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significance of,metal compounds used by the paint industry,

Potential Hazards of Ingesting

Metal Containing Paints

by Stanley B, Gross, Ph.D.

I. Intreduction

_ 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 ine-
terior use. Tné National Paint and Coatings Assoclation
(NPCA), cencerned with potential dangers of other metallic
constituents, as well as lead, has askca the University of
Cincinnatl's Department of Environmental Health to carry

out a preliminary literature survey on the toxicological
(34

with speclal concern for hazards by ingestioen.

Table 1 contains a list of the specific compounds
provided by NPCA which were evaluated. The percentages or.""A
these compounds used in paints are found in Section III and
in the Summarj (Section IV). The esarch was based on

meterials readily available within the files of the Kettering

Zibrary rather than a search of the new literature. Many
nore refersnces were avalladble in the Library than could

be used for the present survey.
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Table 1,

. _ -2 -

Compounds of specific interest provided by

the National Paint and Ccatings Association.

Antimony O:tide

Nickel-Aantrimony Titanzate,

Barium Sulfate

Bariun Meta Sorate

Lithopone (30% 2inc Sulfide =~
70% Darium Sulfate)

Cadmivm Lithopone

Cadmium Selaenide

Cadmium-Barium Soaps
(Stabilizers)

Chromium Oxide

- Lead and Zinc Chromates

Cobalt KHaphthanate and other
metallo~-organic soaps
Cobalt Nickel Titanate

.- Copper Oxide
. Copper Phthalocyenins

Copper Naphthernate and other
metallo-organic soaps

“ Cnpoer Katpl

Gasic Iez2é Carbonate
Bacsic Lead Silicate
lead Chromates

Lead Oxides

" lead Silico~Cnromate

Lead Naphchenate and other
metallo-organic soaps

lead Metal :

Phenyl Mercuric Acetate, Phenyl
Mercuric Olecate and other
metallc-organic coempounds

Mercury Cadmium Lithopone:

Nickel Titanate

Cadmium Selenide Pigments

Strontiue Chremate '

Tri-butyl tin oxide

«~ Other tin eorganc compounds

L)
]

Aluminum Silicate
Aluminum Oxide arnd Rydroxxde
Aluvminam Stcarate :

* Aluminum Metal
- Borates (Barium msta-borate,

podium tctraboriata, ete.)
Doron tri-fluoride
Calcium carbonate
Calcium oxide
Caleciwm Naphthenate and other
metallo=-organic soaps

- Lithium hydrexide

Lithiun Naphthennte

. Magnesium Silicate

Hagnesium Aluminum Silicate
Magnssium Oxide

* Manganesa Dioxide
. Manganese Naphthcnate and other

metallo-organic scaps

Lesd Molvhdate
. Zine Moly.aab:

Titanium Dioxide {commercial
grades)

Titznates (Nickel, Antimony,
Tungsten)

2ine Oxide

Zinc Stearate .

Bithopone (30% Zinc Sulfide =
70% Barium Sulfate)

Zine Naphthenate and other
metallo-organic soaps

Zinc Metal

Zinconium Naghthenate and othcr
zmetalle-organic soaps

Zirconium Oxide
A
g
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This report is divided into a brief summary of
body metals and their absorption from the gastrointestinal
' tract, a review of the specific compounds by elemental

classes, a summary, and recommendations.

Il1. Abscorpotion of Metals s

Metals in the Body

There 1s an extensive literature on the role of
metals in blological 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 Stckinger (22)

provide recent overview of the toxlcity of metals.

The essentlal bulk metals of the body ~-- calcium,

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

and 0.05% of the body weight, respectively. The remainder
of the body metals (the trace metals) make up less than
one percent c¢f the total body weight (12). Many trace
netals are essential in only milligram and microgram
guantities. These metals are important in neuromuscular
function, in 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 inte four groups:
1) zetals camsidered to be essentinl for mammals, in that

the requirements for growth have been esstablished, deficiency
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states discovered or essentially inferred as cofactors for
certain purified metalloenzymes -~ manganese, czobalt,

copper, zinc, and molybedenum; 2) metals ubiquitous in

plant and animal tissues with suspected metabolic functions
but with essentialities unproven -- rubidium, beron, bari-
um, strontium, vanadium, chromium (now considered essential),
nickel and aluminum; 3) metals without known functions,
believed to be contaminants -- silver and lead; and i)

metals usually not detected in infants but apparently 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
toxiz by inhibiting the absorption of essential metals, by
interfering with metalllic enzyme activators, by replacing
zetals in metallo-enzymes or by direct action on non-

metaliic bilochemical systems.

sbosorotion c¢f Paint Metels

There 18 & large literature dealing with gastro-
intestinal fract anatomy, rhyslology and biochemistry. The
reader 1s referred to such texts as Xizber et al. (1) and
wilson (2) for general informaticn on intestinal sbscrption
and t¢ Skoryna and Waldron-Edward (3) for s discussion of

tie intectinal absorption of specilic =melals.
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Tigure 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 Lis derived from the literature
cited by Altman and Dittner and appiles primarily to lab~-
oratory animals under experimental conditions. These results
are not always cﬁnsistent with data for humans, such as those
data of Tipton and Stewart (24) who carried out balance
studles 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 chemlical Interacticns with saliva, acid gastiric Juiceﬁ,
a.kaline bile, pancreatic and intestinal Jjuices, the poten-
tial changes (metabolism) by mizroorganisms and the inter-
actions of metals with food di{gests (chelating agents).

ther factors are the chemical form of an element, 1its
coneentration, i¢s molecular size, its solubility in the
diflerent <luids of the Lnteatinai tract and, ionizaticn
at the vnrioﬁs pE levels, Specle, sex and age dilferences

mAy also be important.
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Pigure 1. Pathways of mineral metabolism, Diagranm for
. ¥able 2. Taken from Altman and Dittner (31).

DIAGAAM FOR TABLE $¢

Qrsl siminisunatios

Avsoryusst

7. Retestion » C. Ussergoms’

hae — metsbolle ¢ .-——: Zaeretion
I
. . loax or :hntnh K. lons or c‘ltncm
e = ur-m! present’ n »13&)7 Ppresent

peeir 3. 18 D04

(] 1n nard (2) Ls organs such (3) in saft s~
ussuee A8 Mver. kigney surs generall

13/ Parcent absorpricn Lrem cral sdminiatration has in veme ¢ bees ratder arhitrarQly clasalfied sinee tha wx~
tast 8/ adsorpues may d sa the dmisistarsd ant o0 UM PFesanes o shsmmce of fowd resiiues 9 L
cigesuvy Uit /a/ Soms rass wlemenia with ne knews function alse vicindad. /3/ Primarly seuscia, akia. And s
tecellular Dalda. /o Olhar thas 8 the bila, oF by & Fowls net daliaftaly astablished.

b 4. In iDtertinet
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mable 2., Pathways of mineral metabolism; Taken from
Al:man and Dittner (31)

The course. or eaurses. of variows lons during metabalism ean Be JOCBIEE in INe SIAQFIM (38 {oft) Dy tracing ihe
remBination of IeRars SNE RUMBGTE AELOMNSAYING ¢ACA 10A (columns B and C boiow). Obiemalivns were made on &
wide varitty of masmalitn species. (ot were sdminiterad in the (erm o simple solubie canipnunds er meialiic
omades, urlean stherwine specified, Underscoring indicsies radionciive ciements, Or thal data ware obtaines ot
least in part from swdies using radieactive 1solepes. Different 1aotapes of the same element may fhee & ferent
tigaue predueciions. but there 18 usua)ly Ao differancs \n their adsorplion or route of excretion. 'Plus” symbois
pticate valence fAtes 10 wAICH €ats apply. ORhar Kanoen Pataways {column C) are Jisted. 80 (a7 88 poasidle. in

srder o{ dvcrEasng Lmporiases. *
lon "’"::’:::,'" Other Known Pathways Retersnce
(A} \ 1C1 H {D
LT . L~
Cations?® P ined
s o3
1| Astinium CL POTRL L) ] o
T Auminum (=3 o PDNL. POHI. POFI(2) 49,9193 :l.:_-;;i-.
3| Amerigiuny cL . | rone, POFX(2.1), PO N 88,102 Sagers
4| Anumony™+ | AT, 3DR2 BDFK(2.3), BOHe 31340093 st
3 | Arseme™? az. mowz BDFK(2. 3), BDM 16,40.54.50.9) o
¢{Parum BE, BDB4 : BOX(1), DOH2 13.36.00.9).002 P et
7{ Beryllivm cs . POYK(L.3.2). POWL. PDM¢ 8.9 : Fair
8 Biamu i cz . PDFX{1). PDHa. POH2 40,51.9) = T
9| Caemium ce i POFKIZ.3. 1), POR. POH2 20.23.40,78.93,110 o334
‘10| Calcium BE, BOPI1) BDH4. BDM3. BDNZ. BOFI(Y) 3.19,40,75.92,97. 003,120,111 R
13 {Catiem’® cz . POFXIZ. \), PDHI. PDN2 23,26.40,06.94.100 >
12 Cenium ADM ADH3. ADHG, ADPIOY 38,$2.71-74.90.93 :
13| Chromumt++ cz - PDNZ. PDH4. PDFX(R. 1) 23.25.50.104
- 14| Cormr ‘e, BORZ PDHI. BDH{. BDFJ(D) 5.17.19,40,36.93.10
13| Copper*® AL, BOD BOH2, BDFI(2) 19,40,64,93,110
16| Eyrom Preaably CP* PDFK(2.1). PDN4, PDET [T
17| Dysoronrene® arerssnmvmeisiseanrsomes | POHI. PDIR{L) c R
18| Ergnum? eevmevemmemrimvereasessees | PONI. FOFRIL, 2) 2
19| Eurociam® ce POM3, PDHI, PDFX(L. D) 2¢
20| Francium Probadly ADM2® POFKIZ.3) "%
b3} _..Annhmu!’ Mecescrsrsmasmesssnseesess | PDHL. POHI, PDFX(3.2) = ¢
22| Callum cr PDH2, PDFRIL.2), PDR4 22,539
- 23| Cermanium ADH2 ’ ADH4, ADPX(2) ”
24| Cotd+ cze PDFKI2). PDH2. PDM4 34,40,70.9)
23| Hatnium® .. rroees | POFKIL. 1), POMZ, PDMA 4.9
26| Hoimwum® crv s mmmeresesss | PDHI, PDFK{L, 1) 11}
27| Ingium cr . POFKIS. 1. 2), PDH¢, POHL FIRT) !
18l indium =4 4 . PONL. PDHA, POFXIL 2,1} 3
29| irent+ cx : PDH4, PDFI(2) . 19.40.65.93. 138,111
30| Lanthane cx’ PDH2. PDH). POFK(L,}) 13.23.24,36.40,93,95,182
31| Leag** BE, BOW .| BDH. BDYRILLI.2) 1.4.23,34,95,40,87.80,
32| Cithwm ADK2 *{ ADKe. ADTI03.2} 1038419
331 Lutetiuen? ecareessrm e | POM3, POFRUY) - L
34| Kagnesivm BE, 3om BOM), BOFI(L,2.9) 2.48.91.93. 110
35| Mangasean cE PDH), PDH4. PDFI(L. 3} 6,39.28.40,60,54,93
6l Mereuryt BE, 3 BDPR(L. 2,3, BOWI. BOM4 22.40.93 .
17| Neosvrsium?® Preaany CT* POMI. PDFKIL.1). POIO 23.2¢.33.40.98
38| Nermnivre cE POFKIN) 3 .
39 Kicaaier BL, BOIQ BDRL, BDFI2) $.35.40,93,95.108,110
<0] R.obrum® cx POKL, PON4, POFKIL. L. 3} 13.23.34,00,102
41| Pdladium Prebadly C2* PDHL. PDH4. PDFKI(2) 23,490,467
42| Plaunum (= PDHZ. PDNH4. PDFKIL.J. 1) 23,40
¢ Puionsve? cE : ‘ POYXI(L 2). PDM4, PDIR 33.29.34,04.09,103,194 . .
44| folonium =3 PDFX(L. 1, 3). PON4, POM2 37.44,93,%. 102

13/ Jons may bt coramed W fallow the SAMS psUUAYS Shew groes parestarally, /o/ Deasuse of ssseeuam Alorma-
than, 20 20 Uy hAVE Baow Liswd for Berhelive, sulloruiem. sinatainiem, lermium, and mendtievium, /o/ Usu-

slly fiven a5 sombie eompion. /4/ Al Magre from (e PRsivon of the iement |8 1S periadie Wble. oF oa salubility e
4 areiral pH vaves.
contimved

0007-5WP-036839

0007-SWP-000112968



.

