ium  because it is reliable, sensitive, and 
quick; in addition, it is probably m ore accurate  
than  o ther m ethods, bu t relative accuracies of 
various m ethods have no t been adequately studied. 
O ther analytical m ethods, such as polarographic or 
colorim etric m ethods, may be m ore suitable in 
specific applications, and  they can  also be reliable. 
R ecom m ended procedures for sam pling and analy­
sis are given in A ppendices I and II.

(f) W ork Practices
W ork practices are discussed in C hapter VI. 

Brazing w ith alloys containing cadm ium  (often  
referred  to  as silver soldering) is especially 
hazardous because o f the high concentration of 
cadm ium  oxide fum e produced, so good local ven­
tilation and, o ften , respiratory protection are 
needed. Storage, handling, and eating of food in 
cadm ium  exposure areas should be prohibited to 
prevent food contam ination  and  subsequent in­
gestion o f cadm ium . W hile cadm ium  does not pose 
a fire hazard, its deposition on smoking m aterials 
m ay result in generation and inhalation of cadm i­
um oxide fum e a t a later tim e, so th a t smoking as 
well as the carrying of uncovered smoking m ateri­
als in the  w orkplace should be prohibited. There 
isn ’t  good evidence tha t cadm ium  aerosols will 
penetra te  the skin, bu t their deposition on clothes 
m ay result in aerosol generation (eg, blowing of 
dust) away from  w ork, which may increase the 
w orkers’ exposure as well as cause his family to  be 
exposed. For this reason, it is proposed tha t w or­
kers be required  to  change w ork clothing before 
leaving work.

(g) Inform ing W orkers of Cadm ium  Hazards
A continuing education  program  is an im portant

part o f  a preventive hygiene program  for em ­
ployees exposed to  hazardous m aterials such as
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cadm ium . W orkers should be periodically apprised 
by properly trained persons about the possible 
sources o f cadm ium  exposure, the adverse health  
effects associated with excessive exposure to  cad ­
mium, the engineering and  work practice  controls 
in use and being planned to limit exposure to  ac ­
ceptable levels, and on environm ental and m edical 
m onitoring procedures used to  check  on control 
p rocedures and on health  status o f em ployees. The 
types and functions of m onitoring equipm ent, such 
as personal sam plers, should be explained so that 
each em ployee understands his or her p art in en ­
vironm ental m onitoring. M edical m onitoring 
procedures should be explained, especially the pul­
m onary function and urine protein  studies, and 
their im portance in detecting  possible adverse 
health  effects from  cadm ium  exposure discussed. 
The suggestive evidence of prosta te  cancer from 
cadm ium  exposure should be m entioned so that 
male w orkers will understand  the reasons for 
periodic rectal exam inations. The benefits to  w or­
kers o f participating  in these environm ental and 
m edical m onitoring procedures should be stressed.

(h ) A ction Level
It is recognized tha t many w orkers are exposed 

to small am ounts of cadm ium  com pounds or are 
working in situations w here, regardless o f am ounts

used, there  is only negligible con tac t with the 
m aterial. U nder these conditions it should not be 
necessary to  com ply with many o f the provisions 
of this recom m ended standard , which has been 
prepared  prim arily to p ro tec t w orkers’ health 
under m ore hazardous circum stances. C oncern for 
w orkers’ health  requires tha t protective m easures 
be instituted below the enforceable limit to  ensure 
that exposures stay below tha t limit. For these 
reasons, an action level o f cadm ium  has been 
defined as occupational exposure above half the 
recom m ended TW A environm ental limit, thereby 
delineating those work situations which do not 
require the expenditure o f health  resources for en ­
vironm ental and m edical m onitoring and as­
sociated recordkeeping. This level has been chosen 
on the basis of professional judgm ent ra ther than 
on quantitative data th a t delineate nonhazardous 
areas from areas in which a hazard  may exist. 
However, brazing, welding, or therm al cutting with 
cadm ium  alloys presents a significant hazard re ­
gardless o f the TW A concentration , and such 
operations should be perform ed only in ac ­
cordance with the recom m ended standard. 
Similarly, food storage, handling, and eating 
should be prohibited  in cadm ium  work areas re­
gardless of TW A concentrations.



VI. W ORK PRACTICES

C hapter III discussed the acute toxicity o f  cad ­
mium oxide fume at high concentrations, som e­
times causing fatal pulm onary edem a. O verexpo­
sures to  freshly form ed cadm ium  fum e can 
develop especially from  th ree types o f  processes:

Burning or welding o f cadm ium -plated 
metals.
Silver brazing w ith cadm ium -containing al­
loys, rods, solders, or wires.
H eating or burning of o ther cadm ium -con­
taining substances.

These procedures involve tem peratu res ranging 
from above that of cadm ium ’s m elting point (321 
C, 610 F) to  beyond its boiling point (765 C, 1409 
F). The closer the tem pera tu re  to the boiling point 
of cadm ium  the m ore freely and profusely its fresh 
fume is evolved into the w orker’s breathing zone 
to cause a great risk o f overexposure with acute 
poisoning. (Cadm ium  m etal vapor or fum e would 
be expected to oxidize rapidly to  form  cadm ium  
oxide fum e.)

(a ) Recognition
Even at lethal concentrations, cadm ium  fum e or 

dust has no specific w arning odor or im m ediately 
irritating effects, so far as is known. Thus, any 
operation involving cadm ium -containing or cadm i- 
um -plated substance and any form  o f heating, such 
as welding, brazing, soldering, or grinding, is likely 
to be highly hazardous. M oreover, cadm ium -plated 
m etals are often m istaken for galvanized or zinc- 
plated metals. C onsequently , specific determ ina­
tion o f the presence or absence of cadm ium  in 
products to  be subjected to processes involving 
heat is essential. Chem ical analyses o f suspect 
m etals should be conducted  to confirm  the 
presence or absence o f cadm ium . If this is not 
possible, a spot test can be used. One spot test 
that can be used with welding rods involves a very 
gentle heating o f a small spot of m etal, about the 
size of a nickel (be sure not to  burn off the

m etal). A fter this gentle heating, cadm ium  will 
form  a gold-yellow film, w hereas zinc will turn  a 
smoky-gray color. A nother spot test involves the 
application o f one d rop  of a 10% fresh  solution of 
am m onium  nitrate to  the clean m etal surface. Let 
the n itra te  solution dissolve some of the m etal for 
a few seconds. Blot the wet area  with a filter or 
similar paper. Apply one or tw o drops of a 5% 
fresh  solution of sodium sulfide to the wetted po r­
tion of the filter paper. If a yellow color develops 
on the wet paper area, the m etal tested contains 
cadm ium . If the paper rem ains colorless, no cad­
mium is p resen t.47

(b ) Silver Brazing
Silver brazing, com m only called silver soldering, 

is the process of joining m etals by heat with a 
silver alloy filler m etal. Many filler metal alloys 
contain  cadm ium , which can produce cadmium 
oxide aerosol when overheated, so care must be 
taken to  control the tem perature  of silver brazing 
operations if the alloy contains cadmium. U nder 
no circum stances should a torch  flame be applied 
directly to  such an alloy. The heat of the base 
metal should be used to  melt the filler metal and 
cause it to  flow. Silver brazing with cadm ium -con- 
taining alloys should be perform ed only with 
satisfactory local exhaust or with appropriate 
respiratory protection.

(c ) W elding, C utting, and Heating
W elding and therm al cutting o f m aterial con­

taining cadm ium  m ust be perform ed only with 
local exhaust ventilation dem onstrated  by sampling 
and analysis o f breathing zone atm ospheres to be 
sufficient to  m aintain airborne cadmium at or 
below recom m ended limits. For single operations, 
w here local exhaust ventilation is not available or 
where air sampling and analysis has not dem on­
strated  acceptable air concentrations, suitable 
respirators (listed in C hapter I) must be provided 
and worn.
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W here m olten cadm ium  is used o r form ed, tem ­
peratures should be kept as low as possible con­
sistent with the requirem ents of the work opera­
tion to prevent generation of excess fume. W her­
ever possible, this should be accom plished by au­
tom atic contro ls, with recording o f tem peratures 
and use of alarm s or o th e r indicators of excessive 
tem peratures. If possible, avoid using cadm ium - 
containing alloys for brazing. In any case, cadm i- 
um containing m etals m ust be appropriately 
segregated and labeled, so tha t w orkers will not 
unknowingly apply heat to  cadm ium .

(d) Engineering C ontrols
C ontrol design criteria  for a num ber o f cadm ium  

fum e-generating operations are given in Industrial 
Ventilation— A M anual o f  R ecom m ended Prac­
tice.258 Local exhaust ventilation should be pro­
vided a t all operations as shown in this m anual. In­
asm uch as cadm ium  is m ore toxic than m ost o f the 
o ther m aterials handled, enclosure should be max­
imized and the high end of any range of control 
velocities should be used.

Air volum es tabulated  for w elding258-“ 0 are cal­
culated for a control velocity o f 100 feet/m in. For 
cadm ium  fum e, control velocities of 150 feet/m in 
should be used, so tha t volum es 50% greater than 
the tabulated  volumes should be used.

Local exhaust systems should be designed and 
operated  in conform ance with ANSI Z9.2-1971, 
Fundam entals G overning the Design and Operation  
o f  Local Exhaust System s.2™ It should be 
em phasized that the aim o f these control 
procedures is adequate perform ance, ie, achieve­
m ent o f airborne concentrations at or below en­
vironm ental limits and prevention o f o ther forms 
of absorption such as ingestion. Published designs 
for ventilation contro l illustrate approaches which 
have been successful in certain  applications. Any 
m ethod for m eeting these recom m endations con­
sistent with the health and safety o f workers may 
be acceptable. In each case, success o f control 
m easures m ust be dem onstrated  by appropriate air 
sampling.

Enclosures, exhaust hoods, and du c t work must 
be kept in good repair so that design air flows are 
m aintained. Air flow should be m easured at each 
hood at least twice a year, and preferably monthly. 
C ontinuous air flow indicators are recom m ended, 
such as w ater o r oil m anom eters properly m ounted 
at the junctu re  o f  fum e hood and duct throat; 
these should be m arked to  indicate acceptab le  air

flow. A log showing design air flow and results of 
periodic inspection should be kept.

Effluent air should be cleaned, if necessary, to 
m eet any emission standards that may be prom ul­
gated (there  are now no EPA emissions standards 
for cadm ium ). Air from  the exhaust ventilation 
system m ust not be recirculated  into the w ork­
place.

(e )  Respiratory Protection
For adequate  respiratory protection against the 

m any conditions th a t may be encountered in in­
dividual operations, many types of respirators have 
been developed and approved. Each has particular 
applications and lim itations from  the standpoint of 
pro tection , and each has its advantages and disad­
vantages from  the standpoint of operation and 
m aintenance. D etailed inform ation on the selec­
tion and use o f respirators can be obtained from 
Respiratory Protective Devices M anual.2™ ANSI 
Z88.2-1969259 also classifies, describes, and gives 
lim itations o f respirators.

R espirators fall into several classifications, ac­
cording to their m ode of operation: (1) a t­
m osphere-supplying respirators, which include 
those to  which suitable air is supplied by tanks 
carried  by the w earer or by a hose carrying air 
from  a rem ote source (self-contained masks, hose 
masks, airline masks, and com bination self-con­
tained and airline m asks); (2 ) air-purifying respira­
tors which filter o r absorb the contam inant (gas 
mask with chem ical cartridge, particulate masks, 
and com bination masks for gas, vapor, and par­
ticulate); and (3 ) com bination atm osphere-supply­
ing and air-purifying respirators. The factors that 
affect the overall perform ance of air-purifying 
respirators are the reliability of the face seal, the 
efficiency of the filters, and o ther variables such as 
leakage from exhalation valves.

The applicable regulation on certification and 
approval o f respirators is 29 CFR 11. This 
requires, am ong o ther things, tha t all air-purifying 
respirators approved for dusts and fumes with an 
environm ental limit less than 0.05 mg/cu m be 
equipped with a high efficiency filter.

(f) Protective Clothing
Protective clothing is not normally required for 

cadm ium  operations. It is possible that cadm ium  
dust collected on clothing could be released into 
the air to  cause a secondary exposure so tha t, if 
such clothing were worn to  the w orker’s home, the 
w orker and others might be exposed to cadm ium
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dust. The b etter solution is to im prove w orkplace 
housekeeping to prevent clothing contam ination, 
but it seem s a wise precaution  th a t work clothing 
be changed at the end of the workshift and not 
carried hom e. Thus, there  should be change rooms 
with separate  storage areas, such as lockers, and 
shower and hand washing facilities should be p ro ­
vided.

(g) G eneral H ousekeeping
W here cadm ium -containing dust may e x is t,. 

cleaning should be perform ed by vacuum  pickup 
or wet m opping to  minimize generation  of air­
borne dust; no dry sweeping or blowing should be 
perm itted. P rom pt cleanup o f spills, repair of 
equipm ent and leaks, p roper storage of m aterials, 
and collection o f cadm ium -containing dust m ust 
be em phasized to  w orkers and supervisors.

(h ) Personal hygiene
Cadm ium  is toxic by ingestion, so sanitary provi­

sions to  prevent food contam ination  are essential. 
As a m inim um , such precautions should include 
the prohibition o f eating, food handling, or food 
storage in the w orkplace areas w here cadm ium  
contam ination can occur. Hands should be washed 
before eating  or before using tobacco  p rrducts. 
Smoking in the work a rea  can increase exposure 
by contam ination of the  sm oking m aterials, so

sm oking or carrying o f  tobacco  or tobacco  
products open to  the air should be prohibited.

W hile there  isn’t good reason to  believe tha t 
cadm ium  com pounds pene tra te  the skin to  a sig­
nificant extent, it is good practice to  avoid skin 
con tact and if con tac t has occurred  to wash the af­
fected areas promptly.

(i) Storage
C adm ium -containing, including cadm ium -plated, 

m etal parts should be kep t separate from parts not 
containing cadm ium  so that accidental exposures 
resulting from  welding and cutting will not occur.

(j) Em ergency Procedures
Em ergency procedures should be established for 

any event th a t might result in substantial release of 
airborne cadm ium . Such procedures should in­
clude provisions to  notify the attending physician 
that exposure to high concentrations of cadm ium  
fume may cause lung edem a. This edem a may not 
becom e evident until 8-24 hours after the  expo­
sure.

Em ergency p rocedures should also include 
provision for appropriate  respirators specified in 
C hapter I.

It is im portant to  design specific em ergency 
procedures to  be followed in the event of a fire, to 
p ro tec t both w orkers and firefighters.
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VII. COMPATIBILITY WITH OTHER STANDARDS

The Environm ental P ro tection  Agency has not 
classified cadm ium  as a hazardous pollu tant and 
neither em ission nor am bient air standards have 
been issued.

EPA has not prom ulgated  solid waste regula­
tions for cadm ium . H owever, it has reaffirm ed the 
1962 PHS drinking w ater standard  o f 0.01 
m g/liter279 as an interim  prim ary drinking w ater

regulation, applicable to  com m unity w ater supplies 
( Federal Register 40:59570, D ecem ber 24, 1975). 
W hile this standard  is for com m unity w ater sup­
plies, and thus is no t directly applicable to 
discharge o f cadm ium  into stream s, it seems clear 
that disposal o f cadm ium  waste, liquid or solid, 
should be in a m anner no t leading to  its in troduc­
tion into drinking w ater.

