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I Potential Hazards of Ingesting

Metal Containing Paints

by Stanley B. Gross, Ph.D.

I. Introduction

Recent concerns over the hazards to children of
ingesting leaded paints has prompted a ban on the use of
such paints on children's toys and appliances and for in-
terlor use. The Nationsal Péint and Coatings Association
(NPCA), concerned with potential dangers of other metallic

constituents, as well as lead, has asked the University of

Cincinnezti's Department of Environmental Health to carry

. out a preliminaiy literature survey on the toxicological
‘significance ofhﬁetal compounds used by the paint industry,
with special concern for hazards by ingestion.

Table 1 contains a list of the specific co@pOunds

provided by NPCA which were evaluated. The percentages of .
these compounds used in paints are found in Section III and
in the Summar& (section IV). The search was based on

materials readily available within the files of the Kettering

iibrary rather than a search of the new literature. Many
more references were availadble in the Library than could §'<f

be used for the present survey.
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.+ . mable 1.

. 7! Antimony O:ide
© .+ Nickel-Antimony Titanzte,
1, Barium Sulfate
+""., Barium Meta Borate -
“.=+" Lithopone (30% Zinc Sulfide -
" 70% Darium Sulfate)
Cadmium Lithopone
Caémium Selenide
) Cadmium-Barium Soaps
7. (stabilizers)
. - Chromium Oxide
7.7, Lead and Zinc Chromates
_ -. -, Cobalt Naphthenate and other.
<. 7. " metallo-organic soaps
"7, Cobalt Nickel Titanate
v Copper Oxide
. Copper Phthalocyanine
Tf;;v. Copper Neohthenate and other
' -~ metallo-organic soaps
L. (‘hpv\c: Meat2)
. Besic ez Carbonate
.5. Bacic Lead Silicate
~. _ Lead Chromates
Lead Oxides
. Lead Silico-Chromate
.Lead Raphthenate and other
— metallo-organic soaps
Lead Metal
Phenyl Mercuric Acetate, Phenyl
Mercuric Oleate and other
metallo-organic compounds
" Mercury Cadmium Lithopone:
.’ Nickel Titanate
.- Cadmium Selenide Pigments
++  Strontium Chrcmate
;. Tri-butyl tin oxide
-4 Other tin organo compounds

s, .._

Compounds of snec*fié
the National Paint and Comtings Association.

‘-2 - -.

interest provided by

Aluminum Silicate

Aluminum Oxide arnd Hydrox;de

Aluminum Stearate .

Aluminum Metal

Borates (Barium meta-borate,
sodiumn teotraborate, ete.)

Boron tri-fluoride

Calcium carbonate

Calcium oxide

Calcium Napnthenate and other
metallo-organxc soaps

Lithium hydrcxide

Lithiun Narhthenate

Magnesium Silicate

Magnesium Aluminum Silicate

Magnesium Oxide

Manganese Dioxide

Manganese Naphthenate and other
metallo-organic soaps

Lead Mo’vhdate

. Sine I'LO‘.J slate

Titanium Dioxide (commercial
~grades) :

Titanates (Nickel, Antimony,
Tungsten)

Zinc Oxide

Zinc tearate

Bithopone (30% Zinc Sulf;de -
70% Barium Sulfate)

Zinc Naphthenate and other
netallo-organic soaps’

Zine Metal

Z2inconium Naphthenate and otner
metallo-organic soaps

Zirconium Oxide

h)

14
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This report is divided into a brief summary of

body metals and their absorptlon from the gastrointestinal

. tract, a8 review of the specific compounds by elemental

classes, a summary, and recommendations.

II. Absorption of_Metals

Metals in the Body

There 1s an extensive literature on the role of
metals in biologlcal systems. Bowen (5), Lee(37), and .
the numberous articles by Schroeder and Tipton appearing
in the section on References provide an overview of body
metals; Browning (6), Gefafer (10), and Stokinger (22)
provide recent overview of the toxicity of metals.

The essential bulk metals of the body -- calcium,

potessium, sodium and magnesium -- comprise 1.5, 0.2, 0.15

and C.05% of the body weight, respectively. The remzinder

of the body metals (the trace metals) make up less than

one percent of the total body weight (12). Many trace |
metals are essential in only milligram and microgram
quantities. These metals are important in neuromuscular
function, 15 acid-base balance, in structure and as acti-
vators or constituents of many of the body's enzymes.

- According to Schroeder's publication in 1960 (25),

trace metals found in man may be .divided into four groups:
1) metals comsidered to be essential for mammals, in that

the requirements for growth have been established, deficiency
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states discovered or essentizlly inferred as ccfactors for
certain purified metalloenzyﬁes -~ manganese, cobalt,
copper, zinc, and molybedenum; 2) metals ubiguitous in
plant and animal tissues with suspected metabolic functions
but with essentialities unproven =-- rubidium, boron, bari-
um, strontium, vanadium, chromium (now considered essential),
nickel and aiuminum; 3) metals without known functions,
believed to be contaminants -- silver and lead; and 4)
metals usually not detected in infants but aﬁparently ac-
quired and accumulated as environmental contaminants --
cadmium, tin, titanium and in some locations, bismuth, gold
and gallium (rarely).

Excesses of essential or nonessential metals are
toxic by inhibiting the absorption of essential me%tzls, by
interfering with metallic enzyme actiivators, by replacing
metals in metallo-enzymes or by direct action on non-

metallic blochemical systems.

Absorption of Pzint Metals

There is a large literature dealing with gastro-
intestinal fract anatemy, physiology and blochemistry. The
reader is referred to such texts as Kizber et al. (1) and
Wilson (2) for general information on intestinal absorption
and to Skoryna and Waldron-Edward (3) for a discussion of

tﬂe intectinal sbscrptica of specificlzetals.
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Figure 1 and Table 2, Pathways for Mineral

Metabolism, taken from Altman and Dittner (31), summarize

the absorption and disposition of many metals (and non-
metals). This information is 3eri§ed from the literature
cited by Altman and Dittner and applles primarily to lab-
oratory animals under experimental condlitions. These results
are not always consistent with data for humans, such as those
data of Tipton and Stewart (24) who carried out balance

studies for 22 elements on several individuals. Two of

. these subjects were followed for 347 days.

Absorption of metals from the alimentary tract is
potentially complex. It involves the grinding action of
chewing, the mixing due to the physical action of peristalsis,
the chemical interactions with saliva, acid gastric Jjuices,
alkaline bile, pancreatic and intestinal juices, the poten-
tial changes (metabolism) by microcrganisms and the inter-
actions of metals with food digests (chelating agents).
Other factors are the chemical form of an element, its
concentration, its molecular size, its solubility in the
éifferent fluids of the intestinal tract and, ionization
at the various pE levels. Specle, sex and age differences

may also be important.
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Diagram for

. Figfre 1. Pathways of mineral meta.bolism_t L

. Taken from Altman and Dittiner

. o -

DIAGRAM FOR TABLE $4

' y o - Oral sdministration

D.
Body pool in
liver, blood,
ete.
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(2) 1o organs su:ﬂ {(J) In soft s~

as liver, kidney sues generally?

1n intertines

/1] Percent absorption {rom oral administration has tn'nomc cases beer rather ardbitrarlly classified, since the exe
tent of absorption may depend oo the amount Administered and on the presence or sbsesce of food residues in the

