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AZSTUACT

Tae extonsive incustrial use of crroniam e dha dispessl of

cirondum wastes has rosultzd in ths conta dnstion of river and well wabor
sun;llss in certala arzes of U.is countiy. Llittls is knowm abcub tio
eiiects ef tho in;csticn of swll aounls of chrerduan over @ long peoried,
t was, tharezfors, the parposs of thls stucy to cubsrrdne at wiat
conconbration in water hagraimal ecfscis rdp b appear in aidbiov rois,
It was lopod thiat tha results rd it lcal 0 a nmore realistic clirorduns
stancarc for potable woter supnlias,

Tre Inttial aporizent with 37 day old albino rats invelved concone
traticns of chraate ion ransing fream 1l to 25 parts peor nillion in the
wnter supply usad in conjunction witi an edequatse dict, Dlood studics
ware moce gt mentidy intervals over a poriu of a yoo Lo differances
in tie homoslobin level or ia tie cifferantial wiits cell ecunt wora
oh:morved betwoan the evperisontal and comtrel preuns,

AV the and of six monils one rat of eact. sax was sacrificed to
cuterming the clawidum contant of the livor, Lidney end fzawr aad to
stucy tissuc socticns for patiolacical chan us, At tLs end of tue you
to remeining andials were sacrificoc gl thie 8. lsen incluacoc in ti o
argrdnation of tissucs., Thors was no evicnes of patiolo;y in tue
tissuzs stucled, The accumilotion of chrosiwa in tia tlssacs wasd fairly
glow up to 5 ;pa but increasad repicly ab i .2r concentivations ami

contlnuad t.roubout e porlod uf chaorvation.



In orcer to cetoridne tho Influmes ¢f food on t:0 absorphicon of
curosnte ion, grovpsg of starved ani non-gtrrved reta wore Zven rac low
active clirordunm (Crm) Ly stonac: tuta. T2 rets wore placad in notabole
isnm ca;ms aa’ socrificad gt 6, 2., 72, and 173 lours aftor intocticn,
The activity dn tie liver, Vidaney, bload, sitciaci, intosbing, uring -ad
foces wes Coturmined, Approrizetsly £.57 of the Cos? was abhsurhed by
ti.o starvad rats and ondy 2,57 by tio nonestarvid,

In anctior sorize g corpariscn wns mwlc 4n o awsormpiion of lovae

ta

valont and trivalont cirordwa (Cr ) by etarved ad non-starve” rals,
tis coso arnin being given by gtomach tube, Four Lours aftor injection
tie rats wore ancetholizaed, blood raosovad fron the beoart and aftw
ccntrimt‘;m;;,. activity counls nmnala on plasa ond rodd colls, The remits
Inclcated that haoravelont chrertian wag @heorbad to a ruch roater etont
than trivalont and confirmod tie ioator ghsorpiion provicusly chsorved
in tia starves rats, Also conilrmad was tho obaosrvation t.at haxevalont
bud net trivalant clarecdan can e ghsorbod by Y1 rod blood cella,

In a Lidxrd sxclics raciiooctlva elrendun in Hin form of sodlwn
chrenete, ciromic el:lorice, and a rdalare of ecqual parts of cach wns
injectod Into the saell intestinz, Four hours laber Dleod wnms romovaed
x @ the activity of tha pisnsca

from ¥h heart as bolfers, conlrifu;

»
5

pavr

and rxi calis dostormdnad, Tog ectiviiy obsorvad wiih o hesaialon

P

form was Ll fior than that found by storach inlectlon, Lwlcatllay tiat
considorabla roductdon to the trivalont otate occursg in tle stonach,
Ths blool of tio axlnels & onin gooved Wher gotivity toon boot of Lo

non=starved,



A fingl corparlson wrg neia of ths Lflucnce of prdowed o wetlon

g

of wator conbaining bawavalont aoxd trivelont clrcdun eqgudsielont
20 pom erordun, Ct tio end of & yaar tho reis wore gasrilicod o 4o
liver, oplzen, Hidngs and famur awelrzod for chrodhum an gactionnd
for rdcroscople stucy. The tissurs of rets Tod hovevalord o rodu
contalnyd armrerisetaly 5 tince tho a-cuat Dound in the trivalort sroun,
There was no ovidoncs of patiels ¥ in ey of e ecdiinls,

Tt is epporont thel hwavelont clrotdun s aboorboed to a rach
ireator atent tiion trivalont, Tha roductlon of chrosate wmsiteos bufor
thodir Cigpesel would owleusly preatly rodues tig potomtial tasares of

webor contatination of tils t 1o,
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INTRODUCTION

Chromium is classified as a metal and occupies a position in
Group VI of the periodic table. Though it is classified as a metal,
it is an amphoteric substance depencding on the environment and valence,
Chromium can exist in three series of compouncs 1) divalent chromium
(basic), 2) trivalent chromium (weatly basic and arphoteric), and
3) hexavalent chrormdum (acic), Univalent and pentavalent chromium are
also found in certain reactions. However, only the trivalent and
hexavalent compounds are actually stable enough to bs found in water
supplies or in cres, Trivalent chrorium is more stable than hexavalent
in solution at a pH below 7.

Chromium is found mainly as chromite ore, also called chrome iron=-
stone or ferrous chromite (FeCr,0, or FeO+Crz0,). Rarer ores such as
chrome ochre (Crx0;) and chromitite (Fez0z+2 Cr,0,) also occur.,
Chromite 18 mined in Rhocesia, the Transvaal, Cuba, Greece, Turkey,
Incia, Russia, Yuposlavia, the Philippines and New Caledonia, In the
United States it is found in fairly high concentrations in Arkansas in
bawite deposits and in serpentine soils in !aryland and Californla,

Chromium is used in iron and steel alloys to increase hardene
ability, strength at high terperatures, and resistance to abrasion,
corrosion and oxidation, Chromium is an essential component of high-
speed steel, and of many engineering steels, steinless steel, and a

larpre proportion of other corrosion resistant alloys. Chromium



compouncs are used in the tanning of leather, for plating and anodizing
metals, for the production of catalysts in gasoline and synthetic
rubber manufacture, in the refractory industry, and in the mamufacture
of certain piments,

