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ABSTRACT

Surface contamination of vegetation by aerosol pol-
lutants and subsequent ingestion by grazing vertebrates
is a pathway for incorporation of toxic elements into
food chains. Small mamals (herbivores) were live-
trapped in a fescue-dominated field adjacent to large,
mechanical draft cooling towers comparable to those
utilized by power generation facilities. Cooling waters
of the towers contain a chromate, zinc-phosphate com-
pound to inhibit corrosion and fouling within the cool-
ing system. A fraction of the cooling water becomes
entrained within the exit air flow and is deposited as
drift on the landscape. Resident mammals are sub-
jected to increased chromium exposures both through
ingestion and through inhalation pathways. Concen-
trations in vegetation ranged from 342 to 15 ppm at
15 and 130 meters downwind. Chromium distribution
in mammals adjacent to the cooling towers was com-
pared by organ analyses to corresponding organs and
fissues of mammals collected remote from drift. Con-
centrations of chromium in pelt, hair, and bone of
animals trapped near the cooling towers were si'g-
nificantly higher (P <0.01) than concentrations in tis-
sues from control animals. Air concentrations of
chromium had previously been determined to be rela-
tively constant at 50 ng/m? within 200m _of the tower
(Alkezweeny et al., 1975), and thus provided a poten-
tial pathway for increased chromium levels througp
‘nhalation. The fate of ingested chromium-contami-

nated vegetation and possible incorporation by body

tissues was determined from a feeding experiment using
radiolabelled chromium.

INTRODUCTION

Chromium, an essential trace element found in
almost every living organism, has been reviewed in
detail as a potential environmental pollutant (National
Academy of Sciences, 1974). As with many other trace
elements or compounds, increased quantities often pro-
duce deleterious effects. Trace levels are considered

essential to some mammalian species and irreversible
metabolic damage may result from a long-term chro-
mium deficiency. Chromium is a complex element oc-
curing in several oxidation states. Hexavalent chromium
(+6) 1s more toxic than the trivalent form (+43)
because of 1ts oxidizing potential and ease in penetrating
biological membranes. Interaction of chromium oxide,
dichromate or chromate compounds with organic mat-

ter can result 1in reduction to the inert trivalent form.
Unreliable or non-reproducible analytical techniques
have resulted in erroneous conclusions concerning the
ambient or natural occurrence of the element and its
effects on biota (National Academy of Sciences, 1974).
Elevated levels of chromium have generally paralleled
advances in technological and industrial uses of the
element or compounds containing chromium. Such in-
creased burdens in the environment may be derived
from uses in plating and foundry applications, chemi-
cal manufacturing, and corrosion inhibition.
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Deficiencies in extant data relative to l:aio]oglcal
effects and the cycling of chromium in the environment
are evident in the lack of standards for maximum
allowable concentrations (MAC) in ambient air, foods,
dietary intake, or feeds for livestock. Standards, al-
though questionable, do exist for drinking water (U.S.

DHEW, 1962) and are recommended for atmospheric
concentrations in industry (American National Stan-
dards Institute, 1971). Casc studies utilizing appropriate
analytical techniques, in environments receiving air-
borne chromium or release to surface strcams, are
necessary to quantify the magnitude of contamination
from industrial sources and the transport of trace
quantitics to various trophic levels by food chains.

Score orF Stuony

Field studies were limited to the landscape adjacent
to the cooling towers of the uranium-enrichment fa-
cility of the Energy Research and Development Ad-
ministration (ERDA) at Oak Ridge, Tennessee.
Recirculating water of the towers utilizes significant
quantities of chromate (CrO7) to inhibit corrosion

within the cooling condensers. The heat dissipated by
the towers is comparable to that of 1000-2000 MW
clectric power generation stations. Data thus far have
provided quantitative evidence of the transfer of sig-
nificant amounts of chromium in drift to vegetation
and soil (Taylor et al., 1975). The major concern of
this study is the fate of ingested drift-contaminated
vegetation and possible incorporation of trace quantities
of chromium by small mammals.

