0 E TR ey -

j oy G dy st
g\‘ {% { ;“%&EM\A

Society of Environmental Toxicology and Chemistry

NSBOUNDARY
POLLUTION

Tenth Annual
Meeting

October 28-
November 2, 1989
Royal York Hotel

Toronto, Ontario
CANADA

ABSTRACTS




“SISHL
— ‘o LV ALDIXOLINAW
“HISHA A8 STVITNI0 5%4@%% 1L WOH STLIAYS QS AHOIVIOBYT | oy gy ALDINOL
HOHLY NIE)YOVOIS . Ol P NEWNOULANE NI LREHYRIIA ¥0d
SR ONLLYBSV “XH SRIHONOS AN YIVESOO STSARISHA
SHOLIVE “TYDIDO IO NI ALIALLOY mw%,%mmmgn .Eom “TOH GHSAW
mﬁmﬁmm%ﬁﬁuew mnwwwﬁﬁé,m FHL A0 NOLIVIITVAR
OTLLAHOWHHD . TVINENRIEIXHE SAVESE HRECD .
u«ﬁnﬂﬁm mmmmmm O NG Eﬁgwm A peL nmames  SE O O 7€ om0t G9TFL
HLHELAAD “SNOLEICNOO B
~SOYHHL N NELOL TYOIDOTOIE ORTEOHLNUES WM
AONOLEVNIVRELLE]
L YNVINIAL - pINGSIod RV HA NOWTVS JOONIHD HRANIOEOVINOHL s i )
NO00 HAYT AdVD A0 EONVTHEANNS TYOIHDIN HSIA A8 A0 SNOLIYHAL DLV OIEN
NSHUSRISVASIO 3y SLONRISYEN s v NVISODVNDEN  ~TVANVSAVSSVOIT oo i oo o e QY
~IHVZVH BETHHL EVEN AEVEALSANIIOND A o 0 ALDIXQLALDY T oy roma NEO HOd CIOHLLEW SONEE N D ANV
VEOIE NI SINVIIRVL 30 750 +a :o%n 0 A1 40 SWSINVEDRI NS ML TWLDVATWNISY  SINSOTDONVDNO }
“NOD H0 ATAUNS ¥ el HALED) ..HoEmm et b BNk e H 40 NOLIY ENOIOVOIE
"M PG RIINE  LSF ‘pmmgHAD 64 — o e TS § 3 j feini: it N 00 %L
NI STV NISTH
isbdypie ONI R et mﬂﬁﬁﬁﬁﬂﬂm
AFATVRUSES  wqvmeLd TVINDTT -QEIVFRIOTHD
YL HOHHDLL Eaumm 53% 40 585 HHI NIALIDIXOL "OREVLNOG N4
XY 40 LIV 40 ATIDIXOL “NOd5HN QRLVICHN LNHAITES 9 $VA NV NEEHLIOS
“SOIOHL TR ONIHOLINOW HHILONLIVIYTVAR AINVEXO aONY ANTHH LA OL VIRV WOHA STTHAL
X 1AM BH, NI AN GNY STIDIONE NIAvSsvoilg  ESVQIXONOUDRnd  VOSTHEIRY GOdid ONIAYN STV
WNVHNVIROEd  ERO0ONLINEN TIRIVINOEVIEH ~IEXIN "BWAZ EEQEEMWV%B ‘SLSHL INBTH NI SINVAINVINGD
SESVHIHY HILIVA “BENSVEN GHEY) IV HESH “Na TYROSIX O AL Lt -THJ0 ALITEY DIOUTDONYDRO
20 LNEWSSHSSY Tk HSYERISANIIOH) HHL J0 OLIVZTILLA k! 3 PN ~IEDOV DNIDUY oA
or beadg  95E 4BBH #6 gppwqmml £ TUONSER M PP STE . pppungmmo  $TE OEOEs  L0F
1181
NVOIHINHEAYE w1o|
2004L Bl NVIAVNIGNYOS I SYN
“NOLLVAIAVANGD A00HH O, SHELIVA ; BOAOZNERIC ANV
4505 DNDIOLINOW IO AONYS EOVLINS DAY A i NIXOIT-d0ZNEHId
{penem “ONGOBAER HHL . . (HIVNDIOTHOXTOA
dodsTmHgIEd  VAONOIOMITHAVL  qoxLiXOLAUS NI YIS SEAT ANV SINVNIAYL (amemon)” SAYS
S0 50 HHE HOIVA, HHL HHE 30 HOIVITIVAR 30 STONHD “NOOOEIN }  -svom BALLAME 40 STHAR1
d NI ONTILEGHA HEd g vl -SHOD TYOIDOTION - 1500 40 NOUJHTES e 0T:EL
pesuog ‘wolmog  £L€ §redmmg  £9E ‘womEd o SSE WD B ey DE ‘mforng  HIE whlee - sed
RATITTIMA
Nt ALALIDY
ASVHELSANITORD
~CHSSERAE AN
UAIVMHSERE [ 40 STONEAD -NOHIANH SNDIVIY NI 50 NOLIVIYTVAH § NFSANOMIA
MINOUVNIAVL | -HSNOO TTVDIDO'ION 81 Ni SLNENLLILS HHLHCAHIVOSAY  -NETYIULSTHEL GNV
~NOO 40 SHOIVOIQ q -NOD (BREEMNATH TVOIBOIONXOLCOE  DLIVIIDY NI $1d GNV
sy sEDads Nl | momsnen e o TN QRIVSORLNG NV 51004 AONOLIV NN
11+ FATTTUM LIVEQ HOVET HSIMJILE V NISAVS -DYOIS HALL
“STHNGED NOSZAIDIL “SRSINVDHO A0 AMDXOL SYOIE TALIDEET DTS HOJ STIDNIY]
HATVARE NRIVMAHSTH]  /-O¥d DNILINVS MELIVA Sid 40 LIVIAT DLIVADY OL SHHNE) T GO 1500 40 NOLIDF TS Y MOKRON o
ANNONP 30 ATAUNS SJEIONIIVIIVAY  -NOOSDMAC ALDIXGL e 13 uskon 1
PEAPE gty e FISVM SAOTAVIYH NI ASA ¥IUHL DINOWED NV 3LODY I~ SINHYIALT -SSHSSY (FIALT NV ‘e B PIt - STY HWTHI SN0GIY
ONTId | 40 INAWSSHSSYTYD - SINTHRALASVEHN L TpG B TIW HHLV ANV ALLrIEVHYAVOId [1-SIVSSYOIS  ~ZVH QNV DIXOL40
“IOWNHIVMESTEL  FVS BRIV MANOOND 0 100d IR R ASVHAISENTIOND  IT-S@2d HYNVIS-0D JINIAOSLIFAIT  VALIDIXOLINTWIAES SALLORIAT-IS00  NOLIVINWAIZVOIL .
s ¥ L4 o4 sd »d €4 74 1 00°cT
Yiginioo TIVH