- D -

Table 2., Coniinued

]
|
*
ton ’ ';':;’:‘l‘:f“ Othet Knoen Tatnweys Reference
iA) . (Bl ) FI) :
) Cauane -
. 431 Potagaum ADHE ADTI3.2), ADHI. ADHA T N.19.40.71,73.100
44} Pravecsvmivm® | CT POIL. PDFRIZ, i), POH) 24.36,40
41t Frameunwm cT PDHL. POFK(2.1). POH) ::Jmm
a8 Protacunicy Provedly CE* POFK(L)
. «9| Ragium BE. BOFX().2) BDMe, BDN2 27.45,75.93,9%.10¢ . C
. 30{ Radium D Prevadly BE. BOH2* POH2. PDH4, POFKIL} 9.70
81| Rhogum cr POFX().2, 1) POHI, PDM4 3] .
92| Rudisium AUDHL ADFJ(3.2). ADH1. ADHI 64.71 . . .
A 331 Ruthemivm [ 4 PONHI. PDH4, PDFRIN 1, 2) 2).100.01
' 34 Slmyw? cE POML. PDFKIL. L. POHY )40
48 | Seanaium Prevadly CE2* - | coXi. cDFIiLLD) . L
36§ Selenivm ADNM2 . ADCHI. ADTKIl. 3} ADH¢ 41.62.13
37| Stiver [« 4 PDH), PDFK(2,3). PDNI. CDGFKX® | 40.87.93.110
$4) Sudivm AD ADFII, 3, 3), ADHI. ADH4 19.40.91.9) R
$9|Strontiym BE. BDFX(}) BDHL. BDH4, BOHY 3.96.45,75,92,102.10
60} Tantalure PDKL. PDN4, POFXIL. L,3) 2324 .
41| Tecnetium coseesstsivrmansrsereoneree | PDRL, PDH4, PDFK{}.2, 1} P} R
T 0 Telvriymee+ | 3Z, BDGH2 BOGHI, BOCHI, BOCIK(2) 346.93.802 ot
63| Ternium | ce PDHR. PDMY. PDIX(L,2) b2) LI
4 Thallwen ar PDH4, BOFX(S, 1. 2). BOH2 40.35%9
45| Thorium cL POFX(. 1). PON¢. PDH2, PFDRO 35.85.93,102
o fhuhui‘ cz POKLI. PDHI. PDFKI(1) 2 ,
67| Tan** BEZ. 30H: SDr3(3,2), BDM4, 3D 40.93.110 -
48] Tiners? aAz. 3012 SOH, BOFIL. 3.3) . %) ’ ) .
" 49| Tianium Presadly CE* coOrae) ”» .- ’
18| Urantum s+ crieessreersssvassscissnces | BDFKI(2) 1a2 . .
- 71 [Uramumvesess | B BDFX({1.2) 21.40,93,102 .
- 72| Yiterbium? erenaseressacsasesressesess | PONI. PDIKI(1. 3} "
- T3 Yttrem ce POFRIL. 2} POHR. PDH4 13,34.33.35.46.84,102,1 0%
- M| Zine ce CDB4, CDFJI2,)), COHR 33,40,60,77,93,103«308.10 -
T8 Zireonivm ce POFXIL. 3} 13.36,80.103
. Ansenst
16| Astatide Prosably A® PDFK(3). PO, POH4¢ 37
a. 77| Bicardonate ADHI, ADHZ. ADHY ADH4, ADTJ (all tissuen) 1]
. 181 Borate ADH2 40.9
. 19| Bromaw ADM2 ADG (w wremide) 1.9 e
. 40{ Bromude ADM2 ADM31. ADN4. ADFI(Y) 4.9 LR
S 4} | Chiorswe ADK2 40,9
. 82} Chloride AD¥1 ADM3. ADR¢. ADFI0). 1. D) 1.9 .
)} Chramate j 3-3+3 SDH¢. BDGHL, BDCHE, BDGFX(I} | 40.63.93,.106
4| Cyanice ADH3 ADH1, ADG (w SCN-) . »
45 Ferraevanidn ADN? o 4,43,
B 8¢ | Fluarioe .)-3;-3 BD¥FJ{l.3). BDM4 50,9193
. . 07 Hypepimophie | ADK2 - ”
. 15} ledata ADG (% (adide) rom2 "
89| lotine ADR2 ADFI{3.1), ADKD ”
< 90! Molvhdam B2 BOFJIZ. L 1) )| 7.15,34.35.40.9,108
91} Misrats B M2 ADFR{3) L5]
92} Nitrite ADC |» alwste) ”
93| Osmase dasssmrns ressens. POH2. PDH¢. POFXId.1,1}) 13
$+}0aaiate Apna ”
95 { Pershlorste ADIg 41 .
W1 Permanganate CT (reduand  Mad3) 4
. 47| Perrnensw [~ PDNH2, PDFX())*. PDH4 13,43 . L
4! Phosprare 8L, 30H2 BDFI(1,2,3) BDHI, BDM 199 N : G-
™S BL, BOM2 ORI 34.38.42.44.93 . S
y Joo|Sultare OE. BDM2 BDIl), BADM4, 3OO 19.26.91

13/ loms may we assumes o 61100 the same matnways when gives parentarelly. /o/ Usually given av salbte rome
ples. [s/ A2 juaged Irem tAe Position of tRe clement 18 Lhe perisuit LBLs, oF aR Belubility Bt nevtral pil values.

o/ Bsine /o] Bossuse af inaseviiate IAIePMItiBe. DB B LAWY Aave Beet LLAwd for EYANRA; (arreyseide, A perie~
Saie. /*/ As peages Irom ssivbUily 8% aruirel pit values, : -
4 esnsins:
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Toxiclity and Hazard

)

The term "toxisity" as used in thik report, re-
fers to the innate ability of a material to induce harm

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

& toxic maverial to be absorved into the body where it

might effect its toxic action. A highly toxic material,

for example, which cannot be absorbed apprecladly from

the gastrolntestinal tract would not be & significant

hazard, The mere presence of a toxic material at a low

concentration inside the body also may not conatitute a

significant hazard. A toxlc substance to be considered

a hazard, should cause measursble adverse effects (such

as irritation, growth impairment, disease, etc,) when

used as intended and at levels approximating intended use.

Usually safety factors are applied when setting standards.
Table 3, taken from Spector (18), presents

commonly used terms that are assoclated with acute ex~-

posures by various routes. These terms are used in the

tody of this report in similar fashion.

TII. Compounds bv Tlemental Class

This section considers the toxicity and hazards
of the specific compounds by elemental classes. The ori-
ginal iist suggested by NPCA iz found in the Introduction.
An expanded alphabetical 1listing ¢? these compounds can

be found in the Summary.

T LT T 5007-5WP-036841
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Table 3,
rom page

- 10 =

- e ———

Combined tabulation of toxicity classes® taken
4 of Spector (18).

Varioua Routes of Administration

Inhalation 4 hr
- LDsp . Probable
Teozicity | Townmonly s |VBPSF Zxpccurs ) al &
Rating | Used Term St;:l‘: %:: Mortality LD“ Skin navets L:::';::“
. . 2/6-¢/6 Rats ‘
Extremely {l mg or jess/kg cl0ppm S mg or Jess/kg A taste,
loxie ) I grain
Kighly 150 mg 10-100 $-4) mg 1 teaspoon
Aoxie 4ce
Moderately |50-500 mg 100-1000 [44-340 mg 1 ounce
toxie 3 gm
Slighily 0.5-5g 1000-10, 000 8-2.81 gikg I pist
taxie : 1% gm
Pracucally |31 g 10,000-100,000 |2.82-22.5% g/kg | guart
non-loxic
Relatively 1S g and more 5100, 000 2.6 or mere g/kg  [>1 quam
harrless

lodge, H. C., and sm-ner. J. ., American Incustrial llypnm Auoeuu«\ Quare
terly, 10:4,93, Dece 1949

Siamdards for intravenous LDg, for rats ans radblls may be obisined approximately
by dieiding the oral toxicity slondards for rets by 10,
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Since many of the compounds belong to mere than
one elemental class, they appe;r listed at the bveginning
=f each class to which they bdelong, along with the concen-

_trations at which they are used in paints.

References U4 o 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 sre provided, when available,

the following types cf information: (a) overall foxicity,

estimated from animsl and human data obtained primarily

from ACGIK (4), Browning (6), Christensen (7), Falrhall (8),
Sax (16), Spector (18) and Stokinger (22); (b) body dursen
data, taken primarily from the ICRP Committee II report (12)

and (c) data on absorption and disoosition (18, 24, 25) pro-

viding an indicator of absorption and excretion rates and
the amount of body pocls which might assimilate the absorbed

metals; (d) azute oral hazards, taken from Christensen (7}‘

and Spector (18), based primarily on animal studies;
(e) water supply criteria and standards which describes
numan chronic oral exposure, primarily taken rrdm McKee o

and Wolf (13); (f) toxicity data on specific compounds E.oc-

obtained primarily from Christensen (7), Specter (18), sax

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

whizh, based cn the above information, suggests the degree

o2 potential hazard in using <hese compounds in paints.
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In many cases there are insuffizient data available ¢n
e

which t0 base safe levels of there compounds in caint

formulations. Recommendations for studies to odtain
e —————.

this information are presented in Section V, Reccmmendatlions,

/-Xluminum 'Compounds
e

Aluminum Metal

t
nJ
n

)
N
WOwWL W

Aluminum Hydroxide
Magnesium Aluminum Silicate

Aluminunm Oxide

[]
\n
o

Aluminum Silicate

(= = s (&) o o
' L]
n n
o \h
wn

Aluminum Stearate

-4
!

There i; a3 consideraple litersture on aluminum
and its health effects. In ad2ition to the "routine”
references (4-2€), the 1957 review of Campbell et ai, (27)
of this Department is useful, DIr. John Sorenson, alse of
this Depar<ment, is currently uddating the 1257 review.

Aluminum s very abundant in the earth’'s crust
and is widely used in metallurgy, in various chemical
dustries, and as a therapeutic agent. This element is

considered to be nonessential to man and generally of

low toxicity once inside the Dody. In the industrial
e et

setting, the oxide (Alzcs) L5 considered only as a
nuisance dust, The Threshold Limit Valus, TLV, i3 set

et 30 mppcs (4). However, e benign pneumoccniosis
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(alumi.nosis) due to very high levels of dust exposure nas
been reported., The eiiolo;y of the a.luminosizs 15 debated
(6, 10). '

The body contains an estimated 100 mg of aluminum
distributed relatively uniformly in most organs in concenw-

trations of approximately 1 ppm, wet weight basis (12).