In the refining of chromc ores, and in certain industries air
contaminited with chromic acid mist from vats or cdust of ciiromates is
the principal t;pe of exposure to chrordum, Toxdclty is usually cue
tb inhalation or topical contact. FHexavalent chromium is generally
considered the most toxic by thesa routes. Lormatitis and perforation
of the nasal septum are frequemtly observed in workers exposed to
chromate, When si:in abrasions come in contact with chromate liquors,
chrome ulcers or "Chrome holes" develop, Several cases of lung cancer
were reported in Gormany during the World Var IT in plants where
workers were exposed to zinc chromate dust. An analysis of the mortality
data of the chromate-producing industry in the United States, revealed
that the death rate for cancer ¢f the raespiratory system was 21.0 percent
of all deaths (15 times the expected incidence). It has bean sugzpested
that the monochrometes may be the compounds responsible for lung cancer
(2) The maxirmm allowable concentration of chromiunm as chronate cust
or as chromic acid mist has been sugrested as 0.1 milligrams of CrO; per
cubic meter of air,

In recent years, chromium has assumed increased importance as a
contaminant of water supplies, Certain incustries have cisposed of

chronate wastes by direct discharge into streans conveniently located.
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In other instances such wastes have been cdwped into large holes in the
ground resulting in contardnation of ground water up to 25 ppm of
" chrordun,

Although the effects of acute chromium poisoning are well cdocumented
little has been done to study the hazarcs of prolon;ed ingestion of
water containing small amounts of chromium, There is also a difference
of opinion as to whother hexavalent chromiun is more or less to:dc
than trivalent,

At present the allowable chromate concentration in potable water
supplies is 0,05 ppm erpressed as chrordum, This is assumed to be well
below tiie harnful level, FHowever, it is not always practical to maintain
80 low a concentration, Therefore more work needs to be done to estab-
lish the limits of tolesrance for chromium 80 that a more realistic and
practical stancdard may be established, Therefore a study was macde of
the absorption and retention of chrormlum at various concentrations in the

drin-ing water and certain tissues examnined for pathological changes,



HISTORICAL



HISTORICAL

Occurrence of Chromium

Chrordum is found in wide areas all over the world, In the United
States it is rmined mainly in California and to lesser extent in Wyoming,
Haryland and parts of Pemnsylvania and Arkansas (1). In otlier areas it
occurs in fairly high concentrations in soil, Davicson and iitchell (6)
reported from 150-350 ppm, of chromium in eight Scottish soils, Two
other soils contained as ruch as 1500-3000 ppm. In the United States
concentrations of 150-300 ppm, have been found,

Accorcing to Negas (7) inhibitors containing chrordum are being
sold to prevent corrosion of water pipes. When used as directed a con-
centration of 0.31 ppm, of socium chromate or 0,1 ppm, of chromiun was
found in the water, In one survey (8), the chromium content of twenty=
four municipal water supplies in the United States ranced from 0,001-0,0L
ppie In the United States well water has been found to contain up to

25 ppm, of chrordum (9).

Chromium Poisoning in lan

Chromium may enter the body in three ways thus causing different
effects, Poisoning may result by inhalation of chromic acid mists or
custs, by topical contact with chromic acid sclutions, or by ingestion
of chromium containing materials, Nost of the work done has involved
acute toxlcity although there has been soms evidence of chromic symptoms.

In 1627 Cumang (11) wrote about "chrome holes,™ ulcers wiich

developed usually on the hands and arms of workers exposed to chromate
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solutions, Papules appear first, thien change to pustules and finally
to deep and panetrating ulcers, Previous abrasion of the slin is
essentlal for this type of cdamage., The ulcer is characteristically
sluggish, the edges markedly incurated and uncerrined, clear cut, look=-
ing as if punched out, hence the name “chrome hole," The center has a
scab resting on the slough and the floor urcarneath is gray. A very
cormen elte £or this ulcerative process is tze ssptum of the nose.
Other sitcs are the fingerﬁails, the knuckles, and eyelics, Ulcers
may also form on the edge of the nostrils, on the toes if the shoes
become soaired with chrome watér, and, rarcly, in the throat. The effect
is gradual, and usually not very painful,

Becourt and Cl.zvallier in 1371 (12); apparently without knowlecdze
of Cumaing's paﬁer, noted what was %o them a new cisease of the skin,
occurring in sorme chrome workers in Paris. T.icy wrote to pihysicians
in other couniries ashing 1f such tiings had ever been secen elsewhcre
and feceived an answer from Isaac Tyson of Baltinore in 1852, confirming
their observations and saying that in Maryland workmen protccted them-
sclves by tying a wet sponge over the nose and mouth, Ducatel (13) of
the University of Maryland, adcded details as to the character of chrome
ulcers and reported that Baer of Baltlmore had sson 20 casas, caused by
cirone steam, which healed only when thie work was given up. Leymann (1)
axamined 722 werkmen who wers expos=d to chromates and fcund ulcers
anc perforation of the septum in 253 or 357, respiratory discase in

8.8%, and digestive disorders in 12,37,



The above description can be sald to be that of acute toxicity,
The occurrence of possible chronic toxicity in one of the chronmate
using industries in Gormany wes roported by Gross (3). He found
several cases of lung cancer raosulting from ertposure to zinc chromate
cust during VWorld War II. Xachile and Gregorius (L), in a study of the
mortality in the chromate procucing incustry in the United Statcs,
reported that 21,8 percent of all deaths were due to caancer of the
respiratory system. Thls is sixtecn tincs the epectzd rotio.

