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. 1 - HSDB 
HAZARDOUS SUBSTANCES 

DATABANK NUMBER 
LAST R E V I S I O N  DATE 
REVIEW DATE 
UPDATE HISTORY 
UPDATE HISTORY 
UPDATE HISTORY 
UPDATE HISTORY 
UPDATE HISTORY 
UPDATE HISTORY 
UPDATE HISTORY 
UPDATE HISTORY 
UPDATE HISTORY 
UPDATE HISTORY 
UPDATE HISTORY 
UPDATE H I  STORY 
UPDATE HISTORY 
UPDATE HISTORY 
UPDATE HISTORY 
UPDATE HISTORY 
UPDATE HISTORY 
UPDATE H I  STORY 
UPDATE H I  STORY 
RECORD LENGTH 
NAME OF SUBSTANCE 
CAS REGISTRY NUMBER 
RELATED HSDB RECORDS 
RELATED HSDB RECORDS 
SYNONYMS 

SYNONYMS 

SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 

SYNONYMS 

SYNONYMS 

SYNONYMS 

SYNONYMS 

SYNONYMS 

SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
SYNONYMS 
MOLECULAR FORMULA 
WISWESSER L I N E  NOTATION 

1650 

931 105 
R e v i e w e d  by SRP on 8/26/88 
11/05/93, 1 f i e l d  
10/28/93, 1 f i e l d  
08/07/93, 1 f i e l d  
05/25/93, 1 f i e l d  
01/20/93, 1 f i e l d  
12/21/92, 1 f i e l d  
11/23/92, 1 f i e l d  
08/18/92, 1 f i e l d  
0 5 / 1 5 / 9 2 ,  1 f i e l d  
04/01/92, 1 f i e l d  
01/23/92, 1 f i e l d  
07/11/91, 1 f i e l d  
12/19/90, 1 f i e l d  
11/09/90, 1 f i e l d  
10/23/90, 3 f i e l d s  
08/23/90, 1 f i e l d  
06/21/89, 77 f i e l d s  
03/08/88, 3 f i e l d s  
04/28/86 
225252 
LEAD CHROMATE 
7 7 5 8  - 97- 6 
231 [LEAD] 
5800 [TUNGSTEN T R I O X I D E 1  
CANARY CHROME YELLOW 40-2250 **PEER 
REVIEUED** 
CHROMATE DE PLOME (FRENCH) **PEER 
REVIEWED** 
CHROME LEMON **PEER REVIEWED** 
CHROME YELLOW **PEER REVIEWED** 
CHROME YELLOW 5 G  **PEER REVIEWED** 
CHROME YELLOW G **PEER REVIEWED** 
CHROME YELLOW GF **PEER REVIEWED** 
CHROME YELLOW L F  **PEER REVIEWED** 
CHROME YELLOW L I G H T  1066 **PEER REVIEWED** 
CHROME YELLOW L I G H T  1 0 7 5  **PEER REVIEWED** 
CHROME YELLOW MEDIUM 1074 **PEER 
REVIEWED** 
CHROME YELLOW MEDIUM 1085 **PEER 
REVIEWED** 
CHROME YELLOW MEDIUM 1298 **PEER 
REVIEWED** 
CHROME YELLOW PRIMROSE 1010 **PEER 
REVIEWED** 
CHROME YELLOW PRIMROSE 1015 **PEER 
REVIEWED** 
CHRDMIC A C I D  (H2CR04),  LEAD(2+)  SALT (1 : l )  
**PEER REVIEWED** 
CHROMIUM YELLOW **PEER REVIEWED** 
C I  77600 **PEER REVIEWED** 
C I  PIGMENT YELLOW 34 **PEER REVIEWED** 
COLOGNE YELLOW **PEEP REVIEWED** 
CP CHROME YELLOW L I G H T  **PEER REVIEWED** 
CP CHROME YELLOW MEDIUM **PEER REVIEWED** 
CP CHROME YELLOU PRIMOSE **PEER REVIEWED** 
D A I N I C H I  CHROME YELLOW G **PEER REVIEWED** 
K I N G ' S  YELLOW **PEER REVIEWED** 
LEAD CHROMATE (PBCR04) **PEER REVIEWED** 
LEAD CHROMATE(V1) **PEER REVIEWED** 
L E I P Z I G  YELLOW **PEER REVIEWED** 
LEMON YELLOU **PEER REVIEWED** 
P A R I S  YELLOW **PEER REVIEWED** 
P L U M B W S  CHROMATE **PEER REVIEWED** 
PURE LEMON CHROME L3GS **PEER REVIEWED** 
P h o e n i c o c h r o i t e  **PEER REVIEWED** 
C r - 0 4 - P b  **OC REVIEWED** 
P B  C R - 0 2 - 0 2  **PEER REVIEWED** 
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EPA HAZARDOUS UASTE 
NUMBER 

RTECS NUMBER NIOSH/GB2975000 
EPA HAZARDOUS UASTE D007; A waste conta in ing lead chromate 

NUMBER . (chromium ion)  may (or may no t )  be 
character ized a hazardous waste fo l l ow ing  
t e s t i n g  by the  Toxicant E x t r a c t i o n  
Procedure as prescr ibed by the  Resource 
Conservation and Recovery Act (RCRA) 
regua l t ions.  
D008; A waste conta in ing lead chromate 
( l ead  i on )  may (or  may no t )  be 
character ized a hazardous waste fo l l ow ing  
t e s t i n g  by the Toxicant Ex t rac t i on  
Procedure as prescr ibed by the Resource 
Conservation and Recovery Act (RCRA) 
regua l t ions.  

METHODS OF MANUFACTURING 
LEAD CHROMATE CAN BE PRODUCED BY REACTING SODIUM CHROMATE UITH 
LEAD NITRATE,  OR BY REACTING LEAD MONOXIDE UITH CHROMIC A C I D  
SOLN. DETAILS OF V A R I W S  COMMERCIAL PROCEDURES FOR MFR OF LEAD 
CHROMATES ARE NOT GENERALLY REVEALED BY PRODUCERS. [ IARC.  
Monographs on the Eva luat ion of  t he  Carcinogenic R isk  o f  
Chemicals t o  Man. Geneva: Uor ld  Health Organization, 
I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1972-PRESENT. 
(Mult ivolume work). V2 105 (197311 **PEER REVIEWED** 

Chrome ye l lows /conta in /  ... 52-98% lead chromate ... [ IARC.  
Monographs on the  Eva luat ion o f  the Carcinogenic Risk o f  
Chemicals t o  Man. Geneva: Uor id  Health Organization, 
I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1972-PRESENT. 
(Mult ivolume work). V23 233 (198011 **PEER REVIEWED** 

Heubach Inc,  Hq, Heubach Ave, Newark, NJ 07114, (201) 242-1800; 
Product ion s i t es :  105 Bedford Ave, Brooklyn, NY 11211; Newark, 
NJ 07114 [ S R I .  1989 D i r e c t o r y  o f  Chemical Producers - Uni ted 
Sta tes  o f  America. Menlo Park, CA: S R I  I n te rna t i ona l ,  1989. , 
p. 8621 **UNREVIEUED** 

K ikuch i  Color & Chemicals Corp, USA, Hq, 19 E F i f t h  S t ,  
Paterson, NJ 07524, (201) 278-0206 [SRI.  1989 D i rec to ry  o f  
Chemical Producers - Un i ted States o f  America. Menlo Park, CA: 
S R I  I n te rna t i ona l ,  1989. , p. 8621 **UNREVIEUED** 

Maxxam Group Inc,  Hq,  1088 0 U i l s h i r e  Blvd, Los Angeles, CA 
90024, (213) 474-6264; Kaiser Tech Limited, Harshaw/F i l t ro l  
Par tnersh ip ,  30100 Chagrin Boulevard, Cleveland, OH 44124; 
Product ion s i t e :  3400 Bank S t ,  L o u i s v i l l e ,  KY 40212 [SRI.  1989 
D i r e c t o r y  o f  Chemical Producers - Uni ted States o f  America. 
Menlo Park, CA: S R I  I n te rna t i ona l ,  1989. , p. 8621 
**UNREVIEUED** 

Nat iona l  I n d u s t r i e s  Chemical Co, Hq, 600 West 52nd S t ,  Chicago, 
IL 60609, (312) 924-3700 [ S R I .  1989 D i rec to ry  o f  Chemical 
Producers - Un i ted States o f  America. Menlo Park, CA: S R I  
I n t e r n a t i o n a l ,  1989. , p. 8621 **UNREVIEUED** 

NL Chemicals, Inc,  Hq, Uyckoffs M i l l  Rd, Hightstown, NJ 08520, 
(609) 443-2000; 5548 Manchester Ave, S t  Louis, MO 63110 CSRI. 
1989 D i r e c t o r y  o f  Chemical Producers - Un i ted States o f  
America. Menlo Park, CA: SRI  I n te rna t i ona l ,  1989. , p. 8621 
**UNREVIEUED** 

FORMULATIONS/PREPARATIONS 

MANUFACTURERS 

MANUFACTURERS 

MANUFACTURERS 

MANUFACTURERS 

MANUFACTURERS 

MANUFACTURERS 
Rockwood Indus t r i es  Inc,  Hq,  12116 Conway Rd, B e l t s v i l l e ,  MD 
20705, (301) 470-3366; Subs id iar ies :  Frank D Davis Co, 3700 E 
Olympic Blvd, Los Angeles, CA 90023, (213) 269-7311; Product ion 
s i t e :  Los Angeles, CA 90023; Minera l  Pigments Corp, 7011 
M u i r k i r k  Rd, B e l t s v i l l e ,  MD 20705, (301) 776-2400; Chemical 
Color D iv i s ion ;  Product ion s i t e :  B e l t s v i l l e ,  MD 20705 [ S R I .  
1989 D i r e c t o r y  o f  Chemical Producers - Un i ted Sta tes  o f  
America. Menlo Park, CA: S R I  I n te rna t i ona l ,  1989. , p. 8621 
**UNREVIEUED** 

Wayne Pigment Corp, Hq, 546 South Uater St, Milwaukee, UI 
53204, (414) 278-8844 CSRI. 1989 D i r e c t o r y  o f  Chemical 

MANUFACTURERS 
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Producers - Un i ted  States o f  America. Menlo Park, CA: S R I  
I n te rna t i ona l ,  1989. , p. 8621 **UNREVIEWED** 

OTHER MANUFACTURING INFORMATION 
LEAD CHROMATE-BASED INKS ARE USED FOR PRINTING COLORED PAGES OF 
SOME CHILDREN'S MAGAZINES (COMICS). T H I S  PAPER REPORTS 
INVESTIGATIONS OF 48 UNITED KINGDOM, 9 SPANISH, & 5 AUSTRIAN 
COMICS. [EATON DF ET AL; ENVIRON S C I  TECHNOL 9 (8): 768-70 
(1975)l **PEER REVIEWED** 

... USA EPA HAS ORDERED BAN ON INTERSTATE SHIPMENTS OF PAINTS 
FOR DOMESTIC USE CONTAINING MORE THAN 0.06% LEAD, EFFECTIVE 
FROM 31 DECEMBER 1973. T H I S  BAN WILL ... REDUCE US CONSUMPTION 
OF LEAD CHROMATE PIGMENTS & ... REDUCE WHATEVER CONTRIBUTION 
LEAD CHROMATE ... MAKES TO LEAD & CHROMIUM POLLUTION PROBLEMS. 
[ IARC. Monographs on the  Eva lua t ion  of the  Carcinogenic Risk o f  
Chemicals t o  Man. Geneva: World Health Organization, 
I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1972-PRESENT. 
(Mult ivolume work). V2 106 (1973)l **PEER REVIEWED** 

Lead based pigment co lo r s  inc lude green ... . /Lead chromate 
based pigments/ [USEPA; The Health and Env i romenta l  Impacts o f  
Lead: p.87 (1979) EPA 560/2-79-0013 **PEER REVIEWED** 

Considerable energy i s  re leased by the mix tu re  /o f  lead 
chromate and aluninum din i t ronaphthalene/  der ived  from 
chromate-catalyzed exothermic decomposition of the  n i t r o  
compound, coupled w i t h  a thermi te - type reac t i on  o f  the  aluminum 
and chromate. I t  i s  use fu l  f o r  cracking concrete. [Brether ick,  
L.  Handbook o f  React ive Chemical Hazards. 3 r d  ed. Boston, MA: 
But terworths,  1985. , p. 10271 **PEER REVIEWED** 

DECORATING CHINA; I N  CHEMICAL ANALYSIS OF ORG SUBSTANCES [The 
Merck index. 10th ed. Rahway, New Jersey: Merck Co., Inc., 
1983. , p. 7771 **PEER REVIEWED** 

PIGMENT I N  INDUSTRIAL PAINTS, RUBBER, PLASTICS [Sax, N . I .  and 
R.J. Lewis, S r .  (eds.). Hawley's Condensed Chemical D ic t ionary .  
11th ed. New York: Van Nostrand Reinhold Co., 1987. , p. 6891 
**PEER REVIEWED** 

PIGMENT IN :  O I L  P A I N T S  & WATER COLORS, P R I N T I N G  FABRICS, 
DECORATING PORCELAIN [ S R I  1 **PEER REVIEWED** 

(1972) 3.06X10+10 G [ S R I  1 **PEER REVIEWED** 

(1975) 1.18X10+10 G (CHROME YELLOW & ORANGE) [ S R I  1 **PEER 
REVIEWED** 

OTHER MANUFACTURING INFORMATION 

OTHER MANUFACTURING INFORMATION 

OTHER MANUFACTURING INFORMATION 

MAJOR USES 

MAJOR USES 

MAJOR USES 

U.S. PRODUCTION 

U.S. PRODUCTION 

COLOR/FORM YELLOW OR ORANGE-YELLOW POWDER [The Merck 
Index. 10th ed. Rahway, New Jersey: Merck 
Co., Inc., 1983. , p. 7771 **PEER 
REVIEWED** 

COLOR/FORM MONOCLINIC CRYSTALS [Weast, R.C. (ed.) 
Handbook of Chemistry and Physics, 68th 
ed. Boca Raton, F lo r ida :  CRC Press Inc., 
1987-1988. B-991 **PEER REVIEWED** 

Rahway, New Jersey: Merck Co., Inc., 1983. 
, p. 7771 **PEER REVIEWED** 

New Jersey: Merck Co., Inc., 1983. , p. 
7771 **PEER REV1 EWED** 

Handbook of Chemistry and Physics, 68th 
ed. Boca Raton, F lo r ida :  CRC Press Inc., 
1987-1988. 6-99] **PEER REVIEWED** 
0.2 MG/L WATER [The Merck Index. 10th ed. 
Rahway, New Jersey: Merck Co., Inc., 1983. 
, p. 7771 **PEER REVIEWED** 
INSOL I N  A C E T I C  ACID; SOL I N  D I L  N I T R I C  
A C I D  & I N  SOLN OF F I X E D  ALKALI HYDROXIDES 
[The Merck Index. 10th ed. Rahway, New 
Jersey: Merck Co., Inc., 1983. , p. 7771 
**PEER REVIEWED** 

MELTING POINT 844 DEG C [The Merck Index. 10th ed. 

MOLECULAR UEIGHT 323.22 [The Merck Index. 10th ed. Rahway, 

DENSITY/SPECIFIC GRAVITY 6.12 'd 15 deg C [Ueast, R.C. (ed.) 

SOLUBILITIES 

SOLUBILITIES 
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SOLUBILITIES 

SPECTRAL PROPERTIES 

OTHER CHEMICAL/PHYSICAL 
PROPERTIES 

OTHER CHEMICAL/PHYSICAL 
PROPERTIES 

F I R E  F I G H T I N G  PROCEDURES 

SOL I N  ACID; INSOL I N  AMMONIA [Ueast, R.C. 
( 4 . 1  Handbook o f  Chemistry and Physics, 
68th ed. Boca Raton, Flor ida:  CRC Press 
Inc., 1987-1988. 6-99] **PEER REVIEWED** 
INDEX OF REFRACTION: 2.31, 2.37 ( L I ) ,  2.66 
[Weast, R.C. (ed.) Handbook o f  Chemistry 
and Physics, 68th ed. Boca Raton, F lo r ida :  
CRC Press Inc., 1987-1988. B-991 **PEER 
REVIEWED** 
Hexavalent chromiun i s  ac id i c .  /Hexavalent 
chromium/ [USEPA; Health Assessment 
Document: Chromiun p.2-2 (1984) EPA 
600/8-83-014F1 **PEER REVIEWED** 
D iva len t  lead has a st rong a f f i n i t y  f o r  
inorganic ions conta in ing  oxygen (eg, 
carbonate) or  s u l f u r  ( s u l f i d e ) .  Lead can 
a l so  complex u i t h  e l ec t ron  r i c h  l igands i n  
many organic cmpd such as amino acids, 
p ro te ins ,  and humic acid. / Inorganic lead/ 
[Kayser, R., D. S te r l i ng ,  D. V i v i an i  
(eds.). Intermedia P r i o r i t y  ‘Po l lu tant  
Guidance D o c w n t s .  Washington, DC: 
U.S.Envi rownta1 P ro tec t i on  Agency, Ju l y  
1982. 1-11 **PEER REVIEWED** 

Se l f - con ta ined brea th ing  apparatus u i t h  a f u l l  facepiece, 
operated i n  pressure-demand o r  other p o s i t i v e  pressure mode. 
/ Inorgan ic  lead/ [NIOSH; C r i t e r i a  D o c w n t :  Inorganic Lead 
p.1-10 (1978) DHEU Pub. NIOSH 78-1581 **PEER REVIEWED** 

DANGEROUS; WHEN HEATED I T  EMITS HIGHLY TOXIC FUMES. /INORGANIC 
LEAD/ [Sax, N.I .  Dangerous Proper t ies  o f  I n d u s t r i a l  Mater ia ls .  
4 t h  ed. Neu York: Van Nostrand Reinhold, 1975. , p. 8661 **PEER 
REVIEWED** 

Hydrazine i s  decomposed exp los i ve l y  by chrmates.  /Chromates/ 
[Nat ional  F i r e  P ro tec t i on  Associat ion.  F i r e  P ro tec t i on  Guide on 
Hazardous Mater ia ls .  9 t h  ed. Boston, MA: Nat ional  F i r e  
P ro tec t i on  Association, 1986. 491111-651 **PEER REVIEWED** 

I n c o m p a t i b i l i t i e s :  combustible, organic, o r  other readi Ly 
ox id i zab le  ma te r i a l s  . _.. /Chromic a c i d  and chromates/ [NIOSH. 
Pocket Guide t o  Chemical Hazards. 5 t h  Pr in t ing /Rev is ion .  DHHS 
(NIOSH) Publ. No. 85-114. Washington, D.C.: U.S. Dept. of 
Heal th and Hunan Services, NIOSH/Supt. of  Docunents, GPO, Sept. 
1985. , p. 821 **PEER REVIEWED** 

Dur ing g r i nd ing  operations, the  i n t ima te  mix tu re  /‘of lead 
chromate and i ron(3+) hexacyanoferrate(4-)/ was i g n i t e d  by a 
spark and burned f i e r c e l y .  Spontaneous i g n i t i o n  o i  Brunswick 
Green pigment (which a l so  contains lead s u l f a t e )  soon a f t e r  
g r i n d i n g  was no t  uncomnon, and s i m i l a r  inc idents  had l e d  t o  the 
loss  o f  ships u i t h  cargoes o f  Prussian Blue or  Brirnswick Green 
i n  wooden casks. The mix tu re  / o f  lead chromate arxl s u l f u r /  i s  
pyrophor ic .  The mix tu re  / o f  lead chromate and tantalum/ i s  a 
pyrotechnic composition. [Brether ick,  L. Handbook o f  Reactive 
Chemical Hazards. 3 r d  ed. Boston, MA: Butterworths;, 1985. , p. 
10281 **PEER REVIEWED** 

Considerable energy i s  released by the  mix tu re  /of’ lead 
chromate and aluminun din i t ronaphthalene/  der ived  from 
chromate-catalyzed exothermic decomposition o f  the n i t r o  
compound, coupled w i t h  a thermi te- type reac t i on  01 the  aluminum 
and chromate. [Brether ick,  L. Handbook o f  Reactive Chemical 
Hazards. 3 r d  ed. Boston, MA: Butterworths,  1985. , p. 10271 
**PEER REVIEWED** 

R E A C T I V I T I E S  & INCOMPATIBILITIES 
Under c e r t a i n  cond i t ions ,  d r y  mixtures of lead chromate 
pigments w i t h  the  G & 0 azo-dyes ... d i n i t r o a n i l i n e  orange or  ... ch lo r i na ted  para- red  may Lead t o  v i o l e n t  explosions dur ing  
mix ing  o r  b lending operations. [Brether ick,  L. Handbook of  
React ive Chemical Hazards. 3 r d  ed. Boston, MA: Butterworths, 
1985. , p. 10271 **PEER REVIEWED** 

TOXIC COMBUSTION PRODUCTS 

R E A C T I V I T I E S  & I N C O M P A T I B I L I T I E S  

R E A C T I V I T I E S  & I N C O M P A T I B I L I T I E S  

R E A C T I V I T I E S  & I N C O M P A T I B I L I T I E S  

R E A C T I V l T I E S  & INCOMPATIBILITIES , 
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R E A C T I V I T I E S  & INCOMPATIBILITIES 
I n c o m p a t i b i l i t i e s :  Strong ox id izers ,  hydrogen peroxide, and the 
a c t i v e  metals, sodium and potassium. / Inorganic lead/ [NIOSH. 
Pocket Guide t o  Chemical Hazards. 5 th  Pr in t ing/Rev is ion.  DHHS 
(NIOSH) Publ. No. 85-114. Washington, D.C.: U.S. Dept. of 
Health and Human Services, NIOSH/Supt.  o f  Documents, GPO, Sept. 
1985. , p. 1461 **PEER REVIEWED** 

... Chromate dusts  may cause severe i r r i t a t i o n  o f  the nose, 
t h roa t ,  b ronch ia l  tubes, and lung. /Chromate dusts/  [Mackison, 
F .  u., R. S .  S t r i c o f f ,  and L. J .  Par t r idge,  J r .  (eds.). 
NIOSH/OSHA - Occupational Health Guidel ines f o r  Chemical 
Hazards. DHHS(NI0SH) Pub l i ca t i on  No. 81-123 (3 VOLS). 
Washington, DC: U.S. Government P r i n t i n g  O f f i ce ,  Jan. 1981. , 
p. 1 3  **PEER REVIEWED** 

Impervious gloves, aprons, and footwear s h a l l  be worn a t  
operat ions where so lu t i ons  o f  chromium(V1) may contact t he  
sk in .  P r o t e c t i v e  gloves s h a l l  be worn a t  operat ions where d r y  
compounds o f  chromium(V1) are  handled and may contact  the sk in .  
/Hexavalent chromium/ [NIOSH; C r i t e r i a  Document: Chromium ( V I )  

SKIN, EYE AND RESPIRATORY I R R I T A T I O N S  

PROTECTIVE EQUIPMENT & CLOTHING 

p.8 (1976) DHEW Pub. NIOSH 76-1291 **PEER REVIEWED** 
PROTECTIVE EQUIPMENT & CLOTHING 

Upper l i m i t  r e s p i r a t o r  devices permit ted: a t  5 mg/cu m: 1) 
High-e f f i c i ency  p a r t i c u l a t e  r e s p i r a t o r  w i th  a f u l l  facepiece; 
o r  2 )  Suppl ied-a i r  r e s p i r a t o r  w i t h  a f u l l  facepiece, helmet, o r  
hood; o r  3) Sel f -conta ined breath ing apparatus w i t h  a f u l l  
facepiece; a t  30 mg/cu m: 1) Powered a i r - p u r i f y i n g  r e s p i r a t o r  
with an organic vapor c a r t r i d g e  and a h i g h - e f f i c i e n c y  
p a r t i c u l a t e  f i l t e r  w i t h  a f u l l  facepiece; o r  2 )  Type C 
s u p p l i e d - a i r  r e s p i r a t o r  w i t h  a f u l l  facepiece, operated i n  
pressure-demand o r  o ther  p o s i t i v e  pressure mode, o r  w i t h  a f u l l  
facepiece, helmet, o r  hood, operated i n  cont inuous-f low mode; 
escape: 1 )  High- e f f i c i ency  p a r t i c u l a t e  resp i ra to r ;  o r  2) 
Sel f -conta ined breath ing apparatus. /Chromic a c i d  and 
chromates/ [NIOSH. Pocket Guide t o  Chemical Hazards. 5 t h  
Pr in t ing/Rev is ion.  DHHS (NIOSH) Publ. No. 85-114. Washington, 
D.C.: U.S. Dept. of  Health and Human Services, NIOSH/Supt.  o f  
Documents, GPO, Sept. 1985. , p. 821 **PEER REVIEWED** 

PROTECTIVE EQUIPMENT & CLOTHING 
Not i n  excess o f  0.5 mg/cu m: Dust mask, except s i n g l e  use. Not 
i n  excess o f  1 mg/cu m: Dust and m is t  resp i ra to r ,  except s i n g l e  
use and quar ter  mask resp i ra to rs .  Any fume r e s p i r a t o r  or h igh  
e f f i c i e n c y  p a r t i c u l a t e  f i l t e r  resp i ra to r .  Any supp l ied a i r  
r e s p i r a t o r  o r  any s e l f  contained breath ing apparatus. Not i n  
excess o f  5 mg/cu m: A h igh  e f f i c i e n c y  p a r t i c u l a t e  f i l t e r  
r e s p i r a t o r  w i th  a f u l l  facepiece. Any suppl ied a i r  r e s p i r a t o r  
w i t h  a f u l l  facepiece. Any s e l f  contained breath ing apparatus 
w i t h  a f u l l  facepiece. Not i n  excess o f  100 mg/cu m: Type C 
supp l i ed -a i r  r e s p i r a t o r  operated i n  pressure-demand o r  o ther  
p o s i t i v e  pressure o r  continuous f l ow  mode. A powered 
a i r - p u r i f y i n g  r e s p i r a t o r  w i th  h igh e f f i c i e n c y  p a r t i c u l a t e  
f i l t e r .  Not i n  excess o f  200 mg/cu m: Type C supp l ied a i r  
r e s p i r a t o r  w i t h  a f u l l  facepiece operated i n  pressure demand o r  
o ther  p o s i t i v e  pressure mode, o r  w i th  a f u l l  facepiece, helmet, 
o r  hood, operated i n  cont inuous-f low mode. Greater than 200 
mg/cu m, o r  e n t r y  and escape from unknown concn: Se l f - conta ined 
breath ing apparatus with a f u l l  facepiece operated i n  pressure 
demand o r  o ther  p o s i t i v e  pressure mode. A combination 
resp i ra to r ,  which includes a type C supp l ied a i r  r e s p i r a t o r  
w i t h  a f u l l  facepiece, operated i n  pressure demand or o ther  
p o s i t i v e  pressure o r  continuous f l ow  mode and an a u x i l i a r y ,  
s e l f  contained, breath ing apparatus operated i n  pressure demand 
o r  o ther  p o s i t i v e  pressure mode. / Inorgan ic  lead/ [NIOSH; 
C r i t e r i a  Document: Inorganic Lead p.1-7 (1978) DHEW Pub. N I O S H  

Overa l l s  o r  o ther  f u l l  body p r o t e c t i v e  c l o t h i n g  s h a l l  be worn 
i n  areas where the re  i s  occupat ional  exposure t o  inorganic 
lead. / Inorgan ic  lead/ [NIOSH; C r i t e r i a  Document: Inorganic 
Lead p.1-9 (1978) DHEW Pub. NIOSH 78-1581 **PEER REVIEWED** 

Workers who are  exposed t o  lead i n  any o f  i t s  forms should wear 

78-1581 **PEER REVIEUED** 
PROTECTIVE EQUIPMENT & CLOTHING 

PROTECTIVE EQUIPMENT & CLOTHING 
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personal p r o t e c t i v e  equipnent, which should be washed o r  
renewed a t  l eas t  once a week. P ro tec t i ve  c l o t h i n g  made o f  
c e r t a i n  man made f i b e r s  r e t a i n s  much less  dust than co t t on  
o v e r a l l s  and should be used where the cond i t ions  o f  work render 
i t  possib le;  turn ups, p l ea t s  and pockets in  which lead dust 
may c o l l e c t  should be avoided. / Inorganic lead/ [ I n te rna t i ona l  
Labour O f f i ce .  Encyclopedia o f  Occupational Health and Safety. 
Vols. I & I I .  Geneva, Switzerland: I n te rna t i ona l  Labour O f f i ce ,  
1983. , p. 12041 **PEER REVIEWED** 

Ful l  facepiece i s  requ i red  i f  the  lead aerosols cause eye or  
s k i n  i r r i t a t i o n  a t  the  use concn. F u l l  facepiece, 
se l f - con ta i ned  brea th ing  apparatus operated i n  
pos i t i ve-pressure  mode should be used when lead i s  a t  a concn 
grea ter  than o f  100 mg/cu m, a t  an unknown concn, o r  when f i r e  
f i g h t i n g .  / Inorgan ic  lead cmpd/ [29 CFR 1910.1025 07/01/87] 
**PEER REVIEWED** 

PROTECTIVE EQUIPMENT & CLOTHING 
PRECAUTIONS FOR tTARCINOGENStl: ... Dispensers o f  Liq detergent 
/should be ava i lab le . /  ... Safety p i pe t t es  should be used f o r  
a l l  p i p e t t i n g .  ... I n  animal laboratory,  personnel should ... 
wear p r o t e c t i v e  s u i t s  ( p re fe rab l y  disposable, one-piece & 
c l o s e - f i t t i n g  a t  ankles & w r i s t s ) ,  gloves, h a i r  cover ing & 
overshoes. ... I n  chemical laboratory,  gloves & gowns should 
always be worn ... however, gloves should not be assumed t o  
p rov ide  f u l l  protech[&. Ca re fu l l y  f i t t e d  masks o r  r esp i ra to r s  
may be necessary when working w i t h  p a r t i c u l a t e s  or  gases, & 
d isposable p l a s t i c  aprons might provide addnl p ro tec t ion .  ... 
Gowns ... /should be/ of d i s t i n c t i v e  co lor ,  t h i s  i s  a reminder 
t h a t  they are not  t o  be worn ou ts ide  the laboratory.  /Chemical 
Carcinogens/ [Montesano, R., H. Bartsch, E.Boyland, G. D e l l a  
Porta, L. Fishbein, R. A. Griesemer, A.B. Swan, L. Tomatis, and 
W .  Davis (eds.). Handling Chemical Carcinogens i n  the 
Laboratory: Problems o f  Safety. I A R C  S c i e n t i f i c  Pub l ica t ions  
No. 33. Lyon, France: I n te rna t i ona l  Agency f o r  Research on 
Cancer, 1979. , p. 81 **PEER REVIEWED** 

Showers and wash basins should be located i n  the locker area t o  
encourage good personal hygiene. /Hexavalent chromium/ [NIOSH; 
C r i t e r i a  Document: Chromium ( V I )  p.16 (1976) DHEW Pub. NIOSH 
76-1291 **PEER REVIEWED** 

Covered containers should be provided f o r  work c l o th i ng  
d iscarded a t  the  end o f  the s h i f t  o r  a f t e r  a contamination 
i nc iden t .  The c l o t h i n g  w i l l  be he ld  i n  these containers unt i l  
removed f o r  decontamination or  d isposal .  /Hexavalent chromium/ 
[NIOSH; C r i t e r i a  Document: Chromium ( V I )  p.16 (1976) DHEW Pub. 

N I O S H  76-1291 **PEER REVIEWED** 

PROTECTIVE EQUIPMENT & CLOTHING 

OTHER PREVENTIVE MEASURES 

OTHER PREVENTIVE MEASURES 

OTHER PREVENTIVE MEASURES 
Good i n d u s t r i a l  hygiene p rac t i ces  recomnend tha t  engineering 
con t ro l s  be used ' to  reduce environmental concentrat ions t o  the 
permiss ib le  exposure leve l .  However, there  are some exceptions 
where resp i ra to r s  may be used t o  con t ro l  exposure. Respirators 
may be used when engineering and work p rac t i ce  con t ro l s  are not 
t e c h n i c a l l y  feas ib le ,  when such con t ro l s  are in  the process o f  
being i n s t a l l e d ,  o r  when they f a i l  and need t o  be supplemented. 
Respirators may a lso  be used f o r  operations which requ i re  en t r y  
i n t o  tanks or  c losed vessels, and i n  emergency s i t ua t i ons .  I f  
the use o f  r esp i ra to r s  i s  necessary, the on ly  r esp i ra to r s  
permi t ted  are those tha t  have been approved by the Mine Safety 
and Heal th Admin is t ra t ion  ( fo rmer ly  Mining Enforcement and 
Safe ty  Admin is t ra t ion)  o r  by the Nat ional  I n s t i t u t e  f o r  
Occupational Safety and Health. In  add i t i on  t o  resp i ra to r  
se lec t ion ,  a complete resp i ra to r y  p ro tec t i on  program should be 
i n s t i t u t e d  which inc ludes regu lar  t r a i n i ng ,  maintenance, 
inspect ion,  c leaning,  and evaluat ion.  /Chromic a c i d  and 
chromates/ [Mackison, F. U., R. S. S t r i c o f f ,  and L. J. 
Par t r idge,  J r .  (eds.). NIOSH/OSHA - Occupational Health 
Guidel ines f o r  Chemical Hazards. DHHS(NI0SH) Pub l i ca t i on  No. 
81-123 ( 3  VOLS). Washington, DC: U.S. Government P r i n t i n g  
O f f i ce ,  Jan. 1981. , p-  31 **PEER REVIEWED** 

Ea t ing  and smoking should no t  be permi t ted  i n  areas where 
OTHER PREVENTIVE MEASURES 
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s o l i d s  o r  l i q u i d s  con ta in ing  chromic a c i d  o r  chromates a re  
handled, processed, o r  stored. Employees who handle s o l i d s  o r  
l i q u i d s  con ta in ing  chromic a c i d  o r  chromates should wash t h e i r  
hands thoroughly w i t h  soap o r  m i l d  detergent and water before  
eat ing,  smoking, o r  us ing t o i l e t  f a c i l i t i e s .  /Chromic a c i d  and 
chromates/ [Mackison, F .  W., R. S. S t r i c o f f ,  and L. J. 
Par t r idge,  J r .  ( 4 s . ) .  NIOSH/OSHA - Occupational Health 
Guidel ines f o r  Chemical Hazards. DHHS(NI0SH) Pub l i ca t i on  No. 
81-123 (3 VOLS). Washington, DC: U.S. Government P r i n t i n g  
O f f i ce ,  Jan. 1981. , p. 41 **PEER REVIEWED** 

Areas i n  which exposure t o  a carcinogenic form of chromium ( V I )  
may occur should be i d e n t i f i e d  by s igns o r  o ther  appropr ia te  
means, and access t o  these areas should be l i m i t e d  t o  
author ized personnel only. /Chromic a c i d  and chromates/ 
[Mackison, F.  W . ,  R .  S. S t r i c o f f ,  and L. J. Partr idge, J r .  
(eds.). NIOSH/OSHA - Occupational Health Guidel ines f o r  
Chemical Hazards. DHHS(NI0SH) Pub l i ca t i on  No. 81-123 (3  VOLS). 
Washington, DC: U.S. Government P r i n t i n g  O f f i ce ,  Jan. 1981. , 
p. 41 **PEER REVIEWED** 

Employees should wash imnedia te ly  when s k i n  becomes 
contaminated. Work c l o t h i n g  should be changed d a i l y ,  i f  i t  i s  
reasonably probable t h a t  the c l o t h i n g  i s  contaminated. 
Imnedia te ly  remove non-impervious c t o t h i n g  t h a t  becomes 
contaminated. /Chromic a c i d  and chromates/ [NIOSH; Pocket Guide 
t o  Chemical Hazards p.69 (1981) DHEW (NIOSH) Pub No. 78-2101 
**PEER REVIEWED** 

A qu i ck  drench eyewash should be ava i lab le .  /Chromic a c i d  and 
chromates/ [NIOSH; Pocket Guide t o  Chemical Hazards p.69 (1981) 
DHEW (NIOSH) Pub NO. 78-2101 **PEER REVIEWED** 

Persons no t  wearing p r o t e c t i v e  equipment and c l o t h i n g  should be 
r e s t r i c t e d  from areas o f  s p i l l s  unt i l  cleanup has been 
completed. [Mackison, F.  W . ,  R. S. S t r i c o f f ,  and L. J. 
Pa r t r i dge ,  J r .  (eds.). NIOSH/OSHA - Occupational Health 
Guidel ines f o r  Chemical Hazards. DHHS(NI0SH) Pub l i ca t i on  No. 
81-123 ( 3  VOLS). Washington, DC: U.S.  Government P r i n t i n g  
O f f i ce ,  Jan. 1981. , p. 51 **PEER REVIEWED** 

Cloakroom accomnodation should be provided f o r  t h i s  personal 
p r o t e c t i v e  equipment with separate accomnodation f o r  c l o t h i n g  
taken o f f  dur ing working hours. Washing accomnodation, 
i nc lud ing  bath ing accomnodation w i t h  warm water, should be 
prov ided and used. Time should be al lowed f o r  washing before  
eat ing.  Arrangements should be made t o  p r o h i b i t  e a t i n g  and 
smoking i n  the  v i c i n i t y  o f  lead processes and s u i t a b l e  
messrooms should be provided. / Inorgan ic  lead/ [ I n te rna t i ona l  
Labour O f f i ce .  Encyclopedia o f  Occupational Health and Safety.  
Vols. I & I I .  Geneva, Switzer land: I n te rna t i ona l  Labour O f f i ce ,  
1983. , p. 12041 **PEER REVIEWED** 

SRP: Contaminated p r o t e c t i v e  c l o t h i n g  should be segregated i n  
such a manner so t h a t  there  i s  no d i r e c t  personal contact by 
personnel who handle, dispose, o r  c lean the c lo th ing .  Qua l i t y  
assurance t o  asce r ta in  the completeness of the c lean ing 
procedures should be implemented before  the decontaminated 
p r o t e c t i v e  c l o t h i n g  i s  re turned f o r  reuse by the  workers. A l l  
contaminated c l o t h i n g  should no t  be taken home a t  end o f  s h i f t ,  
but should remain a t  employee's p lace of work f o r  c leaning. 
[ C I T A T I O N  1 **PEER REVIEWED** 

SRP: Local exhaust v e n t i l a t i o n  should be app l ied wherever there  
i s  an incidence o f  p o i n t  source emissions o r  d i spe rs ion  o f  
regu la ted contaminants i n  the  work area. V e n t i l a t i o n  con t ro l  o f  
t he  contaminant as c lose  t o  i t s  point o f  generat ion i s  both the 
most economical and safes t  method t o  minimize personnel 
exposure t o  a i rborne contaminants. [Sax, N. I .  Dangerous 
P rope r t i es  o f  I n d u s t r i a l  Mater ia ls .  4 t h  ed. New York: Van 
Nostrand Reinhold, 1975. 1 **PEER REVIEWED** 

1) The employer s h a l l  ensure t h a t  a l l  personal p r o t e c t i v e  

OTHER PREVENTIVE MEASURES 

OTHER PREVENTIVE MEASURES 

OTHER PREVENTIVE MEASURES 

OTHER PREVENTIVE MEASURES 

OTHER PREVENTIVE MEASURES 

OTHER PREVENTIVE MEASURES 

OTHER PREVENTIVE MEASURES 

OTHER PREVENTIVE MEASURES 
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devices are  inspected r e g u l a r l y  and maintained i n  c lean and 
s a t i s f a c t o r y  working cond i t ion .  2) Working c l o t h i n g  and shoes 
s h a l l  n o t  be taken home by employees. The employer s h a l l  
p rov ide  f o r  maintenance and laundering o f  p r o t e c t i v e  c lo th ing .  
3) The employer s h a l l  ensure t h a t  precaut ions necessary t o  
p r o t e c t  laundry personnel a re  taken when s o i l e d  p r o t e c t i v e  
c l o t h i n g  i s  laundered. / Inorgan ic  lead/ [NIOSH; C r i t e r i a  
Document: Inorgan ic  lead p.1-9 (1978) DHEW Pub. NIOSH 78-1581 
**PEER REVIEWED** 

Employees should wash d a i l y  a t  the end o f  each work s h i f t .  
/ Inorgan ic  lead/ [ S i t t i g ,  M.  Handbook o f  Toxic and Hazardous 
Chemicals and Carcinogens, 1985. 2nd ed. Park Ridge, NJ: Noyes 
Data Corporat ion, 1985. , p. 5441 **PEER REVIEUED** 

POISONING SOLELY OR MAINLY FROM THE INGESTION OF LEAD COMPOUNDS 
I S  OF RELATIVELY INFREQUENT OCCURRENCE I N  AMERICAN INDUSTRY ... 
/MAINLY/ BECAUSE OF THE VIRTUAL I N E V I T A B I L I T Y  OF THE 
CONTAMINATION OF THE ATMOSPHERE OF WORKROOMS I N  THE LEAD-USING 
INDUSTRIES W I T H  LEAD COMPOUNDS, 8 THE DIFFICULTIES THAT ATTEND 
THE AVOIDANCE OF SOME DEGREE OF RESPIRATORY EXPOSURE TO, & 
ABSORPTION OF,  THESE COMPOUNDS. ... INGESTION OF LEAD COMPOUNDS 
I N  THE COURSE OF THE DAY'S WORK CAN 8 SHOULD ALWAYS BE 
PREVENTED THROUGH EXERCISE OF REGULAR, ATTENTIVE CARE I N  
MATTERS OF PERSONAL CLEANLINESS 8 GOOD HOUSEKEEPING, WHILE 
PREVENTION OF THE INHALATION OF LEAD I S  MUCH MORE D I F F I C U L T .  
... THE LARGEST PROPORTION OF THE LEAD ABSORBED BY THE ... 
V I C T I M  OF INDUSTRIAL LEAD POIS3NING I S  DERIVED FROM THE 
RESPIRED A I R .  FOR THESE REASONS THE DETERMINATION OF THE 
RESPIRABLE LEAD I N  THE ATMOSPHERE OF WORKROOMS MAY YIELD F A I R L Y  
ADEQUATE INFORMATION AS TO THE MAGNITUDE OF THE OCCUPATIONAL 
LEAD HAZARD I N  SUCH ROOMS. / INORGANIC  AND ALKYL LEAD COMPOUNDS/ 
[Patty,  F. (ed.). I n d u s t r i a l  Hygiene and Toxicology: Volume 11: 
Toxicology. 2nd ed. New York: ln tersc ience Publ ishers,  1963. , 
p. 9491 **PEER REVIEWED** 

OSHA has recomnended engineer ing con t ro l s  over admin i s t ra t i ve  
c o n t r o l s  and p r o t e c t i v e  equipment t o  reduce exposures t o  
Chemicals i n  the workplace. The a p p l i c a t i o n  of  employee 
t r a i n i n g  and mo t i va t i on  programs (such as job sa fe ty  ana lys is )  
t o  reduce exposures t o  chemicals has no t  been emphasized. To 
determine the  e f fec t iveness o f  such programs, a p i l o t  p r o j e c t  
i n  an a l k y l  lead product ion f a c i l i t y  was conducted with 35 
employees i n  an e f f o r t  t o  reduce exposures t o  organic and 
inorgan ic  lead. Results a f t e r  12 mo showed a 40% reduc t i on  i n  
lead i n  u r i n e  and a 24% reduct ion i n  lead i n  blood, both 
i n d i c a t o r s  o f  t o t a l  exposure t o  organic and inorgan ic  Pb. 
/ Inorgan ic  lead/ [Maples TU e t  a l ;  Am I n d  Hyg Assoc J 43 (9):  
692-4 (198211 **PEER REVIEWED** 

PRECAUTIONS FOR V A R C I N O G E N S 1 u :  Smoking, dr ink ing,  eat ing, 
storage o f  food o r  o f  food 8 beverage containers o r  u tens i l s ,  & 
t he  a p p l i c a t i o n  o f  cosmetics should be p r o h i b i t e d  i n  any 
laboratory .  A l l  personnel should remove gloves, i f  worn, a f t e r  
complet ion of  procedures i n  which carcinogens have been used. 
They should ... wash ... hands, p re fe rab l y  us ing dispensers o f  
l i q  detergent,  8 r i n s e  ... thoroughly.  Considerat ion should be 
g iven t o  appropr ia te  methods f o r  c lean ing the skin,  depending 
on nature  o f  the contaminant. No standard procedure can be 
recomnended, but the  use o f  organic so lvents  should be avoided. 
Safe ty  p i p e t t e s  should be used f o r  a l l  p i p e t t i n g .  /Chemical 
Carcinogens/ [Montesano, R., H. Bartsch, €.Boyland, G. D e l l a  
Porta,  L .  Fishbein, R. A.  Griesemer, A.B. Swan, L. Tomatis, and 
U. Davis (eds.). Handling Chemical Carcinogens i n  the 
Laboratory: Problems o f  Safety. I A R C  S c i e n t i f i c  Pub l ica t ions 
No. 33. Lyon, France: I n te rna t i ona l  Agency f o r  Research on 
Cancer, 1979. , p. 81 **PEER REVIEWED** 

PRECAUTIONS FOR "CARCINOGENSu': In  animal laboratory,  personnel 
should remove t h e i r  outdoor c lo thes & wear p r o t e c t i v e  s u i t s  
(p re fe rab l y  disposable, one-piece 8 c l o s e - f i t t i n g  a t  ankles 8 
wr is t s ) ,  gloves, h a i r  cover ing 8 overshoes. ... c l o t h i n g  should 
be changed d a i l y  but ... discarded imnediately i f  obvious 

OTHER PREVENTIVE MEASURES 

OTHER PREVENTIVE MEASURES 

OTHER PREVENTIVE MEASURES 

OTHER PREVENTIVE MEASURES 

OTHER PREVENTIVE MEASURES 
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contaminat ion occurs ... /also,/ workers should shower 
immediately. I n  chemical laboratory,  gloves & gowns should 
always be worn ... however, gloves should no t  be assumed t o  
prov ide f u l l  p ro tec t i on .  C a r e f u l l y  f i t t e d  masks o r  resp i ra to rs  
may be necessary when working w i th  p a r t i c u l a t e s  o r  gases, & 
disposable p l a s t i c  aprons might prov ide addnl p ro tec t i on .  I f  
gowns a re  o f  d i s t i n c t i v e  co lo r ,  t h i s  i s  a reminder t h a t  they 
should not  be worn outs ide o f  lab. /Chemical Carcinogens/ 
[Montesano, R., H. Bartsch, E.Boyland, G. D e l l a  Porta, L. 
Fishbein, R. A. Griesemer, A.B. Swan, L. Tomatis, and W. Davis 
(eds.). Handling Chemical Carcinogens i n  the Laboratory: 
Problems o f  Safety. I A R C  S c i e n t i f i c  Pub l ica t ions No. 33. Lyon, 
France: I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1979. , p. 
81 **PEER REVIEWED** 