The lungs contaln approximately 24 ppm while the skin,
ileum, trachea and blood contain 24, 28,- 1.8, 2,0 and
0.16 ppm, respectively. The concentration of aluminum in
the lungs increases with 2ge 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

o n:rmal dies averaged over 2L7 days, dally oral intake of
17 mg each, a fecal excretion of 17 and 15 mg and urinary
excretion of 0.87 and 0.72 ng.

large oral doses of aluminum compound are nec-
essary to kill or damage experimental animals ~- lethal
doses (ID's) from 3730 to hz_&;%%)lc.g). The species and
types of compounds used are impértmt. Spector (18)
reported an oral 1DS0 (lethal dose killing 50% of the
anizals) for .ltlt:l3 in the rat as.3730 mg/kg A1C13 while
Zvenshtein (28) reported a study in which 750 mg AlCl,
sdministered to a rabblt caused death in two hours.
Christensen (7) lists the oral IDS0 for aluminum aulfate
for the mouse at 77C mg/Xg.

I 0007-SWP-036845
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There are no standards set for domestic water
supplies bhecause of the low level of toxicity of aluminum,
Cooking with aluminum utensils can add 70-T5 mg to the
¢let with no apparent harm. In one study (28), one man
reported ingesting 264 mg/day for 70 days without 111
effect. Rabbits, however, maintained on water with 1400
ppm aluminum developed decreased bHlood, bone and urine
phosphate (13).

Svecific Paint Compounds. Aluminum metal dust

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

Aluminum hydroxide is used as & 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 1s controversial.
Toxicity data on the other compounds were not readily
avallable in the literature,

Oral Hazard in Paint. Based on the poor ab-
gorptien from the gastrointestinal tract and on the relg;
tively low toxicity of aluminum compounds in men, the

specific aluminum compounds under consideration by the

Faint industry should be safe a%t the concentrations

specified, .
——————— e ! ' ‘-;_'
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Antimony Compounds fif
E Nickel - Antimony Titanate 0 - 12 jﬁJ'
Antimony Oxides 0 - 10% '
) Antimony plays no known essential metadboli:z i

role in biclogical 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 indust;ial poisonings. Lethal doses by parental
routes vary from 3.07 to 4000 mg/kg. Industrial TLV for
aptimony and its compounds is aet at 0.5 mg/m3. The TLV

of the nhighly toxic hydride of antimony, stibine, is also
0.5 mg/m>.

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

The'body is éstimntc& to contain about 50 mg of
antimony with tissue levels of 0.05 to 4 ppm, wet weight

basis (12). Little appears to be known about normal ;fﬁi

AT

dietary levels of Sb. Woolrich (30) indicated less than

00 ;s Sb per day is contained in the diet. Gastro-

1ntes£1ng1 absorption is between 5 and T0%, most of which o
is excreted rapidly in either ths urine o the fsces (31).

- an by —— =
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Acute oral IDS50 studies for Sb compounds in
animals range from 100 to 20,000 mg/kg (7, 18). A T

lethal dose of antimony potassium tartrate is estimated

at 2 mg/kg for man.

There 48 no permissible level established for
domestic water use, Antimony added to the food of rabbits
caused progressive increases in both Hb and RBC's and when
fed to rats caused an increase in WBC's (6). Antimony
fed at S5 ppm over a life time caused a decreased survival

and longevity in rats (26).

Specific Paint Compounds. Antimony cxides.

T!}e pen}:oxﬁ:gle was reported to have lcw__;tgiiﬁi_.jcy (1p LDSO
ﬁ‘ﬁf’a'ts, 4 gm/kg). Rats tolerated well 4 mg daily, how-
ever, »Oth rats and rabbits experienced reduced growth

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

on the tetrsoxide or on _nj:g:kel antimony titanate was not

e < —

readily available,

Oral Hazard in Paint. DBecsuse various antimony

ccmpounds have been found to be highly toxic in man and
ettt

animals, oral hazards of antimony compounds in paints x

should be adequately evaluated to determine if currently .. '

-

used concentraticng in paint ars safe.

e
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Barium Compounds

7 3arium Metaborate 0/- 154
3arium Soaps 0~ 2%
Barium Sulfate (in lithopone) 0 - 2359
Cadmium-Barium Soaps 0 - 3%
ILithopone 0 - 30%

There is & relatively large literature on barium
available in the Department's library, including several
recent reviews by Browning (6), Schroeder (33), Miner (34),
and Rumyantsev (35).

Barium is relatively abundant in nature. It is

nonessential to0 man and soluble forms are considered highly
toxic. Lethal doses range from 4-700 mg/kg depending on

——
™

the route of administration and species. The industrial
TV is 0.5 mg/m3 as Ba., Barium stimulates smootﬁ, striated
and cardiac muscle and may produce violent perlstalsis,
arcerial hypertension, muscle twitching and cardiac dys-
funztion. 3Barium sulfate, used extensively as an x-ray
contrast medium, is relatively inscluble and appsrently
Linnocuous when ingested. ZFrolonged tnhalation of Ba com-
pounds has been reported to csuse a benign form of pneumo-
conlosis known as buiitosis. .

Barium behaves similarly to Ca and Sr and is
found notably in bone tissue and the aorta, where it 1g

deposited frreversidly (33). 3a presumably can displace

Ca to some extent in biological systems by mass ection.
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The body contains approximately 15 mg of 2a with

most of the organs containing levels in ppb range excert

for bone whith contains approximately 1.63 ppm (12). <

Zarium has been shown to accumulate in the lungs with
age, apparently due to deposition from inhalation. The
diet contains approximately 1§ 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 0.69 and
0.83 mg in feces and 0.037 and 0.0If mg in the urine re~
spectively,

Acute oral lethal doses in animals range from
T«3600 mg/kg. Five hundred to 600 mg of a barium compound
in man has been reported as fatal {13). The USPHS 1962
w:;er standards for dcmestic water supplies limits 2a to

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

Specific Paint Compounds. 3450, is used as a

contrast medium for gastrointestinal X-rays. It is con-
sidered ilnnocuous; however, this use is on a short tem
basis -- usually a single pass through the gastrointestinal
<ract. Data on humans, especially the young, on a chronic
exposure basis are not apparsntly available, _ithoocne

has been considered "non-toxic"; however, Sax {16) indica‘es
that hydrogen sulfide can be liberated Zrom lithopone on

decomposition by molsture, acid, or neas.

T e -
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Oral Hazard in Paint. 3Zarium chloride apparently

Ls readily absorbed and is highly toxic to many species (18).

ince insoluble btarium compounds might form chlorides in

the stomacn all the barium compounds of concern (soluble or

insoluble) uged in paints should be adequately evaluated

for chronic and shert term exposures.

a \'.

+ Boron Compounds

\-0"
Boren Tri-fluworide 0 - 1%
Jorates (3ariur metaborate 0 - 15%

sodium metaborate, etc)

The literature on the health effects of boron
compecunds is relatively limited. 3RErowning (6) and
Durocher (38) offer recent reviews of this subject.

Although essential to higher plants, ggzgg_;s
¢t considered essential to man and has no known metadbolic

- —n

rcle. Boron and i4s compounds are considered by Sax (16)

)

as

0% Righly toxic to man. The most common health hazards
have been accidental ingestion of housshold chemicals,

such as boric acid or borax, and adbsorpticn of doric acid
Irom woundg or burns. The most highly toxic boron com-
pounds are the doranes used in high energy fuels., Lethal
tarenteral doses of boron compounds range from 20 to over .
2000 mg/kg depeﬁding on the species, route of administra-

“ion, and he compound. ZIndustrial TIV's are set at

0007-SWP-036851
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3, 0.3, 0.1 and 0.01 mgﬁn3 for boron :rifluori?es, decza-
torane, ciborane, and pentaborane, respectiveﬁ&. ’
Boric acid may produce primary skin irritation
and conjunctivitis locally. The ingestion of excessive
doses of borates may cause nausea, cramps, convulsions, v f
ccma, and other symptoms of distress. Inhalation of the '

boranes may lead to chest tightness, cough, headache,

. e

dizziness, convulsions and unconscicusness.
' The body contains approximately 19 mg of boron,
Most of the tissues contain sub=ppm quantitles except

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

. ——— e

and Stewart's studies (24) contained 1.2 and 11 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 U5 to 5140 mg/kg (7, 18). Fifteen to 20 gm of r
boric acid has been lethal to adults and 506 gm to children.
Rats drinking water containing C.25% boric acld experienced

drinking water
decrensed growth rats; however, boren in public/is not

generally regarded as a hazard to human beings (13). Con=
centrations to 30 mg/l of doron in drinking water have

been reported as not harmful. Hoskins, however, has
reccmmended a boren limit of 20 mg/l in drinking water (13).

) 'T‘_T"TZT".""" RL.TR TTITTL TTTI T

,,

0007-SWP~-036852

0007-SWP-000112981



Specifiz 2aint Comnounds. Soron Lrifluprifels

W

highly hazardous by the inhalation route (TVL, 1 mg/m”).

I+ is highly irritating to mucous membranes. Oral hazard

iata were not readily available from the references used,
Sorates. Sodium borate is strongly alkaline and soliuble
in water, Its oral LD50 for the mouse is 2.0-3.0 gm/kg
(38), which can be considered only slightly texic. Intra-

venous administration of 0.3 gm/kg of sodium metaborate

tb the rabbdit caused no nntable toxic effects.
e ————p———

Oral ¥azard in Paint. Crally, the borates are

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

however, inadequate data areavailable on long-term expo-
sures., Since boron once inside the bcdy can be guite

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

lations should be more adeguately investigated to determine

a—
sale levels for painte.
\‘_‘__ L mee o
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Cadmium Ccmpounds
\-———-’
Cadmium Barium Soaps

Cadmiun Lithopene

Mercury Cadamium Lithopone

Cadmium Selenide

o o o o o
. [}
=
st
R

Cadmius Selenide Pigments

Cadmium Soaps
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There is an extensive and rapidly growing litera-

ture on health effezts of cadmium and its role in the
pollution of our environment. Recent survey articles by VVf
srowning (6) and Fasset (39) and extensive reviews by
Athanassiadis (40) and Friberg (41) are available,
Cadnmium is not widely distributed in nature and
finds {ts way into the biosphere primarily as waste pro-

ducts of technology. Cadmium is conaidered to be highly

toxic to man by any route of administration. Although Cd

tends 50 bs deposited irreversibly in the liver and kide
neys (metallothicnine) as a possible protective storage
of the metal, cadmium in toxic levels interferes with the
many =SH containing enzymes and many metal-containing
en;ymes. '

Ingestion of cadmium has caused nausea, sali-~
vation, vomiting, diarrhea, and abdominal pain. Locally,
it 25 irritating to mucous membranes, produces yellow dise-
coloration of the teeth, and contact dermatitis due to
hypersensitization. Inhalation of cadmium fumes may be
followed by respiratory irritation, dry throat, metallic . | .
taste, chest pain and dyspnea dus to bronchitis, pneumcnitia
and pulmonary edema, Liver, kidneys and bone mArTow may be
damaged.

Lethal doses in animals range from 2 t0 250
z3/xg depending on the chemical form and species (7, 18).

T 0007-SWP-036854
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Cadmium fumes at 9 mg/m3 has caused death in m;n. The
TLV's for Cc!!‘, are 0.1 and 0.2 mg/m> for the oxide fumes
and soluble dusts, respectively.

0 The body is estimated to contain appreximately
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 exposures, Cd accumu=
lates in the kidney with age. The die; contains approxi=-
mately 25 ug/day, the major portion of which is absorbded
and excreted in the urine (42 and B3%) (12, 24).

Acute deaths in animals sre seen with oral doses

of 70-369 mg/kg. Food poisoning from Cd-plated containers
——— LU

v, — - ———

has been reported. One boy died two hours after ingesting r

8.7 gm of Cdclz. Limits for domestic water supplies were ‘l-
Standards

set at the low levels of 0.05 zg/l by the WHO European/1962

Standards
and C.0l mg/l by the USPHS/1962 organizations because of

SN BT Dot

the highly toxie nature of Cd (13).

