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nants on the 3 suspected toxic study sites, which was reflected in common laboratory bioassy

results using fathead minnow, microtox, rice seed germination, and Ceriodaphnia assays.

At the ecosystem level, -in situ small mammal total biomass, sex ratios, reproduction, re-

cruitment, survival, and density were measured as indices of population integrity; community
profiles included measurements of diversity, richness, and similarity.
and community indices demonstrated sensitivity as eccsystem endpoint markers of contaminant
exposure, with density and survival estimates differing significantly between toxic and

" reference study sites. Altered immune function (differences in measures of cell-mediated
immunity, circulating levels of immune cells, and immune organ development) was detected,
which cculd have increased their susceptibility to infection and disease and may have con-
tributed to the observed increased juvenile mortality on toxic sites.

Pathological examina-
tions proved very useful in assessing toxicity, with dentzal lesions attributed to fluoride
toxicity being evident in most animals collected from petrochemical-contaminated sites.

Analysis of methoxyresorufin (MROD) and ethoxyresorufin (EROD) O-dealkylase activity of
cytochrome P-450 enzyme systems also indicated the presence of contaminant-induced lesions.
Chromosore aberration and flow cytometric anzlyses suggests that animals were suffering
induced chromosome lesions on toxic study sites. Seasonal effects in the degree and type
of physiologic lesions documented in resident smzll mammals were observed for metabolic,

cytogenetic, and immunologic end-points, suggesting seasonal changes may have occurred
in the volatility of organic contaminants on toxic studv sites.

Both population

Validation of our proposed

in situ zzomalian multipgrameter model should be undertaken.
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FINAL TECHNICAL REPORT

Wild Mammalian Biomonitors for Assessing Impacts of Environmental Contamination on
: Population and Community Ecology.

EXECUTIVE SUMMARY

The overall objective of this rescarch project was to explore the use of in situ
biomonitoring using wild mammalian animal modcls to asscss ccotoxicity risks from
petrochemical contaminants. We approached this objective by comparing the relative
sensitivitics of selected measures of metabolic, immunologic, genetic, and histopathologic
toxicity (multiparameter model) in small-mammalian residents of terrestrial ecosvstems
contaminated with complex mixturcs of petrochemicals (an abandoned oil refinery complex).
Multiparameter responsc profiles of small mammals were evaluated relative to results from
common laboratory bioassay tests (fathcad minnow survival, rice seed germination test, ctc.) and
soil chemical analyses to determine their ability to predict ecotoxicity risks (as indexcd by
demographic changes in the small mammal community). Our principal in situ biomonitor was
the cotton rat (Sigmodon hispidus), which is the dominant member of the small mammal
community on 3 uncontaminated reference and 3 heavy mctal-petrochemical contaminated study
sites. Chemical analvses of soil and soil extracts identified a varicty of heavy metal and organic
contaminants on the 3 suspected toxic study sites, which was reflected in common laboratory
bioassay results using fathead minnow, microtox. rice seed germination, and Ceriodaphnia
assays. At the ecosystem level, in situ small mammal total biomass, scx ratios, reproduction,
recruitment, survival, and density were measured as indiccs of population integrity; community
profiles includcd measurements of diversity, richness, and similanty. Both population and
community indices demonstrated scnsitivity as ccosystem endpoint markers of contaminant
exposure, with density and survival estimates differing significantly between toxic and rcference
study sites. Altered immune function (differences in measures of cell-mediated immunity,
circulating levels of immunc cells, and immunc organ development) was detected, which could
have increased their susceptibility to infection and disease and may have contributed to the
observed increased juvenile mortality on toxic sites. Pathological examinations proved very
useful in assessing toxicity, with dental lesions attributed to fluoride toxicity being cvident in
most animals collected from petrochemical-contaminated sites. Analysis of methoxyresorufin
(MROD) and ethoxyresorufin (EROD) O-dcalkylase activity of cytochrome P-450 enzyme
systems also indicated the presence of contaminant-induced lesions. Chromosome aberration
and flow cytometric analyses suggest that animals were suffering induced chromosome lesions
on toxic study sites. Scasonal effects in the degree and tvpe of physiologic lesions documented
in resident small mammals were obscrved for metabolic, cytogenetic, and immunologic end-
points, suggesting scasonal changes may have occurred in the volatility of organic contaminants
on toxic study sites. Validation of our proposed in situ mammalian multiparamter model should
be undertaken.
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OTHER PROJECT PERSONNEL ‘

Several graduate students and laboratory technicians were both dircetly and indirectly
supported by this rescarch grant, or they provided valuable technical assistance to this project.
Additionally, we obtain the advice of, used the laboratory facilities of, or collaborated with
several profcssionals on this USAF-sponsored research project. The following comprehensive
list details the many individuals that contributed to the overall three-year project:

Graduate Student/technicians

Hamid R. Amouzadch (Ph.D. candidate- now Postdoctoral candidate at Laboratory of Chemical
Pharmacology, National Heart, Lung, and Blood Institute, Bethesda MD)
Chandikumar S. Elangbam (Ph.D. candidate- now research pathologist at Will Research
Institute, Ashland OH)

Sundeep Chandra (Ph.D. candidate) ,

Chun Lin Chen (Ph.D. candidate- now Postdoctoral candidate at Saint Jude Hospital, Memphis
TN

Barbara C. Bowers (M.S. candidate)

Susan L. Hedinger (M.S. candidate)

Soochong Kim (M.S. candidate. Veterinary Pathology)

Jim Lish (Laboratory technician)

Corinne McMillan (M.S. candidate)

Scott T. McMurry (Ph.D candidate- now asst. prof. at Clemson U.)

Madav Parangipe (Postdoc candidate- now assist. prof. La. State U.)

Timothy Propst (M.S. candidate)

Ananda Ramanathan (Ph.D. candidate)

Joseph Roder (Ph.D. candidate)

Andrea Samplcy (Laboratory technician)

Eric L. Stair (M.S. candidatc, Veterinary Pathology)

Kathleen Thies (Research Technician) ,

Monte L. Thies (Ph.D. candidatc- now asst. prof. at SamHouston State Univ. TX)

Garry Yatcs (M.S. candidate- now Ph.D. candidate in environ. engineer.)

Jing Ren Zhang (Ph.D. candidate- now in Med. Sch. at U. Houston)

Cathy Butchko (Research Technician)
Susan Hedinger (M.S. candidate)

Professional Collaborators on Project

Dr. Paul McCay, Oklahoma Mcdical Rescarch Foundation , gave advisc and assayed samples for
frce radicals.
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Dr. Michael Rohrer, University of Oklahoma, College of Dentistry, processed undecalcificd
scctions of rat tecth and assisted in histologic interpretation of dental lesions.

Dr. Gunda Reddy, United States Army Environmental Hygiene Agency, Fort Detrick MD, gave
advisc on mctabolic assays

Dr. Ronald Tyrl, Oklahoma State Univ. Dept. Botany, provided expertise in identification of
plants on study sites.

Dr. William Warde, Oklahoma State Univ. Dept. Statistics, provided statistical expertise to the
project.