digeative tract. /3/ Some trace dlemests with no knows function alse included. /3/ Primarfly muscle, an, and ex~
tracellular fmids. fo/ Other than in the d0a. ©F by a rovie not delinitely established.
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A mable 2. Pathways of mineral metabolism. Taken from
, . Altman and Dittner (31) ..
PR
te s The course. of courses. of various ions during metaboliam can be located in the diagram (31 1eft) by tracing the
i. . Y combination of letters and numbers accompanying each 1on (columns B and C delow). Observations were made on 8
. et wide varjety of mamrealian species. fons were administered in the form of simple aolubic conipounds or metallic
: sxides. unless otherwise specificd, Underscoring indicales radioactive eiements. or that data were obtained at
. least In part from studies using radioactive isoopes. Dulferent {solopés of the same element may show di/lerent
tigsue preduections. but there 18 usually no differeace in their abserplion or route of excretion. “Plus" symbols
. indicate valence sutes © which data apply. Other Kaown Pathways (column C) are listed. 8o far as possible, in
“+ . order of decreasing traportance. ¢
o ) ion ";‘:x:f" Other Known Pathways Reference
e e A) B) C) i3]
s i Cations®
’ 1{Actumum CE POFR(i.2) 10
2} Aluminura CcE o PDH2. PDH). PDFJ(2) 40,91, 9 . A
S{Americium CE . PDH4, PDFK(2.1), PDH2 88.102 . EXoria
4| Antumony*++ BE, BDR2 BDFXI(2.3), BDH4 31,34,40,9) s
- S| Arsenc*™** BE, BDH2 BDFK(2,)). BDH¢ 16,40,54.58,9) 5T
6| Barwm BE., BOH¢ BDFXK(1). BDH2 12,36.69.93.002 ’
7 [ Beryllium CE PDFX{1,3.2), PDH2, PDH¢ 8.9 e
8! Bismutn CE PDFK(2). PDH¢, PDH2 40.87,93 =
9 Cadmium ) PDFK(2.3.1), PDH¢. PDH2 20.23.40,78.93.110 :i.
*10{ Calctum BE, BDFJ(1) BDH4. BDH3. BDH2. BDFJ(3) 3.19.40.75,92,97.103,110.081 T
11{Cernum?® cx PDFX(2.1), PDH3, PDH2 23.24.40.46,94.102 &F
1Z[{Cesium ADH2 ADH), ADH4, ADFJII3Y 36,52,71-74.90,93 :‘;
13 _:hrommmm CE . PDH2, PDH4. PDFK(2.1) 23,25.50,106 L
14 | Cobait™ BE, BDR2 BDH3, BDH¢, BDFJ(2) 5.17,19.40,86.93,310
18| Copoer*t BE, BDID BDHK2, BDFJ{2) 19.40.64,93,110
16{Curivem - Probably C2* POFKI(2.1), PDH4, PDHZ 6. 12
17 gzlnrosn sscssermensrssessenssrwes | PDHI. PDFR{1}) H Y
18| Eroum’ teemcsmemecrnsnscacsavess | PDHI, FOFK(1, 2) 1%
19| Evropium® cz PDH}, PDR2, PDFX(1,2) 24
20| Francium Probably ADH2¢ PDFX{2.3) T6
21| Cadolinium? Aosessssssmmercssncsesses | POHZ, PDHI, PDFX(1,2) = 24
22 Callium CE PDH2, PDFX(1,2). PDH4 22.53.93
23} Germanivm ADRR ADH4, ADFXI(2) ”
24 Golg+++ cE PDF¥(2). PDH2, PDH¢ 34.40.79.93
28 { Halntum® secevesssrmmramesssreessscss | POFX[2.1), PDH2, PDH¢ 47.9
26| Holmiurm?® s oenmmecmesmmoaneceresss | PDHI, PDFK(1,2) 24
s 2T{incium : cE PDFK(3.1.2). PDH4, PDH2 23,39 E
N 28} ircium CE PDH2, PDH4, PDFK(3.2,1) 23
.. 2%|ironve (o4 PDH4. PDFI{(2) . 19.40.65.93.110.11)
. 30| Lanthanum? ce: . PDH2, PDH)., PDFK(2.1) 13,23.24.36.40,93.95,102
L o 31 jLeadrr BE., BOH¢ . BDHKZ. BDFX(1,3.2} 1,9,22.)4,35,40.57.2.
S, 3zLrmum ADH2 ADH4, ADFJI(3.2) 30.35.81.93
B © 33| Lutetium? ercamessensesemssmasemasese | PDH3, PDFX(1) 24
- © d4| Magnesium BE. BOE2 BDH3, BDFJ{1.2.)) 2.40.91.93.110
38| Manganesett CE PDH), PDH4. PDFJ(2.3) 8.19.28.40.60.66,93
36§ Mercurv*® BE. RDH2 BDFX(1.2.3). BDH3, BDH4 23,40,9)
N 37| Neodvmive? Probably CX* PDH2, PDFK{Q2.1). PDEY 23.24,35,40.8%
e " 38 Nepruniurm cE PDFXN) 36
Lo 39| Nicxel®” BE, RBDI2 BDH4, BDFI(2) $.35.40.93,98.108.110
D 40| Niobum?® cE PDH2, PDH4, PDFXI(2,1.3) 13,23,16.86,102
N 41| Pallagium Probanty CE* PDH2. PDH4, PDFKI(2) 23,40.67
. -, 42{Pisunum CE PDH2. PDH4, PDFX(2.).1) 23.40
. . 43 .Plu\amuu‘ ce PDF¥R{L. 2), POH4. PDK2 11.29.34.84.29,102.109 B
. © 44} Polonium CE POFK{2.1,3}. PDH4. PDH2 27.44,93.%,102 -
.+« I3/ jons may be sssumed ® fallow the same patoways when given parentarally. /s/ Because of inadequate inlorma- . .
¢ ton, so pathways hrve Deen Listed for Dernelivm callformum. einsteinmium, fermium, and mendelevium, /s/ Usu-s [
. ally given as soluble complen. /¢/ As Jueged {rom the potition of the element ia the periedic table. of ea soludliity =
8% agviral pH valves. -
. contimed i
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. .. e 0 -
i Table 2, Conivinued
. ’: .
I lon Pl';:tl;::‘g'rd Other Known Fathways Reference
(A} . {B) i iC) 113
: : Cations
27 as(Potassium ADHI * ADFI03. 2], ADH). ADHe T8.19.46,71.75.10)
4] Prasecovmium® | CE PDH2, PDFK(2.1). PDH) 24.36.40
N . 47| Prometniom CE PDH2. PDFK(2,1), PDH) 24.36,302
- 48| Protacunum Probadly CE* PDFX(1} s
49| Radiym BE, BDFX(1,2) BDH4, BDH2 27.45,75,93.97.102
. $0{Radium D Probably BE, BDH2* PDH2, PDH4, PDFKI(1) 9.7
‘ $1|Rhodium cE PDFX({).2,1), PDH2, PDH4 23
52 | Rubidium ADH2 ADFJ{3.2), ADH3. ADH4 63,71 . ..
A $3 | Ruthemuum CE PDH2., PDH4, PDFK(3.1.2) 23,100.100
o $4 Samarw cE PDH2. POFK(2.i). PDH3 23.40
88| Scanaium Probably Ct‘ « | CDH2. CDFJ(1.3) 4 .
56 { Selentum ADH2 .. ADGHI., ADFK(2.3). ADH4 61.,62.93
$7]Silver cE PDH). PDFK(2.3), PDH2. CDGFX® | 40.87,93.110
$8 | Svdium ADH2 ADFJ{3.1.2), ADH). ADH¢ 19.40.91.9 i
59| Strontium BE, BDFK(1}) BDH2, BDH4, BDHI 3.36.45,75,92,302,10) .
40) Tantalum CE PDH2, PDH4, PDFKI2.1.3) 23,24 N
© . 6} | Techneuum sevassersisesscssasensecsess | PDHZ, PDH4, PDFXI(3.2. 10 23 .t e
62 Tellunum"’"‘" BE, BDGH2 BDCH3, BDGHI. BDCGFX(2) 36,93.102 P
63} Terbium CE PDH2, PDH), PDFKI(},2) 24 LI
o4 :hahxum BE BDH4, BOFK(3.1,2), BDH2 40.59.93
451 Thorivm cE PDFXI(2,1). PDH4, PDK2, PDRY 36.85,93,102
6 | Thulwm cE PDH2. PDH3, PDFK(1) » 24 \
67} Tin** BE, BDH2 BDFJ(3,2), BDH4, BDHD 40,93,110 -
8} Tin+-++? BE, BDK2 - BDH4, BDFI(1,3.2) | 2 k
69| Titanium Probably CE* CDFI(Y) 9
10 { Uranium*+++ essssesesescrnseasessrscccne | BDFX(2) Y.+ L.
¢ 71 {Uranium*+++++ | BE, BDH2 BDFX(1.2) 21,40,93,102
; 72| Yiterbium? sessesesssessonenesssesseses | PDH3, PDFK(1.2) 24
R 73| Ytirium PDFX(1,2). PDK2. PDH¢ 13,24,32,36,45,84,102, 109
. T4]Zinc CcE CDH4, CDFJ(2,3), CDR2 33,40,60,.77,93.102-105,110 -
’ o 15 {Zireanium CE PDFKI(1.3) 13.56,80.102
T Anions®
76| Astatice Provably A’ PDFK(3). PDH2, PDH4 37
17 { Bicarsonaie ADHI, ADE2, ADH} ADH4, ADFJ (al) ttasues) 93
78 Berate ADM2 cevnees 40,93
79[ Bromate ADH2 ADG (to bnmide) 41,93
30| Bromide ADH2 ADH3, ADH4, ADFI(3) 14,93
81| Chlorate ADH2 cones 40,93
. 82 {Chlioride ADH2 ADH3, ADH4, ADFI(3,1,2) 91,93
231 Crromate BDH2 BDH4, BDCH2, BDGH4, BDGFK(Z) | 40,63.93,106
84 { Cyaniae ADR2 . ADHlL, ADC (w0 SCN") 93
. 48 | Ferrocvaaide ADH2Z ) cons 48,4993
86} Fluoriae BOHR BDFJ(1.3), BDH4 60,91.93
« 87| Hypopbospixise ADH2 93 i
8 Jocate ADC (to lodide) PDH2 93 .
89 lodide ADH2 ADFI(3.2), ADED} 93 et
: 90| Molvbdate BDH2 BDFJ(2.3. 1) 7,15.24,35,40.9%1R
. 91| Nitrate I ADHZ ADFX{3) ”
: 92| Nitrite ADG {10 nitrate) 9
- - 93{Osmate secsssmsosreessassessacsess | PDH2, PDH4, PDFX(3,2.1) 23
94 | Oxalate . ADK2 9 .
R 9% | Perchiorate ADR2 41 .
N % | Perzanganate CE (reduced 0 Mn0;) . 43
97| Perrhenate CE PDH2, PDFX({))*, PDH4 23,42 .
* 98| Phosprate 8E., BDH2 BDFJ3(1.2,3), BDH3, BDH¢ 19,9 .
99]Silieste BE, BDH2 BDFIJ(Y) 34,35,42,91.9
.7 100] Sultate DE. BON2 BDHJ. BDHd B0C 19,246,851 '

13/ Jons may be assvmed o follow U same ushtan -Mu tives nnmonﬂy. Iol Uuul!r given as soluble come
plex. /o] As judgesd Irom the position of the clement (a the periodie table, of on solubility at nevtral pi} values.

le! Sxin, Jo! Becuuse of inadrnusie jnlormation. no pathwsys have been Jisted for cyamie, tcrﬂc)m and perie~
date, I'I As jaged from soludility at Mutrd pil values.

enadined

S-W 001522




Toxicity and Kazard

Sy . \:;..
The term "toxicity" as used in thik report, re- T
fers to the innate ability of a material to induce harm

once inside the body. "Hazard" refers to the ability of

a toxic material to be absorbed into the body where it

might effect its toxic action. A highly toxic material,

for example, which cannot be absorbed appreciably from .
the gastrointestinal tract would not be a significant
hazard. The mere presence of a toxic material at a low
concentration inside the body also may not constitute a
significant hazard. A toxic substance to be considered

a hazard, should cause measurable adverse effects (such
as irritation, growth impairment, disease, etc.) when

used as intended and at levels approximating intended use.
Usually safety factors are zapplied when setting standards.

Table 3, taken from Spector (18), presents

commonly used terms that are associated with acute ex-
posures by various routes, These terms are used in the

body of this report in similar fashion.

III. Compounds bv Tlemental Class

This section considers the toxicity and hazards
of the specific compounds by elemental classes. The ori-
ginal list suggested by NPCA is found in the Introducticn.
An expanded alphabetical listing of these compounds can

be f%und in the Summary.
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" i+ Table 3.
‘ from page

- 10 -

e e - e———— - -

Combined tabulation of toxicity classes® t&ken
4 of spector (18). -

Various Routes of Administrstion -

o Inhalatinn 4 hr
. - LDso ey T et Prebuable
. Toxiclty | Comnouly Single Oralse vapor SXpeIure, ;py  Skin Kadots |Lethal Duse
Ratiag | Used Term Dose Rats Mortality 50 for Man
. . 2/6-4/6 Rats *
iy Extremely {1 mgor less/kg <10 ppm 5 mg or less/kg A tasts,
toxiec 1 grain
2 Kighly 1-50 mg 10-100 S-43 mg 1 teaspoon
toxic 4 cc
3 Koderately |50-500 mg 100-1000 M4-340 mg 1 ounce
N toxie 30 gm
4 |Slghtly 0.5-5 g 1000-10,000  |.35-2,81 gikg 1 pint
. ‘. toxie . 250 gm
' ] Practically |5-18 g 10,000-100,000 [2.82-22.59 g/kg + |1 quart
- non-toxic
i 6 Relatively |15 g and more >100, 000 22. 6 or more g/kg {>1 quart
harmless

lodge, H. C., and Sterner, J. H., American Industrial liygiene Association Quar-
terly, 10:4,93, Deec 1949 . .

. .

Standards for intravenous LDgy for rats ana rabdits may be oblained approximately
by dividing the oral toxicity swandards for rats by 10, ‘
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Since many of the compounds belong to more than
one elemental class, they appe;r listed at the beginning
of each class to which they belong, along with the ccncen-

_trations at which they are used in paints.

References 4 to 26 were used "routinely" for all
elements or compounds while the other references generally
refer to specific compounds or classes of ccmpounds.

In each section are provided, when available,

the following types of information: (a) cverall toxicity,

estimated from animal and human data obtained primarily

- ~ from ACGIH (4), Browning (6), Christensen (7), Fairhall (8),
Sax (16), Spector (18) and Stokinger (22); (b) body burden

data, taken primarily from the ICRP Committee II report (12)

and (c) data cn absorption and disvosition (18, 2&, 25) pro-
viding an indicatoer of absorp:ioh and excretion rates and
the amount of body pools which might assimilate the absorbed

metals; (d) acute cral hazarss, taken from Christensen (7)

and Spector (18), based primarily on animal studies;

(e) water supplv criteris and standards wnich describes

human cnhronic oral exposure, primarily taken from McKee

and Wolf (13); (f) toxicityv data on svecific compounds

obtained primarily from Christensen (7), Spector (18), Sax

(16) and Stecher (14); and (g) oral hazards in paints,

which, based on the above information, suggests the degree

of potential hazard in using theée compounds in paints.
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In many cases there are insuffizient data availakle on
/—/—-\

which to base safe levels of these compounds In paint

ula . comme ions fcr studies brain
formulations Reco ndations fcr stusd to o
s ———————

this information are presented in Section V, Recommencations.

-

{ Aluminum ‘Compounds
' Aluminum Metal 0 - 25%
Aluminum Hydroxide 0 - =% ’
Magnesium Aluminum Silicate 0 - 259
Aluminum Oxide 0 - =5
Aluminum Silicate 0 - 50%
Aluminum Stearate 0 - 10%

There is a considerable literature on aluminum

- and its health effects. In adcdition to the "routine”
references (4-26), the 1957 review of Campbell et al. (27)
of this Department is useful. OTr, John Sorenson, also of
this Department, is currently updating the 1237 resview.

~Aluminum is very abuniant in the earth's crust
and is widely used in metallurgy, in various chezical
‘industries, and as a therapeutic agent. This element is
considered to.be nonessential T0 man and generally of

low toxicity once inside the body. Zn the industrial

setting, the oxide (A1203) 18 considered oniy as &
nuisance dust. The Threshold Limit Value, TLV, is set

at 30 mppef (L), However, z bernign pneumoccniosis
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(aluminosis) due to very high levels of dust exposure has
been reported. The etiology of the aluminos{s is debated
(6, 10). '

The body contains an estimated 100 mg of saluminum
distributed relatively uhiformly in most organs in concen-
trations of approximately 1 ppm, wet weight basis (12).
The lungs coﬁtain approximately 24 ppm while the skin,
ileum, trachea and blood contain 24, 28, 1.8, 2.0 and :
0.16 ppm, iespectively. The concentration of aluminum in
the lungs increases with age in men (26).

The human diet contains 10-150 mg of aluminum

per day (26),‘almost all of which is excreted in the

feces. Tipton and Stewart (24) found in two subjects on

2

" " normal diets averaged over 2W7 days, daily oral intake of

17 mg each, a fecal excretion of 17 and 15 mg and urinary
excretion of 0.87 and 0.72 mg.