METHODS

Cooling towers of the Oak Ridge Gaseous Diffusion Plant
are Situated on a north-south line, oblique to predominant
northeast-southwest winds (Hilsmeier, 1963). Plant cover
around the facility is maintained in grassland vegetation, with
fescue (Festuca arundinacea Schreb.) the dominant species,
Stability of the vegetation cover is controlled by periodic
mowing and bush-hog maintenance procedures. Vegetation
clip plots (0.1 m*®) were located along a distance gradient north
and east of the tower in a 3.5-hectare area inhabited by cotton
rats (Sigmodon hispidus Say and Ord), A trap grid was estab-
lished parallel to the cooling tower (0-200 meters north) and
extended perpendicular from the tower base beginning at 100
meters to a distance of 130 meters. The area closer than 100
meters was not suitable habitat for cotton rats and consequently
was not trapped.

- Cotton rats were live-trupped during the last week in June.
Single samples of fescue grass and litter were collected on the
lpst day of the copture period at the intersections of the grid
lmes.‘ Total chromium in plant materials was determined by
atnmtc-absurptiﬁn spectrophotometry using preparation tech-
niques of a previous study (Taylor et al, 1975). Controls for
vegetation and litter were collected in areas remote from cooling
tower drift, whereas control animals were from a contaminant-
free laboratory population of the native species. In addition to
the field study, twenty laboratory-born animals were fed fescue
contaminated with radio-labelled chromium (as Nas*'CrOnu)
anc_l measured radiometrically for assimilation and retention
estimates.

Organs and tisues of cotton rats were freeze-dried and ashed
at 450° centigrade prior to analyses by automated colorimetric

methods (Saltaman, 1952; Gaddy, 1965) and atomic-absorption

techniques fo_r microdeterminations of chromium. Tissues or
organs of animals exposed to drift were pooled into six sam-

individually with the addition of a graphite furnace atla

o the spectrophotometer. Tissue analyses were for one

which consisted of one sample cach of three animals)
lobe of lung from each cotton rat was fixed qng exan One
histopathologically. nned

RESULTS AND Discussions
Vegetation

Most plants contain only trace amounts of chromj
ranging from 0.1 to 1 ppm (Saint-Rat, 1948: o
tions are good indicators of foliar contamination ¢
monitors of atmospheric transport from ndustrig|
sources. In a previous study, fescue grass (p{_,m”l.“
arundinacea Schreb.) was used to identify the quantity
and the distribution pattern of chromium ll‘ﬂl‘ISporluﬁ
to terrestrial environments from cooling tower (yif,
(Taylor et al., 1975).

The area most noticcably affected by drift from tl.
cooling towers is within the first 300 meters, Chromiu,
concentrations in grass arc 2-5 times above natury]
levels at the distance of 2 kilometers from the towers
Orientation of thc ORGDP mechanical draft (owe:
perpendicular or oblique to prevailing winds magnific:
the dcposition of drift near the tower (Hanna, 1975,
Concentrations were highest near the tower base, de
creased exponentially with distance, and ranged f{rom
a mean of 342 ppm at 15 meters to 15 ppm at 130
meters downwind. In comparison, the mean chromiun.
concentration in fescuc in the environs remote f{romn.
drift is 0.55+0.03 ppm (n=20).

Mammals

Although the concentration of chromium in foliage
within the first 100 meters is several orders of magni-
tude above natural concentrations, biological effects on
natural vegetation are not apparent. The magnitude
of contamination of foliage does, however, represent
a“potential pathway for incorporation of trace quan-
tities in native mammals through ingestion. Additionally.
uir concentrations in the order of 50 ng/m® (Alkez-
weeny et al,, 1975) could result in further additions to
the total body burden through inhalation. This latter
consideration is important pathologically, as hexavalent
chromium is a known carcinogen (National Academy
of Sciences, 1974).