Poisoning by ingestion has nol bean reported to any great extent,
Only in the case of thz accidental ingestion of a large amount of a
chrorium compound or when water was found to contain chromdum havae case
histories been documented, In a cass reported by Krisger (1Y) biopsy
showed parenclhymatous degensration of the liver and on the 2nd day mild
kicney damape occurred, Ths urine hac an orz.i,2-red color and contained
alburin and leucocytes, The symptoms cisapneared alter tlires days,.
Sander and Camp (lé) reportsd a case of poisoning in a 1l month old
infant, The infant ingestcd some chroidte ors which was slowly raleased
from the gastro-intestinal tract, One wesk after ingestion comvulsions,
stupor, cdilation of pupils and fever occurred, Thore wora stlll some
symptons six months later, David and Licber (9) reported fincing a
farmily using water from a well containing 1.0 prm of chromium. Thoy
usad this water for three ycars with no apparent ill effects, Cliromiun
was detected by spectrographic analysis in the fec2s of one of tia

psrson's checlked,



Experimental Poisoning (Animal)

There have been no long term or chronic studies of chroudun
toxdicity reported in the literature, However, thers have been many
experiments on acute toxicity. Flum (17) roported cistinct changes
in serum bilirubin in rabbits three weeks after being given a daily
intravenous dose of C,001l grans of cnromium per kilogram of body weight,
Toxde effects reported weres hemorrhage of the misculture, gastro-
enteritis with nocrosis in the stomach and small intestine, leuzemic
changes in the blood, fatty endocarcitis, fatty degeneration of tae
liver and parenchymatous nephritis, In a fow cases of post-nortem
examination of humans, sirivelled kicneys have also becn observed,

Gross and Heller (13) working with young rats recporteu that
potassiun ciiromatse in drinicing waver caused toxdie syrptoms in two to

three months when tiie water contained 134 ppm of curomium or more,

Roaction with Biolo~ical lMaterials

Chromiun compounds are found to react with proteins and peptides
to form a metal-organo corplex, also known as a chelation complesx,
I. P. Strakhov (19) reported that the cationic or trivalent chromiun
will chelate with the carboxyl group and the hydroxyl group of hydroxy-
proline or with serins whereas the anionic or chromate lon reacts with
amino croups, There 18 no evidence that hexavalent chromiws can be
chelated, Trivalent chrordum, however, is strongly chelated and is the
form in which it is bound to the tissue proteins, Gray and Sterling (20)

are of the opinion that when hexavalent is absorbed into the red blood



cell it is reduced before combining with the globin moity of hemo=
globin,

In the tanning of leather Gustavson (22) has shown that even such
emall amounts of combined chromium es 0,5<1.5 grauss per 1C0 grams
collagen imparts a high depgree of stability. Thus chromium influences
the properties of the collagen and possibly other proteins to a great
extent., FHe reported that the reaction occurs best with basic chiromic
salts cuch as (Cfr—o:$Cr) SO, and forms a modified t;pe of internal
complex salts (chelgte corpounds, involving groups from cdifferent protein
chains), According to this concept, the initial reaction is an ionic
interaction of cationic chromium corplexes, such as (CrQOSO‘)nan’ with
the charged carboxyl groups of collagen, the sulfate ions being compen-
sated by the -NH;'iona. The carboxyl groups, having a great tendsncy
for complex formation and for direct attachment to chromium, penetrate
into the coordination sphere, forming coorcdinatsecovalent bonds, Since
several chromium atoms are present in the larze chromium complex, and
in view of the secondary apsregation of the fivwed chrome complexes by
further hycdrolysis, possibilities exdst for a multipoint interaction
cf one chainlike chromlum complex with sevaral carboxyl_iﬁns of the
collagen lattice, resulting in the linking of acdjacent protein chains
by strong bonds, by means of the chrome bridge., Schuttleworthits (21)
Conductivity cata for gelatin solutions containing chromic salts points

to the inactivation of carboxyl ions as the main reaction,



Cr-- - O \

e HO” e, NH
Om( N, ol /

\ . .

. . o

I - .\ : 2

no o’ om j=0

N w0 H-N

/ HaO--Cr = X N\

i VRN

Analytical Chemistry of Chrorium

Both colorimetric and spectrograpi:ic methods havas beecn ceveloped
for the cetermination of cirorrlum in tissues. The spactrographic method
is quite complex and is generally better suited for cqualitative analysis,
For the colorimetric deteridnaticn, chromium is oxidizad to chromate
and trecated with s=-diphenylcarbazide., By tiils msthod as little 2s ons
part in twenty rillion may be determined.

Urcne and &ncders (23) have rsported that wet or dry ashing of
tissue followed by oxlication with bromine in alkaline solution glves
very good results,

Saltzman (24) reported an improved method for the oxication step.
It consists of wel ashing of the tissue with sulfuric and nitric acid
until all organic matter is oxddized, remcving the sulfuric aclid in a
muffle furnace at 550°C. and then washing the sices of the Phillips
beakers with aqua regla. After evaporesting the solution to drymess
on & stean bath, the resicue is tclren up in 0.5 N sulfuric acid and
refluced for 20 mlimutes with a slight excess of C.1 N KilnCg so that a
pink color persists., The excess permangante is decolorized with a 5%
sdlution of socdium azide, avolding an excoss of the latter, Since iron

interferes witn the color development, it can be removed by adding NaGil
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which precipitates the 1iron as Fe,0;°1;0. After the diphenylcarbazide
is added and one minute allowed for development of color, a L M solu=
tion of NaH_ POg is added to stabilize the color, The optical density
is then determined in the Beckman model LU spectrometer,

Accorcéing to M. Bosa (25) the color is cus to a complex formed
between divalent chromium and diphenylcarbazone, These are formed from
an oxidation-reduction reaction in which hexavalent chromium oxicdizes
the carbazide to carbazone and i1s itself recuced to the divalent state,

The divalent ion forms a stabla chelate with the carbazone.

L o

C\: OH + Cr ——t (w0 = fr
H
\N-N-¢ \N-u-¢

This method coes not cdifferentiate between trivalent and hexavalent
chromium, because the oxidation conditions would convert trivalent
chromiun to the hexavalent state, A means of distirzuishing between
trivalent and hexavalent chromium was suggested by Gray et al. (20) who
found that hexavalent but not trivalent chromium was absorbed by red
blood cells, The ready absorption cf iiexavalent chromiv : oma its
retention has been used to deterrine the life span of the red blood cell
as well as blood volune, This difference ia permeability was used as
basis for studying the relative absorption of hexavalent and trivalent

chromium from the digestive tract.