Iarge oral doses of aluminum compound are nec-
essary to kill or damage experimental animals -~ lethal
doses (1LD's) from 3730 to baggifﬁg). The species and
types of compounds used are important. Spector (18)
reported an oral LD50 (lethal dose killing 50% of the
animals) for AlCl3 in the rat as 3730 mg/kg AlCl3 while
Evenshtein (28) reported a study in which 750 mg AlCl4
administered to a rabbit caused death in two hours.

Christensen (7) lists the oral LD50 for aluminum sulfate

for the mouese at 770 mg/kg.

S<W 001527
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There are no standards set for domestic water
supplies because of the low level of toxicity of aluminum.
Cooking with sluminum utensils can add 70-75 mg to the
diet with no apparent harm. In one study (28), one man f
reported ingesting 264 mg/day for 70 days without ill
effect. Rabbits, however, maintained on water with 1400
ppm aluminum déveloped decreased blood, bone and urine
phosphate (13).

' Specific Paint Compounds. Aluminum metal dust

has been reported to produce contact dermatitis and bron-
chial asthma (14) and pulmonary fibrosis (16) in industrial
use but is not generally regarded as an industrial poison.

Aluminum hydroxide is used as a food additive (29) and as ..’

an anti-acid with good safety. Aluminum oxide (Alumina)

industrially has been associated with pulmonary fibrosis
(Shaver's disease), the etiology of which is controversial.
Toxicity data on the other compounds were not readily
available in the literature.

Oral Hazard in Paint. Based on the poor ab-

sorption from the gastrointestinal tract and on the rel&-
tively low toxicity of aluminum compounds in man, the

specific aluminum compounds under consideration by the

paint industry should be safe at the concentrations

specified,
——————— e
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“Antimony Compounds

-

~ Nickel - Antimony Titanate 0 - 15%
Antimony Oxides 0 - 10%
Antimony plays no known essential metabolic

role in biological systems and has been known for its
toxicity since Roman times (32). This toxicity has been
demonstrated in its therapeutic uses as an emetic (potas-

sium antimony tartrate) and for the treatment of human -

' parasitic diseases (schistosomiasis and leishmaniasis),

in food poisoning from enameled cooking ware and in acci-
dental and 1ndust;ia1 polsonings. Lethal dcses by parental
routes vary from 3.07 to 4000 mg/kg. Industrial TLV for
antimony and 1ts compounds is set at 0.5 mg/m3. The TLV

of the highly toxic pydride of antimony, stibine, is also
0.5 mg/m>.

Antimony probably exerts its toxlc action by
reacting with sulfhydryl-containing enzymes, thus inter-
fering with cellular metabolism.

The’body is éstimateé to contain about 90 mg of

. antimony with tissue levels of C.05 to 4 ppm, wet weight

basis (12). Little appears to be known about normal
dietary levels of Sb. Woolrich (30) indicated less than
100 pg Sb per day is contained in the dlet. Gastro-
1ntestinal absorption is between 5 and 70%, most of whi_h
15 excreted rapidly in either the urine or the feces (31).
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Acute oral LD50 studies for Sb compounds in . CLa

.l animals range from 100 to 20,000 mg/kg (7, 18). A

lethal dose of antimony potassium tartrate is estimated
at 2 mg/kg for man.

There is no permissible. level established for
domestic watér use. Antimony added to the food of rabblts
caused progressive increases in both Hb and RBC's and when
fed to rats caused an increase in WBC's (6). Antimony
fed at 5 ppm over a life time caused # decreased survival

and longevity in rats (26).

Specific Paint Compounds. Antimony oxides.

.»if The pentoxide was reported to have low toxicity (ip LD50
f.y | 1 rats, U gn/kg). Rats tolerated well 4 mg dailly, how-

. ever, both rats and rabbits experienced reduced growth

rates on dietary levels of 2% (13). Toxicity information

on the tggragxide or on nickel antimony titanate was not

readily available,

Oral Hazard in Pesint. Because various antimony

-

compounds have been found to be highly toxic in man and
———— e

animals, oral hazards of antimony compounds in paiqii X

. .

should be adequately evaluated to determine if currently ..

used concentrationg in paint are safe.
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“ Barium Compounds
, et o ]
Barium Metaborate O~ 1% A
Barium Soaps ' 0~ 3% j
Barium Sulfate (in lithopone) 0 - 359 3
- Cadmium-Barium Soaps 0~ 3%
¢ Lithopone 1 0 - 50%

There is a relatively large literature on barium
available in the Department's library, including several .
recent reviews by Browning (6), Schroeder (33), Miner (24),
and Rumyantsev (35).

Barium is relatively abundant in nature. It is

nonessential to man and soluble forms are considered highly

toxic. Lethal dcses range from L4-700 mg/kg depenﬁing on

tﬁ;-route of administration and species. The industrial
TILV is 0.5 mg/m3 as Ba, Barium stimulates smooth, striated
and cardiac muscle and may produce violent peristalsis,
arterial hypertension, muscle twitching and cardiac dys-
function. Barium sulfate, used extensively as an x-ray
contrast medium, is relatively insoluble and apparently
innocuous when ingested. Prclonged inhalation of Ba come
pounds has been reported to cause a benign form of pneumo-
conloslis known ‘as bafitosis. '

Barium behaves similarly to Ca and Sr and is
found notably in bone tissue and the aorta, where it is

deposited irreversibly (33); 3a presumably can displace _ ‘- .

Ca to some extent in biological systems by mass actlon.
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The body contains approximately 16 mg of 3Ba with
most of the organs containing levels in ppb rghge except
for bone which contains approximately 1.63 ppﬁ (12).
Barium has been shown to accumulate in the lungs with
age, apparently due to deposition from inhalation. The
diet contains approximately 16 mg/day (26). Tipton and Ste-
wart's (24) individuals' diets contained an a;erage of 0.65
and 0.92 mg/day over 347 days. Excretion averaged C.£9 =nd
0.88 mg in feces and 0.037 and 0.017 mg in the urine re-

'i'% spectively.

Acute oral lethal doses in animals range from

7-3600 mg/kg. Five hundred to 600 mg of a barium compound 3}3.i
in man has been reported as fatal (13). The USPHS 1362

_gg;er‘standards for domestic water supplies limits Ba to

Sr 1 mg/l based on the toxicity of barium (13).

Soecific Paint Compounds. 3aS0, is used as a
contrast medium for gastrointestinal x~rays. It is con- : ; -1;;5
sidered innocuous; however, this use is on a short temm o
basis == usually a single pass through the gastrointestinal

tract. Data on humans, especially the young, on a chronic

exposure basis are not apparently available. ILithoovcne
has been considered "non-toxic"; however, Sax (16) indica‘es
that hydrogen sulfide can be liberated from lithopone on o

decomposition by moisture, acid, or heat.
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Oral Hazard in Paint. Barium chloride apparenzly

1s readily absorbed and is highly toxic to many species (18). ' e

Since insoluble barium compounds might form chlorides in

the stomach all the barium compounds of concern (soluble or

insoluble) used in paints should be adeguately evaluated : {?

for chronic and short term éxposurés;

-~ ~.
: Boron Compounds

-

Boron Tri-fluoride 0 - 1%
BSorates (3arium metaborate 0 - 15%

sodium metaborate, etc)
: " The 1iterature on the health effects of boron

compounds is relatively limited. Browning (6) and

Durocher (38) offer recent reviews of this subject.
Although essentizl to higher plants, boron is
not ccpiéggggg_gggepgial_;g_gég_and has no known metabolic
role. Boron and its compounds are considered by Sax (16)
as not highly toxic to man. The most common health hazards
| have been accidental iﬁgesticn of household chemicals,
such as boric acid or borax, and absorption of boric acid
from wounds or burns. The most highly toxic bdboron com-
pounds are the boranes used in high energy fuels. Lethal
parenteral doses of boron compounds range from 20 to over
2000 mg/kg depeﬁding on the species, route of administra-

tion, and the compound. Industrial TIV's are set at
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3, 0.3, 0.1 and 0.0l mg/m> for boron trifluorides, deca-

borane, diborane, and pentaborane, respectively.

Boric acid may produce primary skin irritation

and conjunctivitis locally. The ingestion of excessivé
doses of borates may cause nausea, cramps, convulsions, i
coma, and other symptoms of distress.: Inhalation of the
?oranes may lead'to chest tightness, cough, headache,
dizziness, convulsions and unconsciousness.

The body contains approximately 10 mg of boron.
Most of the tissues contalin sub-ppm quantities except

bone which may contain nearly 3 ppm. The diets in Tipton

ST e e otm cme y e T en g —e e,
.

- and Stewart's studies (24) contained 1.2 and 1l mg/day
with most of the boron being absorbed and excreted in .

‘ the urine (0.95 and 4.7 mg). Lethal oral doses in animals
‘ ranged from 45 to 5140 mg/kg (7, 18). Fifteen to 20 gm of ;
boric acid has been lethal to adults and 506 gm to children.

Rats drinking water containing C.25% boric acid experienced

érinking water
decreased growth rats; however, boron in pub%&s/is not

generally resardeq as a hazard to human beings (13). Con-

centrations to 30 mg/l of boron in drinking water have

D | -

been reported as not harmful. Hoskins, however, has

recommended a boron limit of 20 mg/l in drinking water (13).
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Specifis Paint Compounds. 3Zoron trifliyporiseis

highly hazardous by the inhalation route (TVL, 1 mgA;B).

It is highly irritating to mucous membranes. Oral hazard )
data were not readily available from the references usegi.
Rorates. Sodium borate is strongly alkaline and soluble

in water. Its oral LD50 for the mouse is 2.0-3.0 gm/kg

(38), which can be considered only slightly foxic. Intra-

venous administration of 0.3 gm/kg of sodium metaborate

‘to the rabbit caused no notable toxic effects.
s~

Oral Hazard in Paint., Orally, the borates are

probably relatively non-toxic on & short-term basis;

however, inadequate dats sreavailable on long-term expo-

sures. Since boron once inside the bocdy can be quite

!

toxic, the oral hazards of these compounds in paint formu-

lations should be more adequately investigated to determine

a—
safe levels for paints.

\__‘___ - : )
LT . . Ll
Cadmium Compounds e
\-v—‘—'

Cadmium Barium Soaps 0 - 3% ,
, Cadmium Lithopone 0 - 13¢

Mercury Cadmium Lithopone 0 - 15%

Cadmium Selenide 0+ 15%

Cadmium Selenide Pigments 0 - 25%

Cadmium Soaps
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There is an extensive and rapidly growing litera-

ture on health effects of cadmium and its role in the

. pollution of our environment. Recent survey articles by lkff
Browning (6) and Fasset (39) and extensive reviews by ;
Athanassiadis (40) and Friberg (41) are availabdble.
Cadqium is not widely diétributed in nature and
finds 1ts way into the blosphere primarily as waste pro-
ducts of technology. Cadmium is considered to be highly

toxic to man by any route of administration. Although Cd

tends to be deposited irreversibly in the liver and kid-
neys (metallothionine) as a possible protective storage
of the metal, cadmium in toxic levels interferes with the
many =-SH containing enzymes and many metal-containing
en;yﬁés. '

Ingestion of cadmium has caused nausea, sall-
vation, vomlting, diarrhea, and abdominal pain. Locally,
it is irritating to mucous membranes, produces yellow dis-
coloration of the teeth, and contact dermatitlis due to
hypersensitization. Inhalation of cadmium fumes may be
followed by respiratory irritation, dry throat, metalllic . ‘b.:».n‘
taste, chest pain and dyspnea due to bronchitis, pneumcnitis -
and pulmonarj edema., Liver, kidneys and bone marrow may be
~ damaged.

lLethal doses in animals range from 2 to 250
ms/kg depending on the chemical form and species (7, 18)
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Cadmium fumes at 9 mg/m3 has caused death in man. The

A

e

M,
”

."]

M1

TLV's for Cd‘are Q.1 and 0.2 mg/m3 for the oxide fumes
and soluble dusts, respectively.

The body is estlmated to contain approximately

30 mg of cadmium. 'Most tissues contain less than 1 ppm

except for the kidney (32 ppm), the liver (2.4 ppm), and
the pancreas (1.2 ppm). Under normal exﬁosures, Cd accumu-
lates in the kidney with age. The diet contains approxi-
mately 25;1g/day, the major portion of which is absorbed
and excreted in the urine (42 and 83%) (12, 24).

Acute deaths in animals are seen with oral doses

of T70-369 mg/kg.

has been reported.

4

Food poisoning from Cd-plated containers
et ———

- ——— .. . C e e e ot —

One boy died two hours after ingesting

. —— —

8.7 gm of CdC-2. Limits for domestic water supplies were
Standards
set at the low levels of 0.05 mg/l by the WHO European/1962
tandards

and 0.0l mg/l by the USPHS/1962 organizations because of

the highly toxic nature of Cd (13).