S

Specific Paint Compounds. Most of these com-

Pounds listed in Sax (16) and theMerck Index (14) were

listed with crogs reference to the high toxicity of

cadmium and mercury compounds. Lithopone compounds would

have added potential hazard due to the possible liberation
of H,S gas (See Barium Compounds above). Cadmium selenide

has & low toxicity because of the compound insolubility (14).
Cadmium stearate has an oral LI5S0 of 1225 mg/kg in the rat,

giving thils a "moderate”™ taxicity rating.

" 0007-SWP-036855
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Oral Bazard in Paint. 3ecause of the nighly

toxic nature of cadmium in man, cadmium salts should not

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

bextensive research showing its nonabsorbability from paint

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

r‘ .."*\ N
Calecium Compounds.

- Eﬂlcium Carbonate 0 - 70%
Calcium Napthenate 0 - 2%
Calcium Oxide 0 « 154
Calcium Soaps 0~ 2%

Calcium is the most abundant metal in the earth's

crust and is essential to all forms of life. It is alse
the most abundant divalent metal 4n the body and 1s essen-
tial for many Zunctions including the activation of many
enzymes, neuromuscular irritability, and the structure

of bone and teeth. 7There is a large literature on the
rcles of calcium in living systems. . However, Zor the pur-
pose aof this review, the "routine” references (4-26) pro-
vide the prizary sources of taxicological information.

Many calcium compounds are used therapeutically

and are considered to be relatively non-toxic. Problems

of dietary deficiency of calcium have been of more concern
to the general populaticn than the taxicity of calclium,

On the other hand, industrial axposure to dusts containing
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caleium oxide (lime) and calciwm arsenate have peen of

concern =~ th'g cxide because of its irritation to the :
skin, conjunctiva, cornes and mucous membr&ne: of the
respiravory tract and the arsenate because of the arsenic
‘toxicz.ty. e TLV's for these materials are 5 and 1 mg/m3
respectively. '

The body contains adbout 1050 gm of calcium most
of which (99%) is found in the bones. Tipton and Stewart
{2U4) reported 940 and 2300 mg per day of calcium in the
diet with only 140 and 230 mg being excretsd 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 thes\.e re-
quirements are consumed with the use of hard water with-
out overt adverse effects.

Perenteral and oral lethal doses in animals range
Zrem 100 to 25,000 and 15 to 7340 mg/kg respectively depend-
ing on the compounds, species and routes of administration
(7, 18). Because of its low oral toxicity, the USPHS
erinking we.tér standards of ,1962 and the WHO European
tandards of 1961 do not contain limits for calcium; how-
ever, the WHO International Standards of 1958 indicate
75 ng/l as a permissible limit and 2000 mg/l as an excess-
ive limit,
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Specific Paint Compounds. Calcium zarbonzte is

used as a nutrient and/or dietary supplement (29), anti-
acid and anti-diarrhea agent and is relatively non-toxiz.
Calcium Oxide 1s also used as a dietary supplement (29)
but is relatively toxic as an industrial dust. In short

: Rockhold
term studies using calcium raphthenate,/reported an oral
ID50 greater than 6 gm/kg in rats (42). The scep, 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 rslae
tively low toxicity of the calclum compounds in gquestion
and the probable unabsorbablility of these compounds from

ingested paint chips, thsse compounds can probably be con-

sidered as only a slight orel hazard in paint formulations.

—

"_.-l-\
carcmium Comoounds
h Y

¢ - 15%

Chromium Oxides

lead Chromate 0 - 25%

lead Silico Chromate 0 -~ 25% "’
Strontium Chromate 0 - 25%

There 18 an extensive literature cn the health
aspecis of chromium., 32rowning (6), Sullivan (47) and

Smith (48) provide recent cvervisws for chromium.

Y

o
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Chromium 1s an essential element involved with
glucose and lipid metadolism (an insulin factor). The
biclogically active form of Cr is not known. Chromium
metal itself is relatively inert. Di- and tri-valent
chromium compounds are relatively nonetoxic; however, the
hexavalent forms (chromates and dichromates) are considered
highly toxiec, Most toxic hazards are from airborne chro=-
mium in industrial settings. Cutaneous allergy is not
uncommon from hexavalent compcunds but are rare from tri-
valent chromium compounds., Ccntact with chromates or
chromic acid can produce small, painleél cutaneous ulcers
as well as primary irritation or hypersensitivity, Allergic
bronchial asthma has been associated with chromium tri-

. oxide fumes. Bronchogenic carcinoma has occurred at an
abnermally high rate among chromate workers. Industrial
TIV's are 0.2 mg/m3 2or ehromic acid and chromates 0.05

ms/m3 for soluble chromic sng clrapus salts, and 1 mg/m3

2or metallic chromium and inscluble salts. ‘ﬂf

S The body contains approximately 6 mg of Cr, the Tl

' bones containing 0.49, the lungs 0.2, the skin 0,33 and
the uterus 0.24 ppm. Chromium accumulates in the lungs N
th age. The daily diet contains approximately 60 ng (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, Parenterally, lasthal ﬁoneu of various chromium

— e -,
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compounds vary from 0.1l teo 6185 mg/kg while acute oral
doses vary from 1870-32_53%458). Rabbits receiving
1.9 gm of ch:'on died within two hours.

Schroeder found the 5 ppr of Cr +3 in the diet
of rate to be beneficial. 3Both 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-

tause of a concern rI'or possible carcinegenicity (13).
McKee and Wolf (13), however, question this restrictive-
ness because of 3 case of a family which had drunk .
water containing 25 mg/l of Cr + for ?yeu's (1957 on) with
no apparent adverse effects, '
-

Specifis Paint Compounds. Chromium oxlides,

ALl of the hexavalent oxides are orally texic, producing
gastreintestinal irritation, vomiting and diarrhea, 'a.nd
in sxperimental animals, renal damage. Oral toxicity data
cn the other compounds werenot readiAly available from <he

relerences 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
i1s not sufficiently clesr from this brlef survey what
cral hazard would be provided by ingesting the spezific
ccmpounds %o de used in paint formulations. Experimental
investization will prodably be necessary tc establish

acceptadly safe levels,
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Cobalt Compounds

“Cobalt Naphthenate 0 - %
' Cobalt Nickel Titanate 0 - 20% i
“ Cobalt Soaps 0 - 1%

Cobalt is a relatively rare element, composing

"o

about 0.001% of the earth's crust. The toxicity litara-
ture on cobalt is relatively limited. The "routine"
references (L-26) were used.- Stokinger (22) and 3rowning
(6) deal with tne general toxicity of cobalt and Valberg
{63) discusses the gastrointestinal absorption of cobalt.

Cobalt 1s an qggeggg;{ trace element for man and animals.

. 8 — - —— -

It is an important constituent of vitamin By, and certain
enzymes, and is assocliated with the production of erythro-
poletin, and red cell stimulating factor.

Parenteral lethal doses of cobalt compounds in
enizals vary Zrom 21 to 1400 mg/kg (7, 18). Administration
of ccbalt salts produces polycythemia. In one case of
huzman poisoning, liver and kidney damage was attribused to
cobalt. Metallic cobalt dust and cobalt salts may produce
allergic contact dermatitis and cormneal irritation. Inha-
Lation of codalt dust has been associated with gastro-
intesatinal irritation and possible bronchial asthma. The
ndustrial TLV for cobalt metal dust or fume i8 0.1 mg/m3.

The body containe an estimated 3 mg of cobdalt

with moet tissues containing 0.1 ppm or less. Ccbalt ia

0007-SWP-036861
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concentrated in bone, liver, kiZ.zy and cecun at 0.5, C.3,
0.2 and 0.26 ppm, respectively. In the studies of Tipton
and Stewart {24), the diets contained 300 and 500 umg per
day with most of the cobalt being excreted in the feces
(48 and 77%).

Oral lethal doses of cobalt range from 0.5 to
1700 mg/kg (7, 18). Excessive o;al intake causes nauseg
and vomiting, Five hundred mg/day for 30 days was lethal
Tor calves and 50 mg/kg was lethal to chicks. Three to 4
mg/day given to children for the treztment 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 hemoglodin ccontent of dlood. McKee and
Wolf (13), however, state that maximum safe concentration
for codalt in drinking water cannct be established or

estimated on the basis of present knowledge.

Soecilic Pains Compounds. Cobalt napthenate

was Iound bty Rockhold (42) to have an oral LDSO in rats
of 3.9 gm/kg. Toxicity or solubility data cn the other

cobalt compounds wem not readily available.

Oral Hazard in Paints. Since relatively low

—

Zevels of cobalt intake can bs toxic to echildren, appro-
—

priate studies to establish safe levels of cobalt compounds

in paint formulations should be carried cut.

0007-SWP-036862

0007-SWP-000112991



A ———— e - = % e

LT N X . s
Copper Compounds . - R
oppey np ' ; ' : G
777 Copper Metal 0 - 50% - g5
Copper Naphthenate 0 - 5% !

1 :‘

Copper Oxides 0 - 25% : .:
Copper Phthalocyanine 0 - 5% } ok ;
Copper Soaps 0 - 5% k "&5’
Copper is an essential element to man in that & 2

ii is required for the formation of erythrocytes and
hemoglodin as well as being an essential part of several
proteins: ceruloplasm, tyrosinase, cerebrocuprein,
erythrocuprein, cytochrome oxidase, and cther proteins.

There is a large literature on copper essentiality, bio- ' k

chemistry and toxicity. Scheinberg and Sternlied (43)
and Davenport (68) provided extensive reviews. For more
recent reviews see Scheinberg (45), Browning (7), and
Van Campen (46),

The toxlcity of copper compounds has been nown »
for centuries. Soluble copper salts are strongly irritating
to the skin and mucous membdranes. Ingestion oi’ axcess
quantities (copper sulfate) in man has ca.u.';ed vomiting,
gastric pain, convulsions, and death (16). Nerve, kidney
and liver damage has i:een recorded. Metal fume fever Co.
("brass chills ") results rrﬁm the inhalation of caopper

t or fumes (TLV for fumes, 0.1, and for dusts, 1.0 mg/m3).

e
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The dbody contalns approximately 100 mg of Cu,
concentrated mainly in the liver, brain, kidney, heart
and stomach (12). The diet normally ccntains from 2 to
20 mg per day with most of it being excreted in the feces
(24). '

Lethal orel doses in animals range from 22-540
ng/kg. Hemolytic anemia has been induced by the theinpcu-
tic use of copper sulfate. 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 cne
case of enteritlis. Ten to 30 mg per day in drinking water
apparently causes ho symptoms; however, becnﬁse of bad
taii;uproblems, USPHS 1962 standards limit copper.to 1 og/
liter (13).

Specific Paint Compounds, (opper metal is in-

soluble in water but soluble in acids and therefore may

form absorbadble compounds in the stomach. Copper navhthe-

nate, orally administered to rats (42), had an LD50 greater
than 6 gm/kg (low toxicity); however, Gefafer (10) describdes
the namthenate a8 an irritant. Copoer cxides, used in '
fungicides, are irritants (10) .and sre solubdble in acid,
LoRper soaps sre generally insoluble in water or acid

(19, 20).
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Cral Hazard in Paints. Relatively small amounts

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

None of the above information is sufficient to assume \ Py
| safety of oral ingestion of copper-containing paints in dg":&
children, espccin.liy for lmg-t;m exposures. Therefors, E;.i:%“'
studies should be carried ocut tO esatablish safe levels 5%
for these materiales in paints. 5!'&,__‘
. 3
\1:::! Compounds :
Iead Carbanate, basic 0 - 60%
Lead Chremates 0 ~ 25%
.. Lead Metal 0 ~ 25%
Lead Molybdate 0 ~ 15%
Lead Naphthenate 0~ 3%
- Lead Cxides 0 - 50%
Iead Silicate, basic 0 -~ i5%
Lead Silico-Chromate 0 - 25%
Z=ad Soaps 0~ 3%
Lea.d is biologically nenessential to man., It

N .
has created considerable concern for its possible environ-

mental health effects because of its use in automoblle
gasolines, paints and many other products. There exists
an extensive litersture on the biological effects of lead.
This literature i3 regularly reviewed and absiracted in

our Department's Lead Abstracis. Several recent reviesws

¢ -
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are availavle, such as the Naticnal Academy of Sciences!
"Alrborne Lead in Perspective" (49), Hammond's "Lead
Poiscning: An 0ld Problem with a New Perspective® (50),
and more recently Goyer and Chisclm's lead review (51).