Chromium in Tissues

Not too much has been done on the determination of chromium in
plant and animal tissues. Stockinger (27) in a study of 107 samples
of human blood found values between 0.0 to 0,022 (median 0,012) mg, Cr
por 100 gm, of blooq. Sixty-one urine samples varied between 0.0 to
0.15 mg. per liter (median 0,041). |

In @& comprehensive study by Grushko (28) the following amounts of
chromium were found in human tissues expressed in mg. percent of wet
tissuet hair 0.2, nails 0,12, bile 0,08, salivary gland 0.0L, kidney
0.028 (0,027), diaphragm 0.016, large intestine 0.C12 (0.063), heart
0.01, liver 0.001 (0.013), brain 0,002, thyroid gland 0.005 (0.00L),
gastric wall 0,007, cartilage 0.001, hypophysis 0,0006, spleen 0.0005
(0.01), muscle 0,0002, suprarenal gland 0.0005, pancreas 0,0002, small
intestine 0,0006, lung 0,0007, blood 0.0035 (0.012), bone (0,085),
Grushko also reported values for the rabbit and sheep, For rabbits he
reported the following valuess stomach contents 0.108, large intestine
0.16, gastric wall 0.07, wall of emall intestine 0,013, claws 0,10,
bone 0,09, cartilage 0,04, heart 0,043, lung 0,011, liver 0,002, kidney
1.02, spleep 0.01, rmscle 0,03, He.also analyzed a number of foods
and found the following values expressed in mg, percent: flour 0,185,
bread 0.087, semolina 0,045, buckwheat 0,028, cabbage 0.031, beets
0,025, carrots 0,011, ezg (powdered) 0,003, vernicilli 0,005, fish
0.002; A sample of soil contained 0,0015, water (underground) 0,0009-

0.002 mg. per liter, river water 0.0011 (Angara) and 0,0019 (Iskat).
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All analyscs were made spectrographically. Wiether these values give
an accurate picture of the normal cistribution of chrordum is not
certain, since 1t rcpresents the work of only one investigator.

Visak et al. (29) did some experiments in rats with trivalent
chromium as sodium chrondite and chromde chloride and hexavalent clirordum
ag sodium chromate. Fe injected Crsz (radioactive) intravenously by
Jugnlar catheter. Sodium chromite was picked up in extremely large
quantities by the tissues of the reticuloendothelial system and the
liver accurmlated approximately 90% of the dose, The excretion valucs
were correspondingly low, Considering the small amount excreted, and
the high liver and splecn values at 21 and 42 days after injection, it
is apparent that most of tie dose was retained for some weeks after
injection, The tibial epiphysis siiowed a higher concentration of Cru
than did the otlier skeletal tissues, and the activity wes slow in leaving
all the tissues except the blood and lungs. The liver and spleen at
the end of L2 days contained 33% and 50% rcspectively of the activity
observed et L days. In contrast the lung showed only 10% of tue activity
at this time, No detectable radioactivity was found in the blood after
21 days., Chromic chloride attained 1ts highest concentration in ths
liver, spleen and bone marrow, although less was retained than in the
case of the sodium chromite. Considerable variation between animals,
was observed but in all cases the activity was removed very slouly.

The value for the liver at L5 days was 35% of thie value observed 24
hours after cdosing. In contrast, the concontration in all of the other

tissues with the excaeption of the blood and lungs remained practically



constant throughout the 45 day period. The blood contained practically
no activity after the seventh day and at L5 cdays the lungs contained
about 15% of the maxirmm value which was observed at six hours following
injection, The spleen appeared to gain activity over the L2 day period.
Chronde chloride was the only compound administered orally, intra-
tracheally, and intraperitoneally, Orally administered CrmC'.l.3 was
almost totally excreted in the feces at the end of four days., The
dosage was not given but it was reported that only about 0.5% of the
dose was ebsorbed from the digestive tract, Intratracheal injection
incicated that less than 5% was absorbed from the lungzs, Intreperitoneal
injection of Cr“Cl3 caused extensive necrosis at tie eite of injection
cdue to the high activity of the solution, Tissue uptake was variable
and extremely small, When sodlum chromate was injected the major uptake
was by the liver, but in much lower anounts than for the trivalent
chromiun, The excretion was correspondingly higher, Twenty-five per=-
cent of the injected cose was deposited in the liver within half an
hour after administration and at the end of L2 cdays less than one percent
was present, This shows a marked c¢ifference in behavior from both
trivalent compounds., All of the other organs lost activity with time
axcept the spleen which gained. The concentration in the blood at the
end of 21 days was about ons fifth of that found at thirty minutes but
declined to practically zero at 42 days., The greater retention by the
blood of hexsvalent chrorium was due to its being absorbed and bound by

the erytirocytes.



Effect on nzrmecs

The influencs of chrordum on enzyme systems l:as not been exten-
sively investipated, Shimizu (31) reportec that trivalent chromium
stimlated the activity of pancreatic lipass., The only metals thiat
activate it mores were calcium, alunmimum and ferric ions, According to
Curran (32) chrorium approciably increased the hepatic synthesis of
cholesterol and fatty acids from acetate (963 to 202%), He reported
that heravalent chromium had a much lower activity than trivalent, and
suggested that the hexavalent chromium was roduced to trivalent chromium

and that only trivalent chromiwn was really ective,






TAPIIIICTTAL A¥L RGSULTS

BYPEALTIET I «= Chronic Toxdcity Study

Rat Care and Ilets

Spraue~lawley albino rats 34 days old were usaed for tiis axperi-
ment, They were esszmoled into six groups, a control group recciving
¢istilled water (I), and Groups II to VI given water containing 1,0,
5.0, 10,0, 15,0 and 25,0 parts per million (ppm) of chromate ion
respectively, The different concentrations were made up by ciluting a
stock solution (10C0 ppm chromate ion) with cistilled water, The salt
used as a source of chromate ion was potassium chromata (K CrO.).
Except for the control group, cach contained 8 males and 8 fenales,
The control group containesd 10 rats of each saex, Tha averaze initial

welghts are given in Table I.