Specific Paint Most of these com-

Compounds.

pounds listed in Sax (16) and the Merck Index (14) were
listed with cross reference to the high toxicity of

cadmium and mercury compounds. Lithopone compounds would

have added potential hazard due to the possible lideration

of HZS gas (See Barium Compounds above). Cadmium selenide

has a low toxicity because of the compound insolubllity (14).

Cadmium stearate has an oral LD50 of 1225 mg/kg in the rat,

giving this a "moderate" toxicity rating.
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Oral Hazard in Paint. ©Because of the highly

toxic nature of cadmium in man, cadmium salts should not

be used in interior paints or on childrer's articles without

extensive research showing its nonabsorbability from paint

formulations, both from short-term and long-term exposures.

L —

r'.”‘*\. )
. Calcium Compounds.
N -
Calcium Carbonate 0 -~ 70% .
Calcium Napthenate 0~ 29
. Calcium Oxide 0 ~ 15%
iif‘ Calcium Soaps 0 - 2
: ‘ Calcium 1s the most abundant metal in the earth's

crust and is essentlal to all forms of life. It is also
- the most abundaﬁt divalent metal in the body and 1s essen-
tial for many functions including the activation of many
enzymes, neuromuscular irritabllity, a2nd the structure
of bone and teeth. There is a lﬁrge literature on the .,Tb‘
roles of calcium in living systems. However, for the pur- ?;i;'
pose of this review, the "routine" references (4-26) pro- ' )
vide the primary sources of toxicological information.

Many calcium compounds are used therapeutically

and are considered to be reiatively non-toxic. Problems

a—

of dietary deficiency of calcium have been of more concern
to the general populaticn than the toxicity of calcium.
On the other hand, industrial exposuré to dusts containing
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calcium oxide (lime) and calcium arsenate have been of
gconcern == thg oxide because of its irritatioﬁ to the
skin, conjunctiva, cofnea and mucous membrane: of the
respiratory tract and the arsenate because of the arsenic
toxicity. The TIV's for these materials are 5 and 1 mg/m3
respectively. ' 1 ‘

The body contains about 1050 gm of calcium most
of which (99%) 1s found in the bones. Tipton and Stewart
(24) reported 940 and 2300 mg per day of calcium in the
diet with only 140 and 230 mg being excreted in the urine,
the rest appearing in the feces. The human body requires
approximately 0.7 to 2.0 gm of calcium per day as a food
elément and amounts considerably in excess of thegé re~-

quirements are consumed with the use of hard water with-

out overt adverse effects.

Parenteral and oral lethal doses in animals range

Zrom 100 to 25,000 and 15 to 7340 mg/kg respectively depend-

ing on the compounds, specles and routes of administration
(7, 18). 3Because of its low oral toxicity, the USPHS
drinking watér standards of 1962 and the WHO European
Standards of 1961 do not contain limits for calcium; how-
ever, the WHO International Standards of 1958 indicate

75 mg/l as a permissible limit and 2000 mg/l as an excess=-
ive limit. ' |
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Specific Paint Compounds. Calcium zarbonate is N

used as a nutrient and/or dietary supplement (29), anti-
acid and anti-diarrhea agent and is relatively non-toxic.

Calcium Oxide 1s also used as a dietary supplement (29)

but is relatively toxic as an industrial dust. In short

i Rockhold
term studies using calcium repithenate,/reported an oral

L - 1D50 greater than 6 gm/kg in rats (42). The soap, calcium .
stearyl-2-lactylate, is used as a food additive and is

considered relatively non-toxic.

Oral Hazard in Paints. Based on the fact that

relatively high levels of calcium can be safely tolerated
in"the diet or as oral therapeutic agents in man, the rela-
tively low toxicity of the calcium compounds in question
and the probable unabsorbability of these compounds from
ingested paint chips, these compounds can probably be con-

sidered as only a slight oral hazard in paint formulations.

—

TN

Chromium Compounds

N e .
Chromium Oxides 0 - 15%
lead Chromate 0 - 25% N
Zead Silico Chromate 0 - 25%
Strontium Chromate 0 - 25%

There is an extensive literature on the health
aspects of chromium. 3rowning (6),'Sullivan (47) and

Smith (48) provide recent overviews for chromium.
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Chromium is an essential element involved with
glucose and 1lipid metabolism (an insulin factor). The
biologically active form of Cr is not known. Chromium .
metal itself is relatively ihert. Di- and tri-valent
chromium compounds are relatively non-toxic; however, the
hexavalent forms (chromates and dichromates) are considered
highly toxic. Most toxic hazards ere from airborne chro-.
mium in industrial settings. Cutaneous allergy is not
uncommon from hexavalent compounds but are rare from tri-
valent chromium compounds. Contact with chromates or
chromic acid can produce small, painless cutaneous ulcers
asﬁwell as primary irritation or hypersensitivity. Allergic
bronchial asthma has been associated with chromium tri-
oxide fumes. Bronchégenic carcinoma has occurred at an
abnormally high rate among chromate workers. Industirial
TLV's are 0.1 mg/m3 for chromic acid and chromates C.05

mg/m3 for soluble chromic angd chramus salts, and 1 mg/m3

for metallic chromium and insoludble salts,

-fé"; The body contains approximately 6 mg of Cr, the ' :.;f
¥ bones containing 0.49, the lungs 0.2, the skin 0.33 and

the uterus 0.24 ppm. Chromium accumulates in the lungs

W

with age. The daily diet contains approximately 60 ug (26)
per day. In Tipton and Stewart's studies (24), 0.20 and
0.29 mg appeared in the diet with 55 and 41% excreted in

the urine. Paranterally, lethal doses of various chromium

- e " -
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compounds vary from 0.1l to/§185 mg/kg while acute oral
doses vary from 1870-3g§é3?%,§8}. Rabbits receiving
1.9 gm of K20r207 died within two hours.

Schroeder found the 5 ppm of Cr +3 in the diet
of rats to be beneficial. 3oth the USPHS 1962 and the

WHO European 1961 agencies set 0.05 mg/l as a standard

" for hexavalent chromium in drinking water apparently be-

cause of a concern for pcssible carcinogenicity (13).

McKee and Wolf (13), however, question this restrictive-

‘ness because of 5 case of a family which had drunk .

water containing 25 mg/l of Cr +6 for years (1957 on)bwith

no apparent adverse effects. ,
i .
-

Specific Paint Compounds. Chromium oxides,

All of the hexavalent oxides afe orally toxic, producing
gastrointestinal irritation, vomiting and diarrhea, and

in experimental animesls, renal damage. Oral toxicity data
on the other compounds were not readily available from the

references used in this survey.

Oral Hazard in Paints. Chromium compounds,

especially the hexavalent forms of chromium, have the
potential of toxic action at relatively low levels. It
is not sufficiently clear from this brief survey what
oral hazard would be provided by ingesting the specific
compounds to be used in paint formulations. Experimental

investigation will probably be necessary to establish

acceptably safe levels.

TR
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‘Cobalt Compounds [y
“Cobalt Naphthenate 0 - 1% Fh
Cobalti;Nickel Titanate 0 - 20% :
CObalt;SOaps 0 - 1%

D
‘o

[N

Cobalt is a relatively rare element, composing
about 0.001% of the earth's crust. The toxicity litera-
ture on cobalt is relatively limited. The "routine" .
references (L4-26) were used.- Stokinger (22) and Browning
(6) deal with the. general toxicity of cobalt and Valberg

(63) discusses the gastrointestinal absorption of cobalt. S

Cobalt is §§_§s§gggggg_frace element for man and animals.
It is an important constituent of vitamin Byp an; certain
enzymes, and 1s associated with the production of erythro-
poietin, and red cell stimulating factor.

Parenteral lethal doses of cobalt compounds in
animals vary from 21 to 1400 mg/kg (7, 18). Administration
of cobalt salts produces polycythemia. In one case of
human poisoning, iver and kidney damage was attributed to
cobalt. Metallic cobalt dust and cobalt salts may produce
allergic contact dermatitis and corneal irritation. Inha-
lation of cobalt dust has been associated with gastiro-~
intestinal irritation and possible bronchial asthma. The
industrial TLV for cobalt metal dust or fume is 0.1 mg/ms.

The body contains an estimated 3 mg of cobalt

with most tissues containing 0.1 ppm or less. Cobalt is




concentrated in bone, liver, kid:.2y and cecum at 0.6, 0.3,

.,

0.2 and 0.26 ppm, respectively. In the studies of Tipton
and Stewart (24), the diets contained 300 and 500 ug per
day with most of the cobalt being excreted in the feces
(48 and 77%).

Oral lethal decses of cobalt range from 0.5 to
1700 mg/kg (7, 18). Excessive oral intake causes nausea .
and vomiting. Five hundred mg/day for 30 days was lethal
for calves and 50 mg/kg was lethal to chicks. Three to 4
mg/day given to children for the treatment of anemia was
goitrogenic. The ingestion of 0.1 to 0.25 mg per day
does not appear to have any adverse effects whereas single
daily doses of 25 mg per day over a period of one week or
longer increase the hemoglobin cenvent of blood. McKee and
Wolf (13), however, state that maximum safe concentration

for cobalt in drinking water cannot be established or

estimated on the basis of present knowledge.

Specific Pein+t Compounds. Cobalt napthenate

was found by Rockhold (£2) to have an oral LD50 in rats
of 3.9 gn/kg. Toxicity or solubility data on the other

cobalt compounds wers not readily available.

Oral Hazard in Paints. Since relatively low

levels of cobal can be toxic to children, appro-

priate studles to establlsh safe levels of cobalt compounds

in paint formulations should be carried out.
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Copper Compounds - . LS
—- ! 3 v
Copper Metal 0 - 504 ' ?azf
Copper Naphthenate 0 - 8 A ;
. . -
Copper Oxides 0 - 25% £
Copper Phthalocyanine 0 - 5% f‘fflit
Copper Soaps 0 - 5% #;.“ ;j
Copper is an essential element to man in that . # :

it is required for the formation of erythrocytes and

- . hemoglobin as well as being an essential part of several
proteins: ceruloplasm, tyrosinase, cerebrocuprein,
erythrocuprein, cytochrome oxidase, and other proteins.
There is a large literature on copper essenﬁiality, bio=-

I
& %

cheﬁistry and toxicity. Scheinberg and Sternlieb (43)

X AT T T T Y ST TR TR TNy
e . * : N

and Davenport (68) provided extensive reviews. For more
recen:t reviews see Scheinberg (45), Browning (7), and
Van Campen (46).

The toxicity‘of copper compounds has been xnown
for centuries. Soluble copper salts are strongly irritating
"+to the skin and mucous membranes. Ingestion of excess

quantities (copper sulfate) in man has caused vomiting,

T S PR YT T e e
- [}
- o v mge e s
R Rt .

gastric pain, convulsions, and death (16). Nerve, kidney

and liver damage has been recorded. Metal fume fever C o
("brass chills") results'frﬁm the inhalation of copper |

dust or fumes (TLV for fumes, 0.1,.and for dusts, 1.o'mg/m3).
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The body contains approximately 100 mg of Cu,
| concentrated mainly in the liver, brain, kidney, heart
and stomach (12). The diet normally contains from 2 to
20 mg per day with most of 1t being excreted in the feces
(24). '

Lethal oral doses in animals range from 22-940
mg/kg. Hemolytic anemia has been induced by the therapeu-
tic use of copper suifate. Sixty to 100 mg in the diet
due to heating tea in a copper pot has caused gastroenteritis
(13). Three ounces of 1% copper sulfate also caused one
case of enteritis. Ten to 30 mg per day in drinking water
apparently causes ﬁo symptoms; however, because of bad

taste problems, USPHS 1962 standards limit copper to 1 mg/
liter (13).

Specific Paint Compounds. Copper metal is in-

soluble in water but soluble in acids and therefore may

form absorbable compounds in the stomach. (Copper nachthe-

nate, orally administered to rats (42), had an LD50 greater

than 6 gm/kg (low toxicity); however, Gefafer (10) describes

the naghthenate 25 an irritant. Copper oxides, used in

fungicides, ‘are irritants (10) and are soluble in acid.

e Copper soaps are generally insoluble in water or acid
(19, 20). '

A A R PPy aas
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Oral Hazard in Paints. Relatively small amounts

of absorbed copper can exert a toxic effect on the body.