Twenty-four adult cotton rats were live-trapped
along trap lines corresponding to the 100, 110, 120, and
130 meter horizontal transects used for vegetation col-
lections. The primary food base of the cotton rats
inhabitating these areas of the Oak Ridge Reservation is
fescue grass (Digregorio et al, 1972). Each mammal
was sacrificed and dissected into major organs or tissues.
Analyses of chromium concentrations in pelt and hair
(n=24) were made according to the trap line position
where the animal was captured. Concentrations in pelt
ranged from 0.9+0.3 ppm to 1.2+0.4 ppm, while hair
varied from 3.9%1.2 to 4.8+1.4 ppm along the distance
gl'atilient. An analysis of variance revealed that concen-
trations among the tissues of animals from the four
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cach of six animals (except for hair, pelt and residual lif;l::lnh.
Sues,

‘ ‘ Hanng &
Grant, 1962). Plant species having known concculrzt

and that observed levels of chromium reﬂc.clcd an
integrated average of concentrations i vegetation over
the distance gradient. Whereas an animal inhabiting the
arcas of greatest contamination might ingest or accumu-
late significant quantitics of chromium, the naturc of
its activities appears to limit the time in any particular
arca. The lack of statistical dillferences among lhcgc
components between the trap lines provided a basis
for pooling subsequent tissues and organs for micro-
determinations of chromium. The pooling was con-
sidered essential with small organs to ensurc adequate
material for analytical procedures. Subscquent com-
parisons between organ and tissue concentrations are
made between control animals and thosc which were
exposed to chromium in cooling tower drift.

The lack of basic elemental data from wild mam-
mals of other geographical rcgions limits adequate
comparisons. Analyses of tissues from human autopsics
(National Academy of Sciences, 1974) are uscful to
identify organs or tissues which may accumulate chro-
mium and, in some instances, agree with data from
analyses ol native cotton rats. The distribution of
chromium in animals exposed to chromate from
cooling tower drift and controls is summarized in Table
. Using statistics of fresh weights obtained from
cotton rats captured on the Oak Ridge Reservation
(O'Farrell et al., 1966), calculations are presented for
total body burden of a “standard” adult animal. Total
freeze-dry weights (standard animal) are calculated
for each organ or tissue from the ratios of freeze-dry
to fresh weights determined from animals trapped near
the cooling towers. Total organ or tissue contents arc
expressed on a freeze-dry basis. Total chromium of an
adult cotton rat is depicted in Table 1. The estimated
whole body concentrations in background and exposcd
animals ranged from 0.2 to 0.4 ppm, respectively.
Concentrations in organs of control animals ranged
from 0.05 to 1.05 ppm. In contrast, concentrations in
organs in animals exposed to drift ranged from 0.1 to
4.4 ppm (Table 1). Using an unpaired, pooled variance
“t” test, significant differences (P <0.01) in concentra-
tions of pelt, hair, and bone between control and treat-
ment animals were identified. Hair accounted for only
3% of total animal weight (freeze-dry), whereas the
fraction of total chromium was 9 and 34% for control
and treatment of animals, respectively. Bone accounted
for 16% of total weight, while pelt comprised 27%
of total freeze-dry weight. Bones of cotton rats exposed
to cooling tower drift contained 18% of total chro-
mium in comparison to 13% in controls.

We hypothesize that the increased quantities of
chromium in pelt and hair were derived from direct
deposition of drift or removed from plant materials
during feeding activities or during movements along
runways. Increased chromium concentrations within
tissues or organs are likely derived from dietary intake.
Chromium is absorbed by the intestines and almost
totally bound to transferrin, an iron-carrying protein
in plasma (Hopkins & Schwartz, 1964). Iron is present
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transferrin may account for the significant differences i:n
chromium observed in bone. This is further suggested In
that the femurs, a major site of blood production, were
used for clemental analyses of chromium. In another
report, concentrations of both trivalent and hcxa}mlcn!
chromium were reported to be highest in bone (Shiraishi
& Ichikawa, 1972). |

Drift particles small enough to be inhaled would
likely penetrate into the alveoli of the lung :-,m'd become
trapped in the tissue if insoluble. Mcasured air concen-
trations (Alkczweeny et al,, 1975) within the trap arca
would suggest chronic exposures of mammals through-
out their life span to increased levels of chromate and
the possibility of lung carcinoma. Avarlable ctiidcn.cc
from occupational exposure to hexavalent chromium in-
dicates the long-term effect to be a high incidence of
lung cancer (National Academy of Sciences, 1974).
Drift particles as a soluble hexavalent chromium would
likely penctrate the cells, and be distributed by the
blood throughout the body, or be reduced to the in-
soluble trivalent form and likewise become trapped.
The lack of significant accumulations of chromium In
the lungs suggests that cither the dense vegctation
cover and protection aflorded by litter over runways
intercepted the majority of drift and minimized the
quantity inhaled or the fraction inhaled remained
soluble as chromate and subsequently was redistributed
throughout the body. One lobe of each lung from the
cotton rats was examined histologically for evidence
of pathological damage. In no animal was there evi-
dence of edema, lesions, or carcinoma. Considering the
relatively small concentrations of chromium in the lung
(Table 1), this might be expected.