TAILE I

AVERAGE INITIAL WEIGITS

e g Qs

Body Welsht

Group Number | MHale Female
I 85 £3
II 81 82
III 85 &3
Iv 856 €3
v 89 L

A
(@]
i
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Tue rota were placed in iadivicdual raised cages., The room
3 - -0 N "-O - 3 ()
temperature was maintained between 757 ancd 75 F. taroughout the year,

All rats recelved, ad-libitum, the stock cict shown in Teble I,

TAZLE TII

COIPOUSITION OF THE STOCK DILT

SorrTerreso e g == = e ———
Constituents Percent by leight
Ground yellow corn ncal 32.5
Ground whole wheat 25,0
Powdered whole milk 22.5
Linsecd o0ll meal 10,0
Alfalfa 6.0
Brewer's yeast 3.0
Sodiuin cilorice 1.0

Stock diet contained one microgram chromate ion in 50 grams of feed.

Weeildy recoxrds were kopt of body weight, food and water consumption.

At the end of six months, one male and one famals from each group
were Sacrificed, Tissuss were taken for a study of patiwlogicael changes
and chromium analysis, After one year tie rest of tioe rats were
sacrificed, Rats that died curing tlie experimental period were examined
to cctornine the cause of cdeath and in a feow cases tissue sections were

prepared,

Blood Studies

Blood analyses were nade at monthly intervals on four males and

females of each group given chremium and :ive males and females from
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the control group., Blood stucdies inclucded deteriinations of total red
and white cell counts, differential white cell count and hamoglobin

concentration by a mocified Sanford metihod (23).

Petholoy 2

To sacrifice the rats, 0,25 ml. of Halatal (sodium=etiyl, l=mcthyle
butyl, barbiturate) was injccted into the thoracic caviiy. Saples cf
the following tissues were takon: adrenal glands, liver, kidney,
spleen, brain, heart, stonach, cuodemum, 1leum, colon, and cross-sections
of bons marrow from the starmua and fermr, Fixatives usod were 10%
neutral saline=formalin (sfanciarcl stain procedure i‘ér fat), Carnoy's
fluid for glycogen, and Zenkerts solution. All the tissuss were stained
with hematoxylin and eosin, Small portions of the liver, kidney, and
adrenal gland were stained with Best's Carmine for glycogen and Sucan IV

for fat,

Chromium Analysis

The tissues from the rats sacrificed at 6 months were liver, kicney
and fermr, Those from the rats sscrificed after one year were liver,
kidney, splecn and fermr, The tissues were frozen in a doep freeze at
-15°C, until analyses wsre performed,

A weighed sample of each tissue was -wet ashed on hot plates in
250 ml, Phillips beaters covered with watch glasses using concentrated

sulfuric acid to char and then concentrated nitric acid to oxddize the

1
All pathological studies were porforiied by tiie Department of Animal
Patholosy, i, S, U., under the ciraction of Ir. Robert F, Langhan,
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organic material., lhen all organic neterial had been oxicized, the
bealzers were placed in a ruffle furnace at £.0°C. and the sulfuric

acid romoved, Subsequently, 5 ml. aqua rezia was acded (2 iy 1 1 IC1)
anc keating continmued for shout 5 minutes, The watch glasses wera

then removed and the beakers placed on a stzam bath until they just
becane cry. The residue was dlssolved in about 10 ml, of 0.5 N 1, S0,
and 6 ¥ NaCH was adced to precipitate most of the iron., This was
centrifuned and the supernatant just acidified. A fou drops of 0,1 N
K104 were then added and the soluticn refluxed for 15 minutes, If at
tiiis stage the pini: color dlsappeared, encugh permansanate was acded

to malntain the color for at loast 5 minutes, This sclution was then
decolorizad by adding a few drops of £%5 sodium azide solution. The
solution and wasiiings were combined, centrifuged and tae supernmatant
transferred to a 25 ml, voluactric flask, Ten milliliters of CG.,5 N
230, was added, and then 1.0 ml, of diphenylcarbazide reagent (0.625
¢ne S-Dipuenylcarbazids, 10 gms. phathalic anhydride in 250 ml, of 95%
ethenol, See Saltzman (2L)). After letting the color devslop for one
mmte 2,5 ml., of L ¥ NailPO4 was adced and the solution adjusted to
the mark with couble distilled water (all reapents were prepared with
couble cistilled water, ¢istillad from glass in the presonce of 1{211104)..
The optical density of each solution was determined about 30 minutes
after color developnent, at 5.0 m 1in a Beckman model LU, A standarc
curve was prepared using known quantities of chromate ion. The stancard
obtained indicated tiat Beer's law hcld between 1.5 ug. and 52 ug,

(upper limit of readings) in 25 rild, of solution,
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Results

The average weights at various periocs given in Table ITII show
~that there were no significant differences beotwcen the groups. Values
for the average food consurption (Table IV) and water conswmption
(Table V) also show no significant cifferences between the various
groups,

The blood analyses incdicate that the experimental gsroups did not
¢iffer significantly from the control group.

In the rdcrescepic study of tissue sections, very little wzs
noticed, The only changes were found at the level of 25 ppn chrorate
ion and involved the kidneys, The proxinal convoluted tubules appeared
to bs slishtly more vacuolated than normal, Thsre was a slight increasa
in the loss of albumin in the tubules and formation of hyalin casts,
However, the changes were so rinor that thzy werse considered to be of
slizht significance,

The tissue analyses for animals sacrificed at 6 months ara shown
in Teble VI. There is an incication that at low concentrations (0=5 ppm
chronate ion), relatively little stays in th2 tissues, Nowever, between
5 and 10 ppm ‘of chromate ion an appreciable increase in the rate of
accurmlation occurs (Firure I).