None of tﬁe above information is sufficient to assume %

.safety of oral ingestion of copper-containing paints in §;§g§
children, especially for long-térm éxposures. Therefore, ;f%%ﬁ
studies should'be carried out to establish safe levels ?%?§$
for these materials in paints. ‘ .

,"A\

(\Eff? Compounds

lead Carbonate, basic 0 - 60%
Lead Chromates 0 - 254
i, LeBd Metal 0 - 25%
Lead Molybdate 0 - 15%
lLead Naphthenate 0 - 3%
~ Lead Oxides 0 - 50%
Lead Silicate, basic 0 - 15
Lead Silico-Chromate 0 - 25%
Lead Soaps 0 - 2%
Zead is biologically nonessential to man., It
nas create;Accnsiderable concern for its possible environ-
mental heslth effects because of its use in automobile
gasolines, paints and many other products. There exists
an extensive literature on the blological effects of lead.
This iiterature is regularly reviewed and abstracted in ;
our Department's lLead Abstracts. Several recent reviews T
- E
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are available, such as the National Academy of Sciences'
"Airborne Lead in Perspective" (49), Hammond's "Lead
Poisoning: An Old Problem with a New Perspective" (50),
and more recently Goyer and Chisolm's lead review (51).

Lead poiscning is one of the most common of
occupational diseases, The industrial TLV's (4) for lead
as lead, lead arsenate or tetramethyl lead are0.15 mg/cu. m,*
and for tetraethyl lead, 0.1 mg/cu. m. Inorganic lead
poisoning may produce abdominal pain (colic), constipation,
headache, weakness, muscular aéhes or cramps, loss of
appetlte, nausea, vomiting, anemia and other signs and
symptoms. ILead palsy and lead encephalopathy resulting
frogm}pdustrial exposure is rare but not infrequent in
child&en exposed to lead. Children poisoned by lead may

and other sequelze.

develop mental retardation as well as permanent paralysis/
Symptoms of organic lead poisoning are usually confined
to the nervous system.

Biochemically, lead intgrferes with several
enzymes involved with the synthesls of hemocglobin which
leads to increased urinary excretion of coproporphyrins

and delta-aminolevulinic (ALA) acid and decreased blood

' AZA synthetase and AILA dehydratase. Eigh levels of lead

are also assoclated with hyperglycuria, hyperamino aciduria,
hyperphosphaturia and hypophosphatemia. The action of
lead on the kidney and on neuromuscular activity is not

well understood.

.
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. the urine. lead normally accumulates in bone and other -

' of 1.3 mg lead in the diet) caused blood lead levels of

sidered suspicious of excessive lead exposures.

_on the species, route of administration, the compound and

- 36 -

The body is estimated to contain 80 to 120 mg
of lead, most of which (over 90%) is stored in bvone.
Except for bone, most tissues contain 1 ppm or less of
lead. The normal adult diet contains approximately 0.3 v
mg of lead per day, most of which 1s excreted in the feces.

About 10% of the dietary lead is absorbed and excreted in

calcified tissue (aorta) with age. Kehoe (52) found in
young adults that supplementing normal diets with 0.3 mg
of lead (total of 0.6 mg of dietary lead/day) caused ele-

vations in blood leads which remained at acceptable levels

of 0.4 ppm or less. Supplementation with 1 mg (a total

K
L DO

0.4 -to 0.6 ppm. Blood leads of 0.4 to 0.6 ppm are con-

The acute toxicity cf lead compounds varies

considerably, ranging from 1.4 to 35,000 mg/kg depending

experimental conditions (7, 18). Iethal doses of lead.

acetate in the rabbit given intravenously ranged from 50

to 300 mg/kg and in the dog from 9 to 300 mg/kg for differ- ;:fgi
ent investigators. This was also true for lead arsenate ==
which ranged from 100 to 825 ng/kg administered orally‘to
dogs. The individuesl values for these experiments are '
given below under Specific Paint Compounds.
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Lead poisoning in human beings has been re-
ported to have been caused by drinking of water containing

lead in concentrations varying from 0.042 mg/l to 1.0 mg/l

or more. However, concentrations of 0.0l to 0.16 mg/l have

ettt

been apparently non-poisonous over long periods of time (13).
e e b

‘For many years, the mandatory limit for lead in the USPHS

drinking water standards was 0.1 mg/l; but in the 1982 '
Standards, the limit for lead was lowered to 0.05 mg/l.
in the WHO International Standardfand the WHO European
Standards the limit for lead was set at 0.1 mg/1 (23).

Scecific Paint Compounds. There have been many

studies on the toxicity of lead compounds. Tables 4 and 5

% :
MEE SRR

a?e taken from Spector (18) end Christensen (7) and are
presented to emphasize the wide variation of responses
of animals, discussed above, to the various compounds ang
methods of administration. An cral LD50 for rats for lead
nagthenate (not in the tables) was found by Rochold (42)
to be 3 gm/kg.

Three reports found 1n the literature involved
the administration of lead in paint or paint materials
to animals (53-55). White and Cotchin in 1848 (53) re-

ported the results of a study of the absorption of lead

paint, lead carbonate and lead acetate given to calves.

The authors refer to a similar study by Haltenhoff who

S-w 001550
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Table 4. Toxicity data for lead compounds taken from
\ Spector (18). References to the original literature are

. .
. provided by Spector.
R .
- . Dosage
. . Cempound Animal Route | Dose me/ng
S . . . Valve
. | Rabbit of  |[MLD® | 400
) Rabbit iv MLD® |10
. Land Rat » LD >10001 .
. o Guinea pig | LDs3 100
o ) Gunea pig | 1P LD,s 200
. Pigeon er . |LD 160
. Lend sullate ) Guinea pig | or MLD® 35,000
. Cunea pg | i LDjo 146
Guinea pig | ip LDys 290
. Dog or LD 20003000
Lead suifide , Rat » LDsp 1600 ¢
; . L. . Guinea pig | or MLD 10,000
. ) ’ - . Guinea pig | 1p LD20 113
Guines pig | ip LDss 220
Lend tetraethyl Rat i MLD® 10
] S . . Rabdit [ MLD 312468
' Rabbit v MLD 21.8-46.8
Lead aceme Frog s¢ LD 1400
. L. Rat, ip LD 13
. Rat ip LDsg 150
. . Rabbit [ o 300
Rabbdit 134 LD 50
Rabbit iv LD 300-408
Cat [ 3 LD 100
: ’ Dog or LD 300
T T Dog sc LD 80
.- ' : : : Dog iv 1D ]
L] ’ - Dog v Lo 300
¢ Laad arsenate Rat or LDgo* 825
: - . +. |Rat or LDso* 100
.- . ’ . ) Rabbit or LDso®* 328
. . Rabbdit or MLD 200
' ) Chicken or LDso® | 450
Sheep or LD 4940l
Laad carbonate Gwnea pig | or MLD® 1000
Gunea pig| » LD 124
Guinea pig| ip LDyg 250
Lead chloride Guanes pig | or {MLD | 1500-2000
Lead chremais Cunes pig| 2p LD 156
) Gmnea pigi ip L 30
Laad dioxide Guinea p1g| tp LDy 115
- : Gunea mg} ip LDes 0
Lead lactate | Gunea ;g | er LDps | 10004000
Laad monaxide Rat ip LDsp '400
° ) Guinea pig| ¥ LDg40 108
{ Cutnea pag | 1p LDvs 2310
Lesd nitrate Rat » D 21
- . . Gunea pig| er LD 2000
Laad sleste { Gunen ;g | or Lo 5000
Laad eriboarsenate : Guines prg | 1P LDioe 160
Guinea prg ! o LDso 3
Lead srirophosphais Cuaiwnez pig | w LDy 13
Cuinen p2g | 1p LD ! 260
Lead oxide Rat tp LDyp 450
. Cuirven pig | or LD 2000
Laad (red) Cunea pig' | » LD« 318
) Cutnes p1g | o LDso 20 v,
Lead silicate . Gunes mg | 1 LD {13
. Laod stearsre Guines "‘L or JMLD | 30,000
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mable §. Toxicity data for lead compounds taken from
cnristensen (7). References to the original literature
are provided by Christensen.

Compound ) Animal . Route Dose Dosage
Lead Guinea Pig ip LDca 100 3
Man ih Lc 0.43mg/m”
Lead Acetate Rat ip LDSO 150
: iv LD50 120

Lead Arsenate Rat or LD50 100

Lead Arsenate (basic) ) Man or LDca 1.4

Lead Carbonate . Guines Pig ip LDca 124

Lead Chloride Guinea Pig or LDea 2000

Lead Chromate (vi) Guinea Pig ip LD50 400

Lead Compounds-Triethyl-Chloride Rat ip LD50 1

Lead Compounds-Triethyl-Oleate Rat or 1Dca 50

Lead Dioxide - Guinea Pig ip  lDea 115 '
‘

Lead Fluoborate Rat or LDca 50 N
!
1

Lead (11) Cyanide Rat ip LDca 100 i

Lead (11) Fluosilicate Rat or 1Dca 250 i ?{:;

Lead Lactate Guinea Pig or LDea 1000 .

BLEE
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Continued

Table 5.

- 40 &
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Rat

Lead Monoxide Rat ip LDS0 400
Lead Nitrate Rat ip LDca 270
Lefd Orthoarsenate Guinea Pig {p LD50 38
Lead Crthophosphate Guinea Pig ip LDca 131
‘Lead Oxide Rat ip 1D50 450
Lead Perchlorates Mus ip LDeca 275
Le;d Silicate Guinea Pig ip LDca 136
Lead Sulfate Guinea Pig {ip LD50 300
Lead Sulfide Rat ip LD50 1600
Lead Te:b;;thyl Rat ) or LD50 35
Lead Tetrapropyl Rat ip - LDS0 200
Lead Tetroxide Guinea Pig ip LD50 220.“
Lead Titanates Rat

Lead Triechyl Rat

Lead Trimethyl Rat

Lead Tt%phenyl Pluosilicate Rat

Lead Tripropyl
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used red lead paint (lead cxide) with similar results.,
Calves were given single or repeated doses orally in gram
quantities. The signs of poisoning and the concentrations
of lead in the tissues were similar irrespective of the
form of lead given. All animals died from their expo=~
sures. Nervoué symptoms varied but included seizures,
blindness and kidney degeneration. Flakes of lead paint
could be decected in the stomachs days after administra-
tion. Concentrations of lead in the liver varied from
S.5 to 182 ppm and in the kidney from 0.5 to 300 pm.

Gage and Litchfield (54) studied the absorption
of lead in rats given fqur polymer formulaticns in <heir

2ad carbonzsie pearlescent .

¢iets: Pclythene conte.ning

pigment, polypropy::ne containing a lead chromate-mclybdate
pigment. PVC st-voilized with tribasic lead sulphate and
rigi¢ uretkzae fcam catalysed with lead 2-ethylhexoate.
™.:se polLymers were fed at the level cf 1% of the dietary

formulations for 4 to 5 months. The lead contents of

e
netl

o

lood, bile, urine, liver, kidney and bone were measured.

RN L3

Control animals received no lead, and reference animals
received 2, 6 and 20 ppm of iead as lead nitrate in their
diet. Appreciable quantities of lead were absorbed from

the PVC containing lead sulfat: (containing 230 ppm as

lead in the dlet). The abscrption of lead from the other SLE
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diets was not much different from that of the control diets.
The authors concluded that lead was poorly absorbed from
the rat intestine.

A second study by Gage and Litchfield (55) in-
volved the absorption in rats of lead from paint films
‘,cbntainéd in the diet at a level of 1%. Two paint films
‘ were used: one containing middle orange chrome pigment

and the other, lead rsphthenate drier. The diets were

fed up to 12 weeks. Control groups and reference groups
using lead nitrate at 20, 50 and 100 ppm and lead napthe-
nate at 100 ppm of the diet were also used. 32lood, bone,
kidney, liver, bile and urine lead determinations were
made. The authors concluded that one-half of the lead
in the chromate paint migrated (was abscrbed) from the

film uncder the experimental conditions.

Cral Hazard in Pzints. The hazards cf ingesting

paint Ilakes containing lead has been the subjecst of con-
siderable study. The above mentioned references (49-51)
also provide'review of this problem.

The Deputy Commissioner cf Food and Crugs,
Jazes D. Grant, fecently declared a limit of 0.06% of
the total weight of the contained solids or dried paint
film for paints to be used in or around the household (56).

