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ABSTRACT

The bioaccumulation of mirex by *wo spacies of amphipod

vas examined in terms of uptake and clearance rates and anpa-

lyzed mathematically in/ordar to construct a‘simple model.

/

The survival of Hyalella gztaca was found to be reduced
relative to that of Crangomyx pseudogracilis during exposure

to mirex in wvater for a 13-day period. This phenoaenon was

-~

correlated to greater bioaccumulation of mirex by H. azteca

than by C. psgpuydogracilis, althkough this may not bs the an-

tire explanation. H. azteca was found to exhibit two-com-

partmeﬁ£ kinotics, while C. tgggggggggggigg vas descfibad by
single-compartuent kinetics. The bicaccumulation differenc~
4s betwean the twd species were the result of both uptake
and clearaﬁce differences; uptake into a "fast" compartment

of H., azteca; grzater uptaks into the slow compartm2at of

g iy v e

gracilis (4500 vs. 2600/day) ; and greater clearancs from
!

‘the single C. pssudogracilis compartment relative to tha

(0.10 vs, 0,0€sday). The fast

— . T oy

H. . azteca coﬁpartment vas relatively insignificant from a
bioaccumulation standpoint, as determined from predictiva
equations desscribing uptake from water. The disparity in

net uptake between the *wo spacies held over a rangs of con-

T
&
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cehtrationg; from 0.1-20.0 ng/ml. This dispafity also held
over é wide range of body sizes. _ Thé ;ol%tlonship of body
siie id net uétaka”for both species was 'ﬁescr;bed by powar
functions with exponents of 0.82 and 0.91 for H. azteca and
C. Egggggggggiégg‘respectivel?, and indicated a metabolic
rate factor was involved, Het uptake was found to be pro-
portional to'temperature; fhis was due . to the proportioual;

ity of bhoth wuptake~ and cl2arance-rates to temperatursa,

which also indicates the involvement of a metabolic 'rate

factor,

Bioéccunulation of mirex from' foad was uni-cdhpartlen-
tal for both spéciss, ~Fe2ding ratss were the same for both
specias, as w2re assimilation efficiencies, which averadad
20%. Clearance Of.ianStEd mir2x was similar for both spec-

ies and was of a magnitude similar to clearance of C. . pse

l.I.-

dogracilis and the He azteca slow'compartment aftar uptake
from watsr. This similarity may only be coinciden:al, . as
clearance rate appearred to bs p;opértional to mirex concan-
tration in food. |

Mod2l predictions indicate that both spacies will re-

ceive substantial amounts of mirex through both food and wa-

ter vectors. Du2z to the greater importance cf the water
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RESUME

La bioaccumulation du mirex par deux . espeéces d'amphi-
. . ‘ . . *

podes fut examin@e.La survie da Hyalella azteca fut réduita

R

an comparaison de Cranyonyx pseudogracilis durant des.expé-

riences de mortalité de 13 jours. Ca ph€noméne est relid a

—

ﬁents, capandant, Z. pseudogracilis est décrite par un s=ul
compértim?nt. La differancse de bicaccumulation entre les
deux eSpéces, ast le resultat des diff<srences dtabsorption
2t d'éliminafion; 1'absorption.pa: un compartiment "rapide"
de H. agzteca; l'absorption supArieure par le compartimant
"lent" de H. azisca en cogparaison avec l= compartiment uni-
que de C. pseudogracilis; 2% 1'¢élimination supéqieure par
le compartiment unique. de C. ©pscudogracilis en comparaison
avec le compértiment "lent" de H.  azteca. La contribution
du conpattiment rapid: d2 H. azteca, #st relativamgnt nin-
eure pour'la_bioa::umulation, comm? lg témoignent-las §qua-
tions qui dscrivent la bioaccumulation du mirex de l'eau.
la difference de bioaccuquiation entre les deux espdces,

demecure constante a des concentrations s'etendant de 0,1-20

ng/ml. Cette difference drmeure également constante pourx
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tous les poids examines, La relation des poids par rapport

‘a la bibaccumulation pou;.les‘deux espEces,‘ est ddcrite par
_dcsxgquatiOns a axposaants, et sugégre l'ilplication‘dﬁ taux
m;tabolique_dans l'abSorpticn du ﬁirexj. La Eioaccumﬁiation
ast pﬁpportionalla ; la températute. Celle-ci est la consa-
'quence de ia proportionaiité anfrg les taux d'absorption ét
d'gliminatién, ce qui confirme la relatiqn éptre le taﬁx na-

tabolique et la bkisaccunulation.

.