The tissue analysis for rats sacrificed‘at tlie end of a year are
shown in Table VII, The data indicate a similar trend, an increase

in accumlation rate above 5 ppm of chromate ion (Figure I).
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EXPERLLNT IT «= ABSCRPTION AND DISTRIDUTION STUDIES

Experiment IIa == Distribution and Porcent Absorption Study

Procscure

Thirty-two male alblno rats of the Sprezguce~Lawley strain, weighing
about 250 gms. (245-271), were divided into two equal groups. One
group was starved for 24y hours before injecting tha chrordwn, wiereas
the other group was fed ad-libitun, The sane diet was used as in
Experinent I (See Table II). The starved aninals did not receive fecd
until two hours afier the chrowudwas was injected,

Eéch rat was injected by stomach tube with a socium cliiromate solue
tion containing radioactive ciwordun (Crm). he injecting cosa was
57 micrograns of chromiwsn, which contained 22,0 rdcrocuries of Crsl in
a volune of 1.5 nl., The sodiun chrorate was preparcd by oxidizing
Crua.}l, witi lydrogen peroxide in ON NaCil. The excess hycrogon peroxdde
was renoved by long silmnering cn a hot plate and the pH of the final
solution adjustecd to 7.5.

After the rats were injected, tihcy were placed in metabolisn
cages. Feces and uring were collected scparately. Tils wes facilitated
by sprgying thie metavolisi cages with an acrylic plastic and placing a
simdlarly treated small mesh screen at tiie botionm to prevent the feces
from falling into the beaker used for colisctlng the urine, The feces
were removed from the botton of the cage daily to minirdze contardnation
of the urine,

The rats were sacriliced at intorvals of 6, 24, 72, and 146G hours,

Liver, kicncy, stoimach, intestine, and blood, as wecll as the urine and
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feces wers selected for analysis. The sarples wore preopared for count-
ing by partial oxidation with concentrated nitric acld and some
hydrogen peroxids, A 2,0 ml, sapls representing all or a knowm
portion of each sample was counted in a well-typs écintilla’cion tube
containing a t}mllimn activated sodium lodide crystal, The counting

was done at 1500 volts anc thie normel background was 108 counts per

riimute,

Results

The average activities, expressed in terms of percentage of the
injected dose, are found in Table VIII. Since the total amount of
chromium injected was only 57 micrograms, tiiis corresponds approximately
to what a rat would ingest daily by drinking water containing 2 ppm.
The distribution would be corparable to that found at the beginning of
a chronic experiment,

It appears that considerably more chronjwm is absorbed in the
starved animals than in the non-starved, This can be seen readily by
comparing the activities in the urines of both groups at each interval,
It also siiows that the greatest part of the injected cose is not

absorbed, but 1s excreted in the feces,

rperdment I3 ~- Abgorption Study Pamt T

In experinent IIa, it was found thiat tliore was a graatsr absorp-
tion in the starved than in the non-starvod animels., The presence of
food in the cdipestive tract cbviously cocreases the absorption of

chromdun and it mel” ¢o so by cliangin; the valence., There is no
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satisfactory way to differentiate ths valence states of chromium in
tissues, Cray and Sterling (20) have showrn that erythrocytes will
absorb chromate ions but not trivelent chromium, The noxt two experi-
ments use tiis difference in absorption by red cells as a means of

distinguisiing between ths two forms of chremium,

Procaedurs

Sixteen male albino rats weigiidng about 330 gis (500=375) were
equally divided into four groups, Two groups received hexavalent
clirordun by stomach tube, four rats being starved for 24 hours before
injection and the oliier four fed ac-liblitua, Thoe other rats raeceived
trivalent ciroidun, four being starved and four non=-starved.

Zach rat received by stomach tube 125 micro-curies in 1.0 rl, of
solution containing 1351 rdcrograms total clirordum. The hexavalent
cirortium was given as the socium salt (sce Experiment ITA for prepara=
tion) at pH 7.,5. Chronic ciiloride at pH 5.0 was the source of trivalent
chromiun,

Four hours after tihe raits were injocted they were ansstlietized with
ether and blood removed from the heart before the rats died, T:ze syringes
were rinsed with hicparin to prevent clotting. The blood was centrifuged
and tihe red cells and plasna partially oxicized with concentrated nitric
acid and hycrogen peroxide., As in ths previous experinent 2,0 ml,

saiples wcro then counted in the scintillation counter at 1500 volts,



Results

The everage activities found in the red blood cells and plasnia
are showvn in Table IX, Also siown for corparison are the ratios
between counts in the red cells and plasma per unit volume. Although
these are probably not ebsolute values, they do reflect ths influences
of valonce state and alimentation on the anount end distribution of
chromium, The racults also incdicate tiiat even in the starved aninals
there may be some raduction of the hexavalent chromium before ebsorption

can tale place,

TAZLE X

VEAGE ACTIVITIUS I RID CHLLS AlD PLASIA

s WRTREPDEELET IR
Counts per linute
Group NaCrSi0, CreICl,
Hon= hone
Concitions Starvad  Starved Starved Starved
Avg, Count/ml, Whole Blood L359 261 217 153
Avg. Count/ml. RBC (corracted)” 313 67 o* ot
Avg, Count/mi, Plasma (corrected)* 1490 592 L7 373

Ratio RBCtPlasma 1:5.76 1:8,8 - -

*The corrections are based on the assumption that red cells absorbed
no trivalent ciroidwa., The actual counts found in red cclls were
14 ané 10 for the starved and non-starved rats respectively and are
probably cue to incormplete removal of the plasma.

Erxperiment IIc == Abaorggion Study Part IT

Is one valence state absorbed at a greater rate than the other or
are both valence states absorbed at about the same rate? Why do the

starved animals fsd hexavalent chromium absorb more chromium than the



non-gtarved or those fed trivalent chromium? To answer these questions

more corpletely the following experiment was made,

Procecurs
Twenty=four male albino rats welghing 345 gms. (330-371) were
used in this experimsnt, The conditions of tiils experiment wore as

followss

TABLE X
CONDITIONS IN EXPERIMENT IIc

Group Nunber Condition

NayCr0, injocted into starved rats
NagCrOq injected into non-starved rats
rCly injccted into starved rats

CrClg injected into non-starved rals

Equal mixture of both valence states
injected into starved rats

6 Equal rixture of both valencs states
injected into nonegtarved rats

Ul &= W -

Four rats were used in each group.