This decision was made on the bases of several publications,

T
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announcements and testimonies (57-61). A detailed account o
of the bases for the Commissioner's decision is outside

the scope of this survey. However, it perhaps should be
pointed out that a daily permissible intake of lead for
children (61) was based on the human lead balance studies

of Kehoe (52), using a soluble lead compound, extrapolated

to chilldren and verified indirectly by studies on lead .

intoxicated children.

l/ ~
iLithium Compounds
-
Zithium Eydroxide 0 - %
Lithium Napnthenate 0 - 2%

Lithium 1s nonesserntizl to man and is found in
low levels in human tissues. The literature on the hezlztih
effects of lithium compouncds is relatively limited. Mos:
of the information provided here cocmes from the
references (4-25), especially Zrowning (6) and Stokinger
(22). Schow, in 1957 (52), reviewed the pharmacology and
biology of the lithium ion,

The body contains zppreximately 0.9 mg of lithium
distributed throughout most ¢f the tissues in levels of
approximately 0.0l ppm. Zeing one of the alkali metals,

Li behaves chemically in the body much iike Na and K.
Lithium compounds are moderaiely to highly toxic depending
on the species, route of administration and the compound

used. Sodium antagonizes the action of Ii.
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The most prominent symptoms of acute lithium
poisoning in animals, when given by mouth or intraven-
ously, include anorexia, nausea, vomliting, diarrhea,

weight loss, dehydration and fall of body temperature.

Effects on the central nervéus system are manifested by
muscular weaknesq, hyperirritability,»stupor, and can= ;
vulsion; on the heart by EKG changeo, auricular standotill ' ;
or fivrillation; on the kidney by cliguria, a rise in

blood protein'nitrogen and degenerative changes in the

tubular epithelium. Many of these symptoms have been seen
in humans in years past when lithium compounds were used
therapeutically for gout,mental diseases and as a salt -
substitute,

Normal dietary levels of lithium were not readily :
available; however, lithium is readily absorbed from the !
gastrcintestinal tract (greater than 70%) anﬁ excreted .
in the urine (31). Zethal oral cdoses of lithium compounds

range from 0,025 to 200 mg/kg. Infcrmation on chronic

oral exposures is lacking; however, the industrial TIV (4) ;
for the highly toxic lithium hydride is set at 0.025 mg/cu. m.
because it is intensely irritating and corrosive. No :
limits have teen set for cdrinking water; however, Hibbard |
recommends, without references, that 1ithium should not

exceed 5 mg/1 (13).

'y

Specifiec Paint Compounds., The hvdéroxide is

is strongly alkaline and caustic in high concentrations. o

Information on the naphtherste was not readily available.
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Oral Hazard in Paint. 3BSecause of the highly toxic

e e sy,

nature of lithium compounds, studies should be carried out

" Cm——

to confirm the safety of any levels of those materials in

paints.
—"
P —————

-

.~

: Magnesium Compounds
e S

Magnesium Aluminum Silicate 0 - 20%
Magnesium Oxide 0 - 1% :
Magnesium Silicate 0 - 0%

Magnesium is abundantly distributed in nature
and is an essential element. There is a large literature
on the biological role of Mg in living systems. Schroeder
et al. (59), Srowning (6) and Stokinger (22) provide re-
cent views of the essentiality and toxicigy ¢2 magnesium
compounds. N )

Magnesium is the second most abundant divalent
cation in the body amounting to a total of adbout 25 gm,
70% cof which 4s found in bone (380 ppm). Cartilage con-
tains 200-300 ppm while other tissues contain from 100
to 200 ppm (12). On normal diets containing 180 and 360
ng/day (24), cne-third of the dletary intake appeared in
the urine, the other two-thirds appearing in the feces.
Aside from its structural functions in bone and teeth,
magnesium 1s important in neuromuscular conduction of
skeletal and casrdiac muscle and to the activity of numerous
enzymes Iinvolved with oxidative-phosphorylation, protein,
1ipid and carbohydrate metabolism. Magnesium deficlency

produces symptoms of hyperirritability (tetany) sometimes
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seen in patients on i.v. fluid therapy inadeguate in

e .

0|.’
Yot

magnesium. In cattle, magnesium deficiency produces

cerea e

"grass staggers".

Magnesium compound toxicity varies from slightly
to highly toxic depending on the species, route of admini-
stration, and the compound used (7, 18). Wnhen administered
intravenously, magnesium salts can produce general an-
esthesia, narcosis and muscular paralysis which can be
counteracted by intravenous calcium administration. In-
dustrial TLV (4) for magnesium is set at 10 mg/cu. m. for
Mg0 fumes because of fume fever reactions.

Oral ingestion of magnesium is considered rela-
tively non-toxic to man. Magnesium acetate, however, has
an oral D50 of 18 mg/kg (highly toxic) in the mouse. At
high concentrations, megnesium salts have a laxative efl-
fect. Drinking water standards do not impose maximum
allowatle concentrations but do suggest limits under 150

mg/l primarily for taste problems.

Svecific Paint Compounds. Maznesium Oxide is

used as a dietary supplement for magnesium and therapeu-
ticully us an antiacid and catharic a2nd can be given in
gram quantities safely. Long-term use of Mg compounds as
laxatives can develop dependency (constipation) as the
wnly apparant adveorso offeet frum thelir uso (GL).

Magnesium silicate (talc) has been "generally recognized

as safe" (FDA's GRAS 1list) as an anticaking agent in table
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salt up to 2% and in vanilla powder and in vanilla-vanil-
lin powder under food standards (2%). Infermation cn

magnesium aluminum silizate was not readily found but

this compound might be expected to behave similarly to

magnesium silicate.

Oral Hazard in Paints. 3Secause of the low

acute or chronic oral toxicity of magnesium compounds,

the oral hazard due to magnesium in paints 1s probably

quite low,
—"

L ——
Manganese Compounds

\_____‘ -
Manganese Dioxide 0 - 2%

Manganese Naphthenate ' 0 - 1%
Manganese Soaps 0 - 1%

Manganese is widely dist-ibutec in nature and

[ 4

is an essential element fcr both plants and animals.
There is a relatively large literatu.2 dealing with normszl,
Geficiency and tcxic states of mangan.ie. (otzias (86),
Schroeder (67), Zrowning (6), Stokingev {22), and Smith
(48) provide recent reviews of manganese health literature.
Manganese is involved with the ‘anctions of
numerous enzymes governing carbohydrate, l.pid, prctein
metabolism and oxidative phosphorylation, ir-luding ar-
genase, alkaline phoschatase, prolidase, caricsinase,
cysteline desullfhydrase, thiaminase, deoxyribon..lease,

glycyl-l-leucine dipeptidase and other enzymes (37).
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Parenterally administered lethal doses of man- 7':if
ganese compounds vary from 0.12 to L10 mg/kg (7, 18 ;
depending on the species, route of administration and the
compound. Organic manganese compounds tend to be con-
siderably more toxic than inorganic compounds. In chrcnic
exposures of human beings, manganese is a nerve toxin,
with polymorphic manifestations of psyéhic and neurolocgical
disorders. Mangénese can also cause a pneumcnia-like
condition known as "manganese pneumonitis" (6). Acute
exposure to manganese fumes can cause metal fume fever.

The industrial TLV for manganese is set at 5 mg/cu m. (4).

The body contains about 20 mg of manganese with
most of the tissues containing 0.1 to 0.2 ppm (12). The
kidney, liver, and pancreas contain 0.18, 1.3 and 1.156
ppm, respectively. Tipton an3i Stewarti's (24) .
subjects over a 247 Gay period averaged 2.3 and
5.5 mg/day in the-diet, 2.5 and 3.C mg in the feces, and
0.04 and 0.05 mg of manganese in the urine.

Manganese is considered only slightly tcxic
orally. Thé cral 1LD50 cf mangznese acetate for the rz:
was 3.7 gm/kg (7) while daily cral doses of C.5 to 6.0 ga/kg in
the rabbit produced decreased growth and bone development
(13). A small oﬁtbreak of an encephalitis-like disease,
with early symptoms of lethargy and edema, was traced to
zanganese in the drinking water in a village ﬁutside cf
Tokyo; three persons died as cz result of poisoning by
well water contaminated by marganese derived from dry-

cell batteries buried neardby (13). There are no limits set .

on the amounts of manganese .1 domestic water supplles.
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The normal dietary intake is far higher than the amount

that would be tolerated esthetically in drinking water
(13).

Sbecific Paint Compounds. No toxicological

information on the specific compounds of interest was

readily available.

Oral Hazard in Paints. Because manganese com=-

————

pounds are poorly absorbed and the amounts of such compcunds

used in paints are relatively small (2% or less), their

use in paint probably provideslow toxic hazard.

ot———————
———
- Merzury Compounds
N
Phenyl Mercuric Acetate 0 - 0.5%
Mercury Cadmium Lithopone 0 - 139
Phenyl Mercuric Oleate 0 - 2

Merzury Soaps, other 0 -
Mercury is a ncnesscatial element for humans

and its toxicological histery <ates back to the earlless
of medical writers. There is an extensive health litera-
ture on mercury which recently has grown at an explosive
rate in response to the concerns ¢f mercury ccntamination
in the environment. 2idstrup (69), Stahl (70), Fribderg
et al. (71), Friberg et al. (72) and Goldwater and Clark-
son (73) represent Just a few of the recent reviews cn
mercury toxicity. |

Mercury is considered highly toxic to man. The
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signs and symptoms are numerous and depend on the compound
and the rate and the route of exposure. Acute severe ex-
posures may produce abdominal paln, vomiting, diarrhea,

ingivitis, pneumonitis, renal damage, circulatory fail-

" ure, and respiratory failure. Chronic excessive exposures

may result in one or more of the three classical signs of
gingivitis, tremor and emotiocnal instability (10). Lethal
doses in animals range from 15 to 500 mg/kg. Three to .
thirty gm of mercury have been fatal to man. The indus-
trial TLV_ for alkyl mercurial compounds is 0.0l mg/cu. m.
and for other mercury compounds, 0.05 mg/cu. m, (4).

The éiet normally contains about 5 micrograms
daily of mey-ury, most of which 1s' absorbed and excreted
in the urine (26). The drinking water standards cf the
USPHS and the WHO do not include limits for mercury bul
the maximum permissidle concentration of mercury or mer-
curicz ions in drinking water in the USSR has teen set at
0.005 mg/l. According to one investigatbr, adults may
safely drink water containing about £-12 mg of mercury
(inorganic) per day and a fatal dose cf such water would

te 75 to 300 mg/day (13).

Specific Paint Compounds. Oral 1LD50s for

phenyl mercuric acetate were reported as L0 mg/kg for the

rat and 70 mg/kg for the mouse. Quantitativa toxicity

data on the other mercury compounds were not readily found.
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Oral Hazard in Paints. The amount of mercury

to be used in paints is relatively small. However, cue to

tc g

: the highly toxic nature of mercury compounds, the possi- j
?i bility of chronic exposures (months), and the possible + §
v increased susceptibility of young children, studies should i

be made to ensure safe levels of mercury used in paints.

R e
)

Molybdenum Compounds . .
¢ SRS E

"Lead Molybdate 0 - 15%

Zinc Molybdate 0 - 25

Molybdenum is essential for certain plants and
animals. Toxicity data on humans is limited. Fairhall
(75) provides a summary cf industrial exposures. More
recent reviews include those of Browning (6) and Stokinger .
(22). | |

Molybdenum compounds are moderately toxic in
animals. Iethal doses for molybdenum compounds in animals
ranged from 100 to 500 mg/kg (7, 18, 22). Available in-
formation concerning exposure to molybdenum compounds in
industry 1is insufficient to define a health hazard (10);
nhowever, based on anihal studles, the TiVs are set at
5 mg/cu. m.ifor soluble molybdenux compounds and 10 mg/cu.
m. for insoluble compounds (4). ‘ ‘

The body contains an estimated 5 mg of Mo with | X
most of the tissues contalning C.1 ppm or less. Bone, .

liver, adrenal and kidney contain 1.5, 1.1, 0.6 and 0.4 ppm, .

| BEt
respectively (12). The diets reported by Tipton and Stewart P
{24), contained 0.21 and .46 mg/day half of which was ex- " ‘ e
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creted in the feces and half in the urine.

There aré no limits set on the amount of molyoe-
denum in drinking water; however, moOlybdenum levels in
feeds and cdomestic animals have been of concern (13). 5?}
Five mg/day given to rats in their water caused increased

mortality (13).

Specific Paint Cpmoounds. No quantitative toxic-

ty data on these compounds were readily found.