PRECAUTIONS FOR 'TARCINOCENS1l: ... Operations connected w i t h  
synth & p u r i f i c a t i o n  ... should be c a r r i e d  out under 
w e l l - v e n t i l a t e d  hood. A n a l y t i c a l  procedures ... should be 
c a r r i e d  out w i th  care & vapors evolved dur ing ... procedures 
should be removed. ... Expert  advice should be obtained before  
e x i s t i n g  fume cupboards a re  used ... & when new fume cupboards 
are  i n s t a l l e d .  I t  i s  des i rab le  t h a t  there  be means f o r  
decreasing the  r a t e  of  a i r  ex t rac t i on ,  so t h a t  carcinogenic 
powders can be handled without ... powder being blown around 
the  hood. Glove boxes should be kept under negat ive a i r  
pressure. A i r  changes should be adequate, so t h a t  concn of 
vapors o f  v o l a t i l e  carcinogens w i l l  no t  occur. /Chemical 
Carcinogens/ [Montesano, R., t i .  Eartsch, E.Eoyland, G. D e l l a  
Porta, L. Fishbein,  R. A. Griesemer, A.E. Swan, L. Tomatis, and 
U. Davis (eds.). Handling Chemical Carcinogens i n  the  
Laboratory:  Problems o f  Safety.  I A R C  S c i e n t i f i c  Pub l ica t ions 
No. 33. Lyon, France: I n te rna t i ona l  Agency f o r  Research on 
Cancer, 1979. , p. 81 **PEER REVIEWED** 

PRECAUTIONS FOR YARCINOGENSB1: V e r t i c a l  laminar- f low b i o l o g i c a l  
s a f e t y  cab inets  may be used f o r  containment o f  i n  v i t r o  
procedures ... provided t h a t  the exhaust a i r  f l ow  i s  s u f f i c i e n t  
t o  p rov ide  an inward a i r  f l ow  a t  the face opening o f  t he  
cabinet,  & contaminated a i r  plenums t h a t  are  under p o s i t i v e  
pressure a re  l e a k - t i g h t .  Hor izonta l  laminar- f low hoods o r  
sa fe t y  cabinets,  where f i l t e r e d  a i r  i s  blown across the  working 
area towards the  operator,  should never be used ... Each 
cab inet  o r  fume cupboard t o  be used ... should be tes ted  before  
work i s  begun (eg, with fume bomb) & l abe l  f i x e d  t o  it, g i v i n g  
date  of  t e s t  & avg a i r - f l o w  measured. This t e s t  should be 
repeated p e r i o d i c a l l y  & a f t e r  any s t r u c t u r a l  changes. /Chemical 
Carcinogens/ [Montesano, R., H. Bartsch, E.Eoyland, G. D e l l a  
Porta, L. Fishbein, R. A. Griesemer, A.B. Swan, L. Tomatis, and 
U. Davis (eds.). Handling Chemical Carcinogens i n  the  
Laboratory: Problems o f  Safety.  I A R C  S c i e n t i f i c  Pub l i ca t i ons  
No. 33. Lyon, France: I n te rna t i ona l  Agency f o r  Research on 
Cancer, 1979. , p. 91 **PEER REVIEWED** 

PRECAUTIONS FOR VARCINOGENS81:  P r i n c i p l e s  t h a t  apply t o  chem or 
biochern l ab  a l so  apply t o  m ic rob io log i ca l  & c e l l - c u l t u r e  labs 
... Special  cons iderat ion should be given t o  route  o f  admin. 
... Safest method o f  admin is ter ing v o l a t i l e  carcinogen i s  by 
i n j e c t i o n  o f  a soln.  Admin by t o p i c a l  app l ica t ion,  gavage, o r  
i n t r a t r a c h e a l  i n s t i l l a t i o n  should be performed under hood. I f  
chem w i l l  be exhaled, animals should be kept under hood dur ing 
t h i s  per iod. I n h a l a t i o n  exposure requ i res  spec ia l  equipment. 
... unless s p e c i f i c a l l y  required, routes  o f  admin o ther  than i n  
the  d i e t  should be used. Mix ing o f  carcinogen i n  d i e t  should be 
c a r r i e d  ou t  in  sealed mixers under fune hood, from which the 
exhaust i s  f i t t e d  w i t h  an e f f i c i e n t  p a r t i c u l a t e  f i l t e r .  
Techniques fo r  c lean ing mixer & hood should be devised before  
expt begun. Uhen mix ing d i e t s ,  spec ia l  p r o t e c t i v e  c l o t h i n g  &, 
poss ib ly ,  r e s p i r a t o r s  may be required. /Chemical Carcinogens/ 
[Montesano, R., H. Bartsch, E.Boyland, G. D e l l a  Porta, L. 
Fishbein, R. A. Griesemer, A.E. Swan, L. Tomatis, and W. Davis 
(eds.). Handling Chemical Carcinogens i n  the Laboratory: 
Problems of Safety. I A R C  S c i e n t i f i c  Pub l i ca t i ons  No. 33. Lyon, 
France: I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1979. , p. 
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PRECAUTIONS FOR VARCINOGENSB1: When ... admin i n  d i e t  o r  
app l i ed  t o  skin,  animals should be kept i n  cages w i th  s o l i d  
bottoms & s ides & f i t t e d  w i t h  a f i l t e r  top. When v o l a t i l e  
carcinogens a re  given, f i l t e r  tops should not  be used. Cages 
which have been used t o  house animals t h a t  received carcinogens 
should be decontaminated. Cage-cleaning f a c i l i t i e s  should be 
i n s t a l l e d  i n  area i n  which carcinogens are  being used, t o  avo id  
moving o f  ... contaminated /cages/. I t  is d i f f i c u l t  t o  ensure 
t h a t  cages are  decontaminated, & moni tor ing methods a re  
necessary. S i tua t i ons  may e x i s t  i n  which the use o f  disposable 
cages shou ld  be recomnended, depending on type & amt o f  
carcinogen & e f f i c i e n c y  w i t h  which i t  can be removed. /Chemical 
Carcinogens/ [Montesano, R., H. Bartsch, E.Boyland, G. D e l l a  
Porta, L. Fishbein, R .  A.  Griesemer, A.B. Swan, L. Tomatis, and 
w. Davis (eds.). Handling Chemical Carcinogens i n  the  
Laboratory:  Problems o f  Safety.  I A R C  S c i e n t i f i c  Pub l i ca t i ons  
No. 33. Lyon, France: I n t e r n a t i o n a l  Agency f o r  Research on 
Cancer, 1979. , p. 101 **PEER REVIEWED** 

PRECAUTIONS FOR liCARCINOGENSLt: To e l im ina te  r i s k  t h a t  ... 
contaminat ion i n  l a b  cou ld  bui ld up du r ing  conduct o f  expt, 
p e r i o d i c  checks should be c a r r i e d  out on l ab  atmospheres, 
surfaces, such as wal ls,  f l o o r s  & benches, & ... i n t e r i o r  of  
fume hoods & a i rduc ts .  As we l l  as regu lar  monitoring, check 
must be c a r r i e d  out  a f t e r  c leaning-up o f  sp i l l age .  Sens i t i ve  
methods a re  requ i red  when t e s t i n g  l ab  atmospheres f o r  chem such 
as ni t rosamines. Methods ... should ... where possible,  be 
simple & sens i t i ve .  ... /Chemical Carcinogens/ [Montesano, R., 
H. Bartsch, E.Boyland, G. D e l l a  Porta, L. Fishbein, R. A. 
Griesemer, A.B. Swan, L. Tomatis, and W. Davis (eds.). Handling 
Chemical Carcinogens in  the  Laboratory: Problems o f  Safety. 
I A R C  S c i e n t i f i c  Pub l i ca t i ons  No. 33. Lyon, France: 
I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1979. , p. 101 
**PEER REVIEWED** 

PRECAUTIONS FOR "CARCINOGENS": Rooms i n  which obvious 
contaminat ion has occurred, such as sp i l l age ,  should be 
decontaminated by l a b  personnel engaged i n  expt. Design o f  expt 
should ... avo id  contaminat ion o f  permanent equipment. ... 
Procedures should ensure t h a t  maintenance workers are  not  
exposed t o  carcinogens. ... P a r t i c u l a r  care should be taken t o  
avo id  contaminat ion o f  d ra ins  o r  v e n t i l a t i o n  ducts. I n  c lean ing 
labs, procedures should be used which do not  produce aerosols 
o r  d i spe rsa l  o f  dust,  ie ,  wet mop o r  vacuum cleaner equipped 
w i t h  h i g h - e f f i c i e n c y  p a r t i c u l a t e  f i l t e r  on exhaust, which are 
a v a i l  comnercial ly,  should be used. Sweeping, brushing & use of  
dry dusters  o r  mops should be p roh ib i t ed .  Grossly contaminated 
c lean ing ma te r i a l s  should not  be re-used ... I f  gowns o r  towels 
are  contaminated, they should not b e  sent t o  laundry, but ... 
decontaminated o r  burnt,  t o  avo id  any hazard t o  laundry 
personnel. /Chemical Carcinogens/ [Montesano, R., H. Bartsch, 
E.Boyland, G. D e l l a  Porta, L. Fishbein, R. A. Griesemer, A.B. 
Swan, L. Tomatis, and W .  Davis (eds.). Handling Chemical 
Carcinogens i n  the Laboratory: Problems o f  Safety.  I A R C  
S c i e n t i f i c  Pub l i ca t i ons  No. 33. Lyon, France: I n te rna t i ona l  
Agency f o r  Research on Cancer, 1979. , p. 101 **PEER REVIEWED** 

PRECAUTIONS FOR 'TARCINOGENS": Doors leading i n t o  areas where 
carcinogens are  used ... should be marked d i s t i n c t i v e l y  w i t h  
appropr ia te  labels.  Access ... l i m i t e d  t o  persons invo lved i n  
expt.  ... A prominent ly  d isp layed n o t i c e  should g i v e  the  name 
o f  the S c i e n t i f i c  I nves t i ga to r  o r  o ther  person who can advise 
i n  an emergency & who can in form others  (such as firemen) on 
the  handl ing o f  carcinogenic substances. /Chemical Carcinogens/ 
[Montesano, R., H. Bartsch, E.Boyland, C. D e l l a  Porta, L. 
Fishbein, R .  A. Griesemer, A.B. Swan, L. Tomatis, and W .  Davis 
(eds.). Handling Chemical Carcinogens i n  the Laboratory: 
Problems o f  Safety.  I A R C  S c i e n t i f i c  Pub l i ca t i ons  No. 33. Lyon, 
France: I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1979. , p. 
111 **PEER REVIEWED** 
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P r o t e c t i v e  c l o t h i n g  s h a l l  be changed a t  l eas t  d a i l y  a t  t he  end 
o f  t h e  s h i f t  and more f requen t l y  i f  i t  should become gross ly  
contaminated. / Inorgan ic  lead/ [NIOSH: C r i t e r i a  Document: 
Inorgan ic  Lead p.1-9 (1978) DHEW Pub. NIOSH 78-1581 **PEER 
REVIEWED** 

CMPD OF CHROMIUM CONSIDERED /LEAD CHROMATE/ ARE ALL STABLE 
MATERIALS. CIARC. Monographs on the  Eva luat ion o f  the 
Carcinogenic R isk  o f  Chemicals t o  Man. Geneva: World Health 
Organizat ion, I n t e r n a t i o n a l  Agency for Research on Cancer, 
1972-PRESENT. (Mult ivolume work). V2 1031 **PC REVIEWED** 

STABILITY/SHELF LIFE 
T r i v a l e n t  chromium i s  the most s tab le  ox ida t i on  s t a t e  and 
hexavalent chromiun i s  the second most s t a b l e  ox ida t i on  s ta te .  
/T r i va len t  and hexavalent chromium/ [USEPA; Health Assessment 

STABILITY/SHELF L I F E  

Document: Chromium p.2-2 (1984) EPA 600/8-83-014FI **QC 
REVIEWED** 

Whenever hazardous ma te r i a l s  are  t o  be transported, T i t l e  49 
CFR, Transportat ion, Par ts  100-180, publ ished by the US Dept 
Transportat ion, conta in  the regu la to ry  requirements and must 
consulted. 152 FR 16482 (5/5/87)1 **PEER REVIEWED** 

I N  GENERAL, /TO AVOID INDUSTRIAL  F I R E S /  MATERIALS WHICH ARE 
T O X I C  AS STORED OR W H I C H  CAN DECOMPOSE I N T O  T O X I C  COMPONENTS 
DUE TO CONTACT W I T H  HEAT, MOISTURE, ACIDS, OR A C I D  FUMES, 
SHOULD BE STORED I N  COOL, WELL VENTILATED PLACE, OUT OF THE 
DIRECT RAYS OF THE SUN, AWAY FROM AREAS OF H I G H  F I R E  HAZARD, 
SHOULD BE PERIODICALLY INSPECTED & MONITORED. INCOMPATIBLE 

SHIPMENT METHODS AND REGULATIONS 

STORAGE CONDIT IONS 

o f  
be 

& 

MATERIALS SHOULD BE ISOLATED FROM EACH OTHER. /INORGANIC LEAD/ 
[Sax, N . I .  Dangerous Proper t ies  o f  I n d u s t r i a l  Mater ia ls .  5 t h  
ed. New York: Van Nostrand Rheinhold, 1979. , p. 2481 **PEER 
REVIEWED** 

STORAGE CONDIT IONS 
PRECAUTIONS FOR VARCINOGENSbb: Storage s i t e  should be as c lose 
as p r a c t i c a b l e  t o  l a b  i n  which carcinogens are  t o  be used, so 
t h a t  on l y  smal l  q u a n t i t i e s  requ i red f o r  ... expt need t o  be 
ca r r i ed .  Carcinogens should be kept i n  on l y  one sec t i on  of  
cupboard, an exp los ion-proof  r e f r i g e r a t o r  o r  f reezer  (depending 
on chemicophysical p rope r t i es  . . . I  t h a t  bears appropr ia te  
l abe l .  An inventory  ... should be kept, showing q u a n t i t y  o f  
carcinogen & date  i t  was acquired ... . F a c i l i t i e s  f o r  
dispensing ... should be contiguous t o  storage area. /Chemical 
Carcinogens/ [Montesano, R., H. Bartsch, E.Boyland, G. D e l l a  
Porta, L. Fishbein, R .  A.  Griesemer, A.B. Swan, L. Tomatis, and 
U. Davis (eds.). Handling Chemical Carcinogens i n  the 
Laboratory:  Problems of Safety. I A R C  S c i e n t i f i c  Pub l ica t ions 
No. 33. Lyon, France: I n te rna t i ona l  Agency f o r  Research on 
Cancer, 1979. , p. 131 **PEER REVIEWED** 

T r i v a l e n t  chromium can be e f f e c t i v e l y  removed from d r i n k i n g  
water by convent ional  coagula t ion techniques, but  these 
techniques are  inadequate when chromium i s  i n  the  hexavalent 
form. Reverse osmosis i s  e f f e c t i v e  f o r  removal o f  both forms o f  
chromium. /T r i va len t  & hexavalent chromiun/ 148 FR 45512 
(10/5/83)1 **PEER REVIEWED** 

I f  chromic a c i d  o r  chromates are  s p i l l e d ,  the fo l l ow ing  steps 
should be taken: 1. V e n t i l a t e  area o f  s p i l l .  2. Co l l ec t  s p i l l e d  
ma te r i a l  i n  the most convenient and safe  manner and deposi t  i n  
sealed conta iners  f o r  reclamation o r  f o r  d isposa l  i n  a 
c e r t i f i e d  s a n i t a r y  l a n d f i l l .  Liquid conta in ing chromic a c i d  o r  
chromates should be absorbed i n  ve rm icu l i t e ,  dry sand, earth,  
o r  a s i m i l a r  mater ia l .  /Chromic a c i d  and chromates/ [Mackison, 
F .  W., R. S. S t r i c o f f ,  and L. J. Par t r idge,  J r .  (eds.). 
NIOSH/OSHA - Occupational Health Guidel ines f o r  Chemical 
Hazards. DHHS(NI0SH) Pub l i ca t i on  No. 81-123 (3 VOLS). 
Uashington, DC: U.S. Government P r i n t i n g  O f f i ce ,  Jan. 1981. , 
p. 51 **PEER REVIEUED** 

PRECAUTIONS FOR I 'CARCINOGENS': A h igh e f f i c i e n c y  p a r t i c u l a t e  
a r r e s t o r  (HEPA) or charcoal f i l t e r s  can be used t o  minimize amt 
of carcinogen i n  exhausted a i r  v e n t i l a t e d  sa fe ty  cabinets,  l a b  
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CLEANUP METHODS 
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hoods, g love boxes o r  animal rooms ... F i l t e r  housing t h a t  i s  
designed so t h a t  used f i l t e r s  can be t rans fe r red  i n t o  p l a s t i c  
bag wi thout  contaminat ing maintenance s t a f f  i s  a v a i l  
comnercial ly.  F i l t e r s  should be placed i n  p l a s t i c  bags 
imnedia te ly  a f t e r  removal. ... The p l a s t i c  bag should be sealed 
imnediately.  . . . The sealed bag should be l abe l  l e d  p rope r l y  . . . 
Waste l i q u i d s  ... should be placed o r  c o l l e c t e d  i n  proper 
conta iners  f o r  disposal .  The l i d  should be secured & the  
b o t t l e s  p rope r l y  labe l led.  Once f i l l e d ,  b o t t l e s  should be 
placed i n  p l a s t i c  bag, so t h a t  outer  surface ... i s  no t  
contaminated. ... The p l a s t i c  bag should a l so  be sealed & 
l abe l l ed .  ... Broken glassware ... should be decontaminated by 
so lvent  ex t rac t i on ,  by chemical dest ruc t ion,  o r  i n  s p e c i a l l y  
designed i nc ine ra to rs .  /Chemical Carcinogens/ IMontesano, R., 
H. Bartsch, €.Boyland, G. D e l l a  Porta, L.  Fishbein, R. A. 
Griesemer, A.B. Swan, L. Tomatis, and W .  Davis (eds.). Handling 
Chemical Carcinogens i n  the  Laboratory: Problems o f  Safety. 
I A R C  S c i e n t i f i c  Pub l i ca t i ons  No. 33. Lyon, France: 
I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1979. , p. 151 
**PEER REVIEWED** 

... Descr ibed treatment o f  wastewater from a t e t r a e t h y l  lead 
manufactur ing process. Two major categor ies  o f  waste were 
inorgan ic  lead wastewaters and organic lead wastewaters. A f t e r  
sedimentat ion i n  a ho ld ing  bas in  t o  recover s o l i d  Lead and lead 
oxide, t he  inorgan ic  lead waste f r a c t i o n  (66.1 mg/l) was 
e f f e c t i v e l y  t rea ted  by coagula t ion w i th  f e r r i c  and fer rous 
s u l f a t e .  / Inorgan ic  lead/ [Patterson JW; l n d u s t r i a l  Wastewater 
Treatment Technolgy 2nd E d i t i o n  p.75 (198513 **PEER REVIEWED** 

Environmental cons iderat ions f o r  1) Lard s p i l l :  D ig  a p i t ,  
pond, o r  lagoon ho ld ing  area t o  conta in  l i q u i d  or s o l i d  
ma te r i a l .  /SRP: I f  t ime permits,  p i t s ,  ponds, lagoons, soak 
holes, o r  ho ld ing  areas should be sealed w i th  an impermeable 
f l e x i b l e  membrane Liner./ Cover s o l i d s  w i t h  a p l a s t i c  sheet t o  
prevent d i sso l v ing  i n  r a i n  o r  f i r e  f i g h t i n g  water. / Inorgan ic  
lead/ [Assoc ia t ion o f  American Rai l roads. Emergency Handling o f  
Hazardous Ma te r i a l s  i n  Surface Transportat ion. Washington, 
D.C.: Assoc. o f  American Rai l roads, Hazardous Ma te r i a l s  Systems 
(BOE),  1987. , p. 4071 **PEER REVIEWED** 

Environmental cons iderat ions f o r  2) Water s p i l l :  n e u t r a l i z e  
w i t h  a g r i c u l t u r a l  l ime  (CaO), crushed l imestone (CaC031, o r  
sodium bicarbonate (NaHC03). Adjust pH t o  neu t ra l  (pH= 7).  Use 
mechanial dredges o r  l i f t s  t o  remove imnobi l i zed masses of  
p o l l u t a n t s  & p rec ip i t a tes .  / Inorganic lead/ [Associat ion o f  
American Rai l roads. Emergency Handling o f  Hazardous Ma te r i a l s  
i n  Surface Transportat ion. Washington, D.C.: Assoc. o f  American 
Rai l roads, Hazardous Ma te r i a l s  Systems (BOE), 1987. , p. 4071 
**PEER REVIEWED** 

SRP: A t  the  t ime o f  review, c r i t e r i a  f o r  land treatment o r  
b u r i a l  ( s a n i t a r y  l a n d f i l l )  d isposa l  p rac t i ces  are  subject t o  
s i g n i f i c a n t  rev i s ion .  P r i o r  t o  implementing Land disposal of 
waste res idue ( i n c l u d i n g  uaste sludge), consul t  w i th  
environmental regu la to ry  agencies f o r  guidance on acceptable 
d isposa l  prac t ices.  [ C I T A T I O N  1 **PEER REVIEWED** 

Waste d isposa l  method: Chromic a c i d  o r  chromates may be 
disposed o f  i n  sealed conta iners  i n  a secured san i ta ry  
l a n d f i l l .  /Chromic a c i d  and chromates/ [Mackison, F .  W., R .  S. 
S t r i c o f f ,  and I.. J. Par t r idge,  J r .  (eds.). NIOSH/OSHA - 
Occupational Health Guidel ines f o r  Chemical Hazards. 
DHHSCWIOSH) P u b l i c a t i o n  No. 81-123 ( 3  VOLS). Washington, DC: 
U.S. Government P r i n t i n g  O f f i ce ,  Jan. 1981. , p. 51 **PEER 
REVIEWED** 

PRECAUTIONS FOR YARCINOGENS" :  There i s  no un i ve rsa l  method o f  
d isposa l  t h a t  has been proved s a t i s f a c t o r y  f o r  a l l  carcinogenic 
compounds 8 s p e c i f i c  methods o f  chem des t ruc t i on  ... publ ished 
have no t  been tes ted  on a l l  k inds o f  carcinogen-containing 
waste. ... Sumnary of a v a i l  methods & recomnendations ... 
/given/ must be t rea ted  as guide on ly .  /Chemical Carcinogens/ 
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[Montesano, R., H. Rartsch, E.Royland, C. D e l l a  Porta, L. 
Fishbein, R .  A. Griesemer, A.B. Swan, L. Tomatis, and W. Davis 
(eds.). Handling Chemical Carcinogens i n  the Laboratory: 
Problems o f  Safety. I A R C  S c i e n t i f i c  Pub l i ca t i ons  No. 33. Lyon, 
France: I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1979. , p. 
141 **PEER REVIEWED** 

PRECAUTIONS FOR ttCARCINOGENSt': Tota l  des t ruc t i on  ... by 
i n c i n e r a t i o n  may be o n l y  f e a s i b l e  method f o r  d isposa l  o f  
contaminated l abo ra to ry  waste from b i o l o g i c a l  expt. However, 
no t  a l l  i n c i n e r a t o r s  a re  s u i t a b l e  f o r  t h i s  purpose.The most 
e f f i c i e n t  type ... i s  probably the g a s - f i r e d  type, i n  which a 
f i r s t - s t a g e  combustion w i t h  a less  than s to i ch iomet r i c  a i r : f ue l  
r a t i o  i s  fo l lowed by a second stage with excess a i r .  Some ... 
are  designed t o  accept ... aqueous & organ ic-so lvent  so lu t ions,  
otherwise i t  i s  necessary ... t o  absorb s o l n  onto s u i t a b l e  
combust ible ma te r i a l ,  such as sawdust. A l t e r n a t i v e l y ,  chem 
d e s t r u c t i o n  may be used, esp when smal l  q u a n t i t i e s  ... are  t o  
be destroyed i n  laboratory .  /Chemical Carcinogens/ [Montesano, 
R., H. Bartsch, E-Eoyland, G. D e l l a  Porta, L. Fishbein, R. A.  
Griesemer, A.E. Swan, L. Tomatis, and W. Davis (eds.). Handling 
Chemical Carcinogens i n  the  Laboratory: Problems o f  Safety.  
I A R C  S c i e n t i f i c  Pub l i ca t i ons  No. 33. Lyon, France: 
I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1979. , p -  151 
**PEER REVIEWED** 

DISPOSAL METHODS 

DISPOSAL METHODS 
PRECAUTIONS FOR tTARCINOGENSl l :  HEPA (h igh -e f f i c i ency  
p a r t i c u l a t e  a r r e s t o r )  f i l t e r s  ... can be disposed o f  by 
i nc ine ra t i on .  For spent charcoal f i l t e r s ,  the adsorbed ma te r i a l  
can be s t r i p p e d  o f f  a t  h igh  temp & carcinogenic wastes 
generated by t h i s  treatment conducted t o  & burned i n  an 
i nc ine ra to r .  ... LIQUID WASTE: ... Disposal should be c a r r i e d  
out  by i n c i n e r a t i o n  a t  temp t h a t  ... ensure complete 
combustion. SOLID WASTE: Carcasses o f  l ab  animals, cage l i t t e r  
8 misc s o l i d  wastes ... should be disposed o f  by i n c i n e r a t i o n  
a t  temp h igh  enough t o  ensure des t ruc t i on  o f  chem carcinogens 
o r  t h e i r  metabol i tes.  /Chemical Carcinogens/ [Montesano, R., H. 
Bartsch, E.Boyland, G. D e l l a  Porta,  L.  Fishbein, R. A. 
Griesemer, A.B. Swan, L. Tomatis, and U. Davis (eds.). Handling 
Chemical Carcinogens i n  the  Laboratory: Problems o f  Safety. 
I A R C  S c i e n t i f i c  Pub l i ca t i ons  No. 33. Lyon, France: 
I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1979. , p. 151 
**PEER REVIEWED** 

PRECAUTIONS FOR YARCINOGENS" :  ... Small q u a n t i t i e s  o f  ... some 
carcinogens can be destroyed us ing chem react ions ... but no 
general r u l e s  can be given. ... As a general technique ... 
treatment w i th  sodium dichromate i n  s t rong s u l f u r i c  a c i d  can be 
used. The t ime necessary f o r  des t ruc t i on  ... i s  seldom known 
... but 1-2 days i s  genera l l y  considered s u f f i c i e n t  when 
f r e s h l y  prepd reagent i s  used. ... Carcinogens t h a t  are  e a s i l y  
ox id i zab le  can be destroyed w i th  m i l de r  ox ida t i ve  agents, such 
as sa t  s o l n  o f  potassium permanganate i n  acetone, which appears 
t o  be a s u i t a b l e  agent f o r  des t ruc t i on  o f  hydrazines o r  o f  
compounds conta in ing i s o l a t e d  carbon-carbon double bonds. Concn 
o r  50% aqueous s o d i m  hypoch lo r i t e  can a l so  be used as an 
o x i d i z i n g  agent. /Chemical Carcinogens/ [Montesano, R., H. 
Bartsch, E.Boyland, G. D e l l a  Porta, L.  Fishbein, R. A. 
Griesemer, A.B. Swan, L. Tomatis, and U. Davis (eds.). Handling 
Chemical Carcinogens i n  the  Laboratory: Problems o f  Safety.  
I A R C  S c i e n t i f i c  Pub l i ca t i ons  No. 33. Lyon, France: 
I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1979. , p. 161 
**PEER REVIEWED** 

Chemical T r e a t a b i l i t y  o f  Lead; Concentrat ion Process: 
B i o l o g i c a l  Treatment; Chemical C lass i f i ca t i on :  Metal; Scale o f  
Study: Respirometer Study; Results of Study: Oxygen uptake 
i n h i b i t e d .  IUSEPA; Management o f  Hazardous Waste Leachate, EPA 
Contract No. 68-03-2766 p.E-53 (1982)l **PEER REVIEWED** 

The repo r t  descr ibes a bench sca le  f l u i d i z e d  bed i nc ine ra to r  
t h a t  w i l l  capture  t race  metals on the bed ma te r i a l  when f i r i n g  
hazardous waste. The design i s  based on l i m i t e d  t e s t s  a t  an 

DISPOSAL METHODS 

DISPOSAL METHODS 

DISPOSAL METHODS 
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e x i s t i n g  l abo ra to ry  f a c i l i t y .  Operat ing condit ions, operat ing 
procedures, and equipnent design are  es tab l ished f o r  greater  
than.90 percent t r a c e  metal capture on the  bed ma te r i a l .  A 
sur rogate  hazardous waste, p a i n t  conta in ing lead chromate, was 
used i n  the  tes ts .  Other t race  metals were i d e n t i f i e d  t h a t  can 
be captured by agglomeration on a s i l i c a  bed mater ia l .  The 
des ign provides the c a p a b i l i t y  o f  operat ing in  e i t h e r  a s i n g l e  
o r  double stage con f i gu ra t i on  so t h a t  var ious bed ma te r i a l s  or 
operat ing cond i t i ons  can be used t o  capture d i f f e r e n t  t r a c e  
metals o r  t o  prov ide more e f f e c t i v e  capture. CL i t t  RD, 
Tewksbury TL; Govt Reports Announcement 3: Index 5 (1985)l 
**PEER REVIEWED** 

A )  Evidence f o r  ca rc inogen ic i t y  t o  humans ( s u f f i c i e n t  f o r  
hexavalent chromium compounds); E )  Evidence f o r  ca rc inogen ic i t y  
t o  animals ( s u f f i c i e n t  f o r  hexavalent chromium compounds). 
Ove ra l l  eva lua t i on  i s  Group 1. The working group concluded t h a t  
hexavalent chromium compounds are  carcinogenic t o  humans. (The 
eva lua t i on  app l i es  t o  the group o f  chemicals as a whole & not  
necessa r i l y  t o  a l l  i n d i v i d u a l  chemicals within the group ... ). 
/Hexavalent chromium compounds/ [ IARC.  Monographs on the 
Eva luat ion o f  t he  Carcinogenic Risk of  Chemicals t o  Man. 
Geneva: World Health Organizat ion, I n te rna t i ona l  Agency f o r  
Research on Cancer, 1972-PRESENT. (Multivolume work). S7 165 
(1987)l **PEER REVIEWED** 

TOXIC HAZARD R A T I N G  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
THE FOLLOWING OVERVIEW IS A SUMMARY. CONSULT THE COMPLETE POISINDEX ( R )  
DATABASE FOR TREATMENT PURPOSES. COPYRIGHT 1974-YEAR MICROMEDEX, I N C .  
ALL R I G H T S  RESERVED. DUPLICATION PROHIBITED. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Overview T i t l e :  LEAD 

EMERGENCY MEDICAL TREATMENT 
o L I F E  SUPPORT : 

This  overview assumes t h a t  bas ic  l i f e  support measures 
have been i n s t i t u t e d .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o C L I N I C A L  EFFECTS : 

SUMMARY 
o Signs and symptoms o f  lead poisoning are  re fe rab le  t o  

the  nervous, hematologic, renal ,  gas t ro in tes t i na l ,  and 
card iac  systems (Cul len e t  a t ,  1983). There may be no 
unique s igns o r  symptoms t o  suggest lead poisoning as 
the  diagnosis.  Ser ious i n j u r y  can occur when ne i the r  
s igns nor symptoms have been present.  Case de tec t i on  
i s  best done by screening popula t ions a t  r i s k ,  which 
include, f o r  example, operat ives i n  lead indust r ies ,  
t h e i r  ch i l d ren ,  and c h i l d r e n  l i v i n g  i n  homes b u i l t  
be fo re  1980 where lead-conta in ing p a i n t  may be the  
source. Un iversa l  screening of c h i l d r e n  beginning a t  6 
months of  age, i s  r e c o m n d e d  by the CDC. 

o Most lead po ison ing i s  slow i n  onset and r e s u l t s  from 
gradual accumulation o f  lead from sources o f  low 
s o l u b i l i t y  such as lead p a i n t  or i n d u s t r i a l  dusts. The 
i nges t i on  o f  r a p i d l y  absorbed s a l t s  causes an acute 
syndrome o f  hepat ic  injury and hemolysis as w e l l  as 
chron ic  exposure e f f e c t s .  

V I T A L  SIGNS 

CARDIOVASCULAR 
o Chronic lead exposure may cause hypertension. 

o Chronic exposure i n  adu l t s  leads t o  rena l  hypertension 
and secondary card iac  e f f e c t s .  

NEUROLOGIC 
o I n  young ch i ld ren,  developnental defects,  i nc lud ing  

l ea rn ing  d i s a b i l i t i e s ,  Lowered IO, and behavioral  
abnormal i t ies ,  can occur without symptoms. A t  h igher  
l e v e l s  o f  exposure, non-spec i f ic  s igns occur. A t  h i gh  
leve ls ,  encephalopathy w i t h  imminent r i s k  o f  death, 
permanent mental re ta rda t i on ,  and motor d e f i c i t s .  

GASTROINTESTINAL 



lead chromate, HSDB record, 1-1 8-94 Page 15  

o Anorexia, const ipat ion,  and d iar rhea may be present due 
t o  d i r e c t  e f f e c t s  o r  t he  r e s u l t  o f  a l t e r e d  CNS con t ro l .  

L i v e r  injury occurs from poisoning w i th  r e a d i l y  
a v a i l a b l e  lead s a l t s  but r a r e l y  w i th  chronic inorganic 
lead exposure. 

HEPAT I C  
o 

GENITOURINARY 
o In  acu te l y  ill pa t ien ts ,  p ro te inu r ia ,  glucosur ia,  and 

aminoacidur ia may occur. 
t ubu la r  damage, azotemia, and gout. 

desc r i bed. 

Hyperuricemia may be seen a f t e r  chronic lead poisoning. 

Lead i n t e r r u p t s  ssvera l  steps i n  heme synthesis 
r e s u l t i n g  i n  anemia. 
enzymes i s  used i n  diagnosis.  
hemolysis i s  possible.  
known as s t i p p l i n g .  

Chronic exposure leads t o  

o Decreased sperm count i n  lead exposed males has been 

METABOLISM 

HEMATOLOGIC 
o 

o 
Assay o f  subst ra tes  o f  blocked 

With some lead sa l t s ,  
RBCs show endoplasmic clumping 

MUSCULOSKELETAL 
o Lead i s  deposi ted in  tee th  and bones. I n  ch i ld ren,  

lead depos i t i on  can be seen as an opac i t y  i n  the 
metaphyseal p la te .  

OTHER 
o Lead s u l f i d e  p r e c i p i t a t e s  i n  gum margins causing a 

b lue-b lack l i n e .  Present i n  o lder  c h i l d r e n  and adu l ts ;  
r a r e l y  in  c h i l d r e n  <5 years cis the s u l f i d e  comes from 
b a c t e r i a  r a r e l y  found i n  the  mouths o f  young ch i l d ren .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o LABORATORY : 

o E leva t i on  o f  b lood lead l e v e l  i s  essen t i a l  t o  the 
d iagnos is  o f  ch i ldhood and i n d u s t r i a l  cases. Ch i ld ren 
w i t h  a blood lead l e v e l  o f  45 o r  greater  requ i re  medical 
treatment. 

o Chi ld ren w i t h  b lood lead l eve l s  between 25 and 44 mcg/dL 
may need eva lua t i on  w i th  a CaNa2EDTA chal lenge t e s t  and 
c h i l d r e n  w i t h  l e v e l s  of  10 t o  24 mcg/dL requ i re  medical 
moni tor ing and environmental eva luat ion.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o TREATMENT OVERVIEW : 

SUMMARY 
o Prevent ing fu the r  lead exposure i s  paramount. 

Treatment may inc lude the  removal o f  lead from the  
body; t h i s  i s  compl icated by the la rge amount which i s  
i n  the pharmacok inet ica l ly  deep compartments o f  bone 
and teeth .  I n  encephalopathy, treatment o f  cerebra l  
edema must be concurrent w i t h  che la t i on  therapy. 

ORAL EXPOSURE 
o ACUTE INGESTION 
3. Cleansing enema should be administered i f  lead i s  

found by abdominal x - ray  o r  s i g n i f i c a n t  recent o r a l  
i nges t i on  i s  suspected. 

1. OBTAIN BLOOD LEAD LEVEL 
o ACUTE/CHRONIC INGESTION 

a. Hosp i ta l i ze  any p a t i e n t  w i th  s i g n i f i c a n t  CNS o r  
p r o t r a c t e d  g a s t r o i n t e s t i n a l  symptoms, o r  w i th  a b lood 
lead l e v e l  (BLL) o f  5 0  micrograms/100 m i l l i l i t e r s  o r  
greater,  o r  w i t h  a p o s i t i v e  EDTA chal lenge 
(provocat ive  t e s t )  even i f  no symptoms are  present 
(P iome l l i  e t  a l ,  1984). Chela t ion therapy should be 
i n s t i t u t e d  i n  a l l  p a t i e n t s  w i th  BLL of 45 
micrograms/dec i l i te r  ( 2 . 2  mic romo les / l i t e r )  or 
greater.  Pa t i en ts  t rea ted  as outpat ients  must be 
discharged t o  a l ead - f ree  environment. 

b. Ch i l d ren  w i t h  a BLL o f  20 t o  4 4  micrograms/dec i l i te r  
should rece ive a complete medical examination 
i nc lud ing  t e s t i n g  f o r  i r o n  def ic iency;  environmental 
lead sources should be i d e n t i f i e d  and removed. 
Chi ld ren w i t h  b lood lead l eve l s  o f  45 t o  69 
micrograms/dec i l i te r  need t o  have medical treatment 
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and environmental assessment and remediat ion 
i n s t i t u t e d  w i t h i n  48 hours. Ch i ld ren whose BLL a re  
>69 micrograms/dec i l i te r  must rece ive medical 
treatment and have environmental concerns addressed 
imnedia te ly  (CDC, 1991 1. 

c. A d m i t  a l l  w i t h  evidence o f  ENS involvement., 
d. Consider admission f o r  work-up when diagnosis i n  

doubt (P iome l l i  e t  a l ,  1984). 
2. CALCIUM EDTA PROVOCATION TEST: May be use fu l  i n  

determining necess i ty  f o r  therapeut ic  che la t i on  i n  
c h i l d r e n  w i t h  b lood lead l eve l s  o f  25 t o  44 mcg/dL. 
This may be performed as an outpat ient  i f  the p a t i e n t  
remains i n  the  c l i n i c  (P iomel l i  e t  a t ,  1984). 

3 .  CHELATION THERAPY 
Should be i n s t i t u t e d  i n  a l l  p a t i e n t s  w i th  b lood lead 
l e v e l  equal t o  o r  greater  than 45 mcg/dL (2.2 
mcmol/L) even i f  asymptomatic, and i n  p a t i e n t s  w i t h  a 
p o s i t i v e  calc ium EDTA provocat ion t e s t .  Symptoms and 
signs, along w i t h  the  EP and b lood lead leve l ,  
determine the route,  dose, and agent t o  be used f o r  
che la t ion.  
BAL (dimercaprol) :  
hours f o r  2 days; then every 4 t o  6 hours f o r  2 more 
days; then every 4 t o  12 hours up t o  an add i t i ona l  7 
days. 

d i v i d e d  doses f o r  up t o  5 days. 
administered a f t e r  BAL i n  p a t i e n t s  w i th  
encephalopathy o r  c h i l d r e n  w i t h  l eve l s  >69 mcg/dL. 

days. Do n o t  exceed 40 mg/kg/day. OSHA p r o h i b i t s  
p rophy lac t i c  c h e l a t i o n  therapy i n  workers 
occupat iona l ly  exposed t o  lead. 

a .  

b. 3 t o  5 mg/kg/dose deep I M  every 4 

c. CALCIUM EDTA: 50 t o  75 mg/kg/day deep I M  i n  3 t o  6 
EDTA should on l y  be 

d. D-PENICILLAMINE: 250 mg 4 t imes a day PO f o r  up t o  5 

4 .  ESTABLISH ADEQUATE FLUID BALANCE w i t h  a u r i n e  f l ow  of 
1 t o  2 mL/kg/hour. Do n o t  f o rce  f l u i d s .  

5 .  PERFORM A NEUROLOGICAL EXAM w i t h  p a r t i c u l a r  reference 
t o  the  presence o f  encephalopathy. Spinal t a p  may be 
dangerous i n  the  presence of increased i n t r a c r a n i a l  
pressure. 

6. CEREBRAL EDEMA: May be managed by v e n t i l a t i o n  and the  
admin i s t ra t i on  o f  1.5 g/kg of 20% mannitol  1V over 20 
minutes. Dexamethasone: up t o  1 t o  2 mg/kg/day I V  i n  
d i  v i  ded doses. 

s imultaneously i n  the maximum dose. 
8. FOR ENCEPHALOPATHY, i n s t i t u t e  BAL and EDTA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o REFERENCE : [Rumack EH B Spoerke DG: POISINDEX(R) 

In format ion System. Micromedex Inc., 
Denver, CO, 1993; C C I S  CD-ROM Volume 
78, e d i t i o n  exp November, 1993. 1 
**PEER REVIEUED** 

EMERGENCY MEDICAL TREATMENT 
o LIFE SUPPORT : 

This overview assumes t h a t  bas ic  l i f e  support measures have 
been i n s t i t u t e d .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o CLINICAL EFFECTS : 

SUMMARY 
o Ora l  i nges t i on  produces g a s t r o i n t e s t i n a l  cor ros ion and 

acute mul t isys tem shock, fo l lowed by rena l  f a i l u r e ,  
hemorrhagic d ia thes i s ,  and hepat ic  injury w i t h i n  several  
days. 

HEENT 
o Oral  burns and severe corneal i n j u r y  may r e s u l t  from 

acute exposure. 
p e r f o r a t i n g  nasal  u l c e r s  (chrome holes).  

C i r c u l a t o r y  co l l apse  and shock are  f requen t l y  repor ted 
f o l l o w i n g  overdose. 

Chronic i n h a l a t i o n  produces deep 

CARDIOVASCULAR 
o 

RESPIRATORY 
o Pulmonary edema, pneumonoconiosis, metal fume fever, and 
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bronch ia l  asthma may occur. 

NEUROLOGIC 

GASTROINTESTINAL 
o Hepat ic encephalopathy may occur. 

o G a s t r o e n t e r i t i s  and hemorrhage f requen t l y  occur 
imnedia te ly  f o l l o w i n g  o r a l  ingest ion.  

HEPAT I C 

GENITOURINARY 
o Acute h e p a t i t i s  may be a l a t e  mani fes ta t ion.  

o Renal f a i l u r e  i s  comnonly observed dur ing the f i r s t  few 
days a f t e r  ingest ion.  

Thrombocytopenia, and anemia usua l l y  occur a f t e r  3 t o  7 
days. Methemoglobinemia has been reported. 

Deep p e r f o r a t i n g  u l c e r s  and h y p e r s e n s i t i v i t y  de rma t i t i s  
may be noted. 
minimal dermal exposure. 

HEMATOLOGI C 
o 

DERMATOLOGIC 
o 

Systemic t o x i c i t y  has resu l ted  from 

CARCINOGENICITY 
o An increased incidence o f  lung cancer has been 

associated w i t h  chron ic  exposure t o  hexavalent chromium. 

Exposure t o  chromium vapoFs may r e s u l t  i n  an 
anaphylactoid react ion.  

IMMUNOLOGIC 
o 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o LABORATORY : 

o The presence o f  chromium a d  chromium complexes i n  
b i o l o g i c a l  specimens can be determined us ing 
chromatographic and c o l o r i m e t r i c  techniques. Patch 
t e s t i n g  and lymphocyte p r o l i f e r a t i o n  t e s t i n g  have been 
used t o  determine chromium s e n s i t i v i t y .  

o TREATMENT OVERVIEW : 

ORAL EXPOSURE 
o DO NOT induce vomit ing. 
o Administer ascorbic a c i d  (1  gram per 0.135 gram of 

elemental chromium). 
o Exchange t rans fus ion  i s  recomnended i n  a l l  subs tan t i a l  

ingest ions.  
o FORCED DIURESIS: A f t e r  i n i t i a l  hyd ra t i on  administer 

furosemide 1 mg/kg up t o  40 mg/dose. 
o MONITOR VOLUME STATUS, HEMATOCRIT,  AND PLATELET COUNT. 

o 
o Obta in  base l ine chest x - r a y  and v i t a l  signs. 
o 

INHALATION EXPOSURE 
Monitor f o r  r e s p i r a t o r y  d i s t r e s s  f o r  72 hours. 

Pulmonary edema may be managed w i t h  PEEP and shor t - term 
s t e r o i d  therapy. 

EYE EXPOSURE 
DERMAL EXPOSURE 

o Wash the  exposed area with water o r  10 t o  20% ascorbic 
a c i d  s o l u t i o n  f o r  15 minutes. A phys ic ian may need t o  
examine the exposed area i f  i r r i t a t i o n  o r  p a i n  pe rs i s t s .  

exposures. 
o Exc i s ion  o f  a f f e c t e d  s k i n  i s  recomnended i n  severe 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o RANGE OF T O X I C I T Y  : 

o Serious t o x i c i t y  has resu l ted  from inges t i on  of  0.5 gm o f  
hexavalent chromium. Death has resu l ted  from 1 t o  8 gm 
and s u r v i v a l  w i t h  15 gm. Dermal involvement o f  10% o f  
body sur face has been f a t a l .  
been assoc ia ted w i th  t o x i c i t y .  