HSLLEE 2HgHNO YVigadiy g NOTIVS ¥ NOTVS  SHIEOLIMHEHL OEV.INO WOOYTIvVE LIEINOD



anv

SOOI INTW VOrHOS
~SSUSSVINEWETES AV ¢E£
VRRELLIAD ENFIICOHS -svolg VINFLVI AVG -SYVNLVE DL
-30 CHIVNISOTHD 0 INHVREO AT “1¢ THL A0 AARES NV TVRILSTINEL
40 EINVOLIN HHL ONLHOAANS ASVOV :Symuis HHLLOUNTSLGEVETR
OIS (INVEINTHEND SHLUALIDV §.vad DINOHHD OFES DDNOL TVLENHLOD
NOISSIOSIa NOISSOOSIA DOMHLNOSHIGNLS 40 FWOSNOSIYWOHO  -yogomy NI SEONEHAL 40 ROLIFITAI
) oowsoRQ g9 NOISSROSIC womsTAI]  ESE NOBSDSIA 20 WYED03d V s aydonsrmy AAIYRODWLT oY ONV INEWHACK 0Pt
‘moleIg  I9E woweny | 9E ‘TAVodemn grE wmr  fEF cpwoq) pvg  7zg  OOEW'PONER £IE
"HLIS ANOIIEINS "SHHMSNY oRpEsaI :
P ALY TVELNED/NETED SAONOITWVIV “SINHATEE w.ﬁfﬁoww mﬁmmwu “SONT'T
AVEID HHL H0d GHEN A¥0L DNI I A0 SBIANLS S LSHL ALIDIXOL "IN DY TTVIN N
40 SHOVLS BAPT XTHVE IV SIDVAIAT DNISSHS “IVDOHW HHE SAED WRELL ONO'E O ST "SI0 JINGWFDHHIVA  COWINEFESDINVD
DNOWY LLIALLIS -V NBDVOUAIY YD “NHLDS BHL INOLLIGH “NEHEASIA AUSANY NOLL FISTEI (INVIANTEVIR 40 HOROIIVIINDD
-NHE 30 SNOSTIVINGD NOISSIOSIC  IDOTOOH (EHIVEOHL NI ASYWHISHNIIOHD AMISTAHFD INHY  -VHLSNOWSC DNLLSHL O NOBDEHI ANy OV ANY SNOLLOVHL
fang nomoony  giE ‘womsnEQ  99F -KE XY 40 F51) wEmg ST fSE NOISSOSIa 9 40 MEIATIY ¥ ALEDIIOLINHITAY AT 0BT NI TVIDO'I00IXOL .
R Qo oe SR T wmsmmg  gbE MmO gir TPPIOBRE 6 mungtmosmpuy f7E ‘rategeH  2IE 009%
SHITHNYA
Rt GRY SI0OVIVID J—
“GOHLEN VIREITAOTS ONIsSa "SWSINVD 'S IOHIALYD "SAVSSYOIE NI SNOLEVHLNED
ISHL AROIVEOAV] SAVSSY ANOIVHOAVT “EO DLIVOOY “CRIVRIHOTHD © ALDIXOLINTNIQHES -NOD 3§ (INV #H
V40 INTW “SWRL GNVALSNINAML  NISHSVHAISENIIOND H0 SNOLIVIEOL HNFEVIN A0 SSEN.  BNSSLL NO SMNSOdXE
A0 THARC PITVNS BIVI SASHALAINOND HH ALIDIXO, LN A0 SOLISTHHIDY “SNVHL TVIFOHOIN -NOD A0 NOW, | “BAIIDAME-ISOO ANV BH-IAHLNW X¥VIEd
OO KV OL STV RIOTAN  HGHS 40 NOSTIVANOD AVHED TYOINSHDONE NOISSTIDSIA H VIYTVASAIDNYOJ, | HAOATVOLLSLIVLS O SIS HHL