Dr. Jim Ownby, Oklahoma State Univ. Dept. of Botany, provided valuable guidance and access
to specialized equipment for phytotoxicty assays and analyses of "stress" proteins.

Dr. David Waits, Oklahoma State Univ. Geography Dept., provided guidance for building
Geographic Information System (GIS) data layers to allow us to visually portray the spatial
relationships of the chemical contaminant and toxic effects data.

RESEARCH OBJECTIVES
Objective I

|

To determinc the ccological effects and sensitivity of complex mixtures of environmental
toxicants at contaminated petrochemical waste sites on the structure and composition of resident
populations and communitics of small mammals by quantitating:

1. intrinsic attributes of populations (age structure, sex ratio, recruitment rate, survival
rate, density, population turnover rate).

2. community level measures of integrity (species richness, diversity, similarity of
communities).

Objective 11

To determine the immunotoxicity, genotoxicity, and metabolic toxicity (physiological
response-profiles) of complex mixtures of environmental toxicants in resident small mammals
inhabiting contaminated petrochemical waste sites through evaluation of:

1. immune organ development, lymphocyte subtyping, lymphoproliferation, humoral and
cell-mediated immunity.

2 chromosome aberrations, variation in nuclear DNA content, DNA strandbreaks.

3. total and isocnzyme levels of hepatic cytochrome P-450, ultrastructural pathology, free
radical concentration.

Objective 111

To evaluate the use of enclosed terrestrial mesocosms for conducting both subacute and
chronic in situ exposures of cotton rats to complex mixtures of environmental toxicants at
contaminated petrochemical waste sites by measuring:

1. reproductive and survival rcsponse.

2. physiological responsc-profiles.
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Objective 1V

To compare in situ physiological response-profiles (immunologic, genetic, metabolic
endpoints) of wild mammalian biomonitors to a varicty of standard laboratory-derived biological
assays for soil leachates from contaminated petrochemical waste sitcs by using:

. Ceriodaphnia short-tcrm chronic bioassay. B T
2. fathcad minnow larval survival bioassay.
3. rice secd germination toxicity assay.
4. Microtox

—

RESEARCH OVERVIEW
Study Site

We sclected six arcas for intensive study, located on or adjacent to a large 160 acre ol
refinery complex that has been a declared Superfund Waste Site for several years (Oklahoma Oil
Refinery Superfund Sitc. Cyril, Oklahoma). This site was sclected for study because of its lareg
size as well as the varicty of petrochemical contaminants found on site. The refinery operated
from 1920 to 1984, during which proccss wastes were deposited in over 30 differcnt
impoundments and applied to the soil in a landfarming opcration. Earlier EPA reports indicated
the area was heavily contaminated with petroleum related organic compounds (benzene,
ethyvlbenzene, toluene, naphthalene, phenols, ctc.). metals (lead, chromium, arsenic, etc.), and
caustic wastes. We used these earlier surveys to select specific arcas for detailed biomonitoring.
A prerequiste was the occurence of a viable small mammal community and similarity in
vegetation structure and composition among areas (to control for possible nutritional effects,
predation, and other factors). All six study sites (3 reference, 3 suspected petrochemical- -
contaminated study sites) represented classic disturbed ecosystems that were vegetatively
dominated by Johnson grass and a varicty of forbs. The three contaminated sites include a sludge
land-farming area containing heavy metal and petroleum contaminants, a spoil-site adjacent to a
series of API-scparator ponds containing heavy metal and petroleum contaminants, and a site
adjacent to asphalt disposal pits containing a variety of petroleum contaminants (Fig. 1).
Additionally, we selected six smaller sites on the refinery to construct mesocosms for short-term
in situ exposures of small mammals.

We established permanent population monitoring grids at each of the six locations.

Small mammal communitics were censused seasonally for 2.5 years and individual animals
returned to the laboratory for profiling metabolic, genotoxic, immunotoxic, and histopathologic
responses (both resident and mesocosm-introduced animals) on the Oklahoma Oil Refinery
Superfund Site, Cyril, Oklahoma.

Contaminants and Bioassay Results

A primary objective of our overall rescarch efforts was to evaluate corrclations between
Jaboratory derived toxicity responsc factors of aquatic invertebrates, fish, and plants with
community response factors of resident small mammals living in ccosystems contaminated with
petrochemical hazardous wastcs. As a sccondary objective, we compared chemical contaminant
concentration data from soil samples removed from the study site areas with EPA recommended
Chronic Toxicity Reference (CTR) Levels specified in the Toxics Characteristics (TC) rules
(EPA, March 29, 1990, Fed. Reg., 55(61)]1 1796-11877). EPA cstablished the chronic toxicity
reference levels on the basis of potential human health effects from consuming groundwater
contaminated with concentrations greater than the CTR levels; thus, the question of ecosystem
offccts was not considered in cstablishing TC regulatory levels. EPA clearly recognized the
potential that CTR levels based on human health cffects might not protect the ccosystem and




Fig. 1. Site location map illustrating position of trap grids and mesocosms on the Oklzhoma
Refining Co. Superfund Waste Site, Cyvril, OK.
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stated; "When sufficient information concerning these ceological risks is available, the Agency
will compare the ccological-risk-based levels to the TC regulatory ]cvcls to determinc whether
further revisions to the levels, bascd on ccological risk are nccessary." Data collected as a result
of our rescarch cfforts provides much of the missing data on cco]oaxcal risks.

’ We evaluated the usc of the EPA Toxic Characteristics Leachate Procedure (TCLP) for
“extraction of soil samples from the Cyril Refincry. The original proposal was to use the TCLP
to provide aqucous cxtracts which could be anal) zed for chcmncal contaminants as well as
performing toxicity tests with aquatic organisms. The TCLP procedure did not provide a good

protocol for obtaining samples for toxicity tests with aquatic organisms, since the blank caused

too much toxicity to be acceptable. We rcturned to using reconstituted watcer as the extracting
fluid (U.S. Army Corps of Engincers 1991). The aqueous extraction procedure imparted no
solvent blank toxicity, but 1t may not simulate "worst-casc" conditions that could occur in the
field situations.

Chemical Contaminants .

The concentration of toxic metals in soil samples collected from study sites (Grids 1
through 6 and Mcsocosms 1 through 6) on the Refinery Superfund Waste Site indicated
relatively high concentrations of cadmium, zinc, manganese, copper, lead, sodium, chloride, and
sulfates. Amono these, Mesocosm 3 (adjacent to API oil separator ponds) soil extracts exhibited
highest concentration of potassium, arsenic, chromium, sodium, chloride, sulfate, and COD of
all contaminated sites (Table 1). Small mammal population moniotring site adjacent to the same
API o1l separator ponds (Grid 3) exhibited the highest concentrations of mangancse and iron.
Grid 4 (land farm for waste oils) contained the highest observed Ievels of zine, cadmium, and
lead; whereas, Mesocosm 4 contained the highest levels of nitrates. The highest concentration of
fluorides (141 ng/g) occurred on onc of our reference Mesocosms (Mesocosm 35), which was
located just outside the old refinery property boundary. We never observed evidence of
fluorosis in animals removed from this Mesocosm however. Fluorides were also extremely high
on Grids 3 and 4, often with concentrations > 100 ng/g of soil.