T r i va len t  chromium has not  

.- 

_ .  

o REFERENCE : [Rumack BH & Spoerke DC: P O I S I N D E X ( R )  
In format ion System. Micromedex Inc., 
Denver, CO, 1993; C C I S  CD-ROM Volume 
78, e d i t i o n  exp November, 1993. 1 
**PEER REVIEWED** 

ANTIDOTE AND EMERGENCY TREATMENT 
E x p t l  Therapy: P o t e n t i a l s  o f  2,3,-dimercaptosuccinic a c i d  (DMS) 
and D-penic i l lamine,  the c u r r e n t l y  acclaimed heavy metal 
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che la t i ng  drugs, t o  enhance u r i n a r y  exc re t i on  o f  lead and 
r e s t o r e  a l t e r e d  l e v e l s  o f  u r i n a r y  de l ta -amino levu l i n i c  a c i d  
(delta-ALA) and b lood lead, z inc  pro toporphyr in  (ZPP), and 
de l t a -  ami n o l  evu l  i n i  c ac i  d dehydratase (de l t a -  ALA-D ) i n Pb 
poisoned rabb i t s ,  were compared. The b e t t e r  performance of  
2,3-dimercaptosuccinic a c i d  than D-penic i l lamine was a t t r i b u t e d  
t o  two -SH groups as stronger metal b ind ing  s i t e s  i n  the 
2,3-dimercaptosuccinic a c i d  molecule. / Inorgan ic  lead/ [Tandon 
SK e t  at; Res Comnun Chem Pathol  Pharmacol 32 (3): 557-60 
(198111 **PEER REVIEWED** 

ANTIDOTE AND EMERGENCY TREATMENT 
EXPTL THERAPY: THERAPEUTIC DOSES OF T H I A M I N E  MAY BE OF VALUE I N  
PREVENTION & TREATMENT OF LEAD POISONING I N  CATTLE & I N  OTHER 
ANIMALS, OR HUMANS EXPOSED TO H I G H  ENVIRONMENTAL LEVELS OF 
LEAD. [BRATTON GR ET AL; TOXICOL APPL PHARMACOL 59 (1): 164 
(1981)l **PEER REVIEWED** 

I n i t i a l  Medical Examination: 1) A complete h i s t o r y  and phys ica l  
examination: The purpose i s  t o  detec t  p r e - e x i s t i n g  cond i t i ons  
t h a t  might p lace the exposed employee a t  increased r i s k ,  and t o  
e s t a b l i s h  a base l i ne  f o r  f u t u r e  hea l th  monitor ing. ... Exam o f  
t he  r e s p i r a t o r y  system, blood, l i v e r ,  and kidneys should be 
stressed. The s k i n  should be examined f o r  evidence o f  chronic 
d isorders .  2 )  A complete b lood count: Chromates have been shoun 
t o  cause b lood changes in  humans. A complete b lood count should 
be performed, i nc lud ing  a red  c e l l  count, a whi te  c e l l  count, a 
d i f f e r e n t i a l  count o f  a s ta ined smear, as we l l  as hemoglobin 
and hematocr i t .  3 )  14" x 17" chest roentgenogram: Chromates may 
cause human lung damage and are associated w i th  a h igh 
incidence o f  lung cancer. Surve i l lance o f  the lung i s  
ind icated.  4) FVC and FEV (1 sec): Chromates a re  repor ted t o  
cause decreased pulmonary funct ion.  Per iod ic  su rve i l l ance  i s  
ind icated.  5 )  Ur ina l ys i s :  Since chromates may cause kidney 
damage, a u r i n a l y s i s  should be obtained, inc lud ing,  a t  a 
minimum s p e c i f i c  g rav i t y ,  albumin, glucose, & a microscopic ... 
/examinat ion o f /  cen t r i f uged  sediment. 6 )  L ive r  f unc t i on  tes ts :  
Chromates may cause l i v e r  damage. A p r o f i l e  o f  l i v e r  f unc t i on  
should be obta ined by u t i l i z i n g  a medica l ly  acceptable a r ray  o f  
biochemical t es t s .  7) Skin  disease: Chromates are  d e f a t t i n g  
agents and can cause d e r m a t i t i s  on prolonged exposure. Persons 
w i th  p r e - e x i s t i n g  s k i n  d isorders  may be mare suscept ib le  t o  the 
e f f e c t s  o f  these agents. Per iod ic  Medical Examination: The 
aforementioned medical examination should be repeated on annual 
bas is .  /Chromic a c i d  and chromates/ [Mackison, F. U., R. S. 
S t r i c o f f ,  and L. J. Par t r idge,  J r .  (eds.). NIOSH/OSHA - 
Occupational Health Guidel ines f o r  Chemical Hazards. 
DHHS(NI0SH) P u b l i c a t i o n  No. 81-123 (3 VOLS). Washington, DC: 
U.S.  Government P r i n t i n g  O f f i ce ,  Jan. 1981. , p. 21 **PEER 
REVIEWED** 

Pe r iod i c  Medical Examination: ... Emphasis should be placed on 
observat ion f o r  changes in the mucous membranes o f  the upper 
r e s p i r a t o r y  t r a c t ,  u l c e r a t i o n  of  the sk in ,  and su rve i l l ance  f o r  
malignancy o f  t he  r e s p i r a t o r y  t r a c t .  /Chromic a c i d  and 
chromates/ [Mackison, F. U., R. S. S t r i c o f f ,  and L. J. 
Par t r idge,  J r .  (eds.). NIOSH/OSHA - Occupational Health 
Guidel ines f o r  Chemical Hazards. DHHS(N1OSH) Pub l i ca t i on  No. 
81-123 (3  VOLS). Washington, DC:  U.S. Government P r i n t i n g  
O f f i ce ,  Jan. 1981. , p. 21 **PEER REVIEWED" 

Report ing Signs and Symptoms: A phys ic ian should be contacted 
i f  anyone develops any s igns or symptoms and suspects t h a t  they 
are  caused by exposure t o  chromic a c i d  o r  chromates. /Chromic 
a c i d  and chromates/ [Mackison, F .  U., R. S. S t r i c o f f ,  and L. J. 
Pa r t r i dge ,  J r .  (eds.). NIOSH/OSHA - Occupational Health 
Guidel ines f o r  Chemical Hazards. DHHS(NI0SH) Pub l i ca t i on  No. 
81-123 (3  VOLS). Washington, DC: U.S. Government P r i n t i n g  
O f f i c e ,  Jan. 1981. , p. 21 **PEER REVIEWED** 

... I f  environmental sampling and ana lys is  show t h a t  
environmental l e v e l s  are  a t  o r  greater  than the recomnended 
environmental leve ls ,  ... blood ana lys is  s h a l l  be conducted 
q u a r t e r l y  ... un t i l  b lood l eve l s  have re turned t o  below the 
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acceptable l i m i t .  ... I f  a blood l e v e l  o f  0.060 mg Pb/100 g or 
greater  i s  found and conf i rmed by a second sample t o  be taken 
w i t h i n  two weeks, steps t o  reduce absorpt ion o f  lead s h a l l  be 
taken as soon as the  h igh  l eve l s  are  confirmed and a medical 
examination f o r  poss ib le  lead poisoning s h a l l  be made ava i l ab le  
t o  workers w i t h  unacceptable blood lead leve ls .  / Inorgan ic  
lead/ INIOSH; C r i t e r i a  Document: Inorgan ic  Lead p.1-2 (1978) 
DHEW Pub. NIOSH 78-1581 **PEER REVIEWED** 

Medical records s h a l l  inc lude in format ion on a l l  b i o l o g i c  
determinat ions and on a l l  requ i red medical examinations. These 
records s h a l l  be a v a i l a b l e  t o  the medical representa t ives o f  
t he  employer, the Secretary o f  Labor, t he  Secretary o f  Health, 
Education, and Welfare and a t  t he  employee's request, t o  the 
employee's physic ian. These records s h a l l  be kept f o r  a t  l eas t  
30 years a f t e r  t he  l a s t  occupat ional  exposure t o  inorgan ic  
lead. / Inorgan ic  lead/ INIOSH; C r i t e r i a  Document: Inorganic 
Lead p.1-2 (1978) DHEW Pub. NIOSH 78-1581 **PEER REVIEWED** 

... Comparative advantages o f  / t he  b i o l o g i c a l  i nd i ca to r /  
de l t a - amino levu l i n i c  a c i d  dehydratase (ALAD) i n  t y p i c a l  
( va r i ab le )  occupat ional  exposure cond i t ions included: the 
h ighest  s e n s i t i v i t y  a t  low and r e l a t i v e l y  h igh  lead exposure 
leve ls ;  b e t t e r  r e f l e c t i o n  of  b i o l o g i c a l l y  a c t i v e  Pb as opposed 
t o  b lood lead (PbB) ( p a r t i c u l a r l y  compared t o  
de l ta -amino levu l i n i c  a c i d  (ALAU) and coproporphyr in (CPU)); 
h igher  s p e c i f i c i t y  compared t o  o ther  i nd i ca to rs  o f  lead e f f e c t ;  
and genera l l y  h igher  r e l i a b i l i t y  w i th  regard t o  b i o l o g i c a l l y  
and methodolog ica l ly  induced va r ia t i ons .  ... / Inorgan ic  lead/ 
[Telisman S e t  a l ;  I n t  Arch Occup Environ Health 50 ( 4 ) :  
397-412 (198211 **PEER REVIEWED** 

The employer s h a l l  make ava i l ab le  b i o l o g i c a l  moni tor ing i n  the 
form o f  b lood  sampling and ana lys is  f o r  lead and z inc  
pro toporphyr in  l e v e l s  t o  each employee who i s  or may be exposed 
above the a c t i o n  l e v e l  f o r  more than 30 days/yr. / Inorgan ic  
lead/ C29 CFR 1910.1025 (7/1/87)1 **PEER REVIEWED** 

A thorough phys ica l  exam, w i t h  p a r t i c u l a r  a t t e n t i o n  t o  teeth,  
gums, hematologic, g a s t r o i n t e s t i n a l ,  renal ,  cardiovascular,  
neuro log ica l ,  ... /and pulmonary systems/. / Inorgan ic  lead/ t29 
CFR 1910.1025 (7/1/87)1 **PEER REVIEWED** 

PRECAUTIONS FOR llCARCINOGENS1l: ... In  r e l a t i o n  s p e c i f i c a l l y  t o  
cancer hazards, t he re  are  a t  present no hea l th  moni tor ing 
methods t h a t  may ensure the e a r l y  de tec t i on  o f  preneoplas t ic  
les ions or l es ions  which may preclude them. Whenever medical 
su rve i l l ance  i s  ind icated,  i n  p a r t i c u l a r  when exposure t o  a 
carcinogen has occurred, ad hoc dec is ions should be taken 
concerning a d d i t i o n a l  t e s t s  t h a t  might become use fu l  o r  
mandatory. /Chemical Carcinogens/ [Montesano, R., H. Bartsch, 
E.Boyland, G. D e l l a  Porta, L. Fishbein, R. A. Griesemer, A.B. 
Swan, L. Tomatis, and W. Davis (eds.). Handling Chemical 
Carcinogens i n  the  Laboratory: Problems o f  Safety.  I A R C  
S c i e n t i f i c  Pub l i ca t i ons  No. 33. Lyon, France: I n te rna t i ona l  
Agency f o r  Research on Cancer, 1979. , p. 231 **PEER REVIEWED** 

... Unacceptable absorpt ion of  lead posing a r i s k  o f  lead 
po ison ing i s  demonstrated a t  l eve l s  equal t o  o r  greater  than 
0.060 mg Pb/IOO g whole blood. A l l  workers subject t o  exposure 
t o  inorgan ic  lead s h a l l  be o f f e r e d  b i o l o g i c  moni tor ing a t  l eas t  
every 6 months. ... A medical examination f o r  poss ib le  lead 
po ison ing s h a l l  be made a v a i l a b l e  t o  workers w i t h  unacceptable 
b lood lead l eve l s .  Medical examination: Medical examinations 
s h a l l  be made a v a i l a b l e  p r i o r  t o  employee placement and 
annua l l y  t he rea f te r ,  unless a d i f f e r e n t  frequency i s  i nd i ca ted  
by pro fess iona l  medical judgement, based on such f a c t o r s  as 
emergencies, v a r i a t i o n s  i n  work per iods, and the e x i s t i n g  
h e a l t h  s ta tus  o f  the i n d i v i d u a l  worker. These examinations 
should focus on the b lood forming elements, the kidneys, and 
the nervous and reproduct ive  systems. They should inc lude a 
phys i ca l  examination, complete b lood counts, b lood lead 
determinat ions, r o u t i n e  u r i n a l y s i s  ( s p e c i f i c  g rav i t y ,  sugar and 
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p r o t e i n  de te rm ina t i om,  and microscopic examination), and 
should record any s igns o r  symptoms o f  plunbism present.  ... 
Each employee who absorbs unacceptable amounts o f  lead, as 
i n d i c a t e d  by b i o l o g i c  monitor ing, s h a l l  be examined as soon as 
p r a c t i c a l  a f t e r  such absorpt ion i s  demonstrated and confirmed, 
and a t  l e a s t  every three months the rea f te r  un t i l  blood l eve l s  
have re turned t o  below the  acceptable l i m i t ,  i e  below 0.060 
mg/100 g blood. I f  c l i n i c a l  evidence of plumbism i s  obtained 
from t h e  medical examinations, the worker s h a l l  be kept under a 
phys ic ian ’s  care  un t i l  completely recovered, o r  maximal 
improvement has occurred. Medical records s h a l l  inc lude 
i n fo rma t ion  on a l l  b i o l o g i c  determinat ions and on a l l  requ i red 
medical examinations. ... These records s h a l l  be kept f o r  a t  
l eas t  30 years a f t e r  the l a s t  occupat ional  exposure t o  
inorgan ic  lead. / Inorgan ic  lead/ INIOSH; C r i t e r i a  Document: 
Inorgan ic  Lead p.1-2 (1978) DHEW Pub. N I O S H  78-1581 **PEER 
REVIEWED** 

A complete and d e t a i l e d  work h i s t o r y  i s  important i n  the 
i n i t i a l  eva luat ion.  A l i s t i n g  o f  a l l  previous employment w i t h  
i n fo rma t ion  on work processes, exposure t o  funes o r  dust,  known 
exposures t o  lead o r  o ther  t o x i c  substances, r e s p i r a t o r y  
p r o t e c t i o n  used, and previous medical su rve i l l ance  should a l l  
be included i n  the  worker’s record. Where exposure t o  lead i s  
suspected, i n fo rma t ion  concerning on the j ob  personal hygiene, 
smoking o r  ea t i ng  hab i t s  i n  work areas, laundry procedures, and 
use o f  any p r o t e c t i v e  c l o t h i n g  o r  r e s p i r a t o r y  p r o t e c t i o n  
equipment should be noted. A complete work h i s t o r y  i s  essen t i a l  
i n  the  medical eva lua t i on  of  a worker w i t h  suspected lead 
t o x i c i t y ,  e s p e c i a l l y  when long term e f f e c t s  such as 
n e u r o t o x i c i t y  and nephro tox i c i t y  are  considered. The medical 
h i s t o r y  i s  a l so  o f  fundamental importance and should inc lude a 
l i s t i n g  of  a l l  past and cur rent  medical condit ions, cur rent  
medicat ions i nc lud ing  p r o p r i e t a r y  drug intake, previous 
surger ies  and h o s p i t a l i z a t i o n s ,  a l l e r g i e s ,  smoking h i s to ry ,  
a lcoho l  consumption and a l so  non-occupational lead exposures 
such as hobbies (hunt ing, r i f l e r y ) .  Also known chi ldhood 
exposures should be e l i c i t e d .  Any previous h i s t o r y  o f  
hematological ,  neuro log ica l ,  g a s t r o i n t e s t i n a l ,  renal ,  
psychological ,  gynecological ,  genet ic,  o r  reproduct ive  problems 
should be s p e c i f i c a l l y  noted. A ca re fu l  and complete review o f  
systems must be performed t o  assess both recognized complaints 
and s u b t l e  o r  s low ly  acquired symptoms which the worker might 
no t  apprec ia te  as being s i g n i f i c a n t .  /Lead and lead cmpd/ 129 
CFR 1910.1025 (7/01/87)1 **PEER REVIEWED** 

P o t e n t i a l  symptoms as a r e s u l t  o f  exposure: Resp i ra tory  & nasal 
septum i r r i t a t i o n s ;  leukocytosis,  leukopenia, monocytosis, 
eos inophi l ia ;  eye injury, c o n j u n c t i v i t i s ,  s k i n  injury, 
s e n s i t i z a t i o n  de rma t i t i s .  I N I O S H .  Pocket Guide t o  Chemical 
Hazards. 5 t h  Pr in t ing/Rev is ion.  DHHS (N IOSH)  Publ. No. 85-114. 
Washington, D.C.: U.S. Dept. o f  Health and Human Services, 
NIOSH/Supt. o f  Documents, GPO, Sept. 1985. , p. 831 **PEER 
REVIEWED** 

HUMAN T O X I C I T Y  EXCERPTS 
TOXIC 8Y INGESTION & INHALATION. [Sax, N.1. and R.J. Lewis, S r .  
(eds.). Hawley’s Condensed Chemical D ic t ionary .  11th ed. New 
York: Van Nostrand Reinhold Co., 1987. , p. 6891 **PEER 
REVIEWED** 

HUMAN T O X I C I T Y  EXCERPTS 
... H I G H  R E L A T I V E  FREQUENCY O F  DEATH FROM RESP CANCER AMONG 
WORKERS I N  CHROMATE PRODUCING INDUSTRY /REPORTED/. AMONG 193 
DEATHS FROM ALL CAUSE5 A T  6 CHROMATE-PRODUCING PLANTS I N  US, 
21.8% RESULTED FROM RESP CANCER, AS COMPARED TO AN EXPECTED 
FREQUENCY OF 1.4% I N  CONTROL GRWP FROM OTHER INDUSTRIES. ... 
I N  ADDIT ION,  CLINICAL OBSERVATIONS FROM GERMANY HAVE SUGGESTED 
POSSIBLE RELATION OF LUNG CANCER TO CHROME PIGMENT INDUSTRY ... 
/CHROMATES/ I I A R C .  Monographs on the Eva luat ion o f  the 
Carcinogenic R isk  o f  Chemicals t o  Man. Geneva: World Health 
Organizat ion, I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 
1972-PRESENT. (Multivolume work). V2 118 (1973)l **PEER 
REVIEWED** 
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Using the I A R C  c l a s s i f i c a t i o n  scheme, the l eve l  o f  carcinogenic 
evidence a v a i l a b l e  f o r  the combined animal and human data  would 
p lace hexavalent chromium ( C r ( V I ) ) ,  compounds i n t o  Group 1, 
meaning t h a t  t he re  i s  dec i s i ve  evidence f o r  t he  human 
ca rc inogen ic i t y  o f  these compounds. /Hexavalent chromium/ 
[USEPA; Health Assessment Docunent: Chromium p.2-11 (1984) EPA 
600/8-83-014F] **PEER REVIEWED** 

HUMAN T O X I C I T Y  EXCERPTS 
The l i f e t i m e  cancer r i s k  due t o  a i r  conta in ing 1 ug/cu m o f  
hexavalent chromium compounds i s  est imated t o  be 1.2~10-2. This 
would p lace hexavalent chromium (Cr(V1)) i n  the f i r s t  q u a r t i l e  
o f  the ... compounds evaluated by the  Carcinogen Assessment 
Group (CAG) f o r  r e l a t i v e  carcinogenic potency. /Hexavalent 
chromium/ [USEPA; Health Assessment Document: Chromium p.2-11 
(1984) EPA 600/8-83-014F] **PEER REVIEWED** 

E f f e c t s  on the upper r e s p i r a t o r y  t r a c t  have been observed i n  
workers i n  chromium-related indust r ies .  The major e f f e c t s  o f  
chromium on t h i s  system inc lude u l c e r a t i o n  o f  t he  nasal  septum, 
w i t h  subsequent pe r fo ra t i on ,  and chron ic  r h i n i t i s  and 
p h a r i n g i t i s .  E a r l y  s tud ies  i nd i ca ted  t h a t  approximately 
one-hal f  t o  f o u r - f i f t h s  o f  t he  workers i n  chromate p lan ts  had 
pe r fo ra ted  nasal  septa, a t  l e v e l s  of  exposure t h a t  approached 1 
rng/cu m. Subsequent work i nd i ca ted  t h a t  chromic a c i d  l eve l s  
exceeding 0.1 mg/cu m a l so  caused pe r fo ra ted  septa i n  some 
workers. /Chromates/ [USEPA; Health Assessment Document: 
Chromium p.2-8 (1984) €PA 600/8-83-014FJ **PEER REVIEWED** 

A l l e r g i c  contact d e r m a t i t i s  may a r i s e  from exposure t o  e i t h e r  
t r i v a l e n t  o r  hexavalent chromium, although hexavalent chromium 
i s  respons ib le  f o r  most o f  the repor ted cases. Cr(V1) 
penetrates undamaged sk in ,  and subsequently reduces t o  C r ( I I 1 )  
which combines w i t h  p ro te ins  o r  other s k i n  components t o  form a 
whole s k i n  a l le rgen.  /Hexavalent chromium/ [USEPA; Health 
Assessment Document: Chromium p.2-8 (1984) EPA 600/8-83-014FI 
**PEER REVIEWED** 

Acute lead po ison ing i s  r e l a t i v e l y  in f requent  and occurs from 
inges t i on  o f  a c i d  so lub le  lead compounds or i n h a l a t i o n  o f  lead 
vapors. Local ac t i ons  i n  the mouth produce marked astr ingency, 
t h i r s t ,  and a m e t a l l i c  tas te .  Nausea, abdominal pain, and 
vomi t ing ensue. The vomitus may be m i l k y  from the presence o f  
lead ch lo r i de .  Although the  abdominal pa in  i s  severe, i t  i s  
u n l i k e  t h a t  o f  chron ic  poisoning. Stools may be b lack from lead 
s u l f i d e ,  and the re  may be d iar rhea o r  const ipat ion.  I f  la rge 
amounts o f  lead are  absorbed rap id l y ,  a shock syndrome may 
develop secondary t o  massive g a s t r o i n t e s t i n a l  loss  o f  f l u i d .  
Acute cen t ra l  nervous system symptoms i n c l  paresthesia,  pain, 
and muscle weakness. An acute hemolyt ic c r i s i s  sometimes occurs 
and causes severe anemia and hemoglobinuria. The kidneys are  
damaged, and o l i g u r i a  and u r i n a r y  changes are  evident.  Death 
may occur i n  1 o r  2 days. I f  the p a t i e n t  surv ives the  acute 
episode, c h a r a c t e r i s t i c  s igns & symptoms o f  chron ic  lead 
po ison ing a re  l i k e l y  t o  appear. / Inorgan ic  lead cmpd/ [Gilman, 
A.G., L.S.Goodman, and A. Gilman. (eds.). Goodman and Gilman’s 
The Pharmacological Basis o f  Therapeutics. 7 t h  ed. New York: 
Macmillan Publ ish ing Co., Inc., 1985. , p. 16071 **PEER 
REVIEWED** 

HUMAN T O X I C I T Y  EXCERPTS 
Signs & symptoms o f  chron ic  lead poisoning (plumbism) can be 
d i v i d e d  i n t o  6 categories:  gas t ro in tes t i na l ,  neuromuscular, 
CNS, hematological ,  renal ,  & other.  They may occur separate ly  
o r  i n  combination. The neuromuscular & CNS syndromes u s u a l l y  
r e s u l t  from in tense exposure, wh i l e  the abdominal syndrome i s  a 
more comnon man i fes ta t i on  of  a very  s lowly  & i n s i d i o u s l y  
developing i n t o x i c a t i o n .  I n  the Uni ted States, the CNS syndrome 
i s  u s u a l l y  more comnon among ch i ld ren,  wh i l e  the G I  syndrome i s  
more preve lant  i n  adu l ts .  / Inorgan ic  lead/ [Gilman, A.G., 
L.S.Goodman, and A. Gilman. (eds.). Goodman and Gilman’s The 
Pharmacological Basis o f  Therapeutics. 7 th  ed. New York: 
Macmillan Publ ish ing Co., Inc., 1985. , p. 16071 **PEER 
REVIEWED** 
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... / I N  CHRONIC LEAD POISONING/  THE ABDOMINAL SYNDROME OFTEN 
B E G I N S  WITH VAGUE SYMPTOMS, SUCH AS ANOREXIA,  MUSCLE 
DISCOMFORT, MALAISE,  AND HEADACHE. CONSTIPATION I S  USUALLY AN 
EARLY SIGN, ESP I N  ADULTS, BUT DIARRHEA OCCASIONALLY OCCURS. A 
PERSISTENT M E T A L L I C  TASTE APPEARS EARLY I N  THE COURSE OF THE 
SYNDROME. A S  I N T O X I C A T I O N  ADVANCES, ANOREXIA AND CONSTIPATION 
BECOME MORE MARKED. I N T E S T I N A L  SPASM, WHICH CAUSES SEVERE 
ABDOMINAL PAIN ,  OR LEAD COLIC ,  IS THE MOST D I S T R E S S I N G  FEATURE 
OF THE ADVANCED ABDOMINAL SYNDROME. THE ATTACKS ARE PAROXYSMAL 
AND GENERALLY EXCRUCIATING.  THE ABDOMINAL MUSCLES BECOME R I G I D ,  
& TENDERNESS I S  ESP MANIFESTED I N  THE REGION OF THE U M B I L I C U S .  
/ INORGANIC LEAD/ [ G i l m a n ,  A.G., L.S.Goodman, and A. G i l m a n .  
(eds.). G o o d m a n  and G i l m a n ’ s  T h e  P h a r m a c o l o g i c a l  B a s i s  o f  
T h e r a p e u t i c s .  7th ed. New Y o r k :  M a c m i l l a n  P u b l i s h i n g  Co., Inc., 
1 9 8 5 .  , p. 16071 **PEER REVIEWED** 

NEUROMUSCULAR SYNDROME OR LEAD PALSY I S  NOW RARE I N  THE U N I T E D  
STATES. I T  IS A MANIFESTATION OF ADVANCED SUBACUTE POISONING. 
MUSCLE WEAKNESS & EASY FATIGUE OCCUR LONG BEFORE ACTUAL 
P A R A L Y S I S  AND MAY BE THE ONLY SYMPTOMS. WEAKNESS OR PALSY MAY 
NOT BECOME EVIDENT U N T I L  AFTER EXTENDED MUSCLE A C T I V I T Y .  THE 
MUSCLE GROUPS INVOLVED ARE USUALLY THE MOST A C T I V E  ONES 
(EXTENSORS OF THE FOREARM, WRIST,  & FINGERS & EXTRAOCULAR 
MUSCLES), & THE PALSY OFTEN OCCURS ONLY ON THE DOMINANT S I D E .  
WRIST DROP &, TO A LESSER EXTENT, FOOT DROP WITH APPROPRIATE 
HISTORY OF EXPOSURE HAVE BEEN CONSIDERED ALMOST PATHOGNOMONIC 
FOR LEAD POISONING.  THERE I S  USUALLY NO SENSORY INVOLVEMENT. 
DEGENERATIVE CHANGES I N  MOTONEURONS & T H E I R  AXONS HAVE BEEN 
DESCRIBED. / INORGANIC LEAD/ [ G i l m a n ,  A.G., L.S.Goodman, and A. 
G i l m a n .  (eds.). G o o d m a n  and G i l m a n ‘ s  T h e  P h a r m a c o l o g i c a l  B a s i s  
o f  T h e r a p e u t i c s .  7 th  ed. New Y o r k :  M a c m i l l a n  P u b l i s h i n g  Co., 
Inc., 1985. , p. 16071 **PEER REVIEWED** 

HUMAN T O X I C I T Y  EXCERPTS 

HUMAN T O X I C I T Y  EXCERPTS 
THE CNS SYNDROME HAS BEEN TERMED LEAD ENCEPHALOPATHY. IT IS THE 
MOST SERIOUS MANIFESTATION OF LEAD POISONING,  AND I S  MUCH MORE 
COMMON I N  CHILDREN THAN I N  ADULTS. THE EARLY S IGNS OF THE 
SYNDROME MAY BE CLUMSINESS, VERTIGO, ATAXIA ,  FALL ING,  HEADACHE, 
INSOMNIA ,  RESTLESSNESS, AND I R R I T A B I L I T Y .  AS THE ENCEPHALOPATHY 
DEVELOPS, THE P A T I E N T  MAY F I R S T  BECOME E X C I T E D  AND CONFUSED; 
D E L I R I U M  WITH R E P E T I T I V E  T O N I C- C L O N I C  CONVULSIONS OR LETHARGY & 
COMA FOLLOW. VOMITING, A COMMON S IGN,  IS USUALLY PROJECTILE .  
V I S U A L  DISTURBANCES ARE ALSO PRESENT. ... TREATMENT FOR 
CEREBRAL EDEMA MAY BECOME NECESSARY. THERE MAY BE P R O L I F E R A T I V E  
M E N I N G I T I S ,  INTENSE EDEMA, PUNCTATE HEMORRHAGES, G L I O S I S  AND 
AREAS OF FOCAL NECROSIS. ... THE MORTALITY RATE AMONG P A T I E N T S  
WHO DEVELOP CEREBRAL INVOLVEMENT I S  ABOUT 25%. WHEN CHELATION 
THERAPY I S  BEGUN AFTER THE SYMPTOMS OF ACUTE ENCEPHALOPATHY 
APPEAR, APPROXIMATELY 40% OF SURVIVORS HAVE NEUROLOGICAL 
SEQUELAE, SUCH AS MENTAL RETARDATION, EEG ABNORMALIT IES OR ... 
SEIZURES,  CEREBRAL PALSY, O P T I C  ATROPHY, OR DYSTONIA  MUSCULORUM 
DEFORMANS. / INORGANIC LEAD/ C G i l m a n ,  A.G., L.S.Goodman, and A. 
G i l m a n .  (eds.). G o o d m a n  and G i l r n a n ’ s  T h e  P h a r m a c o l o g i c a l  B a s i s  
o f  T h e r a p e u t i c s .  7th ed. New Y o r k :  M a c m i l l a n  P u b l i s h i n g  Co., 
Inc., 1985. , p. 16081 **PEER REVIEWED** 

EXPOSURE TO LEAD OCCASIONALLY PRODUCES ... PROGRESSIVE MENTAL 
DETERIORATION I N  CHILDREN. THE HISTORY OF THESE CHILDREN 
I N D I C A T E S  NORMAL DEVELOPMENT DURING THE F I R S T  12-18 MONTHS OF 
L I F E  OR LONGER, FOLLOWED BY A STEADY LOSS OF MOTOR S K I L L S  & 
SPEECH. THEY MAY HAVE SEVERE HYPERKINETIC  AND AGGRESSIVE 
BEHAVIOR DISORDERS & A POORLY CONTROLLED CONVULSIVE DISORDER. 
THE LACK OF SENSORY PERCEPTION SEVERELY I M P A I R S  LEARNING. CONCN 
OF LEAD I N  BLOOD EXCEED 60 UG/DL OF WHOLE BLOOD, & X-RAY MAY 
SHOW HEAVY, M U L T I P L E  BANDS OF INCR DENSITY I N  THE GROWING 
BONES. ... AN INCREASED INCIDENCE OF HYPERKINETIC  BEHAVIOR & A 
S T A T I S T I C A L L Y  S I G N I F I C A N T ,  ALTHOUGH MODEST, DECREASE I N  I Q  HAVE 
BEEN SHOWN I N  CHILDREN WITH BLOOD LEAD CONCN OF 30-50 UG/DL. 
/ INORGANIC LEAD/ [ G i l m a n ,  A.G., L .S.Goodman,  and A. G i l m a n .  
(eds.). G o o d m a n  and G i l m a n ’ s  T h e  P h a r m a c o l o g i c a l  B a s i s  o f  
T h e r a p e u t i c s .  7th ed. New Y o r k :  M a c m i l l a n  P u b l i s h i n g  Co., Inc., 
1985. , p. 16081 **PEER REVIEWED** 

R e c e n t  research w o r k  on the c l i n i c a l  e f fec ts  of lead has 
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focused on the  sub t l e  neuropsych ia t r ic ,  reproduct ive, & rena l  
e f fec t s  o f  chron ic  low dose lead exposure. Ch i ld ren a re  
p a r t i c u l a r l y  suscept ib le  t o  lead induced impairment o f  
neuropsychological  development because o f  t h e i r  reduced a b i l i t y  
t o  excre te  lead & t h e i r  enhanced absorpt ion o f  lead compared t o  
adu l t s .  Death i n  c h i l d r e n  from undetected lead poisoning may be 
greater  than he re to fo re  suspected. / Inorganic lead/ [Ellenhorn, 
M.J. and D.G. Barceloux. Medical Toxicology - Diagnosis apd 
Treatment o f  Human Poisoning. New York, NY: E l sev ie r  Science 
Publ ish ing Co., Inc.  1988. , p. 10301 **PEER REVIEWED** 

Renal t o x i c i t y  occurs i n  two forms: a reve rs ib le  rena l  tubu lar  
d isorder  (usua l l y  seen a f t e r  acute exposure o f  c h i l d r e n  t o  
lead) and an i r r e v e r s i b l e  i n t e r s t i t i a l  nephropathy (more 
comnonly observed i n  chron ic  i n d u s t r i a l  lead exposure). 
C l i n i c a l l y ,  a Fanconi l i k e  syndrome seen ... (p ro te inu r ia ,  
hematuria, and casts  i n  the ur ine; g l ycosu r ia  and 
aminoacidur ia).  I n  some pa t i en ts ,  hyperuricemia may be 
associated w i t h  rena l  i nsu f f i c i ency .  H i s t o l o g i c a l l y ,  lead 
nephropathy i s  revealed by a c h a r a c t e r i s t i c  nuclear i n c l u s i o n  
body, composed o f  a lead p r o t e i n  complex; t h i s  appears e a r l y  & 
reso lves a f t e r  c h e l a t i o n  therapy. Such i n c l u s i o n  bodies have 
been repor ted i n  the  u r i n e  o f  uorkers exposed t o  lead i n  an 
i n d u s t r i a l  s e t t i n g .  / Inorgan ic  lead/ [Gilman, A.G., 
L.S.Goodman, and A. Gilman. (eds.). Goodman and Gilman's The 
Pharmacological Basis o f  Therapeutics. 7 th  ed. New York: 
Macmillan Publ ish ing Co., Inc., 1985. , p. 16091 **PEER 
REVIEWED** 

Lead systemic poisoning can cause a wide v a r i e t y  o f  v i s u a l  & 
ocu la r  disturbances according t o  many case repo r t s  du r ing  the  
past 3.5 centur ies .  Much o f  what ... / i s  known/ o f  the c l i n i c a l  
aspects o f  ocu lar  e f f e c t s  comes from e a r l y  l i t e r a t u r e  which has 
been condensed in  several  reviews. ... O f  172 eye cases 
surveyed by Lewin & G u i l l e r y  /& repor ted i n  1913/, 79 had 
c o l i c ,  52 had headache, 47 had convulsions, de l i r ium,  stupor, 
o r  coma, & 27 had p a r a l y s i s  o f  extensor muscles. I n  general 
ocu la r  disturbances appeared most comnonly a f t e r  many months or 
years o f  chron ic  poisoning, & a t  l eas t  a f t e r  several  weeks o f  
poisoning. As a r u l e ,  ocu lar  involvement was no t  among the 
e a r l y  symptoms i n  adu l ts ,  although i t  cou ld  be one o f  the f i r s t  
symptoms, esp i n  ch i ld ren.  O n  the bas is  of  c l i n i c a l  & e x p t l  
observat ions, i t  has been poss ib le  t o  recognize disturbances o f  
t he  f o l l o w i n g  s i t e s :  v i s u a l  cor tex  & suprageniculate pathways; 
o p t i c  nerve, both  re t robu lbar  & bulbar; re t i na ;  i n t raocu la r  
muscles; & ex t raocu lar  muscles. Unfor tunate ly  many repo r t s  
desc r ib ing  v i s u a l  symptoms prov ide i n s u f f i c i e n t  in format ion f o r  
determinat ion o f  s i t e  o r  mechanism. / Inorgan ic  lead/ [Grant, 
U.M. Toxicology o f  the Eye. 3 r d  ed. Sp r ing f i e ld ,  IL:  Charles C. 
Thomas Publ isher,  1986. , p. 5501 **PEER REVIEWED** 

OTHER S I G N S  & SYMPTOMS OF PLUMBISM ARE ASHEN COLOR OF FACE & 
PALLOR OF LIPS; RETINAL STIPPLING; APPEARANCE OF "PREMATURE 
AGING,"  W I T H  STOOPED POSTURE, POOR MUSCLE TONE, & EMACIATION;  & 
BLACK OR G R A Y I S H  SO CALLED LEAD L I N E  ALONG THE GINGIVAL MARGIN.  
... THE CARCINOGENIC ITY  OF LEAD I N  MAN I S  NOT WELL ESTABLISHED, 
BUT I T  HAS BEEN SUGGESTED, & SEVERAL CASE REPORTS OF RENAL 
ADENOCARCINOMA I N  LEAD WORKERS HAVE BEEN PUBLISHED. / I N O R G A N I C  
LEAD/ [Gilman, A.G., L.S.Goodman, and A.  Gilman. (eds.). 
Goodman and Gilman's The Pharmacological Basis o f  Therapeutics. 
7 t h  ed. New York: Macmillan Publ ish ing Co., Inc., 1985. , p. 
16091 **PEER REVIEUED** 

THERE IS NO EVIDENCE TO SUGGEST THAT EXPOSURE TO LEAD SALTS 
CAUSES CANCER OF ANY S I T E  I N  MAN. HOWEVER, ONLY ONE 
EPIDEMIOLOGICAL STUDY OF THE RELATIONSHIPS BETWEEN EXPOSURE TO 
LEAD & THE OCCURRENCE OF CANCER HAS BEEN REPORTED. ... THE 
LEVEL OF HUMAN EXPOSURE EQUIVALENT TO THE LEVEL OF LEAD ACETATE 
PRODUCING RENAL TUMORS I N  RATS I S  810 MG/DAY (550 MG PB). T H I S  
LEVEL APPEARS TO EXCEED BY FAR THE MAX TOLERATED DOSE FOR MAN. 
/ INORGANIC LEAD/ [ IARC.  Monographs on the  Eva luat ion o f  the 
Carcinogenic Risk o f  Chemicals t o  Man. Geneva: World Health 
Organizat ion, I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 
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1972-PRESENT. (Mul t ivo lune work). V1 48 (197211 **PEER 
REVIEWED** 

HUMAN T O X I C I T Y  EXCERPTS 
A few c l i n i c a l  s tud ies  have found increased chromosomal defec ts  
i n  workers w i t h  b lood lead l eve l s  above 60 ug/dl. / Inorgan ic  
lead/ [Doull, J., C.D.Klassen, and M.D. Amdur (eds.). Casarett  
and Dou l l ' s  Toxicology. 3 r d  ed., New York: Macmillan Co., Inc., 
1986. , p. 6031 **PEER REVIEWED** 

HUMAN T O X I C I T Y  EXCERPTS 
RESIDUAL NEUROLOGICAL SEQUELAE MAY AFFECT AS H I G H  AS 82% OF 
SURVIVORS. / INORGANIC LEAD/ [PERLSTEIN; CLINICAL PED 5: 292 
(1966)l **PEER REVIEWED** 

I N  MANY CASES THERE I S  NO MACROSCOPIC OR MICROSCOPIC  EVIDENCE 
OF BRAIN EDEMA. EDEMA I S  RARELY THE CAUSE OF DEATH. / INORGANIC  
LEAD/ [KRIGMAN E: AL; EXP C L I N  NEUROTOXICOLOGY, WILLIAMS & 
WILLIAMS (198O)J **PEER REVIEWED** 

MICROCYTOSIS & ANEMIA EVIDENTLY OCCUR MUCH LESS COMMONLY THAN 
PREVIOUSLY REPORTED I N  CHILDHOOD LEAD POISONING UNCOMPLICATED 
BY OTHER HEMATOLOGIC DISORDERS. / INORGANIC LEAD/ CCOHEN AR ET 
AL; PEDIATRICS 67 (6): 904-6 (1981)l **PEER REVIEWED** 

... The incidence o f  premature f e t a l  membrane rupture  i n  term 
and preterm i n f a n t s  i s  much h igher  ( 1 7 % )  30 t o  50 m i les  west o f  
a lead min ing area o f  Missouri  than i n  a Missouri  urban area 
remote from lead mining a c t i v i t i e s  (0.41%). Maternal and f e t a l  
b lood lead l eve l s  (PbB) a t  b i r t h  a l so  d i f f e r e d  s i g n i f i c a n t l y  
f o r  normal b i r t h s  vs b i r t h s  w i th  premature membrane rupture .  
Maternal and f e t a l  b lood lead l eve l s  f o r  t he  normal d e l i v e r i e s  
were about 14 and 4 ug/d l  respect ive ly ,  whereas they were about 
26 and 13 ug per d l  f o r  mothers and i n f a n t s  w i t h  membrane 
rupture .  / Inorgan ic  lead/ [Fahim MS e t  a l ;  Res Comun Chem 
Patho l  Pharmaccl 13: 309 (1976) as c i t e d  i n  USEPA; Ambient 
Water Q u a l i t y  C r i t e r i a  Doc: Lead p.C-67 (1980) EPA 
440/5-80-0571 **PEER REVIEWED** 

... S i g n i f i c a n t  l e v e l s  o f  teratospermia occured among men i n  a 
lead storage b a t t e r y  f a c t o r y  (PbBs 30 t o  80 ug/d l ) .  / Inorgan ic  
lead/ [Lancranjan I e t  a l ;  Arch Env i ron Health 30: 396-401 
(1975) as c i t e d  i n  USEPA; Ambient Water Q u a l i t y  C r i t e r i a  Doc: 
Lead p.C-67 (1980) EPA 440/5-80-0571 **PEER REVIEWED** 
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INCREASED SERUM ARGINASE A C T I V I T Y  MAY I N D I C A T E  LIVER DAMAGE, 
UHILE DECR KALLIKREIN A C T I V I T Y  MAY INDICATE KIDNEY DAMAGE I N  
WORKERS EXPOSED TO LEAD. / INORGANIC  LEAD/ [CHMIELNICKA J ET AL; 
ER J IND MED 38 (2): 175-8 (1981)l **PEER REVIEWED** 

HUMAN T O X I C I T Y  EXCERPTS 
Blood lead values i n  c h i l d r e n  ranging from 40 t o  80 ug/lOO m l  
seem t o  be associated w i t h  adverse neuropsychological e f f e c t s .  
Landrigan and coworkers ... compared a group of 70 ch i ld ren,  
aged 3 t o  15 years (mean b lood lead 48 ug/lOO m l ) .  They found 
t h a t  higher lead l e v e l s  were associated w i th  decreased 
i n t e l l i g e n c e  and slowing i n  a f i n g e r  w r i s t  tapping tes t .  
/ Inorgan ic  lead/ [Landrigan P J  e t  a l ;  Lancet 29: 708-12 (1975) 
as c i t e d  i n  NIOSH; C r i t e r i a  Docunent: Inorganic Lead p.XI-56 
(1978) DHEW Pub. NIOSH 78-1581 **PEER REVIEWED** 

HUMAN T O X I C I T Y  EXCERPTS 
The reproduct ive  a b i l i t y  o f  men was ... shown t o  be adversely 
a f f e c t e d  by moderate absorpt ion of lead. Concn o f  lead i n  b lood 
greater  than 52 ug/100 m l  were associated w i t h  a h igh  frequency 
o f  a l t e r e d  spermatogenesis. Disorders o f  sexual dynamics were 
ev ident  w i t h  b lood lead values greater  than 41 ug/100 m l .  Among 
the workers w i th  the  highest concn of lead i n  b lood (mean 74.50 
+ o r  - 26 ug/tOO m l ) ,  75% were judged t o  be h y p o f e r t i l e ,  50% 
being even i n f e r t i l e .  I t  was not  possible,  however, t o  
demonstrate a r e l i a b l e  assoc ia t i on  between lead absorpt ion i n  
these men and the  nunber o f  normal pregnancies per couple, o r  
t he  frequency o f  miscarr iages, ec top ic  pregnancies, o r  
premature b i r t h s .  Nevertheless, these r e s u l t s  were i n te rp re ted  
t o  i n d i c a t e  t h a t  lead c l e a r l y  has a d i r e c t  t o x i c  a c t i o n  on the  
male gonads a t  r e l a t i v e l y  low Levels o f  absorption. / Inorgan ic  
Lead/ [Lancranjan I e t  a l ;  Arch Env i ron Health 30: 396-401 



Page 25 - lead chromate, HSDB record, 1-1 8-94 

(1975) as c i t e d  i n  NIOSH; C r i t e r i a  Document: Inorgan ic  Lead 
p.XI-52 (1978) DHEW Pub. NIOSH 78-1581 **PEER REVIEWED** 

... WHEN AN EXCESSIVE AMT OF LEAD HAS BEEN DEPOSITED I N  BONE, 
EITHER FROM INGESTION OR FROM INDUSTRIAL EXPOSURE, & HAS 
REMAINED IMMOBILIZED FOR YEARS, INTERCURRENT FACTORS CAUSING 
MOBILIZATION MAY CAUSE A SUDDEN OUTBREAK OF CLINICAL SYMPTOMS 
OF LEAD POISONING. / INORGANIC LEAD/ [Browning, E. T o x i c i t y  o f  
I n d u s t r i a l  Metals. 2nd ed. New York: Appleton-Century-Crofts, 
1969. , p. 1741 **PEER REVIEWED** 

... In  r u r a l  Scotland, f ou r  people developed c l i n i c a l  lead 
po ison ing and o thers  showed biochemical evidence o f  g ross l y  
e levated lead exposure. Lead concn i n  the domestic water supply 
was 2-3 mg/l. I n  t h i s  case the  reason f o r  the extreme 
contaminat ion was t h a t  the water was s tored i n  lead tanks. 
/ Inorgan ic  lead/ [Goldberg A; Environ Health Perspect Exp Issue 
7: 103-7 (1974) as c i t e d  i n  WHO; Env i ron Health C r i t e r i a :  Lead 
p.49 (197711 **PEER REVIEWED** 

... Studies c o r r e l a t i n g  e levated blood lead l e v e l s  t o  
hypertension a re  c o n f l i c t i n g .  Concern e x i s t s  over p o s s i b i l i t y  
t h a t  s o f t  a c i d  water increases the  s o l u b i l i t y  o f  lead 8 t h a t  
e levated l e v e l s  account f o r  the increased incidence o f  
hyper tens ion & cardiovascular m o r t a l i t y  i n  areas w i th  
so f t -wa te r  suppl ies.  The c o n t r i b u t i o n  o f  increased lead 
absorpt ion t o  gout, hypertension, nephropathy, 8 n e u r o t o x i c i t y  
remains t o  be determined. /Incjrganic lead/ [Ellenhorn, M.J. and 
D.G. Barceloux. Medical Toxicology - Diagnosis and Treatment o f  
Human Poisoning. New York, NY: E l sev ie r  Science Publ ish ing Co., 
Inc .  1988. , p. 10301 **PEER REVIEWED** 

Although per day c h i l d r e n  ingest less  lead (Pb) i n  t h e i r  d i e t s  
and i nha le  less  Pb than do adu l ts ,  on a dose per body weight 
bas i s  c h i l d r e n  may have 2-3  times the exposure. Furthermore 
c h i l d r e n  because o f  t h e i r  poor o r a l  hygiene are  more l i k e l y  
than adu l t s  t o  absorb Pb from extraneous sources: i nges t i on  o f  
f o r e i g n  objects,  dust, p a i n t  chips, i n h a l a t i o n  o f  resuspended 
s e t t l e d  dusts.  P re l im ina ry  data  i n d i c a t e  t h a t  c h i l d r e n  absorb 
50% o f  ingested Pb, i e  a t  a r a t e  5 t imes greater  than adu l ts .  
Animal s tud ies  support the hypothesis t h a t  the young r e t a i n  
more o f  a Pb dose than do adu l t s  and t h a t  t h i s  i s  r e f l e c t e d  i n  
s o f t - t i s s u e  Pb leve ls .  The po r t i ons  o f  the Pb body burden found 
i n  s o f t  t i ssues o f  c h i l d r e n  and adu l t s  are  27.5% and 5% 
respect ive ly .  Hence, a h igher  f r a c t i o n  o f  a c h i l d ' s  body burden 
o f  Pb i s  ava i l ab le  t o  produce t o x i c  e f f e c t s  i n  s o f t  t issues. 
/ Inorgan ic  lead/ [USEPA; Ambient Water Q u a l i t y  C r i t e r i a  Doc: 
Lead p.C1-9 (1984) EPA 440/5-84-0271 **PEER REVIEWED** 

... Zinc pro toporphyr in  (ZPP) concn was used as an index of  
b lood lead concn. Analys is  o f  z inc  pro toporphyr in  cons is ts  of  
d i l u t i n g  whole b lood (1:500), adding dimethyldodecylamineoxide 
and measuring the  f luorescence a t  594 m ( e x c i t a t i o n  a t  424 
nm). A c o r r e l a t i o n  c o e f f i c i e n t  of  0.87 f o r  z inc  pro toporphyr in  
and b lood lead concn (by AAS) /was found/. I r o n  de f i c i ency  
anemia w i l l  a l so  reduce z inc  pro toporphyr in  concn. / Inorgan ic  
lead/ CLamola AA e t  al ;  C l in  Chem 21 (I): 93-7 (1975) as c i t e d  
i n  NIOSH; C r i t e r i a  Document: Inorganic Lead p.XI-29 (1978) DHEW 
Pub. NIOSH 78-1581 **PEER REVIEWED** 

... EXPOSURE ... SHOULD BE TERMINATED ... WHEN CONCN / I N  BLOOD/ 

... I N  EXCESS OF 0.08 MG/100 G ... OR OF URINE ... 0.18 MG/L 

... OR WHEN CONCN ... I N  BLOOD ... APPROACHING THRESHOLD OF 
DANGER, 8 ... CONCN I N  URINE REMAINS ... I N  LOWER T H I R D  OF 
NORMAL ... THUS G I V I N G  EVIDENCE O F  IMPAIRMENT OF RENAL FUNCTION 
... /LEAD CMPD/ [Patty,  F. (ed.). I n d u s t r i a l  Hygiene and 
Toxicology: Volume 11: Toxicology. 2nd ed. New York: 
I n te rsc ience  Publ ishers,  1963. , p. 9771 **PEER REVIEWED** 