Cral Eazard in Paints. Insufficient information

is available to estimate oral hazards for humans. Adequate

studies will need to be performed to establish safe levels

of these molybdenum compounds in paints.

r—

Nickel Compounds

-

Cobalt Nickel Titanate 0 - 20%
Nickel Antimony Titanate 0 - 13% .
Nickel Titanate : 0 ~ 13% :

There is a considerable literature on the hezlth S

effects of nickel., Recent reviews include those of

Sullivan (76), Schroeder (77) and Smith (48), as well as
Browning (6) and sStokinger (22). Nickel is considered . -
nonessential to man. Most of its toxicological concerns S
in man have centered on the industrial use of nickel car- .
bonyl. The TLV for nickel carbonyi ts 0.007 mg/cu. m., for

other nickel compounds, 1.0 mg/cu. m. Nickel carbonyl
;?F*

e - -
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has been associated with an increased incidence of cancer
of the'lung and ethmoid sinuses in men exposed to dust in
nickel refining.

Nickel salts are éonsidered to be highly tcxic
following access to the blood stream (22). Acute lethal
doses in animals range from 5 to 1620 mg/kg (7, 18).
Systemic poisoning by nickel salts in humans, however,
is unknown (6). Allergic contact dermatitis is not in-
frequent'with skin exposures.

The body contains about 10 mg of nickel with_most
tissues containing approximately O.1 ppm (12). Bone, skin,
tongue, lung and adrenal cohtain 2.0, 0.L4, 0.24, 0.27, and
0.28 ppm, reSpectiveiy. The diet contains about L50 micre-
grams of nickel per day. In Tipton and Stewart's study
(2k), the diets contzined 0.39 and 0.81 mg, the feces C.22
and 0.35 mg and the urine 0.11 mg each.

Orally, chronic administration of 2 mg of rnickel
per day in the drinking water of rats caused no harm; how-
ever, 10 to 20 mg/kg proved fatal to dogs (13). The USPES
Drinking Water Standards do not place a limit on nickel;
however, it is reported that in Russia, the maximum per-

missible concentration is 1.0 mg/l (13).

Specific Paint Compounds. Quantitative toxicolog-

ical data for these compounds were not readilylfound in the

llterature.
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Oral Hazard in Paint. Nickel and titanium (sec

Titanium Compounds, below) compounds tend to hévé‘low Tux-
ixity with oral administration and probably offer low hazar.! ER
risks in paints at the levels used. Antimony and cobalt
(see individual sections above) offer considerable poten-
tial hazard and these compounds should be evaluated

experimentally to determine safe levels for paints.

cm——— e
. .
Strontium Compounds
‘-\____ IRl
trontium Chromate 0 -~ 25%

Except for radicactive strontium, stirontium com~-
pounds are considered relatively non-toxic to man, similar
to calcium compound~ (6, 10, 16, and 22). Since chromates

are toxic, strontiam chromate is discussed under Chromiuvm

Compounds, above

Tin Compounds Organic (specific compounds)

Tributy™ Tin Oxide 0~ 1%
T4in Or:;ano Compounds 0~ 1%
the full toxicity of tin 1s observed almost

exclusive.y from 1ts organic compounds =~ the alkyl deriv-
atives (3). Tin itself when taken by mouth is practically
innocusaf, but its dust or fume when inhaled can cause a
bemaffls, Jymptomless pneumoconiosis. The TLV for inorganic
tin (oxcept tin hydrido and tin coxigdo) is 2 mg/cU. m. ().

The alkyl derivatives are highly toxic and cne of them,
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diethy; tin, has proved lethal to human beings with symptoms
of cerebral edema and gastrointestinal disturbance (6). ' L
Certain organo tin compounds, especially the tri-butyl ;5; -
series, are potent skin irritants. The TLV for organic o
tin compounds is 0.1 mg/cu. m. (4).
Numerous articles on the toxicity of tributyl tin

oxide and other alkyl tin .compounds (78-81) and other

organo tin compounds a;eﬂavailable in the Kettering library. °*

Elsea and Paynter (78§Jfound the acute oral 1LD50 for tri-

“

butyl tin oxide to_pé 148 mg/kg (moderately toxic) for rats.

[

(o]

The oxide c0 and

fed tosfats in the diet at levels of 32,

320 ppm;ﬁﬁg;ré;;ed growth. Stoner et al. (79) and BDarnes and
Stongf'(BO) studied a series of tetra-, tri-, di- and mono -
alkyl tin compounds in rats, rabbits, guinea rigs, and fowls
in both acute and chronic experiments. In rabbits, <riethyl
tin, the most acztive compound, produced muscular wea::ess,
tremcrs and death. Other species and compounds showed varie

¢ tions of this pattern. The outstanding sign of chronic

poisoning was muscular weakness.

Oral ¥eszard in Paint., Since organo tin compounds

are moderately to highly toxic in animals and man, the use

of these compounds in paints should be adequately studied

to determine the levels which can be used safely.
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mitanium Compounds 7 %'L,;
Titanium Dioxide . 0 - 50% L
Titanates: év
Antimony ‘ 0 - 15 ' ;
Nickel : 0 - 15% IS
Tungsten 0 - 15% ‘ N
';Cobalt Nickel . 0 - 20%

tanium 1s widely distributed in the earth's
crust where it is the eighth element in abundance. It
is not essential for plants or animals nor is it regarded
as toxic to animals or humans. The lack of toxicity of
titanium and its compounds by contact with skin and tissues
has been amply demonstrated by its use in the therapy of
skin disorders and as a surgical prosthesis (6).

The body contains an estimated 15 mg of titanium
with most of the tissues containing approximately 0.1 pom
cr less. ILung contains about 2.8 ppm and the bone 1, the
shyroid 0.49 and the skin 0.61 ppm. Titanium accumulates
in the lung with age, apparently due to polluted air.
Tipton and Stewart's studies (24) indicated 0.75 and 2.0
=g/day in the normal diet with 0.46 and 0.82 mg/day and

C.49 and 0.47 mg/day 2ppearing in the feces and urine,
respectively. Oral administration of large amounts of
~titanium salts mixed with the cdlet Is stated by Ereaux not
only to have no toxic eiffect but actually to have an im-
provement on health (6). There are no water drinking

1ixits set for titanium (13).
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« Specific Peint Comnounds. antimony, cobals,

nickel, and tungsten are discussed in other sections cf ne

PR
. DR

this survey. Titanium dioxide is used as a food additive

(29) and is considered to be chemically inert in the body
(82, 83, 4, 6, 22). The TLV for titanium dioxide is set

at 10 mg/cu. m.

Oral Hazard in Paint. Antimony, cobali, nizkel .

and tungsten possess significant toxicities of their cwn
and should be considered on individual bases (see corre-
sponding sections in this survey fcr these metals). Titan-

ium dioxide is apparently inert and should pose no cral

hazard in paint formulations.

LT

~.

Tungsten Compounds

Tuﬁgsten Titanate 0 - 3%

The literature on the health effects cf tungszen
is limited. Stokinger (22) and Browning (6) provide re-
cent reviews on tungsten; however, the literature cited is
rnot very recent. |

Tungsten is nonessential to humans. Data on the

body burden (12), dietary levels (26, 2L) or on the absorp- i;§;5

tion of tungsten (31)were not reacily Zound.
Data on the toxicity of tungsten compounds was "
cloo limited (7, 18). The following, teken froxz tne ;

"Documentation of Threshold Limit Values" (4), recresen:

o v o———
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sirilar data presented in Browning znd . Stokinger. The
LD50 of sodium tungstate was between 140 to 160 mg/kg
when injected subcutaneously into adult rats, making this
compound moderately toxic. On oral zdministration to rats, évj'
the toxicity of this compound was greater than that of '
tungsten oxide while amm.onium :aratungstate was the least
toxie of the three"’ Béth sodium tungstate and the oxide
proved lethe to rats on a diet containing 0.5% as W.
Iné ammonium salt was not lethal at this level but resulted f
in weight loss (4-50%). A similar weight loss was pro-
duced by dietary levels of 0.1% of the oxide and the sodium
salt. Tungsten powdér when fed to weanling rats of both
'Bexes at levels of 2, 5 and 10% of the diet resulted in a
15% reduction in body weﬁght gain among the females but
not the meles.

eng Industrial experience has indiczated no
pneumoconiosis among workers expesed solely to W or its
insoluble compounds. Dust chamber exposures of animals
to W, tungsten dicxide and tungsten cartide produced only
rdnor pulmonary changes. The TIV fcr soluble tungsten
compounds is 1 mg/cu. m. and fcor fnsoluble compounds,
5 mg/cu. m.

Calcium, magnesium and Iron salts of tungsten
ere insoluble; hence they are not Ilkely to ocecur in

natural waters or to remain in solution in waste waters
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from industry. Therefcre, there are no limits set: for ;

tungsten in domestic water supplies (13).

Specific Paint Compounds. Toxicological data

on tungsten titanate we: not readlly found.

LN

Oral Hazars in Paint. Since tungsten compounds

can be significe.icly toxic, adequate investigation should . 7L

be made to e-%ablish the safety of using tungsted titanate

B s o b T T A S OSER—,
.. . -
H T

in paint =t the 13% level used in paints.
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Zine Chromate
Lithopone

[}
(03]
] R

Zinc Metal

inc Molybdate

J

n
90
N W

Z2inc Napthenate
Zinc Oxide

Zinc Scaps (other than stearate)

]
'J
N

%

5%

)
\n

Zinc Stearate

©O O 0O 0O 0 0O 0O 0 o
1]
'l

-
-

Zinc Sulfide (in Lithopone)

Zinc is widely distridbuted in nature and is an

essential element to humans. There is a large literature
on the biological importance of zinc, primarily dealing
with zinc deficiency, metabolism and its role in metallo-

enzymes and less sO on the toxic effects of zinc compounds.

S-W 001572



Browning (6) and Stokinger (22) provide recent reviews of
i the literature on zinc toxicity.
Zinc salts in high enough contentration are
astringent and corrosive to the skin and irritating to
the gastrointestinal tract (22). When ingested they act
as emetics. 2n ion, however, is_ordiﬁarily too poorly
absorbed to induce acute systemic intoxication. After
large doses have béen ingested, fatal collapse may occur
as a result of serious damage to the buccal and enteric
mucous membranes.
Ip'industrial exposures, zinc chloride fumes
have been ?ound to cause damage to the mucous membranes
of the‘hasopharynx and respiratory tract. The TLV of the
chloride fume is set at 1 mg/cu. m. The TLV for zinc
oxide is set at 5 mg/cu. m. due to its ability to induce
metal fume fever (zinc chills, brass founder's augue, etc.).
The human body content ¢f Zn is estimated to be
about 230 mg. Most of the tissues contain frbm 3 to 30 ppm
with high concentraticas being found in bone, kidney, liver,

muscle and prostate (12). Tipton and Stewart (24) found

normal ¢éilets to average 11 and 18 mg/day with most of this. ‘-

AEYRETAT R,
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Do

excreted in the feces (14 and 16 mg/day) and about 10% .

oty
’

LB
’

excreted in the urine (1.3 and 1.2 mg/day).
Acute oral lethal desen for Zn compounds listed
in Spector (18) and Christensen (7) range from 40.5 to

2460 mg/kg depending on the species and ccmpound. There

o . Sem - g >
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have been numerous cases of food poisoning {rom the use

of galvanized containers. Six hundred and seventy-fi

to 2280 mg/l has been reported to have an emetic effect.

Ingestion of 6 gm of zinc chloride has been fatal in man.
mme USPHS 1962 1imit <or zinc in drinking water

is set at 5 mg/1 based on the vad taste (13). Community

water supplies haﬂe been regor ed with 11.2, 17, 18.5 .

and 26.6 e %/l with no 111 ef Tects. Pigs drinking

B T T .

water ngnta‘ning 100C mg/1 deve’oped lameness and mal=-

nucrition. Rats, however, receiving 1000 mg/l showed no

B e Lt

+" effect. In *these latter studies, rats receiving 5000 mg

2n/1 had slight toxi:c effects and rats receiving 10,000

mg/l experiences dzacreased growth rates and early death.