The level of chemical oxvgen demand (COD) in the TCLP extract of Mesocosm 3 soil
was >10 fold higher than the next highest sample. The COD, a good index of organic
contaminant concentrations in soil, suggested that Mesocosm 3 soils were highly contaminated
with organic chemicals. HPLC and Gas Chromatographic analyses of the TCLP extracts from
Mesocosm 3 indicated a complex mixture of hvdrocarbons with chromatographic retention times
between that of trimcthyl benzenc to cthyl naphthalene. Both the TCLP and the aqueous extracts
from Mesocosm 3 were dark brown in color in contrast to colorless extracts from the other sites.
The color was not removed by filtration with 0.45 micrometer cellulose membrane filter,
centrifugation at 10,000 rpm, and passage through activated carbon.

Aquatic Toxicity Test Results.

The three contaminated enclosurcs showed differential responses among the organisms
tested (Tables 2 and 3). Aqueous soil leachates from Mesocosm 3 were highly lethal to
Ceriodaphnia and fathcad minnows; and rice sceds did not germinate when tested in Mesocosm
3 soil. The soil from this study site had a noxious odor and appeared to be saturated with oily
contaminants, making it difficult to extract. The aqucous extract was dark brown in color, turbid
and had an oily appcarancc and odor. Aqucous lcachates of Mesocosm 3 soil collected in 1992
caused 100% montality of Ceriodaphnia cxposcd to 0.01% soil extract. The threshold of lethal
effects was very sharp since at 0.005% lcachate there was 100% survival. An LCS50 could not
be calculated by probit method, since there were no intermediate responses between 100% and
0% mortality. Thc 1993 Mcsocosm 3 soil was comparatively less toxic than 1992 samples and
Ceriodaphnia survival LC50 valuc had increased to 12.85%. But sublcthal cffects still persisted
at low concentration as scen in partial chronic test and a significant effect upon Cerioduphnia
nconate production was obscrved in 0.01% cxtract. Mcsocosm 3 soil collected 1n 1992 also




acts and soil samples collected from

I analvscs of TCLP-cx

psis of chemica

Table 1. Syno
study sites on t

Cvnl OK.

he Oklahoma Refining Co. Superfund Wastc Site,

€6°CI__[2€€_Joft _J000_ |e62L veav__ Juyl [udu3 uy3 _Teeovv [9600 Jvezes  |299. Joe €61 fiY74 as
S1e9 Ystz lers [oo'o_|ov'es  |09%6. fesio fzvi 6500 519772 5500 Jzzze e or 011 I3 ssuz Bxey pic
- . 0891 _jOr€ pvSe 000 febey ]SOy fuud_tubd HYd_ yvE9 12500 fr2961 |28 vot 9t GALH .03
. L aruy lvwz fozyy 000 |ulse e Zvo e 1500 |926°C_|1v00 lowrii_ |02 i £ 622 Bre g piic)
N T EE N e e RE 9:5¢ [9v00 J0I€2 GOV 1 I g8z s
R (T YO C N T YO (T oZvy 9v9Z _|6v00 [6425_ Jg2c v oz [ 02l Bre7 pns
- Y I EYE IR N T E I HVE ] N CEEM DRE uu3_jvZC1_|ovD0 {6208 |06S [1 €1 v 152 ;
29y |00 |€ve jood |6¢0 000___[veZo |ST 922y _{06L°1 000 (7612 |Cev 0z 01 [ 13
XYY (D0 O LT [ 062 NYERN FTYEN ETE) FYENR [N E] IE]
96°06S_leve W2V oo [evt S0 0zo_|owoo {ice e 50 €1 0021
079 109v_[11z_|ood |Zie SviG EMEEREM ERE uy3__ |un3 RE nu3
veeZ_|SZE 1259 |00 [66%6 €667 0900|2000 [Tt [ ¢l Zt €261
1079 j90r €621 |ooa |ovz EY 2 CIYE I ETE) 1000 |vv97 [1Z00_|C6E 08 81 G601 Sovz
GveOl [611 {Ivey |00 |5y 997C__[1410 {89 1v00 5156|5100 |ZiE (X3 €1 9l 1922
SLVGLL eyt 10661000 |50w6l _|ccee a3 |uu3 6c57 {50692 [0€00 |veoct 946 99 ot 678
18 CIEl [1vt 15y 000 oz vec 196C  [v€6 € |GwoeZ  |oSv's |2€9sZ |z00 16095t vy 19 €01 vOl¥
W6'Gi_ 000 {861 [000Q_[99Z S61 TRENR FRENN PREM ERE] R EN BRE] IYE] RE]
0C11 {000 _|v9L 000|006 o€y 0210 [ovoe [v000 | Tot Z0 z6 059
955G 1000 _{1€2 |000_|6v1 93¢ luu3_[uu3 0v8 0 |€C00 _{C000 |97701 00 i0 1] €961
Oyt 1000 €0 000 |evE 191 0Z£0 |6 € v680 [¥920_[y000 [1Str |50 X s 1581 Bae 1303
vOS| vOa| ton| ZoN 1) [E]1 RS} eN| sy 7] ) a3 0% uz [5) %
{ios B;/Bu)| suoruy Tijos B764) S1e)aN
- B3 oulv7¢_ |ooo |€69 |00 |caz  |oco EIENE] G| cover
Tl T hE —oulerue_Jooo (5o |ooa vsE i [SEE] €6u91]  couer
. 16 0350091 {000_|0S v |000 {0612 6vie [JERE] t6us | couer
143 T oal 7618|000 _[oEsi Joo_|viocz 1591 £15v3 £5954|  ceuer
- ) ouf000 1000 1v0€ 1000 1008 ves i3 £6ad94)  couer
— 16 Jonhian Joog je9y bag_laiy ey 13l €6a4 4l couer
) 16 ot 6 oulea 9 Jo00 [15€CT006 vt |2Zst [1Z10 |69 v00 (1101000 {5¢€ 10 10 10 1S [{ECE] zounr|  eeken)
Sv0___uZ00__|000S oIk SOA|vZ vt (2271 10971 J00 0 |90 viT 1€9C |ve6 € |G v9eZ |8z0t [€0'9S |00 2109z |z ¥ (i) 91 5vi0 [¥EXE] Zeunt | Zekew
i 16 S8 [eoc oulgi g foud [ {oo0 |02 000 __j0Zf0 [6¢ 671|620 1000 [ZZ61 _ |50 50 ) EN 1153 Zeunr| — zefen]
i6 01 062 ouloEZs (000 [969 |00 [6L1 66vv__ |€S1 0 |Z%l 900_|9St__|000 vzl V0 0 v 0 XY 0 Zeuni | zexdy
3 611 |uic ouly@'e5 [0000 (029 000 [Giy Z06¢ _|2Iv0 |16 500 010 _looo (66 €0 Z0 Z0 B85S ) zeunr| z6idy
16 ol €65 oulzo9 _ Jo00 evt |00'0_|620 000 |va2o0 [SZ 8y |sze_ 1000|6161 50 S0 10 Lad P55 zeunr|  2eidy
0 oul26G9[95€ _|Ov 0l |000 [vDS #95C v00_|Z601_{c00_|065 Si 5¢ 0651 v 00¥ [{ERE} zeken]” zefey
001 $uk[00GEIT [962 €90_{000_ |0v'865__ ]00€9 7100091 [100_[vr el 981 i0 vz Vit [{EXE] Tekevi | 2éken
3 0ul097¢ 10600 {v2G {000 [9L14 162 Zi0 |v00_ 1000 [z€ Toe |0 Z6 0<e [ECE] z6heni | refew
St oulyZ__ |000 (000 (000G _|v0Z 120 00 _[v20__{t00_ |00V 50 10 £ol ez [JECE] e | 2alen
0 oulo0vCol {987y [0St fcoa {ozo oy ZZ0_ (100 |t K] 50 £ 0021 519u3 Zedv| 2eide
[ oulgi 41106’ [86v {000 |vr9y 09°0v1 900|000 It [N S tt £ 261 [SEXE] Z5dy Zesdy
5 oulo0Zs_ J0Ly (85 J000_ |00 S0 0Zyit €17 [Z200 |96 [ 9 50 v 607 vPu9 Zody[ gy
0 oulogos_ Jedv_|oz1y Jood |0z 69 0v 901 [T 700 |zt [ [ z0 1 ¢61 £puo Zedy] zeidy
0 0ul090Z_ |92 |v69 |000_|ozwv 0Z'vy [1Y 200_ {79 ST 62 81 suz [ tedy|” zedy
0 ON S16L {810 _lateiz_ [6Ziv_ |t 6r 652 v irs VP Zeuer| 16790
05 oN 18y |500_ |z vd0Z_ |vOit_ |6¥ 62 v Qv [ETE] Z6uer| 16930
0 o 0Zit__[0r0_|ooirc_ |v0Si__|00Z ) g6iv £puS Zever| 16230
0 o 1S [200_[06v01_ |v19 ¥ 143 5528 S zever|  16%3Q
91 o €1Z___|900_[v 2621 St 61 Zr 1pu Zeuer| 15330
wow ¥, fonnpp & [oanpp T 1 | (/64 (5;Bu] e vleQ
ouad 0503 | 030N | QOD| QoD |uebio| vos | yOd | CON | ZON 12 14 Lo} eN sv | ad [} ¥l upy uz L%} % was]  siskeuy|  edwes
001 noygp| xoy | xo1w
(jios| 6;6u) SUOIuY TR VT pos| joBi6u] serapy €661 e1eq ko