ON BASIS OF CLINICAL OBSERVATION ... DISTURBANCES /OCCUR I N /  
VISUAL CORTEX 8 SUPRAGENICULATE PATHWAY; OPTIC NERVE ... 
RETROBULBAR & BULBAR; RETINA; INTRAOCULAR MUSCLE; LENS; & 
EXTRAOCULAR MUSCLE. I N D I V I D U A L  PORTION OF VISUAL SYSTEM MAY BE 
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AFFECTED ... MORE /OFTEN/ SEVERAL PORTIONS. ... /LEAD CMPDS/ 
[Grant, W. M. Toxicology o f  the Eye. 2nd ed. Sp r ing f i e ld ,  
I l l i n o i s :  Charles C. Thomas, 1974. , p. 6211 **PEER REVIEWED** 

... Lead Levels were e levated i n  the  l i v e r  o f  i nd i v idua ls  
having l i v e r  s ide ros i s  o r  o ther  diseases i nvo l v ing  a l t e r e d  i r o n  
metabolism .... Hemosiderin induced by h igh l e v e l s  o f  i r on ,  may 
ac t  as a b ind ing  agent no t  on l y  f o r  i r o n  but f o r  Pb as wel l .  
Thus these diseases may i n c r  Pb r e t e n t i o n  i n  the body and 
e s p e c i a l l y  i n  the  L iver .  The Pb(+2) may l a t e r  be released by 
being replaced w i th  Fe(+3). / Inorgan ic  lead/ [Butt EM e t  at; 
Metal b ind ing  i n  medicine p.43-9 (1960) as c i t e d  i n  Na t ' l  
Research Counci l  Canada; E f f e c t s  o f  Lead i n  the  Canadian Env i r  
p.572 (1978) NRCC No.167361 **PEER REVIEWED** 

Lead con ta in ing  p a r t i c l e s  i n  ambient a i r  have an aerodynamic 
diameter o f  approx 0.1-1.0 um, & t he  p red i c ted  depos i t i on  i n  
the  airway i s  about 35%. Th is  i s  quest ionable f o r  smal ler 
p a r t i c l e s  (<  0.1 urn) which are  mainly deposi ted by d i f f u s i o n .  
Actua l  measurements o f  depos i t i on  i n  human vo lunteers  gave 
r e s u l t s  t h a t  d i f f e r e d  considerably depending on the phys ica l  & 
chemical p rope r t i es  o f  t he  inha led aerosol. ... A depos i t i on  o f  
approx 25% /was observed/ a f t e r  exposure t o  p a r t i c l e s  w i t h  a 
mass median aerodynamic diameter of 0.25 um. ... A depos i t i on  
i n  the  resp t r a c t  o f  about 60% /was observed/ i n  persons c lose 
t o  a motorway, where p a r t i c l e s  were about 0.03 um i n  diameter. 
Th is  f i g u r e  i s  cons is tent  w i th  l ab  expt c a r r i e d  out by the same 
authors, in  which sub jec ts  inha led r a d i o a c t i v e l y  labeled 
p a r t i c l e s  o f  about t he  same s ize.  Uhen volunteers inha led lead 
p a r t i c l e s  near urban roads where the p a r t i c l e  s i z e  was l a rge r  
(0.2-2.0 urn), depos i t i on  was about 50%. Based on ava i l ab le  
data,  i t  seems reasonable t o  conclude t h a t  the r a t e  o f  
depos i t i on  o f  a i rborne lead i n  the general popu la t ion i s  approx 
30-50%, depending on p a r t i c l e  s i z e  & v e n t i l a t i o n  ra tes .  
/ Inorgan ic  lead/ [Fr iberg, L., Nordberg, G.F., Kessler, E. and 
Vouk, V.B. (eds). Handbook o f  the Toxicology of  Metals. 2nd ed. 
Vols I ,  11.: Amsterdam: E l sev ie r  Science Publ ishers  B.V., 1986. 
V2 3111 **PEER REVIEWED** 

OCCUPATIONAL EXPOSURE TO CHROMIUM CMPD (CR6+) CAUSES 
DERMATIT IS ,  PENETRATING ULCERS ON HANDS & FOREARMS, PERFORATION 
OF NASAL SEPTUM, & INFLAMMATION OF LARYNX 8 LIVER. [Doul l ,  J . ,  
C.O. Klaassen, and M. D. Amdur (eds.). Casarett  and Dou l l ' s  
Toxicology. 2nd ed. New York: Macmillan Publ ish ing Co., 1980. , 
p. 4421 **PEER REVIELIED** 

RECENT EPIDEMIOLOGICAL EVIDENCE HAS BEEN INTERPRETED AS 
I N D I C A T I N G  THAT INHALATION OF LEAD CHROMATE DUST MAY LEAD TO AN 
I N C R  INCIDENCE OF LUNG CANCER. [American Conference o f  
Governmental I n d u s t r i a l  Hygienists.  Docmentat ion o f  the 
Threshold L i m i t  Values f o r  Substances i n  Uorkroom A i r .  Th i rd  
Ed i t i on ,  1971. C inc innat i ,  Ohio: American Conference o f  
Governmental I n d u s t r i a l  Hygienists,  1971. (Plus supplements t o  
1979) , p. 4501 **PEER REVIEWED** 
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LEAD CHROMATE ... UNDOUBTEDLY LESS T O X I C  THAN MORE SOL ACETATE, 
CHLORIDE & OXIDE ... CHRONIC INDUSTRIAL LEAD POISONING IS 
CAUSED AS READILY BY DUST OF ... METALLIC LEAD AS BY THESE SOL 
CMPD. [Browning, E. T o x i c i t y  o f  I n d u s t r i a l  Metals. 2nd ed. New 
York: Appleton-Century-Crofts,  1969. , p. 1781 **PEER 
REVIEWED** 

LEAD CHROMATE I S  LESS HAZARDOUS THAN ANY MEMBER OF T H I S  GROUP 
WHETHER G I V E N  PARENTERALLY, ORALLY OR BY INHALATION. PERHAPS 
CHROMATE POISONING PLAYS ROLE I N  ACUTE REACTION BUT SIGNS OF 
CHRONIC LEAD POISONING MAY APPEAR WK OR MO AFTER INITIAL 
INSULT. [Gosselin, R.E., H.C. Hodge, R.P. Smith, and M.N. 
Gleason. C l i n i c a l  Toxicology of  Comnercial Products. 4 t h  ed. 
Bal t imore: Wi l l iams and U i l k i n s ,  1976. 11-961 **PEER REVIEWED** 

THERE IS EXCESSIVE R I S K  OF LUNG CANCER AMONG WORKERS I N  
CHROMATE-PRODUCING INDUSTRY. I T  IS LIKELY THAT EXPOSURE TO 1 OR 
MORE CHROMIUM CMPD IS RESPONSIBLE, BUT I D E N T I T Y  OF T H I S  OR 
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THESE I S  NOT KNOWN. THERE I S  NO EVIDENCE THAT NON-OCCUPATIONAL 
EXPOSURE TO CHROMIUM CONSTITUTES CANCER HAZARD. /CHROMIUM CMPD/ 
[ I A R C .  Monographs on the Eva luat ion o f  the Carcinogenic Risk o f  
Chemicals t o  Man. Geneva: World Health Organization, 
I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1972-PRESENT. 
(Mult ivolume work). V2 120 (1973)l **PEER REVIEWED** 

l O X I C I T Y  EXCERPTS 
LEAD CHROMATE-BASED INKS ARE USED FOR P R I N T I N G  COLORED PACES OF 
SOME CHILDREN’S MAGAZINES (COMICS) & TESTS HAVE SHOWN THAT H I G H  
LEVELS OF LEAD 8 CHROMIUM CAN BE EXTRACTED FROM COLORED 
MAGAZINE PAGES BY D I L  (0.1 MOLAR) HYDROCHLORIC A C I D  a BODY 
TEMP. [EATON DF ET AL; ENVIRON S C I  TECHNOL 9 (8): 768-70 
(1975)l **PEER REVIEWED** 

The s t rong o x i d i z i n g  p o t e n t i a l  o f  Cr(V1) compounds exp la in  much 
of t h e i r  i r r i t a t i n g  and t o x i c  proper t ies .  /Hexavalent chromium/ 
[USEPA; Health Assessment Document: Chromium p.2-7 (1984) EPA 
600/8-83-014FI **PEER REVIEWED** 

Target organs: Blood, r e s p i r a t o r y  system, l i v e r ,  kidneys, eyes, 
and sk in .  /Chromic a c i d  and chromates/ [NIOSH. Pocket Guide t o  
Chemical Hazards. 5 th  Pr in t ing/Rev is ion.  DHHS (N IOSH)  Publ. No. 
85-114. Washington, D.C.: U.S.  Dept. o f  Health and Human 
Services, NIOSH/Supt. o f  Documents, GPO, Sept. 1985. , p. 831 
**PEER REVIEWED** 

LEAD I S  POISONOUS I N  ALL FORMS. I T  I S  ONE OF THE MOST HAZARDOUS 
OF THE T O X I C  METALS BECAUSE Tt iE POISON I S  CUMULATIVE & THE 
TOXIC EFFECTS ARE MANY & SEVERE. /LEAD CMPDS/ [Gosselin, R.E., 
R.P. Smith, H.C. Hodge. C l i n i c a l  Toxicology o f  Commercial 
Products. 5th ed. Bal t imore: Wi l l iams and Wilk ins,  1984. 
111-2261 **PEER REVIEWED** 

INHALATION OF HEXAVALENT CHROMIUM CMPD MAY CAUSE BRONCHIAL 
CARCINOMAS. ABILITY OF HEXAVALENT CHROMIUM CMPD TO INDUCE 
BRONCHOGENIC CANCER I N  HUMANS IS WELL ESTABLISHED. CFriberg, 
L., G.R. Nordberg, and V.B. Vouk. Handbook on the Toxicology o f  
Metals.  New York: E l sev ie r  North Holland, 1979. , p. 3831 
**PEER REVIEWED** 

The s t rong o x i d i z i n g  powers o f  Cr(V1) compounds exp la in  much o f  
t h e i r  i r r i t a t i n g  and t o x i c  proper t ies .  [USEPA; Health 
Assessment Document: Chromium p.2-7 (1984) EPA 600/8-83-014FI 
**PEER REVIEWED** 

Lung cancer m o r t a l i t y  among workers a t  th ree Engl ish  chromate 
pigment f a c t o r i e s  was invest igated.  Workers a t  f a c t o r i e s  1 and 
2 were exposed t o  both  lead chromate and z inc  chromate; those 
a t  f a c t o r y  3 were exposed t o  lead chromate alone. A t o t a l  o f  
152 workers made up the cohor t  o f  males complet ing a t  l eas t  1 
year of  work by June 1975. Jobs were a l l oca ted  t o  high, medium, 
and low exposure grades; t o t a l  worker exposure was determined 
where poss ib le .  Observed deaths from r e s p i r a t o r y  cancers were 
compared t o  expected numbers o f  deaths taken from a na t i ona l  
death r a t e  schedule. M o r t a l i t y  from a l l  causes except lung 
cancer showed a modest excess o f  deaths from nonmalignant 
r e s p i r a t o r y  diseases. For o ther  r e s p i r a t o r y  cancers the r a t i o  
o f  observed t o  expected cases was 2.65. No lung cancer deaths 
had so f a r  occurred among post 1967 work fo rce  ent rants  o f  any 
fac to ry .  A t  f a c t o r y  1, among workers w i t h  h igh and medium 
exposure, the lung cancer m o r t a l i t y  r a t i o  was 2.22 among 
workers en te r i ng  from 1932 t o  1945 and 2.23 among 1946 t o  1954 
ent rants .  No excess was apparent among Later ent rants .  A t  
f a c t o r y  2 the  lung cancer m o r t a l i t y  r a t i o  among h igh and medium 
exposure workers en te r i ng  serv ice from 1948 t o  1967 was 3.73. 
Two deaths occurred among a l l  low exposure workers, compared 
w i t h  1.03 expected. For f a c t o r y  3, there  were no excess deaths 
from lung cancer f o r  any exposure groups a t  any t ime o f  ent ry .  
Examination o f  m o r t a l i t y  data  from f a c t o r i e s  1 and 2 in  5 year 
fo l lowup i n t e r v a l s  showed h igh  and medium exposure worker lung 
cancer m o r t a l i t y  s i g n i f i c a n t l y  increased dur ing the f i r s t  9 
years a f t e r  ent ry ,  w i t h  the excess most pronounced 10 and 24 
years a f t e r  en t r y ,  and d im in i sh ing  the rea f te r .  When h igh  and 
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medium exposure groups were examined separate ly  r e s u l t s  d id not  
d i f f e r  s i g n i f i c a n t l y .  Occupational exposure t o  z inc  chromate 
produces lung cancer among h igh  and medium exposure workers 
a f t e r  as l i t t l e  as 1 year, but  no excess cancer was found i n  
lead chromate workers. IOavies JM; Br J Ind Med 41 (2): 158-69 
(198413 **PEER REVIEUED** 

The h i s t o r y  o f  working cond i t i ons  and occupat ional  hea l th  o f  
female workers i n  China and improvements which have been made 
were presented. I n  1954, the average a i r  lead l eve l  i n  a 
p r i v a t e l y  owned lead p l a n t  was 1000 times the cur rent  standard, 
and a l l  female employees were found t o  have lead poisoning. 
Lead po iso ing was no longer found among employees a f t e r  t he  
p l a n t  merged i n t o  a government enterpr ise .  Females were found 
t o  be more s e n s i t i v e  t o  lead poisoning than were men. Rates o f  
threatened abor t ions were s i g n i f i c a n t l y  higher among female 
workers exposed t o  lead chromate, and nurs ing babies o f  mothers 
w i t h  lead po ison ing were diagnosed as having lead poisoning. 
[Wang Y-L, Zhaw X-H; Occupatinal Health B u l l e t i n  1: 15-26 
(1985)l **PEER REVIEWED** 

Arsenic, n i c k e l ,  and chromium compounds t h a t  are  human 
carcinogens were tes ted  i n  a t ransformat ion assay us ing 
c u l t u r e d  pr imary  human d i p l o i d  fo resk in  c e l l s .  A l l  n i c k e l  cmpd 
tested, lead chromate, potassium chromate, chromic oxide, 
disodium arsenate, sodium arsenous ox ide and 
N-methyl-N’-ni t ro-ni trosoguanidine caused s i g n i f i c a n t  (p= 
0.001) dose dependent induct icns of  anchorage independent 
co lon ies  i n  human d i p l o i d  fo resk in  c e l l s .  ... Optimal 
expression t imes f o r  i nduc t i on  o f  anchorage independence i n  
human d i p l o i d  f o r e s k i n  c e l l s  were observed as e a r l y  as 11 days 
f o l l o w i n g  treatment w i t h  N-methyl-NI-nitro-N-nitrosoguanidine, 
t r i n i c k e l  d i s u l f i d e ,  n i c k e l  acetate, or n i c k e l  s u l f a t e .  C e l l  
s t r a i n s  de r i ved  from anchorage-independent co lon ies  showed 33 
t o  429- fo ld  h igher  p l a t i n g  e f f i c i e n c i e s  i n  s o f t  agar than 
parenta l  populat ions, and the anchorage independent phenotype 
was s tab le  f o r  e i g h t  passages, a t  which t ime c e l l s  senesced. 
Anchorage independent c e l l  s t r a i n s  de r i ved  from metal s a l t  
t r e a t e d  c e l l s  were not  r e s i s t a n t  t o  the c y t o t o x i c i t y  o f  metal 
s a l t s ,  i n d i c a t i n g  metal s a l t s  induced ra the r  than se lec ted f o r  
anchorage independence. Nine o f  10 c e l l  s t r a i n s  de r i ved  from 
metal compound o r  N-methyl-N’-nitro-N-nitrosoguanidine induced 
anchorage independent co lon ies  d isp layed the same o r  lower 
s a t u r a t i o n  dens i t i es  than unt reated hman f i b rob las ts .  None o f  
these c e l l  s t r a i n s  escaped senescence o r  showed d e f i n i t i v e  
morphological  t ransformat ion. [Biedermann KA, Landolph JR; 
Cancer Res 47 (14): 3815-23 (198711 **PEER REVIEUED** 

Many carcinogenic chemicals are used i n  tanning processes i n  
the  tanner ies  o f  the ‘ l ea the r  area’ o f  Tuscany near t o  the town 
of S Croce ( I t a l y ) .  U n t i l  r ecen t l y  increased r i s k  o f  cancer has 
been demonstrated f o r  tannery workers, but t he re  has been a 
growing concern i n  S Croce on the hea l th  e f f e c t s  i n  leather  
tannery procedures. Propor t iona l  m o r t a l i t y  data on a cohort  o f  
tannery workers showed an increased r i s k  o f  lung cancer, 
esophageal cancer, sarcomas, and leukemias. From a cohort  o f  
workers and c o n t r o l s  i n  the  same area, data on urinary 
mutagenic a c t i v i t y  us ing Salmonella typhimurium TA1538 and 
T A I O O  as t e s t e r  s t r a i n s  w i t h  and wi thout  metabol ic a c t i v a t i o n  
were reported. Only non-smokers were included i n  the study t o  
avo id  i n te r fe rence  from known urinary mutagens. The mutagenic 
a c t i v i t y  o f  the u r i n e  of  tanning workers d i d  not  d i f f e r  from 
t h a t  o f  c l e r i c a l  workers. Data were a l so  obtained on bladder 
desquamative cytology, which d i d  not  show any d i f f e r e n c e  
between c l e r i c a l  con t ro l s  and workers. Then data were obtained 
on pulmonary cytology, analysed and c l a s s i f i e d  under d i f f e r e n t  
headings. The specimens w i t h  normal cy to logy ( c lass  I), w i t h  
c e l l u l a r  hyperp las ia  and normal metaplasia ( c lass  2 . 1 )  were 
regarded as normal. Specimens w i t h  mi ld c e l l u l a r  a t yp i ca l  
metaplasia ( c lass  2.2), moderate c e l  l u l a r  a t y p i c a l  metaplasia 
( c lass  2.3) were regarded as patho log ica l .  No cases w i t h  
a t y p i c a l  c e l l s  ( c lass  3)  o r  obvious neoplas t ic  changes ( c lass  
4)  were found. In the  group of workers, a higher r e l a t i v e  r i s k  
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o f  developing pa tho log i ca l  desquamative cy to logy i n  the lung 
/was noted/ ... i n  chemical r e f i n i n g  workers but  not  i n  tannery 
workers. [Constant in i  AS e t  a l ;  Ann Occup Hyg 31 (1): 21-30 
(1987)l **PEER REVIEWED** 

SYMPTOMATOLOGY: A. Acute poisoning by inges t i on  only.  1) An 
as t r i ngen t  and m e t a l l i c  t a s t e  i n  the  mouth, dry throat ,  t h i r s t .  
2) Burning abdominal pain, nausea, and vomiting. The vomitus 
may appear m i l k y  due t o  the  presence o f  lead ch lor ide.  The 
abdominal p a i n  may become c o l i c k y  and severe. 3)  Sometimes 
d iar rhea,  less  o f t e n  const ipat ion.  The s too l s  may be bloody, o r  
b lack  due t o  the presence of lead s u l f i d e .  4)  Per iphera l  
c i r c u l a t o r y  co l lapse.  5) Neuromuscular symptoms inc lude 
muscular weakness, pain, and cramps, espec ia l l y  i n  the  legs. 6 )  
Centra l  nervous system mani fes ta t ions inc lude headache, 
insomnia, paresthesias, depression, coma, and death. 7 )  Though 
u s u a l l y  o f  secondary concern, k idney damage may r e s u l t  i n  
o l i g u r i a ,  albuminur ia,  and c y l i n d r u r i a .  The rena l  l es ion  may be 
due t o  the  m i l d l y  nephrotoxic ac t i on  o f  lead, t o  disturbances 
i n  kidney c i r c u l a t i o n ,  o r  t o  the products o f  i n t ravascu la r  
hemolysis. Renal les ions may assume increased importance i f  
edetate calc ium disodium therapy i s  i n s t i t u t e d .  8 )  An acute 
hemoly t ic  c r i s i s  sometimes develops and r e s u l t s  i n  anemia and 
hemoglobinuria. 9)  Death may occur w i t h i n  1 o r  2 days, but  
recovery i s  the ru le .  Convalescence i s  slow and may be 
i n t e r r u p t e d  by episodes l i k e  those seen i n  t y p i c a l  chron ic  
poisoning. /Lead cmpd/ [Gosselin, R.E., R.P. Smith, H.C. Hodge. 
C l i n i c a l  Toxicology o f  Comnercial Products. 5 th  ed. Balt imore: 
Wi l l iams and Wi lk ins ,  1984. 111-2321 **PEER REVIEWED** 

SYMPTOMATOLOGY: B. Lead encephalopathy i n  chron ic  lead 
poisoning. 1 )  Headache and insomnia. 2) Pe rs i s ten t  vomit ing, 
which i s  sometimes p r o j e c t i l e .  A t y p i c a l  lead c o l i c  may or may 
no t  be present.  3 )  V isua l  disturbances, choked o p t i c  d isks .  4) 
I r r i t a b i l i t y ,  rest lessness, de l i r i um,  ha l l uc ina t i ons .  5) 
Convulsions and coma. 6) The i n t r a c r a n i a l  pressure i s  
c h a r a c t e r i s t i c a l l y  high. The cerebrospinal  f l u i d  i s  genera l l y  
unremarkable except f o r  and e leva t i on  o f  t o t a l  p ro te in .  7) 
Death from exhaust ion and r e s p i r a t o r y  f a i l u r e .  The m o r t a l i t y  
r a t e  i s  high; Recovery i s  slow and f requen t l y  incomplete. /Lead 
cmpd/ [Gosselin, R.E., R.P. Smith, H.C. Hodge. C l i n i c a i  
Toxicology o f  Comnercial Products. 5 t h  ed. Bal t imore: Wi l l iams 
and Wilk ins,  1984. 111-2331 **PEER REVIEWED** 

O F  THE CHROMIUM SALTS TESTED I N  THE RAT BY I M  & I P  ADMIN,  
CHROMIC CHROMATE & Z INC CHROMATE HYDROXIDE WERE HIGHLY 
EVOCATIVE OF SARCOMAS S I T E  OF INJECTION I N  RAT, WHILE ... 
LEAD CHROMATE ... /WAS/ I N A C T I V E  OR PRACTICALLY I N A C T I V E .  
[ I A R C .  Monographs on the  Eva luat ion of  the Carcinogenic Risk o f  
Chemicals t o  Man. Geneva: World Health Organizat ion, 
I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1972-PRESENT. 
(Mult ivolume work). V2 119 (1973)l **PEER REVIEWED** 

... EXPERIMENTS / W I T H  RATS/ LASTING 27 MO GAVE FOLLOWING NUMBER 
OF TUMORS a S I T E  OF INTRAPLEURAL INJECTION (DETAILS OF DOSE & 
TUMOR TYPE NOT GIVEN): ... LEAD CHROMATE, 3/34 (32 A L I V E  a 1 
Y R )  ... NONE OF THE CONTROL RATS SHOWED TUMORS (HUEPER, 1961). 
I I A R C .  Monographs on the  Eva luat ion o f  the Carcinogenic Risk o f  
Chemicals t o  Man. Geneva: Uor ld  Health Organizat ion, 
I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1972-PRESENT. 
(Mult ivolume work). V2 115 (197311 **PEER REVIEWED** 

/ INVESTIGATORS/ ... TESTED ... /SEVERAL/ COMPOUNDS BY I M  
IMPLANTATION & FOUND THE FOLLOWING INCIDENCE OF 
IMPLANTATION-SITE SARCOMAS AFTER 27 MO I N  GROUPS OF 22-34 RATS 
... ... LEAD CHROMATE, 1/33 (28 A L I V E  a 1 YR) ... NONE OF THE 
35 CONTROL RATS GIVEN IMPLANTS OF SHEEP FAT ALONE DEVELOPED 
LOCAL TUMORS. [ I A R C .  Monographs on the Eva luat ion o f  the 
Carcinogenic R isk  o f  Chemicals t o  Man. Geneva: World Health 
Organizat ion, I n te rna t i ona l  Agency f o r  Research on Cancer, 
1972-PRESENT. (Mult ivolume work). V2 114 (1973)l **PEER 
REVIEWED** 
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NO LUNG TUMORS WERE FOUND ... I N  8 RABBITS EXPOSED ON 4 DAYS/WK 
FOR UP TO 50 MO TO A MIXED CHROMATE DUST BY INHALATION OR I N  10 
RABBITS EXPOSED TO S I M I L A R  MATERIAL BY INTRATRACHEAL INJECTION. 
SIMILAR STUDIES W I T H  ... LEAD CHROMATE I N  7 RABBITS ALSO GAVE 
NEGATIVE RESULTS. CIARC. Monographs on the  Eva luat ion o f  t he  
Carcinogenic Risk o f  Chemicals t o  Man. Geneva: World Health 
Organizat ion, I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 
1972-PRESENT. (Mul t ivo lune work). V2 111 (197311 **PEER 
REVIEWED** 

... 13 ... /GUINEA PIGS/ WERE GIVEN 6 ONCE-MONTHLY 
INTRATRACHEAL I N S T I L L A T I O N S  OF LEAD CHROMATE. ALL ANIMALS WERE 
OBSERVED UNTIL THEY D I E D  ... NONE DEVELOPED CARCINOMAS OF LUNG 
(STEFFEE & BAETKER. 1965). CIARC. Monographs on the  Eva luat ion 
of t h e  Carcinogenic Risk o f  Chemicals t o  Man. Geneva: World 
Health Organizat ion, I n te rna t i ona l  Agency f o r  Research on 
Cancer, 1972-PRESENT. (Mul t ivo lune work). V2 111 (197311 **PEER 
REVIEWED** 

THE POTENTIAL MUTAGENICITY OF LEAD CHROMATE WAS TESTED BY 
FOLLOWING BATERRY OF MICROBIAL TESTS: THE ESCHERICHIA COLI 
POLA+/POLA- SURVIVAL TEST; THE SALMONELLA/MICROSOME HIS+ 
REVERSION ASSAY; THE E COLI TRP+ REVERSION TEST AS A PLATE 
ASSAY; THE E COLI GAL+ FORWARD MUTATION TEST & THE 
SACCHAROMYCES CEREVISIAE ASSAY FOR M I T O T I C  RECOMBINATION. LEAD 
CHROMATE WAS MUTAGENIC I N  SALMONELLA & I N  SACCHAROMYCES. 
METABOLIC A C T I V A T I O N  BY RAT L I V E R  HOMOGENATE (S9) WAS NOT 
REQUIRED. APPARENTLY, CHROMATE ION IS RESPONSIBLE FOR 
MUTAGENICITY OF LEAD CHROMATE. CNESTMANN ER ET AL; MUTAT RES 66 
(4):  357-65 (1979)l **PEER REVIEWED** 
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Several hexavalent chromium compounds have been shown t o  be 
carcinogenic i n  cancer bioassay studies. Only calc ium chromate 
has consistent!y produced lung tumors i n  r a t s  by several  routes  
o f  admin is t ra t ion.  Other chromium compounds: s t ron t i um 
chromate, z inc  chromate, sodium dichromate, lead chromate, lead 
chromate oxide, and s in te red  chromium t r i o x i d e ,  have produced 
sarcomas o r  lung tumors i n  r a t s  a t  the s i t e  o f  i n t rab ronch ia l ,  
i n t r a t r a c h e a l ,  intramuscular,  subcutaneous and i n t rape r i t onea l  
app l i ca t i on .  Hexavalent chromium compounds have not  induced 
lung tumors by inha la t ion;  however, s tud ies  have not been 
repor ted i n  d e t a i l .  ... Animal cancer bioassay s tud ies  suggest 
t h a t  hexavalent chromium compounds ( p a r t i c u l a r l y  so lub le  and 
spa r ing l y  so lub le  compounds) are  probably the  e t i o l o g i c  agent 
i n  chromium r e l a t e d  human cancer. Under the I A R C  c r i t e r i a ,  t he  
animal bioassay s tud ies  would c o n s t i t u t e  s u f f i c i e n t  evidence o f  
t he  ca rc inogen ic i t y  o f  hexavalent c h r m i u n  compounds. 
/Hexavalent chromium/ [USEPA; Health Assessment Document: 
Chromium p.2-IO (1984) EPA 600/8-83-014FI **PEER REVIEWED** 

I n  general, so lub le  Cr(V1) compounds are  less a c t i v e  i n  the 
presence o f  metabol ic a c t i v a t i n g  systems. The reduct ion o f  
Cr(V1) t o  C r ( I I 1 )  by c e l l u l a r  agents i n  metabol ic a c t i v a t i o n  
systems, i n  pa r t ,  exp la ins  the reduced mutagenic a c t i v i t y  o f  
Cr(V1) i n  the  presence o f  such a c t i v a t i n g  systems. Some recent 
evidence i m p l i c a t i n g  both  C r ( V 1 )  and C r ( I I 1 )  i n  induced 
mutagenesis has been repor ted i n  DNA i n t e r a c t i o n  and DNA 
polymerase i n f i d e l i t y  assays, and several  t e s t s  w i th  apparent ly 
pure C r ( I I 1 )  samples have produced chromosomal aber ra t ion.  
/Hexavalent chromium/ CUSEPA; Health Assessment Document: 
Chromium p.2-9 (1984) EPA 600/8-83-014FI **PEER REVIEWED** 

L im i ted  work has been repor ted on the  reproduct ive  e f f e c t s  o f  
chromium. C r ( V 1 )  and C r ( I I 1 )  have been found t o  cross the  
p lacen ta l  b a r r i e r  i n  animals (hamsters and mice) and enter  the 
f e t u s  du r ing  mid t o  l a t e  gesta t ion.  Feta l  uptake o f  C r ( V I ) ,  
however, was much greater  than t h a t  o f  C r ( I I 1 ) .  Developmental 
e f f e c t s  a t t r i b u t e d  t o  both C r ( V 1 )  and C r ( l I 1 )  d i f f e r e d  between 
hamsters and mice, and included such externa l  abnormal i t ies  as 
c l e f t  p a l a t e  and s k e l e t a l  defects,  and ( i n  one study o f  a 
C r ( I I 1 )  compound) neural  tube defects .  One researcher concluded 
t h a t  Cr(V1) was present a t  s u f f i c i e n t l y  h igh  f e t a l  
concent ra t ions t o  cause d i r e c t  e f f e c t s  on embryonic s t ruc tures,  
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but a l s o  quest ioned whether a l l  o f  the t e r a t o g e n i c i t y  and f e t a l  
t o x i c i t y  associated w i t h  exposure t o  Cr ( I I 1 )  might be 
a t t r i b u t e d  t o  extra-embryonic e f fec t s ,  f o r  example, those on 
p lacen ta l  t issues. /T r i va len t  and hexavalent chromium/ [USEPA; 
Health Assessment Document: Chromium p.2-8 (1984) EPA 
600/8-83-014FI **PEER REVIEUED** 

The main t o x i c  a c t i o n  o f  chromium takes place i n  the roo ts  o f  
soybeans. More than 0.1 ppm Cr(6+) i n  a s o l u t i o n  c u l t u r e  
i n t e r f e r e d  w i t h  the  uptake and t rans loca t i on  o f  essent ia l  
elements by the roo ts  o f  soybeans. I n  s o l u t i o n  cu l tu re ,  1-5 ppm 
o f  e i t h e r  Cr(3+) o r  Cr(6+) was the t o x i c  thresho ld  f o r  a number 
of p l a n t  species. When compost was used f o r  the growth medium, 
the t o x i c  thresho ld  was increased t o  500 ppm f o r  Cr(6+) and 
5000 ppm f o r  Cr(3+). I n  cont ras t ,  the use o f  sand as the  growth 
medium d i d  not  change the t o x i c  thresholds much from those f o r  
the s o l u t i o n  cu l tu res .  This increase i n  the t o x i c  thresho ld  was 
r e l a t e d  t o  the  greater  i o n  exchange capac i ty  o f  compost over 
t h a t  o f  sand. Thus, t he  greatest  r i s k  of  chromium t o x i c i t y  t o  
p l a n t s  i s  i n  ac id i c ,  sandy s o i l  having low organic content. 
/Chromium/ [Nat ' l  Research Council Canada; Execut ive Reports: 
E f f e c t s  o f  Chromium, A l k a l i  Halides, Arsenic, Asbestos, 
Mercury, Cadmium i n  the Canadian Evironment p.13 (1980) NRCC 
No. 175851 **PEER REVIEWED** 

The d i e t a r y  t o x i c  thresho ld  f o r  Cr(6+) i n  experimental animals 
i s  h igher  than i n  man. I n  dogs, f a t a l  exposure was 0.1 g 
Cr(b+)/day i n  food f o r  2-3 mor-Xhs; 11.2 ppm i n  d r i n k i n g  water 
f o r  4 years caused s i g n i f i c a n t  t i s s u e  accunulat ion o f  chromium, 
but no obvious pathoLogical  e f f ec t s ;  6 ppm was the  thresho ld  
f o r  accumulation i n  the  t issues. In ra ts ,  134 ppm Cr(6+) i n  
d r i n k i n g  water f o r  2-3 months caused kidney and l i v e r  lesions, 
wh i l e  the t o x i c  thresho ld  f o r  Cr(6+) i n  the food o f  young r a t s  
was 0.1% (1000 ppm). Hence Cr(6+), when blended w i t h  food, i s  
much less  a v a i l a b l e  than Cr(6+) i n  d r i n k i n g  water. /Hexavalent 
chromium/ [Nat ' l  Research Council Canada; Execut ive Reports: 
E f f e c t s  of  Chromium, A l k a l i  Halides, Arsenic, Asbestos, 
Mercury, Cadmium in  the Canadian Environment p.14 (1980) NRCC 
No. 175851 **PEER REVIEWED** 

The acute t o x i c i t y  o f  chromium(V1) t o  23 sa l twater  ve r teb ra te  
and i nve r teb ra te  species ranged from 2,000 u g / l  f o r  a 
polychaete worm and a mysid shrimp t o  105,000 ug / l  f o r  a mud 
s n a i l .  The chron ic  values f o r  a polychaete ranged from < 13 t o  
36.74 ug/ l ,  whereas t h a t  f o r  a mysid shrimp was 132 ug / l .  The 
acute-chron ic  r a t i o s  ranged from 15.38 t o  > 238.5 ug / l .  
T o x i c i t y  t o  macroalgae was repor ted a t  1,000 and 5,000 ug / l .  
/Hexavalent chromium/ IUSEPA; Ambient Uater Q u a l i t y  C r i t e r i a  
Doc: Chromium p.18 (1984) EPA 440/5-84-0291 **PEER REVIEUED** 

/The authors/  compared the  t o x i c i t i e s  of  dichromate and 
chromate t o  the  b l u e g i l l  i n  s o f t  water. The 96-hr LC5Os were 
110,000 u g / l  f o r  dichromate and 170,000 ug / l  f o r  chromate. They 
concluded t h a t  a c i d i c  dichromate was more t o x i c  than bas ic  
chromate, because the greatest  p a r t  o f  the chrornium(V1) was i n  
the  form o f  the hydrochromate i o n  a t  t he  lower pH o f  the 
dichromate so lu t ions,  whereas a t  the higher pH of t he  chromate 
so lu t i ons ,  most o f  the chromim(V1) was i n  the form of the 
chromate ion. /Hexavalent chromiwn/ [Trama FB, Benoit  RJ; Uater 
P o l l u t  Cont ro l  Fed 32: 868 (1960) as c i t e d  i n  USEPA; Ambient 
Uater Q u a l i t y  C r i t e r i a  Doc: Chromium p.6 (1984) EPA 

NON-HUMAN T O X I C I T Y  EXCERPTS 

NON-HUMAN T O X I C I T Y  EXCERPTS 

NON-HUMAN T O X I C I T Y  EXCERPTS 

NON-HUMAN T O X I C I T Y  EXCERPTS 

440/5-84-0291 **PEER REVIEWED** 
NON-HUMAN T O X I C I T Y  EXCERPTS 

The t o x i c i t y  o f  chromium(V1) apparent ly increases as pH i s  
Lowered o r  as hardness i s  lowered or both. Although there are 
exceptions, s o f t e r  sur face waters u s u a l l y  have a lower pH than 
harder sur face waters. However, the ava i l ab le  data are 
i n s u f f i c i e n t  t o  develop c r i t e r i a  on the bas is  of  water q u a l i t y  
cha rac te r i s t i cs .  /Hexavalent chromium/ IUSEPA; Ambient Uater 
Q u a l i t y  C r i t e r i a  Doc: Chromium p.7 (1984) EPA 440/5-84-0293 
**PEER REVIEWED** 

/Several authors/  repor ted t h a t  the t o x i c i t y  of  chromium(V1) t o  
NON-HUMAN T O X I C I T Y  EXCERPTS 
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f i s h ,  shrimp, crab, and clam increased as s a l i n i t y  decreased 
(Tables 1 and 6 ) .  The change was u s u a l l y  less than a f a c t o r  o f  
two, except when s a l i n i t y  was about 1 g/kg. /Hexavalent 
chromium/ IUSEPA; Ambient Water Q u a l i t y  C r i t e r i a  Doc: Chromium 
p.7 (1984) EPA 440/5-84-0291 **PEER REVIEWED** 

NON-HUMAN T O X I C I T Y  EXCERPTS 
Selected ranked Species Mean Acute Values f o r  sa l twater  species 
a re  as fo l lows:  Nassarius obsoletus (mud s n a i l )  105,000 ug/L, 
Fundulus h e t e r o c l i  t u s  (mumnichog) 74,010 ug/ l ,  Menidia menidia 
( A t l a n t i c  s i l v e r s i d e )  15,280 ug/l, Crassostrea gigas ( P a c i f i c  
oys te r )  4,538 ug/ l ,  M y t i l u s  e d u l i s  (b lue  mussel) 4,469 ug/ l ,  
Mysidopsis bahia (mysid shrimp) 2,030 ug/ l ,  and Nereis v i rens  
(polychaete worm) 2,000 ug / l .  The sa l twater  F ina l  Acute Value 
o f  2,158 u g / l  f o r  C r ( V 1 )  was ca l cu la ted  from the  Genus Mean 
Acute Values. /Hexavalent chromium/ IUSEPA; Ambient Water 
Q u a l i t y  C r i t e r i a  Doc: Chromium p.47-49 (1984) EPA 440/5-84-0291 
**PEER REVIEWED** 

Selected ranked Species Mean Acute Values f o r  freshwater 
species are  as fo l lows:  Neophasganophora cap i ta ta  ( s tone f l y )  
1,870,000 ug/ l ,  Lepomis macrochirus (b lueg i  I I) 132,900 ug/l, 
Carassius auratus ( g o l d f i s h )  119,500 ug / l ,  Salmo ga i rdne r i  
(rainbow t r o u t )  69,000 ug/ l ,  Pimephales promelas ( fa thead 
minnow) 41,050 ug / l ,  P o e c i l i a  r e t i c u l a t a  (guppy) 30,000 ug / l ,  
and Daphnia magna (cladoceran) 23.07 us/[. A freshwater F ina l  
Acute Value o f  31.49 ug / l  was ca l cu la ted  from the  Genus Mean 
Acute Values, us ing the  procedure descr ibed i n  the gu ide l ines.  
/Hexavalent chromium/ IUSEPA; Ambient Water Q u a l i t y  C r i t e r i a  
Doc: Chromium p.7, 43-5 (1984) EPA 440/5-84-0291 **PEER 
REVIEWED** 

A s i n g l e  SC i n j e c t i o n  o f  30 mg lead chromate(V1) o r  lead 
chromate(V1) oxide i n  water t o  groups o f  40 Sprague-Dauley r a t s  
gave r i s e  t o  26/40 & 27/40 sarcomas, respect ive ly ,  a t  s i t e  o f  
i n j e c t i o n  within 117-150 wk. No Local sarcoma occurred i n  60 
v e h i c l e - t r e a t e d  con t ro l  r a t s  ... (Maltoni ,  1974, 1976). [ IARC.  
Monographs on the  Eva luat ion of  the Carcinogenic Risk o f  
Chemicals t o  Man. Geneva: World Health Organization, 
I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1972-PRESENT. 
(Mult ivolume work). V23 258 (198011 **PEER REVIEWED** 

NON-HUMAN T O X I C I T Y  EXCERPTS 
Groups o f  25 male & 25 female Fischer-344 r a t s  received monthly 
i m  i n j e c t i o n s  of  8 mg lead chrornate(V1) suspended i n  
t r i o c t a n o i n  f o r  9 mo o r  4 mg calc ium chromate(V1) suspended i n  
t r i o c t a n o i n  f o r  12 mo. Calcium chromate produced 3 
fibrosarcomas & 2 rhabdomyosarcomas a t  i n j e c t i o n  s i t e  i n  5/45 
r a t s ,  whereas lead chromate induced 14 fibrosarcomas & 17 
rhabdomysarcomas a t  the s i t e  o f  i n j e c t i o n  i n  31/47 ra t s .  I n  
add i t i on ,  3/24 lead chromate-treated r a t s  had rena l  carcinomas. 
No such tumors appeared i n  a s i m i l a r  group of 22 con t ro l s  
i n j e c t e d  w i t h  the veh ic le  (Furs t  e t  a t ,  1976). [ IARC.  
Monographs on the  Eva luat ion o f  the Carcinogenic Risk o f  
Chemicals t o  Man. Geneva: World Health Organization, 
I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1972-PRESENT. 
(Mult ivolume work). V23 258 (1980)l **PEER REVIEWED** 

Lead po ison ing can r e s u l t  when cur ious an ipa ls  ingest lead 
based p a i n t s  ( e i t h e r  o l d  d r y  p a i n t  o r  p a i n t  from nLemptynn p a i n t  
cans), g l a z i e r ’ s  putty o r  o ther  cau lk ing mater ia ls ,  used 
crankcase o i l ,  greases, l inoleum, leaded gaso l ine ... solder,  
r o o f i n g  mater ia ls ,  asphalt ,  o r  i n d u s t r i a l  e f f l u e n t s  i n  streams 
o r  on forage. Grass near busy highways may conta in  t o x i c  
amounts o f  lead from auto exhausts. L i ck ing  o f  discarded 
storage b a t t e r i e s  can a l so  r e s u l t  i n  lead poisoning. Water from 
lead plumbing o r  glazed crockery po ts  may conta in  t o x i c  
amounts. ... Natura l  sources o f  lead such as galena or s o i l s  
are  not  p a r t i c u l a r l y  t o x i c  but can add t o  the t o t a l  body 
burden. M i l k  secreted from lead poisoned animals can be 
dangerous f o r  t he  young animal. Pa in t  seems t o  be a comnon 
source o f  lead i n  poisoned animals. I n  addn, c a t t l e  & calves 
a re  o f t e n  poisoned by i nges t i ng  crankcase o i l  d ra ined from 
i n t e r n a l  combustion engines. The farm dump i s  o f t e n  a 
smorgasbord o f  poisons f o r  animals t h a t  ga in  access t o  i t .  
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/ Inorgan ic  lead/ [Booth, N.H., L.E. McDonald (eds.). Veter inary  
Pharmacology and Therapeutics. 5 th  ed. Ames, Iowa: Iowa Sta te  
U n i v e r s i t y  Press, 1982. , p. 10051 **PEER REVIEWED** 

The acute o r a l  l e t h a l  s i n g l e  dose o f  lead i n  var ious species 
i s :  calves, 50-600 mg/kg as lead o r  lead sa l t s ;  c a t t l e  ... 
600-800 mg/kg from lead s a l t s  ... sheep & goats, 600-800 mg 
Pb/kg from lead s a l t s  ... fowl,  160-600 mg/kg absorbed from 
lead s a l t s .  Chronic t o x i c o s i s  can a r i s e  when lead i s  ingested 
over a pe r iod  o f  days, weeks, o r  months. The chronic o r a l  
l e t h a l  dose i n  d i f f e r e n t  species i s :  calves, 1-3 g to ta l /day;  
c a t t l e  ... may n o t  ge t  ill wi th  6 mg/kg/day f o r  60 weeks from 
lead p a i n t .  ... Prolonged i nges t i on  o f  small amounts o f  lead 
can even tua l l y  cause m i l d  t o  severe i l l n e s s  i n  animals, 
al though the  d e f i n i t i o n  o f  mlsmall amountsm1 may vary  w i th  
species. ... The no e f f e c t  l eve l  o f  lead i n take  f o r  sheep i s  
about 0.1 mg/kg/day; biochemical aber ra t ions occur i n  t h i s  
species when the i n take  i s  0.3 t o  3 mg/kg/day. I n  mamnals 
( r a t s ) ,  the no e f f e c t  l e v e l  f o r  prenata l  exposure i s  about 1 
ppm i n  the  d i e t .  Some pet  foods conta in  more lead than t h i s .  
... Cats are  no t  poisoned by lead very  o f t e n  because they do 
not  chew on f o r e i g n  objects,  l i c k  pa in ted  surfaces, o r  eat 
ma te r i a l s  t h a t  are  not  f oods tu f f s .  Cats can be poisoned i f  
t h e i r  food o r  water i s  contaminated o r  i f  they l i c k  lead 
con ta in ing  mat ter  such as grease o r  o i l  from t h e i r  fur. 
/ Inorgan ic  lead/ [Booth, N.H., L.E. McDonald (eds.). Veter inary  
Pharmacology and Therapeutics. 5 t h  ed. Ames, Iowa: Iowa Sta te  
U n i v e r s i t y  Press, 1982. , p. 10051 **PEER REVIEWED** 

Forage samples normal ly conta in  3-7 ppm lead or Less. Lambs 
have s a f e l y  eaten forage con ta in ing  lead a t  45-60 ppm, but  no 
s tud ies  have been made o f  poss ib le  sub t l e  e f fec t s .  ... Si lage 
con ta in ing  140 ppm lead has poisoned c a t t l e ,  & herbage 
conta in ing lead a t  216-914 ppm has k i l l e d  calves. / Inorgan ic  
lead/ [Booth, N.H., L.E. McDonald (eds.). Veter inary  
Pharmacology and Therapeutics. 5 t h  ed. Ames, Iowa: Iowa Sta te  
U n i v e r s i t y  Press, 1982. , p. 10111 **PEER REVIEWED** 

Onset o f  c l i n i c a l  s igns o f  lead poisoning / i n  c a t t l e /  may take 
a few hours, days, o r  weeks, depending on the amount ingested, 
species, & o ther  fac tors .  ... Chronic poisoning may take weeks 
o r  months t o  develop. C l i n i c a l  s igns manifested by d i f f e r e n t  
species do have some d i f fe rences,  but the o v e r a l l  impression i s  
of  an encephalopathy preceded & accompanied by G I  malfunct ion. 
.._ When s igns are  c l a s s i f i e d  / i n  the l i t e r a t u r e / ,  the 
c l a s s i f i c a t i o n  looks very  much l i k e  t h a t  of  ch lo r i na ted  
hydrocarbon i nsec t i c i des  & urea which a l so  produce 
encephalopathy and G I  s igns. / Inorganic lead/ [Booth, N.H., 
L.E. McDonald (eds.). Veter inary  Pharmacology and Therapeutics. 
5 t h  ed. Ames, Iowa: Iowa S ta te  U n i v e r s i t y  Press, 1982. , p. 
10081 **PEER REVIEWED** 