AWAOAIDIXOLTE,  KOUVNDREIEaR  TIVDSUnd  ogE DI 2sE wownong  wE TN §EE AITFH GEF ) WGOYTRIwRd  grE CViReSmeps I o001
VWmpmg  Lf TSP ToRNH 298 ’
O1 #80d ¥YNV 0D
S THIAGOR ANV SIA2SAM 40
hw?'.w_h.m_m.nv “SINHER SHUSTY HHL DNLIVILL o
Ebsﬁﬂamﬁmzzaﬁ me TS QLY NIVIN “§ NI (SI51) memp VIO “SISALAALL "GOO QN WLIVA
v vy, O GESOMXE SHLLINON “DVAAONTTVALIOH NV LNTAIGHS DHETHAS00 40 AHAL WOH (YOOIHd
aVHALRANAOED 00 NVOZOIOAI0 . .m%m&mo._. o, NI HNFHO THXINAOH -IVA V HLIM SHLIS V) XEINASOEYIN
WOH SOINVD mm:%mwﬁz”mwww&cﬁ AV FELI00 BLECH0 MVE#E zo.wdﬁu%mxo 40 GEIVNINYINGD 40 VO AR oznw hw
- NVHD o . LEVZIHEILDVEVHDY WVEEE BLH00  DONINEIDRDS ALDIXOL NOLIV IR .
uﬁn%umm&% uwhmwi%wwﬁww e A H  gsE PR ISE ppegismmd WE pmymwmngy 0 ‘ago3  gre  myooTwewmyg g€ ‘qleecesg  pIE OF:sT
EpeREn)
AVAMVT MONNDN (IFSTDLINTIOV
UVHHIVE O Ciov STTTHSSV AOdOS!
DILEVOSGAHEG FAIVAHSTE BHL
A0 AIDIXGL AH SERENOS X¥vIAId
DINOHIDMNS CINY HILEVAL SINEN
UNV HLIOV BHY NO ~FHS WONd WINAVD
AVEAG HLE0O AVEIE TRLHO0 AV HE T 40 LI HEL WVIHEH HHLI0D NVHEE HELI00 HO NOLEVINIDOY
oD 9oE ‘wEeD  99€ ikt HYHEH HRAIOD soog'Eue  95E ‘wgod  szE ‘wPeD  gIE Vo TTEHTEA  60F 0Z:51
xgGoD  SHE
HVEHE FALI0D AV BRLIOD AvEEd ARH0D SVHHE HHEIOD AVHAE HRLEOD FVHYEE HHAA00
when i ugo)  e9E EVEA TAEIOD HVHRE HELEI0D ‘wEed  SEE ‘oD sIE ooy §IE WgeD  $0E
‘e IsE gy @ o0isT
SHADLDHES CIVIAL
-NI AEVIAVEEVD Y ALITVOD INAAITES
GV D) WLIVAHSTE ALVHISOHI ONVD THL OISR QENI
NI NOLIVTHVA TVISN -¥0 Afl HSL3 0 DN “WHLAT SVINEOL
FOVILONY HILA08D “NOSIOd AIVIYTVAT IV NOLIDGONS
*SOLLENES BNOWY OL IS VAHLSANTTOMD HO NV d0 SLOE
SAESNOLIV Ty HVEHE S500 HVHAE FRAI0D #O HSI1 HHYL AVIE TR0 AVENE HHHI00 -l TVINSANCHIANT AVEEE AELI0D YVHYE FAAHC0
ROIG AN WE ; ‘e 99g ‘REey SE DYEO] 'PZ  ISE ®OoD S ‘aegn) §E Wd wadsgy gy ‘oge)  §IE ‘aga)y  SeE OFFE
VidHNTOD TIVH