La bioaccumulation du mirex d2 la nourri*urse ast da3-

~crite; par un cohpartiment unique pour les deux eéﬁéces.- La2s
taux H'iqqestion de nourriture sont les n@mes pour les deux
.espgces. L'éfficaéite d'assimilation est auss! le @éme pour
lgs'deug, et s'échelonne de 10-30%..dees taux d'eliminatisn

v ‘ . \ X N
sont comparables pour les d2ux- especes. Ils sont compara-

bles au taux\d‘él%mination de 1'unique compartiment de (.

gseudogfadili§ aprEs leur exposition au mirex -dans l'sau.
Cette similarité peut 2tre l'effet d'une coincidence pu-
isqu'il existe une corrélation entre le taux d'élimination,
et la concantration du mirex dans la nourriture.

Lla cinétiQue de la bicaccumulation du mirex.fut utili-
see four dévelopéar un mod3le. Ce ﬁodﬁle prédit- que les
deux:espéces accumulent des quantités considérable de miref
a partir da l'eau et de la nourriture. - H, azteca accumulsr-
ait une quantité supérieu:e 4 celui de Ag,.Jgrg.dgggacilis

parce que l'accumulation a partir de l'eau est plus impor-

~ .
tante pour caette espece.
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section I

INTRODUCTION

ihe advent of the mod:rn industrial society has brought
u;th it, an ihcraasing*usn off and dependance on, chemicals.
Eithergas.a direct éonésquenée cf'ihéir emplofment, or via
secondary means, tha2se chemicals find'their way into thea bi-'
osphere, which in cecnsequenca, has becone ektansivaly pol-
luted with a uid& varieﬁy of zenobiotics, The assessement
gf thesn chemicals as-environmekﬁal hazards has traditional-
ly involved nedsurement of their short-term toxic affacts,
the most widely ussd test being the LC50.

‘The last decads has brought an awarensss that some zen-
obiotics have certain subtlé,affects ghich cannot be evalu-
ated by the standarg?ééﬁkepts of lethality.. The most note-
worthy 'cases inéluda.-DDf, PCB's, and mercury, which
manifested their sffects only after <he achievement of very
high doses, Thers is an urgént need to und=rstand the rela-
ticnship bgtwean zxposure lsvels, i.e. the level of contami-
ﬁation of ihe anvironment, and the dose attained by an or-
ganism, J ;

In assessing the long-tarm, dose relatad hazard éxpari-

enced by an animal, the processes involved in bioaccumula-

tion na2ed to be examined. Thisg involves quantification of



2.

thé absopption 6f3a a pollutani by an organism frdh'it'é an~’

4

vironment, via direct exchangé'with vater, and by assinila-
tion from the fool source, | Thisl istest studied usipé a
.bicmathpmatical &pproach. a'mgthod ‘which has recehily ba=n
adopted'by‘ snveral auvthors (TFudel-1980, Harding'et al.
1981, . Thomann 1981). This apprdéch not onif @Frmits pra-
diction pf the.bioaccqmulation hazardl for an organism, - but
also allows determination of the . relatiwva importance of the

. food and watar vectors in total Qioaccumulation. a subjsct

5 .
-

of considerablz controversy over the last decadc,

Mirex, perchloropentacyclo‘[5.3.0;02:0.03:5.0‘:3.] g3~
cane, is an.organochlorina pssticida which became an 2nvi-
ronmental ccntaminant through itts ‘ﬁse in combattin§ infés-
tations of plantation pests, <spacially the imported fire
ant §gigggg§;§ richteri, in the American south-east, In th2
Canadian context, mirex has been found to eitensively pol-
lute the Lake.Qnta;io ecosystem, apparently as a consequancs
of it's manufactur2 at several loca+ions omn the lake's south
shore. The literature -on mirex is extensivcl§ coqerad‘in
ﬁirex in Canada (1977), and several other reviéus (Alleay
1973, wWaters 1976).

. Many fears were raised that mirsx would follow thz pat-
tern of DDT and th: other abovez-mentioned compounﬁs. This
was due to in part, %o it's grsat psrsistence under.all =n-
vironmental coanditiorns, Two other properties of mirzx also

indicate a compound with great potential for accumulation to

.

[\
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high 1évels; low tokiéity.(wére, 19%5); alloﬁinq ﬁhe attain-
ment 6f “high t#ssué concantrations without toxic éffects;
and low uater_solubility (Alley; 1@73),' leéding ﬁo a snfonq\
';ﬁndency for absorption into tissues. |

~ Tha Iimited information regard%ng'néfurél axposurg lev-
2ls of mirex can b2 summarized as follows. Levels in fresh-
water hﬁve remainad in the range 1-18 pg/ml for a* laas: ous
year after the. abplication of the pasticide (Markin et al.
1974, Spence and Markin EQ%Q). Sediment levels in water
bodies near application éites, and "in Lake Gntario,.‘range

from 1-40 ng/q (Markin et al. 1974, Mirex-in Canada 1977).
This study involves two species.of fteshwafer:aﬁphipod,

Hyalalla azteca, and Crangonyx psaudogracilis. Amphipods

arg ccmmon inhabitants of virtuélly all bodies of wat=zr, and
form a vital part of many aqﬂatic ecosystems, especially in
shallow waters., They constitute part of the diet for a wids
variety of fishes, and oftenA{;e the main fodd iten (Coopar
1965, Scott and Crossman 1973) .