58



VIII. REFERENCES

1. F riberg  L, P iscator M, N ordberg  G F , K jellstrom  T: C a d ­
m ium in the E nvironm ent, ed 2. C leve land , C R C  Press 
Inc, 1974, 248 pp

2. F riberg  L, Kjellstrom  T , N ordberg  G , P isca to r M: C adm i­
um in the E nv ironm en t— III. A Toxicological and  
Epidem iological A ppraisal. E PA -650/2-75-049 . US E n­
v ironm enta l P ro tection  A gency, O ffice o f  R esearch  and 
D evelopm ent, 1975

3. R iihim aki V: C adm ium — O ccu rren ce  an d  effects. W ork 
E nviron H ealth  9 :91-101, 1972

4. W orld H ealth  O rgan iza tion -In ternational A gency for 
R esearch  on C ancer: IA RC M onographs on the  E valua­
tion  o f  C arc inogen ic  Risk o f  C hem icals to  M an. Vol 2: 
Som e inorganic and o rganom eta llic  com pounds. Lyon, 
IA RC, 1973, pp  74-99

5. Scientific and  techn ical assessm ent re p o rt on  cadm ium , 
E PA -600/6-75-003 , M arch  1975, US E nvironm ental P ro ­
tec tion  A gency, O ffice o f  R esearch  and D evelopm ent, O f­
fice o f P rogram  In tegration , 1975

6. F leischer M, Sarofim  A F , Fassett D W , H am m ond P, 
Shack le tte  HT, N isbet IC T , Epstein S: E nvironm ental im ­
pac t o f  cadm ium — A review  by the panel on hazardous 
trace  substances. E nviron H ealth  P erspect, Experim ental 
issue No. 7, May 1974, pp 253-323

7. F ulkerson W , G oeller HE (eds): C adm ium , T he Dis­
sipated  E lem ent. O R N L  N SF-EP-21. O ak  Ridge N ational 
L abora to ry , 1973

8. C hizhikov DM: C adm ium . New V ork, Pergam on Press, 
1966, 263 pp

9. Rem y H: Second sub-group o f the period ic  system: Z inc, 
cadm ium , and m ercury , in T reatise  on Inorganic C hem is­
try. New Y ork, Elsevier Publishing C o , 1956, vol 2, pp 
445-56

10. W east RC (ed ): H andbook  of C hem istry  and Physics— A 
R eady-R eference Book o f  C hem ical and  Physical D ata, ed 
56. C leveland , C R C  Press Inc, 1975, pp B -l, B-3, B-79, 
B-80

11. Ashley BE: C adm ium , in M inerals Y earbook  1970— Vol 
I : M etals, M inerals, and Fuels. US D ept o f  the Interior, 
B ureau o f  M ines, 1973, pp  245-51

12. Davis W E and A ssociates: N ational Inventory  o f  Sources 
and Em issions—C adm ium , nickel and
asbestos— 1968—C adm ium , Section  1, PB 192250. US 
D ept o f  H ealth , E ducation , and W elfare , N ational Air 
Pollution C ontro l A dm inistration , 1970, 44 pp

13. A thanassiadis YC: A ir Pollution A spects o f C adm ium  and 
Its C om pounds, PB 188086. US D ept o f  H ealth, E duca­
tion , and W elfare, C onsum er P ro tec tion  and E nvironm en­
tal H ealth  Service, N ational Air Pollution C ontro l A d­
m in istration , 1969, 80 pp

14. S ch roeder H A, Balassa JJ: C adm ium — U ptake by vegeta­
bles from  su perphosphate  in soil. Science 140:819-20, 
1963

15. S ch ro ed er HA, N ason AP, T ip ton  IH, Balassa JJ: Essen­
tial trace  m etals in m an —Z in c—R elation to  environm en­
tal cadm ium . J C hron ic  Dis 20 :179-210, 1967

16. S ch roeder H A, Balassa JJ: A bnorm al trace  m etals in 
m an —C adm ium . J C hron ic Dis 14:236-58, 1961

17. Essing H-G, Schaller K-H, Szadkow ski D, L ehnert G: 
[U sual cadm ium  b urden  from  food and d rin k .| Arch Hyg 
Bakteriol 153:490-94, 1969 (G er)

18. K ropf R, G eldm acher-von  M allinckrodt M: [Cadm ium  
co n ten t o f  foods and  daily cadm ium  in take ] A rch Hyg 
B akterio l 152:218-24, 1968 (G er)

19. R autu R, Sporn A: [C ontribu tion  to the determ ination  o f  
the cadm ium  supply  o f  foodstuffs.] N ahrung 14:25-31, 
1970 (G er)

20. Fox MRS, Ja cobs RM , Fry BE Jr, H arland BF, Story AH: 
C om parative  effec ts in quail o f  cadm ium  supplied by 
oysters and cadm ium . Sum m ary A bstracts, IXth In te rn a­
tional C ongress o f  N utrition  M exico City, 1972, p 137

21. US E nvironm ental P ro tection  A gency, Division o f A t­
m ospheric Surveillance: Air Q uality  D ata for 1968 from  
the N ational Air Surveillance N etw ork and C ontributing 
S tate  and Local N etw orks, Publication  No. A PTD -0978. 
US EPA , O ffice o f  Office o f  A ir Program s, 1972

22. Lee RE Jr , P atterson  RK, W agm an J: Particle-size dis­
tribu tion  o f  m etal com ponents in u rban air. Environ Sci 
T echnol 2:288-90, 1968

23. D urum  W H, Hem JD , Heidel SG: R econnaissance of 
Selected  M inor E lem ents in S urface W aters o f the U nited 
S tates, O ctober, 1970. G eological Survey C ircu lar 643. 
US D ept o f  the  In terio r, 1971, 49 pp

24. T ay lor FB: Significance o f trace  elem ents in public 
finished w ater supplies. J Am W ater W orks Assoc 55:619- 
23, 1963

25. M cC abe LJ, Sym ons JM , Lee RD, R obeck GG: Survey o f 
com m unity  w ater supply system s. J Am W ater W orks 
Assoc 62 :670-87, 1970

59



26. M urthy G K, R hea US: C adm ium , co p p e r, iron, lead, m an­
ganese, and zinc in evapora ted  m ilk, in fant p roducts, and 
hum an milk. J Dairy Sci 54 :1001-05, 1971

27. M urthy GK, R hea U: Cadm ium  and  silver co n ten t o f  m ar­
ket milk. J Dairy Sci 51 :610-13, 1968

28. M urthy G K , R hea U, Peeler JT: Levels o f  antim ony, ca d ­
m ium , chrom ium , cobalt, m anganese, and  zinc in institu ­
tional to ta l diets. Environ Sci T echnol 5 :436-42 , 1971

29. T ip ton  1H, S tew art PL: A nalytical m ethods for the  d e te r ­
m ination  o f trace  e lem en ts— S tandard  m an studies, in 
H em phill DD (ed ): T race  S ubstances in E nvironm ental 
H ealth— III. P roceedings o f U niversity o f  M issouri's 3rd 
A nnual C onferen ce  on T race  S ubstances in E nvironm en­
tal H ealth  (1 9 6 9 ). C olum bia, M o, U niversity o f M issouri, 
1970, pp  305-30

30. M eranger JC , Sm ith DA: T he heavy m etal co n ten t o f  a 
typical C anad ian  diet. C an J Public H ealth  63:53-57, 
1972

31. D uggan R E, C orneliussen  PE: D ietary  in take o f  pestic ide 
chem icals in the U nited  S tates (III), June  1968-April
1970. Pestic M onit J 5 :331-41, 1972

32. Food and  A griculture O rgan ization /W orld  H ealth  O r­
ganization: E valuation  o f  C ertain  Food A dditives and the 
C on tam inan ts M ercury , Lead, and C adm ium —Sixteenth 
R eport o f  the Jo in t FA O /W H O  E xpert C om m ittee  on 
Food A dditives, W H O  T ech Rep Ser No. 505, FA O  
N utrition  M eetings R ep Ser No. 51, 1972. G eneva, 32 pp

33. M enden EE, Elia V J, M ichael LW , P etering  HG: D istribu­
tion  o f  cadm ium  and  nickel o f to b acco  during cigarette  
sm oking. Environ Sci T echnol 6 :830-32, 1972

34. Bonnell JA : Em physem a and p ro te in u ria  in m en casting  
copper-cadm ium  alloys. Br J Ind M ed 12:181-97, 1955

35. Sovet: [Poisoning caused  by pow der used in the cleaning 
o f  silver: severe sym ptom s: acu te  gastroen teritis; dysen­
tery  ep isodes, an tido tes; an tiin flam m atory  p roducts; 
ipecac; chem ical analysis.] Presse M ed Beige 10:69-70, 
21 Feb 1858 (F re )

36. C hristensen  FC, O lson EC: C adm ium  po ison ing— R eport 
o f  a fatal case, with discussion o f pathology and clinical 
aspects. A rch Ind H ealth  16:8-13, 1957

37. Fairhall LT: Industrial Toxicology, ed 2. B altim ore, W il­
liams & W ilkins C om pany , 1957, pp 30-33

38. N icaud P, Lafitte A, G ros A: [Sym ptom s in chron ic  
poisoning by cadm ium  ] A rch Mai P ro f 4 :192-202, 1942 
(F re )

39. K obayashi J: R elation betw een the “ Ita i-lta i” disease and 
the  po llu tion  o f  river w ater by cadm ium  from  a mine. 
P resen ted  a t 5 th In ternational W ater Pollution R esearch  
C o n feren ce , San F rancisco , July-A ugust, 1970, 7 pp

40. Shigem atsu I, H asegaw a Y: Itai-ltai (o u ch -o u ch ) disease 
and cadm ium  pollu tion  in Japan . P resen ted  a t C onference  
on  the  E ffects o f  E nvironm ental T race  M etals on H um an 
H ealth , U S-Japan C oopera tive  Science Program , Feb 1-5,
1971, H onolulu , Hawaii, pp  49-64

41. T suchiya K: E nvironm ental pollution by cadm ium  and its 
health  effect in Japan . W orking paper for C onference on 
the  E ffects o f  E nvironm ental T race  M etals on H um an 
H ealth , U S-Japan C oopera tive  Science Program , Feb 1-5, 
1971, H onolulu, Hawaii, pp 65-89

42. Z avon MR, M eadow s CD: V ascular sequelae to cadm ium  
fum e exposure. Am Ind Hyg Assoc J 31:180-82, 1970

43. T ow nshend RH: A case o f  acu te  cadm ium  p n eu ­
m onitis— Lung function  tests during  a four-year follow-up. 
Br J Ind M ed 25:68-71, 1968

44. B eton, DC, A ndrew s GS, Davies HJ, Howells L, Smith 
GF: A cute cadm ium  fum e poison ing—Five cases with one 
dea th  from  renal necrosis. Br J Ind Med 23:292-301, 
1966

45. H uck FF: C adm ium  poisoning by inhala tion— R eport o f  a 
case. O ccup  Med 3:411-14, 1947

46. H eath  D, G illund T D , Kay JM , H aw kins CF: Pulm onary 
vascular disease in honeycom b lung. J Pathol Bacteriol 
95 :423-30, 1968

47. B lejer HP, C aplan  PE: O ccupa tional H ealth  A spects of 
C adm ium  Inhalation Poisoning w ith Special R eference to 
W elding and Silver Brazing, ed 2. Berkeley, S tate o f 
C alifornia D epartm en t o f Public H ealth , Bureau o f  O ccu­
pational H ealth  and  E nvironm ental Epidem iology, 1971, 
36 pp

48. B lejer HP, C aplan  PE, A lcocer AE: A cute cadm ium  fume 
poisoning in w elders— A fatal and a nonfatal case in 
C alifornia . C alif M ed 105:290-96, 1966

49. Paterson JC : S tudies on the toxicity o f  inhaled cadm i­
u m — III. T he pathology o f  cadm ium  sm oke poisoning in 
m an and in experim ental anim als. J Ind Hyg Toxicol 
29 :294-301, 1947

50. K leinfeld M: A cute pulm onary  edem a o f chem ical origin. 
A rch Environ H ealth  10:942-46, 1965

51. B arrett HM , Irwin DA, Sem m ons E: S tudies on the toxici­
ty o f  inhaled cadm ium — I. T he acu te  toxicity o f  cadm ium  
oxide by inhalation . J Ind Hyg Toxicol 29:279-85, 1947

52. B arrett HM, C ard  BY: S tudies on the toxicity o f inhaled 
cadm ium — II. The acu te  lethal dose o f  cadm ium  oxide for 
m an. J Ind Hyg Toxicol 29:286-93, 1947

53. L ane RE, C am pbell ACP: Fatal em physem a in tw o men 
m aking a co pper cadm ium  alloy. Br J Ind Med 11:118-22, 
1954

54. Kazantzis G , Flynn FV, Spowage JS , T ro tt DG: R enal tu ­
bular m alfunction and  pulm onary em physem a in cadm ium  
p igm ent w orkers. Q  J M ed, New Series 32:165-92, 1963

55. F riberg  L: H ealth H azards in the M anufactu re o f  A lkaline 
A ccum ulators with Special R eference to  C hronic C adm i­
um Poisoning— A Clinical and Experim ental Study. 
S tockholm , Ivar H aeggstrom s B oktryckeri AB, 1950, 124 
pp (A lso published as supp lem ent C C X L  to  A cta Med 
Scand, vol I 38)

56. F riberg  L: C hron ic  cadm ium  poisoning. A rch Ind H ealth 
20 :401-07, 1959

60



57. F riberg  L: Injuries follow ing con tin u ed  adm in istration  of 
cadm ium  — Prelim inary rep o rt o f  a c lin ical and  experim en­
tal study. A rch Ind Hyg O ccu p  M ed 1:458-66, 1950

58. B aader EW : C hron ic  cadm ium  poisoning. Ind M ed Surg 
21 :427-30, 1952

59. H olden H: C adm ium  fum e. A nn O ccu p  Hyg 8:51-54, 
1965

60. C how dhury  P, L ouria  DB: Influence o f  cadm ium  and 
o th er tra c e  m etals on hum an a ,-a n titry p s in — An in vitro 
study. S cience 191:480-81, 1976

61. Suzuki S, Suzuki T , A shizaw a M: P ro te inu ria  due to  in­
halation  o f  cadm ium  ste a ra te  dust. Ind H ealth  3:73-85, 
1965

62. Princi F: A study o f  industrial exposures to  cadm ium . J 
Ind Hyg Toxicol 29 :315-20 , 1947

63. T suchiya K: P ro te inu ria  o f  w orkers exposed  to  cadm ium  
fu m e—T he relationsh ip  to  co n cen tra tio n  in the  working 
env ironm ent. A rch E nviron  H ealth  14:875-80, 1967

64. H am m er D l, F ink lea JF , C reason  JP , Sand ifer SH, Keil 
JE , P riester LE, S tara  JF: C adm ium  exposure  and hum an 
health  effects, in H em phill DD (ed ): T ra c e  S ubstances in 
E nvironm ental H ea lth — V. A Sym posium . C olum bia, Mo, 
U niversity o f M issouri, 1972, pp 269-83

65. Potts C L: C adm ium  p ro te in u ria—T he health  o f battery  
w orkers exposed to  cadm ium  oxide dust. A nn O ccup  Hyg 
8:55-61, 1965

66. P iscator M: P ro te inuria  in ch ron ic cadm ium  poison ing—1. 
An e lec tro p h o re tic  and chem ical study o f  urinary  and 
serum  p ro te ins from  w orkers w ith ch ron ic  cadm ium  
poisoning. A rch Environ H ealth  4 :607-21 , 1962

67. Vigliani EC: T he b iopatho logy  o f cadm ium . Y ant 
M em orial L ectu re. Am  Ind Hyg A ssoc J 30 :329-40, 1969

68. Davis JS , Flynn FV , P latt HS: T he ch arac te risa tio n  of 
urine p ro te in  by gel filtra tion . Clin C him  A cta  21:357-76, 
1968

69. Berggard I, Bearn AC: Isolation and p ro p erties  o f  a low 
m olecu lar w eight /3-globulin occu rrin g  in hum an biologi­
cal fluids. J Biol C hem  243 :4095-4103 , 1968