Even though three tissues showed statistically sig-
nificant differences (P <0.01) in chromium concen-
tration, the mechanism of incorporation or biological
significance of the increased levels were not known, The
significance of chronic exposure by ingestion to drift
contaminated food was determined by feeding adult
animals fescue grass labled with isotopic chromium
in a chemical form (Na2®'CrO4) simulating the valence
state of chromium as maintained in the recirculating
cooling waters. Each animal was fed grass containing
3.75 nCi of Cr-51, and was measured radio-metrically
for retention during 2 weeks post feeding. Initial whole-
body radioactivity (A.) was 0.0073 nCi/g = 0.001 SE.
The elimination of Cr-51 by the cotton rats resulted in a
two-component curve, which was resolved into a short
component representing gut clearance and a long com-
ponent illustrating loss of the assimilated fraction. The
retention data were fitted to an exponential model (Van
Hook & Crossley, 1969) described by the equation

A = A, (aie”A't 4+ ave \"), (1)

where A: represents whole-body activity at time t,
A, 1s the 1nitial whole-body activity, and as and a: de-
scribe the assimilated and non-assimilated radionuclide
elimmnated at rates A and A, respectively.

trap lines were not significantly different. The similarity The percent assimilated as determined from the

of_concentrations In pelt and hair suggested that !:h‘-?
animals ranged throughout the area of drift deposition

ples of fmfr ammals each (except for hair, pelt and residual
tissues, which consisted of one sample each of 24 animals).
Tissues of control animals were. not pooled, but were analyzed

in signiﬁcapt quantities in bone marrow. Thus, the intercept of the long component is 0.79 where a- = 1 —
strong affinity of marrow and blood-forming tissues for ai or ax = 1 — 0.9921. Within 3 days post feeding,
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activity was eliminated through gut clearance (A = —F 1‘ 1 __‘_}f CIE)NCLUSION_S | ;lé;ﬂr;llenstc L?;‘.L gbﬂl-{:a_r;%?, gzﬂ p{. ggl.} (Eds.) ERDA Sym-
—1.94, whereas the remaining fraction (< 1% ), Tepre- 50 l - e The results summarized constitute 2 portion of 2 American National Standards Institute. 1971. Allowzble con-
senting loss by body tissues of the assimilated radio- a I | — case study of some environmental aspects of drift trans- centration of chromic acid and chromates. USAS Z37.7-1943
nuclide, was eliminated at a much slower rate Az = 22 s g port from several large mechanical draft cooling towers gﬁ’fl—[’l??}!). American National Standards Institute, Inc., New
— - . z | — — P or p' -

O-f?;)aBY 16 days post feeding, approximately 0.7% 5 : ® OBSERVED of the Energy Res:e?]rch :::n;l gfi”ﬁlotprgeit l‘:.‘gm’m,i,tra Digregorio, D., P. B. Dunaway, I. D. Story, and J. T. Kitchings.
OI'_ pm/g of the initial body activity remained = s ! © CALCULATED tion’s uranium-e€nric _men aciity a & 1dge, l1en- 1972. Cesium-137 accumulation, dosimetry and radiation
(Fig. 1). = - nessee. As these cooling towers are comparable to those effects in cotton rats. pp. 535-547. IN Survival of food crops

€ 5 - | = . used by 1000 MW electric generation stations, the data gﬂd_ UVE%DIE% ... thf; ﬁ‘-’ef}lzsﬂf nuclear war. AEC Symposium
- : e ‘ . . eries. -700909, p. .
S i | are_valuable as guides to utlht_ies using similar cooling Gaddy, R, H., Jr. 1965. Automated analyses for the <RaraEteri-
g 2 dEVlCﬁS- Meﬂsurements Of dﬂf[ lUSS (as Chromate)&. zation of heavy water moderator. IN Technicon Symposia
N . o ~ deposition, and accumulations in natural vegetation an 1965. Automation in analytical chemistry. L. T. Skeggs (ed.).
ofj?;e ]l{:W assllmﬂauhin (0.8% ) and rapid initial loss a smpall mammal populations have provided quantitative Mediad, Incorporated. New York, p. 722.