Lead poisoning is ohe of the most common of
occupational diseases. The industrial TLV's (4) for lead
as lea,id, lead arsenste or tetramethyl lead sre0.l5 mg/cu. n.
an? for tetrasthyl lead, 0.1 mg/cu. m. Inorganic lead
poisoning may produce abdominal pain (colic), constipation,
headache, weskness, muscular aches or cramps, loss of
appetite, nauses, vomiting, anemia and other signs and
symptoms. Lead palsy and lead encephalopathy resulting
froa_}ndustrial expogure is rare but not infrequent in-
child.ren exposed to lead., Children poisoned by lead may

and other sequelae,
develop mental retardation as well as permanent paralysﬁ/
Symptdms of organic lead poisoning are usually confined
to the nervous system.

Elochemically, lead interferes with several
enzymes involved with the synthesis of hemoglobin which
leads to increased urinary excretion of coproporphyrins
and delta-aminolevulinic (ALA) acid and decreased blood
ALA synthetase and AlA dehydratase. Eigh levels of lead
are also associsted with hyperglycuria, hyperanino aciduria,
hyperphosphaturis and nypophosphatenmia. The action of
lead on the kidney and on neuromuscular activity is not

well wnderstood.
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The body 1s estimated o contain 80 to 120 mg
¢ lead, most of which (over 90%) is stored in bone.
txcept for dbone, most tissues contain 1 ppm or less of
lead, The norm#l adult diet contains approximately 0.3
ng of lead per day, most of which is excrated in the feces.
About 104 of the dietary lead is atsorbed and excreted in
the urine. Iead normally accumulates in bone and other
calcified tissgue (aorta) with age. Kehoe (52) found in
young adults that supplementing normal diets with 0.3 ng
of lead (total of 0.6 mg of dietary lead/day) caused ele-
vationa in blood leads which remained at acceptable levels
of 0.4 ppm or less. Supplementation with 1 mg (a total
$£1.3 mg lead in the diet) caused blood lead levels of
0.k ©o 0.6 ppm. 3Blood leads of 0.4 to 0.6 ppm are con-
sidered suspiclous of excessive lead exposures.

The acute taxicity of lead compounds varies

:5nsiderably, ranging from 1.4 to 35,000 mg/kg depending

. on ine species, route of administration, the compound and

experimental ccnditions (7, 1§). Zlethal doses of lead.

acetate in the rabbit given intravenocusly ranged from 50

to 300 ag/kg and in the dog from 9 to 300 mg/kg for differ-

ent investigators. This was also true for lead arsenate
which ranged from 100 to 825 mg/kg administered orally to
20gs. The individusl values for these experimants ars

siven below under Specific Paint Compounds.

0007-SWP~-036867

0007-SWP-000112996



+
LeYs
~

]

Lead poisoning in human beings nas been re-
portved to have been caused by drinking of water szontalring
lead in concentrations varying from 0,042 zg/l to 1.0 mg/2
or more. However, concentrations of 0.0l %o 0.16 mg/l have

e — e

been apparently non-poiscnous over long periods of time (13).
—— bty o~

For many years, she mandatory limi%t for lead in tha USPHS
drinking water standards was 0.1 mg/l; but in the 1962
‘Standardn, the limit for load waa lowered to 0.05 mg/l.
In the Wil0 Intarnational Standard>and the WHO European

Standards the 1imit for lead was set at 0.1 mg/l (13).

Snecific Paint Compounds, There have been many

gtudies on the toxicity of laad compounds. Tables 4 and §
a?g.téken from Spector (18) and Christensen (7) and are
presenzed to emphasize the wide variation of responses
of animals, discussed above, to the various compounds and
aetnods ¢f administration. An oral 050 for rats for lzad
zagmhmate (not in the tables) was found by Rochold (42)
0 be 3 gm/kg.

Three reports found in the literature involved
the administration of lead in paint or paint materials
t0 animals (53-55). Wwnite and Cotenin in 1048 (53) re-
ported the results of a study of the adsorption of lead

Faint, lead carbonate and lead acetate given %o calves.

The authors refer teo a sicilar study by Haltenhof? who
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Table L., Toxicity data for lead compounds taken from
| Spector (18). References to the original literature are
provided by Spector.

- B Possge
N Conpoand Asvmal Rowe | Dore meivg
- . 4 Value
| Ravhit or  IMLD" | <00
Rabbit v IMLD® 1
Lame st » ‘LD »1000¢
. . Guinea mg | LDy 190
Cunes pig | 1» LDpy ™0
Pigzen or LD 190
Land pulisre Cunes pig | or NLD* 38,040
B Gunea pag | 10 Lbyp 146
Cuneapig ] i LDvs 90
X + 1Deg or LD 2000+3008
Lase sulllde Aay » LDyp 1600
. Cuinen pig | or NLD 10,000
h Sunes pig { 9 LD3e 113 )
Guinens pig | 10 LDay e
Land tesrsownyi t\.“ » :tg‘ ;:: “
N - "3 - .
Rasbit v MLD 21, Redb. 8
Land asvme Freg [ ] Lo 1600
. . Rat, i» LD 130
Ray i L0ss 158
Rabiit [ L 00
Aabit iv L $0
Rawbit iv 8- 108-400
G ” L 100
Deg (14 0 Rl J
’ Doy ae Lo [
. Deg v 1D [}
. Dog v L0 100
' Lmd arommate Ray o LDgp* i 828
e {Rm o LDgo™ | 100
Rabit or LDse* | 128
Radait or MLD E1 ]
Qucken e LDse® | 450
heep - L 19403
Land carhousts Guinge pig| or lul.b' 1000
Cwunrs pig| » Lo 12¢
Gwnes pi1g| » LDyy 290
Lasd ehlaride Canee pig( or i MLD L 15002000
Lead chromais Guses nig| » LDy 156
Cuines p1g | i» LD ne
Laté giomie Ganes ;g | 1Dy s
Guines mg| i LDub we
Laad erate | Guinen mig | or ILDpy | 10084000
Lané manarite Ra | w LDyy 108
Gusea m" i L [ 198
Cuinex nig i i9 Dyy 20
Laad nitryin A » 10 e
N . Gunes »ig| o =] w08 ..
Land slenre | Gunes ;g or LD Y ’ R
Lasé srias reeaase : Guines m‘& » i 160 P
Cuines pig! 1o LDy 0 Lo
Las ¢ srinepiasstnis Gn-m[- ) [¥]] -
Gunre nig | 19 5 -] 40 [
Lasé some '™ EETES L
Guihves sty | ot AILD 008 Coe
Lest (re@) | Cuivra 8ig | &8 (WYY [
| Cuines mig | 19 LDy e ', B
Lesd ailicaws | Guines ;Y | W o | 128 L
. Laet sivareyy | Cormes wig | o | MDD | 16.000
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mable 5, Toxisity data for lead zompounds taken from 332 S
Chrastensen (7). References to the coriginal literasure S

are provided by Christensen.

Compound ) Animal . Route Dose  Dosige

Lesd . Guinea Pig ip LDca 100
Man ih i 0.63mg/m

Lesd Acecate Rat ip L1050 150

iv LD30 120

Lead Arsenate Rat ot . LD50 100

Lead Arsenste (basic) Man or 1Dcs 1.4

Lead Carbonata Guinaa Pig 1ip LDca 12AA

Lead Chloride Guinea Pig or LDcs 20001”

Lead Chromate (vi) Guinea Pig 49 1D50 400

Lead Cnmpc;undl-‘l'ri!:hyl-Chloride Rst ip LD50 il

Lesd Compounds-Triethyl-Oleste Rat or LDca 50

Lead Dioxnide Guinea Pig {p 1Dce 115

Lead Fluoberats Rat of _ LDea 50

Lesd (1ll) Cyanids Rat ip LDes 100

Lead (11) Fluoeilicats Rat or LDea 250 ; .
Lesd Lsctace Guinea Pi; or LDea 1000 ,
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Table 5. Continued

Lesd Monoxide Rat ip LD50 400
Lead Nitrace Rat ip LDcs 270
Laad Orchoarsensce Guines Pig Lp LDS0 8
Lead Crthophosphate Guinss Pig {p LDca 131
Lead Oxide Rat ip LDs0 450
Lesd Perchlorates Mus ip LDca 278
Laad S{licate GCuinas Pig 1p LDea 136
Lead Sulfate Cuines Pig ip LDs0 300
Laad Sulfide Rat ip Loso 1600
lead Tetb;;:hyl Rat ) or LD30 b}
Lead Tetrapropyl Rat ip © LD5O 200
Lead Tetroxide Guines Pig f{p LD30 220
Lesad Titanscea Rat ip L1050 2000
Lead Triechyl Rat ip LD30 1.2
Lead Trimothyl Rat ip LD50 28
Lead rr§pheny1 Bluosilicste Rat or 1030 100
Lead Tripropyl Rat ip LDea 20
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used red lead palnt (lead cxice) with similar resulls,
Zalves were given single or repeated doses orally in gram
gquantities, The signs of poisoning and the zontentrations
of lead in the tissues were similar irrespective of the
form of lead given. All animals died from their expoe-
sures. Nervous symptoms varied but included seizures,
blindness and kidney degeneration. Tlakes of lead paint
could be detected in the stomachs days after administra-
tion. Concentrations of lead in the liver varied Zrom
9.5 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 four polymer formulations in their

¢iets: Poclythene conte.ning lead carbonate pearlescent

pignent, polypropy::ne containing a lead chromate-molvbdate

nigment. PVC st-ouilized with trihasic lead sulphate and
rigid uretlwie Icam catalysed with lead 2-ethylhexoate.
™:5e polymers were fad at the level of !X of the dietary
fermulations for & to 5 months. The lead contents of
tl008, tile, urine, liver, kidney and bone were measured.
control animals received no lead, and refersnce animals
received 2, 6 and 20 ppa of lead as lead nitrate in their
ciet. Appreciadble quantities ¢f lead wers absorbed from
the PVC containing lead sulfat: (containing 230 ppm as

-ead In the dlet), The absorption ¢ lead from the ozher
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ie%s was not much different from that of the zontrol diecs,
™e authors concluded that lead was poorly absorbed from
the rat intestine.

A second sztudy by Gage and Litchfleld (85) in-
vclved the absorption in rats of lead from paint films
contained in the diet at a level of 1%, Two paint films
were used: one containing middle orange chrome pigment

and the other, lead mpnthenate 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. 3lcod, bone,
kidney, liver, bile and urine lead determinations were
made. The authors concluded that one-half of the lead

in the caromate paint migrated (was absorbed) Zrom the

N

Tilm under the experimental condltions.

Cral Hazard in Paints., The hazards of ingesting

s

aint flakes containing lead has been the subject of zon-

n

Lierable study. The above mentioned references (L9-Z1)
a.50 zrovide review of this problem.

The Deputy Commissicner of Food and Trugs,
cazes I. Grant, recently declared a limit of 0.05% of
the total weight of the contained solids cr dried paint
Ill= for paints to be used in or around the househcld (56).