70. P isca tor M: [E ffects o f cadm ium  on  th e  health  o f  the 
p opu la tion .] S taub -R einhalt Luft 33:457-59 , 1973 (G er)

71. A dam s R G , H arrison JF , S cott P: T h e  developm ent of 
cadm ium -induced  p ro te in u ria , im paired  renal function , 
and o steom alacia  in alkaline battery  w orkers. O J Med 
38 :425-43, 1969

72. Bonnell JA , K azantzis G , King E: A follow -up study of 
m en exposed  to  cadm ium  oxide fum e. Br J Ind Med 
16:135-47, 1959

73. Sm ith JC , W ells A R , K ench JE: O bservations on the  uri­
nary p ro te in  o f  m en exposed to cadm ium  dust and  fum e. 
Br J Ind M ed 18:70-78, 1961

74. P iscator M: P ro te inu ria  in ch ron ic  cadm ium  poison­
ing—III. E lec tro p h o re tic  and im m unoelec trophore tic  stu ­
dies on  urinary  p ro te ins from  cadm ium  w orkers, w ith spe­
cial refe rence  to  the excre tion  o f  low m olecu lar weight 
p ro teins. A rch Environ H ealth  12:335-44, 1966

75. C larkson  T W , K ench JE: U rinary excretion  o f  am ino 
acids by m en absorb ing  heavy m etals. Biochem J 62:361- 
72, 1956

76. A hlm ark A, A xelsson B, Friberg L, P iscator M: F urther 
investigations in to  kidney function  and  p ro te inuria  in 
ch ron ic  cadm ium  poisoning, in P roceedings o f  the 13th 
In ternational C ongress on O ccupa tional H ealth, I960. 
New Y ork, 1961, pp  201-03

77. A xelsson B: U rinary  calcu lus in long-term  exposure to 
cadm ium , in P roceedings o f  the  14th In ternational C o n ­
gress on O ccupa tional H ealth , M adrid , 1963. A m sterdam , 
1964, vol III, pp 939-42

78. A dam s RG, C rab tree  N: A nosm ia in alkaline battery  w or­
kers. Br J Ind M ed 18:216-21, 1961

79. Tsuji T , N agata M , Ito Y, Takigaw a H: [Cadm ium  expo­
sure in zinc refinery  w orkers— I. Sum m ary and evalua­
tio n — Prelim inary exam ination .] Jpn  J Hyg 27:316-25, 
1972 (Jap )

80. P rodan  L: C adm ium  poisoning— II. Experim ental cadm i­
um poisoning. J Ind Hyg Toxicol 14:174-96, 1932

81. H ardy H L, Sk inner JB: T he possibility o f  chronic cadm i­
um poisoning. J Ind Hyg Toxicol 29 :321-24, 1947

82. C arro ll RE: T he relationsh ip  o f  cadm ium  in the air to  c a r­
d iovascu lar disease dea th  rates. JA M A  198:267-69, 1966

83. Perry HM Jr, S ch ro ed er HA: C om parison of the co n cen ­
tra tion  o f  several trace  m etals in th e  urine o f trea ted  and 
u n trea ted  m alignant hypertensive patien ts as com pared  
with norm al individuals. C ircu lation  12:758-59, 1955

84. S ch roeder HA: C adm ium  as a fac to r in hypertension. J 
C hron ic  Dis 18:647-56, 1965

85. S ch roeder HA: T he w ater facto r. New Engl J Med 
280 :336-38 , 1969

86. M organ JM : T issue cadm ium  concen tra tion  in m an. A rch 
In tern  M ed 123:405-08, 1969

87. Szadkow ski D, S challer K-H, L ehnert G: [R elation  
betw een  renal cadm ium  excretion , age, and arteria l blood 
pressure .] Z Klin C hem  Klin B iochem  7:551-52, 1969 
(G e r)

88. S ch roeder HA: C adm ium , chrom ium , and card iovascular 
disease. C ircu lation  35:570-82, 1967

89. T suchiya K: C ausation  o f ouchi-ouchi disease (Itai-Itai 
B yo)— An in troduc to ry  review — P art I. N ature o f  the d is­
ease. Keio J M ed 18:181-94, 1969; P art II. Epidem iology 
and  evaluation . Ibid pp 195-211

90. B arthelem y P, M oline R: [C hronic intoxication by cadm i­
um h y d ra te— Early sym ptom s o f yellow tooth  ] Paris Med 
1:7-8, 1946 (F re )

91. Parizek J: T he destructive  effect o f  cadm ium  ion on 
tes ticu lar tissue and  its p revention  by zinc. J E ndocrinol 
15:56-63, 1957

92. Parizek J, Z ahor Z : Effect o f  cadm ium  salts on testicu lar 
tissue. N atu re  177:1036-37, 1956

93. Favino A, C an d u ra  F, C hiapp ino  G , Cavalleri A: Study on 
the  androgen  function  o f  m en exposed to  cadm ium . M ed 
Lav 59 :105-10, 1968

61



94. Sm ith JP , Sm ith JC , M cCall AJ: C h ro n ic  poisoning from  
cadm ium  fum e. J Pathol B actcriol 80:287-96 , 1960

95. T svetkova RP: [M ateria ls concern in g  an investigation o f 
the  effec t o f  cadm ium  com pounds on  the  generative fu n c­
tion .] Gig T r P ro f Z abol 12:31-33, 1970 (R us)

96. Kipling M D, W aterhouse  JA H : C adm ium  and prostatic  
ca rc inom a. L ancet 1:730-31, 1967

97. Lem en R A , Lee JS , W agoner JK , B lejer HP: C an cer m o r­
tality  am ong cadm ium  p roduction  w orkers. A nn NY A cad 
Sci 271 :273-79 , 1976

98. H olden H: C adm ium  toxicology. L ancet 2:57, 1969

99. H um perd inck  K: [C adm ium  and lung can ce r,]  M ed Klin, 
63 :948-51 , 1968 (G er)

100. W inkelstein  W Jr , K antor S: P rostatic 
c a n c e r— R elationship  to  suspended p articu la te  air po llu ­
tion. Am J Public H ealth  59:1 134-38, 1969

101. K olonel LN: An Epidem iological Investigation  o f C adm i­
um C arcinogenesis, Ph.D . thesis. B erkeley , U niversity o f 
C alifo rn ia , G rad u a te  Division, 1972, 109 pp

102. K olonel LN: A ssociation o f  cadm ium  with renal cancer. 
C an cer 37 :1782-87 , 1976

103. M organ JM : C adm ium  and zinc abnorm alities in
b ronchogen ic  ca rc inom a. C ancer 25 :1394-98 , 1970

104. M alcolm  D: P otential carc inogen ic  effec t o f cadm ium  in 
anim als and  m an — E ffects o f  cadm ium  on the genito-uri- 
nary trac ts  o f anim als. A nn O ccup  Hyg 15:33-36, 1972

105. Levy LS, Roe FJC , M alcolm  D, K azantzis G , C lack J, 
P latt HS: A bsence o f p rosta tic  can ce r changes in rats ex ­
posed to cadm ium . A nn O ccup  Hyg 16:1 1 1-1 8, 1973

106. Levy LS, C lack C: F u rth e r  studies on the  effect o f cad m i­
um on the  p ro sta te  g land— I. A bsence o f  p rosta tic  
changes in rats given oral cadm ium  sulphate for two 
years. A nn O ccup  Hyg 17:205-11, 1975

107. Levy LS, C lack D, Roe FJC: F u rther stud ies on the  effect 
o f cadm ium  on the  p ro sta te  g land— II. A bsence o f p ro ­
sta tic  changes in m ice given oral cadm ium  su lphate  for 
e igh teen  m onths. A nn O ccup  Hyg 17:213-20, 1975

108. Lufkin N H , Hodges FT: C adm ium  poisoning. Nav M ed 
Bull 43 :1273-76 , 1944

109. B aker T D , H afner W G: C adm ium  poisoning from  a 
re frig era to r shelf used as an im provised b arbecue grill. 
Public H ealth  Rep 76 :543-44, 1961

1 10. B erm an E: D eterm ination  o f cadm ium , thallium  and m er­
cury  in biological m aterials by atom ic absorp tion . A t Ab- 
sorpt Newsl 6 :57-60 , 1967

111. Bui T -H , L indsten J, N ordberg  GF: C hrom osom e analysis 
o f lym phocytes from  cadm ium  w orkers and Itai-ltai p a ­
tients. E nviron Res 9 :187-95 , 1975

112. Shiraishi Y , Y osida TH: C hrom osom al abnorm alities in 
cu ltu red  leucocyte cells from  Itai Itai disease patients. 
Proc Jpn  A cad 48 :248-51 , 1972

I 13. Shiraishi Y, K urahashi H, Y osida TH: C hrom osom al a b e r­
ra tions in cu ltu red  hum an  leucocytes induced  by cadm i­
um sulfide. P roc Jpn A cad  48:133-37 , 1972

114. D eK nudt G, L eonard  A: C ytogenetic  investigations on 
leucocytes o f  w orkers from  a  cadm ium  plant. Environ 
Physiol B iochem  5:319-27, 1975

1 15. F riberg  1.: D eposition  and distribution  o f  cadm ium  in man 
in ch ron ic poisoning. A rch Ind H ealth  16:27-29, 1957

116. V o ro b ’yeva RS: (Investigation  o f the functional sta te  o f 
the  nervous system  in w orkers exposed to  cadm ium  
oxide.) N evropat Psikhiat 57 :385-88, 1957 (R us)

1 17. N andi M, Slone D, Jick  H, Shap iro  S, Lewis GP: C adm i­
um co n ten t o f  c igarettes. L ancet 2 :1329-30, 1969

1 18. Lewis G P, Lyle H, M iller S: A ssociation betw een elevated  
hepatic  w ater-so luble p ro te in -bound  cadm ium  levels and 
ch ron ic  b ronch itis  an d /o r em physem a. L ancet 2 :1330-33, 
1969

119. R ahola T , A aran R-K, M iettinen  JK: R etention  and 
elim ination  o f cadm ium -1 15m in m an, paper no. 78. 
Second E uropean  C ongress on R adia tion  P ro tection , Bu­
dapest, 1972

120. L ehnert G , Schaller KH, H aas T: [T he determ ination  o f 
cadm ium  in serum  and urine by atom ic  absorption  sp ec­
tro m e te r.]  Z  Klin C hem  Klin B iochem  6:174-76, 1968 
(G e r)

121. lm bus H R, C holak  J, M iller LH, Sterling T: Boron, cad ­
m ium , chrom ium , and nickel in b lood and u rin e—A sur­
vey o f A m erican  w orking m en. A rch Environ H ealth  
6 :286-95, 1963

122. Friberg  L: F u rth e r investigations on chron ic  cadm ium  
po ison ing— A study on rabbits with radioactive cadm ium . 
A rch Ind Hyg O ccup  M ed 5:30-36, 1952

123. Axelsson B, P isca to r M: Serum  proteins in cadm ium  
poisoned rabb its— W ith special refe rence  to hem olytic 
anem ia. A rch Environ H ealth  12:374-81, 1966

124. Sm ith JC , K ench JE , Sm ith JP: C hem ical and histological 
post-m ortem  stud ies on a w orkm an exposed for many 
years to  cadm ium  oxide fum e. Br J Ind Med 14:246-49, 
1957

125. B aader EW: [C hron ic  cadm ium  poisoning.] D tsch Med 
W ochenschr 76 :484-87, 1951 (G er)

126. Kazantzis G: R espiratory  function  in m en casting cadm i­
um alloys— Part I. A ssessm ent o f  ventilatory function. Br 
J Ind M ed 13:30-36, 1956

127. Buxton RSJ: R espiratory  function in m en casting cadm i­
um alloys— II. T he estim ation  o f  to tal lung volum e, its 
subdivisions, and th e  mixing coeffic ient. Br J Ind Med 
13:36-40, 1956

128. King E: An env ironm ental study o f  casting copper-cadm i- 
um alloys. Br J Ind M ed 12:198-205, 1955

129. Sm ith JC , Kench JE , L ane RE: D eterm ination  o f cadm i­
um in u rine and observations on urinary cadm ium  and 
p ro te in  excretion  in m en exposed to  cadm ium  oxide dust. 
B iochem  J 61 :698-701, 1955

130. T suchiya K: P ro te inu ria  o f  cadm ium  w orkers. J O ccup  
M ed 18:463-66, 1976

62



131. P iscator M, A dam sson E, E linder C -G , Pcttcrsson  B, 
S teningcr P: S tudies on cadm ium -exposed  w om en. Paper 
p resen ted  a t the  X V llIth  In ternational C ongress on O ccu ­
pational H ealth , Brighton, England, 1975

132. K jellstrom  T , Evrin P-E, R ahnster B: D ose-response anal­
ysis o f cadm ium -induced  tubu lar p ro te in u ria— 1. A study 
of urinary  /32-m icroglobulin  excre tion  am ong w orkers in a 
battery  factory. S ubm itted  to  Environ R es, 1976

133. L auw erys RR, B uchet JP , R oels H A, B rouw ers J, 
S tanescu D: Epidem iological survey o f  w orkers exposed 
to cad m iu m — Effect on lung, k idney, and  several biologi­
cal indices. A rch Environ H ealth  28 :145-48 , 1974

134. L auw erys R, B uchet J-P , R oels H: [A  study o f  pulm onary 
and renal function  in w orkers exposed  to  cadm ium .] 
P aper p resen ted  a t the  X V IIlth  In ternational C ongress on 
O ccupa tional H ealth , B righton, E ngland, 1975 (F re )

135. M aterne D , L auw erys R, B uchet JP , R oels H , B rouw ers J, 
S tanescu D: (Investigations on the  risks resulting from  ex­
posure to  cadm ium  in tw o p rodu c tio n  p lan ts and  two 
plan ts using cadm ium .] C ah ie rs M ed T rav  12:3-76, 1975 
(F re )

136. Skog E, W ahlberg  JE: A com parative investigation  o f  the 
percu tan eo u s absorp tion  o f  m etal com pounds in the 
guinea pig by m eans o f the rad ioactive iso topes—51C r, 
“ Co, “ Z n , ,,,M”Ag, " 5mC d, m'!Hg. J Invest D erm atol 
43:187-92 , 1964

137. W ahlberg  JE: P ercu tan eo u s toxicity  o f  m etal com ­
p o unds— A com parative investigation in guinea pigs. Arch 
Environ H ealth  11:201-04, 1965

138. D ecker L E , B yerrum  R U , D ecker C F , H o p p ert C A , 
Langham  RF: C hron ic toxicity stud ies— I. C adm ium  ad­
m inistered  in drink ing  w ater to rats. A rch Ind H ealth 
18:228-31, 1958

139. F itzhugh O G, M eiller FH: T he ch ron ic  toxicity  o f  cadm i­
um. J Pharm  Exp T h er 72:15, 1941 (ab st)

140. Spivey Fox M R, Fry BE Jr: C adm ium  toxicity decreased  
by d ie tary  ascorbic acid supplem ents. S cience 169:989- 
91, 1970

141. Friberg L: Iron and liver adm in istration  in ch ron ic cadm i­
um poisoning  and stud ies o f the d istribu tion  and excretion  
o f cad m iu m — E xperim ental investigations in rabbits. A cta 
Pharm acol Toxicol 11:168-78, 1955

142. K ench JE , G ubb  PJD: T he activity o f ce rta in  enzym es in 
cadm ium -poisoned ch ick s— Proceedings o f  the B iochem i­
cal Society. B iochem  J 120:27-28, 1971

143. D alham n T , F riberg  L: D im ercapro l ( 2 ,3-dim ercap-
to p ro p an o l) in chron ic  cadm ium  poisoning. A cta  P har­
m acol Toxicol 11:68-71, 1955