~ Hsiirgg oqgdno vidad1v g NOTVS YV NOTVS  SHIHOLIMYIL OIdVINO wWoodTIvd IFHONOD



367
EXTRACTION OF ORGANICS FROM GROUNDWATER

o

Robert Belardi,
Department uf Chemistry and Waterloc Centre for
Gmundwater Research, University of Waterloo, Waterloo,
ntario N2L 3G1.

Microscale solid phase extragtion procedures based on
chernically modified silica fier dramatically shorten time
and lower cost of routiné sampling and analysis for
Fsamples such as groundwater,
irface waters. This technique

, 1ective organic layers simiar to those already
for chromatographic stationary phases and

reflts indicate that the detection hmit of this rapid

g pproach to be in the ppb level.

KYg

FRESHWATER BIVALVE TOXICITY TESTING USING
AUTOMATED BIOMONITORING. Eric L. Morgan,
Tennessee Technological University, Cookeville,
TN, USA: R. €. Young, Young-Morgan & Assoc.,
Inc., Franklin, TN, USA; and Gary Rausina,
Chevron Environmental Health Center, Inc.,
Richmond, CA, USA.

Methods for mature freshwater bivalve toxi-
¢ity testing have not been developed because
these aquatic animals typically respond to
developing toxicity by closing their shells
to help avoid immediate exposure, thus
complicating the observation of when and if
mortality occurs. Automated biomonitoring
devices were developed to continuously
record discrete bioelectric events of
unrestrained freshwater mussels maintained
under a toxicity test regime. A total of
120 bivalves were evaluated under flow
through serial treatments. Each mussel was
monitored for cardiac function and time of
death. Results support the applicability of
using an automated toxicity monitor for
measuring critical bivalve physiological
functions and time of death validation.
Additional advantages include: (1)
multiple species applications; (2) direct
measure of functional stress response;

(3) 2 nondestructive alternative for
detecting sublethal or developing toxicity;
and (4) inclusion of mature bivalves in
toxicological assessment programs.

1538
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pH DETERMINATION IN DILUTE -~
GROUNDWATER SYSTEMS. CJ. Hanton
S.L. Schiff, Waterloo Centre for Gr
Research, University of Waterloo,
Omtario, Canada.

Measurement of pH with a classicalpH elecirode in
dilute groundwaters gives igaprecise values.
Systematic errors as large as 8.5 pH units can
arise from CO, degassing/ low sample ionic
strength, or sample stirring/An alternate method
for pH determination usipg carbonate equilibria is
presented in which pH is calculated from
measurements of disspived inorganic carbon, CO,
partial pressure, and $uffer capacity (alkalinity).