Tais ceclsion was made on the bases of several publicaticnms,
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announcements and testimonies (57.51). A devailed acccunt
of the bases for the Commissicner's decision is ocutside
the scope o 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 children and verified indirectly by studies on lead

intoxicated children,

:‘ ~

. Lithium Comoounds

mm—
Zithium Eydroxide c~ 1%
Zithium Nagnthenate 0 - 26

Lithium is nonessential 0 man and is found in
loy ievels in human tissues, The literature cn the health
effects of lLithium compounds is relatively limitec. Most
of the information provided here comes from the "routine”
references (L-25), especially 2rowning (6) and Stokinger
(22). <schow, in 13957 (52), reviewed the pharmacclogy and
tlclogy of the lithium ion.

The body contalns approximately 0.9 mg of lithium
Zistrituted throughout most cf the tissues in levels of
approximately 0.C1 ppm. Zeing one of the alkali metals,
ii behaves chemically in the body zuch like Na and K.
“ithium cempounds are moderetaly to highly toxiec dependi=g
tn ihe specles, reoute ¢f administraticn and the compount

used, Sodlum antagonizes the acticn of 1i.
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The most prominent .symptoms cf gcute lithium
poisoning in enimals, when gilven by mouth or intraven-~
ously, inzlude anorexla, nausea, vomiting, diafrhea,
weight loss, dehydration and fall cf body temperature.
Effects on the central nervous system are manifested by
muscular weakness, hyperirritability, sstupor, and cane
vulsion; on the heart by EXG changen, auricular otundotill
or fidrillation; on the kidney by olipuria, 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 reacily
availadble; nowever, lithium is re=adily absorbed from the
gastrointestinal tract (greater than 70%) and excreted
in the urine (31}). lZethal oral doses of lithium compounds
Tange from 0,025 to 200 mg/kg. Information on chronic
cral exposures is lacking; however, the industrial TIV (&)
for the hignly toxic lithium hydride is set at 0.025 mg/cu. =.
becaguse it is intensely irritating and corrosive. No
iiniss have peen set for drinking water; however, Hibpard
reconmends , without references, <hat lithium should not

exceed 5 mg/l (13).

Srcezific Pain% Comoounds., The hydroxide is

8 sIrongly alkaline and ceustic in high coancentrations.

<nformation on the naphtherate was nct readily availadle.
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Oral Hazard in Pa2ins. 3Secause of the nighly toxic
e m————

nature of lithium compounds, studies should be zarried out

to confirm the safety of any levels of those materials in

, T——
paints.,

pm—
i —

~

}Magpesium compounds

TN i -

Magnesium Aluminum Silicate 0 - 20%
Magnesium Oxide 0 - 1%
Magnesium Silicate 0 - 50%

Magnesium is abundantly diszributgd in nature
and 1s an essential element. There i3 a large literature
on the biological role of Mg in living systems. Schroeder
et al. (69), Srowning (6) and Stokinger (22) provide re-

N

sent views ¢f the essentialiiy and toxicity 2 magnesium
compounds. | )
Magnesium 1s the second mos3t adbundant divalent
cetion in the body amounting %0 4 total of about 25 gm,
70% of which is found in bone ($80 ppm). Cartilage con=
tains 200-300 ppm while cther tissues contain Zrom 100
%0 200 ppm (12). On normal 2iets containing 180 and 360
ng/day (24), cne-third of the dietary intake nppeired in
the urine, the other two-thirds appearing in the feces.
Aside from 1ts structural functicns in bone and teeth,
magnesium 1s important in neuromuscular conduction of
skeletal end cardiac muscle and to the activity of numerocus
enzymes -nvolved with cxidative-phosphorylation, protein,
tdmd

«epld and carbohydrate metabolism. Magnesium deficiency

produces symptoms of hyperirritability (tetany) sometimes

7Lr
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seen in patients on i.v. fluid therary inadeguate :in

magnesium. In catile, magnesium deficiency proluces -
"grass staggers'.

Magnesium zompound toxiczity varies frem slightly
to highly toxic depending on the species, route of admini-
stration, and the compound used (7, 1€). When administered
intravencusly, magnesium salts can produce general an-
esthesia, narcosis and muscular paralysis which can be
counteracted by intravenous calciwm administration. In-
dustrial TLV (4) for magnesium is set at 10 mg/cu. m. for

Mg0 fumes bdecause of fume fever reactions.

Oral ingestion of magnesium s considered rela-

ively non-toxic to man. Magnesium acetate, however, has
an oral D50 of 18 mg/kg (highly toxic) in the mouse, At
high cencentrations, magnesium salts have a laxative ef-
fect. Drinking water standards do not impose maximum
allowabtle concentrations but do suggest limits under 150

zg/) primarily for taste problems.

Specific Paint Compounds. Magnesium Oxide Is

used a3 a odietary supplement for magnesium and therapeu=
tizully an an antiacid and catharic and can be given in

gram quantities safely, Long-term use of Mg compounds as

~axatives can develcp dependency (constipation) as the

only aponrant advorse oflfeet frum thoir use {(GL).

Magnesium efltz2ate (talc) has been "generally recognized

&8s safe” (FDA's GRAS 1list) as an anticaking agent in tabdle
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salt up to 2% and in vanilla powder z=nd in vanillze-vanil-
iin powder under food standards (23). ZInformation con

magnesium aluminum silicate was not readily Tound but

this compound =ight be expected to tehave similarly to

magnesium silizate.

Cral Hazard in Daints. 3ecause of the low

acute or chronic oral toxicity of magnesium compounds,

the oral hazard due to magnesium in paints 1s prodadly

quite low.
~———

TN

Manganeae‘Cvaounds
N ———— ©
Manganese Dioxide C - 2%

Manganese Naphthenate ¢ - 1%
Menganese Soaps 0 - 1%
Manganese is widely dist-ibuted in nature and
is an essential element for both plants and animals.
There is a relatively large literatu-: dealing with normal,
iefiziency and fcxic states of manganiie. .Cotzias (£6),
Sthroeder (67), 3rowning (5), Stokinger (22), and Smith
(48) provide recent reviews of manganese health literature.
Manganese is involvec with the 'uncilons ¢f
numercus enzymes governing carbohydrate, L pid, preteln
metaboliam and cxidative phospherylation, ir-luding ar-
genase, alkaline phosphatase, prolidase; cariciinase,
cyateine desulfmydrase, thiaminase, ceoxyribon.:lease,

glycyl-i~leucine dipeptidase and other enzymes (7).,

e ————— . — . V- - ——
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Parenteraily administered lesthal 2a2ses of man-
ganese compounds vary from C.12 to £10 mgs/kg (7, 18)
depencing on the species, route of administraticn and the
compound. Organic manganese compounds tend o te zen-
sizerably mere toxic than inorganic compounds. In zhronic
exposures ¢f human beings, manganese 1is a nerve toxin,
with polymorphic manifestations of psychic and neurslogical
disorders. Manganese can also cause a pneumonia-like
sondition known as "manganese pneumonitis” (6). Acute
exposure to manganese fumes can cause metal fume fever.
The industrial TLV for manganese is set at § ms/:u'm. (43,

The body contains about 20 ﬁg of manganese with
most of the tissues containing C.1 to 0.2 ppm (12). The
kidney, liver, and pancreas csntain 0.18, 1.3 and 1.1
ppm, respectively. Tipton and Stewart's (24)
subjects over a U7 day period averaged 3.3 and
2.5 mg/day in the-diet, 2.5 and 3.0 mg in the feces, and
C.04 and 0.05 mg cf manganese in the urine.

Manganese is considered snly slightly toxiz
crally. The zral D50 of manganese acetate for the ratl
was 2.7 gu/kg (7) while daily oral doses of 0.5 20 £.0 za/kg in
the rabbit produced decreased growth and »one development
{23). A small cutbreak of an encephalitis-like disease,
with early symptoms of lethargy and edema, was traced o
cinganese in the drinking water in a village ocutside of
TIk70; three perscns died as z result of poisoning dy
well water contaminated by nmanganese derived from dry-
cell batteries turied nearby (13). There are no limiis set

on the amounts cf manganese _: donestic water suppllies.
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The normal dietary intake is.far higher than the amount
that would be tolerated esthetically in drinking water

(13).

Specific Paint Compounds. No toxlcolegizal

information on the specifi: ccmpounds of interest was

readily available.

Qral Hazard in Palnts. Because manganese com=

—

Pounds are poorly absezggd and the amounts of such compounds

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

use in paint probably provideslow toxic hazard.

——

.

Merzury Comoounds

\—-—-
Shenyl Mercuric Acetate 0~ 0.5%
Merzury Cadmium Lithopone 0~ 15%
Phenyl Mercuric Oleate 0 - 0.5
Merzury Soaps, other 0=~ 0.3

Mercury is a ncnesscntial element £or humans
and 1ts toxicological history dates dack to the earliest
<l medical writers. There is an extensive health litera-
Ture on merzury which recently nas grown at an explosive
Tate in response to the concerns ¢f percury scntamination
in the environment. 3idstrup (69), Stahl (70), Friberg
eT al. (71), Friderg et al. (72) and Goldwater and Clark-
sen (72) represent just a few of the recent reviews cn
mercury toxicisy.

Mercury is considered highly texics 2 zan. The
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signs and symptoms are numergus and depend on the compound
and the rate and the route c¢f exposure. Acute severe ex-
posures may produce abdominal pain. vomiting, diarrhea,

gingivitis, pneumonitls, renal damage, circulatory fail-

"ure, and respiratory fallure. Chronic excessive exposures

may result in cne or more of the three classical signs of
gingivitis, <remor and emotional instability (10). Lethal
dosés in animals range from 16 to 500 mg/kg. Three to
thirty gm of mercury have beernn 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 cdiet normally contains about 5 micrograms
dally of me:-ury, most of which is absorbed and excreted
in the urine (26). The drinking water standards of the
USPHS and the WHO do not include limits for mercury bdbut
the maximum permissible concentration of mercury or mer-
Turic ions in drinking water in the USSR has been set at
9.005 mg/l. According to one investigator, adults may
safely drink water containing about 4-12 mg of mercury
(inorganic) per day and a fatal dose of such water would

te 75 to 300 mg/day (13).

Specifiz Paint Compounds. Oral 1LD50s for

zhenyl marcuric acetate were reported as L0 mg/kg for the

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

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

0 be used in paints is relatively small. However, sue to

the highly toxiz nature of mercury compounds, the possie

R pility of chroniz exposures (months), and the possitle 7‘

;‘ increased susceptibility of young children, studies should ; -
be made to ensure safe levels of mercury used in paints.

- —

Molybdenum Compounds
4 e

Zead Molybdate 0 - 15%

Zinc Molybdate 0 - 28%
Molybdenum 1s essential for certain plants and

animals, Toxieity data on humans is limited. Fairhall

(75) provides a summary of industrial exposures. More

recent reviews include those of Browning (6) and Stokinger

(22).

Molybdenum compounds are moderately texic in
anim;ls. Tethal doses for molydbdenum ccmpounds in animals
ranged from 100 to 500 mg/kg (7, 18, 22). Avatladble in-
formaticn concerning exposure to molybdenum compounds in
industry 1s insufficient to define a health hazard (10);
however, based on animal studies, the TLVs are set at
5 mg/cu. m. for scluble molybdenum cempounds and 10 mg/cu.
m. for insoluble compounds (4).

The body contains an estimated 5 mg of Mo wisth
mcst of the tissues contalning C.1 pom or less. 3Bone,
_iver, adrenal and kidney contain 1.5, 1.1, 0.6 and 0.4 ppm,
Tespestively (12). The diets reported by Tipton and Stewart

(28}, contained 0.21 and .46 pg/day half of which was ex- "~
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creted in the feces and hall in the urine,

There aré ne limits set on the amount £ =olyd~
denum in drinking water; however, mtolybdenum levels in
feeds and domestic animals have been of concern (13).
Five mg/day given 1o rats in their water caused increased

mortality (13).

Specific Paint Compounds. No quantitative toxic-

Lty data on thess compounds wers readily found,

Cral Hazard in Paints. Insufficient information

is availadle to estimate oral hazards for humans. Adequate

studlies will need to be performed to establish safe levels

of these molybdenum compounds in paints.