144. Law ford DJ: Serum  changes in the  rat follow ing oral ad­
m inistration  o f  cadm ium . N ature 190:815, 1961

145. Jacobs RM , Spivey Fox M R, A ldridge MH: C hanges in 
plasm a p ro te ins associated  with the  anem ia  p roduced  by 
d ietary  cadm ium  in Ja panese  quail. J N utr 99:119-28, 
1969

146. Perry HM Jr, E rlanger M: H ypertension  and tissue m etal 
levels after in traperitoneal cadm ium , m ercury, and zinc. 
Am J Physiol 220 :808-11 , 1971

147. Perry HM Jr, E rlanger M , Y unice A, Schoepfle E, Perry 
EF: H ypertension  and  tissue m etal levels follow ing in­
travenous cadm ium , m ercury , and zinc. Am J Physiol 
219:755-61, 1970

148. Perry HM Jr , E rlanger MW : E levated circulating  renin ac ­
tivity in rats follow ing doses o f  cadm ium  known to induce 
hypertension . J L ab C lin M ed 82:399-405, 1973

149. Perry HM Jr, E rlanger MW: Prevention  of cadm ium -in­
duced  hypertension  by selenium . Fed Proc 33:357, 1974 
(ab st)

150. T h ind  GS: V ascu lar sm ooth m uscle characteristics in c a d ­
m ium -induced hypertension . Fed Proc 33:436, 1974 
( abst )

151. F ischer G M , T hind GS: T issue cadm ium  and w ater co n ­
te n t o f norm al an d  cadm ium  hypertensive rabbits. A rch 
Environ H ealth  23:107-10 , 1971

152. P o rte r M C, M iya TS, B ousquet W F: C adm ium  and vascu­
lar reactivity  in the  rat. Toxicol Appi Pharm acol 34:143- 
5 0 ,1 9 7 5

153. Fow ler FA, Jones HS, Brown HW , H asem an JK: The 
m orphologic effects o f chron ic  cadm ium  adm inistration 
on the renal vascu latu re o f  rats given low and norm al ca l­
cium  diets. Toxicol Appi Pharm acol 34:233-52, 1975

154. Singhal RL, M erali Z, H rdina PD: A spects o f the 
b iochem ical toxicology of cadm ium . Fed Proc 35:75-80, 
1976

155. M ason ICE, Brown JA , Y oung JO , N esbit RR: C adm ium - 
induced  injury o f  the  rat testis. A nat Ree 149:135-47, 
1964

156. Sangalang G B, O 'H allo ran  MJ: C adm ium -induced tes ticu ­
lar injury and a ltera tions o f  androgen synthesis in brook 
trou t. N ature 240:470-71, 1972

157. W ebb M: P ro tec tion  by zinc against cadm ium  toxicity. 
B iochem  Pharm acol 21:2767-71, 1972

158. Kar AB, Das RP, M ukerji FNI: P revention  of cadm ium  in­
duced  changes in the  gonads o f  ra t by zinc and seleni­
u m — A study in antagonism  betw een m etals 'in  the biolog­
ical system . Proc N atl Inst Sci India 26B (Suppl):40-50, 
1960

159. M ason KE, Y oung JO , Brown JE: Effectiveness o f  se leni­
um and zinc in p ro tec tin g  against cadm ium -induced injury 
o f the  rat testis. A nat Ree 148:309, 1964 (abst)

160. M ason KE, Young JO: E ffectiveness o f  selenium  and zinc 
in p ro tec ting  against cadm ium -induced injury o f  the  rat 
testis, in M uth OH (ed ): Sym posium —Selenium  in 
B iom edicine. W estport, C onn , Avi Publishing C o Inc, 
1967, chap  23, pp 383-94

161. G unn  SA, G ould T C , A nderson W AD: Protective effect 
o f thiol com pounds against cadm ium -induced vascular 
dam age to  testis. P roc Soc Exp M ed Biol 122:1036-39, 
1966

63



162. N ordbcrg  GF: E ffccts o f  acu te  and ch ron ic  cadm ium  ex­
posure on  the testicles o f  m ice—W ith special refe rence  to 
p ro tec tive  effects o f  m etallo th ionein . Environ Physiol 
1:171-87, 1971

163. N ordbcrg  G F, P isca to r M: Influence o f long-term  cad m i­
um exposure  on urinary  excre tion  o f  p ro te in  and cadm i­
um in m ice. E nviron Physiol B iochem  2:37-49, 1972

164. P isca to r M, Axelsson B: Serum  p ro te in s and kidney fu n c ­
tion  a fte r  exposure to  cadm ium . A rch Environ H ealth  
21:604-08 , 1970

165. M adlafousek  J, H linak Z , Parizek J: Sexual behav iour o f 
m ale ra ts sterilized by cadm ium . J R eprod  Fertil 26:189- 
96 , 1971

166. Kar AB, D as R P, K arkun JN: O varian  changes in p repu- 
beral ra ts after tre a tm e n t w ith cadm ium  chloride. A cta 
Biol M ed G er 3 :372-99, 1959

167 Parizek J , O stadalova I, Benes L, P itha J: T he effec t o f  a 
subcu tan eo u s in jection  o f  cadm ium  salts on the ovaries o f 
adu lt ra ts in persis ten t oestrus. J R eprod  Fertil 17:559-62, 
1968

168. Kaul DK, Ram asw am i LS: Effect o f  cadm ium  ch loride on 
the ovary o f the  Indian d esert gerbil, M eriones hurrianae 
Je rd o n . Indian J Exp Biol 8 :171-73, 1970

169. Parizek  J: V ascular changes a t sites o f oestrogen
biosynthesis p roduced  by paren te ra l in jection  o f  cadm ium  
sa lts—T he d estruction  o f  p lacen ta  by cadm ium  salts. J 
R eprod  Fertil 7 :263-65, 1964

170. Parizek J , O stadalova 1, Benes I, Babicky A: Pregnancy 
and trace  e lem en ts—T he pro tec tive  effect o f com pounds 
o f  an essential trace  e lem en t—selen ium —against the 
p ecu liar toxic effects o f  cadm ium  during  pregnancy. J 
R eprod  Fertil 16:507-09, 1968

171. C hern o ff N: T era togen ic  effects o f cadm ium  in rats. 
T era to logy  8:29-32, 1973

172. B arr M Jr: T he tera togen ic ity  o f cadm ium  chloride in two 
stocks o f  W istar rats. T erato logy  7 :237-42, 1973

173. Mulvihill JE , G am m  SH, Ferm  VH: Facial fo rm ation  in 
norm al and cadm ium -trea ted  golden ham sters. J Em bryol 
Exp M orphol 24:393-403 , 1970

174. Ishizu S, M inam i M, Suzuki A, Y am ada M, S ato  M, 
Y am am ura  K: An experim enta l study o f te ra to g en ic  effect 
o f  cadm ium . Ind H ealth  1 1:127-39, 1973

175. G ale T F , Ferm  VH: Skeletal m alform ations resulting from  
cadm ium  trea tm en t in the  ham ster. Biol N eonate  23:149- 
60, 1973

176. Ferm  VH: D evelopm ental m alform ations induced by cad ­
m ium — A study o f  tim ed in jections during  em bryogenesis. 
Biol N eonate  19:101-07, 1971

177. Ferm  V H, C a rp en te r  SJ: T h e  relationship  o f cadm ium  and 
zinc in experim ental m am m alian  teratogenesis. L ab Invest 
18:429-32, 1968

178. Ferm  V H, C a rp en te r SJ: T era togen ic  effect o f  cadm ium  
and its inhib ition  by zinc. N ature 216:1 123-24, 1967

179. W ills JH , L cFevre R, Benitz K-F, D ougherty W, Talley 
W H, C oulston  F: C hron ic  and m ulti-generation  toxicity o f 
cadm ium  for th e  ra t and the rhesus m onkey. A ccepted  for 
pub lication  by E nviron Q ual Safety, 1976

180. Epstein SS, A rnold E, A ndrea  J, Bass W, Bishop Y: D e­
tec tion  o f  chem ical m utagens by the dom inant lethal 
assay in the m ouse. Toxicol Appl Pharm acol 23:288-325, 
1972

181. G illiavod N, L eonard  A: M utagenicity  tests with cadm ium  
in the  m ouse. Toxicology 5:43-47, 1975

182. G unn  SA, G ould  T C , A nderson W AD: Specific response 
o f m esenchym al tissue to cancerigenesis by cadm ium . 
A rch  Pathol 83:493-99 , 1967

183. H addow  A, Roe FJC , D ukes C E , M itchley BCV: C adm i­
um neoplasia— S arcom ata a t the site o f  injection o f  cad ­
m ium  su lphate  in rats and m ice. Br J C ancer 18:667-73, 
1964

184. K azantzis G: Induction  o f  sarcom a in the ra t by cadm ium  
sulphide pigm ent. N atu re  198:1213-14, 1963

185. K azantzis G , H anbury  WJ: T he induction  o f sarcom a in 
the ra t by cadm ium  sulphide and by cadm ium  oxide. Br J 
C an cer 20:190-99, 1966

186. H eath  JC , Daniel M R , Dingle JT, W ebb M: C adm ium  as 
a carcinogen . N atu re  193:592-93, 1962

187. H eath  JC , Daniel MR: T he p roduction  o f  m alignant tu ­
m ours by cadm ium  in the rat. Br J C ancer 18:124-29, 
1964

188. G unn SA, G ould T C , A nderson W AD: Effect o f zinc on 
cancerogenesis by cadm ium . P roc Soc Exp Biol Med 
1 15:653-57, 1964

189. G unn  SA, G ould  T C , A nderson W AD: C adm ium -induced 
in terstitia l cell tum ors in rats and m ice and their p reven­
tion  by zinc. J Natl C ancer Inst 31:745-53, 1963

190. R oe FJC , D ukes C E , C am eron  KM, Pugh RCB, M itchley 
RCV: C adm ium  n eop lasia—T esticu lar atrophy  and Leydig 
cell hyperplasia and  neoplasia in ra ts and m ice following 
the  subcu taneous in jection  o f cadm ium  salts. Br J C ancer 
18:674-81, 1964

191. S ch roeder HA, Balassa JJ , V inton W H Jr: C hrom ium , 
cadm ium  and  lead in ra ts— Effects on life span, tum ors 
and  tissue levels. J N utr 86:51-66, 1965

192. Kanisawa M, S chroeder HA: Life term  studies on the ef­
fect o f trace  elem en ts on spontaneous tum ors in m ice and 
rats. C ancer Res 29:892-95, 1969

193. B ionetics R esearch  Labs Inc: Evaluation o f C arcinogenic, 
T era togen ic , and M utagenic A ctivities o f Selected Pesti­
cides and Industrial C hem icals— Vol I: C arcinogenic 
Study. Springfield, V a, US D ept o f  C om m erce, N ational 
T echn ica l Inform ation  Service, 1968 (PB-223 159)

194. M argoshes M, V allee BL: A cadm ium  protein  from 
equ ine  kidney co rtex . J Am C hem  Soc 79:4813-14, 1957

195. Kagi JH R , Vallee BL: M eta llo th ionein—A cadm ium - and 
zinc-contain ing  p ro te in  from  equ ine renal cortex , j  Biol 
Chem  235:3460-65 , I960

64



196. Kagi JH R , V allcc BL: M e ta llo th ioncin— A cadm ium  and 
zinc-con tain ing  p ro te in  from  equ ine  renal c o r te x — II. 
Physicochem ical p roperties . J Biol C hem  236:2435-42 , 
1961

197. Pulido P, Kagi JH R , V allee BL: Isolation and som e p ro ­
perties o f  hum an m etallo th ionein . B iochem istry 5:1768- 
77 , 1966

198. N ordbcrg  G F, N ordberg  M, P isca to r M , V esterberg  O. 
S epara tio n  o f  tw o form s o f  rabb it m eta llo th ionein  by 
isoelectric  focusing. B iochem  J 126:491-98, 1972

199. Shaikh Z A , Lucis O J: C adm ium  and  zinc binding in m am ­
m alian liver and kidneys. A rch Environ H ealth  24 :419-25, 
1972

200. Shaikh Z A , Lucis O J: Isolation o f cadm ium -binding 
p ro te ins. E xperien tia  27 :1024-25 , 1971

201. Shaikh Z A , Lucis O J: T h e  n atu re  and  b iosynthesis o f  ca d ­
m ium binding pro teins. Fed P roc 30 :238 , 1971, abst no. 
254

202. N ordberg  G F , P isca to r M , Lind B: D istribu tion  o f  cad m i­
um  am ong p ro te in  frac tions o f m ouse liver. A cta  P h a r­
m acol Toxicol 29:456-70 , 1971

203. Shaikh Z A , Lucis OJ: Induction  o f  cadm ium -binding 
p ro tein . Fed Proc 29:298 , 1970, abst no. 301

204. W ebb  M: Binding o f cadm ium  ions by ra t liver and  k id ­
ney. B iochem  Pharm acol 21 :2751-65 , 1972

205. G rasso  P: — A nd last, but no t least, cadm ium . Food 
C osm et Toxicol 13:470-72, 1975

206. N ordberg  G F , G oyer R, N ordberg  M: C om parative  tox ici­
ty o f cadm ium -m eta llo th ionein  and  cadm ium  chloride on 
m ouse kidney. A rch  Pathol 99:192-97 , 1975

207. F'luharty A L, Sanadi DR: O n the m echanism  o f oxidative 
ph o sphory la tion— IV. M itochondrial sw elling caused  by 
arsen ite  in com bination  w ith 2 ,3 -d im ercap top ropano l and 
by cadm ium  ion. B iochem istry 1:276-81, 1962

208. Jacobs EE, Jacob  M, Sanadi D R, Bradley LB: U ncoupling  
o f  oxidative phosphory lation  by cadm ium  ion. J Biol 
C hem  223:147-56, 1956

209. M ustafa MG, C ross CE: Pulm onary  alveolar 
m acro p h ag e—O xidative m etabolism  o f iso lated  cells and 
m itochondria  and effec t o f  cadm ium  ion on elec tron - and 
energy -transfer reactions. B iochem istry 10:4176-85, 1971

210. B arron ESG, K alnitsky G: T he inhib ition  o f  succinoxidase 
by heavy m etals and its reac tiva tion  with dithiols. 
B iochem  J 41 :346-51 , 1947

211. H arkonen  M, K orm ano M: A cute cadm ium -induced  
changes in the energy m etabolism  o f  the ra t testis. J 
R cprod  Fertil 21:221-26 , 1970

212 Singhal RL, M erali Z, Kacew S, S u therland  DJB: P er­
sistence o f  cadm ium -induced  m etabo lic  changes in liver 
and kidney. Science 183:1094-96, 1974

213. R utm an JZ , M eltzer LE, Kitchell JR , R utm an  RJ, G eorge 
P: E ffect o f  m etal ions on  in v itro  g luconeogenesis in ra t 
kidney cortex  slices. Am J Physiol 208 :841-46 , 1965

214. S u therland  DJB, Tsang BK, M erali Z , Singhal RL: 
T esticu lar and prosta tic  cyclic A M P m etabolism  following 
ch ron ic  cadm ium  trea tm en t and subsequent w ithdraw al. 
Environ Physiol B iochem  4:205-13, 1974

215. R ibas-O zonas B, D ean-G uelbenzu M, Santos-R uiz A: In­
h ib itory  effect o f  cadm ium  on alkaline phosphatase o f 
kidney and p rosta te  o f  guinea-pig, in Mills C F  (ed): T race 
E lem ent M etabolism  in Anim als. P roceedings o f 
W A A P/IB P In ternational Sym posium , A berdeen , S co t­
land, July 1969. Edinburgh and L ondon , E &  S Living­
stone , 1970, pp 173-76