H. aztsca is a common amphipod of continental Nérth
America,. inhabiting all perménent' fresh watars below the
trae liné (Bousfield,'1958). Though lass‘common han H. az-
teca, C. pseudogracilis also inhabits a wide range of lakas
and rivers in North America, as well as being an introducad
species of Furope. |

Tk= aim of the present work, as stat2d abovs, 1is to

study and ccmpare the accumulation of mirex by the amphipods



"
Hyalella azteca and Cramgonyx pseudogracilis. To.this and,

" +tha foliowing,sthdias‘uerg‘undertqken:

- {a) quantification of mirex uptakes rates froulcontami-

nated water and it's subsequent clearance. -
{b) quantification of mirex uptake rates from contami-
natad food and it's subsegquent clearance

(c) an examination df the a2ffects of body size on bio-

accumulation, as well as a determination of the effects of

— i

The data from thess studies was formulated into a bioaccumu-=
lation model which allows the comparison of tha two species,
and permits prediction of tissue levels of mirex in each

specles, under specified conditions,

“
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MATERIALS AND BMETHODS

2.1 GENESAL PROCEDUBES
2.1.1 Maintenance gﬁ E.zagzii_'&n_.tgl Animals
'.Ikll amphipods cf both spacies were coliected from Ket-

tle Island Bay, Kettle Island, in +the Ottawa Fiver below Ot-
tawd; bntario, Canada, during the summers and autumns of
1979/80. |

Coll=ction was condﬁcted by swﬁéping a 20X40 cm dip nat
(2 am m2sh) ~through b=ds of the submerged aquatic plants,
Ceratcphyllum, spp. ard, “yriophyllum SPP-. They were thzn
placed in 15 liter containsrs of river water, and transport-
d +o tLe lab, whers they vwera placed undar tha same taﬁpar-
ature conditions as those #xisting in +he collection area.

Amphipods were initially maintainsd in 10 liters of 0Ot-
tawa Fiver water, but werse gradually acclimatized to dschlo-
rinated tap water by e xchanging 10% of the river water for
cap water daily until river wvater represantedliess tﬁan 20%
of the *otal, wharaupon thay weroe +ransferred to 100% da-
chlorinated tap water. Tﬁey were held for a minimum of 2
warks under these conditions before cxperimentation.

Holding conditons consisted of 15 1liter .plexiglass

tanks containipg 10 liters of water. To this was added sand



Table 1. Characteristics’ of the water used for the study .

Constituent c " Concentration |
: (mg/liter)

orthophosphate - 0.52

- metaphosphate 0.04
total phosphate 0.56
silica 6.50
Fe 0.10
N-NO, 8.00
NO2 ‘ N 36.20 -
0, . 10-11.00
hardness . 41-48.00
pH 7.2-7.4
alkalinity 18-20.00

a) Determinations made according to standard metheds as
~described by Lind (1974)
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énd plants from tha site df‘collection;‘ Fo&d,  in the fbrml
of'the:ﬁiga, §g§gg§§§gg§ gggéglggggg, was Added pafiodical-
iy. A light regime of 12:12 hour light:dark gnd‘é temnpara-
ture of 2U°C‘was‘maintained for héth-holding andsexpetimen-‘
*al conditiohs, eicapt for specific experiments assaying tho
affect of temperature con ;inetic parameters. Thé two spac-

iss wera maintained separately, as it was observed that c.

psgudogracilis exerted a negative effact on H. azieca sur-

2.1,2 Lebﬁilgg Qgszggéﬂ

Uniformly labelled !*C-mirex, with a.spccific activity,
of 11.6 mCi/mM and radiochemical purity of 98%, was obtained
from California Bionuclear Coréoration_ {7654 San. Farnando
"oad, Sun Valley, California 91325) in crystalline form, and
immeadiately dissolved in acstone, Padiolabelled mirax was
uscd without a carrier of non-labellad mirex in ali cxpari-

ments.