Behavorial  aber ra t ions are  manifested, beginning w i t h  apparent 
anx ie t y  o r  apprehension & proceeding t o  such th ings as 
h y p e r e x c i t a b i l i t y ,  be l lowing or o ther  voca l iza t ion,  r o l l i n g  o f  
eyes & apparent f ea r  o r  t e r r o r ,  poss ib le  be l l igerence,  pressing 
o f  t he  head aga ins t  a w a l l  o r  post, attempts t o  c l imb  the  wa l l ,  
sudden jumping i n t o  the a i r ,  & f r enz ied  o r  manical behavior. 
One f a s c i n a t i n g  aspect o f  t h i s  category i s  the e f f e c t  o f  smal l  
amounts o f  lead i n  e x p t l  animals. Lead can d i s r u p t  cond i t ioned 
( learned) behavior i n  adu l t  ra ts ,  r a b b i t s  & sheep. I t  can a l so  
d i s r u p t  l ea rn ing  & memory i n  young & a d u l t  r a t s  & i n  lambs born 
o f  lead t rea ted  ewes. / Inorgan ic  lead/ [Booth, N.H., L.E. 
McDonald (eds.). Veter inary  Pharmacology and Therapeutics. 5 t h  
ed. Ames, Iowa: Iowa Sta te  U n i v e r s i t y  Press, 1982. , p. 10081 
**PEER REVIEUED** 

Nervous phenomena such as depression ( p a r t i c u l a r l y  i n  sheep & 
horses, o r  in  chron ic  poisoning),  muscle fasc icu la t ions,  
t w i t c h i n g  o f  ears o r  muzzle, excessive b l i nk ing ,  muscle spasms, 
rhythmic j e r k i n g  o f  the head & neck, jaw champing, pharyngeal 
pa ra l ys i s ,  laryngeal hemiplegia (causing roa r ing  i n  horses), 
tongue l o l l i n g ,  nystagmus, bl indness (causing the animal t o  
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stumble & blunder i n t o  ob jec ts) ,  opisthotonos, t o r t i c o l l i s ,  
c l o n i c - t o n i c  convulsions, normal body temp i n  most cases but 
occas iona l l y  a temp o f  42-44 deg C, coma, & e i t h e r  a q u i e t  or 
convu ls ive  death are  a l so  manifested. / Inorganic lead/ [Booth, 
N.H., L.E. McDonald (eds.). Veter inary  Pharmacology and 
Therapeutics. 5 t h  ed. Ames, Iowa: Iowa Sta te  U n i v e r s i t y  Press, 
1982. , p. 10081 **PEER REVIEWED** 

Some autonomic mani fes ta t ions o f  lead poisoning are  s a l i v a t i o n  
( o r  loss  of  s a l i v a  from i n a b i l i t y  t o  swallow), lacr imat ion,  
poss ib le  sweating, c o l i c  ( tucked abdomen, t oo th  gnashing, 
groaning), t h i r s t ,  d iar rhea o r  const ipat ion,  rumen atony, 
u r i n a r y  incont inence, & poss ib l y  vomi t ing (even i n  c a t t l e ) .  
/ Inorgan ic  lead/ [Booth, N.H., L.E. McDonald (eds.). Veter inary  
Pharmacology and Therapeutics. 5 t h  ed. Ames, Iowa: Iowa Sta te  
U n i v e r s i t y  Press, 1982. , p. 10081 **PEER REVIEWED** 

The locomotor disturbances o f  lead poisoning range from a 
s t i f f ,  s t i l t e d  g a i t  w i th  a tax ia  & i ncoo rd ina t i on  through 
r i g i d i t y  o f  a l l  pos tu ra l  muscles, swaying, & pos te r i o r  weakness 
t o  compulsive h y p e r m o t i l i t y  ( c i r c l i n g ,  pacing, running). I n  
mice & ra t s ,  o f f s p r i n g  o f  animals f e d  low leve l s  o f  lead 
developed h y p e r m o t i l i t y  & stereotyped movements. / Inorgan ic  
lead/ [Booth, N.H., L.E. McDonald (eds.). Veter inary  
Pharmacology and Therapeutics. 5 t h  ed. Ames, Iowa: Iowa Sta te  
U n i v e r s i t y  Press, 1982. , p. 10081 **PEER REVIEWED** 

Some dependent signs, obv ious iy  secondary t o  o ther  e f f e c t s  o f  
lead, i nc lude  r a p i d  labored breathing, anorexia, w t  loss, 
decreased m i l k  product ion, dehydration, emaciation, f e t a l  death 
w i t h  e i t h e r  reso rp t i on  o r  abo r t i on  o f  the fetus, & general 
weakness. The v e t e r i n a r i a n  does not  necessar i ly  see a l l  these 
signs. The t y p i c a l  c a l f  or cow has d iar rhea & i s  anorexic, d u l l  
o r  exc i ted,  co l i cky ,  poss ib l y  t rembl ing o r  b l i n d  o r  pressing 
the head, bawl ing o r  bel lowing, & beginning t o  manifest  
hype rmo t i l i t y .  More severe s igns may occur l a t e r  i f  the  
c o n d i t i o n  i s  no t  t reated. Sometimes animals ingest  so much lead 
t h a t  no s igns are  observed; they may be found dead. / Inorgan ic  
lead/ [Booth, N.H., L.E. McDonald (eds.). Veter inary  
Pharmacology and Therapeutics. 5 t h  ed. Ames, Iowa: Iowa Sta te  
U n i v e r s i t y  Press, 1982. , p. 10081 **PEER REVIEWED** 

I n  acute poisoning o f  calves, c a t t l e ,  o r  sheep ( farm species 
most o f t e n  poisoned by lead) there  may be no lesions. 
A l t e r n a t i v e l y ,  there  may be marked g a s t r o e n t e r i t i s  & severe 
kidney damage (sheep) o r  on l y  pa le  l i v e r  & hyperemic kidneys 
( c a t t l e ) .  The stomach may conta in  pa in t ,  p a i n t  f lakes,  b lack  
co lo red  motor o i l ,  o r  o ther  f o r e i g n  mater ia ls .  Microscop ica l ly ,  
t he  l i v e r  o f  ca lves & c a t t l e  may manifest  c e n t r i l o b u l a r  
necros is .  Hepatocytes & rena l  tubu lar  ep i the l i um may conta in  
eos inoph i l i c ,  a c i d  f a s t  i n t ranuc lea r  inc lus ions.  I n  the  bra in ,  
h i s t o l o g i c  changes ranging from d i f f u s e  c a p i l l a r y  a c t i v a t i o n  t o  
sca t te red  f o c i  o f  s ta tus  spongiosus 8 necros is  o f  the cerebra l  
co r tex  may occur. / Inorgan ic  lead/ [Booth, N.H., L.E. McDonald 
(eds.). Veter inary  Pharmacology and Therapeutics. 5 th  ed. Ames, 
Iowa: Iowa S ta te  U n i v e r s i t y  Press, 1982. , p. 10081 **PEER 
REVIEWED** 

I n  subacute poisoning o f  calves & c a t t l e ,  few les ions may be 
manifested. However, t he re  may be pa le  muscles, l i v e r ,  & 
kidneys & pronounced r i g o r  i f  the animal had a h igh  body temp 
o r  convulsions p r i o r  t o  death. Transudat ional  les ions such as 
f l u i d  i n  the body c a v i t i e s  o r  pericardium, excess CSF, lung 
edema, & cerebra l  edema may a l so  be seen. Vascular f a i l u r e  may 
be f u r t h e r  manifested by hemolysis ... Degenerative les ions 
such as so f ten ing  o f  the kidney cor tex  o r  cerebra l  so f ten ing & 
c a v i t a t i o n  might be seen. Microscop ica l ly ,  the les ions would be 
cons is tent  w i t h  the gross ones. There may be a c i d - f a s t  
eos inoph i l i c  i n t ranuc lea r  inc lus ions in  proximal tubu lar  rena l  
epi thel ium; necros is  o f  rena l  tubules; & cerebra l  s ta tus  
spongiosus w i th  as t rocy te  swel l ing ,  nerve c e l l  degeneration, & 
vascular p r o l i f e r a t i o n .  The b r a i n  h is topatho logy may not  be 
r e a d i l y  d i f f e r e n t i a t e d  from bovine polioencephalomalacia. 
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/ Inorgan ic  lead/ [Booth, N.H., L.E. McDonald (eds.). Veter inary  
Pharmacology and Therapeutics. 5 th  ed. Ames, Iowa: Iowa Sta te  
U n i v e r s i t y  Press, 1982. , p. 10091 **PEER REVIEWED** 

I n  ca lves & c a t t l e  c h r o n i c a l l y  poisoned over 2 o r  more weeks, 
les ions may be q u i t e  minimal. The carcass may ... be emaciated 
& l ack ing  i n  f a t .  Otherwise, les ions o f  subacute t o x i c o s i s  may 
be seen, poss ib l y  i n  a more advanced s ta te ;  ie ,  hemolysis & 
hemorrhagic les ions may be more widespread & inc lude 
hemorrhagic g a s t r o e n t e r i t i s  (very  comnon i n  abomasum & smal l  
gut )  & mening i t is .  The kidneys may manifest  f i b r o t i c  changes & 
t he  b r a i n  may be more obv ious ly  softened, yel low, & necro t ic ,  
p a r t i c u l a r l y  a t  t he  t i p s  o f  cerebra l  g y r i .  Microscop ica l ly ,  
t he re  may be b lood loss  anemia w i t h  basoph i l i c  s t i p p l i n g  o f  
ery throcytes  8, j u v e n i l e  forms o f  erythrocytes. More obvious 
rena l  & cerebra l  degenerat ive changes ... / s i m i l a r  t o  those 
seen i n  subacute tox i cos i s /  may occur. There may a l so  be an 
increased number o f  i nc lus ions  i n  rena l  tubu lar  ep i the l ium.  
Nei ther  basoph i l i c  s t i p p l i n g  o f  ery throcytes  nor a c i d  f a s t  
eos inoph i l i c  i nc lus ions  i n  kidney o r  l i v e r  c e l l s  i s  
pathognomonic o f  lead poisoning, but these microscopic les ions 
are  h i g h l y  suggest ive o f  i t .  / Inorgan ic  lead/ [Booth, N.H., 
L.E. McDonald (eds.). Veter inary  Pharmacology and Therapeutics. 
5 t h  ed. Ames, Iowa: Iowa Sta te  U n i v e r s i t y  Press, 1982. , p. 
10091 **PEER REVIEWED** 

I n  dogs, acute lead poisoning (eg, from inges t i on  o f  p a i n t )  may 
no t  cause gross lesions. Pa in t  may be found i n  the stomach o r  
i n t e s t i n e s .  I f  dogs have been mani fes t ing c l i n i c a l  s igns o f  
po ison ing f o r  several  days o r  weeks, a number o f  gross 
microscopic les ions might be found. ... The gross les ions 
cons i s t  o f  meningeal congestion; very  red  bone marrow; 
rad iopac i t y  o f  long bone metaphyses i n  young animals (" lead 
l ines" ) ;  delayed c losure o f  t ho rac i c  ve r teb ra l  epiphyses; & 
poss ib l y  an enlarged f a t t y  l i v e r ,  enlarged spleen, & swol len 
b ra in .  / Inorgan ic  lead/ [Booth, N.H., L.E. McDonald (eds.). 
Ve te r i na ry  Pharmacology and Therapeutics. 5 t h  ed. Ames, Iowa: 
Iowa S ta te  U n i v e r s i t y  Press, 1982. , p. 10091 **PEER REVIEWED** 

I n  b r a i n  o f  dog, microscopic Lesions may inc lude cerebra l  
v a s o d i l a t i o n  (congest ion) with swe l l i ng  & necros is  o f  vascular 
endothelium, c a p i l l a r y  p r o l i f e r a t i o n  i n  c o r t i c a l  gray matter,  
g l i o s i s ,  vacuolat ion, h y a l i n i z a t i o n  & necros is  o f  some 
a r t e r i o l e s ,  thrombi i n  some c a p i l l a r i e s ,  per ivascu lar  edema, 
f i b r i n  depos i t ion ,  hemorrhage, & necros is  o f  c o r t i c a l  neurons. 
EEG abnormal i t ies  probably r e f l e c t  these patho log ic  changes, 
al though they cou ld  precede les ions t h a t  are v i s i b l e  by l i g h t  
microscopy. I t  i s  assumed t h a t  i n  many t issues c e l l u l a r  
u l t r a s t r u c t u r a l  les ions precede microscopic & gross lesions. 
/ Inorgan ic  lead/ [Booth, N.H., L.E. McDonald (eds.). Veter inary  
Pharmacology and Therapeutics. 5 t h  ed. Ames, Iowa: Iowa Sta te  
U n i v e r s i t y  Press, 1982. , p. 10091 **PEER REVIEWED** 

12 male and 12 female beagle dogs (one year o ld )  were fed  a 
bas i c  ground meal d i e t  cons i s t i ng  of  100 ppm lead f o r  46 weeks, 
o r  500 ppm f o r  30 weeks, fo l lowed by 1000 ppm f o r  16 weeks. 
Increased b lood and u r i n e  leve ls ,  increased u r i n a r y  
de l ta - amino levu l i n i c  a c i d  (ALA) exc re t i on  and decreased 
e ry th rocy te  ALA-dehydratase a c t i v i t y  were observed i n  a l l  
groups. No e f f e c t  on blood regenerat ion ( r e d  c e l l  count, 
hemoglobin, hematocr i t  r a t i o )  was noted fo l l ow ing  replacement 
o f  one-ha l f  o f  t he  b lood volume. / Inorganic lead/ [Maxf ield ME 
e t  a l ;  Am Ind Hyg Assoc J 33 (5): 326-7 (1972) as c i t e d  i n  
NIOSH; C r i t e r i a  Document: Inorganic Lead p.XI-60 (1978) DHEU 
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Pub. NIOSH 78-1581 **PEER REVIEUED** 
NON-HUMAN T O X I C I T Y  EXCERPTS 

The e f f e c t s  o f  acute lead poisoning on r a t  k idney included 
format ion o f  i n t ranuc lea r  i n c l u s i o n  bodies, mi tochondr ia l  
swe l l i ng  w i t h  impairment o f  ox ida t i ve  and phosphorylat ive 
processes, and aminoacidur ia (apar t  from the  long recognized 
de l ta - amino levu l i n i c  ac idur ia) .  The in t ranuc lear  i n c l u s i o n  
bodies were a lead p r o t e i n  complex t h a t  may have adapt ive 
f u n c t i o n  i n  excessive lead exposure. Rats developed 
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hyperur icemia and i n  chron ic  lead poisoning, rena l  
adenocarcinoma. I n  a l l ,  but the  l a s t ,  t he  f i nd ings  i n  ra t s ,  
p a r a l l e l e d  those seen i n  man. / Inorgan ic  lead/ [Goyer RA e t  a l ;  
Current Topics i n  Pathology 55: 147-76 (1971) as c i t e d  i n  
NIOSH; C r i t e r i a  Document: Inorgan ic  Lead p.111-14 (1978) DHEW 
Pub. NIOSH 78-1581 **PEER REVIEWED** 

Chronic exposure through i nges t i on  of  6 t o  7 m i l l i g rams  o f  lead 
per kg o f  body weight, can r e s u l t  i n  poisoning i n  c a t t l e .  
/ Inorgan ic  lead/ [USEPA; The Health and Environmental Impacts 
o f  Lead: p.152 (1979) EPA 560/2-79-0011 **PEER REVIEWED** 

Paraplegia was repor ted i n  suck l i ng  ra t s .  The disease was 
produced by t r a n s f e r  o f  lead from the mothers m i l k  unt i l  
weaning, w i t h  subsequent post weaning feeding o f  lead t o  the  
young. / Inorgan ic  lead/ [Pentschew A, Garro F; Acta Neuropathol 
6: 266-78 (1966) as c i t e d  i n  WHO; Env i ron Health C r i t e r i a :  Lead 
p.89 (197711 **PEER REVIEWED** 

Hypertension can occur w i t h  heavy exposure t o  lead / i n  ra t s ,  
rabb i t s ,  o r  dogs/. / Inorgan ic  lead/ [WHO; Environ Health 
C r i t e r i a :  Lead p.92 (197711 **PEER REVIEWED** 

A l veo la r  macrophages from guinea p i g s  are  damaged i n  v i t r o  by 
inorgan ic  lead cmpd (3  ug/lxlO+6 c e l l s )  ... more than 90% o f  
t he  c e l l s  /were/ damaged w i t h i n  20 hr .  / Inorganic lead/ [Beck 
EG e t  a l ;  Proceedings o f  the In te rna t i ona l  Symposium: Environ 
Health Aspects o f  Lead p.451-61 (197311 **PEER REVIEWED** 

The e f f e c t s  o f  var ious c e n t r a l l y  a c t i v e  drugs were s tud ied i n  
lead (6.25 mg lead/kg per day, o r a l l y )  and con t ro l  t r ea ted  
pigeons responding under a m u l t i p l e  f i x e d  r a t i o  30 response, 
f i x e d  i n t e r v a l  5 m i n  schedule o f  food presentat ion. ... Chronic 
low-Pb exposure i n  adu l t  pigeons produced func t i ona l  
a l t e r a t i o n s  i n  cen t ra l  catecholaminergic but  no t  cho l i ne rg i c ,  
GABAergic, g l yc ine rg i c ,  o r  sero tonerg ic  neuronal systems as 
revealed by schedule c o n t r o l l e d  responding. / Inorgan ic  lead/ 
[Carter RB, Leander JD; Neurobeh Tox ico l  2 (4):  345-54 (1981)l 

**PEER REVIEWED** 
NON-HUMAN T O X I C I T Y  EXCERPTS 

Rana pipens 6l 25 ppm lead exh ib i t ed  a permanent loss o f  normal 
semi-erect posture. A f t e r  20 days of exposure t o  the same 
concn, t he re  was a marked sloughing o f  the sk in ,  exc re t i on  of  
b i l e ,  hypertrophy o f  the l i v e r ,  spleen, and stomach. Pb 
depos i ts  were present i n  the l i v e r .  Incidence o f  m o r t a l i t y  was 
s i g n i f i c a n t l y  increased over con t ro l s  when Pb concn exceeded 25 
ppm. / Inorgan ic  lead/ [Kaplan HM; Lab A n i m  Care 17: 140 (1967) 
as c i t e d  i n  N a t ’ l  Research Council Canada; E f f e c t s  of  Lead i n  
the Canadian Env i r  p.245 (1978) NRCC No.0316-01143 **PEER 
REVIEWED** 

Levels o f  lead above the a l lowable  d r i n k i n g  water standard of  
50 u g / l  a re  t o x i c ,  o r  r e s u l t  i n  morphological changes i n  
aquat ic  ver tebra tes .  ... Endxyo and f i n g e r l i n g  stages of  f i s h  
a r e  more suscep t i b le  t o  lead poisoning than adu l ts .  ... Fish 
a re  more suscep t i b le  t o  poisoning i n  s o f t  water than i n  hard 
water. / Inorgan ic  lead/ [USEPA; The Health and Environmental 
Impacts o f  Lead: p.152 (1979) EPA 560/2-79-0011 **PEER 
REVIEWED** 

... Animal s tud ies  i n d i c a t e  t h a t  r e l a t i v e l y  h igh  l eve l s  o f  lead 
exposure i n t e r f e r e  w i th  res is tance t o  i n f e c t i o u s  disease. 
/ Inorgan ic  lead/ [Gainer JH; Envi ron Health Perspect Exp 7: 
113-9 (1974) as c i t e d  i n  USEPA; Ambient Water Q u a l i t y  C r i t e r i a  
Doc: Lead p.C-71 (1980) EPA 440/5-80-0573 **PEER REVIEWED** 

Lead i s  no t  considered t o  be an essen t i a l  element f o r  p l a n t  
growth and development. Lead i n h i b i t s  growth, reduces 
photosynthesis (by i n h i b i t i n g  enzymes unique t o  
photosynthesis),  i n t e r f e r e s  w i t h  c e l l  d i v i s i o n  and resp i ra t i on ,  
reduces water absorpt ion and t ransp i ra t i on ,  accelerates 
absc iss ion o r  d e f o l i a t i o n  and pigmentation, and reduces 
ch lo rophy l l  and ATP synthesis.  /Lead cmpds/ [USEPA; The Health 
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and Environmental Impacts o f  Lead: p.156 (1979) EPA 
560/2-79-0011 **PEER REVIEWED** 

... 25 micromoles o f  lead app l ied t o  spinach leaves induced a 
pronounced i n h i b i t i o n  o f  gas turnover w i th  a greater  i n h i b i t i o n  
o f  CO2 uptake i n  the l i g h t  pe r iod  than C02 re lease i n  the  dark 
per iod.  The i n t e n s i t y  o f  (14)C02 f i x a t i o n  by i s o l a t e d  spinach 
ch lo rop las ts  and ATP synthesis was reduced by lead q u a n t i t i e s  
o f  2 t o  200 micromoles. / Inorgan ic  lead/ [Ho l l  A, Hamp R; 
Residue Reviews 54: 79-111 (1975) as c i t e d  i n  USEPA; The Health 
and Environmental Impacts o f  Lead p.157 (1979) EPA 
560/2-79-0011 **PEER REVIEWED** 

Freshwater algae a re  a f fec ted  by concentrat ions o f  lead above 
500 u g / l  based on data  f o r  f ou r  species. / Inorganic lead/ 
[USEPA; Ambient Water Q u a l i t y  C r i t e r i a  Doc: Lead p.1-9 (1984) 
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EPA 440/5-84-0271 **PEER REVIEWED** 

... PERIPHERAL NEUROPATHY ... ANATOMIC LESION IS CHARACTERIZED 
BY SEGMENTAL DEMYELINATION & BY AXONAL DEGENERATION. 
FUNCTIONALLY, NERVE CONDUCTION VELOCITY IS SLOUED, EVEN I N  THE 
ABSENCE OF PALSY ... /HOWEVER, THERE IS GREAT SPECIES 
SUSCEPTIRILITY; RATS & GUINEA PIGS MAINLY SEGMENTAL 
DEMYELINATION; RABBITS SHOW WALLERIAN DEGENERATION; PRIMATES 
ARE INCONSISTENT/. / Inorgan ic  lead/ [Doull, J., C.D. Klaassen, 
and M. D. Amdur (eds.). Casarett  and Dou l l ' s  Toxicology. 2nd 
ed. New York: Macmillan Publ ish ing Co., 1980. , p. 4181 **PEER 
REVIEWED** 

ORAL ADMIN OF LEAD TO RATS INHIBITED A C T I V I T Y  OF 
DELTA-AMINOLEVULINIC A C I D  DEHYDRATASE (ALAD). EDTA TREATMENT OF 
RATS GIVEN LEAD CAUSED REACTIVATION OF LIVER ALAD. / Inorgan ic  
lead/ [HAMMOND PB; TOXICOL APPL PHARMACOL 26 ( 3 ) :  466 (197311 
**PEER REVIEWED** 

V79 Chinese hamster c e l l  l i n e  was used t o  detect  t he  i nduc t i on  
by n i t r i l o t r i a c e t i c  a c i d  o f  6- thioguanine resistance, due t o  
mutat ion a t  the HGPRT locus, w i th  d i r e c t  and i n d i r e c t  mutagens 
as p o s i t i v e  con t ro l s .  N i t r i l o t r i a c e t i c  ac id  was tes ted  w i t h i n  
the 10.4-1.5 above the 10-2 M dose, i t  d i d  not  increase the 
frequency of  mutat ions a t  any o f  the tes ted concentrat ions, 
independent ly o f  metabol ic a c t i v a t i o n  ( r a t  l i v e r  S9 f r a c t i o n ) .  
N i t r i l o t r i a c e t i c  a c i d  i s  known t o  d i sso l ve  heavy metals and 
the re fo re  t o  increase t h e i r  genotox ic i ty .  An  i nso lub le  chromic 
compound, lead chromate (PbCr04), was not cy to tox i c  nor 
mutagenic on V79 c e l l s ,  probably because i t  i s  taken up by the 
c e l l s  very  s lowly .  Th is  e f f e c t  was due t o  s o l u b i l i z a t i o n  of  the 
chromate anion by n i t r i l o t r i a c e t i c  acid, as determined by 
comparing spectrophotometr ic determinat ions o f  chromic i n  lead 
chromate treatment solutons w i th  a mutagenic i ty  t i t r a t i o n  curve 
obta ined w i t h  a completely so lub le  chromic s a l t  (potassium 
dichromate, K2Cr207). [ C e l o t t i  L e t  a l ;  Mutat Res 190 (1): 
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35-40 (198711 **PEER REVIEWED** 
NON-HUMAN T O X I C I T Y  EXCERPTS 

By us ing  the  sex l i n k e d  recessive l e t h a l  mutat ion t e s t  i n  
Drosophi la melanogaster, the mutagenic e f f e c t s  of  treatments by 
feeding w i t h  n i t r i l o t r i a c e t i c  a c i d  (5xM-lM), w i t h  the i n s o l  
chromic cmpd lead chromate (PbCr04) (supernatant o f  4.6~10-4M 
suspension i n  which the  ac tua l  concn mas 0.06 gamna/ml as 
chromic), and w i th  both cmpd preincubated a t  3 r e l a t i v e  r a t i o s  
( n i t r i l o t r i a c e t i c  acid:  5x10-2M; PbCr04: 64.6~10-4, 4 .6~10-5  
and 9.2x10-M, respect ive ly ) ,  were analyzed. ... EMS (5x10-3M) 
was used as t he  r e f  pos con t ro l ,  w i th  c l e a r l y  mutagenic 
r e s u l t s .  Treatment w i th  n i t r i l o t r i a c e t i c  a c i d  o r  w i th  PbCrO4 
alone did not  induce any s i g n i f i c a n t  increase of t he  mutat ion 
frequency. PbCr04 a t  the 3 concn tes ted  was completely so l  i n  
the 5x10-2M n i t r i l o t r i a c e t i c  a c i d  soln,  and the m ix t  of  
n i t r i l o t r i a c e t i c  a c i d  and PbCr04 induced s i g n i f i c a n t  increases 
o f  t he  frequency o f  sex l inked l e t h a l  mutations, w i th  a 
s i g n i f i c a n t  dose e f f e c t  r e l a t i o n s h i p  w i th  respect t o  PbCr04. 
[Costa R e t  a l ;  Mutat Res 204 (2):  257-61 (198811 **PEER 
REVIEWED** 

NON-HUMAN T O X I C I T Y  EXCERPTS 



Page 38 - lead chromate, HSDB record, 1-1 8-94 

The in f l uence  o f  n i t r i l o t r i a c e t i c  a c i d  on the mutagenic and 
c las togenic  a c t i v i t y  o f  several  water i nso lub le  or  p o o r l y  
so lub le  chromium compounds was detected by means o f  
Salmonella/microsome assay ( p l a t e  t e s t  on T A I O O  s t r a i n )  and the 
s i s t e r  chromatid exchange t e s t  i n  mamnalian c e l l  c u l t u r e s  (CHO 
l i n e ) .  N i t r i l o t r i a c e t i c  a c i d  i n  i t s e l f  did no t  induce gene 
mutat ions nor  did i t  increase the  frequency o f  the s i s t e r  
chromatid exchange. Chromic cmpd (lead, barium, z inc,  
s t ront ium,  and calc ium chromates) and an i n d u s t r i a l  chromic 
pigment, chromium orange, were i n a c t i v e  o r  scarce ly  a c t i v e  
mutagens i n  the  Salmonella/microsome t e s t  when d isso lved i n  
water, but they were i nc reas ing l y  mutagenic when s o l u b i l i z e d  by 
0.5N sodium hydroxide o r  n i t r i l o t r i a c e t i c  a c i d  (10 or 100 
mg/ml). Also, t he  mutagenic a c t i v i t y  o f  chromic, contaminating 
an i n d u s t r i a l  chromous pigment (chromite),  was s l i g h t l y  
enhanced by n i t r i l o t r i a c e t i c  acid.  Mutagenic i ty  o f  chromate was 
c o r r e l a t e d  w i t h  the  amounts of  chromic s o l u b i l i z e d  by 
n i t r i l o t r i a c e t i c  a c i d  o r  a l k a l i ,  as detected by the  
c o l o r i m e t r i c  r e a c t i o n  w i t h  diphenylcarbazide and atomic 
absorpt ion spectrophotometry, and was decreased by incubat ion 
w i t h  microsomes, due t o  reduct ion o f  chromic t o  the g e n e t i c a l l y  
i n a c t i v e  chromous form. [Venier P e t  at ;  Mutat Res 156 (3): 
219-28 (198511 **PEER REVIEWED** 

POPULATIONS AT SPECIAL R I S K  
The e f f e c t s  o f  chromium compounds on the s k i n  are  caused 
p r i m a r i l y  by d i r e c t  contact .  Most o f  the e f f e c t s  have occurred 
in  occupat ional  se t t i ngs ,  and, as expected, w i th  more men than 
women repo r t i ng  these e f fec ts .  /Chromium compounds/ [USEPA; 
Heal th  Assessment Document: Chromium p.2-8 (1984) EPA 
600/8-83-014F1 **PEER REVIEWED** 

POPULATIONS AT SPECIAL R I S K  
Persons with a h i s t o r y  o f  asthma, a l l e r g i e s ,  or known 
s e n s i t i z a t i o n s  t o  chromic a c i d  or chromates would be expected 
t o  be a t  increased r i s k  from exposure. /Chromic a c i d  o r  
chromates/ [Mackison, F. W., R. S. S t r i c o f f ,  and L. J. 
Pa r t r i dge ,  J r .  (eds.). NIOSH/OSHA - Occupational Health 
Guide l ines f o r  Chemical Hazards. DHHS(NI0SH)  Pub l i ca t i on  No. 
81-123 ( 3  VOLS). Washington, DC: U.S. Government P r i n t i n g  
O f f i ce ,  Jan. 1981. , p. 21 **PEER REVIEWED** 

I n d i v i d u a l s  having genet i ca l l y  caused g lucose-6-phosphate 
dehydrogenase de f i c i ency  are  a t  higher r i s k  o f  lead induced 
hemolysis than normal i nd i v idua ls .  Various i r o n  storage 
diseases may i n c r  lead i n  the  human l i v e r .  / Inorgan ic  lead/ 
[Na t ’ l  Research Counci l  Canada; E f f e c t s  o f  Lead i n  the Canadian 
Env i r  p.67 (1978) NRCC No.0316-01141 **PEER REVIEWED** 

Ch i ld ren with p i c a  f o r  p a i n t  ch ips  o r  f o r  s o i l  may experience 
an e l e v a t i o n  i n  b lood lead ranging from marginal t o  
s u f f i c i e n t l y  h igh  l e v e l s  t o  cause c l i n i c a l  i l l n e s s .  ... Women 
i n  workplace are  more l i k e l y  t o  experience adverse e f f e c t s  from 
lead exposure than men due t o  the f a c t  t ha t  t h e i r  hematopoietic 
system i s  more iead s e n s i t i v e  than men’s. / Inorgan ic  lead/ 
[ S i t t i g ,  M. Handbook of Toxic and Hazardous Chemicals and 
Carcinogens, 1985. 2nd ed. Park Ridge, NJ: Noyes Data 
Corporat ion, 1985. , p. 5431 **PEER REVIEWED** 

... Heal th  hazard o f  Lead poisoning i n  p o l i c e  o f f i c e r s  employed 
i n  d e t e c t i o n  o f  f i n g e r p r i n t s .  / Inorgan ic  lead/ [Rabjerg L e t  
a l ;  Scand J Work, Env i ron Health 9(6): 511-13 (198311 **PEER 
REVIEWED** 

Ch i l d ren  w i t h  s i c k l e - c e l l  anemia are a t  greater  r i s k  o f  
developing nervous system e f f e c t s  due t o  lead absorpt ion ... 
/because the  disease r e s u l t s  in/ an increased e ry th rocy te  
turnover,  ... a l t e r e d  rena l  f unc t i on ing  ... and a z inc  
de f i c i ency .  ... /Lead cmpd/ [Erenberg G e t  a l ;  Ped ia t r i cs  54 
(4):  428-441 (1974) as c i t e d  i n  N a t ‘ l  Research Council Canada; 
E f f e c t s  o f  Lead i n  the  Canadian Env i r  p.571 (1978) NRCC 
No.167361 **PEER REVIEWED** 

Pregnant women undergoing l i t h i u m  ( L i )  psychotherapy were 
considered ... e s p e c i a l l y  suscept ib le  t o  lead (Pb) exposure ... 
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/since/ both  L i  and Pb cross the p lacen ta l  b a r r i e r  and cou ld  
i n t e r a c t  t o  harm the fe tus .  / Inorgan ic  lead/ [Boulos BM; NIOSH 
134: 39 (1976) as c i t e d  i n  Na t ‘ l  Research Council Canada; 
E f f e c t s  o f  Lead i n  the  Canadian Env i r  p.563 (1978) NRCC 
No.167361 **PEER REVIEWED** 

/ I nd i v idua ls /  having hemoglobin S o r  0 o r  thalassemia ... have 
increased s u s c e p t a b i l i t y  t o  lead and o ther  poisons a f f e c t i n g  
the  synthes is  and l i f e  span o f  red  blood c e l l s .  / Inorganic 
lead/ [Goyer RA, Mahaffey KR; En i ron Health Perspect 2: 73-80 
(1972) as c i t e d  i n  Na t ’ l  Research Council Canada; E f f e c t s  o f  
Lead i n  the  Canadian Env i r  p.571 (1978) NRCC No.167361 **PEER 
REVIEWED** 

POPULATIONS AT SPECIAL RISK 

POPULATIONS AT SPECIAL R I S K  
... I f  a pregnant woman i s  exposed t o  lead, i t  can be c a r r i e d  
t o  the  unborn c h i l d  and cause premature b i r t h ,  low b i r t h  
weight, or even abor t ion.  /Lead cmpd/ IDHHS/ATSDR; 
Tox i co log i ca l  P r o f i l e  f o r  Lead p. 2 (1990) TP-88/171 **PEER 
REVIEWED** 

Young c h i l d r e n  a re  a t  r i s k  because they swallow lead when they 
put toys  o r  ob jec ts  s o i l d  w i t h  lead conta in ing d i r t  i n  t h e i r  
mouths. For i n f a n t s  and young ch i ld ren,  lead exposure has been 
shown t o  decrease i n t e l l i g e n c e  (IQ) scores, slow t h e i r  growth, 
and cause hear ing problems. /Lead cmpd/ [DHHS/ATSDR; 
Tox i co log i ca l  P r o f i l e  f o r  Lead p.2-3 (1990) TP-88/171 **PEER 
REVIEWED** 

(51 )Cr - l abe l l ed  sodium, z inc  and lead chromates were studied. 
Sodium chromate and the less so lub le  z inc  chromate were 
absorbed by the blood, r e s u l t i n g  i n  increased u r i n a r y  exc re t i on  
o f  chromium. ... The less  water -so lub le  the  chromate, the 
h igher  was i t s  e l i m i n a t i o n  v i a  the feces. Absorbed chromium was 
re ta ined  i n  the spleen and bone marrow i n  a l l  th ree cases, and 
a l s o  i n  the l i v e r  and kidneys i n  the case o f  sodium chromate. 
Chromium l e v e l s  i n  b lood and u r i n e  are  no t  i n d i c a t i v e  o f  
i n h a l a t i o n  exposure t o  i nso lub le  chromates. [Bragt PC, van Dura 
EA; Annals o f  Occupational Hygiene 27 (3): 315-22 (1983)l 
**PEER REVIEWED** 

U n l i k e  the t r i v a l e n t  compounds, those o f  C r ( V 1 )  tend t o  cross 
b i o l o g i c a l  membranes f a i r l y  eas i ly ,  and are  stmewhat more 
r e a d i l y  absorbed through the  gut or through the sk in .  
/Hexavalent chromium/ [USEPA; Health Assessment Document: 
Chromium p.2-7 (1984) EPA 600/8-83-014FI **PEER REVIEWED** 

I n  the  airways and i n  the G I  t r a c t ,  so lub le  Cr(V1) compounds 
are  apparent ly  taken up by e p i t h e l i a l  c e l l s ,  by simple 
d i f f u s i o n ,  through the  plasma membrane. A f t e r  ent ry ,  C r ( V 1 )  
r educ t i on  occurs from the a c t i o n  o f  enzymatical ly mobi l i zed 
e lec t rons,  which are  ava i l ab le  from GSH, NADPH, and NADH. The 
reducing capac i ty  i n s i d e  the c e l l  i s  l im i ted,  so t h a t  Cr(V1) 
and C r ( I I 1 )  e x i s t  s imultaneously i ns ide  the cytoplasm; Cr(V1) 
i s  then released from the  c e l l  by simple d i f f u s i o n  i n t o  the 
bloodstream and taken up by blood c e l l s .  /Hexavalent chromium/ 
[USEPA; Health Assessment Document: Chromium p.2-6 (1984) EPA 
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600/8-83-014FI **PEER REVIEWED** 
ABSORPTION, DISTRIBUTION AND EXCRETION 

I n  s p i t e  o f  the r e f i n e d  methods of ana lys is  ava i lab le ,  a 
r e l i a b l e  range o f  normal blood chromium concentrat ions cannot 
be g iven w i th  confidence. When us ing modern methods f o r  
ana lys is ,  t he  whole b lood concent ra t ion i s  suggested t o  be 
w i t h i n  the range o f  0.5 t o  3 ppb, wh i l e  the serum leve l  i s  
probably below 0.2 ppb. /Chromium/ [USEPA; Health Assessment 
Document: Chromium p.2-6 (1984) EPA 600/8-83-014F1 **PEER 
REVIEWED** 

FOR ALL PRACTICAL PURPOSES, THERE ARE TW FORMS OF LEAD. THE 
F I R S T  IS INORGANIC LEAD, I N  W H I C H  THE VARIOUS SALTS & OXIDES 
ARE CONSIDERED TO ACT IDENTICALLY ONCE ABSORBED I N T O  THE 
SYSTEMIC CIRCULATION. THE SECOND IS ALKYL LEAD ... CLEARLY 
DIFFERENT FROM INORGANIC  FORMS OF LEAD, AS TO ... ABSORPTION & 
DISPOSITION I N  THE BODY. ... D I S T I N C T I O N S  ARE NOT GENERALLY 
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MADE REGARDING THE DISPOSITION OF THE VARIOUS INORGANIC 
COMPOUNDS. I T  I S  ASSUMED THAT LEAD IONS /OF VARIOUS INORG 
COMPOUNDS/ DISSOCIATE TO SOME DEGREE & ARE ABSORBED & 
DISTRIBUTED I N  THE BODY I N  THE SAME MANNER, REGARDLESS OF 
ENVIRONMENTAL ORIGIN.  THE VALIDITY OF T H I S  ASSUMPTION HAS NOT 
BEEN TESTED ... /INORGANIC LEAD/ [Doul l ,  J., C.D. Klaassen, and 
M. D. Amdur (eds.). Casarett  and Doul l ’ s  Toxicology. 2nd ed. 
New York: Macmillan Publ ish ing Co., 1980. , p. 4151 **PEER 
REVIEWED** 

The absorpt ion r a t e  o f  deposi ted lead depends on var ious 
fac to rs ,  p a r t i c u l a r l y  on the  physiochemical form o f  lead i n  
p a r t i c l e s .  There i s  ... no evidence of lead accunulat ion i n  the 
lung, & any lead compound once deposi ted i s  eventua l ly  absorbed 
o r  t rans fe r red  t o  the  g a s t r o i n t e s t i n a l  t r a c t .  / Inorgan ic  lead/ 
I f r i b e r g ,  L., Nordberg, G.F., Kessler, E. and Vouk, V.B. (eds). 
Handbook o f  t he  Toxicology o f  Metals. 2nd ed. Vols I, 11.: 
Amsterdam: E l sev ie r  Science Publ ishers B.V., 1986. V2 3121 
**PEER REVIEWED** 

Only a very  minor f r a c t i o n  o f  p a r t i c l e s  over 0.5 um i n  mean 
maximal ex te rna l  diameter are  re ta ined  i n  the lung but are  
c leared from the r e s p i r a t o r y  t r a c t  & swallowed. ... The 
percentage o f  p a r t i c l e s  less than 0.5 urn re ta ined  i n  the lung 
increases w i t h  reduct ion i n  p a r t i c l e  s ize .  About 90% of lead 
p a r t i c l e s  i n  ambient a i r  t h a t  are  deposi ted i n  lung are  smal l  
enough t o  be re ta ined.  Absorpt ion o f  re ta ined  lead through 
a l v e o l i  i s  r e l a t i v e l y  e f f i c i e c t  & complete. / Inorgan ic  lead/ 
[Doul l ,  J., C.D.Klassen, and M.D. Amdur (eds.). Casarett  and 
Dou l l ’ s  Toxicology. 3 r d  ed., New York: Macmillan Co., Inc., 
1986. , p. 5991 **PEER REVIEWED** 

Studies o f  t he  absorpt ion o f  ingested lead i n d i c a t e  t h a t  about 
10% i s  absorbed from the G I  t r a c t .  However ... balance s tud ies  
i n  adu l t s  ... / i nd i ca te /  t h a t  up t o  40% of ingested lead was 
absorbed i n  some ind i v idua ls .  ... The absorpt ion o f  rad ioac t i ve  
lead i n  f a s t i n g  sub jec ts  /was found/ t o  be approx 60% a f t e r  an 
o r a l  dose o f  4 t o  400 ug lead. The absorpt ion o f  lead decreased 
from 60 t o  10% i f  calc ium & phosphate were added i n  doses 
equ iva lent  t o  the ones found i n  a normal meal. For ch i ld ren,  
t he  f r a c t i o n  absorbed may be much higher ... up t o  53% 
absorpt ion i n  8 c h i l d r e n  ranging i n  age from 3 mo t o  8 yr /have 
been observed/. These r e s u l t s  requ i re  v e r i f i c a t i o n  because of 
the l a rge r  s c a t t e r  o f  values 8 the shor t  pe r i od  o f  observation. 
I t  should be noted t h a t  there  i s  great  v a r i a t i o n  among 
ind i v idua ls .  / Inorgan ic  Lead/ I f r i b e r g ,  L., Nordberg, G.F., 
Kessler,  E. and Vouk, V.B. (eds). Handbook o f  the Toxicology o f  
Metals.  2nd ed. Vols I, 11.: Amsterdam: E l sev ie r  Science 
Publ ishers  B.V., 1986. V2 3121 **PEER REVIEWED** 

THE PROPORTION ABSORBED IS MUCH THE SAME WHETHER THE LEAD IS 
PRESENT AS A SOLUBLE OR AN INSOLUBLE SALT SUCH AS THE 
CARBONATE, SULFATE OR SULFIDE ... WHICH,  ALTHOUGH INSOLUBLE I N  
WATER, ARE APPRECIABLY SOLUBLE I N  BODY FLUIDS. / INORGANIC LEAD/ 
[Clarke, M. L., D. G. Harvey and D. J. Humphreys. Veter inary  
Toxicology. 2nd ed. London: B a i l l i e r e  T inda l l ,  1981. , p. 561 
**PEER REVIEWED** 

INORG LEAD DOES NOT PENETRATE NORMAL SKIN, BUT I T  CAN PENETRATE 
ABRADED SKIN. / INORGANIC LEAD/ [Goodman, L.S., and A .  Gilman. 
(eds.) The Pharmacological Basis o f  Therapeutics. 5 t h  ed. New 
York: Macmillan Publ ish ing Co., Inc., 1975. , p. 9381 **PEER 
REVIEWED** 

L i t t l e  i s  known about lead t ranspor t  across the 
g a s t r o i n t e s t i n a l  mucosa. I t  has been speculated t h a t  lead & 
calc ium may compete f o r  a comnon t ranspor t  mechanism, s ince 
the re  i s  a rec ip roca l  r e l a t i o n s h i p  between the d i e t a r y  content 
o f  ca lc ium 8 lead absorption. / Inorgan ic  lead/ [Doull, J., 
C.D.Klassen, and M.D. Amdur (eds.). Casarett and Dou l l ‘ s  
Toxicology. 3 r d  ed., New York: Macmillan Co., Inc., 1986. , p. 
16061 **PEER REVIEWED** 
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Absorbed lead i s  t ranspor ted by b lood & i n i t i a l l y  d i s t r i b u t e d  
i n  var ious organs & t issues.  I t  i s  then gradual ly  r e d i s t r i b u t e d  
t o  form an exchangeable compartment (b lood & s o f t  t i ssues)  & a 
storage compartment, e s s e n t i a l l y  bone. I n  human sub jec ts  w i th  
low lead exposure, about 90% o f  the t o t a l  body burden i s  found 
in  bone. ... Lead i n  b lood i s  main ly  bound t o  ery throcytes  
where i t s  concent ra t ion i s  about 16 times h igher  than i n  
plasma. The manner i n  which lead combines w i t h  ery throcytes  i s  
no t  c lear ,  bu t  i t  i s  probably assoc w i th  hemoglobin. Lead a l so  
has an a f f i n i t y  f o r  c e l l  membrane & mitochondria, but  not  f o r  
lysosomes. Lead i n  bone b u i l d s  up throughout l i f e ;  t h i s  does 
not  app ly  t o  s o f t  t i ssues where i t  s t a b i l i z e s  e a r l y  i n  adu l t  
l i f e ;  i n  some t i ssues  i t  may even decrease w i t h  age. / Inorganic 
lead/ [Fr iberg, L., Nordberg, G.F., Kessler, E. and Vouk, V.B. 
(eds). Handbook o f  the Toxicology o f  Metals. 2nd ed. Vols I ,  
11.: Amsterdam: E l sev ie r  Science Publ ishers  B.V., 1986. V2 3131 
**PEER REVIEWED** 

A f t e r  absorpt ion, inorgan ic  lead i s  d i s t r i b u t e d  i n i t i a l l y  i n  
s o f t  t i ssues,  p a r t i c u l a r l y  the tubu lar  ep i the l i um of t he  kidney 
& i n  the  l i v e r .  I n  t ime ... / i t /  i s  r e d i s t r i b u t e d  & deposi ted 
i n  bone, teeth,  & h a i r .  ... Only small q u a n t i t i e s  o f  inorgan ic  
lead accum i n  the b ra in ,  w i t h  most o f  t h a t  i n  gray matter & the 
basal  gangl ia.  Nearly a l l  c i r c u l a t i n g  inorgan ic  lead i s  assoc 
w i t h  ery throcytes ;  on l y  when lead i s  present i n  r e l a t i v e l y  h igh 
concn does a s i g n i f i c a n t  p o r t i o n  remain i n  the plasma. 
/ Inorgan ic  lead/ [Gilman, A.G., L.S.Goodman, and A. Gilman. 
(eds.). Goodman and Gilman's The Pharmacological Basis o f  
Therapeutics. 7 th  ed. New York: Macmillan Publ ish ing Co., Inc., 
1985. , p. 16061 **PEER REVIEWED** 

Blood lead l e v e l s  a re  a good i nd i ca to r  o f  recent exposure t o  
lead & a re  in f luenced by i n h a l a t i o n  & ingest ion. A number o f  
recent s tud ies  suggest t h a t  i n h a l a t i o n  o f  a i r  conta in ing 1 
ug/cu m i n  resp i rab le  p a r t i c l e s  w i l l  increase b lood lead 
concent ra t ions by about 1 ug/d l  when a i r  lead conc are  i n  the 
range o f  1-5 ug/cu m. Lead i n  blood va r ies  w i t h  age. Chi ld ren 
under 7 y r  o f  age have s i g n i f i c a n t l y  higher b lood lead l eve l s  
than o lde r  ch i l d ren ,  & t he re  i s  no d i f f e rence  between boys & 
g i r l s  under age 12. Blood lead l eve l s  dec l i ne  dur ing 
adolescence /& i s /  probably r e l a t e d  t o  bone growth & depos i t i on  
of lead i n  bone with calcium. Blood lead Levels are  lower i n  
adu l t  females than adu l t  males. / Inorgan ic  lead/ CDoull, J . ,  
C.D.Klassen, and M.D. Amdur (eds.). Casarett and Dou l l ' s  
Toxicology. 3 r d  ed., New York: Macmillan Co., Inc., 1986. , p. 
5991 **PEER REVIEWED** 