Groundwater samples were collected at Harp Lake
basin near Hunfsville, Ontario using an in situ
syringe samplep. This minimized sample degassing
since the samples were collected at depth, stored,
and treated in the same syringe. Results from both
field and daboratory electrodic pH measurements
are compared with calculated pH values. Different
for the determination of alkalinity,

ing fixed en dpmnt Gran, and inflection point
titrations all yield different 'values for dilute
grodndwaters depending on aluminum and dissolved
organic carbon concentrations, and the endpoint
sen. Problems with pH and. alkalinity
déterminations observed at landfill leachate
monitoring sites are also discussed.

e
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THE USE OF E, mplanata SHELLS FOR
MONITORING *°Sr CONTAMINATION.
B.P. Bourgein and R.D. Evans; Dept.
Environmental and Resource Studies, Trent
University and Jack R. Cornett; Atomic
Energy of Canada Ltd., Chalk River Lab.

in this study, we investigated the feasibility
of using the shells of the freshwater mussel,
E. complanata, to record *°Sr
contamination. Live mussels collected from
Perch Lake near the Chalk River nuclear
research facility were maintained under
natural conditions in a holding system at
Trent University. After eight months, the
three structural shell components
(periostracum, prismatic layer and nacreous
layer) and the soft tissues of the mussels
were analyzed for stable Sr and °°Sr, These
levels were compared to those measured in
specimens frozen upon collection. The
limitations of using mussel shells in
transplants experiments are discussed.
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ACUTE TOXICITY OF BEVERAL METALS  jj»”
BND ORGANIC COMPOUNDE TO THE

FRESHWATER WMUSSEL ANODONTA
., h.BE. Keller and T.L.

IMBECILIE

Crisman, Department of
Environmental Enginesring Sciences,
University of Florida, Galnesville,
FL.

Two different toxicity test
protocols were used to determine
the acute toxiclty of Cu, Cd, 8DB,
BCP, acetone, methanol, Lindane and
Hydzothol to the freshwater mussel
hnodonta . Protocol 1:
Juvenile mussels were exposed to
toxicants 1-3 days after )
transtormation and survival was
monitored for 48-h. Protocol 23
Juvenile mussels were exposed to
sedinents spiked with toxaphene,
chlozdane, Cu or {d for 96-h in
chanbers that aleo contained
Ceriodaphnia dubla. Relative to
Ceriodpahnia sp. and Plmephales

propelas, mussels vere lass
sensttivé to Lindane, Hydrothol,

acetone, methanol, toxaphene and
chloxdane, and sbout as sensitive
to Cu, ¢4, pPCP and g£D8. Both
technigues are useful in
determining the impact of various
types of pollutants on early life
stages of these unionid mussels.

\k’.
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ENVIRONMENTAL AND BIOLOGICAL FACTORS AFFECTING
THE BICACCUMULATION OF METALS BY TFRESHWATER
MOLLUSCS. André Tessier and Peter G.C. Campbell,
INRS-Eau, Université du Québec, C.P. 7500,
Sainte-Foy, Québec, Canada G1V 4C7 .

Trace metals of anthropogenic origin tend to
accumulate in aguatic sediments, where they pose
a potential danger to benthic organisms and to
their predators. The overall objective of the
present project is to develop a predictive model
for metal biocaccumulation (Cd, €u, Pb, Zn) in
filter-feeding molluscs on the basis of geo-
chemical data. The key hypothesis to be verified
is that accumulation from (interstitial) water
constitutes the major vector for metal bio-
accumulation and that the free-metal ion
activity ([M%**]) constitutes the best predictor
of metal bicavailability. Given the difficulties
inherent in determining [M2+} in the
interstitial water, the expression {§ -OM} -
[H*]* 7 {s_-0H} is proposed as a surrogate
parameter. rl'I'he experimental approach involves
field studies at lacustrine sites located along
spatial geochemical gradients {(pH, [M]).
Measured variables include metal body burdens in
indigenous clams {Elliptio complanata; Anodonta

grandis), ambient pH, metals in adsorptive
equilibrium with the sediment constituents

{8,~0M}, together with the concentraticns of the
solid phase(s), {Sn-OH}, responsible for binding
the metal in these forms.