‘61661 “A1aunay JUAD Wo) $3)0WIES 110G PuR 110G JO SIBIXT 101 JO Sashieuy edwsy) 1o sisdouls | ajge




caused significant toxic cffect to fathead minnow larval survival and 100% mortality was
observed in 0.1% soil extract which was 10 fold higher value than Ceriodaphnia survival. The
NOEC (no obscrved cffeet concentration) value for fish survival was 0.01%. But no significant
effecct upon fish larval growth was observed. The effects of Mesocosm 3 soil samples collected
in 1993 upon Ceriodapiinia were similar to 1992, 1.c., exhibited low toxicity to fish. Fish
survival was rcduced 10 25% in 20% soil extract. Toxicity tests with daphnids and fish larvac
could not be conducted above 20% soil extract. since the dark color of the extract prevented
visual determination of toxic cffccts upon daphnid nconates and fish larvac.

Soil from Mesocosm 2 (old Jeaded gasolinc tank battery site), while not as acutely toxic
as Mesocosm 3 soil, had significant effects on organisms tested as well. Soil collected in 1992
had no toxic cffect on survival but suppressed 78% Ceriodaphnia reproduction (Table 2). In
comparison, soil collected in 1993 caused 1006 mortality in 100% soil extract and 0%
Ceriodaphnia rcproduction in 50% soil extract. The abnormality such as shedding the cggs by
the adult was observed in 50% soil extract. The Mesocosm 2 soil extract (100%) had no
significant cffect on fathcad minnow larval survival and growth.

Phytotoxicity Indices

Initially the secd germination test was conducted for five days but was later extended up
to 10 days to determine the maximum germination rates. We observed that consccutively in
1992 and 1993 sced germination was 0% in Mcsocosm 3 soil on day 5, but it increased above
50% on day 10. Phytotoxic effects persisted in two vears which could be due (o seeds having
direct contact with similar soil pollutants. Though 100% soil showed around 50% germination,
the next dilution namely 50% showed no significant toxic effect.

In this study we found that shoot dry weight was a better measure of phytotoxicity than
shoot length. Plants grown in refercnce soils were more robust and healthier, with greater shoot
weight compared to those grown in the contaminated soils. Mesocosm 3 soil collected in 1992
and 1993 suppressed shoot dry weight 81% and 71% when compared to length of plants grown
in soils from Grid 1 (refercnce site). Additionally, morphological abnormalities in root growth
were also observed. including stubby and thick roots. It was interesting to note that observations
that Mesocosm 3 soil collected in 1993 were less toxic to rice root growth than the previous year
were in agreement with results from aquatic animal toxicity tests described above. In this study
both root length and root dry weight were judged to be useful measures to determine toxic
effects of the oil refinery wastcs.

We found that soil from Grids 3 (adjacent to APl oil separator ponds) and 4 (Jand farm
for waste oils) and Mesocosm 2 (old leaded gas tank batterv site) never showed any toxic cffect
in the rice secd germination test, but significant effects were observed with the rice shoot growth
test (Table 2). Mesocosm 4 (land farm) soil never showed evidence of toxic effeets to organisms
survival, but soil collected in 1993 did possess some effects on rice shoot growth.

Plant Stress Proteins

Physiologically, marked changes in patterns of stress protcins were observed in roots of
rice seedlings treated with Mesocosm 3 (1992) soil extract, with near complete suppression at
100% soil extract. In particular, proteins at about 74, 70 and 56 KDa were suppressed 1n roots
exposed to Mesocosm 3 soil extract, while they were present in roots exposed to reference Grid
1 soil extract and the blank (dcionized water control). We also obscrved that several proteins
were induced in roots treated with contaminated soils. For example, polypeptides of 34 KDa
werc induced in roots cxposcd (o contaminated soil extracts from Grid 2 (asphalt wastc storage
pit area), Mcsocosm 2 and Mesocosm 3 (1993). Mcsocosm 3 (1993) soil extract which had
stimulatory cffects on root growth, induced polvpeptides of 34 and 19 KDa in the roots. In this
study protcins were induced when both shoot and root growth were inhibited and induction often
occurred independent of other measurable toxic effects,
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Tablc 3. LC50 (confidence interval), ECS0, and NOEC responscs causcd by soil
contaminants in mesocosms 2 (M2) and mesocosm 3 (M3), Oklahoma Oil Refining Co. -
Superfund Waste Site.