Specific Paint Compounds. Lithopone, liberates

hydrcgen suifide upon decomposition by moisture or acids

(14, 28). Zinc oxide is used as a trace mineral food
supplement (29) and in skin cintments. It is considered ..
relatively non-toxic orally. 7ZFreshly formed Zn0 fumes h Pﬁ

can be toxic to workers in industry (4). Zinc Naphthensate

was reported by Rockhold (42) to have an oral 1LD50 greater
than 6 gm/Xg in rats, which makes it of low acute toxicity

,for rats. Zinc stearate, like zinc oxide, is used as a.

dietary and nutritional supplement but 1s toxic, producing .

pulmonery £ibrosis, when inheled. Zinc metal is considered

by Sax (16) as not inherently toxic.
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Oral Hazard in Paint. Most of the zinc compounds

of interest dé not appear to offer much of an cral hazard
at the concentrations used Iin paints. Some of these com-
pounds such as the chromate and possibly the molybdate,
may be toxic because'of the.accompanying anion and there-
fore should be édequately evaluated to determine safe
lévels. A}théugh zinc metal 1s relatively inert biologi-
cally,.ttéyuse of 1t at an §2% level in paint may lead to
the :o;mation of the zinc chloride in the stomach whlch

ceuld produce toxic effects.

ﬁ-_‘_‘.

-

Zirzenium Comoounds

— e

irconium Naphthenate 0 - 2%
Zirconium Oxide 0 - 1%
Zirconium Soaps 0 - 2%

Zirconium 1s not essential to man. 3rowning
(6), Stokinger (22) and Schroeder and 3zlassa (84) pro-
vide recent reviews of zirconium toxicity.

Zirconium is relatively non-toxic to animals
and there is no well authenticated evidence of toxic
effects from industrial exposure (6). XHowever, there
have been reports of pulmonary granuiozmas in zirconium
workers and 5ranulométous skin lesions from its use in

deodorant sticks (16). The TiV for zirconium compounds

is 5 mg/cu. m. (4).
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The body contains about 6 mg of zirconium. In i
Tipton and Stewart's (28) study, normal diets contained
0.43 and 0.55 mg/day with 0.12 and 0.059 mg appearing in
the feces and 0.08 and 0.18 mg appearing in the urine, .
providing for an average positive balance of 0.23 and | R
0.31 mg/day over the 347 day period: Retained zirccnium :
is thought to accumulate in bone (6).

There are no limits for zirconium in drinking
water (13). The toxicity of Zr salts is very low by the
oral route; the LD50 dose of the nitrate, chloride, sulfate,

and acetate of Zr and sodium zirconyl sulfate for rats

ranged from 2.5 to- 10 g/kg (22). Intraperitoneally, the
" same Zr compounds were considerably more toxic acutely,

(LD50's from 0.175 to 4.1 g/kg). Hycdrated Zr carbonzte

is physically inert in rats in oral doses up to 10 g/kg.
Zr gluconate, however, was moderately toxic (ILDS0, 247 mg §;1;~

of ZR/kg) acutely by intraperitcneal administration in rats.

Animal studies reported by Rothstein (in 13) in-
dicated neither acute or chronic injury in response to Zr

compounds given orally for as long as two years. Even 20%

2Zr cxide in the diet was not harmful.

Svecific Paint Compounds., 2Zirconium oxide is D

relatively non-toxic orally. Toxicological data on the

other Zr compounds was not readily found.

- -
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Cral Hazard in Paint. Zirconium compounds have

‘ low toxicity orally and probably represent little oral ”~ ¢3}:>

hazard when used in paints at levels of up to 2%.

IV. Summary

This study was intended to provide a preliminary

survey of the literature pertaining to the potential hazards

e e

of ingesting paints containing metals. Over 100 specific
compounds containing 25 different elements were reviewed

Tor possible inclusion in this report.

\

As was expected, very little expefi@ental data d
were avallable on the ingestion of paints conéaining
metals, e.g., only three .articles were found on leaded
paints. Relative to the toxicity of séecificvcompounds |
per se, again there were few data which could be used to |
predict ingestion hazards for acute or chronic exposures
in children or adults. ' 'g

Zach section on the different compounds in part '
ZII contains a summary of hazards for that elementaliclass. i
As an overall summary, aluminum, calclum, magnesium, man=-
ganese, strontium, titanium and zirconium compounds are
generally of low oral toxicity. Except when toxic components -
(such as antimony in antimony titanate) are contained in the

formulation, these compounds sheild be of low oral hazard.
P _
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Compounds of antimony, barium, cadmium, Zead, lithium,

and mercury are generally highly toxic and should be '
limited to low levels in paints. COmpoundé of boron,
cobalt, chromium, copper, molybdenum, tungsten and zinc

vary from slightly to highly toxic depending on the chemical
form and therefore need to be evaluéted on individual bases.

Table 6 presents a listing of most of the specific

.

. compounds, their ranges of concentrations used in paints,

and crude estimates of oral hazards in paints based on
the findings of this survey.

The concern of the paint industry for potentizl
hazards of the ingestion of paints involves both acute
and chronic exposures of children to specific paint formu-
lations., Most of the xnown toxicity of the compouns
considered in this report is based on animal exgeriments'
(acute and chronic) and on human experiences (mostly acute
intoxication) of exposures to compounds which might not
be related closely enough chemically to the compounds of
interest. Therefore, any conclusions based on this study
should be adequately verified by animal and human experi-

ments with flakes from commercially formulated and applied
p

paints (see recommendations below).

-
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¢ Table 6. Preliminary Estimates of Cral Hazard for
., Specific Compounds in Paints,

ey Table Lecend: The ranges indicate the percentages -
[ of the compoinds S :
»

Tt >=m+S. The i
LR predicted oral hatards zres cnly crude estimates based on !
h: toxicity datz derived frcm this search of t“}e literature. '
F’J Hezard ratings are O, 1, 2 and 3 for no, slight, moderzte i
' " end high relat:.ve hazard, respzctively. A dash in the B O
hazard coluan indicates insufficient data available to make ‘ '
an estimate. An asterisk irdicates that the estimaie is I
based loosely on informatica a2bout the general class cf the |
conpou.nd. Note: Many ccapouncs have several oxldes dene d- !
ing on the va.ience states. The designation of "socap" relers ;
to salts of oleic, la.uric, palmitic, stearic and erucic atcids. '

N d . :
g | Compound T . Range (%) - Oral Hazard  |i
. " . Alupinum Eviroxide 0- 5 0 '
ST Aluminue Metal 0~ 5 _ . 0 '
" Alupioum Oxide 0- 5 ' 0 i
; Alurinum Silicate 0- 5 L om P
: Aluminum Stearate 0 - 10 o e W
" Antimony Oxide 0.-:10 . . 0-1
- Barium Meta Borate 0 - 15 - : o%
Barium Soaps 0- 3 T 2%
-Barium Sulfate 0 - 30 ' 0
Barium Sulfide (L:.thopo"xe) 0 - 50 0 -1
Boron Trifluoride 0=- 1 2 -3
Cadmium Barium Soaps 0- 3 3%
Cadmium Lithopone 0~ 15 3*
Cadmium Selenide 0 -~ 15 1%
Cedmium Selenide Pigments 0 =-25 i
Cadmiuvm Scaps 0~ 3
Cadmium Stearate 0~ 3
Caleium Carbonate 0=-170
Calcium Naphthenantes 0- 2
Calcium Oxide 0 - 15
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able 6. Continued .

'3

. Calcium Soaps 0~ 2 0
o Chromium Oxide 0-15 1-3
. Cobalt I\’aphthenate‘ 0~ 1 0 -1
';;.~ Cobalt Nickel Titanate 0~ 20 2%
STl Cobalt Soaps 0 =- 1 o%
v.'; Copper Metal 0- 1 o
_ Copper Naphthenate 0- 5 0-1 b -
Copper Oxide 0 +-25 ' o%
Copper Phthalocyanine 0= 5§ -
Copper Soaps ' 0=- 1 0-1
~ Lead Carbonate Basic 0 =60 _3:;/ i
Iesd Chromates 0-25 3% I
 Leed—Chreomates—VI— 0-25 3% -
Lead Metal 0 - 25 3% .
. Lead Molybdate 0 -15 3%
Iead Naph_thénate 0- 3 I
Lead Oxides 0 - 50 3%
Lead Silicate Basic 0 - 15 3%
Lead Silico-Chromates 0-25 . 3%
iead Soaps : o - 0 - 3 A . R ;t,
Lithopone : -0 - 50 ' 0-1
Lithium Hydroxide c- 1 2 - 3%
- Iithium Naphthenate "0 - 2 2 - 3%
4 Magnesium Aluminum Silicate 0 - 20 o*
Magnesium Oxides 0- 1 o}
Magnesium Silicate 0 - 50 0
Marganese Dioxide 0- 2 1-2
Manganese Naphthenate 0=- 2 0 -1
' Manganese Soaps 0-1 1-2
Mercury Soaps + 0 - 0.5 2 -3
Niekel Antimony Titanate 0 - 15 2%
Nickel Titanate Q = 15 2%
Phenyl Mercuric Acetate 0 - 0.5 3%
~ Phenyl lercuric Oleate 6 - 0.5 3*

S-w 001580



- 68 - vt
3wy

mzble 6. Continued

!
AV

~Zinc Stearate
Zinc Sulfide (Lithopone)
Zirconium Naphthenate

. Zirconium Oxide
Zirconium Soaps

- 50

Sodium Tetraborcte 0 -15 o%
Strontium Chromate 0.- 25 -
Titanium Dioxide 0 - 50 0 -1
(commercial grades)
Tributyl Tin Oxide c0- =8 3
Tin Organo-Compounds 0 - @?g S——— 3%
Tungsten Titanates 0 =15 o
Zinc Chromates 0 -25 -
Zine Metal 0 - 80 o%
Zinc Molybdate 0 - 20 2%
" Zinc Naphthenate 0~ 1 0-1

Zine Oxide 0 - 25 0=-1
Zine Soaps 0- 1 0 -1

0 0-1

(o] 0-1

0

0

o

]
NN
O OO0
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V. Recommendations

. Recommendation 1.
The purpose of this survey was to examine super-
— e ‘
ficlally the literature on the potential hazards of in-

e —— ———
gesting paints containing metallic constituents. The :

survey did not yleld much informétion on which to tase i
standards for permissible levels of metals in paints, 4 : ;
In this author's view, an exhaustive literature search ‘
on each of the specific compounds or elemental classes
of compounds would not be especially productive either.
However, before undertaking laboratory experiments to
generate the required data, more detailed; but not ex-
haustlve, literature searching should be carried out in '
order to give directlion to the initial experimenzts. Auto-
mated literature searching techniques such as those pro- |
- vicded ty Medlars or Medline of the Naticnal Library of N

Medicine or by Chemical Abstracts could be used. Utilizing

the additional literature contained In the Xettering library ’
files would also provide cansiderably deeper coverage.
Reccmmendation 2.

Man 1s his own best model and any conclusions .

based on animal data should be, if at all possible, con=- y
i{rmed by human sgtudies such as those cited for lead. B :
Before humen studies are undertaken, extensive studies . f

using animals will need to be conducted in order to T
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” .. characterize the degree of toxic hazard, both acute and ';:i:
'%:; chronic; to determine the mechanisms of toxicity and .
?5. eafly indicators of toxic effects; and to determine the ,
.r;f degree of absorption, the distribution patterns and the é
rates of excretion; Only when safety seems assured f7

should small guantities of the baint flake materials be

given to chiléren or adults to make certain that the types of
metabolism and the degree c¢i absorption are similar to test animals.

If is beyond the scope of this study to detail

the types of experiments vhich should be carried cut. Eowever,

in addition to the studies involving the health hazards

of lead exposures (49-61}, the reader is referred to such
_documents as those of Tehman (85), Fitzhugh (86), Irwin

(87), and the Nations. Academy of Science (88) for back-

ground in toxicoicgical testing.

Recommendation S.

tvsiies used for predicting the hazards due to
metal-containing paints should involve the use cf the
metal-contzining paint formulations themselves. Toxi-

cological information on pure compounds or relateé¢ metal

coapounds should not be considered a sufficient substitucze ',;:
for actual paint flake ingestion studies. Paint fillers, . fﬁi“
binders, modifiers, etc., may increase the absorption of E‘;
the metals concerned, or as is most likely, they may reduce 11

the toxic hazards by reducing the solubility of the metals

in intestinal Jjuices. T
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Recommendation 4,

Since there 4s a large number of compounds and S

varieties of paint formulaticns, It 1s desirable to develop

in vitro testing techniques for screening purposes. Cramp-

ton (89) and others describe a number of in vitro methods
such as closed loops, inverted Sacs, etc., which could be
used. Solubility studies using synthetic intestinal juices
have been discussed with members of the National Pain: and
Coatings Association on previous occasions. Any in vitro
studies shou;§ bé validated for thelr ability to predict

in vivo behavior.
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