Nickel Ccmnounds

Cobal%t Nickel Titanate 0 - 20% S
Nickel Antizmony Titanate 0 - 3% Lol
Jickel T4tanate 0 - 13% .‘_'_".,"__'

There is a considerable literature on the health -

effects of nickel, Hecent reviews include those cf

Sullivan (76), Schroeder (77) and Smith (48), as well as
' 3rowning (6) and Stokinger (22). XNickel s considered . f;-
nonessential to man. Most of Lts toxicologizal concerms »
in zan have centered on the industrial use of nickel car-
tonyl., The TV for nickel carbonyl is 0.007 mg/cu. a., for

ther nickel compounds, 1.0 mg/cu. m. Nickel cardonyl
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has been essociated with an increased incilencze of :zance
of ;h; lung and ethmoid sinuses in men exposed *0 dust in ' }?{“
nickel refining. ;

Nickel salts are considered o pe nighly <cxi:z |
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-
Srequent with skin exposures,

The body contains aobout 10 mg of nickel with most

tissues containing approximately 0.1 »pm (1l2). Bone, skin,
tongue, lung and adrenal contain 2.0, 0.&4, 0.24, 0.27, and
0.28 ppm, respectively. The diet contains about LU50 micro= . -
grams of nickel per day. In Tipton and Stewart's study
(2t), the diets contained 0.39 and 0.8l mg, the feces .22 .
and C.35 mg and the urine 0.1 =g each. % :jé-
Orally, chronic administration of 2 =g of nizkel

rer Zay in the drinking water of rats caused no harn; how-

1]

ver, .0 to 20 =zg/kg proved fatal o dogs {13). The USPHS
crinxing water Standards do not place a limit on nickel;
nowever, it Ls reported that in Russia, the maximum per-

zissidle concentration is 1.0 mg/l (:3).

Specisic Paint Compounds. Quantitative toxizolog-
Zcel Zata for these compounds were not readily found in the ) -

“lterezure.
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Oral Hazard in Paint. Nickel and titanium (sec
Titaniwn Compounds, dbelow) compounds tend %o have ~ow <.x-
ixity with oral administration and orobably offer iow Rpaznv!
risks in palnts at the levels used. Antimony and rcobal:
(see individual sections above) offer considerable potens el

tial hazard and these compounds should be evaluatei

experimentally tc determine safe levels for paints.
e
Strentium Compounds
———

" Strontium Chromate 0 - 25%

Except for radicactive strontium, strontium com-
pounds are considered relatively non-toxic to man, simiiar
to calcium compound- (6, 10, 16, and 22). Since chromates
are toxiz, strontiim chromate is discussed under Chromivm
Compounds, above

Tin Comoounds Organic (specific compounds)

Tridvuty” Tin Oxide 0 - 1%
Tin Orano Compounds 0 - 1%

“he full toxiclty of tin is observed almost
exclusive.y from its organic compounds - the alkyl derive
atives (>). Tin i%tself when taken by mouth is practically
innocu~as, but its dust cr fume when inhaled can causs a
bimefli, Jymptomless pneumoconiosis. The TLV for inorganic
tin {except tin hydride and tin oxido} is 2 mg/cu. m. (&),

The alKkyl derivatives ars highly texic and cne of thenm,
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diethyl tin, has proved lethal to humar beings with sympIoms
of cerebral edema and gastrointestinal disturdanze (6).
Certain organ¢ tin compounds, especially the tri-putyl
series, are rotent skin irritants. The TLV for organis
tin compounds is 0.1 mg/cu. m. (4).

Numerous articles on the toxicity of tributyl tin
oxide and other alkyl iin.compounds (78-81) and other
crgane tin compounds a;eﬁavailabla in the Kattering Livdrary.
Elsea and Paynter (785Jfound the acute oral LD50 for trie-
butyl tin oxide toﬁpé‘lNB mg/kg (moderately toxic) for rats.
The oxide éﬁ&'f?jé;ts in the diet at levels of 32, 100 and
320‘ppgfiﬁppréssed growth. Stoner et al. (79) and Barnes and

Stoner (80) studied a series of tetra-, tri-, di- and mono -

alkyl *in ccnpounds in rats, rabbits, guinea pigs, and fowls
in both acute and chronic experiments. In rabbits, triethyl
tin, the most active compound, proguced muscular weakness,

tremcrs and deain. ther species and compounds showed vari-

atiors of this pattern. The outstanding sign of chronic

Foisoning was muscular weakness.

Sral ¥azard in Paint., Since organo tin compounds

are moderately to highly toxie in animals and man, the use
<l these compounds in paints should be adequately studied

0 determine the levels which can be used salely.
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Tt¢tanium Compounds

s i S

Titanium Dioxide | 0 ~ 30%

Ti{tanates:

Antimony 0 - 13%
Iickel 0 - 15%
Tungsten 0 - 15%
.Cobalt Nickel 0 - 20%

Titanlum is widely distributed in the earth's
crust where 1t 1s the eighth element in abundance, %
is not essential for plants or animals nor is it regarded
as texic 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 2 surgical prosthesis (6).

The body contains an estimated 15 mg of titanium
with most of the tissues containing approximately 0.1 ppm
cr less., Lung contains abcut 2.8 ppm and the bone 1, the
thyroid 0.59 and the skin .61 ppm. Titanium accumulates
i the lung with age, apparently due to polluted air,
“ipton and Stewart's studies (24) indicated 0.75 and 2.0
=g/d8y in <he normal diet wiih 0.46 and 0.82 mg/day and
C.%G and 0.47 mg/day eppearing in the feces and urine,
respectively. Oral administration cf large amcunts of
Titaniuz salts pmixed with the dlet L5 stated by Ereaux not
cnly to have nc toxic effect but astually to have an im-
Trovezent on pealtn (6). There are no water drinking

—=its set Tor titanium (13
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~tzskel, and tungsten are discussed in cther sections cf

tnis survey. Titanium disxide i3 used as a f20d additive

(29) and 1s considered to be chemically inert in the bedy
(82, 83, 4, 6, 22). The TLV for titanium dioxide is set

at 10 mg/cu. m.

QOral Hazarsd in Paint. Antimeny, cobalt, nickel

and tungsten possess significant toxicitles of their czwn

and should be considered on individual bases (see corre-

spending sections in this survey for these metals). Titan-

lum dicxide is apparently inert and should pose no cral

hazard in caint formulations,

———
Tungsten Comacunds
o114

Tungsten Titanase 0 - 3%

-

The literature cn the health effezts of tungssen

.

is limized. stokinger (22} and Browning (6) provide re-

Tungsten i3 nonessential to huzans. Data on the
4
tin of tungsven (31)were not readily found.

Data on the foxiszity oF tungsten compounds was
£l30 lizmited (7, 1), The following, taken fTom the

t

‘Cocumentation of Threshcld Iimit Values® (4), represens

sdy burden (12), dietary levels (26, zL) or on the absorpe
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gizilar datae presented in 3rowning a2nd . Stckinger, The

1050 cf sodium tungstate was beitween 140 to 160 mg/kg

when injected subcutaneously into adult rats, maxing shis

campound moderately toxls. On oral zdministration to rats,

the toxisity of =his compqund was greater than that of

tungsten oxide while amminium :;aratungsiate was the least f}}
toxic ¢f the threes ' sétn s.dium tungstate and the oxide : LI
proved letha® ﬁo rats on a diet containing 0.5% as w.

ne amrunium salt was not lethal at this level but resulted
in welght loss (L~350%). A similar weight loss was pro-
duced by dietary levels of 0.1% of the oxide and the sodium

salt. Tungsten powder when fed 10 weanllng rats of both

aexes at levels of 2, 5 and 10% of the diet resulted in a
5% reduction in body weighz gain among the females but ' __ -
aot the males, . |
_ong industrial experience has indizated no - o
tneunoconiosis among workers sxposed selely to W or its B
inscluble compounds. Dust chamber expésures of animals
9 W, tungsten Jioxide and tungsten :arbﬁﬂe rroduzed only
incr pulaenary changes. The TLV fcr soluble tungsten
sompounds 19 1 mg/cu. m. and for insoluble compounds,
2 mg/cu. a.
Calcium, magnesium and iron salts of tungsten

ere ingcluble; hence they are not llkaly <o occur in

netural waters cr ¢o remsin in solution in waste waters
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from industry. Therefcre, there are no Limits set rfor

tungsten in domestis water zupplies (13).

Specifiz ®aint Lompounds. Toxicologlcal daza

on tungsten titanate wey NOt readily found.

Oral Zazav. in Paint. Since tungsten compounds )

can be signifizecly toxic, adequate investigation should
be made to es.ablish the safety of using tungsten' titanate

in paint =t the 13% level used in paints.

ST

: 2ine _

- Zine Chromate 0 - 254
Lithopone 0 - E0%
Zing Metal 0 =~ 80%
Zinc Molybdate 0 - 20%
Zinc Napthenate 0 - 1%
Zinc Oxide 0 - 25%
Zine Scaps {other than stearate) 0~ 1%
Zine Stearate 0~ =3
Zinc Sulfide (in Lithopone) 0~ i3% '

Zine s widely distributed in nature and i3 an
essential element to humans. There is a large llterature Ll
¢n the biolegical importance of zinz, primarily dealing
with zinc deficilency, metabolism and i%ts role in metallo-

enzymes and legs 50 on the toxic effects of zinc compounds.,
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2rowning (6) and Stokinger (22) provide recent reviews of
the literature on zinc toxicity.
Zince salts In high enough <otncentraiion are
astringent ang corrosive to the skin and irritating <o
the gastrointestinal tract (22). When ingested they act
as emetics. 2n icn, however, is crdinarily too poorly
absorbed to induce acute systemic intoxication. After
Zarge doses have been ingested, fatal collapse may occur
as a8 result of serious damage to the buccal and enteric
oucous membranes.
In industrial exposures, Iinc chloride fumes
have beer found o cause damage to the mucous membranes
of :.heﬂnasopharynx and respiratory tract. The TLV ¢of the
znieride fume is set at I mg/cu. m, The TLV for zinc
oxide is set at 5 mg/cu. m, due to its ability to induce
metal Iume Tfever (zinc chills, brass founder's augue, etc.).
The hunan body content of Zn is estimated 1o te
2%out 230 mg. Most cf the tissues contain from 3 to 30 ppm
wiih high congentrations being Sound in obone, kidney, liver,
mustle and prostate (12). Tipton and Stewart (24) found

nermal diets to average 11 and 18 mg/day with most of this. '~

excreted in the feces (14 and 15 mg/day) and about 10%
excreted in the urine (1,3 and 1.2 mg/day).

Acute oral lsthal ¢osesn for Zn cempounda licted
=n Spector (L8) end Christensen [7) range from 40.5 to

246C mg/kg depending on the species and compound. There

. amp - o DRLT
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nave been numerous cases of fcod polisoning Irim the use
of galvanized containers. Six hundred and sevensy=-Live
to 2280 mg/l has been reported to have an eme:i:z eflect.
Ingestion of 6 gm of zinc chloride has bdeen fatal in nan.
e USPHS 1962 limis for zine in drinking water
is set at 5 mg/l based on the ovad taste (13). Community
wate-'suppl es ha?e been rezorted with 11.2, 17, 18.5
and 25.6 g ,n/’ with ne 111 erfects. Pigs drinkin
water runtainirg 100C mg/1 deve’oped lameness and mal-
nucrition. Rats, however, receiving 1000 mg/l showed no
effect. In <these latter studies, rats receiving 5000 mg
" 20/1 had slight toxic effects and rats recelving 15,900

ag/l experiences dxcreased growth rates and early death.