Year LCSO™ i ECS0™ NOEC™
M2 M3 . M2 M3 M2 M3
Ceriodaphnia 1992 NE € - - NE 0.005
7-day survival® 1993 € 128 -+ - - 50 S
(7.5-17.7)
Ceriodaphnia 1992 - - - - - 0.001
7-day repro® 1993 - - - - s 0.005
Fathead minnow 1992 NE 0.06 - - - NE 0.01
7-day survival® (.05-.08)
1993 NE >20 - - NE 5
Rice seed 10 day 1992 NE - . - - -
germination® 1993 NE - - - - -
Rice shoot 10 day 1992 - - - - - -
dry weight® 1993 - - - 3 - -
Rice 5 day 1992 - - NE 14 - -
root Jength® o (6.7-25.4)
A 1993 - - NE - - -
Rice 5 day 1992 - - NE - - -
ry weight® 1993 - - NE - - -
Microtox® 1992 - - NE >5 NE 0.5
S min. test 1993 - - NE >5 NE 0.5

"% soil clutriate or soil

%soil elutriate

$soil

NE = no biological effect

€= all or none response for Ceriodaphnia survival, could not calculate.
¢=Rice shoot dry weight never increased at Jowest dilution of M3 soil tested
-=test not performed.

In addition to roots, leaves also showed changes in protein patterns when seedlings are
exposed to petrochemical- contaminatcd soil extracts. A 98 Kda polypeptide was supprcsscd mn
leaves of plants exposed to Mcsocosm 3 (1992) soil extract (Fig. 2). In comparison, a 94 KDa
polypeptide was highly induced in leaves of plants grown in contaminated soils from Grid 3 and
Mesocosm 3 (Fig. 3) compared to reference samp]cs Changes 1n several other stress proteins
(c.g. 29 and 21 KDa polypeptides) were noted during these (nals with both induction and
suppression being observed in response to exposure to toxic soil extracts. Protein biomarkers
appeared to offer additional capabilitics for determining if adverse effects still exist in the
ccosystem in cascs where toxicity tests or field tests may fail to detect ecologically significant
cffects.




RICE ROOT PROTEINS
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Fig. 2. Root protcins of rice plants afier expesure 1o aqueous extracts of contaminated soil
from gnd (G1-G2) and mesocosm (E2-E3250 sites.

kD RICE LEAF PROTEIN

standard Gl G2 E2 IE3 E350 E325
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Fig. 3. Lealprotcins of rice plants afler exposure 10 agucous extracts of contaminated soil
from gnd (G1-G2) and mesocosm (122-12323) sites.
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Microtox

Comparcd to Ceriodaphnia and {ish bioassay tests of toxicity, the much utilized
Microtox Assay System was found to be the Icast sensitive of all laboratory bioassays to the
pctrochemical contaminants that existed on the Cynil Oil Refinery Site (Tables 2 and 3). Though
soil collected from Gnids 3 and 4 (1992) caused significant light diminution when compared to
Microtox dilucnt controls, the soil collected in 1993 caused no significant éffect.

Overview

The laboratory bioassay results indicated that selected sites at the refinery have
contaminants that can posc threats to both aguatic and terrestrial communities. Mesocosm 3 was
without question the most toxic of our study sites using these tests. Ceriodaphnia was the most
sensitive species of all the bioassay organisms tested in this study. The bioassays also revealed,
as did other 1n situ measures of toxicity, that toxicity was variable across scasons and years. For
example, Mesocosm 2 soil collected in 1993 contained visibly greater quantities of gasoline and
were more toxic to Ceriodaphnia than the soil collected in 1992, In contrast the 1993
Mesocosm 3 soil was less toxic to aquatic organisms than the previous vear. We suspect that
these temporal variations arc duc to climatic variabilitv. In 1993 soil sampling in January was
followed by hecavy rains in the arca which could have shifted the contaminants. The
contaminants in the soil samples also possibly differed due to random sampling method.

In this study three reference sites were used to compare three contaminated sites.
Sometimes the reference (uncontaminated) sites exhibited physical and chemical parameters that
caused adverse effects to the test batterv. As a result. we suggest that a laboratory control can be
used for preliminary screening of the reference sites. In this study rice had shown sensitivity to
the refinery site soil even though other bioassavs did not, indicating that a phytotoxicity assay od
some sort should be included in a test battery emploved for these types of hazardous waste sites.

Table 4. Companson of EPA's Chronic Toxicity Refercnce Levels (Toxic Charactenstics
Leachzatic Proccdure; TCLLP-CTR: CFR 1990) with contaminant levels found on siudy arcas
located in the vicinity of the Olahoma Refining Co. Superfund Waste Site, Cynil OK.

Constituent CTR levels Regulatory Maximum level detected 1n
(mg/1) level TCLP extracts from Cyril
(mg/l) (mg/1)

Arscnic 0.05 5.0 2.8 (Mesocosm3, API separator
ponds)

Cadmium 0.01 1.0 0.009 (Grid 4, waste ol land
farm)

Chromium 0.05 5.0 1.0 (Mesocosm 3)

Lead 0.05 5.0 3.98 (Grid 4)

No chemical constituents analyzed in the TCLP extracts or the aqueous cxtracts of soils
from the Cyril Refinery exceeded EPA regulatory guidelines (Table 4). However, toxicity tests
of soil and soil leachates detected levels of contamination that ranged from highly Icthal in acute
short term tests to subtle but still significantly deleterious cffects upon long term stability of the
populations of fcral rodents hiving on the site. EPA has made significant advances in




cstablishing regulatory limits to protect human health from significant levels of chemical
constituents in contaminated soils that could lcach into drinking water. However, as our study
has shown, if ecological cffccts arc given cqual relevance with respect to regulating deleterious
levels of contamination, then the 1990 TCLP guidclines arc not adcquatcly protecting the
tcrrestrial and aquatic ccosystems adjacent to the contaminated wasle sites. .

Ve
A\

Monitoring of Wild Populations

Mammalian Population Dynamics y

Ficld monitoring of resident small mammal populations and community dynamics at
Cvril has provided evidence of petrochemical-induced toxicity at the population level;
suggesting that demographic indicics are usc{ul mecasures of ccotoxicity in terrestrial
environments. Small mammal populations on the 6 study sites have been monitored since
January 1991 (through August 1992) at 8 week intervals exeept in summecr and winter where a 3
week interval was followed for 4 consecutive trapping periods (total 17 trapping bouts). Total
biomass, scx ratios, reproduction, recruitment. survival, and density were mcasurcd as indices of
population integrity. Community profiles included measurements of diversity, richness, and
similarity.