2.1.3 Residue Rnalysis “
foutinz analyses wers performed on a PReckman LS-3133
liqhid scintillation counter. To follow aqueous mirex ccn-

centrations during uptake and clearance experiments, 5 or 10

ml of water was placad in a 20ml glass scintillation vial



‘éi
. wi{h an equal vqune. of Aéqasol-z (New  Fngland Nucléa:‘
Eoré.), shaken to form a_gai, and:countqd. " Levals of
{4c-miréx iﬁ alggaé\used in‘feeQihqlekperiMents were dater-
‘minad by addiﬂg 0.§>l'aliquo£s of the aidaé tce 10ml Aqua-
sol-2, shakinq; -and counﬁing. Amphipods were lyophilized
Land individual dry-weigyhts da2termined on a Mattler, Micro
Gram=atic baianca (iS ug) . Individuals, $¥ groups of indi-
Qidualé, were placed in scintillation vials aleng with 200
microliters of distilled water, and 1ml of Beckman Tissu=
Solnbilizer (BT5~=450). Vials ware theﬁ placad in an oven at
550C for five hours to allow solubilization. »fter qdoliuq,
10ml of Tconofluor ( New England Nuclear Corp.) yefe add=z4d.
to the vials, along with 100 ul, 99% acatic acid to‘estaﬁ-
l1ish nmeutral pH. These weaerz dark adapted overnight, and
subsequently countad. 7‘- : p

Liquid scintillaticn éounﬁing was cross-checked, and
*he prescence or absence of m3tabolites datzrmined cn a Hew-
lett-Packard 5700 gas chromatogragh. A six-foot glass cdl—
umn, 2mm‘iﬁsid3 diameter, packed with 3% OV-301, B0-100
mesh, was used. Tonjection port tEmpnrdtu:e was 2600C, col-.
umn temperature 2400C, and detactor temperature 2800C, Gas
(°5% Argon, 5% Methane) flow wvas S50ml/min. Pe+actio£ limit
was 3X10-12 g, A simple.procedure was followad for the ex-
traction of mirex and any metabolites from amphipods. Am-
phipods were placed in 15m1 glass, graduat2d centrifugs

tubes. one mnl glass distilled dichloromethane was add ad,
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énd the amphipod crushed wifhla glass rod., The tuba dgé
plac2d on a vortex mixer-for 1 minute, ths tissue ailqnad to
set£19,~the‘dithofpmethaﬁe dravn off with a pasteur pipett,
and the process repeated twice mor;. The dichloromenthAhe.
vas evanorated in a uatet bath at Sdoc under a stream of ni-
trogen. Mirex and métabolitgs were than taken up in 0,5ml
pqsticide_gradé hexane and a small voiume (1-7ul) injaéted.
Txtraction efficiency was 9u4%, Pesidue peaks were comﬁared
*o standards obtained from Pr. D.R, Peakdll of thke Canadian
.wildlife Service, Hull, Quebsc.

No formation _of mirex metabolites, spééifically th=2
2,8-dihydro and 8-monohydro darivativés, was obsarved in any
of the experimeuts ii which samples were analyzed by GC.
fadiotracer technigue was thus thouqht to be sufficient for -
the dataction of total mirax, and was the scle mathod uti-
~lized in the balanée of the experiments.

e

~2.1.4 Preparation of Food Stock

10

The green alga to be usad in all f2sdirg experiments,

Scenedesmus guadricgggg, was obtained from Carclina Biologi-

cal Co., and cultured on media number 11 of Hughes 2t al.
(1958) . For feeding in uncontaminated form, algal cultur=
" was filtered through Sum pore size milliporé. filters, and
tke resultant algal mass sub-divid=@ and add2d to 2xparcimen-

tal containars.



2.1.5 . Breparatjon of L:E:!l.i;g: Contaminated Water
bnh-liter of dachlorinated tap-water, and an appropri-

a*e volume of l*C-mlrex stock scolution wer= nixed vigorously

in 150X75 mm crystallization dlShG? to obtain a dssxrad con=-

contration. This was allowed to sit for thrse hours prior

+o an experiment, to allow aquilibration between the watar

and the glass surface of the container. Mirax levels wers

datcrminad by remaving S ml aliquots at the beqinninq aqd

snd of avery 24 hour pariod and measurinq thair 15C levals.

e R T T e M L . . S Wy S ——

2.7.6 g;gg t;ﬁg of ! l‘c-lirex Contaminated Food

| Algal cultures were innoculated to a ;evel of approxi-
mately 200,000 cells/ml. After 5 days, when ce=ll dansity
kad r=achad about 800,000‘cells/ml, 200ml of the cultur?
vare centrifuged, and the algae transferred to a 17ml cappad
vial along with an appropriate amouvnt of 14C-mirex. Tkis
was placed on a rotary mixer for 2 Pours after which it was
centrifuged at 3000 rpm for 2 - minutes to pellst the alga=.
The‘supernatant, along with any unabsotbed‘mirex, was poured
off, and the algae resuspendad in 15ml dechlorinatad tap-wa-
ter, to remove ldosely bound mirex. This was rap?atad 5
+imes or until thé aﬁoﬁnt of mirex in the supernatant was
jass +han 2% of the original dose. Contents of the tube
were thzan paséad through a millipore filt=r (5um pore) to

sorm a cake of 14C-mirex labellad algae.
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2.1.7 - pata Hapdling

Ic the ‘analyéis of'ﬁiréx uptake‘from vater by amphi-
pods, thg term "transfer gdeffibient".is used. This is da-
" €ined her% as the Smount of water (g or ml) . clearéd‘of it's
mifexlcdntent,‘by Joue gram (drf weight) of amphipods, in ona

hour., Thus, it is a net rate of uptake, normalized for con-

.c2ntration of mirex in the exposure media, tL2 units b2ing

-

hour-l .