In tids experiment raciocactivs chromium was injected directly
into the intestine. The rats were eneosthetized with ether and incisions
of about 1-1,5 inches macde just belcow the lower rib in the center of
thie abdomen, The intestine and stomach were located and the chromium
solution injected about 1,5 inches below the stomach,

One milliliter of solution contained 375 micrograns of total

clhiromium an¢ an activity of 125 micro-curiess was injectad into each rat,



The solutions were prepared as in Experiments ITa and IIb, The equal
mixture of both valence states was made by adding 5.0 ml, of the
sodium chromate solution to 5.0 ml. of chromic chloride solution., The
trivaient chromium formed a 8licht colloidal suspension., Since the
particles were so small, a homogyenous solution was easily maintained,
The solutions were injected with a 2 ml., syringe equipped with a short
27 gauge needle,

Four hours after tihe injections, the rats were bled from the heart
with a syringe ringzd in heparin, The blood was centrifuged and the
pilasma carefglly'removed with a pipette. Ths red cells were washed tihree
times with isotonic salins solution to remove most of the plasma from
the red cells, The red cells and plasma were then partially oxidized
with concentrated nitrlic acid and hydrogen peroxice and 2,0 ml. samples

counted in the scintillation counter as previously described.

Results

The average activity in counts per mimute for each group is shown
in Table XI, The table includes averags counts per mimute per milli-
liter of whole blood, average counts per mimute per milliliter of plasma
and average counts per mimite por milliliter of red blood cells, The
table also includes the ratios of red cell to plasma counts for each
group and condition,

Absorption was greatest in starved rats recelving hexavalent

chromium and lowest in non-starved rats receiving trival:.nt chrordium,
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TAALE XI

AVERAGE ACTIVITIZS IN RED CELLS AND PLASMA

Average Counts per linute

Group Whole Blood Flasma R.B.C. . Ratio
Number Per ml, Per ml, Per ml. RBCiPlasma
ot 1 2,500, 3,135. 1,886. 111.66
Mt 1,098. 1,507, 500, 113.17
5T 3 230 653 3 1:217
v 57 L 134 423 5 1172
>t 5 LL9 137 328 112,25
sst 6 235 481 132 113,64

It may be noted that the average count per mimte per milliliter

of whole blood in the starved group given the 50-50 mixture is about

the sames as that of the starved group receiving an equivalent amount of

chromium as hexavalent by stomach tube in experiment ITb, This indicates

a definite resduction in the stomach even when devoid of food.
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EXPERI:ENT IIT == A STULY OF THE RELATIVE TOXICITY COF
HEXAVALENT AND TRIVALENT CHROMIUM

Rat Care ancd Diets

Albino rats of the Sprague-Lawley strain were abouf 35 cays old
when the experiment was started, They were separated into three pgroups
each composed of 9 famales and 12 males, KFore males than females wers
used because of the greater mortality rate of males in Experiment I from
respiratory infection, OCroup I was the control group, Group II was
glven water containing 25 ppm of chromium as potassium chromate and
Group III was glven 25 ppm of chrordum in the form of chromic chloride
solution,

The rats ware placed in indivicual cages, The room temparature
was maintained between 75° and 79°F; throughout the year. All rats
received the stock diet previously used, Weekly records were kept of
body weight, food and water conswmption. At the end of one year the
rats were sacrificed, Tissues were taken for a study of pathological

changes and for chromium analysis as in Experiment I.

Blood Studies

Two weeks befors tlie rats wers sacrificed blood samples were taken
from two males and two females of each group for the determination of

hemoglobin concentration and differential cell count.,

Pathology
The rats were sacrificed by the same procecure as in Experiment I,

Sarples were talen from the followiny tissuest adrenal glands, liver,



kidneys, spleen, brain, heart, stomach, duodenum, ileum, colecn, and
cross-section of bone marrow from the sternum and femr, Fixatives

used were Zenker'!s, neutral 10% saline-formalin and Carnoy's fluld.

All the tissues were stained with hematoxylin and eosin as in Zxperiment I,
Small portions of the liver, kidney and adrenal gland were stained with

Bowerts Carmine for glycogen and Sudan IV for fat,

Chromium Analysis

The tissues analyzed for chromium were kidney, fermr, liver and
spleen., The procedure was that of Saltzman (24) cdescribed in
Experiment I, but with one modification. The 2.0 ml, of L I sodium
dihydrogen phosphate (Nall,PO,) was added to the sapla solution before
the diphenylcarbazide reagent, This would bind any iron presant and
thus prevent its interference in the chromium complex development,

A standard curve was made by thls mocdified procecurs.

Results

When the weight gains and food consumption were averaged at the
end of the year no differences were found between the‘ groups of females.
The high incidence of disease and mortality in the males makes any
comparison between the male groups meaningless., Neverthelass, it 1s
possible to conclude that the consumption of water containing as much
as 25 ppm of chromium in either hexzavalent or trivalent form produced
no gross changes witnin a year.

The water intake, however, did show a slight variation (Table XII).

Rats given hexavalent chromium drank less than the controls or those



given trivalent chromium, The fensles consumed only 77% a8 much water
as the controls, while the average conswuption of tiie males was 8u%
that of the controls, There was no significant difference between the
water consurption of the control and trivalent groups,

The blood analysis showed no d¢ifferences in blood cell morpholosy
or hemoglobin concentration in eny of the groups. Ililcroscopic stucdy
of tissue sections revealed no evidence of pathologzy due to the in-
gestion of either hexavalent or trivalent chromium.,

The concentration of chromium in each tissue in the different
groups 18 shown in Tagble XIII, The cata indicate a consicderable dif=
ference in chromiun concentration between Group II and III. Group II,
that given chromate, averaged about 5 times the concentration in
Group III (trivalent chromium), The values in the tissues of Group III
(25 ppm Cr., equivalent to 55.5 ppm chromate ion) correspond to values
found in tissues in Experiment I at levels of 5, 10, 15 ppm chromate ion

depencing upon the tissue comparec,
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DISCUSSION