During the course of the study, a total of 11 species of small mammals was captured,
representing 9 rodents and 2 insectivores. House mice (Mus musculus), white-footed mice
(Peromyscus leucopus), decr mice (P. maniculaius), and fulvous harvest mice (Reithrodontontys
fulvescens) were seasonally abundant on most areas sampled. However, cotton rats (Sigmodon
hispidus) represcnted the most abundant small mammal collected on all areas during the entire
course of the study. Cotton rat density was scasonally variable and was significantly diffcrent
between toxic and reference sites (Fig. 4). Greatest differences in density between toxic and
reference sites was observed in 1991, especially in July and August when reference study sites
supported greater densitics than suspected toxic study sites. Differences were less obvious in
1992 although August results showced similar trends as in 1991,

SIGMODON HISPIDUS
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Fig. 4. Diffcrences in mean (£SE) mark-recapture density estimates of cotton rat populations
on replicate refercnce and toxic sites at an abandoncd oil refinery in Oklahoma from January
1991 10 August 1692,




Reproductive status of adult female cotton rats do not appear to indicate any differences
between toxic and reference sites (Fig. 5). However, recruitment (as indicated by pereentage of
juvenile cotton rats in the trapable population, Fig. §) trends closcly resembled responscs scen
for density in this specics. The lack of obvious differences in female reproductive activity
coupled with lower recruitment patterns on toxic sites indicated possible differenees in juvenile
survival. "Analysis of survival of all trapable cotton rats collected in the study do not appear (o
indicate any differcnces between toxic and reference sites (Fig. 6). However, these results
represent a very cursory examination of survival. 1tis likely that differences in survival do exist
within dicretc age-classcs. For example, diffcrential survival of juvenile (both in utcro and
neonatal mortality) or aged animals may be possible among study sites. Further analysis of the
existing data sct will aid in determinc if differential survival existed among specific age classcs
within populations.

Diversity of small mammal communitics on toxic and reference sites showed a relatively
high degree of divergence from May 1991 through February 1992 (Fig. 7). During this time,
diversity was consistently higher on toxic sites compared to references duc to the presence of a
high number of house mice on toxic sites. Jtis difficult at this time to determine the significance
of this diffcrence. Incrcascd numbcers of housc micc could represent a remnant population
previously associated with the refinery. Another more interesting possibility is that house mice
could be more resistant to contaminant exposure than their native counterparts and thus
outcompeting them for resources. Similarity indices were included as a measure of the
composition and rclative abundance of species within communitics (Fig. 8). Similarity indiccs
indicated differences in the structure of small mammal communities existed between toxic and
reference sites in summer samples; differentiation between sites was less obvious for winter
samples. <

Both population and community indices demonstrated sensitivity as ecosystem endpoint
markers of contaminant cxposurc. The primary "lesion" at the population level appeared to be
differential survival rates between toxic and reference sites, although at this time we are
uncertain exactly which component of the population was most susceptible. Differences in
density of cotton rat populations coincided nicely with the majority of immunological lesions
observed in the same populations. Altered immunc function resulting in increased susceptibihity
to infection and discase could be responsible for increcased mortality on toxic sites.

Four collections of resident cotton rats were conducted (January and September 1991,
March and Scptember 1992), resulting in a total collection of 217 cotton rats from 6 arcas (3
toxic and 3 reference sites) for physiological response profiling. Animals were returned to the
laboratory where pathological, immunological, metabolic, and cytogenetic endpoints were
measured. The results of these findings arc decribed below:

Pathologic Examinations

An important component of our in situ study was to explore the use of pathological
examinations (gross and histologic) for measuring toxic exposure in resident small mammals.
Gross pathologic examinations proved to be an integral part of our multiparamcter modcl, where
cotton rats from wild-caught populations inhabiting petrochemical-contaminated areas were
observed to possess prominent morphological alterations in dental morphology. The normal
color of their incisors is deep yellow-orange, which is imparted by a pigment produced by
ameloblasts; abnormal incisors were pale and mottled. Sixty-one of 107 animals from
contaminated sites and zero of 102 from rcference sites had grossly abnormal teeth (Fig. 9);
overall dental lesion incidence was 0% in cotton rats from all reference grids and 249, 42% and
97% in rats from contaminated grids 2, 3, and 4 respectively. Microscopic examination of the
undecalcificd normal and abnormal incisors revealed that the enamel of the abnormal tecth was
irrcgular, and lacked pigment, which was attributed to the degencrative and necrotic changes in
thc amcloblasts of abnormal incisors. We have correlated enamel lesions with fluoride toxicity.
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COTTON RAT SURVIVAL RATE
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Fig. 6. Differences in mean finite survival rates of 2!l trapable cotton rats on replicate
reference and toxic sites at an abandoned oil refinery in OkJzhoma from January 1991 to July
1992.
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Fig. 8. Similarity in spccies composition of small mammal communities on replicate
reference and toxic sites at an abandoned oil refinery in Oklahoma duning winter 1991
(January and March pooled) and summer 1991 (June, July, and August pooled). Similarity is
based on the species present and their relative proportion to each other within each
community.

Bone fluoride concentrations measured, as a result of our morphologic findings (n=22), was
1657 % 527 pg/g (mean = s.e.) bone ash {rom rats showing severe lesions from contaminated
sites compared to 192 % 23 pg/g on reference sites.

In addition to evaluation of teeth tissues, histopathologic examinations of the soft tissues
of cotton rats were conducted as well. The following tissues were examined histologically:
brain, heart, lung, liver, kidneys, pancreas, testicle, adrenal gland, Ilymph node, small intestine,
large intestine, urinary bladder, spleen, lymph node, and stomach. No lesions attributable to
environmental contaminants on toxic sitcs were observed. A variety of microscopic lesions were
obseved in cotton rats from both reference and toxic study sites. Examples include non-
suppurative interstitial nephritis, calcification of the urinary bladder (Chandra et al. 1993), and in
aged laboratory-reared cotton rats we observed altered hepatocellular foci, a prencoplastic lesion
(Paranjpe et al. 1993).

Our nitial results provide strong evidence in support of using both gross and
histologic examinations in assessing toxicity in situ with small mammalian residents.

These results arc only preliminary and further studyv will be needed to fully validate their
uscfulness.




Immunotoxicity Evaluations

Unlike other studics which used controlled dosing protocols to examinc the
immunotoxicity of known compounds in wild rodents mamtamcd in the laboratory, our results
demonstrated the uscfulness and response of immunological endpoints to contaminant cxposure
in a wild population of rodents simultancously. suhchlud toa p]clhora of cnvironmental stressors
routincly encountered under natural conditions.

As expected, a considerable amount of variation in immunc responscs were obscrved
among and within populations over time. Scveral immunc paramcters, including complement
lcvcls, phagocytic activity of macrophages, and proliferative response of lvmphocytes to the B
and T cell mitogens, PWM and 11-2, have not been sensitive indicators of contaminant exposurc
(Table 5). Additionally, no single immune response endpoint showed significant differences
between toxic and reference sites during every scasonal collection period. However, several
trends werc apparcnt from our results in this studv. The majority of the differences were
observed in the Septcmber collcctions compared to winter, possibly indicating a scasonal
dependence in response linked to other extrinsic or intrinsic stressors. Also, all indices of
leukocyte cellulanty were typically lower on toxic compared to reference sites. T lvmphocytes,
as indicatcd by mitogenic response to Con A and Con A-based subtyping, appcarcd to be the
most sensitive immune lesion. B lvmphocyies, as indicated by mitogenic response to PWM and
IgG-based subtyping, appcarcd to be relatively insensitive to contaminant cxposure.