T = ug mirex/q body wt - - 1)
¢ (ug mirex/ml water){time in hours)

During'the courﬁg of uptaks from water, body burden incregs-
2s in a non-linear fashion, As the body burden increases,
clearance increases until the point is reachad at which up-
‘taka equals clearanca, the condition tarmed steady-stats.
- The langth of time required .to reach steady-state is da2pen-

dant on the chamical used, and in mest cases is impractical-

ly long from an experimental point of viaw. lpon transfer=- .

ral to uncontaminated water, uptake cgases, bu% clearance
con*inues at the saﬁe raté as during exposure,

An efponential ma>del, Euzic (1972), Moriarty k1975|,
was utilized iu cdmpartmental analysis of the data obﬁaiuad
in this study. The general form of the 2quaticn fﬁr accumu-

lation from water is

ay _ . o
R e koW - KyoY (2)

Where k;, and k,,are rate constants of uptake and clegarance

r=aspectively, W is mirex concentration in exposure mediunm,

g
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and’Y is mirex body burden, Hhen 1ntegra+ed eqhation 2 be-
comes the bioaccumulation nguation
) , {3)

Steady-sfate.body burdan {where-uptake is equalled by clear-

.ance) is achioved as time increases and the bracketed term

[

approximates 1; The time to reach steady- state is calcu-
lg:ad by set*ting the péranphetic tErm aqﬁal to a numbar
close to 1 (.95) and solving for t. |

For clearanca, where H‘eﬁualé zero, the solution to
aquation 2 deséhibas the single compaftment clearance func-
*ion,

Y =y o Kot

e = Yoo | (4)

wherso Y is the body burdem at the end o Xpo Thes 2
ﬁquatlons apply to situations 1nvolv1ng a'single compartmen*
'of pollutant, a compartmgnt being definaed as a pool of pol~-
lutant having uniform kinetics (i.e. having a single frac-
+ional clasarance ;rata)..- For situations best describad Hy
two compartments, €quations are determined éeparately for
rack compartmant, <ths sum.of the two dascribing total accu-
mulation.' In the apparent two-conmpartment situation, clear-
ance data was inspected to ensure *hat mirex loss after 24
héurs postexposure involved only a single ccnpartment. Ths
- bast-fitting single exponential curve was then daterminad
for the data beyond 204 hours postexposura by the mesthod oﬁ

l2ast squares, using the aquation

&

12,
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‘-‘lnBt=1n-B(l),'-kt L - (8)

where Btlis thé mirex content of the éldu-cléari;g compart-
: ment in ug mirai}g ambhipod at time t (days), Bbis the mirax
con*ent of thelslow‘compariment' athne minute_postexposupe,
and k is the fractional clearance rate in daf—l. -

To deterﬁiue the clearanée‘equatibn for the fast com-
par<ment, the mirsx contant of this compartment at time *
posta2xposure, Ap, was estiﬁatéd by subtrécting'ﬁhe.astimatad

mirex content of the slow compartment, B ,from the obsarved

+otal body burden of the amphipod! Yt.

A= Yy - By : G
Tre m2thod of least squares vas tten used to determine a
cleérance equation for the fast-cléaring.compartmcnt.

Uptake during.-exposure to contaminated food is a rapid,
linear phenomenon (as long as feeding time is less than the
time neaded for food to pass through thé gut), ~depandant on
thé feeding rate of the organism., ' When removed from th=
centaminated food source, and given uncomtaminated foo&,
body burden will rapidly decline, corresponding to the eges-
tion of food containing unassimilated mirex. Thﬁt‘mirex a;-
similated froﬁ the gut; will be clearzd at a rate bropor—

tional to body burden. This: rate is the slope of th»2

clearance curves



2.2 SPECIFIC PROCEDURES . o

2.2.1° Mo gg;igx ex iments

- Ninety amphipods of each species sere removed from cul-.

\tﬁré iquéria and 'placéd in-1 liter dachlorinated tap-water
under noh-feeding conditions for 24 hours prior to commence=
ment‘of ad experiment, to alloi‘ﬁoidance of the gut. One-
liter solutions of 14C-mirex in dechlorinated tap-water wers
made up and allowed to stand for 3 hours prior to.beginning
an experiment. ‘ Concentratipnsfwere at ten-fold intarvals
ranQing from 0,01-100.0 ng/ml, plus tvwo controls (one with
acetone, Ohe withoutt,_ Fifteen éﬁimals'of éach.species were
plac2ad in separate containers at each concantration and ob-
servations made coﬁtinuously for thé'first‘Z héursﬁ and than
at 4, 8, and 24 hours, and daily therzafter until signifi-
cant mortality was observed in af 1ea$t on% concesntration.