LISCUSSICH

The main purpose of tlis study was to detersine tihe minirmin
concentration of chromium ingested in water that would cause patnoe
lodcal changes in the rat., No chLanges were evicent after one year at
any of tha levels used (Rperimont I)., A study of the concentration of
chrosdum in the tissues indicated that at low concentrations (0-5 ppm of
chromate ion) little accusmlation occurred. Between 5 and 1C ppm
chromate ion there was an apprsciabls increas2 in chromiun found in the
tiscues (Fipure I). This change in retention was observad botl at the
end of 6 months and at the end of one year. The results of this study
show that there was relatively little retention of clirordunm whien the
water contained up to 5 ppm of chromate ion, This indicatos tiat saall
arounts of ingested chiromium are efficlently eliminated. The increased
retention at higher intakes means that there 1s a physiological linmit
in the elimination of chrocmiun, Cn the basis of these results it would
not be unwarranted to consider 5 ppm of ciromate ion as a maximum allow=-
able concentration for a healthy, normal albino rat. Vhether this would
apply to other animals including man can not be said, Iiseascs of the
kidney might serlously impair the capacity to eliminate chromium and
lead to harmful accumulations, Other diseases might make a person much
more sensitive to chromium, The establishing of a higher allowsble
concentration than the present 0,05 ppm of chromium will have to be post-

poned until further work on tiie metabolism of chromium has been done,



LO

Experiments I and IIT incicate tiae presence of very low concen=
trations of chromium in the control anirals, This can be expected
because small amounts of chreomium ars found in food and water supplies,
In the contrcl groups cf these experiments the largest concentration of
chrordium was found in the femur bone, Thls may suggest a method of
controlling the concentration of curordum in the system, Tiie bone may
take it up and then slowly eliiinate it, This may work efficiently
only at very low intakes as chromium is not generally known as a bone
secker, The increase in soft tissues and the bone were similar, Above
S ppn of chromate lon the scft tilssues increased at a greaster rate than
the bone and at 25 ppm surpassed it in concentration (Cr./cm. tissue),
At this level the rate of accumlation in bone decreased,

Ixperiment IT incicated only 5.59 maxirmum absorption of chromium
occurred in ths form of hexavalent chiromium, Since the hexavalent
chromium is apparently reduced to a variable degree in the digestive
tract, it is difficult to detoerrmine to what extant pure chromate ions
would be absorbed if none was recuced, Ths chromete ion is obvicusly
more reacily absorbed than trivalent chromium., However, conslderable
amount of recuction occurs even in the stomach of the sterved aninmals,
Frperinent IIc indicates recuction of ciromate ion not only in the acid
environment of the stomach, but also in the intestine anc in the blood
strean,

Tperinent III shows that about 5 times more hexavalent than tri-

valent coromium was absorbed., The concentration found in the tissues



L1

of the trivalent chromium group receiving water contalning the equivalent
of 55.5 ppm chromate ion, correspond to the amounts found in the tissues
of the groups given 5, 10, or 15 ppm of chromate ion in Experiment I
depending on the tissue., It is evident from these results that tri-
valent chrordum shows a rmuch lower absorption than hexavalent, It is,
therefore, suzgested that chromate wastes be treated with a reducing
agent before they are dispossed of.,

The conclusion of tids stucdy is tlat tiie occurrence of hexavelent
chromium in water is potentially more hazarcous than trivalent chromium,
because it i3 more readlly absorbed into the body, No toxic symptoms
have been observed at any of the intakes over a period of one year,
although quite high concentrations were found in the tissues, Apparently
tissues can accwmlate considerable quantities of chromium without caus-

ing damage.
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SUITARY

Five groups of rats were acdrinistered concentrations of chrordun,
betwsen 1,0 and 25,0 parts per million as carcmate ion, in the
drintting water. During a one year period tiiers were no diffasronces
between thiese groups and tue conirols as to water intale, food cone

sumption or weight gain,

An analysis of blood at rezular intervals for one yocar showed no
significant differencces between any of the groups glven chromiun and
the control group. No significant microscopic clianges were found in

any of the tissuss examined,

Kicney, liver and feiur were analyzed for chromium at the end of
six months and the spleen included at thie end of one year, The
chromium content of the tissues increased from quite low to rela=-
tively large amounts, There was an aebrupt rise in tissue retention

at water concentrations above 5 ppm of chronmate ion,

Starved and non-starved rats were injected by stomach tube with 57
micrograns of radioactive chromiwm in the form of chromate having an
activity of 22.8 ricrocuries., Thoy wers sacrificed at intervals of
6, 24, 72, ‘and 168 hours, Appro:dmately 5.5% of the injected dose
was absorbed from the starved animals, while only 2.5% was absorbed
frem the non-starved aniuals, Blood, stomacl, intestine, liver,

kicnzy, urine and foces wers analysed., The highest activity in
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the blood occurred at 6 hours or before, whereas the highest activity

in the liver and kidney occurred at about 2, hours, slowly docroasing

thereafter, There was more activity in the tissues of the starved

5.

animals than in the non-starved, The rest was eliminated in the

feces in about a week,

Starved and non-starved rats were given racdlocactive sodium chronate

or chromdc clhilorice solution equal to 131 micrograms of chrordum

with an activity of 125 microcuries by stomach tube and blood saiples

6.

taken 4 hours later, The activity of the plasma and red cclls was
determined separately, The starved animals recelving sociun chrounate
solution absorbed the most chromium while the non=-starved group glven
chrormic chloride absorbed the least., There was considerable re-

duction of the chromate in the dipestive tract.
131

Raciocactive sodium chromate, chromic chloride or a mi:ctux"e of equal
parts of each were \:Ln:)ected into the intestines of three groups of
rats, The amount injected in each case was 375 nicrograms witn an
activity of 125 microcuries, Blood samples were tai:en l} hovrs after
injection., The plasma and rad cells were counted separately. Tae
absorption was greatest in the starved aninals given chronate and
lowest in the non-gtarved group given caromic chilorice, The fact
that much higher blood values were obtained than in tiie previous
wc;;eriment indicates that a consicerable arount of recuction of

chromate occurs in the stomach,



7. Twvo groups of rats were acministered 25 ppm of chromium either as
hexavalent or trivalent ciromlium, During a ons year period, no
toxic symptoms occurred in either group, Howover, tissue concene
trations were micn Hgher in the group glven hexavalent clirondium,
Tids incicates a much greater absorption of chromate ion than tri-

valent chrordun,
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