Immun¢ organ indiccs of general condition showed significant variation between toxic
and reference sites and among collcction grids during Scplcmbcr 1991 and 1992 collection
periods (Table 6). Rclative spleen mass of cotton rats was heavier and paircd adrenals and
popliteal lymph nodes were lighter in cotton rats colletted on toxic sites in September 1991 and
September 1992. Overall, kidney mass in September 1991 and kidnev mass and liver mass in
September 1992 were not significantly (P> 0.100) differcnt between toxic and reference sites
although significant variation among the six collection grids was evident (Table 6).

A number of different lcukocvlc and cnlhrocvle indices showed significant variation
between toxic and reference sites and among toxic and reference collection grids, tvpically
reflecting the highest degree of sensitivity in Scptember collection periods (Tablc 7). Total
leukocyte, lvmphocxlc and ncutrophil counts were significantly lower in cotton rats collected
from toxic sites compared to reference sites in January 1991, Total number of splenocytes was
higher in cotton rats collected from toxic sites compared to references in September 1992,
whereas ccllularity of paired popliteal lymph nodes (total cells and cells per mg of node) was
lower on toxic sites during the same period. Lymphocyte subtyping showed Con A positive T-
lymphocytes to be swmﬁcanllv depressed in cotton rats collected from toxic sites compared to
reference sites. I‘rvlhrocwe indices showed significant variation in September 1991 and
September 1992 collections (Table 7). I‘nlhrocvle counts and packed cell volume were
significantly higher in Scptember 1991 and ervthrocvies lower in September 1992 in cotton rats
collected from toxic sites compared to references. Dcprcsscd erythrocyte levels on toxic sites in
September 1992 were accompanied by a significant increase in corpuscular volume and
hemoglobin. Platelet counts were emmﬁcam]v (P <0.040) higher in cotton rats collected from
toxic sites compared to reference sites in Scptember 1992.

In addition to the above indices, a number of different funtional measures of immunity
were also assessed. In general, prohfcrahvc capacity of splenocvtes, both innate (uncnmu]alcd)
and Con A-stimulatcd, was the most consistent discriminator of immune dvsfunction between
cotton rats from toxic and refcrence sites (Figs. 10 and 1 1) In vitro prohfcranon of
unstimulated splenocytes was significantly greater on toxic sites in Scptember 1991 and
September 1992 comparcd to reference sites (Fig. 10). T lymphocyte proliferation following
stimulation with Con A at Sug/ml culturc in January 1991 and September 1992 and 40ug/mi
culture in Scptember 1991 was significantly hl"hCl‘ for cotton rats collected from toxic sitcs
comparcd to reference sites (Fig. 11).
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Table 5. Mcan (SE) values for immunological and condition variables of cotton rats collected

from thc Oklahoma Oil Refining Co. Superfund Waste Site, Cyril, OK thal were not

significantly differcnt between reference and toxic study sites.
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replicated toxic and reference grids at the Oklahoma Oil Refining Co. Superfund Waste Site,

Table 6. Mcan (SE) rclative mass ($) of sclccted organs of cotton rats collected from
Cynl
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v valucs for bload and sclected immunc organs of adult cotton
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rats collected from replicated toxic and reference grids at the Oklahoma Oil R

Table 7. Mcan (SE) cellular
Superfund Waste Site, Cvnl, OK.
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Fig. 10. Differences in unstimulated proliferative response (mean+SE) of splenocyies (72-hr
culture) from cotton rats colleciced on replicate reference and toxic sites at an abandoned oil
refinery in Oklahoma during Scptember 1991 and 19592. Values represent absorbance of
solubilized formazan granules produced by splenocyte reduction of tetrazolium salt. Values
zbove bars represent sample size (n) and common leticrs denote no statistical difference
between gnds (P <0.10).
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Fig. 11. Differences in mitogen-induccd proliferative response (meanzSE) of splenocytes (72
hr culture) from cotton rats collected on replicate reference and toxic sites at an abandoncd oil
refinery in Oklahoma during January and Scptember 1991 and September 1992. Cells were
stimulated in vitro with cither 5 or 40 ug/ml of culturc Concanavalin A lectin. Values
represent corrected absorbances (stimulated minus unstimulated cultures) of solubilized
formazan granules produced by splenocyice reduction of tetrazolium salt. Values above bars
represent sample size (n) and common Ietters denote no statistical difference between grids (P

<0.10).
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In vivo ccll mediated immunc response, as measured by a 24-hr hypcrsensitivity response
to an intradcrmal injection of phytohemagglutinin. was significantly higher in cotton rats
collected from reference sites than toxic sites in March 1992 (Fig. 12). Mctabolic activity of
peritoneal macrophage populations showed a significant degree of variation among collection
grids in January 1991 and Scptember 1992 (Fig. 13). There appeared to be a definite seasonal
trend in the degree of immunotoxicity. Latc summer and autumn represents a stressful period
for most small mammals due to reproduction demands, high densitics, and nutritional stress.
Possible interactions between xenobiotic stressors and other seasonally dcpendant natural
stressors (e.g., reproduction) could have acted synergestically and enhanced an otherwise
essentially benign toxic effect. Similar types of interactions have been shown by other
investigators, where mice were subjected to several combinations of food, watcr, pathogens, and
immunotoxicants.
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Fig. 12. Differences in mean (3SE) hypersensitivity response as reflected by the absolute
increase (postimmunc minus preimmune thickness) in skin fold thickness (inches) 24 hr after
an intradcrmal injection of phytohemagglutinin (250 ug protein) in cotton rats. Animals were
collected from replicate reference and toxic sites at an abandoned oil refinery in March 1992,
Valucs above bars represent sample size (n) and common letters denote no statistical
difference between grids (P < 0.10).
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Fig. 13. Diffcrences in mean (zSE) metabolic acuivity of peritoncal macrophages shown as
absorbance values of cell cultures following reduction of nitroblue tetrazolium dyc to
formazan aficr 15 min incubation. Cells were recovered from cotton rats collected from
replicate reference and toxic sites at an abandoned oil refinery in Oklahoma during January
1991 and September 1992. Values above bars represent sample size (n) and common leiters
denote no statistical difference between grids (P < 0.10). -

Increased in vitro splenocyte proliferation in unstimulated and stimulated (T ccll
mitogen, Con A) cultures were the most consistent indicators of immune dvsfunction in cotton
rats collected from toxic sites. It is unclcar what mechanism is promoting the increase in
blastogencsis (or metabolic activity), especially in the unstimulated cultures, although several
possibilitics exist. Regulatory activity of the immune system may be impaired with possible
selective depletion and/or functional impairment of suppressor T cells. Lymphocytes may be
stimulated to secrete factors which promote cell proliferation. Contaminants may alter cell
surface markers, thereby rendering them antigenic in nature and ecliciting an in vivo immune
response against the transformed cells. At this point it is difficult to determine the exact
mechanism(s) which would require morc elaborate immunological assays. T suppressor cell
generation is known 1o be sensitive to mercury exposure. Also, depletion of peripheral cells can
lead to enhanced prolifcration and differentiation of the pluripotent stem cell pool as a
mechanism to replenish the depleted populations. Other studies have demonstrated the
stimulatory effccts of Icad on Tymphocyte blastogenesis, although most studies concur that lead
suppresses proliferation. It is apparant that in situ monitoring can detect a varict of immune
system lesions; the possible interactions between the numerous toxicants prescnt on the sites and
the impacts of, and intcractions with, other extrinsic and intrinsic stressors which resident
rodents are undoubtedly exposcd to may be contributing factors.