Solutions were replaced and dead animals removed evary 24

hours, 14Cc-levels were petermined*ét the beginning and end

of every 24 hour period for tha duration of the exparimant._‘

Results were plottad as % mortality. 2Animals alive at th:

end of a test Qgre analyzed'fdr their_l‘c content,

v

crystallization dishes containing 1 liter of dechlorinated

r

[ T



15. .
‘tap water for 24 hours wvithout food, to allow clearance of

the.gut. This was essential as, under the non~-feeding con-

@ -

-

d&?igns of. the ﬁptake 'experiments,. émphipodé would consumz
t&eif own feées, Since feces are orqénic, they *end to ad-
sarb largs amounts of mirex, 'and,ingeétion of -these parti=-
cles caused cdnsiderable distortién in pf@liminary expari:
Iments; Subsequent to the non-feeding period, animals were
transferred to 1 lite; solutions of mirex and exposed for 96
hours, ‘Solutions were r¢placad every‘zu hours <o pquent
2Xposur? concentrations falling moré "than 15%. Samples Qf
10-15 animals wers taken at . 24 hour intervals, passad
through % washes of 20le da2chlorinated tap watar, and their
mirex content determined., Aliquotﬁlof water were removad a+
*he beginning.and end of each 2u hdur pariod “o follow con-
centration in the exposure media; ikll 2XPOSUCeS we2r2 carc-
ried out undar static conditions. ) |

T0 study release of mirex from amphitod tissues, ani-
mals were prepared and exposed as abcve, the exposure period
howevar, being reduced to 24 hours ‘in moét cas=2s,. After ex-
posur3, all animals were passed throﬁqh washes as above, and
placed in 2500ml of dechlorinated tap water with food (Scen-

2desmus guadricauda). In general, amphipod samples vers

taken at 0,€,12, and 24 hours for the first day pestexpo-~
sure, and then at 2,4,8,12, and 16 days., Water was replaced
at each sampling time, and at least daily for ¢fe duration

0f the clearance pesriod. Analysis of mirex content was ac-
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complished using fadioass;y technique, eﬁceﬁt for one seriés
of éxperiments in whick tha dagre= of mirex metabolism by
émphipods was aSséssed by gas chromatography after ‘4 ddys of

uptaka, and on the final day of clearance.

2.2.3 Passive Uptake of Mirex---Dead Control

Lo [

Ten iﬁdividuals of each species were removed from hold-
ing conditions, aﬁd prepared for experimentatiqn in the usu-
al manner, After the preparatory paribd, animals were
killed by placing them in dechlorinated tap water which.had
been hgated to 500C. ‘Death was immeadiate, These animals

ware then exposad to a 1 litar solution of 14C-mirex at a

concentration of 1 ng mirex/ml water, for a single 24 hour
period,

L)
2.2.4  Effect of Duration of Expgsure on Uptake and Release
] of Mirex

Fiqhty amphipods were removed from culture aquaria and
.prepared for expefimentation in the usual mannzr. For thess
ayperim2nts, only cne conc=antration, | 1 ng mir2x/ml water,
was used., The group of animals was exposed'fd: tte selected
time period, and then passed throﬁgh a series of 4 washes.
Uptaks was determined from a sample taken at one-yinute pos-—-
texposure. This sémple also served as z=2ro time point of

mirex clearance. Clearance was dsterminad from a serizs of
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‘measurements made over the next 16*dayé. Fxposure timaS‘of
.‘6; 12, and 24 hoursluere exﬁmfned for H., azteca, while fhose
for C. psendogracilis were 12, 20, and 48 hours. ]

-

2.2.5 Effect of Temperature of Exposure on Mirex Uptake .

. . e A e

removed from culture aquarig and prepared for experimanta-
tioh. These animals had.bqen collactsd at temperatures ap-
proximating those of the proposed ;xperimenté (£ 2oy, and‘
acclimatized to'efperimental temperaturss for 4 waeks., Ral-
fehperatureé, precluded‘ study of temporature effacts with
fhis spacies. Exposure media was prcepared from dechlorinat-
od water at the correct temperature, Aand a concentration of
* ng mirex/ml water used throughohﬁ. Samples of animals
wére taken at 24 hour intervals over -a 96 hour pericd, and
analyzed for 14C content.