Urban res iden ts  have the highest b lood lead l eve l s  (20-25 
ug/d l ) ;  suburban (10-20 ug /d l )  & r u r a l  populat ions (10-14 
ug/d l )  have lower leve ls .  These Levels c o r r e l a t e  w i t h  a i r  lead 
l e v e l s  & perhaps leaded gaso l ine use. The avg US blood Lead 
l eve l  dec l i ned  3PA from 1976 t o  1980 as leaded gaso l ine 
consumption dec l i ned  55%. In  women o f  Wales, blood lead l e v e l s  
dropped 30% between 1972 & 1982 desp i te  l i t t l e  change i n  the 
t o t a l  amt o f  lead used in  gasoline. / Inorgan ic  Lead/ 
[Ellenhorn, M.J. and D.G. Barceloux. Medical Toxicology - 
Diagnosis and Treatment o f  Human Poisoning. New York, N Y :  
E l sev ie r  Science Publ ish ing Co., Inc .  1988. , p. 10301 **PEER 
REVIEWED** 

The depos i t i on  o f  lead i n  bone c l o s e l y  resembles t h a t  o f  
calcium, but  i t  i s  deposi ted as t e r t i a r y  lead phosphate. Lead 
i n  the  bone s a l t s  dose no t  con t r i bu te  t o  t o x i c i t y .  A f t e r  a 
recent exposure, t he  concn o f  lead i s  o f t e n  h igher  i n  the f l a t  
bones than i n  the long bones, although, as general ru le ,  the 
long bones con ta in  more lead. I n  the  e a r l y  pe r iod  o f  
depos i t ion ,  t he  concent ra t ion o f  lead i s  highest i n  the 
epiphyseal p o r t i o n  o f  the long bones. This i s  esp t r u e  i n  
growing bones, where depos i ts  may be detected by X-ray 
examination as r i n g s  o f  increased dens i t y  i n  the o s s i f i c a t i o n  
centers  o f  t he  epiphyseal c a r t i l a g e  & as a se r i es  o f  t ranverse 
l i n e s  i n  the diaphyses, so c a l l e d  lead l i nes .  Such f i nd ings  are  
o f  d iagnos t i c  s ign i f i cance  i n  ch i ld ren.  / Inorganic lead/ 
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[Gitman, A.G., L.S.Goodman, and A. Gilman. (eds.?. Goodman and 
Gilman's The Pharmacological Basis o f  Therapeutics. 7 th  ed. New 
York: Macmillan Publ ish ing Co., Inc., 1985. , p. 16061 **PEER 
REVIEWED** 

About 90% o f  ingested lead i s  e l iminated unabsorbed through 
feces. Absorbed lead i s  excreted p r i m a r i l y  i n  u r i n e  (about 
76%); o ther  . . . routes a re  g a s t r o i n t e s t i n a l  secre t ions (about 
16%) & ha i r ,  n a i l s  & sweat ( <  8%). The r a t e  o f  b i l i a r y  
exc re t i on  i n  man i s  not  known. The mechanism of exc re t i on  
appears t o  be e s s e n t i a l l y  glomerular f i l t r a t i o n .  Lead i s  a l so  
excreted i n  human m i l k  i n  concentrat ions ... up t o  12 ug/ l .  
There i s  considerable species v a r i a t i o n  f o r  lead exc re t i on  i n  
animals. I n  baboons, the main route  o f  exc re t i on  i s  ur ine,  bu t  
i n  r a t  & sheep, b i l i a r y  & transmucosal exc re t i on  may be higher 
than u r i n a r y  excre t ion.  / Inorgan ic  lead/ [Fryberg, L., 
Nordberg, G . F . ,  Kessler, E. and Vouk, V.B. (eds). Handbook o f  
t he  Toxicology o f  Metals. 2nd ed. Vols I, 11.: Amsterdam: 
E l sev ie r  Science Publ ishers B.V., 1986. V2 3141 **PEER 
REVIEWED** 

P lacenta l  t r a n s f e r  o f  lead has been demonstrated. ... There i s  
f a i r l y  good c o r r e l a t i o n  between lead concentrat ions i n  the 
b lood o f  mothers & newborn in fants ,  & the d i s t r i b u t i o n  i n  f e t a l  
t i ssues  i s  s i m i l a r  t o  t he  d i s t r i b u t i o n  i n  the  adu l t .  ... 
/ Inorgan ic  lead/ [Fr iberg, L., Nordberg, G.F., Kessler, E. and 
Vouk, V.B. (eds). Handbook o f  the Toxicology o f  Metals. 2nd ed. 
Vols I, 11.: Amsterdam: Elsev;er Science Publ ishers B.V., 1986. 
V2 3141 **PEER REVIEWED** 

Maternal b lood lead decreases dur ing pregnancy, suggesting t h a t  
maternal lead i s  t rans fe r red  t o  the fe tus  o r  excreted i n  some 
way. / Inorgan ic  lead/ [Doul l ,  J., C.D.Klassen, and M.D. Aindur 
(eds.). Casarett  and Dou l l ' s  Toxicology. 3 r d  ed., New York: 
Macmillan Co., Inc., 1986. , p. 5991 **PEER REVIEWED** 

I n  area of  h igh  atmospheric lead contaminat ion the mean lead 
concn i n  maternal & f e t a l  cord  b lood i n  122 women were 412 & 
379 ng/ml, respect ive ly ,  compared w i th  147 & 118 ng/ml i n  31 
cont ro ls ;  b i r t h  ut & red  c e l l  values of  the i n f a n t s  were no t  
adversely a f fec ted.  / Inorgan ic  lead/ [Reynolds, J.E.F., Prasad, 
A.B. (eds.) Mart indale-The Ex t ra  Pharmacopoeia. 28th ed. 
London: The Pharmaceutical Press, 1982. , p. 9361 **PEER 
REVIEWED** 

P lan ts  take up lead i n  the i o n i c  form from s o i l s .  Lead i s  
absorbed, but  no t  accumulated t o  any great ex tent  by p lan ts  
from s o i l .  Lead i s  e i t h e r  unava i lab le  t o  p l a n t s  o r  " f ixed"  i n  
the  r o o t s  with o n l y  smal l  amounts being t rans located t o  the 
above ground po r t i ons ,  even when p lan ts  are  grown i n  s o i l  
con ta in ing  subs tan t i a l  amounts o f  lead. This i s  due not  on l y  t o  
the s o l u b i l i t y  o f  lead i n  the s o i l ,  but t o  some i n t e r n a l  
f a c t o r s  which govern the m o b i l i t y  o f  lead w i t h i n  the p lan t .  ... 
Var ia t i ons  i n  p l a n t  uptake o f  Lead are  due t o  p l a n t  age and 
species, s o i l  phosphorous, organic matter content, pH, s o i l  
tex ture ,  c l imate ,  topography, p o l l u t i o n ,  and geo log ica l  h i s t o r y  
o f  t he  s o i l .  The amount o f  lead taken up decreases as pH, 
c a t i o n  exchange capaci ty,  and ava i l ab le  phosphorous o f  the s o i l  
increase. Only about 0.003 t o  0.005 percent o f  t o t a l  s o i l  lead 
i s  a v a i l a b l e  f o r  p l a n t  uptake. / Inorganic lead/ [USEPA; The 
Heal th  and Environmental Impacts of  Lead: p.175 (1979) EPA 
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Exc re t i on  o f  lead in  /one non-occupat ional ly exposed man/ was: 
u r i n e  (76%); g a s t r o i n t e s t i n a l  secre t ions (16%); h a i r ,  n a i l s ,  
sweat, o ther  (8%). / Inorgan ic  lead/ [Rabinowitz MB e t  a l ;  
Science 182: 725-7 (1973) as c i t e d  i n  WHO; Env i ron Health 
C r i t e r i a :  Lead p.84 (197711 **PEER REVIEWED** 

Using rad ioac t i ve  t race rs  /an estimated/ 70% of  the Lead 
absorbed from the lungs of a human remained present i n  blood 
wh i l e  30% was almost imnediately absorbed by the  s o f t  t i ssues 
... a f t e r  24 h r .  / Inorgan ic  lead/ CHursh JB, Mercer TT; J Appl 
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Phys io l  28: 268 (1970) as c i t e d  i n  Na t ' l  Research Council 
Canada; E f f e c t s  o f  Lead i n  the  Canadian Env i r  p.271 (1978) NRCC 
No.167361 **PEER REVIEWED** 

... Lead was absorbed /by f resh  water f i e l d  crab, Barytelphusa 
g u e r i n i /  through the  g i l l s  and d i s t r i b u t e d  by the  haemolymph t o  
hepatopancreas, muscle, and exoskeleton. Haemolymph was found 
t o  con ta in  the  h ighest  amount o f  lead fo l lowed by g i l l ,  
hepatopancreas, muscle, and exoskeleton. Lead bioaccumulated 
over t he  course o f  t he  study showed a h igh degree o f  organ 
s p e c i f i c i t y .  / Inorgan ic  Lead/ [Tulasi  SJ e t  at; B u l l  Env i ron 
Contam Tox ico l  39 (1): 63-8 (198713 **PEER REVIEWED** 

beta-Aminoisobutyr ic acid,  a normal degradat ion product of  
thymine, a cons t i t uen t  o f  DNA and, t o  a Lesser ex tent ,  of 
t r ans fe r  RNA, i s  excreted i n  low l e v e l s  i n  human ur ine.  / I t  
was/ found t h a t  a group o f  i r o n  workers occupat iona l ly  exposed 
t o  inorgan ic  lead excreted h igh  l eve l s  o f  u r i n a r y  
beta-amino isobutyr ic  acid. ... The r e s u l t s  suggest t h a t  
increased u r i n a r y  exc re t i on  o f  beta-aminoisobutyr ic ac id  cou ld  
stem from damage t o  DNA on exposure t o  lead. / Inorgan ic  lead/ 
[Farkas WR e t  a l ;  Arch Env i ron Health 42 (2): 96-8 (198711 

**PEER REVIEWED** 

I T  IS ASSUMED THAT LEAD IONS /OF VARIOUS INORG CMPD/ D ISSOCIATE 
TO SOME DEGREE & ARE ABSORBED & DISTRIBUTED I N  THE BODY I N  THE 
SAME MANNER, REGARDLESS OF ENVIRONMENTAL O R I G I N .  /INORGANIC 
LEAD/ [Doul l ,  J., C.D. Klaassen, and M. D. Amdur (eds.). 
Casarett  and Dou l l ' s  Toxicology. 2nd ed. New York: Macmillan 
Publ ish ing Co., 1980. , p. 4151 **PEER REVIEWED** 

ABSORPTION I S  ... INFLUENCED BY CONCURRENT DIETARY LEVELS OF 
... CALCIUM, IRON, FATS, & PROTEINS ... / I T /  ... I S  ... GREATER 
I N  INFANTS THAN I N  ADULTS & DURING F A S T I N G  STATE THAN W I T H  
MEALS. / INORGANIC LEAD/ [Doull, J., C.D. Klaassen, and M. D. 
Amdur (eds.). Casarett  and Dou l l ' s  Toxicology. 2nd ed. New 
York: Macmillan Publ ish ing Eo., 1980. , p. 4161 **PEER 
REVIEWED** 

P lan ts  can absorb and t rans loca te  ava i l ab le  l eve l  lead from 
n u t r i e n t  so lu t i on ,  and t o  a lesser degree from s o i l .  Most of  
the absorbed Pb remains in  the roots,  but cessat ion o f  growth 
i n  l a t e  s m e r  and f a l l  i s  o f t e n  accompanied by m o b i l i z a t i o n  o f  
Pb from roo ts  i n t o  the  p l a n t  tops. Pasture herbage growing i n  
an abandoned lead mining area ( s o i l  pH 4, s o i l  Pb 3600 ppm) 
accumulated up t o  74 ppm Pb (d ry  weight bas is )  i n  t h e i r  leaves. 
Corn accumulated 37.8 ppm i n  tops from a s o i l  t r ea ted  w i t h  3200 
kg Pb/ha, but the kerne ls  did not  conta in  s i g n i f i c a n t l y  more Pb 
than c o n t r o l s  (0.3-0.5 ppm Pb a t  15.5% moisture).  Lettuce and 
radishes were two p lan ts  shown t o  accumulate Pb from s o i l .  Pb 
che la tes  were taken up by p l a n t s  more r e a d i l y  than Pb(2+) and 
e x h i b i t e d  a h igh  degree o f  t r ans loca t i on  t o  the p l a n t  tops. 
/ Inorgan ic  lead/ [Nat ' l  Research Council Canada; E f f e c t s  o f  
Lead i n  the Canadian Environment p.48 (1978) NRCC No. 167361 
**PEER REVIEWED** 

... INORGANIC  LEAD, I N  W H I C H  VARIOUS SALTS & OXIDES ARE 
CONSIDERED TO ACT IDENTICALLY ONCE ABSORBED INTO SYSTEMIC 
CIRCULATION. ... D I S T I N C T I O N S  ARE NOT GENERALLY MADE REGARDING 
DISPOSITION OF VARIOUS INORG CMPD. / INORG LEAD/ [Fr iberg, L., 
G.R. Nordberg, and V.B. Vouk. Handbook on the Toxicology o f  
Metals.  New York: E l sev ie r  North Holland, 1979. , p. 4151 
**PEER REVIEWED** 

... POTASSIUM CHROMATE INJECTED INTRATRACHEALLY I N T O  GUINEA 
P I G S  I S  REMOVED RAPIDLY ( A  FEW DAYS) FROM LUNGS EXCEPT FOR 
SMALL AMT STILL PRESENT a 140 DAYS. I N  10 M I N ,  20% WAS I N  BLOOD 
& ONLY 5% I N  LIVER, KIDNEYS, & SPLEEN TOGETHER. CONSIDERABLE 
AMT OF CHROMIUM .._ ATTACHED TO ERYTHROCYTES.  /POTASSIUM 
CHROMATE/ [Patty,  F.  (ed.). I n d u s t r i a l  Hygiene and Toxicology: 
Volume 11: Toxicology. 2nd ed. New York: In tersc ience 
Publ ishers,  1963. , p. 10201 **PEER REVIEWED** 
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Lead has a s t rong  tendency t o  l o c a l i z e  and accumulate i n  bone. 
/ Inorganic lead/ [WHO; Envi ron Health C r i t e r i a :  Lead p.80 
(197711 **PEER REVIEWED** 

Chromiun(V1) as chromate i s  p o t e n t i a l l y  an o x i d i z i n g  agent t h a t  
may reac t  w i t h  reducing (organic)  mat ter  t o  form chromium(II1). 
/Hexavalent chromium/ [NIOSH; C r i t e r i a  Document: Chromium ( V I )  
p.33 (1976) DHEU Pub. NIOSH 76-1291 **PEER REVIEWED** 

THE METABOLISM OF LEAD FOLLOWS CLOSELY THAT OF CALCIUM, 
PARTICULARLY W I T H  REGARD TO I T S  DEPOSITION I N  8 MOBILIZATION 
FROM BONE. ... WHEN BONE MARROW A C T I V I T Y  I S  INCREASER ... 
CALCIUM MOBILIZATION MAY TAKE PLACE, CAUSING HYPERCALCEMIA & 
OSTEOLYSIS. ... LEAD MAY ALSO BE LIBERATED. ... / INORGANIC 
LEAD/ [Browning, E. T o x i c i t y  o f  I n d u s t r i a l  Metals. 2nd ed. New 
York: Appleton-Century-Crofts, 1969. , p. 1731 **PEER 
REVIEWED** 

THE HALF-LIFE OF LEAD I N  BLOOD I S  ABOUT 1 MO, AND A STEADY 
STATE I S  THUS ACHIEVED I N  ABOUT 5 MO. / INORGANIC LEAD/ [Gilman, 
A.G., L.S.Goodman, and A. Gilman. (eds.). Goodman and Gilman's 
The Pharmacological Basis o f  Therapeutics. 7th ed. New York: 
Macmil lan Pub l i sh ing  Co., Inc.,  1985. , p. 16061 **PEER 
REVIEWED** 

... / I n  humans/ with a constant d a i l y  o r a l  input o f  (204) lead 
a v i r t u a l l y  constant concn o f  the  t r a c e r  i n  the  b lood was 
achieved a f t e r  110 days. Upon withdrawal of  t h e  t r a c e r  from the  
d i e t ,  the  (204)Pb concn i n  t h e  b lood disappeared w i t h  a 
h a l f - t i m e  o f  approx 19 days. ... /Lead cmpd/ [Rabinowitz ME e t  
a l ;  Envi ron Health Perspect 7: 145 (1974) as c i t e d  i n  WHO; 
Environ Health C r i t e r i a :  Lead p.81 (1977)l **PEER REVIEWED** 

The h a l f - l i f e  o f  Lead i n  a d u l t  human b lood has been measured as 
36 days. /Lead cmpd/ [Rabinowitz ME e t  a l ;  J Lab Cl in Med 90: 
238-48 (1977) as c i t e d  i n  DHHS/ATSDR; Tox ico log ica l  P r o f i l e  f o r  
Lead p.56 (1990) TP-88/171 **PEER REVIEWED** 

/ In  another study/, the  h a l f - l i f e  o f  lead i n  a d u l t  human b lood 
was 28 days. /Lead cmpd/ [Gr i f f in  TB e t  at;  Arh Hig Toksikol 
26: 191-208 (1975) as c i t e d  i n  DHHS/ATSDR; Tox ico log ica l  
P r o f i l e  f o r  Lead p.56 (1990) TP-88/171 **PEER REVIEWED** 

The b i o l o g i c a l  h a l f - l i f e  of  lead i n  t h e  b lood o f  2 yr o l d  
c h i l d r e n  was repor ted  t o  be approx 10 mo. /Lead cmpd/ [Succop 
PA e t  a l ;  A K i n e t i c  Model f o r  Est imat ing Changes i n  the  
Concentrat ion o f  Lead i n  the  Blood o f  Young Children. In: 
Lindberg SE, Hutchinson T C  (eds). I n t e r n a t i o n a l  Conference: 
Heavy Meta ls  i n  t h e  Environment Vol 2 (1987) as c i t e d  i n  
DHHS/ATSDR; Tox ico log ica l  P r o f i l e  f o r  Lead p.56 (1990) 
TP-88/171 **PEER REVIEWED** 

Inorganic lead causes c o n t r a c t i o n  o f  the per iphera l  vascular 
system and a f f e c t s  the  b lood and b lood- forming t i ssues  (bone 
marrow). The llnormalll cases o f  lead poisoning i n  i n d u s t r y  
always inc lude  hemopoiet ic e f fec ts ;  These occur very ear l y ,  
be fo re  the  appearance o f  /o ther /  symptoms o r  s igns and, 
therefore,  a re  important  f o r  diagnosis. Lead shortens the  l i f e  
o f  e ry th rocy tes  and impairs  hemoglobin synthesis. / Inorganic 
lead/ [ I n t e r n a t i o n a l  Labour O f f i c e .  Encyclopedia of 
Occupational Heal th and Safety. Vols. 1811. Geneva, 
Switzerland: I n t e r n a t i o n a l  Labour O f f i c e ,  1983. , p- 12011 
**PEER REVIEWED** 
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MECHANISM OF A C T I O N  

MECHANISM OF ACTION 
LEAD CLEARLY INHIBITS HEME FORMATION A T  SEVERAL POINTS; 
DELTA-AMINOLEVULINATE DEHYDRATRASE 8 FERROCHELATASE + FE(2+). 
INHIBITION OF DELTA-AMINOLEVULINATE (DELTA- ALA)  DEHYDRATASE 8 
FERROCHELATASE, W H I C H  ARE SULFHYDRYL-DEPENDENT ENZYMES, IS WELL 
DOCUMENTED. LEAD POISONING I N  ... MAN 8 EXPTL ANIMALS I S  
CHARACTERIZED BY ACCUM OF PROTOPORPHYRIN I X  8 NONHEME IRON I N  
RED BLOOD CELLS, BY ACCUMULATION OF DELTA-ALA I N  PLASMA, & BY 
INCR URINARY EXCRETION OF DELTA-ALA. ... THE INCREASE I N  
DELTA-ALA SYNTHETASE A C T I V I T Y  I S  DUE TO THE REDUCTION OF THE 
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CELLULAR CONCENTRATION OF HEME, W H I C H  REGULATES THE SYNTHESIS 
OF DELTA-ALA SYNTHETASE BY FEEDBACK I N H I B I T I O N .  / INORGANIC 
LEAD/ [Gilman, A.G., L.S.Goodman, and A. Cilman. (eds.). 
Goodman and Gilman’s The Pharmacological Basis o f  Therapeutics. 
7 t h  ed. New York: Macmillan Publ ish ing Co., Inc., 1985. , p. 
16081 **PEER REVIEWED** 

Many t o x i c  e f f e c t s  o f  inorgan ic  lead can be a t t r i b u t e d  t o  the 
a f f i n i t y  o f  lead f o r  t h i o l  groups ( - S H )  and o ther  organic 
l igands i n  pro te ins .  Low concn o f  Pb(2+) i n h i b i t  a se lec t  group 
o f  enzymes, i nc lud ing  t h i o l  dependent enzymes invo lved i n  heme 
synthes is  and mi tochondr ia l  energet ics.  The t o x i c o l o g i c  e f f e c t s  
o f  lead may r e s u l t  from the  a b i l i t y  o f  Pb(2+) t o  uncouple 
o x i d a t i v e  phosphory la t ion and modify mi tochondr ia l  i o n  
t ranspor t  ( e s p e c i a l l y  f o r  calc ium Ca(2+)). /Lead cmpd/ [Kayser, 
R., D.  S t e r l i n g ,  D.  V i v i a n i  (eds.). Intermedia P r i o r i t y  
P o l l u t a n t  Guidance Documents. Washington, DC: U.S.Environmenta1 
P ro tec t i on  Agency, J u l y  1982. 2-11 **PEER REVIEWED** 

Lead can i n t e r f e r e  w i th  the  synthesis of  heme, thereby a l t e r i n g  
the  u r i n a r y  o r  blood concn o f  enzymes and intermediates i n  heme 
synthes is  o r  t h e i r  de r i va t i ves .  Thus lead poisoning can lead t o  
accumulation o f  non-heme i r o n  and pro toporphyr in- IX i n  red  
c e l l s ,  an increase i n  de l ta -amino levu l i n i c  a c i d  (ALA) i n  b lood 
and ur ine,  an increase i n  u r i n a r y  coproporphyrin, uroporphyrin, 
and porphobil inogen, i n h i b i t i o n  o f  blood ALA-dehydratase 
(ALA-D), and an increased p ropo r t i on  o f  imnature red c e l l s  i n  
the  b lood ( r e t i c u l o c y t e s  and basoph i l i c  s t i p p l e d  c e l l s ) .  
/ Inorgan ic  lead/ [NIOSH; C r i t e r i a  Document: Inorganic Lead 

MECHANISM OF ACTION 

MECHANISM OF ACTION 

p.111-4 (1978) DHEW Pub. NIOSH 78-1581 **PEER REVIEWED** 
MECHANISM OF ACTION 

Many t o x i c  e f f e c t s  o f  inorganic lead can be a t t r i b u t e d  t o  the 
a f f i n i t y  o f  lead f o r  t h i o l s  and o ther  organic l igands i n  
p ro te ins  r e s u l t i n g  i n  an uncoupling of  ox ida t i ve  
phosphorylat ion. / Inorgan ic  lead/ [USEPA; Intermedia P r i o r i t y  
P o l l u t a n t  Guidance Document-Lead (198211 **PEER REVIEWED** 

... Lead i n t e r f e r e s  ... w i t h  synapt ic t ransmission i n  the 
pe r iphe ra l  nervous system. ... / Inorgan ic  lead/ [Kos t i a l  K, 
Vor i k  VB; B r i t  J Pharmacol, Chemother 12: 219-22 (1957) as 
c i t e d  i n  WHO; Env i ron Health C r i t e r i a :  Lead p.89 (1977)l **PEER 
REVIEWED** 

... In  humans, lead decreased glucose-6-phosphate dehydrogenase 
a c t i v i t y  and thus decreased the  g lu ta th ione  l eve l  i n  red b lood 
c e l l s .  /Lead cmpd/ [Stokinger HE, Mountain JT; J Occup Med 9: 
537-42 (1967) as c i t e d  i n  N a t ’ l  Research Council Canada; 
E f f e c t s  o f  Lead i n  the  Canadian Env i r  p.572 (1978) NRCC 
No.167361 **PEER REVIEWED** 

Lead i n h i b i t s  the catabol ism o f  v a l i n e  and i so leuc ine  which are 
metabol ized v i a  succinyl-CoA t o  form delta-ALA. ... This i s  
p a r t i c u l a r l y  important in  the synthesis o f  heme f o r  
i n t r a c e l l u l a r  cytochrome synthesis.  /Lead cmpd/ [Cavender FL; 
Biochem Med 5: 515-21 (1971)l **PEER REVIEWED** 

... Lead i n h i b i t s  several  enzymes t h a t  p a r t i c i p a t e  i n  heme 
synthesis,  ... heme synthetase, ... coproporphyr in synthetase, 
... and coproporphyr in oxidase. / Inorgan ic  lead/ [WHO; Environ 
Health C r i t e r i a :  Lead p.86-9 (1977)l **PEER REVIEWED** 

When the  b lood lead concn i s  near 80 ug/d l  o r  greater,  
basoph i l i c  s t i p p l i n g  ( t h e  aggregat ion o f  r i bonuc le i c  ac id)  
occurs i n  ery throcytes .  Th is  i s  thought t o  r e s u l t  from the  
i n h i b i t o r y  e f f e c t  o f  lead on the enzyme, 
pyrimidine-S’-nucleotidase. Basophi l i c  s t i p p l i n g  i s  not  ... 
pathognomonic o f  Lead poisoning. A more c m n  hematological 
r e s u l t  o f  chron ic  lead i n t o x i c a t i o n  i s  a hypochromic m ic rocy t i c  
anemia, which i s  more f requen t l y  observed i n  ch i ld ren.  Th is  
anemia i s  morpho log ica l ly  s i m i l a r  t o  t h a t  which r e s u l t s  from 
i r o n  de f i c i ency  & i s  thought t o  r e s u l t  from two fac to rs :  a 
decreased l i f e  span o f  t he  ery throcytes  & an i n h i b i t i o n  o f  heme 
synthesis.  Very low concn o f  lead i n f l uence  the synthesis o f  

MECHANISM OF A C T I O N  

MECHANISM OF A C T I O N  

MECHANISM OF A C T I O N  

MECHANISM OF ACTION 

MECHANISM OF A C T I O N  
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heme. ... Lead c l e a r l y  i n h i b i t s  heme format ion a t  several  ... 
/enzymatic steps/. / Inorgan ic  lead/ [Gilman, A.G., L.S.Gocdman, 
and A. Gilman. (eds.). Goodman and Gilman’s The Pharmacological 
Basis o f  Therapeutics. 7 t h  ed. New York: Macmillan Publ ish ing 
Co., Inc., 1985. , p. 16081 **PEER REVIEWED** 

Animal s tud ies  have ... shown tha t  c e r t a i n  d i e t a r y  fac tors ,  
such as m i l k ,  f as t i ng ,  low calc ium & v i t am in  D, & i r o n  
def ic iency,  may enchance lead absorpt ion. / Inorganic lead/ 
[Fr iberg, L., Nordberg, G.F., Kessler, E. and Vouk, V.B. (eds). 
Handbook o f  t he  Toxicology o f  Metals. 2nd ed. Vols I, 11.: 
Amsterdam: E l sev ie r  Science Publ ishers B.V., 1986. V2 3121 
**PEER REVIEWED** 

A d i s t i n c t  r e l a t i o n s h i p  has been found between lead poisoning 
and the  metabolism o f  n i c o t i n i c  acid. Animals poisoned by lead 
showed a marked decrease i n  the n i c o t i n i c  a c i d  content of b lood 
and u r i ne ,  i n d i c a t i n g  an increased u t i l i z a t i o n  o f  t h i s  n u t r i e n t  
by lead, and suggesting t h a t  lead exer ts  ser ious e f f e c t s  on the 
p y r i d i n e  nucleot ides, e i t h e r  by b lock ing  t h e i r  synthesis o r  by 
acce le ra t i ng  the  degradat ion o f  n i c o t i n i c  acid.  / Inorganic 

MECHANISM OF ACTION 

MECHANISM OF ACTION 

. lead/ [NIOSH; C r i t e r i a  Document: Inorganic Lead p.111-12 (1978) 
DHEW Pub. NIOSH 78-1581 **PEER REVIEWED** 

MECHANISM OF ACTION 
Four groups o f  r a t s  received by i n t ra t rachea l  i n s t i l l a t i o n  (1)  
a lead chromate p a i n t  p a r t i c u l a t e  suspension, (2) lead 
te t raox ide  suspension, (3) lead aceta te  so lu t ions,  o r  (4) 
sa l i ne .  Lead (Pb) dosed animals received an equ iva lent  dose o f  
1 mg Pb/kg. The d i s t r i b u t i o n  o f  Pb was monitored through assays 
o f  u r i ne ,  feces, and t issues (lung, bone, muscle, kidney, 
l i v e r )  obtained a t  postmortem 5 wk a f t e r  exposure. 
de l ta - Amino levu l i n i c  a c i d  dehydratase (ALA-D) a c t i v i t y  was 
measured t o  determine the e f f e c t  o f  Pb on heme biosynthesis.  
The vast m a j o r i t y  o f  the dosed Pb i n  the  p a i n t  ma t r i x  remained 
i n  the  lung. I n  cont ras t ,  i n  the lead aceta te  dosed animals, 
l i t t l e  remained i n  the  lung, but s i g n i f i c a n t  e levat ions were 
found i n  bone and kidney. Blood de l ta -amino levu l i n i c  a c i d  
dehydratase was s i g n i f i c a n t l y  depressed i n  the  lead aceta te  
t r e a t e d  animals, but was no t  s i g n i f i c a n t l y  d i f f e r e n t  from 
c o n t r o l  animals i n  the animals dosed w i t h  Pb p a i n t  o r  Pb 
te t raox ide.  [Eaton DL e t  a l ;  Tox ico l  L e t t  22 ( 3 ) :  307-13 
(1984)l  **PEER REVIEWED** 

D i va len t  lead has a s t rong a f f i n i t y  f o r  inorganic ions 
con ta in ing  oxygen (eg carbonate) o r  s u l f u r  (eg s u l f i d e ) .  Lead 
can a l s o  cornpiex w i t h  e lec t ron  r i c h  Ligands i n  many organic 
cmpd such as amino acids, pro te ins ,  and humic acid.  / Inorgan ic  
lead/ [Kayser, R., D. S te r l i ng ,  D. V i v i a n i  (eds.). Intermedia 
P r i o r i t y  P o l l u t a n t  Guidance Documents. Washington, DC: 
U.S.EnvironmentaL P ro tec t i on  Agency, J u l y  1982. 1-11 **PEER 
REVIEWED** 

Alcohol i nges t i on  ... may p r e c i p i t a t e  ... / in tense pe r iod i c  
abdominal cramping symptoms as a r e s u l t  o f  i t s  i n t e r a c t i o n  w i th  
Lead/. / Inorgan ic  lead/ [ S i t t i g ,  M. Handbook o f  Toxic and 
Hazardous Chemicals and Carcinogens, 1985. 2nd ed. Park Ridge, 
NJ: Noyes Data Corporation, 1985. , p. 5441 **PEER REVIEWED** 

... A H I G H  INTAKE OF PHOSPHATE FAVORS SKELETAL STORAGE OF LEAD 
& A LOWER CONCENTRATION I N  SOFT TISSUES. CONVERSELY, A LOW 
PHOSPHATE INTAKE M O B I L I Z E S  LEAD I N  BONE & ELEVATES I T S  CONTENT 
I N  SOFT TISSUES. H I G H  INTAKE OF CALCIUM I N  THE ABSENCE OF 
ELEVATED INTAKE OF PHOSPHATE HAS A S I M I L A R  EFFECT, OWING TO 
COMPETITION W I T H  LEAD FOR A V A I L  PHOSPHATE. V I T A M I N  D TENDS TO 
PROMOTE THE DEPOSIT ION OF LEAD IN BONE I F  SUFFICIENT AMT OF 
PHOSPHATE I S  AVAIL;  OTHERWISE, DEPOSIT ION OF CALCIUM PREEMPTS 
THAT OF LEAD. PARATHYROID HORMONE & DIHYDROTACHYSTEROL MOBILIZE 
LEAD FROM SKELETON & AUGMENT THE CONCN OF LEAD I N  BLOOD & I T S  
RATE OF URINARY EXCRETION. / I N O R G A N I C  LEAD/ [Gilman, A.G., 
L.S.Goodman, and A. Gilman. (eds.). Goodman and Gilman‘s The 
Pharmacological Basis of  Therapeutics. 7 th  ed. New York: 
Macmillan Publ ish ing Co., Inc., 1985. , p. 16071 **PEER 
REVIEWED** 

INTERACTIONS 

INTERACTIONS 

INTERACTIONS 
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INTERACTIONS 
Cor t i cos te ro ids  should no t  be g iven i n  lead poisoning as severe 
symptoms may be p rec ip i t a ted .  Morphine may excerbate cerebra l  
symptoms. / Inorgan ic  lead/ [Reynolds, J.E.F., Prasad, A.B. 
(eds.) Mart indale-The Ex t ra  Pharmacopoeia. 28th ed. London: The 
Pharmaceutical Press, 1982. , p. 9361 **PEER REVIEWED** 

Syne rg i s t i c  e f f e c t  o f  the simultaneous exposure of  r a t s  t o  lead 
& cadmium a t  25 ug/day/kg body w t  ( I M ,  IP) f o r  70 days produced 
the  absence o f  spermatogenesis as observed from h i s t o l o g i c a l  
study. / Inorgan ic  lead; from tab le /  [Nat ional  Research Council. 
D r i n k i n g  Water and Health, Volume 6. Washington, D.C.: Nat iona l  
Academy Press, 1986. , p. 741 **PEER REVIEUED** 

Lead exposure dur ing the development o f  f o l a t e  de f i c i ency  i n  
male Sprague-Dawiey r a t s  resu l ted  i n  a l t e r a t i o n s  i n  2 of the 
parameters d iagnos t i c  o f  the i n d i v i d u a l  cond i t ions.  Decreases 
i n  e ry th rocy te  mean corpuscular volume (MCV) occur dur ing lead 
poisoning, wh i l e  increases occur dur ing the development o f  
f o l a t e  def ic iency.  S i g n i f i c a n t  reduct ions i n  mean corpuscular 
volume were observed i n  both  the c o n t r o l  + lead and i n  the low 
f o l a t e  + lead groups. The increased mean corpuscular volume 
c h a r a c t e r i s t i c  o f  f o l a t e  de f i c i ency  was prevented by the 
concomitant lead exposure. E levat ions i n  f r e e  ery throcyte  
pro toporphyr in  (FEP) l e v e l s  are  c h a r a c t e r i s t i c  of  lead 
i n tox i ca t i on ;  f r e e  e ry th rocy te  pro toporphyr in  l eve l s  dec l i ne  
du r ing  f o l a t e  def ic iency.  f r e e  e ry th rocy te  pro toporphyr in  
l e v e l s  were s i g n i f i c a n t l y  elevated on l y  i n  the  con t ro l  + lead 
group. / Inorgan ic  lead/ [Rader J1 e t  at; Drug-Nutr I n t e r a c t  1 
(2) :  131-42 (198311 **PEER REVIEWED** 

Admin i s t ra t i on  o f  ethanol (10% ad l i b i t u m  i n  d r i n k i n g  water) 
had no e f f e c t  on the t o x i c i t y  o f  lead t o  r a t s  as measured by 
u r i n a r y  ALA excret ion, rena l  weight, o r  lead concn i n  the 
kidneys, l i v e r ,  o r  bones. /Lead cmpd/ [Mchaffey K; Environ 
Health Perspect 7: 107-13 (1974) as c i t e d  i n  WHO; Environ 
Health C r i t e r i a :  Lead p.97 (1977)l **PEER REVIEWED** 

MINERALS SUCH AS CALCIUM, IRON, Z I N C ,  COPPER, AND PHOSPHORUS 
INTERACT UITH LEAD & INFLUENCE I T S  LEAD METABOLISM & T O X I C I T Y  
I N  MAMMALS. ... SUSCEPTIBILITY OF RATS TO LEAD I N T O X I C A T I O N  IS 
INCR ... BY LOU INTAKE OF CALCIUM ... TRANSFER ... TO NEWBORN & 
WEANLING PUPS I N C R  I N  CALCIUM D E F I C I E N T  R A T S  ... I R O N  
DEFICIENCY MARKEDLY INCR ADVERSE EFFECTS OF LEAD. ... 
/ Inorgan ic  lead/ [Venugopal, E. and T.D. Luckey. Metal  T o x i c i t y  
i n  Mamnals, 2. New York: Plenum Press, 1978. , p. 1941 **PEER 
REVIEWED** 

LACTOSE HYDROLYZED M I L K  CONSUMPTION BY RATS FED LESS THAN 20 
MUG PB/G D I E T  OVER 8 UK SHOWED TISSUE LEAD CONCN INCR I N  RATS 
FED LOU CONCN OF LEAD & MILK SIMULTANEOUS. LACTOSE WAS 
APPARENTLY THE FACTOR I N  MILK RESPONSIBLE FOR T H I S  I N C R .  
/ Inorgan ic  lead/ [BELL RR ET AL; FOOD COSMET TOXICOL 19 (4):  
429-36 (1981)l **PEER REVIEWED** 

Zinc g iven i n  d i e t  w i t h  lead pro tec ted horses against t o x i c  
e f f e c t s .  ... Probably, t h i s  e f f e c t  was not  due t o  i n h i b i t i o n  o f  
lead absorpt ion. Zinc supplementation a c t u a l l y  caused an  i n c r  
i n  the  lead content o f  l i v e r  and kidney, but  a decr i n  the Lead 
content o f  b r a i n  and bone. / Inorgan ic  lead/ [Ui l loughby RA e t  
a l ;  Vet Rec 91: 382-383 (1972) as c i t e d  i n  WHO; Environ Health 
C r i t e r i a :  Lead p.97 (197711 **PEER REVIEUED** 

... Lead i n t e r f e r e s  ... w i t h  synapt ic  t ransmission i n  the 
pe r iphe ra l  nervous system and ... the e f f e c t s  can be reversed 
by calcium. /Lead cmpd/ [Kos t i a l  K, Vor ik  VB; B r i t  J Phermacol, 
Chemother 12: 219-22 (1957) as c i t e d  i n  WHO; Environ Health 
C r i t e r i a :  Lead p.89 (197711 **PEER REVIEWED** 

INTERACTIONS 

INTERACTIONS 

INTERACTIONS 

INTERACTIONS 

INTERACTIONS 

INTERACTIONS 

INTERACTIONS 

NATURAL OCCURRING SWRCES 
LEAD CHROMATE OCCURS I N  NATURE AS THE MINERALS CROCOITE & 
PHOENICOCHROITE. I I A R C .  Monographs on the Eva luat ion of  t he  
Carcinogenic Risk o f  Chemicals t o  Man. Geneva: World Health 
Organizat ion, I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 
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1972-PRESENT. (Multivolume work). V2 109 (197311 **PEER 
REVIEWED** 

Lead producing i ndus t r y  (es t  releases t o  the  environment): 
p r imary  lead: 893 ton/yr  (atmosphere), 200-500 ton/yr (waste 
water), 21,000 ton/yr  (land); secondary lead: 750 ton/yr  
(atmosphere), 3,260 ton/yr  (land); secondary brass and bronze: 
47 ton/yr  (atmosphere), 10 ton/yr  (waste water), 460 ton /y r  
(land). Lead consuning i ndus t r i es  (es t  releases t o  the 
environment): b a t t e r y  manufacture: 82 ton/yr  (atmosphere), 
1-340 ton/yr  (waste water), 40 ton/yr  ( land)  lead a l k y l  
manufacture: 1000 ton/yr  (atmosphere), 60 ton/yr  (waste water); 
lead oxides and pigments: 112 ton/yr  (atmosphere), 200 ton/yr  
( land);  lead s t a b i l i z e r s :  40 ton/yr  (atmosphere), 40 ton/yr  
( land);  cab le  cover ing: 113 ton/yr  (atmosphere); type metal: 
435 ton/yr  (atmosphere); can solder ing: 60 ton/yr  (atmosphere); 
ceramics: 600 ton/yr  (atmosphere). I n d i r e c t  sources (es t  
re leases o f  lead t o  the  environment); gasol ine d i s t r i b u t i o n :  
420 ton /y r  (atmosphere); gaso l ine combustion: 122,000 ton/yr  
(atmosphere); waste o i l  d isposal :  3,400 ton/yr  (atmosphere), 
4,600 ton /y r  (land); coal  combustion: 225 ton/yr  (atmosphere), 
4,275 ton /y r  (land); o i  l combustion: 100 ton/yr  (atmosphere); 
cement manufacture: 312 ton/yr  (atmosphere); i r o n  and s t e e l  
manufacture: 605 ton/yr  (atmosphere); grey i r o n  products: 1,080 
ton/yr  (atmosphere); f e r r o  a1 l o y  production; 30 ton/yr; s o l i d  
waste i nc ine ra t i on :  1,170 ton/yr  (atmosphere); sludge d isposa l :  
5 t on /y r  (atmosphere), 2,400 ton/yr  ( land).  /Lead and lead 
cmpds/ [USEPA; The Health and Environmental Impacts of  Lead: 

ARTIFICIAL SOURCES 

p.122 (1979) EPA 560/2-79-0011 **PEER REVIEWED** 
ARTIFICIAL SOURCES ... Wastes generated by the ... zinc  i ndus t r y  which are  

deposi ted on the  land (slags, dust, sludge, and water treatment 
residues) resu l ted  i n  an es t  o f  1,010 metr ic  tons o f  contained 
lead. / Inorgan ic  lead/ [USEPA; The Health and Environmental 
Impacts o f  Lead: p.127 (1979) EPA 560/2-79-0011 **PEER 
REVIEWED** 

Mining, smelt ing, and r e f i n i n g  as wel l  as the manufacture o f  
lead conta in ing cmpd and goods, g i ve  r i s e  t o  lead p o l l u t i o n .  
/ Inorgan ic  lead/ [WHO; Environ Health C r i t e r i a :  Lead p.34-5 
(19771 **PEER REVIEWED** 

Coal f i r e d  power p lants ,  ceramic manufacturing, and mine 
seepage. /Lead/ [Na t ' l  Research Council Canada: E f f e c t s  o f  Lead 
i n  the Canadian Env i r  p.76 (1978) NRCC No.0316-01141 **PEER 
REVIEWED** 

T e r r e s t r i a l  Fate: Most s o i l  chromium i s  i n  mineral ,  absorbed, 
o r  p r e c i p i t a t e d  form. Chromium probably occurs as the i nso lub le  
C r ( I I 1 )  ox ide (Cr203.nH20) i n  s o i l ,  as the organic matter i n  
s o i l  i s  expected t o  reduce any so lub le  chromate t o  i nso lub le  
chromic ox ide (Cr203). Chromiun i n  s o i l  can be t ranspor ted t o  
the  atmosphere by way o f  aerosol  format ion. Chromium i s  a l so  
t ranspor ted from s o i l  through runo f f  and leaching o f  water. 
Runoff cou ld  remove both chromiun ions and b u l k  p r e c i p i t a t e s  o f  
chromium, w i t h  f i n a l  depos i t i on  on e i t h e r  a d i f f e r e n t  land area 
o r  a water body. In addi t ion ,  f l ood ing  o f  s o i l s  and the 
subsequent anaerobic decomposition o f  plant matter may increase 
d i s s o l u t i o n  o f  C r ( I I 1 )  oxides i n  the s o i l .  /Chromium/ [USEPA; 
Health Assessment Document: Chromium p.3-20 (1984) EPA 
600/8-83-O14F] **PEER REVIEWED** 

ARTIFICIAL SOURCES 

A R T I F I C I A L  SOURCES 

ENVIRONMENTAL FATE 

ENVIRONMENTAL FATE 
Atmospheric Fate: Chromiun p a r t i c l e s  o f  aerodynamic equ iva lent  
diameter < 20 urn may remain a i rborne f o r  long per iods and may 
be t ranspor ted great  distances by wind cur rents  and d i f f u s i o n  
forces. Therefore, atmospheric cond i t ions p l a y  an important 
r o l e  i n  determining the chromiun concent ra t ion around emission 
s i t e s .  /Chromium/ [USEPA; Health Assessment Document: Chromium 
p.3-17 (1984) EPA 600/8-83-014FI **PEER REVIEWED** 

ENVIRONMENTAL FATE 
Aquat ic Fate: ... Most o f  the chromium i n  surface waters may be 
present i n  p a r t i c u l a t e  form as sediment. Some o f  the 
p a r t i c u l a t e  chromium would remain as suspended mat ter  and 
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u l t i m a t e l y  be deposi ted i n  sediments. ... The exact chemical 
forms o f  chromium i n  sur face waters a re  not  w e l l  defined. 
Although most o f  t he  so lub le  chromium i n  sur face waters may be 
present as C r ( V I ) ,  a smal l  amount may be present as C r ( I I 1 )  
organ ic  complexes. C r ( V 1 )  i s  t he  major s tab le  form o f  chromium 
i n  seawater; however, Cr(V1) may be reduced t o  C r ( I I 1 )  by 
organic mat ter  present i n  water, and may even tua l l y  deposi t  i n  
sediments. /Chromium/ [USEPA; Health Assessment Docment: 
Chromiun p.3-18 (1984) EPA 600/8-83-014Fl **PEER REVIEWED** 

Aquat ic Fate: Cr(V1) r a r e l y  occurs i n  nature, apar t  from 
anthropogenic sources, because i t  i s  r e a d i l y  reduced by 
ox id i zab le  organic matter.  However, a f t e r  i t  i s  introduced i n t o  
water, Cr(V1) f requen t l y  remains unchanged i n  many n a t u r a l  
water sources because o f  a low concent ra t ion o f  reducing 
matter.  /Hexavalent chromium/ [USEPA; Health Assessment 
Document: Chromiun p.3-5 (1984) EPA 600/8-83-014FI **PEER 
REVIEWED** 

Atmospheric Fate: Under normal cond i t ions,  C r ( l I 1 )  and Cr(0) 
a re  r e l a t i v e l y  unreact ive  i n  the atmosphere. C r ( V 1 )  i n  a i r  may 
react  w i t h  p a r t i c u l a t e  matter o r  gaseous p o l l u t a n t s  t o  form 
C r ( I I 1 ) .  However, these atmospheric react ions have not  been 
ex tens i ve l y  studied. ... Chromium i s  removed from a i r  through 
wet and d r y  deposi t ions. The t o t a l  y e a r l y  depos i t i on  o f  
chromium i n  urban areas may vary  from 0.12 ug/sq m t o  3 ug/sq 
m. I n  general, urban areas have higher t o t a l  depos i t i on  than 
r u r a l  areas. Chromium concent ra t ion i n  a wet depos i t i on  may 
vary  from 0.004 t o  0.060 ug/ml and 0.0006 t o  0.034 u g / l  f o r  
urban and r u r a l  areas, respect ive ly .  The p r e c i p i t a t e d  chromium 
from the  a i r  enters  sur face water o r  s o i l .  /Chromim/ [USEPA; 
Health Assessment Document: Chromium p.3-17 (1984) EPA 
600/8-83-014FI **PEER REVIEWED** 