Specilic Paint Compounds. Llthopone, liberates

hyirogen sulifide upon deccmposition by moisture or acids

(1L, 28). Zinc oxide is used as a trace mineral Zsod
supplement (29) and in skin cintments. It is zonsidered .
relztively nen-toxic orally. Ireshly formed 2n0 fumes

can be texXi:s to workers in industry (4). Zine Naechihenacte

was repcrted by Rockhold (LE2) to have an oral D50 greater
than § gm/kg in rats, which mgkes 1t of low acute toxicity
for rats. Zinc stearate, Like zinz oxide, is used as a

dietary and nutritional supplement but is taxic, producing
Fu.acnary fibrosis, when lnhaled. Zinc metal is considered

by Sax (i6) as not inherently toxic,
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Dral ¥azard in Paint. Most of the zinc compounds i

= of interest do not appear 0 cffer much of an crzl hazaxd

s 2t the concentrations used in paints. Scme of these zom-

pounds suzh as the chromate snd peossibly the molyddate, ;i-i

2y

may be toxic because of the accompanying anion and there-

fore should bve hdequately evaluated to determine sa‘fe

ievels, Altheugh zinc metal is relatively inert biclogi- ’
cally,.tté A‘use of it at an 80% level in paint may lead to

the fogmation of the zinc chloride in the stomach which

ceuld produce toxic effects.

T e
) Zirscnium Comzounds
h —— ——.
Zirccnium Naphthenate ' 0 - 2%
Zirconium Oxide 0~ iF
Zirconium Seaps 0~ 2%

<ircenium Ls not essentlal to man. 3Srowning
18), Svokinger (22) and Schroeder and 3alassa (84) pro-
vide recent reviews of zirconium toxicity.

Zirzeonium s relatively rnon=toxic to animals

and there is no well authenticated evidence of toxic

eflecls Irom indjustrial exposure (5). However, ihere

fave been reports of pulmonary granulomas in zirconiua
workers and granulomatous skin lesions from its use in
decderant sticks (16)., The TLV for zircenium compounds

8 5 =g/, m, (4),

- ——vn
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The body contains about 6 mg cf zirzonium. In
Tipton and Stewart's (24) study, ncrmal dlets contained
0.43 and 0.55 mg/cay with 0,12 and 0,059 g appearing ina
the feces and 0.08 and 0,18 mg appearing in the urine,
providing for an average positive balance of 0.23 and
0.31 mg/day over the 347 cay pericd. Retained zirconium
is thougnt to accumulate in bone (6).

There are no limits for zircenium in drinking
water (13). The toxicity of Zr salts is very low bty the -

oral route; the LD50 dose of the nitrate, chloride, sullate,

and acetate of Zr and sodium zireosnyl sulfate for rats

ranged Trom 2.5 to 10 g/kg (22). Intraperitoneally, the ":'“

same Zr compcounds were considerably more toxic acutely,

(12350's from 0.175 %o 4.1 g/kg). Hydrated Zr carboncte

{8 physically inert in rats in oral doses up to 10 g/xg.

Ir giuccnate, however, was moderately toxic (LD50, 247 ng

¢f ZR/kg) acutely by intraperitoneal administration in rats. _ 1 -
Animal studies reported by Rothstein (in 13) in- ..

dizated neither acute or chronic injury in response to ZIr

Scmpounds givan orally for as long as two years. Even 20% "}-u

Zr oxide in the diet was not harmful, - iy

Specific Paint Compcunds. Zirconium oxide s BESEE

relatively non-toxic orally. Toxicological data con the

ther Zr compounds was not readily found.
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Cral Hazard in Paint. Zirsonium zompounds nave .

low toxicity orally and probably represent litile cral ~ .

hazard when used in paints at lsvels of up to 2%,

V. Summary

This study was intended to provide a preliminary

survey of the literature per<aining to the potential hazards

. —n -

of ingesting paints containing metals. Over 100 specific

compounds contailning 25 different elexents were reviewed

for possible inclusion in this report.

N

AS was expected, very little expcrimental data

were avallable on the ingesticn ¢f paints containing

metals, e.g., cnly three .articles were found on leaded
paints, Relative tc the toxicity of specific compounds : :;‘i
per se, again there were few data whizh could he used to
Predist ingesticn hazards for acute or chronic exposures
1 children or adults., ' k)

Zach section on the different compounds in pars
Il contains a summary of hazards for that elemental zlass. b
AS an overall summary, aluminum, caleium, magnesiu=, man-
ganese, sirontium, titanium and zisconium compounds are
generally of low cral toxicity. Except when toxic cozponents -
{such as antimony in antimony <’tanate) are contained in the

crmulation, these compounds ehceuld be of low orel hazard.
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Compsunds of antimony, barium, zadmium, -ead, Lithiunm,
and mercury are generaily highly toxlc and shoulsd de
limited to low levels in paints. Compounds of doron,
ccbalt, chromium, copper, molybdenum, tungsten and zinz
vary Sfrom slightly to highly toxic depending on the zhemiczal
fora and therefore need to be evaluated 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 potential
hazards of thre ingestion of paints 1nvoives both acute
and chronic exposures of children to specific paint formu-

& lations., Most of the xnown toxicity of the compounds
¢onsidered in this report is based on animal experiments
{acute and chronic) and on human experiences (mostly acute
intexication) of exposures to compeunds which might not
De related closely enough chemically to the compounds of
interesst., Therefore, any conclusions based on this study

should bte adequately verified by Snimal and human sxperi-

zents with flakes from commercially formuleted and applied

Paints (see recommendations below). g ‘L
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Table 6. Preliminary Estimates of Cral Hazard fer
Specific Compounds in Paints,

| LT
' : - (s’ S
& A e
we KA“"J\ iy Carm™ . o
T . Teble Lesend: The ranges indicate the percentzges
s of the compcurnds (& N2 v g A zs. The ;
predicted orzl hazards zre caly crude estimates based on !
W toxicity data derived frexm :his.search of the literature. ;
Vv Hzzard ratings are 0, 1, 2 2nd 3 for no, slight, moderz:e

and high relative hezard, respzcuively. A dash in <he

hazard coluan indicates insurfficient data available to make
an estimate, An asterisk inliceates that the estinmate is

based lcosely on informatica 200ut the general class of the
cocpound. Note: Many ccapounds have several oxides depend-
ing on the valence states. The designetion of "socap" refers
to salts of oleic, lauric, palmitic, stearic and erucic acids.

/e .
| Compound T Range (% Oral Hazard

" . Alumtnum Evicoxide 0- 5 0
Alupinus Metal 0- 5 0
Alumicum Oxide - 5§ 0
Aluminum Silicate 0« 5 O
Alinipum Stearate 0 - 10 . o%
Antimony Oxide 0.-~10 0-1
Barium Meta Borate 0~ 15 2%
3arfum Soaps 0~ 3 [3d
-Barium Sulfate 0 - 30 c
Barium Sulfide (Lithopone) 0=~ 50 0 =1
Soron Triflucride 0- 1 2-3
Cadzium Barium Scaps 0« 3 b
Cadmium Lithopone 0~15 Chd
Cadmium Selenide 0~15 1*
Cedmiun Selenide Pigments 0-25 2
Cadniuz Scmps 0~ 3 2 - 3
Codmium Stearate 0~ 3 2 -3+ ‘
Caleium Carbonate 0-T70 o .
Caleium Nanhthenates 0- 2 o] / ;
Calciuz Oxide 0 =15 o s

- T
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Tanle £. Continued .
Calcium Soaps
Chronium Oxide

Cobalt Kaphthenate
Cobelt Nickel Titanate
Cosalt Soaps

Copper Metal

Copper Nzaphthenate
Copper QOxide

Copper Phthalocyanine
Copper Soaps

Iead Carbonate Basic
Lead Chromates
Leet—ChromatesrVIi—
Lead Metal

Lead Molybdate

lead Naphthenate

Lead Oxides

Lead Silicate Basic
Lead Silico=-Chromates

- Lead Soeps

{ihopone
Lithium Hydroxide
thium Naphthenate

Magnesium Aluminum Silicate

Yagnesium Oxides
Vagnesium Silicate
Marganese Dioxide
Manganese Naphthenate
Nasganese Soaps
Mercury Soaps

Nickel Antimony Titanate

Nickel Titanate
Phenyl Mercuric Acetate
2henyl Merzuric Oleate

-

0O 00 00O 00O O O0OO0O OO0 O0O0

©O 00 0000000 O0O0OO0O0O0O0 oo

- 0.5

- 15
= 0.5
- 0.5

0 -1
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Tarle 6. Zentinued “,.-,_
2z O w357
E'!_;.y.‘

Sodiuz Tetraborate 0 =15 2%
Strontium Chromate 0.~ 25 - A
Titanium Dioxide 0 - 50 . 0-1:
(commercial grades)
Tributyl Tin Oxide 0= F 3 3 b
Tin Organo-Compounds 0~ iﬂe —— 3
Tungsten Titanates 0-15 2*
Zinc Chromates 0-25 -
Zine Metal 0 - 80 2%
Zinc Molybdate 0~ 20 2%
Zine Naphthenate 0~ 1 0~-1
Zinc Oxide 0=-25 0=-1
. Zinc Soaps .- 0= 1 0=-12
Zinc Stearste 0= 5 . 0-1
Zine Sulfide (Lithopons) 0 - 50 : 0-1
Zirconium Naphthenate 0~ 2 ' o
Zirconium Oxide 0~ 1 0
0- 2 0

irconium Secaps
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V. Recommencaticns

Recommendation 1.

The purpose of this survey was to examine suners

——"

gt
Ticially the literature on the potential hazards cf in-

.
gesting paints containing metallic comstituents. The

survey did not yield much information on which to base
standards for permissible levels of metals in paints,

In this author's view, an exhaustive literature search i
on each of the specific compounds or elemental classes

of compounds would not be especially productive either.

However, before undertaking labdoratory experiments to

generate the required data, more detailed, dbut not ex-

haustive, literature searching should be carried out in :
order to give directicon to the initial experiments. Auto-

mated literature searching techniques such as those pro- ,
vided vy Medlars or Medline cf the National Library of

Medizine or by Chemlcal Abstracts could be used. Utillizing

the sdéitional literature contained in the Xettering Library

F Y

Tiles would also provide cansiderably deeper coverage,

fecsmmencation 2.

Man is his own best model and any conclusions

based on animal data should be, i at all possible, con- !
firmed by human studies euch as thoee cited for lead.
Sefore humen studles are undertaken, extenslve studles

using anizmals will need to be conducted in order to

- ——— e ——
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characterize the degree of toxic hazard, both acute and
chronic; to determine the mechanlisms of <oxicity and

ea?ly indicators of toxic effects; and ¢o determine the
degree of absorption, the distfibution patterns and the

rates of excretion. Only when safety seems assured

should small quantities of the paint flake materials be

given to children or adults to make certaln that the types of

metabolism and the degree ¢ adbsorption are similar %o test animals,
It is beyond the scope of this study to detail

the types cf experiments walch should be carried out. However,

in addition to the studies involving the health hazards

of lead exposures (49-6l;, the reader 1z referred to such

documents as those of ehman (85), Fitzhugh (86), Irwin

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

ground in toxicolcgical testing.

Fecommendation 5.

Sstvaies used for prediziing the hazards due %o
2etal-containing paints should involve the use of the
metal~-contzining paint formulations themselves. Toxi-
cclogizal infermation on pure compounds or related metal
cezpounds should not be considered a sufficient substizuse
Jor actual paint flake ingestion studies. Paint fillers,
binders, podifiers, etc., may increase the absorption of
the zetals concerned, or as is most likely, they may raduce
the toxiec hazards by reducing the solubility of the petals

a

n intestinal Julces.
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Recommendation 4.

Since there {s a large number of compounds and
varieties Of paint formulations, It is desirable to develop
in vitro testing techniques for s:reening purposes. C(ramp-
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 Paint ang
Coatings Association on previocus occasions. Any in vitro
studies should dbe valldated for their ability to predict

in yvivo behsvior.

LA
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