154
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INCORPORATING BIVALVE TESTING FOR A FIELD
DERIVED SITE SPECIFIC CRITERION, J. L. Farris, J.
H. Van Hassel and D. S. Cherry, Dept. of Biology,
Virginia Tech, Blacksburg, VA.

As a result of speclal toxics monitoring conditions
reguired by the State of Virginia, Appaiachian Power
Company has been required to conduct efiluent
toxicity  aevaluations involving annual  benthic
macroinvertebrate surveys, chronic bicassays and
evaluation of plant discharge effects on downstream
mussel populations in the Clinch River. Benthic
surveys (1985-1989) have consistentiy shown effects
attributed to Clinch River Plant effluents are confined
to a well-defined mixing zone with no effects noted 0.6
km downstream. However, mollusc instream
monitoring has shown effects to occur as far
downstream as 5-10 km. Results of 30 day exposures
to metals {copper and zinc) and plant effluents in
artificial streams indicate that bivalves incorporate a
number of changes to react to toxicants. These
organism adjustments, in turn, are specific in their
affect upon metal uptake, growth, and reproduction.
Significant changes in growth, celiviolytic activity and
metal uptake in Corbicula fluminea and Lasmigona
costata are compared with sensitlvity of beathic
monitoring and laboratory derived chronic estimates,
The importance of refinement upon a field derived site
specific criterion related to molluscan effects is
discussed.

;7 X

THE TOXICITY OF METALS TO AN
OPERCULATE SNAIL: DEVELOPMENT OF A
LABORATORY TEST METHOD. J.A. Burris, CE.
Environmental, Inc., Tallahassee, FL; A.J. Stewart,
Oak Ridge National Laboratory, Oak Ridge, TN.

In earlier studies, we showed that the freshwater
snail Elimia clavaeformis was useful for in situ tests
of streams: They can be marked, released, and
recaptured easily, and their movements upstream or
downstream over 24-h to 7-d periods provide useful
information about water quality. We developed a 7-
d laboratory test method for Elimia, and compared
the results of this test to results of tests with fathead
minnow larvae and Ceriodaphnia to determine the
relative sensitivities of the 3 species to Ni, Zn, Cu,
As, and U. The fraction of snails that were active
(80-95% in controls) was easily determined, and was
useful as an endpoint in measuring the reported
immobilization of snails by metals. Turnover time
(the time it takes for a snail to right itself when
placed upon its back) was too variable to be a
useful endpoint: It ranged from <20 s to >5 min in
controls. The snails and the fish proved to be about
equally sensitive to the metals, but were not nearly
as sensitive as Ceriodaphnia. Ni NOECs for the
snails, fish and Ceriodaphnia, for example, were >0.3
mg/L, >0.3 mg/L, and <30 ug/l, respectively; As
NOECs were >7.5 mg/L, >7.5 mg/L, and 1.0 mg/L.
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RISONS OF SENSITIVITY AMONG EARLY ¥
GES OF FRESHWATER MUSSELS EXPOSED

PER. Peter J.Jacobson,d..Farris,D.S.Cherry,

of Biology and R.J.Neves, Fisheries and

, Virginia Tech, Blacksburg,VA. 24061,

early lifestages of bradytictic freshwater
s, occurring in southwestern Virginia, were
_for response to copper (0-400 ng Cu/L} in
o compare sensitivity. Static exposures of
ja, from encystment through metamorphosis
rgemouth bass, Micropterus salmoides, were
od with static, short-term (24-48 hrs) tests
ing isolated glochidia and juvenile mussels. For
sted glochidia, no impairment of
amorphosis, as measured by juvenite recovery,
hoted at concentrations up to 400 pg Cu/L. Tests
splated glochidia yielded LC50 values in the range
80- 100 pg Cu/t. compared with 100% mortality at
ig Cu/L for isolated juveniles of all species tested
ter hardness 150-190 mg/L CaC0:). The most
ansitive of the stages was the juvenile mussel, the
st resistant,the encysted glochidia. Given the
sence of newly excysted juveniles in summer,
uring periods of high water temperature and low
ow. riverine conditions, copper pollution of 50 ug
/L or fess will impair population recruitment.

380

?IOLOGICAL MARKERS OF HUMAN EXPOSURE. Charles H.
Nauman and Jerry N. Blancato, Environmental
Moultoring Systems Laboratory, U. 8. Environ-
mental Protection Agency, Las Vegas, NV 89193.