216. Supplee WC: P roduc tion  o f  zinc deficiency in turkey 
pou lts by d ietary  cadm ium . Poult Sci 41:827-28, 1961

217. C otzias G C , Borg DC, Selleck B: Specificity o f  zinc 
pathw ay in the  rab b it—Z inc-cadm ium  exchange. Am  J 
Physiol 201:63-66, 1961

218. C otzias G C , Borg DC, Selleck B: V irtual absence o f  tu r­
nover in cadm ium  m etabo lism —C d 1™ studies in the 
m ouse. Am J Physiol 201 :927-30, 1961

219. Hill C H , M atrone G , Payne W L, B arber CW : In vivo in­
terac tio n s o f  cadm ium  with copper, zinc and iron. J N utr 
80:227-35, 1963

220. Bunn C R , M atrone  G: In vivo in terac tions o f  cadm ium , 
co p p er, zinc and iron in the m ouse and  rat. J N utr 
90:395-99, 1966

221. Lease JG: E ffect o f  graded  levels o f cadm ium  on tissue 
u p take  o f  “ Zn by the  chick  over tim e. J N utr 96:294-302, 
1968

222. Parizek J, Benes I, K alouskova J, Babicky A, L ener J: 
M etabolic  in terre la tions o f  trace  e lem en ts—The effect o f 
zinc salts on  th e  survival o f  Tats in tox ica ted  by cadm ium . 
Physiol B ohem oslov 18:89-93, 1969

223. Petering  HG, Johnson  M A, S tem m er KL: S tudies o f  zinc 
m etabolism  in the  ra t— I. D ose-response effects o f cadm i­
um. A rch Environ H ealth  23:93-101, 1971

224. S ta rch er BC: S tudies on the m echanism  of copper abso rp ­
tion  in th e  chick. J N u tr 97:321-26, 1969

225. Evans G W , M ajors PF, C o rn a tzer W E: M echanism  for 
cadm ium  and zinc antagonism  o f copper m etabolism . 
B iochem  Biophys R es Com m un 40:1 142-48, 1970

226. G unn SA, G ould T C , A nderson W AD: P rotective effect 
o f  estrogen against vascular dam age to  the testis caused 
by cadm ium . P roc Soc Exp Biol M ed 119:901-05, 1965

227. G unn SA, G ould  T C , A nderson W AD: M echanism s of 
zinc, cysteine and selenium  p ro tec tio n  against cadm ium - 
induced vascular injury to m ouse testis. J R eprod Fertil 
15:65-70, 1968

228. Parizek J, Benes I, O stadalova I, Babicky A, Benes J, 
L ener J: M etabolic  in terre la tions o f trace  e lem en ts—T he 
effect o f  som e inorganic and organ ic  com pounds o f 
selenium  on the m etabolism  o f cadm ium  and m ercury  in 
the  rat. Physiol Bohem oslov 18:95-103, 1969

229. H olm berg RE Jr , Ferm  VH: In terrelationsh ips o f seleni­
um , cadm ium , and arsenic in m am m alian teratogenesis. 
A rch Environ H ealth  18:873-77, 1969

65



230. Ithakissios DS, G hafghazi T , M enncar JH , Kessler WV: 
Effect o f  m ultiple doses o f  cadm ium  on glucose m etabo l­
ism and  insulin secre tion  in the  rat. T oxicol A ppl P har­
m acol 31 :143-49, 1975

231. G hafghazi T , M ennear JH : T he inh ib itory  effcct o f  cadm i­
um on th e  secre to ry  activity  o f  the  iso lated  perfused  rat 
pancreas. Toxicol A ppl Pharm acol 31:134-42 , 1975

232. N om iyam a K, Sugata  Y , Y am am oto  A, N om iyam a H: E f­
fects o f d ie tary  cadm ium  on rabb its— 1. Early signs o f 
cadm ium  in toxication , T oxicol A ppl Pharm acol 31:4-12, 
1975

233. Axelsson B, P isca to r M: R enal dam age after p ro longed 
exposure to  cadm ium  — A n ex perim en ta l study. A rch E n­
viron H ealth  12:360-73, 1966

234. Sporn A, Dinu I, S toenescu  L: Influence o f  cadm ium  a d ­
m in istration  on carb o h y d ra te  and  ce llu lar energetic  
m etabolism  in the ra t liver. Rev R oum  Biochim  7:299- 
3 0 5 ,1 9 7 0

235. G inn JT , V olker JF: E ffect o f  cadm ium  and fluorine on 
the  ra t d en tition . P roc Soc Exp Biol M ed 57 :189-91, 1944

236. L eicester HM: T he effect o f cadm ium  on the  p roduction  
o f caries  in the rat. J D ent Res 25 :337-40 , 1946

237. O ccupa tional E xposure to Inorganic A rsenic (N ew  
C rite r ia -1975): C rite ria  fo r a R ecom m ended  S tandard . US 
D ept o f  H ealth , E ducation , and  W elfare , Public H ealth  
Service, C e n te r  fo r D isease C on tro l, N ational Institute for 
O ccupa tional Safety and H ealth , 1975

238. N eum ann  AJ. Toxic hazards in industry  as illustra ted  by 
cadm ium . C an J Public H ealth  52 :443-45 , 1961

239. F itzgerald JJ , D etw iler CG: O ptim um  partic le  size for 
p en e tra tio n  through  the  M illipore filter. A rch Ind H ealth  
15:3-8, 1957

240. L indeken C L , P etrock  KF, Phillips W A , Taylor RD: S ur­
face co llection  efficiency o f large-pore m em brane filters. 
H ealth  Phys 10:495-99, 1964

241. L ippm ann M: F ilter m edia  fo r air sam pling, in A m erican  
C o n ference  o f  G overnm en ta l Industrial Hygienists: Air 
Sam pling Instrum ents fo r E valuation  o f A tm ospheric  C o n ­
tam inan ts, ed 4. C incinnati, A CG IH , 1972, pp N-2 to N- 
15

242. T hom pson  RJ, M organ GB, Purdue LJ: Analysis o f 
se lec ted  elem ents in a tm ospheric  particu la te  m atte r by 
atom ic absorp tion . A t A bsorp t Newsl 9 :53-57 , 1970

243. B alzer JL : Inertial and gravitational co llec to rs, in A m er­
ican C onferen ce  o f G overnm enta l Industrial Hygienists: 
A ir Sam pling Instrum ents for E valuation  o f  A tm ospheric  
C on tam inan ts , ed  4. C incinnati, A C G IH , 1972, pp 0-2 to
0-9

244. L ippm ann M, K ydonieus A: A m ulti-stage aerosol sam pler 
for ex tended  sam pling intervals. Am Ind Hyg Assoc J 
31 :730-37, 1970

245. Hosey A D , Kusnetz HL: G enera l princip les in evaluating  
the  o ccupational env ironm en t, in Powell CH , Hosey AD 
(eds): T he Industrial E n v ironm en t— Its Evaluation and 
C ontro l — Syllabus, PHS pub lication  No. 614. US D ept o f

H ealth , E ducation , and W elfare, Public H ealth  Service, 
B ureau o f  O ccupa tional Safety and H ealth , 1965, pp B -l- 
1 to  B -l-8

246. C ho lak  J , H ubbard  DM: D eterm ination  o f  cadm ium  in 
biological m ate ria l— S pcctrograph ic, po larograph ic, and 
co lo rim etric  m ethods. Ind Eng C hem , Anal Ed 16:333-36, 
1944

247. B roadhead  J, Hills GJ: P o larography, in Browning DR 
(ed ): E lec trochem ica l M ethods. L ondon, M cGraw -Hill 
Publishing C o L td , 1969, chap  5

248. A m erican  S tandards A ssociation: A m erican  D efense 
E m ergency S tan d a rd —A llow able C oncen tra tion  o f C ad ­
m ium , Z 3 7 .5-1941. New Y ork, A m erican  S tandards A s­
sociation , 1941, 6 pp

249. Saltzm an BE: C olorim etric  m icrodeterm ination  o f cadm i­
um with d ith izo n e— W ith im proved separa tion  o f  in terfer­
ing m etals. Anal C hcm  25:493-96, 1953

250. L ener J, Bibr B: D eterm ination  o f traces o f cadm ium  in 
biological m aterials by atom ic absorption  sp ec­
tropho tom etry . J A gric Food C hem  19:1011-13, 1971

251. Beyer M: P repara tio n  o f m etallic a ir  po llu tants for atom ic 
abso rp tion  analysis. A t A bsorpt Newsl 8:23-24, 1969

252. M atson W R, G riffin RM , S chre iber GB: Rapid sub-nano­
gram  sim ultaneous analysis o f Z n, C d, Pb, C u, Bi and Tl, 
in Hem phill DD (e d ): T race  S ubstances in Environm ental 
H ea lth — IV. C olum bia, M o, U niversity o f  M issouri, 1971, 
pp 396-406

253. S ch ro ed er HA: C adm ium , Z inc and M ercury , Air Q uality 
M onograph No. 70-16. W ashington, DC, A m erican 
P etro leum  Institu te , 1972, 40 pp

254. Pulido P, Fuwa K, V allec BL: D eterm ination  o f cadm ium  
in biological m aterials by atom ic absorption sp ec­
tropho tom etry . A nal B iochem  14:393-404, 1966

255. C adm ium  in A ir—T en ta tive  M ethod o f the Physical and 
C hem ical Analysis B ranch, P& CA M  151. C incinnati, US 
D ept o f  H ealth , E ducation , and W elfare, Public H ealth 
Service, N ational Institute for O ccupa tional Safety and 
H ealth , 1972

256. L ehnert G , Klavis G , Schaller KH, H aas T: Cadm ium  
determ ination  in urine by atom ic absorp tion  spectrom etry  
as a screen ing  test in industrial m edicine. Br J Ind M ed 
26 :156-58, 1969

257. Vigil TS: Industrial hygiene aspects o f a vacuum  m etaliz- 
ing opera tion  w ith cadm ium . Am Ind Hyg A ssoc J 
32:203-08, 1971

258. A m erican  C o n feren ce  o f G overnm ental Industrial H y­
gienists, C om m ittee  on Industrial V entilation: Industrial 
V en tila tion— A M anual o f R ecom m ended  P ractice , ed 14. 
Lansing. M ich, A C G IH , 1974

259. A m erican  N ational S tandards Institu te  Inc: P ractices for 
R espiratory  P ro tec tio n , ANSI Z 8 8.2-1969. New Y ork, 
A NSI, 3 1 pp

260. A m erican  N ational S tandards Institute Inc: Fundam entals 
G overn ing  the  Design and O pera tion  o f Local Exhaust 
System s, ANSI Z 9 .2-1971. New Y ork, ANSI, 1972, 63 pp

66



261. A m erican N ational S tandards Institu te Inc: A cccptable  
C oncen tra tions o f C adm ium  Fum e and C adm ium  Dusts, 
Z37.5. New Y ork, ANSI, 1970, 1 1 pp

262. Special R eports—T hresho ld  Lim it V alues for 1956, 
A dopted  a t the  18th A nnual M eeting o f the A m erical 
C onference  o f G overnm en ta l Industrial Hygienists, 
P h iladelphia, Pa, April 21-24, 1956. A rch Ind H ealth  
14:186-89, 1956 -

263. A m erican  C onference  o f  G overnm en ta l Industrial Hy­
gienists: T hresho ld  L im it V alues for 1965, A dopted  a t the 
27th A nnual M eeting o f  the A m erican  C onference  of 
G overnm ental Industrial H ygienists, H ouston , T exas, May 
2-4, 1965. C incinnati, A C G IH , 1965, pp  7, 12

264. A m erican  C onference  o f  G overnm en ta l Industrial Hy­
gienists: T hresho ld  L im it V alues for
1967—R ecom m ended  and  In tended  V alues, A dopted  at 
the 29 th  A nnual M eeting  o f  the  A m erican  C onference  o f 
G overnm ental Industrial Hygienists, C hicago , Illinois, May
1-2, 1967. C incinnati, A C G IH , 1967, p 7

265. A m erican  C onferen ce  o f  G overnm en ta l Industrial 
Hygisnists: T hresho ld  L im it V alues o f  A irborne C on tam i­
nants and  In tended  C hanges, A dop ted  by ACGIH for 
1970. C incinnati, A CG IH , 1970, p 7

266. A m erican  C onference  o f  G overnm ental Industrial H y­
gienists: T hresho ld  Lim it V alues for C hem ical Substances 
in W orkroom  Air, A dopted  by A CG IH  for 1973. C incin ­
nati, A C G IH , 1973, pp 12,36

267. A m erican  C onference  o f  G overnm en ta l Industrial Hy­
gienists: T hresho ld  L im it V alues fo r C hem ical S ubstances 
in W orkroom  Air, A dop ted  by ACGIH for 1974. C incin­
nati, A C G IH , 1974, pp 12, 37

268. A m erican  C onference  o f  G overnm enta l Industrial H y­
gienists: T hresho ld  Lim it V alues for C hem ical Substances 
in W orkroom  Air, A dopted  by ACG IH for 1975. C incin ­
nati, A C G IH , 1975, pp 12, 37, 40-41

269. A m erican  C onference  o f  G overnm enta l Industrial Hy­
gienists: D ocum enta tion  o f  T hreshold  Limit
V alues—S upplem ents fo r T hose S ubstances A dded or 
C hanged Since 1971. C incinnati, A C G IH , 1974, p 292

270. A m erican  C onference  o f  G overnm enta l Industrial Hy­
gienists: D ocum entation  o f the T hresho ld  Limit V alues 
for Substances in W ork room  A ir, ed 3. C incinnati, 
A CG IH , 1971, pp 35-36

271. Bonnell JA : Cadm ium  poisoning . A nn O ccup  Hyg 8:45- 
50, 1965

272. N ational Board o f  O ccupa tional Safety and  H ealth: Limit 
V alues— D irections concern ing  limit values for a ir co n ­
tam inan ts at p laces o f  w o rk — D irections N o. 100. T ran sla ­
tion issued by the N ational Board o f  O ccupa tional Safety 
and H ealth , Sw eden, O cto b er 1974, p 15

273. R oschin AV, T im ofeevskaya LA: C hem ical substances in 
the w ork env ironm en t— Some com parative  aspects of 
USSR and  US hygienic standards. A m bio 4 :30-33, 1975

274. Perm issible Levels o f Toxic Substances in the W orking 
E nvironm ent —6th  Session o f the Jo in t ILO-W HO C om ­
m ittee on O ccupational H ealth , G eneva , June  4-10, 1968, 
O ccupa tional Safety and H ealth  Series No. 20. G eneva, 
In ternational L abour O ffice, 1970, pp 189, 194, 212, 217, 
223, 230

275. Evrin P-E, Peterson PA, W ide L, B erggard 1: R adioim m u­
noassay of /32-m icroglobulin  in hum an biological fluids. 
Scand  J Clin Lab Invest 28 :439-43, 1971

276. Sevier ED, Reisfeld RA: S em i-autom atic solid-phase d o u ­
b le-antibody radioim m unoassay fo r /32-m icm globulin. lm- 
m unochem istry  13:35-37, 1976

277. P isca to r M: C adm ium  toxicity—Industrial and env iron­
m ental experience. P aper p resen ted  a t the 17th In te rn a­
tional C ongress on O ccupational H ealth , Buenos A ires, 
A rgen tina, 1972

278. A m erican  Industrial Hygiene A ssociation-A m erican C o n ­
ference  o f  G overnm enta l Industrial Hygienists: R esp ira to ­
ry P ro tective D evices M anual. A nn A rbor, M ichigan, 
B raun and Brum field Inc, 1963, 162 pp

279. Public H ealth  Service D rinking W ater S tandards, 1962, 
PHS Publication  N o. 956. US D ept o f H ealth, E ducation , 
and W elfare, Public H ealth  Service, 1962, pp 29-31

280. H enry RJ, Sobel C , Segalove M: T urb id im etric  d e te rm in a­
tion  o f pro teins w ith sulfosalicylic and  trich loroacetic  
acids. P roc Soc E xper Biol M ed 92:748-51 , 1956

281. M eulem ans O: D eterm ination  o f  to tal pro tein  in spinal 
fluid with sulphosalicylic acid and trich loroacetic  acid. 
C lin  Chim  A cta  5 :757-61, 1960

282. M cG arry E, Sehon AH, Rose B: T he isolation and e lec ­
tro p h o re tic  characteriza tion  o f  the pro teins in the urine of 
norm al subjects. J Clin Invest 34:832-44, 1955

283. P iscator M: P ro te inuria  in chronic cadm ium  poisoning—2. 
T he applicability  o f  quantita tive and qualitative m ethods 
o f  p ro te in  determ ination  fo r the dem onstration  o f cadm i­
um pro te inu ria . A rch  Environ H ealth  5:325-32, 1962

284. P isca to r M: P ro te inu ria  in C hron ic  C adm ium  Poisoning. 
S tockholm , K L B cckm ans T ryckerier AB, 1966, 29 pp

285. P eterson PA, Evrin P-E, Berggard I: D ifferentiation of 
g lom erular, tubu lar, and norm al p ro te inu ­
r ia— D eterm inations o f urinary excretion o f /32- 
m icroglobulin , a lbum in, and total pro tein . J Clin Invest 
48:1 189-98, 1969

286. M ancini G , C arb o n ara  AO, H erem ans JF: Im m unochem i­
cal quan tita tion  o f antigens by single radial im m unodiffu­
sion. Im m unochcm istry 2:235-54, 1965

287. Evrin P-E, W ibell L: T he serum  levels and urinary ex cre ­
tion o f iSj-m icroglobulin in apparen tly  healthy subjects. 
Scand J Clin Lab Invest 29:69-74, 1972

67



IX. APPENDIX I

AIR SAMPLING METHOD

Apparatus

(a ) A cellulose ester m em brane filter of 
nom inal pore size 0.8 ¿¿m is recom m ended.