Hepatic Cytochrome P450 Induction Studies

Analysis of methoxyresorufin (MROD) and ethoxyresorufin (EROD) O-dealkylase
activity was performed on hepatic microsomes from wild caught cotton rats using mcthods
adapted in our laboratory (Novak and Qualls 1989, Elangbam ct al. 1991, Burke ct al. 1985).
Evaluation of hepatic microsomal EROD and MROD was performed on S. hispidus collected
from the Cyril Oil Refinery Site We obscerved significant induction of both EROD and MROD

activity in animals collected in situ from contaminated arcas, cspecially during late summer
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(Scptember) collections (contaminated verses reference sites P < 0.01 ). The degree of exposurc
was rcflected in the magnitude of EROD and MROD induction, which was most prominent on
contaminated grids 3 (API oil scparator pond svstcm) and 4 (o1l process waste so1l farming arca)
(Fig. 14). We hypothesize that obscrved scasonal diffcrences in detoxication cnzyme activity are
associated with greater volatilization of hydrocarbons during warmer summer periods. These
data once again support our contention that scasonal sampling is critical in rcducing uncertainty
and also increascs accuracy of risk asscssmcnts.

As part of this project, we have developed and are currently standardizing automated
assays for EROD and MROD using a Fluoroskan 11 automated multiwell plate rcader with
kinetic capabilities. It is estimated that this will increase productivity 20 fold, resulting in a
marked saving in labor. In addition there will be an estimated decrease in reagent cost of more
than 50% per assay.
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Fig. 14. Evaluations of ethoxvresorufin o-deeihvlation (EROD) by hepatic microsomes of
cotton rats collected from the Oklahoma Refining Co. Superfund Waste Site. Note elevated
EROD in Scptember collections on contaminated sites 3 and 4. For combined data of
reference vs. control P < 0.001 for summer.

Genotoxicity Evaluations

For each animal returned to the laboratory, chromosomes were extracted from bone
marrow for analysis of mitotic metaphase chromosome aberrations, spleens were disaggregated
and fixed for flow cytometric analysis of nuclcar DNA content variation, and liver biopsies and
thigh muscle biopsies were frozen in liquid nitrogen for analysis of DNA strand-breaks using
agarosc clectrophoresis and scanning densitometry.

Chromosomal abcrration analvsis is the most fully developed assay for examination of
genetic damage in wild mammal populations (McBee and Bickham, 1990). Fifty bone marrow
metaphase chromosome preparations from cach rat were examined for six classes of
chromosomal aberrations: chromatid breaks, chromosome breaks, acentric fragments, rings,
dicentric chromosomes, and translocation figurcs. Data were converted to number of abcrrant
cells per individual and number of Icsions per cell for statistical analysis.

Animals collccted during the first sampling period from the contaminated grids had
fewer aberrant cells per individual and lesions per cell than did animals collected from the
reference grids; however, the only statistically significant diffcrence between pooled
contaminated grid animals and reference site animals was in the number of acentric fragments.




For the fall 1991 trapping period. mcan number of aberrant cclls per individual was 2.33, 0.85,
and 1.50 for the three contaminated grids and 2.55, 2.55, and 2.12 for the three reference grids.
Mean numbcr of lesions per cell was 0.06, 0.02, and 0.04 from the contaminated grids and 0.07,
0.05, and 0.050 for the three reference grids.

. During the spring 1992 trapping period, more damage was observed 1n animals from
both the contaminated grids and the reference grids; however animals from the contaminated
grids had significantly more damage than animals from reference grids. Mcan number of
aberrant cclls per individual was 3.5, 3.25, and 3.70 for the contaminated grids, and 2.40, 2.11,
and 1.40 for the refcrence grids. Mcan numbcr of lesions per cell was 0.10, 0.09, and 0.11 for
the contaminated grids and 0.05, 0.05, and 0.03 for the reference grids. Lesions per cell (p =
0.026) and aberrant cells per individual (p = 0.046) were both significantly greater in animals
from contaminated grids than in animals from reference grids, largely duc to a significantly
greater (p = 0.002) number of chromosomal breaks. In a grid-by-grid analysis, grid 3
(contaminated had significant more translocation figures than grids 4 (contaminated), 5, and 6
(both reference). Grid 4 had significantly more acentric fragments and chromosome breaks than
grids 5 and 6. Grids 2 and 4 (both contaminated) had significantly morc chromatid breaks than
grids 1 and 5 (both refcrence).

For the fall 1992 trapping period, animals from contaminated grids again showed
significantly more chromosome damage than animals from reference grids. Mean number of
aberrant cclls per individual were 4.5, 3.2, and 2.3 for the contaminated grids and 1.8, 1.8, and
1.6 for the reference grids and mean number of aberrant cells per individual at contaminated
grids was significantly greater (p = 0.007) than in animals from the reference grids. Mean
numbers of lesions per cell were 0.11, 0.08, and 0.07 for contaminated grids and 0.05, 0.04, and
0.04 for reference grids. Again, animals from the contaminated grids were significantly
different (p = 0.011) from animals from the reference grids. In a grid-by-grid analysis, grid 2
(contaminated) had significantly more chromosome breaks than all other grids; grid 4
(contaminated) had significantly more chromatid breaks that grids 1, 5, and 6 (all reference).

Flow cytometry has been used to demonstrate greater variation in nuclear DNA content
and possible ancuploidy in spleen cells of wild mammals. Flow cytometric analysis included
generation of over 60 standard DNA histograms and over 300 DNA histograms from wild cotton
rats for each trapping period. Numbcr-coded samples were analyvzed using a Partec Pas-11
fluorescent flow cytometer calibrated with a commereial standard preparation of calf thymocyte
nucles. For each rat, splcen cells were macerated and fixed in cthanol before staining with
DAPIL. Data from five replicates of 20,000 spleen cclls each were collected and averaged for
cach animal. Variables derived from the averaged DNA histograms for each animal were
analyzed statistically using Mann-Whitney U.

The mean cocfficient of variation (CV) for nuclear DNA content of splcen cells from
animals sampled during the fall 1991 trapping period ranged from a low (indicating little
variability from cell to ccll and therefore few genetic lesions) of 1.69 at grids 1 and 5 to a high
of 1.83 at grid 2. Mean channcl of the G pecak, a relative measure of DNA content, was highest
at grid 6 with a value of 64.83 whi