For the study of retention, qrdups of €0 animals which
had baen collected and maintained as described above wzre
removad from culture aguaria and prepared for expzrim=anta-
tion. Enimals weré exposed at a conczntration of 1 ng mi-
réx/ml watar, for a single 24 htour period, then cakan
through a series of 4 washes and transferred +to 2500ml watar
with food at the proper temp=rature. Sampiés were takan

pariodically over a 12 day period and radiocassayed.
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2.2.6 Effect of Body Size on Uptake of Birex from Hater
Tuenty-fiva individuals of each species’ were prepar=2d .

— ot . ——

for experimentation as per the general procadure. H. aztsca
siza rangad from 0:1—0.6 mg ‘dry weight, while the ranga for
C. pseudogracilis uqs'0.2-1.0 mg. one liter solutions of
1‘C-mire§ were‘pfeparad ;or each spacies, at nominal concen-
+ra£ions of .1 ng mirex/ml water. After the . ﬁreparatory
ptriod, ‘the two qucies wera introduc=2d into snparéta con-
tainers, and allowed to accumulate !ft—mi:ex forAa 24 hour
period, after which they were sacrificad, and their 14C can-
+ant determined. The actual mirex concaniration in the ex-

posure media was datermined from water samples taken at ‘the

beginning and end of the exposure period.

©2,2.7 Ef
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Forty to sixty H. azteca or C. pseudogracilis wer: re-
movad from culture aquaria and préparéd for experimentation
as dascribed previously. hmphibods ware exposed tc concen-
e«rations ranging from 0.1-20.0 ng mirex/ml wat=r. ' Animais'
wara removed in groups of 10 at selacted time intervals_and

A"
analyzed individually, . excapt for the lowest concentration

(0.1,0.3 ng/ml) for C.” pseudogracilis. In +*hrese lattar
ttree cases, sample.sizes weres increased to 15, and analysis

was performed on groups of thrae or five,
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The effect of exposurs concentratiod on clearance was
determinéd fsr He gzgggé only. l olXtY animals wer2 expOSﬂd
~ for 24 hours to é'concentration of eithnr 1 or 20 ng mlrnx/'
ml water. Clearance ﬁas subseqﬁently determlned from a. se-

ries of samples taken over a 16 day period.

2.2.8 Bloac sgle.t_igg from Food

‘To.detcrhiné the various parametefs'.pf uptake of miresx
from fecod, and it's subsequent clearance, 60-80 H. aztaca or
.C. pseudogracil 1 vere removed from culture .conditions 48
hours before an experiment was to begin. These WEIg piacad
‘in 1 liter éf decﬁldrinatad tap wWwater, to which was:éédad
uncontaminat2d Scenedespus guadricauda, the algae us;d in
all feding experiments. After 24 hours feading on unconta=
minat2d algae, amphipods were transferred tc 1 liter of d=2-
chlcrina£ed tap water uithout.food for 24 hburs'.td 2NSUT S
sufficient faeding activity during the axperiment, Pralimi-
nary 3xperiments datermined that feoding rares, assimilation
afficiencies, and fractional clparance rates wera not af-
fected by periods of starvation rangkng frem 0-24 hours;
Subsequen£ to this'period. mirsx-ccntaminat3d algas was ;1d-
»d and the amnphipods allowed to fe=d fof 30 minutes, except
Eqr the experiment investigating effect of fazding tim2 on

uptak2, Animals were then passed’through 4 rinses of 200 ml

Archlorinata2d tap water, and placed in 2500 ml water wich
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uncoﬁfaminated fbdd, for clearance pefiods_of‘ﬁp to i&ldays.
Water and'fodd‘wgre replacad daii;, énd.10-amphipod'samples
+aken pericdically, usually at 0, 0.5, 1, 2,-ﬂ; 8, 12, dnd-

e days.

2.2.9  Determipmation of Vojdapce Time, Feeding Rate, and
Assimilation efficiency :

To determine the rate ét which ingestad food pafticles
pass *through the qut, amphipods of both specizs werr handled
ﬁn the above described manner, but alloﬁed to faed on.mirex-
contaminated alga= over ‘a 90 minute period. ﬁamples'of 8
animals ware taken‘at 20, 40, €0, and 90 minutas, and as=
say2d for their 14C content.

Feading rétes ware examined'fo:determine inter-specific
. variation, and effep£j0f<contaminant leval. The 14C lavels
~in amphipodé sampled immeadiately. after a fdeding parioq,.
wern analyzsd in relation éo LaC éounts/alqal cell, which
had bean determinad subsequant to exposure of algae to

14c-mirex, and fesding rates (cells/g amphipod/tr) dater-
mined. ’

TC dete;mina the efficiency of mirz2x assimilation from
~the gut, the regréssion for assimilated‘mirex was extrapo;
lated back to time zero to give the size of thié compartmant
at the end of the feeding ‘period. Comparing +his valuz to

the total body burdan after feeding, gives an estimate of

assimilation =fficiency.
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2210 m_s; of Toricaut Level in Feod on Uptake and