(b ) The filter should be m ounted in a holder 
with a cover to  p ro tec t it during sampling. One or 
m ore holes of approxim ately 4 mm in diam eter 
must be provided in the cover for airflow during 
sampling (eg, a M illipore Field M onitor in which 
the inlet plug has been rem oved).

(c ) C onnections betw een the filter holder and 
the sam pling pum p m ust be m ade in a m anner to 
prevent leakage.

(d ) The air sam pling pum p m ust be equipped 
with a m eans of indicating flow, e ither directly by 
a ro tam eter or indirectly by a suitably geared 
m otor revolution counter.

(e ) The air sam pling pum p should be 
calibrated so that flow may be determ ined to 
within 5%. A spirom eter, w et-test m eter, bubble 
m eter, o r the equivalent, can be used for calib ra­
tion (see discussion o f calibration). A ro tam eter 
may be used as flow indicator but should not be 
used for calibration o f pum ps with pulsating flow.

(f) B attery-operated  pum ps m ust be capable 
of at least 4 and preferably 8 hours o f continuous 
operation w ithout recharging.

Sampling Procedure for Determining Worker 
Exposure

(a ) Sam ples should be taken  within 50 cm of 
the w orker’s nose and m outh.

(b ) Each sample for TW A concentration  esti­
m ation should be taken for 2 o r m ore hours and 
com bined to  obtain a TW A concen tration  for an 
entire shift. The m ost m eaningful results will be 
obtained by com bining four 2-hour samples (for 
an 8-hour shift). A single full-shift sample (8-10

hours), two 4-hour samples, or o ther com binations 
of full-shift consecutive samples, are also accep ta­
ble.

(c ) Partial-period consecutive or interm ittent 
sam ples, for exam ple a num ber o f 15-minute sam ­
ples for estim ation o f  TW A and ceiling concentra­
tions, are acceptable if they adequately represent 
full-shift exposure.

(d )  Air sam ples for TW A determ inations 
should have sample volumes of a t least 50 liters. A 
sam pling rate o f 1.0-2.0 liter/m in for personal sam ­
ples is recom m ended. Personal samples may be 
taken  at rates of 0.5-3.0 liters/min.

(e )  For each air sample, there should be a 
record  of: the date, tim e, and place of sampling; 
the operation(s) being carried ou t during the sam ­
pling; the device used to  obtain the sample; the 
sam pling rate and sampling period; the nam e of 
the person collecting the sample; and other re le­
vant inform ation. Each sample must be clearly 
labeled for identification.

Sampling Procedure for Determining Control 
Effectiveness or Need for Personal Protection

(a ) A rea samples may be taken with the ap­
paratus used for determ ining w orker exposure, or 
with electrostatic  precipitators.

(b ) The sample should be taken at a site 
representative o f the area being contam inated. The 
site should be identified for fu ture sampling.

Calibration of Sampling Trains

The accurate  calibration of a sampling pum p is 
essential for the co rrec t in terpretation of the 
volume indicator. The necessary frequency of 
calibration is dependent on the use, care, and han­
dling to  which the pum p has been subjected. In 
addition to the norm ally scheduled calibration, 
pum ps should be recalibrated  if they have been 
subjected to misuse, just received from a manufac-
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tu rer, or just repaired. If the pum p receives hard 
usage, m ore frequent calibration may be necessa-

r y '

Ordinarily, pum ps should be calib rated  in the 
laboratory before they are used in the field and at 
frequent intervals if they are used to  collect nu­
m erous field samples. T he accuracy o f calibration 
is dependent on the type of calibrating instrum ent 
used as a reference. The choice o f calibrating in­
strum ent may depend largely upon w here the 
calibration is to  be perform ed. For laboratory test­
ing, a 1- o r 2-liter b u re t o r a w et-test m eter is 
recom m ended, although o ther standard  calibrating 
instrum ents, such as a spirom eter, M arrio tt’s bo t­
tle, or dry-gas m eter, can be used.

Instructions for calibration with the soapbubble 
flow m eter follow. However, if an alternative 
calibration device is selected , equivalent 
procedures should be used. The calibration setup 
for personal sampling pum ps with a cellulose filter 
is shown in Figure X IV -1. Since the flow rate in­
dicated by the flow m eter of the pum p is depen ­
dent on the pressure drop  across the sampling 
device, a m em brane filter with appropria te  backup 
pad, the pum p flow m eter m ust be calib rated  while 
operating with a representative filter and backup 
pad in the line.

( 1 ) W hile the pum p is running, the voltage 
o f the pum p battery is m easured with a voltm eter 
to  assure th a t the battery  is charged adequately for 
calibration.

(2 ) Place the cellulose m em brane filter 
with backup pad in the filter cassette.

(3 ) The calibration  setup is assembled as 
shown in Figure X IV -1.

(4 ) The pum p is turned on and the inside 
of the soapbubble m eter is m oistened by im­
mersing the buret in the soap solution and drawing 
bubbles up the tube until they are able to  travel 
the entire length of the buret w ithout bursting.

(5 ) The pum p is adjusted to  provide a 
flowrate of 2.0 liters/m in.

(6 ) The w ater m anom eter is checked to  en ­
sure that the pressure drop  across the sampling 
train does not exceed 13 conventional inches of 
w ater (3.23 kPa) a t 2 liters/m in.

(7 ) A soapbubble is started  up the bure t 
and the tim e it takes the bubble to  travel a 
minimum o f 1.0 liter is m easured with a stop­
watch.

(8 ) The procedure in (7 ) above is repeated 
at least three tim es, the results are averaged, and 
the flow rate is calculated by dividing the volume 
betw een the preselected  m arks by the time 
required  for the soapbubble to  travel the distance.

(9 ) D ata recorded  for the calibration 
should include the volume o f air m easured, 
elapsed tim e, pressure drop, air tem perature, a t­
m ospheric pressure, serial num ber o f  the pum p, 
date , and nam e o f the person perform ing the 
calibration.
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X. APPENDIX II

ENVIRONMENTAL ANALYSIS

Determination of Cadmium in Air Samples by 
Atomic Absorption Spectroscopy

(a ) Principle of the M ethod
A irborne cadm ium  dust and fum e samples are 

collected on cellulose ester m em brane filters or 
o ther collection systems as described in A ppendix
1. The filter sam ples are  w et-ashed, using nitric 
acid. Analysis is perform ed by aspiration of the 
ashed sam ple solution into the flam e of an atom ic 
absorption spectrophotom eter, and com paring the 
instrum ent response to  th a t o f a standard.

(b ) Range and Sensitivity
The sensitivity in conventional flame atom ic ab ­

sorption may be 10-25 ng C d/m l/0 .0044 ab ­
sorbance units, with detection  limits as low as 1 ng 
C d/m l, depending on operating  conditions and in­
strum ental variations. Using a sensitivity of 20 ng 
Cd/m l with an air sam ple of 100 liters (eg, 100 
m inutes a t 1 liter/m in) and a final liquid volume of 
5 ml, the sensitivity is 1 ¡xg C d/cu m. For these 
same air and liquid volumes, the linear response 
range extends up to 100 /xg C d/cu m (final liquid 
concen tration  of 2 /xg Cd/m l). Sam ples may be 
diluted to provide cadm ium  concentrations in this 
range.

(c ) Interferences, Precision, and Accuracy
Interferences with this m ethod are not normally

encountered  in the analysis o f air samples. The 
precision for spfked sam ples has been determ ined 
to  be 4% relative standard  deviation; a larger 
deviation could be expected for “ rea l” samples, 
using a sim ilar m ethod.255 The accuracy has not 
been determ ined; how ever, recoveries o f 90% 
were reported , using 20 replicates.251 Collaborative 
testing has not been perform ed. The dependability 
of a sim ilar p rocedure has been tested255 and is 
discussed in C hapter IV.

(d ) A dvantages and D isadvantages of the 
M ethod

Analysis can be perform ed quickly and accu­
rately by a technician  experienced in trace analy­
sis. A tom ic absorption instrum entation, although 
not available in all laboratories, is becom ing in­
creasingly popular. The speed o f the analysis by 
this m ethod is a d istinct advantage.

(e ) Reagents and  A pparatus
A m erican C hem ical Society (A CS) reagent 

grade chem icals o r m aterials of similar quality are 
required.

(1 ) C oncen trated  nitric acid: redistilled or 
o f trace m etal quality. Use in subsequent steps 
where nitric acid is designated.

(2 ) W ater: double distilled or distilled
deionized.

(3 ) S tandard cadm ium  solution: 1000
/ng/ml. Dissolve 1.000 g of m etallic cadm ium  in 
nitric acid and dilute to  1 liter in a volum etric 
flask with sufficient w ater and nitric acid to yield a 
solution containing 10% nitric acid. This solution 
is com m ercially available.

(4 ) Atom ic absorption apparatus with a
cadm ium  hollow cathode lamp, readout accessory, 
and gas supply system. O perating conditions
recom m ended by the m anufacturer should be fol­
lowed for gas flow rates and o ther instrum ental 
variables. The resonance line for cadm ium  is 2,288 
Angstroms.

(5 ) H ot p late, capable of 300 C.
(f) Quality C ontrol
Establishm ent and m aintenance o f total analyti­

cal quality control systems to assure continued 
precision and accuracy of laboratory reports in­
clude, as appropriate, these requirem ents:

(1 ) Each test m ust be checked on each day 
o f use.

(2 ) At least one standard (it may be an in­
strum ent standard) and one control sample
(w orking value established and run through the 
entire analytical p rocedure) should be included 
with each run o f unknown samples. W here the
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control sam ple is not subject to  the in terferences 
in the unknow n sam ples, a previously run unk­
nown should be included as a blind check sample. 
A blank sam ple (no  added  am ount o f the con­
stituent being determ ined) should also be run to 
aid in detecting  reagent contam ination and o ther 
problem s im portant near the low er lim it o f o p era ­
tion o f the m ethod.

(3 ) If the results on the standard , contro l, 
blank, or recycle sam ples are not within accep ta­
ble limits, the  entire batch  of analyses m ust be re­
peated and consideration  should be given to  the 
nonaccep tance of sam ples w here there  is only 
enough m aterial for a single analysis. T here may 
be situations w here this policy is waived. C on­
sideration o f the consequences of reporting  results 
when the analytical system is apparently  “ out of 
con tro l” should minimize such waivers.

(g) Procedure
(1 ) T race Analysis Precautions

All glassware should be thoroughly cleaned and 
rinsed. C leaned glassware should be soaked over­
night in 10% nitric acid or one-half hour in 50% 
nitric acid prior to  use. G lassware taken  from  rou­
tine laboratory  use should be checked  for cadm i­
um leachability before it is in tegrated  into the 
trace analysis system. N ote tha t it is som etim es the 
case tha t previous use will m ake glassware unsuita­
ble for trace  analysis.

Analysts are cautioned concerning the potential 
for contam ination  of sam ples by smoking. Hands 
should be washed and smoking forbidden in the 
trace analysis facility.

(2 ) Standardization
Standards are p repared  from  the 1,000 ¿ig/ml 

standard solu- tion by serial dilution with 1% nitric 
acid. Because of the loss o f trace m etals to  glass­
ware or plastic, dilute standards should be m ade 
daily unless in-house da ta  show no depletion when 
com pared with fresh standards. S tandards are 
prepared in the 0.02 to 2 /xg/ml range; standards 
should preferably b racket the samples. Aspirate 
the standards into the flame and record  the instru­
m ent response. P repare a graph o f the  results by 
plotting the absorbance vs concen tration  for each 
standard. O ther instrum ental ou tput, such as p er­
cen t absorption, may be used over a narrow  range 
o f concentrations. Instrum ents with devices that 
read directly in term s o f  concentration  are also 
suitable.

(h ) Analysis o f Samples

Sam ple, control sam ple (w orking value previ­
ously established by carrying through entire 
analytical p rocedure), and blank are placed in 
suitable acid-w ashed vessels. For personal samplers 
em ploying 37 mm or similar filters, 50-ml Griffen 
beakers are suitable. Next, 3 ml o f concentrated  
n itric acid is added and the vessel is covered with 
a w atch glass. Each sample is heated  on a hot 
plate in an exhaust hood until the  volume of nitric 
acid is reduced to  approxim ately 0.5 ml and is 
pale yellow or w ater white. F urther additions of 
n itric acid may be necessary for com plete oxida­
tion o f  the filter. T he cooled sample is transferred 
to  a suitable volum etric vessel, after rinsing the 
w atch glass. A 5-ml graduated cylinder has been 
em ployed successfully. The transfer and volume 
adjustm ent are effected with 1% nitric acid solu­
tion.

The resulting blank, con tro1 a. d sample solu­
tions are aspirated into the flame oi * .e instrum ent 
and the instrum ent response recorded. Samples 
may be diluted or concentrated  to  correspond to 
the standards. If concentration  is necessary, the 
aspiration flow rate should be checked to assure 
tha t it is com parable to  those for the standards.

(i) Calculations
A bsorbances of sam ple and blank solutions are 

converted  to  concentration  values by com parison 
with a curve o f absorbance vs concentration 
prepared  from  the standards. The blank, which 
represents the level of contam ination in the 
system, is subtracted  from  the sample value. The 
concentration  of cadm ium  in the environm ental 
sample is determ ined by the following formula:

fig C d /cu  m =
Cd X S

where Cd =  Sample concentration minus blank 
concentration from  standard curves, 
in fig C d /m l 

S =  Solution volume, in ml 
V =  Volume of air sample, in cubic meters
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XI. APPENDIX III

DETERMINATION OF PROTEIN IN 
URINE

Urine p ro tein  concentrations can be determ ined 
by reaction with sulfosalicylic o r trichloracetic  
acid or by reaction  with phosphotungstic acid fol­
lowed by biuret analysis. C onventional clinical 
p rocedures for urine protein detec tion , such as the 
boiling test, are not adequate  for detection  o f cad ­
m ium -induced proteinuria, because m ost o f the 
proteins excreted  by those intoxicated by cadm ium  
are o f low m olecular weight. Specific details of 
analysis of urine protein  by the m ethods m en­
tioned above are described in the following discus­
sion. In addition, some com m ents on m ore specific 
exam ination of urine proteins by electrophoresis or 
by jS2-m icroglobulin analysis are offered.