Biological markers of exposure provide useful
monitoring data for the estimation of exposure
to human rTeceptors. These markers include body
burden (tissue, fluid, or breath concentrations
of xenobiotics or their metabolites), adducts

to molecular constituents (e.g., DNA or protein
adducts), engzyme induction or imhibition (e.g.,
cytochrome P453C induction; red blood cell
cholinesterase inhibition), and others. When
detected in the body these markers provide
definitive evidence that exposure has occurred,
and serve to integrate dose resulting from
continuous or intermittent exposure, through all
pathways to the receptor, and through all routes
of exposure (inhalation, ingestion, and dermal
contact). The objectives of the exposure
biomarkers research program that will be
presented include the development and appli-
cation of well-characterized amd validated
biomarkers of exposure, as well as the develop-
ment of protocols for their detection and
quantitation. Pharmacokinetic modeling of bio-
marker data to estimate effective dose or to
backealculate exposure constitutes a critical
tool for more accurately estimating target
tissue dose or initial exposure, thus effective-
1y reducing uncertainty in exposure assessments
that include biomarker data.

379

ACUTE TOXICITY, CHRONIC [MPAIRMENT AND
RECOVERY OF THE SNAIL, LEPTOX/S PRAEROSA
FROM COPPER-DOMINATED EFFLUENT EXPOSURES.
D. K. Reed, J. L. Farris, D. $. Cherry and J. Cairns, Jr.,
Virginia Tech, Blacksburg, VA 24061,

The influence of a power plant effluent and
associated copper (Cu) upon Leptoxis praerosa {Say),
in the Clinch River, Virginia, was examinad by
delineation of impact zones. Zones wefe identified
where in-river effluent concentratrations produced
acute and long-term effects as verified in laboratory
and artificial stream exposure studies. No snail
mortality occurred during 96-hr stalic exposure to
whole effluent with 105 ug Cu/L. However, effluent
containing 148 ug Cu/L produced a 96-hr flow-through
LCS0 value of 95%. Chronic impairment, measured by
cellulolytic enzyme activity impairment, was significant
{P < 0.06) for snails exposed to 40% effluent (5242 ug
Cu/L) for 20 days or 10% effluent (20+3 ug Cu/L) for
30 days.

Syitability of habitat within zones of effluent impact
was evaluated. Measured parameters affecting
distribution patterns were location, depth, percent
periphyton cover, chiorophyll a, pheophytin 3, silt, pH
and alkalinity. Areas of measurable impact were
detineated from areas of naturally occurring unsuitable
habitat by in-river sampling of periphyton and snails as
well as caged experiments that restricted snail
movement.

in-river avoidance of Cu-laden periphyton by
Leptoxis along with implicated associations between
periphyton Cu concentration and cellulolytic enzyme
activity, suggest that snail populations can detect
food-quality degradation from effluent impact.
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APPLICATIONS COF GAS CHROMATOGRAPHY /MASS SPECTRG~
METRY TG BIOMONITORING OF EXPOSURE TO CHEMICALS.
e Wazneh, L. Latriano and A.M, Jdeffrey.
Nivision of Environmental Sciences, Columbla
University New York, NY 10032.

DHA is the most appropriate molecule in
which to study the effects of exposure to geno—
toxiec oarcinogens. Bowever, for many of the
compounds of interest, methods with adequate
sensitivity are not available for human monpito-
ring. A surrogate for DNA damage has been hemo-
globin, which is available in larger guantities
and is wore easily purified. Applications of
zas chromatography/mass spectrometry {(go/ms) in
the negative ion mode, with single ion wmonito-
ring (neci/sim) in several instances provides
both the sensitivity and selectivity required.
Analysis of N-terminal valine residue alkylation
in hemoglobin using a modification of the wet-
hods developed by Torngvist et al. [Anal., Bio—
chem. 154, 255, (1986)] by ethylene, propylene,
butadiene and styrene oxides has been applied to
animal and human cohortbs. Two of the problems
with this approach, the relative involatility of
the pentafluorphenylthiohydantoins derivatives
formed and the preparation of a suitable inter—
nal standard, will be discussed and some partial
solutions presented. Supported by NIEHS grant
SPGIESO3881

S