Aquat ic Fate: Cr(V1) e x i s t s  i n  s o l u t i o n  as hydrochromate, 
chromate, and dichromate i o n i c  species. The p ropo r t i on  o f  each 
i o n  i n  s o l u t i o n  i s  dependent on pH. I n  s t rong ly  bas ic  and 
n e u t r a l  pHs, the chromate form predominates. As the pH i s  
lowered, t he  hydrochromate concent ra t ion increases. A t  very  low 
pHs, the dichromate species predominates. I n  the pH ranges 
encountered in  na tu ra l  water, the predominant forms are  
hydrochromate ions (63.6%) a t  pH 6.0 t o  6.2 and chromate i on  
(95.7/.) a t  pH 7.8 t o  8.5. The o x i d i z i n g  a b i l i t y  o f  C r ( V 1 )  i n  
aqueous s o l u t i o n  i s  pH dependent. The ox ida t i on  p o t e n t i a l  o f  
C r ( V 1 )  increases a t  lower pHs. /Hexavalent chromium/ [USEPA; 
Health Assessment Document: Chromium p.3-1 (1984) EPA 
600/8-83-014F] ""PEER REVIEWED** 

ENVIRONMENTAL FATE 
T e r r e s t r i a l  fa te :  Leaching o f  lead can be r e l a t i v e l y  r a p i d  from 
some s o i l s ,  e s p e c i a l l y  a t  h i g h l y  contaminated s i t e s  o r  
l a n d f i l l s .  / Inorgan ic  lead/ [Kayser, R., D. S te r l i ng ,  D. 
V i v i a n i  (eds.). Intermedia P r i o r i t y  P o l l u t a n t  Guidance 
Documents. Washington, DC: U.S.Environnenta1 P ro tec t i on  Agency, 

ENVIRONMENTAL FATE 

ENVIRONMENTAL FATE 

ENVIRONMENTAL FATE 

J u l y  1982. 1-41 **PEER REVIEWED** 
ENVIRONMENTAL FATE 

T e r r e s t r i a l  Fate: Lead i n  s o i l  i s  r e l a t i v e l y  imnobi le and can 
p e r s i s t  f o r  long per iods o f  time, whether added t o  the s o i l  as 
ha l ides,  hydroxides, oxides, carbonates o r  s u l f a t e s  ( f rom the 
combustion o f  automotive f u e l s  o r  from i n d u s t r i a l  processes), 
as lead arsenate, i nsec t i c i des ,  o r  as an impur i t y  i n  
f e r t i l i z e r s  o r  a component o f  wastewater. / Inorgan ic  lead/ 
[USEPA; The Health and Environmental Impacts o f  Lead: p.168 
(1979) EPA 560/2-79-0011 **PEER REVIEWED** 

T e r r e s t r i a l  f a te :  S o i l s  represent the major s ink  f o r  p o l l u t a n t  
lead. The adsorpt ion o r  p r e c i p i t a t i o n  o f  lead i n  s o i l s  i s  
promoted by the presence of organic matter,  carbonates, and 
phosphate minerals.  Lead usua l l y  accumulates i n  t o p s o i l  due t o  
complexation w i th  organic matter and the t ransformat ion o f  
so lub le  lead compounds t o  r e l a t i v e l y  i nso lub le  s u l f a t e  o r  
phosphate de r i va t i ves .  The e f f i c i e n t  f i x a t i o n  of  lead by most 
s o i l s  g r e a t l y  l i m i t s  the t r a n s f e r  o f  lead t o  aquat ic  systems 
and a l s o  i n h i b i t s  absorpt ion o f  lead by p lan ts .  However, 

ENVIRONMENTAL FATE 
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leaching o f  lead can be r e l a t i v e l y  r a p i d  from some s o i l s ,  
e s p e c i a l l y  a t  h i g h l y  contaminated s i t e s  o r  l a n d f i l l s .  
/ Inorgan ic  lead/ [Kayser, R., D. S te r l i ng ,  D. V i v i a n i  (eds.). 
Intermedia P r i o r i t y  Po l l u tan t  Guidance Documents. Washington, 
DC: U.S.Environmenta1 P ro tec t i on  Agency, Ju l y  1982. 1-41 **PEER 
REVIEWED** 

SOIL ADSORPTION/MOBILITY 
Lead i n  s o i l  i s  r e l a t i v e l y  imnobi le and can p e r s i s t  f o r  long 
per iods o f  time, whether added t o  the  s o i l  as hal ides, 
hydroxides, oxides, carbonates or s u l f a t e s  ( f rom the combustion 
o f  automotive f u e l s  o r  from i n d u s t r i a l  processes), as Lead 
arsenate, i nsec t i c i des ,  o r  as an impurity i n  f e r t i l i z e r s  o r  a 
component o f  waste water. / Inorgan ic  lead/ CUSEPA; The Health 
and Env i romen ta l  Impacts o f  Lead: p.168 (1979) EPA 
560/2-79-0011 **PEER REVIEWED** 

S O I L  ADSORPTION/MOBILITY 
Lead i n  the  s o i l  has a l i m i t e d  m o b i l i t y  except when so lub le  
organ ic  complexes o r  when the  s o i l  lead (Pb) exchange capac i ty  
approaches sa tu ra t i on .  Three processes; adsorpt ion a t  minera l  
surfaces ( o r  on hydrous i r o n  oxides), fo rmat ion o f  s tab le  
organ ic  complexes, and p r e c i p i t a t i o n  o f  spa r ing l y  so lub le  Pb 
cmpd (su l fa tes ,  phosphates, carbonates), ac t  t o  l i m i t  Pb 
a v a i l a b i l i t y  t o  p l a n t s  from the s o i l .  Pb i s  most ava i l ab le  from 
a c i d i c  sandy s o i l s  which conta in  l i t t l e  ma te r i a l  capable o f  
b ind ing  Pb. / Inorgan ic  lead/ CNat’l Research Council Canada; 
E f f e c t s  o f  Lead i n  the Canadian Environment p.168 (1978) NRCC 
No. 167361 **PEER REVIEWED** 

SOIL ADSORPTION/MOBILITY 

WATER 

WATER 

WATER 

WATER 

... Lead (Pb) s o r p t i o n  capac i ty  o f  invest igated humus forms 
decreased i n  the order m u l l  > moder > mor / s o i l s /  /SRP: ie,  
increas ing organic mat ter  content/ .  S o i l  r e s p i r a t i o n  was 
i n h i b i t e d  a f t e r  a d d i t i o n  o f  10 mg Pb/g s o i l  a t  Pb concn greater  
than 1 ug Pb/ml o f  s o i l  s o l n  o f  mor and moder p r o f i l e s .  H igh ly  
s i g n i f i c a n t  p o s i t i v e  regression c o e f f i c i e n t s  were obtained f o r  
decr i n  s o i l  r e s p i r a t i o n  and decr i n  dehydrogenase, phosphatase 
and a r y l s u l f a t a s e  a c t i v i t i e s  o f  0-hor izons. ... A f t e r  add i t i ons  
o f  200 mg Pb/g s o i l  b i o l o g i c a l  a c t i v i t i e s  o f  i nves t i ga ted  humus 
layers  were a l s o  a f f e c t e d  by a marked i n c r  o f  a c i d i t y  o f  s o i l  
so ln .  / Inorgan ic  lead/ [Wi lke B-M; 2 Pflanzenernaehr Bodenkd 
145(1): 52-65 (1982)l **PEER REVIEWED** 

Median chromium concentrat ions i n  USA d r i n k i n g  waters (ug/ l  o r  
ppb): t a p  water, Da l las ,  TX:  4.0 (1.0 t o  20); 100 largest  
c i t i e s ,  US (1962): 0.4 (0.2 t o  35); 380 f i n i s h e d  waters, US 
(1962-1967): 7.5 (1.0 t o  29); 3834 t a p  waters, US (1974-1975): 
1.8 (0.4 t o  8); 83 Midwestern c i t i e s ,  US: range of < 5.0 t o  
17.0; and 115 Canadian m u n i c i p a l i t i e s  (1975-1977): < 2.0 ( <  2.0 
t o  4.1). /Chromium/ CUSEPA; Health Assessment Document: 
Chromium p.3-27 (1984) EPA 600/8-83-014FI **PEER REVIEWED** 

Median d isso lved chromium leve l s  i n  Great Lakes waters: Lake 
Superior, 1.0 (0.2-18) ppb; Lake Huron, 1.6 (0.2-19) ppb; Lake 
E r ie ,  1.6 (0.2-14) ppb; and Lake Ontar io,  0.7 (0.2-12) ppb. The 
d e t e c t i o n  l i m i t  f o r  d isso lved chrciniun i s  approximately 0.2 
ppb. /Chromiun/ [Na t ‘ l  Research Council Canada; E f f e c t s  o f  
Chromium i n  the Canadian Env i roment  p.37 (1976) NRCC No. 
150171 **PEER REVIEWED** 

Natura l  chromium l e v e l s  ( t o t a l  d isso lved and undissolved 
chromium) i n  ra inwater  range from 2.0 t o  3.6 ng/cu m. 
/Chromium/ CNat’L Research Council Canada; E f f e c t s  o f  Chromium 
i n  the  Canadian Envirorment p.35 (1976) NRCC No. 150171 **PEER 
REVIEWED** 

Frequency o f  d isso lved chromium l e v e l s  i n  Canadian streams and 
r i v e r s :  < 10 ppb, 4163 samples (95.9%); 10-14 ppb, 92 samples 
(2.12%); 15-24 ppb, 62 samples (1.43%); 25-49 ppb, 19 samples 
(0.44%); 50-99 ppb, 4 samples (0.092%); and 100-500 ppb, 2 
samples (0.046%). /Chromim/ CNat’l Research Council Canada; 
E f f e c t s  o f  Chromium i n  the Canadian Environment p.35 (1976) 
NRCC No. 150171 **PEER REVIEWED** 

CONCENTRATIONS 

CONCENTRATIONS 

CONCENTRATIONS 

CONCENTRATIONS 

EFFLUENTS CONCENTRATIONS 
BECAUSE LEAD CHROMATE I S  INSOL I N  WATER, I T  SEEMS UNLIKELY THAT 
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I T  OCCURS I N  S I G N I F I C A N T  QUANTITIES I N  WASTE STREAMS FROM 
PLANTS PRODUCING OR USING I T .  I I A R C .  Monographs on the  
Eva luat ion o f  t he  Carcinogenic Risk o f  Chemicals t o  Man. 
Geneva: World Health Organization, I n te rna t i ona l  Agency f o r  
Research on Cancer, 1972-PRESENT. (Multivolume work). V2 109 
(1973)l **PEER REVIEWED** 

S o l i d  waste streams conta in ing Cr(V1) c o n s t i t u t e  the pr imary  
problem area i n v o l v i n g  chromium s o l i d  wastes. Wastes r e s u l t i n g  
from the  roas t i ng  and leaching steps i n  the  chromate 
manufactur ing process t r a d i t i o n a l l y  conta in  res idua l  Cr(V1). I f  
l a n d f i l l e d ,  t he  res idua l  C r ( V 1 )  can s low ly  leach i n t o  
surrounding waters v i a  desorpt ion and d ispropor t ionat ion.  An 
est imate o f  the t o t a l  amount o f  chromium released i n t o  s o i l  and 
groundwater as a r e s u l t  o f  the leaching o f  chromium-containing 
s o l i d  wastes i s  no t  ava i l ab le .  /Hexavalent chromium/ CUSEPA; 
Health Assessment Document: Chromium p.3-17 (1984) EPA 
600/8-83-014FI **PEER REVIEWED** 

Chromium l e v e l s  i n  s o i l  vary  w i t h  s o i l  o r i g i n  and degree o f  
contaminat ion from anthropogenic sources. Tests on domestic 
s o i l  have shown avg chromium concentrat ions ranging from 14-70 
ppm. /Chromium/ [USEPA; Health Assessment Document: Chromium 

EFFLUENTS CONCENTRATIONS 

SEDIMENT/SOIL CONCENTRATIONS 

p.2-3 (1984) EPA 600/8-83-014F1 **PEER REVIEWED** 
SEDIMENT/SOIL CONCENTRATIONS 

Chromium i s  present u s u a l l y  as C r ( I I 1 )  i n  the s o i l  and i s  
character ized by i t s  lack  o f  m o b i l i t y ,  except i n  cases where 
Cr(V1) i s  involved. Chromium(V1) o f  na tu ra l  o r i g i n  i s  r a r e l y  
found. /T r i va len t  and hexavalent chromium/ CNat'l Research 
Counci l  Canada; E f f e c t s  o f  Chromium i n  the Canadian Envirorment 
p.40 (1976) NRCC No. 150171 **PEER REVIEWED** 

Lead u s u a l l y  accumulates i n  t o p s o i l  due t o  complexation w i th  
organ ic  matter and the t ransformat ion o f  so lub le  lead cmpd t o  
r e l a t i v e l y  i nso lub le  s u l f a t e  o r  phosphate de r i va t i ves .  
/ Inorgan ic  lead/ [Kayser, R., D. Ste r l i ng ,  D. V i v i a n i  (eds.). 
Intermedia P r i o r i t y  Po l l u tan t  Guidance Docunents. Washington, 
DC: U.S.Environmental P ro tec t i on  Agency, J u l y  1982. 1-41 **PEER 
REVIEWED** 

... A n  avg range i n  s o i l s  from areas remote o f  human a c t i v i t y  
i s  5-25 mg/kg. / Inorgan ic  lead/ [Swaine DJ; Commonwealth Bur 
Soic Sci Technol Comnun p.48 (1955) as c i t e d  i n  WHO; Environ 
Health C r i t e r i a :  Lead p.30 (197711 **PEER REVIEWED** 

Background ambient a i r  concentrat ions o f  t o t a l  chromium have 
ranged from as Low as 0.005 ng/cu m ( a t  the  South Pole) t o  1.1 
ng/cu m in  other  remote areas of  t he  world. I n  the Uni ted 
States, recent moni tor ing o f  the ambient a i r  i n  many urban and 
non-urban areas has shown t o t a l  chromium concentrat ions 
averaging i n  the  range o f  approximately 0.005-0.157 ug/cu m. 
The maximum 24-hour average concent ra t ion found f o r  any one 
s i t e  was 0.684 ug/cu m i n  the Balt imore, MD area. Because 
C r ( I I 1 )  i s  h i g h l y  s tab le  and Cr(V1) reacts  over t ime t o  form 
C r ( I I I ) ,  i t  i s  assuned t h a t  most chrciniun i n  ambient a i r  occurs 
i n  the  t r i v a l e n t  s ta te .  /Chromiun/ [USEPA; Health Assessment 
Document: Chromium p.2-3 (1984) EPA 600/8-83-014FI **PEER 
REVIEWED** 

Remote-sampling data  from a number o f  i nves t i ga to rs  p o i n t  t o  a 
wor ld  background chromium concn i n  lower atmosphere aerosols i n  
the  range o f  0.3 t o  2 ng/cu m, w i t h  an average near 1 ng/cu m. 
... No repo r t s  /were found/ which descr ibe the chemical forms 
o f  chromium i n  aerosol  p a r t i c u l a t e  matter o r  rainwater.  
/Chromium/ [Nat ' l  Research Council Canada; E f f e c t s  o f  Chromium 
i n  the  Canadian Environment p.33 (1976) NRCC No. 150171 **PEER 
REVIEWED** 

Urban s t a t i o n s  concn o f  Pb: 1.1 ug/cu m, non-urban s ta t i ons :  
0.21 ug/cu m, remote areas: 0.02 ug/cu in. / Inorganic lead/ 
CMcMullen TB e t  a l ;  J A i r  P o l l u t  Control  Assoc 20 p.269 (1970) 
as c i t e d  i n  WHO; Envi ron Health C r i t e r i a :  Lead p.45 (1977)l 
**PEER REVIEWED** 

SEDIMENT/SOIL CONCENTRATIONS 

SEDIMENT/SOIL CONCENTRATIONS 

ATMOSPHERIC CONCENTRATIONS 

ATMOSPHERIC CONCENTRATIONS 

ATMOSPHERIC CONCENTRATIONS 
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FOOD SURVEY VALUES 
Background ambient a i r  concentrat ions o f  t o t a l  chromium have 
ranged from as low as 0.005 ng/cu m ( a t  t he  South Pole) t o  1.1 
ng/cu m i n  other  remote areas o f  the world. I n  the  Uni ted 
States, recent moni tor ing o f  the ambient a i r  in many urban and 
non-urban areas has shown t o t a l  chromium concentrat ions 
averaging i n  the  range o f  approximately 0.005-0.157 ug/cu m. 
The maximum 24-hour average concent ra t ion found f o r  any one 
s i t e  was 0.684 ug/cu m i n  the Balt imore, MD area. Because 
C r ( 1 I I )  i s  h i g h l y  s t a b l e  and C r ( V 1 )  reacts  over t ime t o  form 
C r ( I I I ) ,  i t  i s  assumed t h a t  most chromium i n  ambient a i r  occurs 
i n  t h e  t r i v a l e n t  s ta te .  /Chromium/ [USEPA; Health Assessment 
Document: Chromium p.2-3 (1984) EPA 600/8-83-014FI **PC 
REVIEWED** 

... Lead i s  a l s o  excreted i n  human m i l k  i n  concentrat ions ... 
up t o  12 ug/ l .  [Fr iberg, L., Nordberg, G.F., Kessler, E. and 
Vouk, V.B. (eds). Handbook o f  t he  Toxicology o f  Metals. 2nd ed. 
Vo ls  I, 11.: Amsterdam: E l sev ie r  Science Publ ishers B.V., 1986. 
V2 3141 **PEER REVIEWED** 

The p r i n c i p a l  route  o f  exposure i s  food, but  i t  i s  usua l l y  
environemtal  & presumably c o n t r o l l a b l e  sources t h a t  produce 
excess exposure. ... These sources inc lude ... lead i n  a i r  from 
combustion o f  lead con ta in ing  auto  exhausts o r  i n d u s t r i a l  
emissions, lead based pa in t ,  hand t o  mouth a c t i v i t i e s  o f  young 
c h i l d r e n  l i v i n g  in  p o l l u t e d  environments, &, less comnonly, 
lead dust brought home by i n d l i s t r i a l  workers on t h e i r  c lo thes & 
shoes, & lead glazed earthen ware, / Inorganic lead/ [Doull, J., 
C.D.Klassen, and M.D. Amdur (eds.). Casarett  and D o u l l ' s  
Toxicology. 3 r d  ed., New York: Macmillan Eo., Inc., 1986. , p. 
5981 **PEER REVIEWED** 

LEAD POISONING I N  CHILDREN I S  A FAIRLY COMMON RESULT OF THEIR 
I N G E S T I O N  OF P A I N T  C H I P S  FROM OLD BUILDINGS. PAINTS APPLIED TO 
DWELLINGS BEFORE WORLD WAR 11, WHEN LEAD CARBONATE (WHITE)  & 
LEAD OXIDE (RED) WERE COMMON CONSTITUENTS OF BOTH INTERIOR & 
EXTERIOR HOUSE PAINT,  ARE PRIMARILY RESPONSIBLE I N  SUCH PAINT,  
LEAD MAY CONSTITUTE 5 TO 40% OF DRIED SOLIDS. YOUNG CHILDREN 
ARE POISONED MOST OFTEN BY NIBBLING LEAD-PAINTED WINDOWSILLS & 
FRAMES. / INORGANIC LEAD/ TGiIman, A.G., L.S.Goodman, and A. 
Gilman. (eds.). Goodman and Gilman's The Pharmacological Basis 
o f  Therapeutics. 7 t h  ed. New York: Macmillan Publ ish ing Co., 
Inc., 1985. , p. 16061 **PEER REVIEWED** 

Eat ing o f  lead p a i n t  by c h i l d r e n  and d r i n k i n g  o f  lead 
contaminated, d i s t i l l e d  (moonshine) whiskey a re  important 
sources o f  non i n d u s t r i a l  poisoning. . _. Exposure t o  burning 
b a t t e r y  cast ings, d r i n k i n g  o f  l i q u i d s  from improperly f i r e d ,  
lead glazed containers,  and h igh  l e v e l s  o f  a i rborne lead. 
[NIOSH; C r i t e r i a  Document: Inorganic Lead p.111-3 (1978) DHEW 
Pub. NIOSH 78-1581 **PEER REVIEWED** 

PROBABLE ROUTES OF HUMAN EXPOSURE 
Poor work hygiene, smoking dur ing work ( p o l l u t i o n  o f  tobacco; 
p o l l u t e d  f i n g e r s  wh i l e  smoking), poor personal hygiene may 
cons iderab ly  increase t o t a l  exposure mainly by the  o r a l  route.  
/ Inorgan ic  lead/ [ I n te rna t i ona l  Labour Of f ice .  Encyclopedia o f  
Occupational Health and Safety.  Vols. I & I I .  Geneva, 
Switzer land: I n t e r n a t i o n a l  Labour O f f i ce ,  1983. , p. 12013 
**PEER REVIEWED** 

PROBABLE ROUTES OF HUMAN EXPOSURE 
Inges t i on  o f  dust,  i n h a l a t i o n  o f  dust o r  fune, s k i n  and eye 
contact.  / Inorgan ic  lead compounds/ [ S i t t i g ,  M. Handbook o f  
Toxic and Hazardous Chemicals and Carcinogens, 1985. 2nd ed. 
Park Ridge, NJ: Noyes Data Corporation, 1985. , p. 5441 **PEER 
REVIEWED** 

... Man absorbs lead i n  smal l  amounts, which normal ly does not  
cause poisoning, from food, water, and a i r .  / Inorgan ic  Lead/ 
[NIOSH; C r i t e r i a  Docunent: Inorganic Lead p.111-3 (1978) DHEW 
Pub. NIOSH 78-1581 **PEER REVIEWED** 

The t o x i c o l o g i c a l l y  important routes of  en t r y  are  inha la t ion,  

MILK CONCENTRATIONS 

PROBABLE ROUTES OF HUMAN EXPOSURE 

PROBABLE ROUTES OF HUMAN EXPOSURE 

PROBABLE ROUTES OF HUMAN EXPOSURE 

PROBABLE ROUTES OF HUMAN EXPOSURE 
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FOOD SURVEY VALUES 
Background ambient a i r  concentrat ions o f  t o t a l  chromium have 
ranged from as low as 0.005 ng/cu m ( a t  the South Pole) t o  1.1 
ng/cu m i n  o ther  remote areas o f  the world. I n  the Uni ted 
States, recent moni tor ing o f  the ambient a i r  i n  many urban and 
non-urban areas has shown t o t a l  chromium concentrat ions 
averaging i n  the  range o f  approximately 0.005-0.157 ug/cu m. 
The maximum 24-hour average concent ra t ion found f o r  any one 
s i t e  was 0.684 ug/cu m i n  the Baltimore, MD area. Because 
C r ( 1 l I )  i s  h i g h l y  s tab le  and Cr(V1) reacts  over t ime t o  form 
C r ( I I I ) ,  i t  i s  assumed t h a t  most chromium i n  ambient a i r  occurs 
i n  the  t r i v a l e n t  s ta te .  /Chromium/ [USEPA; Health Assessment 
Document: Chromium p.2-3 (1984) EPA 600/8-83-014F1 **QC 
REVIEWED** 

... Lead i s  a l s o  excreted i n  hman  m i l k  i n  concentrat ions ... 
up t o  12 ug/ l .  [Fr iberg, L., Nordberg, G.F., Kessler, E. and 
Vouk, V.B. (eds). Handbook o f  the Toxicology o f  Metals. 2nd ed. 
Vols I, 11.: Amsterdam: E l sev ie r  Science Publ ishers B.V., 1986. 
V2 3141 **PEER REVIEWED** 

The p r i n c i p a l  rou te  o f  exposure i s  food, but i t  i s  u s u a l l y  
environemtal & p resmab ly  c o n t r o l l a b l e  sources t h a t  produce 
excess exposure. ... These sources inc lude ... lead i n  a i r  from 
combustion o f  lead conta in ing auto exhausts o r  i n d u s t r i a l  
emissions, lead based pa in t ,  hand t o  mouth a c t i v i t i e s  o f  young 
c h i l d r e n  l i v i n g  i n  p o l l u t e d  environments, &, less  comnonly, 
lead dust brought home by i n d u s t r i a l  workers on t h e i r  c lo thes & 
shoes, & lead glazed earthen ware, / Inorgan ic  lead/ [Doull, J., 
C.D.Klassen, and M.D.  Amdur (eds.). Casarett  and Doul l ‘ s  
Toxicology. 3 r d  ed., New York: Macmillan Co., Inc., 1986. , p. 
5981 **PEER REV1 EWED** 

LEAD POISONING I N  CHILDREN I S  A FAIRLY COMMON RESULT OF T H E I R  
INGESTION OF P A I N T  CHIPS FROM OLD BUILDINGS. PAINTS APPLIED TO 
DWELLINGS BEFORE WORLD WAR 11, WHEN LEAD CARBONATE ( W H I T E )  & 
LEAD OXIDE (RED) WERE COMMON CONSTITUENTS OF BOTH INTERIOR & 
EXTERIOR HOUSE PAINT,  ARE PRIMARILY RESPONSIBLE I N  SUCH PAINT,  
LEAD MAY CONSTITUTE 5 TO 40% OF D R I E D  SOLIDS. YOUNG CHILDREN 
ARE POISONED MOST OFTEN BY NIBBLING LEAD-PAINTED WINDOWSILLS & 
FRAMES. / I N O R G A N I C  LEAD/ [Gilman, A.G., L.S.Goodman, and A. 
Gilman. (eds.). Goodman and Gilman’s The Pharmacological Basis 
o f  Therapeutics. 7 t h  ed. New York: Macmillan Publ ish ing Co., 
Inc., 1985. , p. 16061 **PEER REVIEWED** 

Ea t i ng  o f  lead p a i n t  by c h i l d r e n  and d r i n k i n g  o f  lead 
contaminated, d i s t i l l e d  (moonshine) whiskey are  important 
sources of  non i n d u s t r i a l  poisoning. ... Exposure t o  burning 
b a t t e r y  cast ings, d r i n k i n g  o f  l i q u i d s  from improperly f i r e d ,  
lead glazed containers,  and h igh  l eve l s  o f  a i rborne lead. 
[NIOSH; C r i t e r i a  Document: Inorganic Lead p.111-3 (1978) DHEW 
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Pub. NIOSH 78-1581 **PEER REVIEWED** 
PROBABLE R W T E S  O F  HUMAN EXPOSURE 

Poor work hygiene, smoking dur ing work ( p o l l u t i o n  o f  tobacco; 
p o l l u t e d  f i n g e r s  wh i l e  smoking), poor personal hygiene may 
cons iderab ly  increase t o t a l  exposure main ly  by the o r a l  route.  
/ Inorgan ic  Lead/ [ I n te rna t i ona l  Labour O f f i ce .  Encyclopedia o f  
Occupational Health and Safety.  Vols. 1811. Geneva, 
Switzer land: I n t e r n a t i o n a l  Labour O f f i ce ,  1983. , p. 12011 
**PEER REVIEWED** 

PROBABLE ROUTES OF HUMAN EXPOSURE 
Inges t i on  o f  dust,  i n h a l a t i o n  o f  dust o r  fune, s k i n  and eye 
contact .  / Inorgan ic  lead compounds/ [ S i t t i g ,  M.  Handbook o f  
Toxic and Hazardous Chemicals and Carcinogens, 1985. 2nd ed. 
Park Ridge, N J :  Noyes Data Corporation, 1985. , p. 5441 **PEER 
REVIEWED** 

... Man absorbs lead i n  smal l  amounts, which normal ly does no t  
cause poisoning, from food, water, and a i r .  / Inorgan ic  lead/ 
CNIOSH; C r i t e r i a  Document: Inorganic Lead p.111-3 (1978) DHEW 

PROBABLE ROUTES OF HUMAN EXPOSURE 

Pub. NIOSH 78-1581 **PEER REVIEWED** 
PROBABLE ROUTES OF HUMAN EXPOSURE 

The t o x i c o l o g i c a l l y  important routes o f  en t r y  are  inha la t ion,  



lead chromate ,  HSDB record, 1-1 8-94 Page 53 - 
inges t i on  and s k i n  and/or eye contact.  [Mackison, F .  W., R. S. 
S t r i c o f f ,  and L. J. Par t r idge,  J r .  (eds.). NIOSH/OSHA - 
Occupational Health Guidel ines f o r  Chemical Hazards. 
DHHS(NI0SH) Pub l i ca t i on  No. 81-123 (3 VOLS). Washington, DC: 
U.S. Government P r i n t i n g  O f f i ce ,  Jan. 1981. , p. 691 **PEER 
REVIEWED** 

PROBABLE EXPOSURES 
... Many o f  t he  h i g h l y  co lored chromate s a l t s  o f  var ious metals 
a re  used i n  the  pigment, pa in t ,  tanning and dyeing i ndus t r i es .  
/Chromate s a l t s /  I I A R C .  Monographs on the Eva luat ion o f  the 
Carcinogenic Risk o f  Chemicals t o  Man. Geneva: World Health 
Organizat ion, I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 
1972-PRESENT. (Multivolume work). V23 243 (1980)l **PEER 
REVIEWED** 

1) Use i n  metal  f i n i s h i n g ,  i n  chrome p la t i ng ,  anodizing, 
conversion coat ings, and f o r  cor ros ion resistance; 2) use i n  
l ea the r  f i n i s h i n g  f o r  shoe uppers, glove, and garment leathers,  
and bag leather;  3) use as cor ros ion i n h i b i t o r s  i n  r a d i a t o r  
coolants,  i n t e r n a l  combustion and gas tu rb ine  engines, 
r e f r i g e r a t o r  and a i r  cond i t i on ing  systems, and water-cooled 
nuc lear  reactors;  4 )  use i n  photoreproduct ion processes, as 
s e n s i t i z i n g  agents f o r  photoengraving, photography, 
l i thography,  and b luep r in t i ng ;  5) use as c o r r o s i o n - i n h i b i t i n g  
and c o l o r i n g  pigments, a r t i s t s '  co lors ,  j o i n t i n g  pastes, inks, 
rubber, ceramics, and co lo r  blending; 6) use i n  dyeing o f  f u r ,  
lea ther ,  f ab r i cs ,  wool, and nylon; o x i d i z i n g  o f  dyes; a f t e r  
t r e a t i n g  on cotton, and i n  t e x t i l e  and paper p r i n t i n g ;  use i n  
manufacture o f  g lue  used i n  shoes, f u r n i t u r e ,  and packaging; 7) 
use as fungicides; use i n  aqueous preservat ives and f i r e  
re ta rdan ts  f o r  uood; f o r  p r o t e c t i o n  o f  t e x t i l e s  and seed; 8) 
use i n  b a t t e r y  manufacture t o  i n c r  she l f  l i f e ;  t o  prov ide 
co r ros ion  resistance, and f o r  b a t t e r y  depolar iza t ion;  9)  use i n  
manufacture o f  sa fe t y  matches and explosives; 10) use as a 
chemical reagent, o x i d i z i n g  agent, ca ta l ys t ,  i nd i ca to r ,  i n  
bleaching o f  f a t s ,  o i l s ,  and waxes, i n  chemical synthesis, and 
i n  a n a l y t i c a l  chemistry; 11) use i n  manufacture and packing o f  
cement. /Chromic a c i d  and chromates/ [Mackison, F.  W., R .  S. 
S t r i c o f f ,  and L. J. Par t r idge,  J r .  (eds.). NIOSH/OSHA - 
Occupational Health Guidel ines f o r  Chemical Hazards. 
DHHS(NI0SH)  Pub l i ca t i on  No. 81-123 ( 3  VOLS). Washington, DC: 
U.S. Government P r i n t i n g  O f f i ce ,  Jan. 1981. , p. 41 **PEER 
REVIEWED** 

Near ly  a l l  environmental exposure t o  lead i s  t o  inorganic 
compounds, even as lead i n  food. / Inorgan ic  lead/ [Doul l ,  J., 
C.D.Klassen, and M.D. Amdur (eds.). Casarett and Dou l l ' s  
Toxicology. 3 r d  ed., New York: Macmillan Co., Inc., 1986. , p. 
5991 **PEER REVIEWED** 

Exposures t o  lead dust may occur dur ing mining, smelt ing, and 
r e f i n i n g  and t o  fume, dur ing h igh  temp (above 500 deg C )  
operat ions such as welding o r  spray coat ing o f  metals w i th  
molten lead. There are  numerous app l i ca t i ons  f o r  lead 
compounds, some o f  the more c o m n  being i n  the p la tes  o f  
e l e c t r i c  b a t t e r i e s  & accumulators, as compounding agents i n  
rubber m f r ,  as ingred ients  i n  pa in ts ,  glazes, glass, pigments, 
& i n  the chemical indust ry .  I t  i s  es t  t h a t  approximately 
783,000 i n d u s t r i a l  workers are  p o t e n t i a l l y  exposed t o  lead 
products. ... The leve l  o f  exposure r e s u l t i n g  from contact i s  
h i g h l y  va r i ab le .  Ch i ld ren w i th  p i ca  f o r  p a i n t  ch ips  o r  f o r  s o i l  
may experience e leva t i on  i n  b lood lead ranging from marginal t o  
s u f f i c i e n t l y  great t o  cause c l i n i c a l  i l l n e s s .  Cer ta in  adu l t s  
may a l s o  be exposed t o  hazardous concn o f  lead i n  the 
workplace, no tab l y  i n  lead smelters and storage b a t t e r y  
manufactur ing p lants .  Again the  range o f  exposure i s  h i g h l y  
var iab le .  / Inorgan ic  lead/ [ S i t t i g ,  M. Handbook o f  Toxic and 
Hazardous Chemicals and Carcinogens, 1985. 2nd ed. Park Ridge, 
NJ: Noyes Data Corporation, 1985. , p. 5431 **PEER REVIEWED** 

... OCCUPATIONS I N  W H I C H  LEAD POISONING I S  INVOLVED INCLUDE 
"THE USE OR HANDLING OF OR EXPOSURE TO FUME, DUST OR VAPOR OF 
LEAD OR COMPD OF LEAD, OR SUBSTANCE C O N T A I N I N G  LEAD". .. 

PROBABLE EXPOSURES 
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/INORGANIC LEAD/ [Browning, E. T o x i c i t y  o f  I n d u s t r i a l  Metals. 
2nd ed. New York: Appleton-Century-Crofts,  1969. , p. 1771 
**PEER REVIEWED** 

PROBABLE EXPOSURES 
STORAGE BATTERY MANUFACTURE HEADS THE L I S T  OF THE DANGEROUS 
LEAD TRADES I N  SOME COUNTRIES &, ALTHOUGH THERE ARE NO RELIABLE 
STATISTICS,  I T  I S  PROBABLY ONE OF THE MOST PROLIFIC SOURCES OF 
PLUMBISM I N  THE UNITED STATES. / INORGANIC LEAD/ [Hamilton, A., 
and H. L. Hardy. I n d u s t r i a l  Toxicology. 3 r d  ed. Acton, Mass.: 
Pub l ish ing Sciences Group, Inc., 1974. , p. 901 **PEER 
REVIEWED** 

Nonoccupational sources o f  lead poisoning inc lude b a t t e r y  
burning, b u l l e t  re ten t i on ,  ceramic making, ea t i ng  from u n f i r e d  
po t te ry ,  cooking i n  leaden pots, home-d i s t i l l ed  wine/whiskey, 
home a b o r t i f a c i e n t s ,  t a rge t  shooting, i nges t i on  o f  
l ead -con ta in ig  herba l  medicines, use o f  lead-conta in ing 
cosmetics, & solder ing. / Inorgan ic  lead; from tab le /  
[Ellenhorn, M.J. and D.G. Barceloux. Medical Toxicology - 
Diagnosis and Treatment o f  Human Poisoning. New York, NY:  
E l sev ie r  Science Publ ish ing Co., Inc.  1988. , p. 10301 **PEER 
REVIEWED** 

Sources o f  lead i n  a c h i l d ' s  environment inc lude house dust 
(new i n n e r - c i t y  homes, 2 t o  24 ug/sq f t  f l o o r  surface; 
contaminated sources: o l d  i n n e r - c i t y  homes, 33 t o  486 ug/sqq f t  
f l o o r  surface, mean 11,000 ug/sq g; homes o f  lead smelter 
workers, mean 2,687 ug/g; homes within 1.6 km o f  smelter, mean 
22,191 ug/g; & homes located 1.7 t o  3.2 km from smelter, mean 
2,124 ug/g). / Inorgan ic  lead; from tab le /  [Ellenhorn, M.J. and 
D.G. Barceloux. Medical Toxicology - Diagnosis and Treatment o f  
Human Poisoning. New York, NY: E l sev ie r  Science Publ ish ing Co., 
Inc.  1988. , p. 10311 **PEER REVIEWED** 

PROBABLE EXPOSURES 

PROBABLE EXPOSURES 

PROBABLE EXPOSURES 
... SEVERE MANIFESTATIONS, ESPECIALLY ENCEPHALOPATHY, ARE 
PRACTICALLY NEVER ENCOUNTERED I N  INDUSTRY ... OCCUPATIONS I N  
W H I C H  LEAD POISONING I S  INVOLVED INCLUDE "THE USE OR HANDLING 
OF OR EXPOSURE TO FUME, DUST OR VAPOR OF LEAD OR CMPD OF LEAD, 
OR SUBSTANCE CONTAINING LEAD I # . . .  / INRORGANIC LEAD/ [Browning, 
E. T o x i c i t y  o f  I n d u s t r i a l  Metals. 2nd ed. New York: 
Appleton-Century-Crofts,  1969. , p. 1771 **PEER REVIEWED** 

EPIDEMIOLOGIC STUDIES I N D I C A T E  THAT CHROMATE I S  CARCINOGEN W I T H  
BRONCHOGENIC CARCINOMA AS PRINCIPAL LESION. LATENT PERIOD ... 
10-15 YR. RELATIVE R I S K  OF CHROMATE PLANT WORKERS FOR RESP 
CANCER I S  20 T I M E S  GREATER THAN THAT OF GENERAL POPULATION. 
EXPTL STUDIES ... SUGGESTED THAT CALCIUM CHROMATE MAY BE 
SPECIFIC ... AGENT. CDoull, J., C.D. Klaassen, and M. D. Amdur 
(eds.). Casarett  and Dou l l ' s  Toxicology. 2nd ed. New York: 
Macmil lan Publ ish ing Co., 1980. , p. 4421 **PEER REVIEWED** 

In  h m a n  sub jec ts  w i t h  low l e v e l  exposure, about 90% o f  t he  
t o t a l  body burden i s  found i n  bone. ... /It  was/ found t h a t  i n  
the  Un i ted  Kingdom the lead concent ra t ion i n  bones o f  men & 
women over 16 y r  o f  age ranged from 9 t o  34 mg/kg wet u t .  The 
concn i n  l i v e r  was about 1 mg/kg; & i n  the kidney, 0.8 mg/kg i n  
the co r tex  & 0.5 mg/kg i n  the medulla. Studies i n  the Uni ted 
Sta tes  & Japan revealed s i m i l a r  concentrat ions & d i s t r i b u t i o n  
pat terns .  A comparat ively h igh  concent ra t ion (2.5 mg/kg wet u t )  
was found i n  the ao r ta  w i t h  atheroma. Also, / i t  i s /  reported 
t h a t  t he  mean lead concent ra t ion i n  the brain cor tex  o f  50 
a d u l t  males did no t  exceed 0.1 mg/kg wet ut w i t h  a range o f  
i n d i v i d u a l  values from 0.02 t o  0.8 mg/kg; i n  the basal gang l ia  
t he  range was 0.04 t o  0.2 mg/kg. According t o  the review ... 
/ o f /  l i t e r a t u r e  o f  accumulation & d i s t r i b u t i o n  o f  lead i n  human 
t issues,  t he re  a re  no marked trends of e i t h e r  increase o r  
decrease of avg lead body burden i n  human adu l ts .  / Inorgan ic  
lead/ [Fr iberg ,  L., Nordberg, G.F., Kessler, E. and Vouk, V.B. 
(eds). Handbook o f  t he  Toxicology of  Metals. 2nd ed. Vols I, 
11.: Amsterdam: E l sev ie r  Science Publ ishers B.V., 1986. V2 3131 
**PEER REVIEWED** 

... THERE I S  FAIRLY GOOD CORRELATION BETUEEN DEGREE OF LEAD 
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INTOXICATION & BODY BURDEN OF LEAD, M A I N  EXCEPTION B E I N G  WHERE 
THERE HAS BEEN H I G H  EXPOSURE OVER SHORT PERIOD. / I N O R G A N I C  
LEAD/ [ IARC.  Monographs on the Eva luat ion o f  t he  Carcinogenic 
Risk o f  Chemicals t o  Man. Geneva: World Health Organization, 
I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 1972-PRESENT. 
(Mul t ivo lune work). V1 47 (197211 **PEER REVIEWED** 

Body burden o f  lead increases from b i r t h  t o  o l d  age. / Inorgan ic  
lead/ [Barry PSI ;  B r i t  J I n d  Med 32: 119-39 (1975) as c i t e d  i n  
WHO; Env i ron Health C r i t e r i a :  Lead p.81 (1977)l **PEER 
REVIEWED** 

The body burden o f  t he  average adu l t  i n  the USA i s  repor ted t o  
be no t  less  than 100 mg and not  more than 300 mg. N inety  f i v e  
percent o f  t he  t o t a l  body burden i s  s tored i n  bone. / Inorgan ic  
lead/ [Corn i t tee on B i o l o g i c a l  E f f e c t s  o f  Atmospheric 
Po l l u tan ts ,  Lead, Nat iona l  Academy o f  Sciences, washington, DC 
(197213 **PEER REVIEWED** 

Body burden o f  lead, as assessed by lead (Pb) exc re t i on  24 h r  
a f t e r  Ca-EDTA admin is t ra t ion,  was increased i n  37% o f  the 
workers w i t h  a mean va lue o f  607 + o r  - 425 ug. Mean blood Pb 
was 32 + o r  - 14 ug/d l .  C rea t i n ine  clearance was normal i n  a l l  
workers. Maximal u r i n a r y  concent ra t ing a b i l i t y  was abnormal i n  
a s i g n i f i c a n t  f r a c t i o n  (52%) o f  the men. / Inorgan ic  lead/ 
[Greenberg A e t  al ;  Arch Env i ron Health 41 (2): 69-76 (198611 

**PEER REVIEWED** 

... Lead i s  a l s o  excreted i n  human m i l k  i n  concentrat ions ... 
up t o  12 ug/L. [Fr iberg, L., Nordberg, G . F . ,  Kessler, E. and 
Vouk, V.B. (eds). Handbook o f  the Toxicology o f  Metals. 2nd ed. 
Vols I ,  11.: Amsterdam: E l sev ie r  Science Publ ishers B.V., 1986. 
V2 3141 **PEER REVIEWED** 

IMMEDIATELY DANGEROUS TO LIFE OR HEALTH 
NIOSH considers a l l  chromic a c i d  and chromates (Cr03) compounds 
as p o t e n t i a l  carcinogens. /Chromic a c i d  and chromates (Cr03) 
compounds/ [NIOSH. N IOSH Pocket Guide t o  Chemical Hazards. 
DHHS(NI0SH)  Pub l i ca t i on  No. 90-117. Washington, DC: U.S. 
Government P r i n t i n g  O f f i ce ,  June 1990 , p. 2331 **PC REVIEWED** 

30 mg/cu m /Chromic a c i d  and chromates (Cr03) compounds/ 
[NIOSH. N IOSH Pocket Guide t o  Chemical Hazards. DHHS(NI0SH)  
P u b l i c a t i o n  No. 90-117. Washington, DC: U.S. Government 
P r i n t i n g  O f f i ce ,  June 1990 , p. 701 **PC REVIEWED** 

Acceptable D a i l y  In take CADI) value o f  0.175 mg/day/man f o r  
Cr(V1). /Hexavalent chromium/ [USEPA; Health Assessment 
Document: Chromium p.7-161 (1984) EPA 600/8-83-014FI **PEER 
REVIEWED** 

ACCEPTABLE D A I L Y  INTAKES 
Est imated Adequate and Safe In take ( E A S I )  l eve l s  f o r  chromium: 
In fan ts :  1) age 0.0 t o  0.5 yr :  0.01 t o  0.04 mg/day, 2) age 0.5 
t o  1.0 yr: 0.02 t o  0.06 mg/day; Chi ldren: 1) age 1 t o  3 yr: 
0.02 t o  0.08 mg/day, 2) age 4 t o  6 yr :  0.03 t o  0.12 mg/day, 3 )  
age 7 t o  10 yr :  0.05 t o  0.20 mg/day, and 4)  age > o r  = t o  11 
yr :  0.05 t o  0.20 mg/day; and Adults: 0.05 t o  0.20 mg/day. 
/Chromiun, from tab le /  [NAS; Recommended D ie ta ry  Allowances 
(1980) as c i t e d  in  USEPA; Health Assessment Document: Chromium 
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BODY BURDENS 

IMMEDIATELY DANGEROUS TO LIFE OR HEALTH 

ACCEPTABLE D A I L Y  INTAKES 

p.6-2 (1984) EPA 600/8-83-014F] **PEER REVIEWED** 
ACCEPTABLE D A I L Y  INTAKES 

To lerab le  i n take  o f  lead f o r  preschool c h i l d r e n  should be less 
than the  3 mg/wk recommended p r o v i s i o n a l l y  f o r  adu l ts .  ... 
/ Inorgan ic  lead/ [UHO; Environ Health C r i t e r i a :  Lead p.127 
(1977)l **PEER REVIEWED** 

OSHA Permiss ib le  Exposure L i m i t :  50 ug/cu m, 8 h r  Time-Weighted 
Average. /Fumes and dusts, as Pb/ [29 CFR 1910.1025 (7/1/87)1 
**PEER REVIEWED** 

Meets c r i t e r i a  f o r  OSHA medical records ru le .  / Inorganic lead/ 
C29 CFR 1910.20 (7/1/87)1 **PEER REVIEWED** 

OSHA Permiss ib le  Exposure L im i t :  1 mg/lO cu  m (100 ug/cu m 

OSHA STANDARDS 

OSHA STANDARDS 

OSHA STANDARDS 
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c e i l i n g )  /Chromium ( V I ) /  CNIOSH/CDC. NIOSH Recomnendations f o r  
Occupational Safe ty  and Health Standards Sept. 1986. 
(Supplement t o  Morb id i t y  and M o r t a l i t y  Weekly Report 35 No. 15, 
Sept. 26, 1986) 1OS1 **PEER REVIEWED** 

NIOSH Recomnended Exposure L im i t :  <lo0 ug/cu m Time-Weighted 
Average; a i r  l e v e l  t o  be maintained so t h a t  worker b lood lead 
remains less  than o r  equal t o  60 ug/100 g. Recomnendations are  
based on exposures up t o  10 hr. / Inorgan ic  lead/ CNIOSH/CDC. 
NIOSH Recomnendations f o r  Occupational Safe ty  and Health 
Standards Sept. 1986. (Supplement t o  Morb id i t y  and M o r t a l i t y  
Weekly Report 35 No. 15, Sept. 26, 1986) 21S1 **PEER REVIEWED** 

N IOSH recomnends t h a t  /chromium ( V I )  be t rea ted  as a p o t e n t i a l  
human carcinogen /Chromium ( V I ) /  [NIOSH/CDC. N IOSH 
Recomnendations f o r  Occupational Safe ty  and Health Standards 
Sept. 1986. (Supplement t o  Morb id i t y  and M o r t a l i t y  Weekly 
Report 35 No. 15, Sept. 26, 1986) 1OS1 **PEER REVIEWED** 

Time Weighted Avg (TUA) 0.012 mg/cu m, as C r  (1991) [American 
Conference o f  Governmental I n d u s t r i a l  Hygienists.  Threshold 
L i m i t  Values f o r  Chemical Substances and Physical  Agents and 
B i o l o g i c a l  Exposure Ind ices f o r  1992-1993. C inc innat i ,  OH: 
ACGIH,  1992. , p. 251 **QC REVIEWED** 