W hile 12-hour or, preferably, 24-hour urine 
samples are superior to spot samples, spot samples 
will often be all tha t can be obtained. Early m orn­
ing sam ples are preferred  if only spot sam ples can 
be obtained. If these samples have a low specific 
gravity (eg, below 1.01), fu rther sam ples should be 
taken. For fu rther trea tm en t o f da ta  from  urine 
analysis, correction  for the dilution of the urine 
should be m ade. This is usually perform ed by co r­
recting to a standard specific gravity, eg, 1.024, or 
by dividing the am ount o f urine p ro tein  in the 
sample by the am ount o f creatin ine in the same 
sample.

P iscator (w ritten com m unication, May 1976) 
has com pared  the m ethods o f p rotein  determ ina­
tion described below, and concluded that neither 
trichloroacetic  acid nor sulfosalicylic acid is so 
useful for quantitative protein  determ ination as the 
phosphotungstic acid-biuret m ethod. W ith sulfosal­
icylic acid, an acceptable standard curve was ob­
tained, but with trichloroacetic  acid he was not 
able to obtain  an acceptable standard  curve at low 
protein concentrations. W ith sulfosalicylic acid, he

found in two cases average urine protein concen­
trations of about 50-60%  o f the values obtained on 
the sam e urines w ith phosphotungstic acid-biuret 
analysis. O n this basis, he suggested that while sul­
fosalicylic acid analysis might be useful for routine 
checking o f urines of workers, m ore quantitative 
exam inations should be perform ed at intervals of 
1-2 years. He pointed  out that even the best quan­
titative m ethods for total protein  might fail to  de­
tec t the first changes of tubular proteinuria, citing 
a case whose protein  excretion was at the upper 
norm al level but who had, on electrophoretic  ex­
am ination o f urine protein , a pattern  typical o f tu ­
bular proteinuria and  a significant increase in 
excretion o f ^ 2-rnic ro gl°bulin.

Sulfosalicylic or Trichloroacetic Acid Analysis

For analysis of urine protein by precipitation 
with sulfosalicylic or trichoroacetic acid, the 
m ethods described by Henry et al280 and Meu- 
lem ans281 can be used. M easure the specific gravity 
and the volume of the urine sample, and, after 
gentle mixing, filter about 75 ml; the sample 
should be at room  tem perature. C heck for the ap­
proxim ate concentration  of protein by some 
procedure such as use of Albustix® If the esti­
m ated concentration  is higher than 150 m g /100 
ml, dilute the sam ple with saline solution (0.99% ) 
to  a protein concentration  of about 100 m g /100 
ml.

Pipet 0.5 ml of urine into each o f 2 tubes. Add 
to  the first tube 2 ml of saline solution and to  the 
o ther 2 ml o f 3% sulfosalicylic acid or 
trichloracetic acid. Mix the contents of each tube 
im m ediately after the addition and let stand for 5 
m inutes, followed by a second mixing and reading 
o f the absorbance in a spectrophotom eter a t 620 
nm against a reagent blank. Subtract the reading 
o f the reagent blank and the reading o f the urine 
sam ple to  which saline was added from the reading 
of the reagent-treated  urine sample. Calculate the
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total am ount of protein (p e r unit o f volum e o r per 
unit o f tim e such as 12 or 24 hours) from  the stan ­
dard curve. A ccording to  M cG arry e t al, 282 nor­
mal urine protein  excretion  is about 70 mg/day but 
may be as high as 90 mg/day; these values are 
equivalent to  5 and 6.4 m g /100 ml if daily urine 
excretion is about 1,400 ml. It is likely tha t better 
estim ates o f norm al urine excretion o f protein  can 
be developed from analyses o f urine sam ples taken 
at p rep lacem ent exam inations o f workers.

For p reparation  o f a standard  curve, use a 
serum  sam ple with a know n protein  con ten t and 
dilute 3:100 with saline solution. P repare  standards 
by diluting 1, 2, 4, 6, 8, and 10 ml o f  diluted 
serum with saline to  10 ml. As with the urine sam ­
ples, p ipet 0.5 ml o f each dilution into each of two 
tubes, add 2 ml of saline to  one and 2 ml o f sul- 
fosalicylic or trich loroacetic  acid solution to the 
other, mix and let stand for 5 m inutes, then mix 
again and read absorbance at 620 nm , subtracting 
the absorbance o f the reagent blank and tha t of 
the serum  plus saline from  the absorbance of the 
reagent-treated  serum . Plot the resultant ab ­
sorbances against the protein  concen tra tion  to  get 
the standard  curve. If, for exam ple, the protein 
concen tration  of the serum  were 7.2 g/100 ml, the 
diluted standard  sam ples would be 0.22, 0.43, 
0.86, 1.30, 1.73, and 2.16 g/liter.

Phosphotungstic Acid-Biuret Analysis

At the D epartm ent o f Environm ental Hygiene, 
Karolinska Institute, a m ethod o f analysis o f urine 
protein has been used for many years that involves 
precip itation o f urine protein  by T suchiya’s re­
agent, followed by biuret analysis. This m ethod ap ­
pears to be b etter than  analysis by sulfosalicylic 
acid or trich loracetic acid in that it can detect 
urine protein m ore sensitively than is possible by 
the o ther m ethods. The m ethods involving reaction 
with sulfosalicylic or trich loracetic  acid have the 
advantage o f involving procedures m ore fam iliar to  
many clinical laboratories.

The procedure as described by P iscator283 in­
volves mixing 1-2 ml of urine with an equal 
volume o f T suchiya’s reagent. This reagent is 
made from 15 g o f phosphotungstic acid, 60 g of 
concen tra ted  hydrochloric acid, 770 ml of 95% 
ethyl alcohol, and 60 ml of distilled water. A fter 
15 m inutes, the p recip itate form ed by reaction of 
urine protein  with T suchiya’s reagent is cen­

trifuged at 3,500 rpm. It is then washed twice with 
95% ethyl alcohol and dissolved in 4 ml o f 3% 
sodium hydroxide, followed by the addition o f 0.2 
ml of B enedict’s reagent. The B enedict’s reagent is 
m ade by dissolving 173 g of pure sodium citrate 
and 100 g o f dry sodium  carbonate  in 500-600 ml 
o f distilled w ater with the aid o f gentle heating, 
but avoiding boiling. While still warm, the solution 
is filtered. M eanwhile, 17.3 g o f  copper sulfate 
pentahydrate  is dissolved with heating in about 
100 ml of distilled w ater. The two solutions are 
then mixed and after cooling m ade up to  1,000 ml 
with distilled water. This m ixture is kept in dark 
bottles with rubber stoppers.

W ith hum an album in as the standard, as 
described by Piscator,283 and sam ple cells of 1 cm 
light path , readings o f the biuret color are m ade in 
a spectropho tom eter a t 330 nm, com paring the 
readings with those from  a blank consisting o f 4 
ml o f 3% sodium hydroxide and 0.2 ml of the 
B enedict’s solution.

Piscator283 found that when trichloroacetic  acid 
was used as the precipitating agent, m uch lower 
values were ob tained than with Tsuchiya’s reagent 
when the centrifuge rate was 3,500 rpm. But at a 
centrifuge rate of 10,000 rpm and a final 
trich loroacetic acid concentration  of 4%, values 
obtained were sim ilar to  those obtained with 
T suchiya’s reagent.

Examination for Tubular Proteins

There are probably many individual proteins in 
norm al urine as well as in urines o f workers with 
abnorm al pro teinuria  from cadm ium  intoxication. 
E lectrophoretic  patterns of urine proteins 
presen ted  in a review by P iscator284 show lower al­
bumin con ten t in cadm ium  w orkers than in the 
norm al m an, but a higher con ten t o f some frac­
tions tha t correspond with some o f those found in 
serum . The e lectrophoretic  patterns of the urines 
o f the cadm ium  w orkers were characterized by 
peaks corresponding to a 2-, (3-, and -y-globulins, 
with the elevation due to the /3-fraction being 
especially m arked. This /8-globulin peak is ac­
counted for by a m icroglobulin nam ed by Berg- 
gard and Bearn69 as /32-m icroglobulin, which they 
isolated from  the urines of patients with chronic 
cadm ium  poisoning and o f patients with W ilson’s 
disease, which is also a disease involving tubular 
proteinuria.
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Enzymes such as m uram idase and ribonuclease 
have also been found in the urines o f  people occu­
pationally exposed to  cadm ium 74 284

Radioim m unoassay and  single radial im m unodif­
fusion have been used fo r /32-m icroglobulin assay, 
and values ob tained by these m ethods correlated  
well, according to  Evrin e t al.275 They found the 
average concen tra tion  o f this p ro tein  in urines of 
10 healthy subjects to  be 73 g/24-hour volume, 
by radioim m unoassay. In ano ther study by these 
University o f  U ppsala investigators, Peterson et 
al285 found the  average 24-hour excretion  o f this 
m icroglobulin in healthy subjects was 120 /Ag. 
Average 24-hour album in excretion  in these sub­
jects was 10 mg and to tal protein  80 mg. Patients 
with glom erular d isorders had norm al or only 
slightly increased excretion  of m icroglobulin but 
m arked increases in album in and total protein 
excretion. M ost o f the  patients with tubular disor­
ders had  large am ounts of m icroglobulin in their 
urines with norm al o r only slightly increased quan­
tities of album in and only m oderately increased

quantities o f total protein . T hese investigators285 
used the single radial im m unodiffusion m ethod of 
M ancini e t al288 for de term ination  of album in and 
m icroglobulin in urine. Sevier and Reisfeld27B have 
described a sem i-autom atic m ethod for double-an­
tibody radioim m unoassay capable o f analyzing 24 
samples sim ultaneously in the  range o f  1-100 ng, 
using goat anti-/32-m icroglobulin and Sepharose- 
bound rabb it anti-goat-im m unoglobulin G. Facili­
ties for m icroglobulin analysis are  not available in 
many laboratories.

Evrin and W ibell287 reported  th a t /32-microglobu- 
lin can decom pose during storage o f urine samples 
with pH of less than 5.6. This can be prevented by 
adding buffer to urine samples. However, Kjell- 
strom  e t a l132 suggested tha t this decom position 
m ight also occur in the urinary bladder if the urine 
pH were below 5.6. They found an average o f 450 
/xg/liter in 15 urine sam ples o f pH less than 5.6 
and an average o f 2 m g/liter in o ther samples of 
higher pH.
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XII. APPENDIX IV

MATERIAL SAFETY DATA SHEET

The following items o f  inform ation which are 
applicable to  a specific product or m aterial shall 
be provided in the appropria te  block o f the 
M aterial Safety D ata Sheet (M SDS).

T he p roduc t designation is inserted  in the  block 
in the upper left co rner of the  first page to 
facilitate filing and retrieval. P rin t in upper case 
letters as large as possible. It should be prin ted  to  
read upright with the sheet tu rned  sideways. The 
p roduct designation is th a t nam e o r code designa­
tion w hich appears on the label, o r by w hich the 
p roduct is sold or know n by em ployees. The rela­
tive num erical hazard ratings and key statem ents 
are those determ ined by the rules in C hap ter V, 
Part B, o f the NIOSH publication , An Identification 
System  fo r  Occupationally Hazardous Materials. 
The com pany identification may be prin ted  in the 
upper right co rner if desired.

(a )  Section I. P roduct Identification
The m an u fac tu rer’s nam e, address, and regular 

and em ergency telephone num bers (including area 
code) are  inserted in the appropria te  blocks of 
Section I. The com pany listed should be a source 
of detailed backup inform ation on the hazards of 
the m ateria l(s) covered by the MSDS. The listing 
of suppliers o r w holesale distributors is 
discouraged. The trade nam e should be the 
p roduct designation o r com m on nam e associated 
with the m aterial. The synonyms a re  those com ­
monly used for the p roduct, especially form al 
chem ical nom enclature. Every know n chem ical 
designation o r co m petito r’s trade nam e need not 
be listed.

(b ) Section II. H azardous Ingredients
The “ m aterials” listed in Section II shall be 

those substances which are part o f  the  hazardous 
product covered by the MSDS and individually 
m eet any o f  the c rite ria  defining a hazardous

m aterial. Thus, one com ponent o f a m ulticom ­
ponen t p roduct m ight be listed because o f its tox­
icity, another com ponent because of its flamma- 
bility, while a th ird  com ponent could be included 
both for its toxicity and its reactivity. Note tha t a 
MSDS for a single com ponent product must have 
the nam e o f the m aterial repeated in this section 
to  avoid giving the im pression tha t there are no 
hazardous ingredients.

Chem ical substances should be listed according 
to  the ir com plete nam e derived from a recognized 
system o f nom enclature. W here possible, avoid 
using com m on nam es and general class names 
such as “ arom atic am ine,” “ safety solvent,” or 
“ aliphatic hydrocarbon” when the specific name is 
known.

T he “ % ” may be the approxim ate percentage by 
w eight o r volum e (indicate basis) which each 
hazardous ingredient o f  the m ixture bears to  the 
whole m ixture. This may be indicated as a range 
o r m axim um  am ount, ie, “ 10-40% vol” or “ 10% 
max w t” to  avoid disclosure of trade secrets.

Toxic hazard da ta  shall be stated in term s of 
concentration , m ode o f exposure or test, and 
anim al used, ie, “ 100 ppm  L C 50-rat,” “ 25 mg/kg 
LD 50-skin-rabbit,” “ 75 ppm LC m an,” or 
“ perm issible exposure from  29 CFR 1910.1000,” 
o r if not available, from  o ther sources o f publica­
tions, such as the  A m erican C onference of 
G overnm ental Industrial Hygienists o f the A m er­
ican National Standards Institute Inc. Flammability 
o r reactivity da ta  could be flash point, shock sen­
sitivity, o r o ther brief data  indicating nature o f the 
hazard.

(c )  Section III. Physical D ata
T he data  in Section III should be for the total 

m ixture and should include the boiling point and 
melting point in degrees Fahrenheit (Celsius in 
paren theses); vapor pressure, in millimeters of 
m ercury (m m  Hg); vapor density o f gas or vapor 
(a ir +  1); solubility in water, in parts/hundred
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parts o f w ater by weight; specific gravity (w ater +  
1); percen t volatiles (ind icated  if by weight or 
volum e) at 70 Fahrenheit (21.1 Celsius); evapora­
tion rate for liquids or sublim able solids, relative 
to  butyl acetate; and appearance and odor. These 
data  are useful for the contro l o f toxic substances. 
Boiling point, vapor density, percen t volatiles, 
vapor pressure, and evaporation are useful for 
designing p roper ventilation equipm ent. This infor­
m ation is also useful for design and deploym ent of 
adequate fire and spill containm ent equipm ent. 
The appearance and odor may facilitate identifica­
tion o f substances stored  in im properly m arked 
containers, o r when spilled.

(d ) Section IV. Fire and Explosion D ata
Section IV should contain  com plete fire and ex­

plosion da ta  for the product, including flash point 
and autoignition tem pera tu re  in degrees 
Fahrenheit (Celsius in paren theses); flam m able 
limits, in percen t by volum e in air; suitable extin­
guishing m edia o r m aterials; special firefighting 
p rocedures; and unusual fire and explosion hazard 
inform ation. If the p roduct presents no fire hazard, 
insert “ NO FIRE H A Z A R D ” on the line labeled 
“ Extinguishing M edia.”