e hexavalent chromium suggest the nonessential LN = — = * . | | e Hanna, S. 1975. Meteorological effects of the mechanical-draft
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fraction absorbed by m ICRP, 1 : thro ' S > J‘ mental impacts of evaporative cooling towers. Vege- 91.306. IN Cooling Tower Environment-1974. S. Hanna
gestion (<0 005) -Ys-r:ihﬂn ( ; EQSSI. ) u gPI A . 1 tation analyses along distance gradients from the cooling and J. Pell (eds.), ERDA Symposium Series. CONF-740302,
by the native ratsls((;t}o;r toSig?I Pt 32 towers identify arcas of significant drift deposiiion, (D O8 | nd C. L. Grant. 1962. Spectrochemical analysis

; AV ) _ arly, the biological accumulation, and magnitude of atmospheric transport L Etta R : diion s
half-times of chromium assimilated b d = _ of the foliage of certain trees and ornamentals for 23 elements.
St s LK smal 105 1 by man an c?tton 0.1 - over the landscape. The elevated chromium concentra- Bulletin Torrey Botanical Club. 89: 293-302.

F tha ‘an 3 days, TE‘SPeCthBIY: The magnitude O 2 4 6 8 {10 12 14 1';; tions In vegetation suggest a potential pathway for Hilsmeier, W. F. 1963. Supplementary meteorological data for

interacnm-t;mesh:ugg'esm a high potential for biological TIME (days postfeeding) “ transfer of trace quantities to animal food chains. Oak Ridege. ORO'I,IP?I: U“jt;‘f h‘:’}ams Atamic EBnergy Com-
x ; _ AL o e : . 8.

etention ndsa t: 20 n?ﬁmr;ll:lh :elr;zzdoffrom a (:'hni)ﬁmate. T_he FIG. 1: Retention of chromium-51 by cott Elemental analyses of organs from cotton rats inhabiting Hﬁ?i@ff”ﬂf an;c ?c&hwgﬁigﬁf %hfumium (1)

accumulation as depicted in stabl aannayl significant bio- following ingestion of contami G(? rqr_: the area nearest the tower identify the small mammals binding to serum proteins, specifically siderophilin. Biochimica

st P SRl o (Table 1), v, Ench obe ; inated  fes- as useful indicators for assessing long-term accumula- et Biophysica Acta. 90: 484-491.

further suggest the reduced probability of a toxic ' _ ervation represents a mean o/ | tions in food chains. Similarities in chromium concen- International Commission on Radiological Protection. 1958.

effect through ingestion of drift contaminated vegeta- twenty animals. The percent assimilated s ; : he mobility of the animals within th Recommendarions of the International Commission on_ .’
g determined from the int : trations reflected the mobility ol the animais within the diological Protection. ICRP Publication 8. Pergamon Press,

intercept of the lono trap grid, and indicated an integrated average between London, p. 60.
National Academy of Sciences. 1974. National Research Council.

concentrations in vegetation oOver distance gradients. _
flects of atmospheric pollutants.

The low assimilation and rapid initial loss of hexavalent
chromium by cotton rats suggests the nonessential
nature of the element and indicate the lack of bio-
accumulation. The data further suggest that similar
studies are feasible for different tower designs or con-
figurations where different biocides or inhibitors are
used. Inventory data of concentrations in vegetation are
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Chromium. Washington, D.C., p. 155.
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Incorporation of a thymidine analog by indigenous rodents.

ORNL-3907, p. 176.
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Saltzman, B. E. 1952. Microdetermination of chromium with

diphenylcarbazide by permaganaie oxidation. Analytical
Chemistry. 24: 1016-1020. 1

tion or inhalation of drift contaminated air.
component.