A2, as C r .  A2= Suspected human carcinogen (1991) [American 
Conference o f  Governmental I n d u s t r i a l  Hygienists.  Threshold 
L i m i t  Values f o r  Chemical Substances and Physical  Agents and 
B i o l o g i c a l  Exposure Ind ices f o r  1992-1993. C inc innat i ,  OH: 
ACGIH,  1992. , p. 251 **PC REVIEWED** 

A2, as Pb. A2= Suspected human carcinogen. [American Conference 
o f  Governmental I n d u s t r i a l  Hygienists.  Threshold L i m i t  Values 
f o r  Chemical Substances and Physical  Agents and B io log i ca l  
Exposure Ind ices f o r  1992-1993. C inc innat i ,  OH:,ACGIH, 1992. , 
p. 251 **QC REVIEWED** 

Time Weighted Avg (TWA) 0.05 mg/cu m as Pb (1991) [American 
Conference o f  Governmental I n d u s t r i a l  Hygienists.  Threshold 
L i m i t  Values f o r  Chemical Substances and Physical  Agents and 
B i o l o g i c a l  Exposure Ind ices f o r  1992-1993. C inc innat i ,  OH: 
A C G I H ,  1992. , p. 251 **QC REVIEWED** 

The procedures descr ibed i n  the "Guidelines f o r  Der i v ing  
Numerical Nat iona l  Water Q u a l i t y  C r i t e r i a  f o r  the P ro tec t i on  of  
Aquat ic Organisms and Thei r  Uses" i n d i c a t e  that ,  except 
poss ib l y  where a l o c a l l y  important species i s  very  sens i t i ve ,  
1)  f reshwater aquat ic  organisms and t h e i r  uses should not  be 
a f f e c t e d  unacceptably i f  the four-day average concent ra t ion o f  
chromium(V1) does no t  exceed 11 ug / l  more than once every three 
years, on the average, and i f  the one-hour average 
concent ra t ion does not  exceed 16 u g / l  more than once every 
th ree  years, on the average; 2) sa l twater  aquat ic organisms and 
t h e i r  uses should not  be a f f e c t e d  unacceptably i f  the four-day 
average Concentrat ion of  chromium(V1) does no t  exceed 50 ug/ l  
more than once every th ree  years, on the  average and i f  the 
one-hour average concent ra t ion does not  exceed 1,100 ug / l  more 
than once every th ree  years, on the  average. Data suggest t h a t  
t he  acute t o x i c i t y  o f  chromium(V1) i s  sal in i ty-dependent;  
there fore ,  t he  one-hour average concent ra t ion might be 
underpro tec t ive  a t  low s a l i n i t i e s .  /Hexavalent chromium/ 
CUSEPA; Ambient Water Q u a l i t y  C r i t e r i a  Doc: Chromium p.19-20 
(1984) EPA 440/5-84-0293 **PEER REVIEWED** 

Toxic p o l l u t a n t  designated pursuant t o  sec t i on  307(a) ( l )  of  the 
Clean Water Act and i s  sub jec t  t o  e f f l u e n t  l i m i t a t i o n s .  /Lead 
ahd i o rgan ic  and organic lead c@s/ C40 CFR 401.15 (7/1/87)1 
**PEER REVIEWED** 

The maximum contaminant l eve l  (MCL)  o f  lead i s  0.05 mg/l. /Lead 
as Pb ion/  C40 CFR 141.11 (7/1/87)1 **PEER REVIEWED** 

ATMOSPHERIC STANDARDS 
Nat iona l  primary and secondary ambient a i r  q u a l i t y  standard f o r  

NIOSH RECOMMENDATIONS 

N I O S H  RECOMMENDATIONS 

THRESHOLD LIMIT VALUES 

THRESHOLD LIMIT VALUES 

THRESHOLD LIMIT VALUES 

THRESHOLD LIMIT VALUES 

WATER STANDARDS 

WATER STANDARDS 

WATER STANDARDS 
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lead and i t s  compounds, measured as elemental lead i s :  1.5 
ug/cu m, maximum a r i t h m e t i c  mean averaged over a calendar 
quar ter .  /Lead and i t s  compounds, as Pb/ [40 CFR 50.12 
(7/1/87)1 **PEER REVIEWED** 

A s o l i d  waste conta in ing lead chromate ( l ead  i o n  and/or 
chromium ion)  may become character ized as a hazardous waste 
when subjected t o  the Toxicant E x t r a c t i o n  Procedure l i s t e d  i n  
40 CFR 261.24, and i f  so character ized, must be managed as a 
hazardous waste. [40 CFR 261.24 (7/1/87)1 **PEER REVIEWED** 

The Environmental P ro tec t i on  Agency i s  ... /promulgated/ 
regu la t i ons  concerning ground-water moni tor ing with regard t o  
screening suspected contaminat ion a t  land based hazardous waste 
treatment, storage, and d isposa l  f a c i l i t i e s .  ... /There are/ 
new requirements t o  analyze f o r  a s p e c i f i e d  core l i s t  o f  
chemicals p l u s  those chemicals s p e c i f i e d  by the  Regional 
Admin is t ra tor  on a s i t e - s p e c i f i c  basis.  ... /Tota l  lead ( a l l  
species) i s  inc luded on t h i s  l i s t . /  /Tota l  lead ( a l l  species)/ 
152 FR 25942 (7/9/87)1 **PEER REVIEWED** 

The FDA a c t i o n  l e v e l  o f  lead i s  7.0 ug/ml o f  leaching s o l n  f o r  
p o t t e r y  (ceramics) f l a tware  (avg o f  6 un i t s ) ;  5.0 u g h 1  o f  
leaching s o l n  f o r  smal l  hollowware (any one o f  6 un i t s ) ;  2.5 
ug/ml o f  leaching s o l n  f o r  l a rge  hollowware (any one o f  6 
un i t s ) ;  7.0 u g h 1  o f  leaching s o l n  i f  product intended f o r  use 
by adu l t s  f o r  s i l v e r - p l a t e d  hollowware (avg o f  6 uni ts ) ;  and 
0.5 ug/ml o f  leaching s o l n  i f  product intended f o r  use by 
i n f a n t s  and c h i l d r e n  f o r  s i l v e r - p l a t e d  hollowware (one or more 
o f  6 u n i t s ) .  / Inorgan ic  lead/ [FDA; Ac t i on  Levels f o r  Poisonous 
o r  De le te r i ous  Substances i n  Human Food and Animal Feed p.9 
(1982)l **PEER REVIEWED** 

B o t t l e d  water s h a l l ,  when a composite o f  a n a l y t i c a l  u n i t s  o f  
equal volume from a sample i s  examined by the methods descr ibed 
i n  paragraph ( d ) ( l ) ( i i )  o f  t h i s  sect ion, meet t he  standards o f  
chemical q u a l i t y  and s h a l l  not  conta in  lead i n  excess o f  0.05 
mg/l. /Lead as Pb ion/  C21 CFR 103.35 (4/1/88)1 **PEER 
REVIEWED** 

For expressing aquat ic  l i f e  c r i t e r i a  f o r  chromium ... 
ac id - so lub le  chromium(II1) (ope ra t i ona l l y  def ined as the 
chromium(111) t h a t  passes through a 0.45 um membrane f i l t e r  
a f t e r  the sample i s  a c i d i f i e d  t o  pH 1.5 t o  2.0 w i t h  n i t r i c  
ac id)  and ac id - so lub le  chrmiun(V1)  are  probably the best 
measurements a t  t he  present. /Chromium and chromium cmpd/ 
[USEPA; Ambient Water Q u a l i t y  C r i t e r i a  Doc: Chromium p.1 (1984) 

RCRA REQUIREMENTS 

RCRA REOUIREMENTS 

FDA REQUIREMENTS 

FDA REQUIREMENTS 

SAMPLING PROCEDURES 

EPA 440/5-84-0293 **PEER REVIEWED** 
SAMPLING PROCEDURES 

Measurements t o  determine employee c e i l i n g  exposure are best 
taken du r ing  per iods o f  maximum expected a i rborne 
concent ra t ions o f  chromic a c i d  o r  chromates. Each measurement 
should cons i s t  o f  a f i f t e e n  minute sample o r  se r i es  o f  
consecut ive samples t o t a l l i n g  f i f t e e n  minutes i n  the employee's 
b rea th ing  zone ( a i r  t h a t  would mcst n e a r l y  represent t h a t  
inha led by the  employee). A m i n i m  o f  th ree measurements 
should be taken on one work s h i f t  w i th  the highest l eve l  o f  a l l  
measurements taken as an est imate o f  t he  employee's exposure. 
/Chromic a c i d  and chromates/ [Mackison, F. W., R. S. S t r i c o f f ,  
and L. J .  Par t r idge,  J r .  (eds.). NIOSH/OSHA - Occupational 
Health Guidel ines f o r  Chemical Hazards. DHHS(NIOSH1 Pub l i ca t i on  
No. 81-123 (3 VOLS). Washington, DC: U.S. Government P r i n t i n g  
O f f i c e ,  Jan. 1981. , p. 31 **PEER REVIEWED** 

Techniques f o r  moni tor ing hexavalent chromium are sub jec t  t o  
considerable e r r o r .  For example, although the OSHA c o l o r i m e t r i c  
method i s  the most commonly used a n a l y t i c a l  t oo l ,  p a r t i c u l a r l y  
i n  occupat ional  se t t i ngs ,  low sample recover ies have been 
repor ted i n  chromium l e v e l s  o f  less  than 10 ug. /Hexavalent 
chromium/ [USEPA; Health Assessment Document: Chromium p.2-4 
(1984) EPA 600/8-83-014FI **PEER REVIEWED** 

Analyte: Chromium; Specimen: ur ine; Vol: 50-200 m l  i n  

SAMPLING PROCEDURES 

SAMPLING PROCEDURES 
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polyethy lene b o t t l e ;  Preservat ive: 5 m l  conc "03 added a f t e r  
co l l ec t i on ;  Controls:  c o l l e c t  a t  l eas t  3 u r i n e  specimens from 
unexposed workers; S t a b i l i t y :  not  es tab l ished /Metals i n  ur ine, 
Chromium/ [U.S. Department o f  Health and Hunan Services, Pub l i c  
Health Service. Centers f o r  Disease Control ,  Nat iona l  I n s t i t u t e  
f o r  Occupational Safe ty  and Health. NIOSH Manual o f  Ana ly t i ca l  
Methods, 3 r d  ed. Volumes 1 and 2 w i th  1985 supplement, and 
rev is ions.  Washington, DC: U.S. Government P r i n t i n g  O f f i ce ,  
February 1984. V I  8310-11 **PEER REVIEWED** 

Analyte:  Chromium; Specimen: Blood o r  t issue; Vol: 10 m l  blood, 
o r  1 g t issue; Preservat ive: Heparin f o r  blood, none f o r  
t issue; Controls:  c o l l e c t  3 blood specimens from unexposed 
workers; S t a b i l i t y :  not  es tab l ished /Elements i n  b lood or 
t i ssue,  Chromium/ [U.S. Department o f  Health and Human 
Services, Pub l i c  Health Service. Centers f o r  Disease Control ,  
Nat iona l  I n s t i t u t e  f o r  Occupational Safe ty  and Health. NIOSH 
Manual o f  A n a l y t i c a l  Methods, 3 rd  ed. Volumes 1 and 2 w i th  1985 
supplement, and rev is ions.  washington, DC: U.S. Government 
P r i n t i n g  O f f i ce ,  February 1984. V I  8005-11 **PEER REVIEWED** 

Analyte:  Lead; Mat r ix :  A i r ;  Sampler: F i l t e r  (0.8-um c e l l u l o s e  
e s t e r  membrane); Flow ra te :  1 t o  4 l /m in ;  Vol: m in :  200 l GI 
0.05 mg/cu m, max: 1200 1; S t a b i l i t y :  stable.  /Lead and lead 
cmpd/ [U.S. Department o f  Health and Human Services, Pub l i c  
Health Service. Centers f o r  Disease Control ,  Nat iona l  I n s t i t u t e  
f o r  Occupational Safe ty  and Health. NIOSH Manual o f  Ana ly t i ca l  
Methods, 3 r d  ed. Volumes 1 and 2 w i th  1985 supplement, and 
rev is ions.  Washington, DC: U.S. Government P r i n t i n g  O f f i ce ,  
February 1984. V2 7082-11 **PEER REVIEWED** 

Analyte:  Lead; Specimen: Blood o r  t issue; Vol: 10 m l  blood, o r  
1 g t issue;  Preservat ive: Heparin f o r  blood, none f o r  t issue; 
Controls:  c o l l e c t  3 b lood specimens from unexposed workers; 
S t a b i l i t y :  n o t  establ ished. /Lead and lead cmpd/ [U.S. 
Department o f  Health and Human Services, Pub l i c  Health Service. 
Centers f o r  Disease Control ,  Nat iona l  I n s t i t u t e  f o r  
Occupational Safe ty  and Health. N I O S H  Manual o f  Ana ly t i ca l  
Methods, 3 r d  ed. Volunes 1 and 2 w i th  1985 supplement, and 
rev i s ions .  Washington, DC: U.S. Goverrment P r i n t i n g  O f f i ce ,  
February 1984. V I  8005-11 **PEER REVIEWED** 

Analyte:  Lead; Specimen: whole blood, ur ine; Preservat ive: 
(u r i ne )  0.2 m l  conc n i t r i c  acid; Ant icoagulant:  (blood) 
heparin; Controls:  c o m e r c i a l  u r i n e  and blood lead con t ro l  
samples p l u s  pooled u r i n e  and blood from non-exposed 
populat ions; S t a b i l i t y :  (blood) 3 days GI 4 deg C, i n d e f i n i t e l y  
i f  son icated and f rozen i n  p l a s t i c  tubes, (u r i ne )  i n d e f i n i t e l y  
i f  kept a c i d i f i e d  w i th  "03. /Lead and lead cmpd/ [U.S. 
Department o f  Health and Human Services, Pub l ic  Health Service. 
Centers f o r  Disease Control ,  Nat iona l  I n s t i t u t e  f o r  
Occupational Safety and Health. N IOSH Manual of  Ana ly t i ca l  
Methods, 3 r d  ed. Volumes 1 and 2 w i th  1985 supplement, and 
rev is ions.  Washington, DC: U.S. Government P r i n t i n g  O f f i ce ,  
February 1984. V I  8003-11 **PEER REVIEWED** 

Lead dust o r  fume i s  c o l l e c t e d  on 0.45 micrometer c e l l u l o s e  
membrane f i l t e r s  mounted in  e i t h e r  2 o r  3 p iece f i l t e r  
cassettes.  A i r  i s  drawn through the f i l t e r  by means o f  a pump 
a t  a r a t e  o f  2 l / m i n  (not  less  than 1 nor more than 4 l / m i n ) .  A 
m in imum sample o f  100 l i t e r s  s h a l l  be co l lec ted.  Larger sample 
volumes a re  encouraged, prov ided the f i l t e r s  do no t  become 

o f f  o r  t he  f i l t e r s  would become clogged. With each group o f  
samples, one f i l t e r ,  labe led as a blank, s h a l l  be s u h i t t e d  and 
no a i r  s h a l l  be drawn through t h i s  f i l t e r .  /Lead and lead 
cmpds/ CNIOSH; C r i t e r i a  D o c w n t :  Inorganic Lead p .VI I -1  (1978) 

SAMPLING PROCEDURES 

SAMPLING PROCEDURES 

SAMPLING PROCEDURES 

SAMPLING PROCEDURES 

SAMPLING PROCEDURES 

, loaded w i t h  dust t o  the p o i n t  t h a t  loose ma te r i a l  would f a l l  

DHEW Pub. NIOSH 78-1581 **PEER REVIEWED** 

TWO AUTOMATIC SAMPLING APPARATUS BASED ON THE BETA RAY 
ABSORPTION AND ON THE TYNDALL EFFECTS ARE DESCRIBED. (204)PB 
DUSTS WERE MEASURED. /LEAD AND LEAD CMPDS/ [CECCHETTI G ET AL; 
ANN I N S T  SUPER SANITA 13 (1-2):  103 (1977)l **PEER REVIEWED** 

SAMPLING PROCEDURES 
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ANALYTIC LABORATORY METHODS 

ZINC,  ZINC OXIDE, LEAD, THE 4 KNOWN Z I N C  CHROMATES, & RHOMBIC & 
MONOCLINIC LEAD CHROMATE WERE I D E N T I F I E D  I N  0.3-0.5 MG PAINT 
SAMPLES BY X-RAY DIFFRACTOMETRY. THE Z I N C  CHROMATES WERE 
IDENTIFIABLE AT 7.0-9.3 ANGSTROMS. THE M E T H O  COULD BE USED TO 
IDENTIFY, BUT NOT TO QUANTITATE Z I N C  CHROMATES ON FILTERS OF 
A I R  SAMPLES FROM AREAS USED FOR SPRAY PAINTING. CALTIERI A ET 
AL; ANN I S 1  SUPER SANITA 13 (1-2): 315 (197711 **PEER 
REVIEWED** 

A T  PRESENT THE 3 MOST SENSITIVE METHODS /FOR DETERMINING 
CHROMIUM/ ARE: GAS CHROMATOGRAPHY; SPARK SOURCE MASS 
SPECTROSCOPY; & GRAPHITE FURNACE ATOMIC ABSORPTION METHOD. 
/TOTAL CHROMIUM/ [ IARC.  Monographs on the  Eva luat ion o f  the 
Carcinogenic R isk  o f  Chemicals t o  Man. Geneva: World Health 
Organizat ion, I n t e r n a t i o n a l  Agency f o r  Research on Cancer, 

A N A L Y T I C  LABORATORY METHODS 

1972-PRESENT. (Mult ivolume work). V2 107 (1973)l **PEER 
REVIEWED** 

ANALYTIC LABORATORY METHODS 
P a r t i c u l a t e  f i l t e r  co l l ec t i on ;  s u l f u r i c  a c i d  and 
diphenylcarbazide work-up; c o l o r i m e t r i c  spectroscopy analysis.  
/Tota l  chromic a c i d  and chromates/ IN IOSH.  Pocket Guide t o  
Chemical Hazards. 5 t h  Pr in t ing/Rev is ion.  DHHS (N IOSH)  Publ. No. 
85-114. Washington, D.C.: U.S. Dept. o f  Health and Human 
Services, NIOSH/Supt. of  Documents, GPO, Sept. 1985. , p. 821 
**PEER REVIEWED** 

Several methods are  a v a i l a b l e  f o r  measuring elemental chromiun 
i n  ... environmental ..- samples. These inc lude atomic 
absorpt ion spectroscopy, instrumental  neutron a c t i v a t i o n  
ana lys is ,  X-ray fluorescence, and pa r t i c l e - i nduced  X-ray 
emissions ( P I X E ) .  While these methods are  s e n s i t i v e  t o  the ppb 
l eve l ,  problems i n  sample c o l l e c t i o n ,  preparat ion and 
i n te r fe rences  are  shared by a l l .  ... I n  environmental samples, 
neut ron a c t i v a t i o n  ana lys is  data a re  higher. Generally, a 
comparison o f  t he  r e s u l t s  i nd i ca tes  t h a t  modi f ied  atomic 
absorpt ion spectroscopy provides r e l a t i v e l y  r e l i a b l e  analyses. 
Another problem i n  chromium determinat ion i s  the  lack o f  
adequate reference mater ia ls .  I d e a l l y ,  reference ma te r i a l s  
should match the samples t o  be analyzed w i th  respect t o  
chromium leve l s  and each reference composition. Because the 
m a t e r i a l s  a re  n o t  y e t  standardized, i n t e r - l a b o r a t o r y  
comparisons a re  d i f f i c u l t .  /Tota l  chromiun/ IUSEPA; Health 
Assessment Document: Chromium p.2-4 (1984) EPA 600/8-83-014FI 
**PEER REVIEWED** 

A i r :  Ana lys is  by atomic absorpt ion spectroscopy us ing an a i r  
acetylene flame. The method has a t y p i c a l  range o f  0.07 - 7.5 
ug lead/cu m. Water: atomic absorpt ion spectroscopy, optimum 
concn range f o r  the 283.3 m absorpt ion i s  1-20 mg/l with an 
est imated de tec t i on  l i m i t  o f  0.1 mg/l. /Tota l  lead/ IUSEPA; 
Intermedia P r i o r i t y  P o l l u t a n t  Guidance Docunent: Lead p.9-1 
(1982)l **PEER REVIEWED** 

Analys is  o f  lead i n  water i s  t y p i c a l l y  accomplished w i th  atomic 
absorpt ion and emission spectroscopy. ... It i s  c m o n l y  
necessary t o  concentrate the  sample by che la t i ng  and e x t r a c t i n g  
the lead o r  by evaporat ing the  water, s ince the na tu ra l  lead 
content o f  lakes and r i v e r s  i s  i n  the range o f  1 t o  10 ug / l .  
/To ta l  Lead/ [USEPA; A i r  Q u a l i t y  C r i t e r i a  f o r  Lead p.4-5 (1977) 
EPA 600/8-77-0171 **PEER REVIEWED** 

Water: c o l o r i m e t r i c  method us ing d i th izone.  Ana ly t i ca l  range i s  
1.0-30.D ug Pb. Water: d i f f e r e n t i a l  pu lse anodic s t r i p p i n g  
vol tamnetry method. L i m i t  o f  de tec t i on  i s  0.001 mg/l. Can be 
used t o  de tec t  l e v e l s  up t o  0.1 mg/L. /Tota l  lead/ [USEPA; 
Intermedia P r i o r i t y  Po l l u tan t  Guidance Docunent: Lead p.9-2 
(198211 **PEER REVIEWED** 

A I R  SAMPLES OF LEAD OR INORGANIC LEAD COMPOUNDS ARE DETERMINED 
BY ATOMIC ABSORPTION SPECTROPHOTOMETRY; PROCEDURE: FILTER 
COLLECTION, N I T R I C  A C I D  DIGESTION. RANGE: 0.128 TO 0.399 MG/CU 
M W I T H  COEFFICIENT OF VARIATION OF 0.072 FOR TOTAL ANALYTICAL 8 

ANALYTIC LABORATORY METHODS 

ANALYTIC LABORATORY METHODS 

ANALYTIC LABORATORY METHODS 

ANALYTIC LABORATORY METHODS 

A N A L Y T I C  LABORATORY M E T H O S  
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SAMPLING METHOD. T H I S  VALUE CORRESPONDS TO 0.014 MG/CU M STD 
DEVIATION A T  OSHA STD LEVEL OF 0.2 MG/CU M. /TOTAL LEAD/ 1U.S. 
Department o f  Health, Education Welfare, Pub l i c  Health Service. 
Center f o r  Disease Contro l ,  Nat ional  I n s t i t u t e  f o r  Occupational 
Sa fe ty  Health. NIOSH Manual o f  A n a l y t i c a l  Methods. 2nd ed. 
Volumes 1-7. Washington, DC: U.S. Goverrment P r i n t i n g  Of f i ce ,  
1977-present. V3 S341-11 **PEER REVIEWED** 

ANALYTIC LABORATORY METHODS 
MATRIX:  AIR; RANGE: 42-840 UG/CU M; PROCEDURE: FILTER 
COLLECTION, A C I D  DIGESTION,  ATOMIC ABSORPTION 
SPECTROPHOTOMETRY. /TOTAL LEAD/ [U.S. Department o f  Health, 
Education Welfare, Pub l i c  Health Service. Center f o r  Disease 
Contro l ,  Nat ional  I n s t i t u t e  f o r  Occupational Safety Health. 
NIOSH Manual o f  A n a l y t i c a l  Methods. 2nd ed. Volumes 1-7. 
Washington, DC: U.S. Government P r i n t i n g  Of f i ce ,  1977-present. 
V5 173-11 **PEER REVIEWED** 

Analyte: Lead. Mat r i x :  a i r .  Procedure: Atomic absorption, flame 
(a i r - ace ty lene ,  o x i d i z i n g ) .  Wavelength: 283.3 run. Range: 10 t o  
200 ug/sample. Prec is ion:  0.03. The working range i s  0.025 t o  
0.5 mg/cu m f o r  a 400 l a i r  sample. The method i s  app l i cab le  t o  
elemental lead, i n c l u d i n g  lead fume, & a l l  o ther  aerosols 
con ta in ing  lead. This  i s  an elemental analys is ,  not  compound 
s p e c i f i c .  In ter ferences:  Use D2 or  H2 continuum background 
c o r r e c t i o n  t o  c o n t r o l  flame o r  molecular absorption. High 
concentrat ions o f  calcium, su l fa te ,  carbonate, phosphate, 
iodide, f l u o r i d e ,  or acetate can be corrected. /Tota l  lead/ 
[U.S. Department o f  Health and Human Services, Pub l i c  Health 
Service. Centers f o r  Disease Contro l ,  Nat ional  I n s t i t u t e  f o r  
Occupational Safety and Health. NIOSH Manual o f  A n a l y t i c a l  
Methods, 3 r d  ed. Volumes 1 and 2 w i t h  1985 supplement, and 
rev is ions .  Washington, DC: U.S. Government P r i n t i n g  Of f i ce ,  
February 1984. V2 7082-11 **PEER REVIEWED** 

Analyte: lead; matr ix :  a i r ;  procedure: f i l t e r  c o l l e c t i o n ,  a c i d  
d iges t ion ,  i n d u c t i v e l y  coupled plasma-atomic emission 
spectroscopy; d e t e c t i o n  l i m i t :  17 ng/ l .  /Tota l  lead/ [U.S. 
Department o f  Health, Education Welfare, Pub l i c  Health Service. 
Center f o r  Disease Contro l ,  Nat ional  I n s t i t u t e  f o r  Occupational 
Sa fe ty  Health. NIOSH Manual o f  A n a l y t i c a l  Methods. 2nd ed. 
Volumes 1-7. Washington, DC: U.S. Government P r i n t i n g  Of f i ce ,  
1977-present. V7 351-11 **PEER REVIEWED** 

METHOD FOR DETERMINATION OF LEAD (PB) I N  FOOD PRODUCTS ( G R A I N  
PRODUCTS, FRUIT  JUICE, MEAT, & VEGETABLES) INVOLVES 
CO-PRECIPITATION OF PB W I T H  STRONTIUM SULFATE, CONVERSION TO 
CARBONATE, DISSOLUTION I N  N I T R I C  ACID,  8 DETERMINATION BY 
ATOMIC ABSORPTION SPECTROTOMETRY. /TOTAL LEAD/ [HOOVER WL; J 
ASSOC OFF ANAL CHEM 55 (4): 737 (1972)l **PEER REVIEWED** 

DETERMINATION OF LEAD I N  FOOD SAMPLE BY ANODIC STRIPPING 
VOLTAMMETRY. /TOTAL LEAD/ [HOLAK W; J ASSOC OFF ANAL CHEM 63 
(3):  485 (1980)l **PEER REVIEWED** 

DETERMINATION OF LEAD I N  CEREAL g GRASS SAMPLES BY FLAMELESS 
ATOMIC ABSORPTION SPECTROSCOPY. /TOTAL INORGANIC LEAD/ [HORAK 
0; LANDWIRTSCH FORSCH 29 (3-4): 289 (1976)l **PEER REVIEWED** 

ZINC, Z I N C  OXIDE, LEAD, THE 4 KNOWN Z I N C  CHROMATES, & RHOMBIC & 
MONOCLINIC  LEAD CHROMATE AS PIGMENTS I N  PROTECTIVE PAINTS WERE 
IDENTIFIED I N  0.3-0.5 MG PAINT SAMPLES BY X- RAY DIFFRACTOMETRY. 
THE Z I N C  CHROMATES WERE IDENTIFIABLE AT 7.0-9.3 ANGSTROMS. THE 
METHOD COULD BE USED TO I D E N T I F Y ,  BUT NOT TO QUANTITATE Z I N C  
CHROMATES ON FILTERS OF A I R  SAMPLES FROM AREAS USED FOR SPRAY 
PAINTING. /CHROMIUM, LEAD AND ZINC COMPOUNDS/ [ A L T I E R I  A ET AL; 
ANN I S T  SUPER SANITA 13 (1-2): 315 (197711 **PEER REVIEWED** 

EPA Method 7420: Lead (Atomic Absorption, D i r e c t  Asp i ra t ion )  
Method 7420 i s  app l i cab le  f o r  the  determinat ion o f  metals i n  
s o l u t i o n  by atomic absorpt ion spectrometry. P re l im inary  
treatment o f  waste water, ground water, EP ex t rac ts ,  and 
i n d u s t r i a l  waste i s  always necessary because o f  t h e  complexity 
and v a r i a b i l i t y  o f  sample mat r i x .  A f t e r  a s p i r a t i o n  and 
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atomizat ion o f  t he  sample i n  a flame, a l i g h t  beam from a 
ho l low cathode lamp o r  an e lec t rode less discharge lamp i s  
d i r e c t e d  through the  flame i n t o  a monochromator and onto a 
detector  t h a t  measures the  amount of  absorbed l i g h t .  ... The 
l i g h t  energy absorbed by the flame i s  a measure o f  the 
concent ra t ion o f  t h a t  metal i n  the sample. The performance 
c h a r a c t e r i s t i c s  f o r  an aqueous sample f r e e  from in ter ferences 
are: optimum concent ra t ion range o f  1-20 mg/ l  a t  auavelength o f  
283.3 nm, s e n s i t i v i t y  o f  0.5 rng/l, and de tec t i on  l i m i t  o f  0.1 
mg/l. /Tota l  lead/ [USEPA: Test Methods For Eva luat ing S o l i d  
Waste SW-846 (1986)l **PEER REVIEWED** 

EPA Method 7421: Lead (Atomic Absorption, Furnace Technique) 
Method 7421 i s  app l i cab le  f o r  t he  determinat ion o f  metals i n  
s o l u t i o n  by atomic absorpt ion spectrometry. For c e r t a i n  
samples, lower concentrat ions may be determined us ing t h i s  
technique. To ensure v a l i d  data, each ma t r i x  must be examined 
f o r  i n te r fe rence  e f f e c t s  and, i f  detected, t r e a t  them 
accordingly,  us ing e i t h e r  successive d i l u t i o n ,  ma t r i x  
mod i f i ca t i on ,  o r  method o f  standard add i t ions.  I f  poor 
recover ies  a re  obtained, a ma t r i x  mod i f i e r  may be necessary. 
Add 10 u l  o f  phosphoric a c i d  t o  1 m l  o f  prepared sample i n  the 
furnace sampler cup and mix wel l .  A representa t ive  a l i q u o t  o f  a 
sample i s  p laced i n  the  g raph i te  tube i n  the furnace, 
evaporated t o  dryness, charred, and atomized. ... Radia t ion 
from a g iven exc i t ed  element i s  passed through the vapor 
con ta in ing  ground s t a t e  atoms o f  t h a t  element. The metal atoms 
t o  be measured are  placed i n  the beam o f  r a d i a t i o n  by 
increas ing the  temperature o f  t h e  furnace, thereby causing the  
i n j e c t e d  specimen t o  be v o l a t i l i z e d .  A monochromator i so la tes  
the  c h a r a c t e r i s t i c  r a d i a t i o n  from the hol low cathode lamp o r  
t he  e lec t rode less discharge lamp, and a photo s e n s i t i v e  device 
measures the  at tenuated t ransmi t ted  rad ia t i on .  The optimum 
concent ra t ion range i s  5-100 u g / l  and the  de tec t i on  l i m i t  i s  1 
ug/ l .  /Tota l  lead/ [USEPA: Test Methods f o r  Eva luat ing S o l i d  
Uaste SW-846 (198613 **PEER REVIEWED** 

. D i r e c t  A s p i r a t i o n  Atomic Absorpt ion Spectrometry i s  used f o r  
the determinat ion o f  lead. Using a i r  acetylene as the flame gas 
a t  a wavelength o f  283.3 run, the de tec t i on  l i m i t  i s  0.05 mg/l, 
w i t h  a s e n s i t i v i t y  o f  0.5 mg/l, a t  an optimun concent ra t ion 
range o f  1-20 mg/l. /Tota l  lead/ [Franson MA (Ed); Standard 
Methods f o r  the Examination of  Water and Wastewater p.154 
(198511 **PEER REVIEWED** 

EPA Method 200.7: An I n d u c t i v e l y  Coupled Plasma - Atomic 
Emission Spectrophotmetric method f o r  the determinat ion of  
dissolved, suspended, o r  t o t a l  elements i n  d r i n k i n g  water, 
sur face water, and domestic and i n d u s t r i a l  wastewaters, i s  
described. Lead i s  analyzed a t  a wavelength o f  259.940 
nanometers and has an est imated de tec t i on  l i m i t  o f  7 ug/ l .  
/Tota l  lead/ 140 CFR 136 (7/1/87)1 **PEER REVIEWED** 

EPA Method 200.7: An Induc t i ve l y  Coupled Plasma - Atomic 
Emission Spectrophotmetric method f o r  t he  determinat ion o f  
dissolved, suspended, o r  t o t a l  elements i n  d r i n k i n g  water, 
sur face water, and domestic and i n d u s t r i a l  wastewaters, i s  
descr ibed. Chromium i s  analyzed a t  a wavelength o f  267.716 
nanometers and has an est imated de tec t i on  l i m i t  o f  7 ug / l .  
/To ta l  chromium/ [40 CFR 136 (7/1/87)1 **PEER REVIEWED** 

Several methods a re  ava i l ab le  f o r  measuring elemental chromium 
i n  ... b i o l o g i c a l  samples. These inc lude atomic absorpt ion 
spectroscopy, instrumental  neutron a c t i v a t i o n  analysis,  X-ray 
fluorescence, and pa r t i c l e - i nduced  X-ray emissions ( P I X E ) .  
Whi le these methods are  s e n s i t i v e  t o  the ppb l eve l ,  problems i n  
sample c o l l e c t i o n ,  preparat ion and in ter ferences are  shared by 
a l l .  I n  b i o l o g i c a l  samples, neutron a c t i v a t i o n  ana lys i s  data  
tend t o  be lower than atomic absorpt ion and X-ray fluorescence 
data. ... Generally, a comparison o f  the r e s u l t s  i nd i ca tes  tha t  
modi f ied  atomic absorpt ion spectroscopy provides r e l a t i v e l y  
r e l i a b l e  analyses. Another problem i n  chromiun determinat ion i s  
t he  lack  o f  adequate reference mater ia ls .  I dea l l y ,  reference 
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mate r ia l s  should match the samples t o  be analyzed w i th  respect 
t o  chromium l e v e l s  and each reference composition. Because the  
ma te r i a l s  a re  not  y e t  standardized, i n t e r - l a b o r a t o r y  
comparisons are  d i f f i c u l t .  /Tota l  chromium/ [USEPA; Health 
Assessment Document: Chromium p.2-4 (1984) EPA 600/8-83-014FI 
**PEER REVIEWED** 

Analyte: Chromium; Mat r ix :  ur ine; Procedure: 
Induct ive ly-coup led argon-plasma, atomic e m i s s i o n  
spectroscopy; E x t r a c t i o n  media: polydi thiocarbamate resin;  
Wavelength: 205.6 nm; Range: 0.25-200 ug/samp; Est LOD: 0.1 
ug/samp; Prec is ion:  0.078; In ter ferences:  spect ra l ,  minimized 
by wavelength s e l e c t i o n  /Metals i n  ur ine,  Chromium/ [U.S. 
Department o f  Health and Human Services, Pub l i c  Health Service. 
Centers f o r  Disease Control ,  Nat iona l  I n s t i t u t e  f o r  
Occupational Safe ty  and Health. N IOSH Manual o f  A n a l y t i c a l  
Methods, 3 r d  ed. Volumes 1 and 2 w i t h  1985 supplement, and 
rev i s ions .  Washington, DC: U . S .  Government P r i n t i n g  Of f ice ,  
February 1984. V1 8310-11 **PEER REVIEWED** 

Analyte:  Chromium; Ma t r i x :  b lood o r  t issue; Procedure: 
Induct ive ly-coup led argon plasma-atomic emission spectroscopy; 
Wavelength: 205.6 nm; Range: 10 t o  10,000 ug/100 g blood, 2 t o  
2000 ug/g t issue; Est LOD: 1 ug/100 g blood, 0.2 ug/g t issue; 
Prec is ion:  4.7 (%Sr);  In ter ferences:  spect ra l ,  minimized by 
wavelength s e l e c t i o n  /Elements i n  blood o r  t issue,  Chromium/ 
[U.S. Department o f  Health and Human Services, Pub l i c  Health 
Service. Centers f o r  Disease Control ,  Nat ional  I n s t i t u t e  f o r  
Occupational Safety and Health. NJOSH Manual o f  Ana ly t i ca l  
Methods, 3 r d  ed. Volumes 1 and 2 w i th  1985 supplement, and 
rev i s ions .  Washington, DC: U.S. Government P r i n t i n g  O f f i ce ,  
February 1984. V1 8005-11 **PEER REVIEUED** 

... Zinc pro toporphyr in  (ZPP) concn /was used/ as an index o f  
b lood lead concn. Analys is  o f  z inc  pro toporphyr in  cons is ts  o f  
d i l u t i n g  whole b lood (1:500), adding dimethyldodecylamioxide 
and measuring the f luorescence a t  594 nm ( e x c i t a t i o n  a t  424 
nm). A c o r r e l a t i o n  c o e f f i c i e n t  o f  0.87 f o r  z inc  pro toporphyr in  
and b lood lead concn (by AAS) /was found/. I r o n  de f i c i ency  
anemia w i l l  a l s o  reduce z inc  pro toporphyr in  concn. /Tota l  lead/ 
[Lamola AA e t  a l ;  Cl in Chem 21 (1):  93-7 (1975) as c i t e d  i n  
NIOSH; C r i t e r i a  Document: Inorganic Lead p.XI-29 (1978) DHEU 
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Pub. N I O S H  78-1581 **PEER REVIEWED** 
C L I N I C A L  LABORATORY METHODS 

... A s i m p l i f i e d  method f o r  es t imat ing u r i n a r y  coproporphyr in 
as a lead exposure index /was developed/. Samples are  a c i d i f i e d  
w i t h  a c e t i c  a c i d  and coproporphyr in i s  ex t rac ted i n t o  ether.  
The e ther  e x t r a c t  i s  shaken w i th  an iod ine-hydroch lor ic  a c i d  
s o l u t i o n  which ox id i zes  any coproporphyrinogen t o  
coproporphyr in.  Concn i s  measured by absorbance a t  the Soret 
band peak (ca 401 nm). /Tota l  lead/ [NIOSH; C r i t e r i a  Document: 
Inorgan ic  Lead p.XI-29 (1978) DHEU Pub. NIOSH 78-1581 **PEER 
REVIEWED** 

MICRODETERMINATION OF LEAD I N  ELM)[) & URINE BY ANODIC S T R I P P I N G  
VOLTAMMETRY EQUIPPED W I T H  MERCURY ELECTRODE. NO INTERFERENCE 
WAS FOUND W I T H  C O E X I S T I N G  IONS FOUND I N  URINE. /TOTAL LEAD/ 
CKARAI I ET AL; OSAKA C I T Y  MED J 26 (I): 39-46 (1981)l **PEER 
REVIEWED** 

High performance l i q u i d  chromatography assay o f  RBC UMPase 
a c t i v i t y  i s  a s e n s i t i v e  and r a p i d  assay tha t  appears t o  meet 
c r i t e r i a  f o r  a r e l i a b l e  c l i n i c a l  laboratory  index o f  blood lead 
concentrat ions. /Tota l  lead/ [Cook LR e t  a l ;  Br J I n d  Med 43: 
387-90 (198613 **PEER REVIEWED** 

Lead concentrat ions (ug/g wet weight) i n  human bone ( t i b i a )  
were measured non invas ive ly  i n  v i v o  employing an x - ray  
f luoresence technique. F o r t y - f i v e  workers who had been 
c h r o n i c a l l y  exposed t o  lead (mean du ra t i on  o f  employment 20.9 
y r )  were found t o  have a mean bone lead content o f  52.9 ug/g 
wet weight (range 0-198 ug/g). Blood lead, u r i n a r y  lead 
exc re t i on  a f t e r  EDTA che la t ion,  z inc  protoporphyr in,  and 
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unst imula ted u r i n a r y  lead exc re t i on  were a l so  evaluated. The 
c o r r e l a t i o n  c o e f f i c i e n t s  ( r)  between bone lead measurements (as 
assayed by x - r a y  f luoresence) and b lood lead, z inc  
protoporphyr in,  or unst imulated u r i n a r y  lead were 0.44 (p= 
0.004). 0.39 (p= 0.0151, and 0.40 (p= 0.01) respect ive ly .  The 
c o r r e l a t i o n  c o e f f i c i e n t  between x - ray  f luoresence (XRF)  
f i n d i n g s  and lead exc re t i on  fo l l ow ing  Ca-EDTA admin i s t ra t i on  
was 0.69 (p< 0.001). /Tota l  lead/ [U ie lopo lsk i  L e t  a l ;  Am J 
Ind Med 9: 221-26 (1986)l **PEER REVIEWED** 

B i o l o g i c a l  i n d i c a t o r  o f  exposure t o  lead o r  lead compounds. 
Analyte:  Lead. Ma t r i x :  b lood o r  t issue.  Method: 
Induct ive ly-coup led argon plasma-atomic emission spectroscopy. 
Wavelength: 220.4 nm. Prec is ion:  0.85. This method i s  use fu l  
f o r  moni tor ing the b lood o f  workers exposed t o  several  metals 
s imultaneously.  This i s  a s irmltanous mult ie lernental  analysis,  
but  i s  no t  compound-specif ic. /Tota l  lead/ [U.S. Department o f  
Health and Human Services, Pub l ic  Health Service. Centers f o r  
Disease Control ,  Nat iona l  I n s t i t u t e  f o r  Occupational Safe ty  and 
Health. NIOSH Manual o f  A n a l y t i c a l  Methods, 3 r d  ed. Volumes 1 
and 2 w i t h  1985 supplement, and rev is ions.  Washington, DC: U.S. 
Government P r i n t i n g  Of f ice ,  February 1984. V1 8005-11 **PEER 
REVIEWED** 

B i o l o g i c a l  i n d i c a t o r  o f  exposure t o  lead & lead compounds. 
Analyte:  Lead(I1)-APDC (amnonium p y r r o l i d i n e  di thiocarbamate) 
complex. Ma t r i x :  b lood o r  ur ine.  Technique: atomic absorption, 
a i r /acety lene.  Q u a l i t y  con t ro l :  comnercial cont ro ls ,  pooled 
u r i n e  o r  blood, u r i n e  cor rec ted f o r  c rea t i n ine .  Ext rac t ion:  
APDC-MIBK (methyl i sobu ty l  ketone). Range: 5 t o  150 ug/IOO g 
blood; 5 t o  150 ug/100 m l  u r i ne .  Prec is ion:  0.05. Th is  
procedure quan t i t a tes  Pb(2+) i n  b lood o r  u r i n e  t o  assess body 
burden, injury t o  the  hematopoietic system, & t o  comply with 
Federal regu la t ions.  Blood lead i s  t he  p re fe r red  b i o l o g i c a l  
i n d i c a t o r  o f  lead absorpt ion. The optimun working range i s  0.1 
t o  1.5 ug Pb/g o r  per m l  u r i ne .  In ter ferences:  Phosphate, EDTA, 
& oxa la te  can sequester lead and cause low lead readings. 
/To ta l  lead/ [U.S. Department o f  Health and Human Services, 
Pub l i c  Health Service. Centers f o r  Disease Control ,  Nat iona l  
I n s t i t u t e  f o r  Occupational Safety and Health. N IOSH Manual o f  
A n a l y t i c a l  Methods, 3 r d  ed. Volumes 1 and 2 u i t h  1985 
supplement, and rev is ions.  Washington, DC: U.S. Government 
P r i n t i n g  O f f i ce ,  February 1984. V I  8003-11 **PEER REVIEWED** 

N a t ’ l  Research Counci l  Canada; E f f e c t s  o f  Chromium i n  the 
Canadian Environment (1976) NRCC No. 15017 

N a t ’ l  Research Counci l  Canada; Execut ive Reports: E f f e c t s  o f  
Chromium, A l k a l i  Halides, Arsenic, Asbestos, Mercury, Cadmium 
i n  the  Canadian Environment (1980) NRCC No. 17585 

USEPA; Ambient Water Q u a l i t y  C r i t e r i a  Doc: Chromim (1984) EPA 
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440/5-84-029 
SPECIAL REPORTS 

Nat iona l  Academy o f  Sciences; Medical and B i o l o g i c a l  E f f e c t s  o f  
Environmental Po l l u tan ts :  Chromium (1974) 

NIOSH; C r i t e r i a  Document: Chromium ( V I )  (1976) DHEW Pub. NIOSH 
SPECIAL REPORTS 

76-129 
SPECIAL REPORTS 

USEPA; Health Assessment Document: Chromium (1984) EPA 
600/8-83-014F 

USEPA; Ambient Water Q u a l i t y  C r i t e r i a  Doc: Chromium (1980) EPA 
SPECIAL REPORTS 

440/5-80-035 
SPECIAL REPORTS 
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CPSC; Chemical Hazard Assessment P r o f i l e :  Chromium (1980) 

USEPA; A i r  Q u a l i t y  Data f o r  Metals 1968 and 1969 APDT 

Schroeder HA; A i r  Q u a l i t y  Monograph #70-15: Chromium (1970) 

USEPA; Dr ink ing  Water C r i t e r i a  Document: Chromium (Dra f t )  
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(1981) EPA Contract  No. 68-02-3651 

Nat ’ t  Research Counci l  Canada; E f f e c t s  o f  Lead i n  t h e  Canadian 
Environment (1978) NRCC No. 16736 

NIOSH; C r i t e r i a  Document: Inorganic Lead (1978) DHEW Pub. N IOSH 
78-158 

USEPA; The Health and Environmental Impacts of  Lead: (1979) EPA 
560/2-79-001 

WHO; Envi ron Heal th C r i t e r i a :  Lead (1977) 

CHISOLM JJ JR, BARLTROP D; ARCHIVES OF DISEASES I N  CHILDHOOD 
54: 249-62 (1979) A REVIEU OF THE RECOGNIT ION & MANAGEMENT OF 
CHILDREN W I T H  INCR LEAD ABSORPTION. 

CARPENTER SJ ET AL; PERMEABILITY OF THE GOLDEN HAMSTER PLACENTA 
TO INORGANIC LEAD: RADIOAUTOGRAPHIC EVIDENCE; EXPERIENTIA 29: 
311 (1973) .  [ C I T A T I O N  1 

USEPA; Intermedia P r i o r i t y  P o l l u t a n t  Guidance Document: Lead 
(1982) 

McInnes G; A i r b o r n  Lead Concentrat ions and the  E f f e c t  o f  
Reductions i n  t h e  Lead Content o f  P e t r o l  (1986) 

USEPA; A i r  Q u a l i t y  C r i t e r i a  f o r  Lead ( 1 - 4 ) :  (1986) 
EPA-600/8-83/028aF 

Nat ional  Academy o f  Sciences; Lead i n  t h e  Hunan Environment 
(1980) 

USEPA; Heal th E f f e c t s  Assessment f o r  Lead (1984) PB86-134665 

Brigham CR, Landrigan PJ; Am J Ind Med 8 ( 3 ) :  169-82 (1985).  
The occupat ional  s a f e t y  and hea l th  hazards o f  boat b u i l d i n g  and 
r e p a i r  a r e  discussed. The boat b u i l d i n g  indus t ry  employs a 
la rge  number o f  employees who work i n  many smal l  shops. 

K o r a l l u s  U; Toxico l  Envi ron Chemistry 12  ( 1 / 2 ) :  47-59 (1986).  
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