(e ) Section V. H ealth Hazard Inform ation
The “ H ealth Hazard D ata” should be a com ­

bined estim ate of the hazard of the total product. 
This can be expressed as a perm issible exposure 
limit o r by som e o ther indication o f an acceptable 
standard. O ther data  are acceptab le , such as 
lowest LD 50 if m ultiple com ponents are involved.

U nder “ R outes o f E xposure,” com m ents in each 
category should reflect the potential hazard from 
absorption by the rou te  in question. C om m ents 
should indicate the severity o f the  effect and the 
basis for the statem ent if possible. The basis might 
be anim al studies, analogy with sim ilar products, 
or hum an experiences. C om m ents such as “ yes” or 
“ possible” are not helpful.

“ Em ergency and First Aid P rocedures” should 
be w ritten in lay language and should prim arily 
represent first aid trea tm en t tha t could be p ro ­
vided by param edical personnel o r  individuals 
trained in first aid.

Inform ation in the “ N otes to Physician” section 
should include any special m edical inform ation 
which would be o f  assistance to  an attending 
physician including required  o r recom m ended 
p rep lacem ent and periodic m edical exam inations, 
diagnostic procedures, and m edical m anagem ent 
of overexposed workers.

(f) Section VI. Reactivity Data
The com m ents in Section VI relate to safe 

storage and handling o f hazardous, unstable sub­
stances. It is particularly im portant to  highlight in­
stability or incom patibility to  com m on substances 
o r circum stances such as w ater, d irect sunlight, 
steel o r copper piping, acids, alkalies, etc. 
“ H azardous D ecom position P roducts” shall in­
clude those products released under fire condi­
tions. It m ust also include dangerous products 
produced  by aging, such as peroxides in the case 
o f som e ethers. W here applicable, shelf life should 
also be indicated.

(g) Section VII. Spill or Leak Procedures
D etailed procedures for cleanup and disposal

should be listed with em phasis on precautions to 
be taken to p ro tec t w orkers assigned to cleanup 
detail. Specific neutralizing chem icals or 
procedures should be described in detail. Disposal 
m ethods should be explicit including proper label­
ing of containers holding residues and ultim ate 
disposal m ethods such as “ sanitary landfill,” or 
“ incineration .” W arnings such as “ comply with 
local, state, and federal antipollution o rd inances” 
are  proper but no t sufficient. Pertinent specific 
local requirem ents shall be identified.

(h ) Section VIII. Special Protection Inform a­
tion

Section VIII requires specific inform ation. S tate­
m ents such as “ Y es,” “ N o ,” or “ If necessary” are 
not informative. V entilation requirem ents should 
be specific as to type and preferred  m ethods. 
Respirators shall be specified as to  type and 
NIOSH o r US B ureau o f Mines approval class, ie, 
“ Supplied a ir ,” “ Organic vapor can ister,” 
“ Suitable for dusts not m ore toxic than lead ,” etc. 
Protective equipm ent must be specified as to type 
and m aterials o f construction.

(i) Section IX. Special Precautions
“ Precautionary S tatem ents” shall consist o f the

label statem ents selected for use on the container 
or placard. A dditional inform ation on any aspect 
o f safety o r health not covered in o ther sections 
should be inserted in Section IX. The lower block 
can contain references to published guides o r in- 
house procedures for handling and storage. De­
p artm en t of T ransportation  markings and classifi­
cations and o ther freight, handling, or storage 
requirem ents and environm ental controls can be 
noted.

(j) Signature and  Filing

76



Finally, the nam e and address o f the  responsible 
person who com pleted the MSDS and the date of 
com pletion are entered. This will facilitate co r­
rection of errors and identify a source o f addi­
tional inform ation.

The MSDS shall be filed in a location readily ac ­
cessible to  w orkers potentially exposed to the 
hazardous m aterial. The MSDS can be used as a 
training aid and basis fo r discussion during safety

m eetings and training o f  new em ployees. It should 
assist m anagem ent by directing atten tion  to  the 
need for specific contro l engineering, work p rac­
tices, and protective m easures to  ensure safe han­
dling and use o f the m aterial. It will aid the safety 
and health  staff in planning a safe and healthful 
work environm ent and in suggesting appropriate 
em ergency procedures and sources o f  help in the 
event o f harm ful exposure of em ployees.
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MATERIAL SAFETY DATA SHEET
1 PRODUCT IDENTIFICATION

MANUFACTURER S NAME REGULAR TELEPHONE NO 
EMERGENCY TELEPHONE NO.

ADDRESS

TRADE NAME

SYNONYMS
il HAZARDOUS INGREDIENTS

MATERIAL OR COMPONENT % HAZARD DATA

III PHYSICAL DATA
BOILING POINT. 760 MM HG MELTING POINT

SPECIFIC GRAVITY (H jO ^I ) VAPOR PRESSURE

v a p o r  d e n s i t y  i a i r = d SOLUBILITY IN H20 ,  %  BY WT

%  v o l a t i l e s  b y  VOL EVAPORATION RATE (BUTYL ACETATE =■ 1)

APPEARANCE ANO ODOR
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IV FIRE AND EXPLOSION DATA
FLASH POINT 
(TEST METHOD)

AUTOtGNlTION
TEMPERATURE

FLAMMABLE LIMITS IN A IR, % BY VOL. LOWER UPPER

EXTINGUISHING
MEDIA

SPECIAL FIRE
FIGHTING
PROCEDURES

UNUSUAL FIRE 
AND EXPLOSION 
HAZARD

V HEALTH HAZARD INFORMATION
HEALTH HAZARD DATA

ROUTES OF EXPOSURE 

INHALATION

SKIN CONTACT

SKIN ABSORPTION

EYE CONTACT

INGESTION

EFFECTS OF OVEREXPOSURE 
ACUTE OVEREXPOSURE

CHRONIC OVEREXPOSURE

EMERGENCY ANO FIRST A lD PROCEDURES 

EYES

SKIN:

INHALATION:

INGESTION

NOTES TO PHYSICIAN
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VI REACTIVITY DATA

CONDITIONS CONTRIBUTING TO INSTABILITY

INCOMPATIBILITY

HAZARDOUS DECOMPOSITION PRODUCTS

CONDITIONS CONTRIBUTING TO HAZARDOUS POLYMERIZATION

VII SPILL OR LEAK PROCEDURES

STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLEO 

NEUTRALIZING CHEMICALS

WASTE DISPOSAL METHOD

VIII SPECIAL PROTECTION INFORMATION
VENTILATION REQUIREMENTS

SPECIFIC PERSONAL PROTECTIVE EQUIPMENT 

RESPIRATORY (SPECIFY IN DETAIL)

EYE

GLOVES

OTHER CLOTHING AND EQUIPMENT
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IX SPECIAL PRECAUTIONS
PRECAUTIONARY
STATEMENTS

OTHER HANDLING AND 
STORAGE REQUIREMENTS

PREPARED BY

ADDRESS

DATE.
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XIII. APPENDIX V

RESEARCH NEEDS

V arious effects o f cadm ium  have been studied in 
anim als, bu t their relevance to  hum ans a t w or­
kroom  concentrations is no t clear, and appropria te  
inform ation should be developed. O ne o f  the m ore 
im portant o f  these gaps pertains to  gonadal effects. 
The study o f such effects in cadm ium  w orkers 
poses problem s, because of the difficulty in study­
ing gonadal function and the im practicability of 
obtaining biopsies. Post-m ortem  exam inations may 
be useful bu t will often be com plicated  by senile 
or term inal changes. T he possible role o f  vascular 
changes o r o f  a lterations in zinc utilization in the 
gonadal effects should be investigated.

A nother im portan t area  is in vascular effects o f  
cadm ium  exposure, since there  is conflicting infor­
m ation ore the role o f cadm ium  in hypertension 
and because of suggestions tha t vascular effects 
m ediate such o ther effects as those on renal func­
tion.

M ore evidence on the  role o f cadm ium  in 
developm ent of fetal abnorm alities in man is 
needed. A dditional assurance is needed  tha t, if 
cadm ium  absorption  is m aintained at sufficiently 
low levels so tha t zinc availability to  the fetus will 
not be a ltered , offspring o f cadm ium  w orkers will 
not be harm ed by their paren ts’ exposure. In this 
connection , there  is a need for a national surveil­
lance system that can gather inform ation on fetal 
deaths or anom alies and errors in developm ent of 
children and relate these data  to  occupational ex­
posures (o r  o ther environm ental stresses) o f the 
parents.

The p resen t inadequacies and conflicts in infor­
m ation, from  both hum an and low er anim al in­
vestigations, on w hether cadm ium  can cause m u ta­
tions o r cancer should be co rrected . F urther 
epidem iologic investigations in populations not ex­
posed to  o ther possible causes o f these effects

should be pursued. A t the same tim e, life-time stu­
dies in experim ental anim als at appropriate doses 
should be perform ed. These doses should be high 
enough to  cause significant toxic effects from cad­
mium bu t not so high as to  cause a significant 
decrease in longevity, for da ta  to  be properly in­
terp re tab le. F urther evidence bearing on the sug­
gestion tha t cadm ium  is involved in the causation 
o f  prosta te  cancer should be obtained, preferably 
from  w orker populations not also exposed to  o ther 
possible carcinogens. In this connection , a m ortali­
ty study now underw ay a t the  Karolinska Institute 
may shed fu rther light on this question. This study 
o f w orker populations exposed to  cadm ium  in­
volves two cohorts, one o f about 200 and the 
o th e r sm aller. Evaluation of the data developed 
may be com pleted w ithin the year (L  Friberg, ver­
bal com m unication, June 1976).

Evidence on adverse effects o f  cadm ium  on the 
nervous system, on the pancreas, on the adrenals, 
and on thyroids and parathyroids should be con­
firm ed by additional investigations. In particular, 
conflicting inform ation on w hether cadm ium  
causes liver changes at w orkplace exposure con­
centrations should be resolved.

F u rther investigation is also needed on the sug­
gestion, developed in some recen t epidemiologic 
studies, tha t cadm ium  workers who sm oke may 
have a greater risk o f  developm ent o f altered renal 
function.

There are indications tha t many of the toxic ef­
fects o f cadm ium , possibly all the toxic effects 
o ther than some of those on the respiratory tract, 
result from  cadm ium ’s antagonism  of the effects of 
zinc. F urther clarification of this and of its im pact 
on deriving safe levels of cadm ium  should be pur­
sued.

M ost elem ents o f  this recom m ended standard 
w ere based on em pirical inform ation such as 
epidem iologic investigations o f  w orker popula­
tions. A m ore fundam ental approach , such as the
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approach involving the m athem atical model briefly 
discussed in C hap ter 111, Correlation o f  Exposure 
and E ffect, may becom e m ore useful when the 
relevant factors are b e tte r quan tita ted . This model 
approach will probably be even m ore useful in a 
m ore accura te  developm ent of the hum an organ­
ism ’s ability to handle cadm ium  from  all sources, 
and should be especially im portan t to  those popu­
lations exposed to  large am ounts o f cadm ium  from  
such sources as food and water. T hus, b e tte r infor­
m ation is needed  on the absorption o f  cadm ium  in

various form s by various routes, its retention  (half- 
life) in the  body and in critical organs and tissues, 
its d istribution within the  body, and, in particular, 
the threshold  concentrations in critical organs in 
acute (lungs) and chronic (renal co rtex ) intoxica­
tions. From  such studies, a b e tte r understanding o f 
the significance of blood and urine cadm ium  con­
centrations to  estim ations of am ounts absorbed 
and o f the state o f health  o f the individual is likely 
to  be achieved.
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TA B LE X IV -1

PHYSICAL PROPERTIES OF CADMIUM

Solubility of cadmium compounds in water (0-25 C ) :

Soluble at more than 100 g /100 cc 
Cadmium chlorate, chloride, nitrate

Soluble at 50-90 g /100 cc
Cadmium bromide, iodide, sulfate

Soluble at 1-10 g /100 cc
Cadmium benzoate, cyanide, fluoride, lactate

Insoluble
Cadmium carbonate, hydroxide, oxide, selenide, 
sulfide

From the Handbook of Chemistry and Physics10.

Atomic number
Atomic weight

Outer electron configuration

48
112.40
4 d (10) 5s(2) 
320.9 C, 609.7 F 
765 C, 1409 F 
8.642 g/cc

Melting point 
Boiling point 
Density

84



TABLE XIV-2  

SUMMARY OF EFFECTS OF CADMIUM EXPOSURE*

Species Route
Dose or 

Concentration Exposure
Reference

Investigators’ Observations Number

Humans Inhalation 2500-2900 mg-min/cu m Once Fatal pulmonary edema 44, 51, 52
u n 0.1-25 mg/cu m Years Rickets and dental problems in 

offspring of workers 95
1 1 ii 0.1-24 mg/cu m li General complaints, chronaxy changes 116
i> 1» 0.04-19 mg/cu m li Slight anemia, yellow fringe on teeth 62
»> u 3-15 mg/cu m u Anosmia, fatigue, renal dysfunction, 

hepatic dysfunction, emphysema, 
yellow fringe on teeth 55

ii 0.1-4 mg/cu m li Emphysema, proteinuria 71
1 » ii 0 .6-2.8 mg/cu m li Anosmia, proteinuria 65
»> ii 0.028-2.8 mg/cu m 11 »1 78
n ii 0.33-1.9 mg/cu m li Proteinuria, aminoaciduria 75, 129
n 11 20-700 fig/ cu m Years,

1 hr/day
Proteinuria 61

n 1» 60-680 ¡ag/cu m Years Gastrointestinal and respiratory 
symptoms, carious teeth 81

i» li 80-450 ¿¿g/cu m li Emphysema, proteinuria 59
»1 ii 74-210 /¿g/cu m 11 Reduced pulmonary function, 

proteinuria 135
5» ii 134 /ig/cu m 1 -20 years Proteinuria 133
11 ii 125 ¡Xg/cu m Years Anemia, proteinuria 63
11 ii Below 100 fj,g/cu m li Questionable effects 131
♦ 1 ii Below 90 /¿g/cu m

”
Reduced pulmonary function, 

proteinuria 134
11 ” 66 ,ug/cu m 21 -40 years li 133
»> ii 31 /¿g/cu m 1-12 years No effects 133
11 u 16-29 /¿g/cu m Years Improvement in conditions of workers 

exposed at 125 /¿g/cu m, no effects 
in new workers 130

Rats po, water 50 ppm 3 months Anemia 138
11 po, diet 45-135 ppm 6 months Anemia, bleaching of incisor teeth 139

Rabbits sc 650 ^g/kg 10 weeks Anemia, proteinuria 143
Rats, mice po, water 5 ppm Hypertension after 1 year 90
Rats ” 0 .2-200 ppm 6-12 weeks Vascular changes in kidneys 153

ip 1 mg/kg 45 days Increased adrenal activity 154
Ji sc 850 /¿g/kg Once Testicular necrosis 147

po, water 5 ppm Up to 4 years No significant increase in tumors 192
Mice sc 630 /xg/kg Once Fetal abnormalities 174
Hamsters iv 880 /¿g/kg Once 11 176
Rats ip 1.8 mg/kg Once li 172

»» Inhalation 2.8 mg/cu m 7 months Altered estrus, decreased weights 
of offspring 95

*Some investigators noted deaths of cadm ium  workers from  various causes, including cancer, w ithout necessarily attributing 
them  to exposure. See Table III-2 fo r a sum m ary of two stud ies th a t com pared observed and expected deaths from  cancer.
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BEAKER
SOAP

SOLUTION

FIGURE X I V - 1 .  CALIBRATION SETUP FOR PERSONAL SAMPLING WITH F IL T E R  CASSETTE

PERSONNEL 
SAMPLING PUMP
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