TABLE 1: Comparison of distributi
) tion patterns of ch ' : ; o
ing tower drift and control animals.f chromium in cotton rats (Sigmodon hispidus) exposed to cool-

F?_rgan or Fresh Weight |
issue Standard Adult ° Freeze-Dry
| (2) Weight (g) C Concentrations (ug = 1 SE) Total (ug) | sensitive as indicators of the efficiency and condition Chem. . .
* Heart 0.42 i ORGDP * Control ORGDP of the drift eliminators within the cooling towers. Shiraishi, X s o o obiam 95, cadminen 109, e b b
% . : ) ! ' , 4an tantaium
! Iiver P 3.08 0.105 = 0.013 0.124 + 0.016 0.008 5010 ACKNOWLEDGMENTS 182 in newborn juvenile and adult rats. Journal of Radiation
:, Kidney 1- .89 0.046 = 0.016 0.160 = 0.039 | ' | The assistance of Marion Ferguson (Analytical Chemistry Research (Tokyo). 13: 14.
» 02 0.19 0.087 + 0.014 0' — 0.041 0.142 -4 Division) is acknowledged for elemental determinations. Grati- Taylor, F. G., Jr, L. K. Mann, R. C. Dahlman, and F. L.
' Spleen 0:13 0.02 0.493 + O- 124 + 0.040 0.017 0.024 | tude is expressed to Gerald Cosgrove (Biology Division) for Mlllﬂr. ‘1975. Enwrc_mme:nta.l effects of chromium and znc
| Lung 0.35 0.10 ' = 0.123 0.713 += 0.084 0.010 0.014 pathological examinations and to Jay Story (Environmental in cooling waler drift. pp. 408-426. IN Cooling Tower En-
r Bone 3.09 . ; 0.289 = 0.072 0.292 + 0.063 0.029 0'0? Sciences Division) for assistance in obtaining vegetation sam- v‘lronmen_t-wm, S. Hanna and J. Pell (eds.), ERDA Sympo-
[ e : 5.02 0.160 = 0.008 DAG < 0- » ] 029 ples and trapping of mammals. John Beauchamp (Computer sium _Series. CONF-740302. p. 638.
b 55.29 13.82 0.234 = 0.043 ; £ 0.024 0.803 2:309 Sciences Division) is acknowledged for statistical consultation. US. Department of Health, Education, and Welfare (U.S.
G. I Tract 7.20 0.43 1 — Ve 0.288 + 0.029 3234 3.980 Research supported by the Energy Research and Development DHEW). Public Health Service, Consumer Protection and
Pelt 17.39 3.35 046 = 0.277 1.006 = 0.183 0.450 0.433 Administration under contract with the Union Carbide Cor- Er_w.ironmental Health Services, Environmental Control Ad-
i Hair 4 ' 0.092 + 0.007 1.056 = 0.133%* ' . poration. Publication No. 1033, Environmental Sciences Divi- ministration. Drinking Water Standards (rev. 1962). PHS
Residual ® 08 0.98 0.395 + 0.071 4'397 " 0-5 . 0.768 0.818 sion, Oak Ridge National Laboratory. Publication 956. Washington, D.C. Government Printing
9.80 1.67°¢ 10.200 + 0.032 0311 :0'032 U587 408 LITERATURE CITED vglmflg’oi o L Jr. and D. A, Crossley, Jr. 1969. Assimil
: ’ - i =+ U. . , I L, : - . ossley, ; : 1lats
Totals 108.21 31.55 0.334 0.51% | Ml;;zv;e%:} 1‘? IJQS:ISD‘MT- Glc:iverﬁ;R' _N- I—aﬁ_ﬁ, Jb W. Sloot, and and biological turnover of cesium—l:}‘i, iradjne-l?pl and :E:lltajrmn:.:1
. A. : . asured chromium distributions resultin ium-51 1 : :
6.081 (2.587 B inu-tower drift pp. 558-572. IN Cooling Tower E.ng- 1;112111;511:1105‘ 1 én 41:2"32\?4:27-:1'1(:1:&5, Acheta domesticus (L.). Health

* ORGDP = Oak Ridge Gaseous Diffusion Plant.
” blood, reproductive organs, brain, salivary and thyroid.
* O'Farrell et al. (1966).
converted from mean ratio of freeze-dry to fresh weights of all other soft tissu
es.

**P <0.01 significant difference.