Food, in the form of_the alga, Scencdesmus guadricauda,
was added to 17 ml tubes ;itp 25, 50,' o% 1C0 ﬁl of mirax
stock solution, to obtain a food source with the desirsd ni-
Lex gohéentration. The cdntaminated?algae was collectad on
a millipore filter and add=ad to a crystallization dish (100
¥ 50 am) conféining 250 ml dechiorinated tap-water, and am-

_ph;pods.of ona or the other species.



section III
RESULTS
3.0.11  Hortality
Tha toxic wffects of mirex in agqu2o0us solutions vere
determined at concentrations of 0.01, 0.10, 1.0, 10, and 100

ng mirex/ml water (ppb) by daily d=terminations of mortality

‘over a 13 day period.

Results (Fig. 1) demonstrate greater sensitivity of H.
azteca, +hich showed increasing morfalify with incr=asinq
concénfration‘up to 50% at tﬁe highest airex concentration
tested .. In contrast, C. pseudogracilis was relatively-in-
sshsitive, exhibiting 1lit+le toxic response to the range of
concantrations tested.

Tn the cass of H. azteca mortality was not obsarved un-
+i1 the fifth day of exposure, and, evan at tha highest con-
centration, significant moftality (>10%) d4id no>* occur until
sevan days'of_continuous axposure had been completad. Mor-
+ality then incrzased g;adually to day 14 of the experimant,
at which time exposure was terminated, and some of thé re-

maining animals analyzed for +hair mirsx content, Data for

the two highest concantrations (Table 2) indicates that H.
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Figure 1. Survival of H. azteca and C. pssudogracilis ex-
posed to mirex for a 13-day period at 20°C at various con-
centrations in water, control (), 0.1 (a1, 1.0 ©, 10 (O).

and 100 (m) .
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3.0.12  Uptake from vater apd clearance of mirex '~

"h=2 accumulation of mirex by the two specias of amphi-

pod was initially studied at a concentration’ of 1 ng mirex/ |

ml water (ppb), by taking samples daily durian& & day pari-

0l1. ~ . ' ‘ g

Figure 2 d:monstrates tha apparent linear uptake of mi-

rax obsarvad for both H. azieca and C.. psauddqracilis ovar

the U-day exposure period, B, aztsca howaver, accumulated

e - e

mirex a* a greater rate, it's body burdsn being 3 times that

of C. pseudogracilis over the en*ire period of exposursa.
The transfer coefficient,‘uﬁich measures the amount of water
clearsd of it's"mirex content per hour, remainé_above‘zoo
(with one excaption) for H. azteca and near 190 for C. psecu~
Qgg;ggigig.l Exposure concentrations ffable 3) repained rel-
ativaly constapt ‘and were similar for both species (0.95
0.02 ppb for H, aztgca, 0.92:0.05 ppb for C. pseudogragil-

g) .

4

Heat-killed amphkipods of both species were expos2d to
an agqueous soluéion of mirex. Fesults (Tablz 3) indicats=
that absorption of mirex under'thesé conditons is approxi-
mately 2qual for bofh species, by# substantially sloger tHan
by live animals., The degree of reduction however ié much
greatar for H. azteca, which accumulates only 12% of the

live dos2? when deail, while C. gseudog;acilig_hccumulates 437

of it's live dose when d=ad.

14+



Figure 2. Accumulation
'rex/ml water and 20°C.

S.D. of ten animals,

--'.'lu. {.?'3’0;“.‘ ‘f

of mirex from.water by H.
(@), at a concentration of
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' Clearance of mirex by the " two species was examinad af-
ter an exposure of 24 hours at a concentration of 1 ppb mi-
rex in water, Samples were removad at 0, €, 12, aﬂd 24

hours for the first'day postexposur and then at 2, 4, 8,

and 14 days for H. azteca. C. gseudogracilis was sampled a+

n, 12{_and 24 hours, and at 2, 5, 10, and 15 days.

" tive of two compartments (Fig. 3), an initial fast=-cl=aring
ptase with a fracticnal clea:anée rate of. 1.54/day, follows=4d
in approximately 2 days by a slow@r-clearinq cémpoﬁent hav-
ing a fractional clearance rate 'of 0.06/day. The equation

describing H. azteca clearance of nirex gives the Y-inter-

cepts of the fast and slow clearing compartments, 1.63 and

2.18 ug mirex/g dry wt respectively. If-we ar2 dealing with

a' first order kinetic ©procass and independant cempartments,

ttese may reérssant thé actual siz~s of two compartments at
+hz beginning of the clearanée p§riod, and thus the sizzs
after 24 hours of exposure undar the staéed conditions.: Ac-
cumulation by the slow-clear¥ng compartment aftar 24 hours
"would therefore represent about 60% of total accumulation by

. azt=ca.

—_————— e —

The clearancz of mirex from the tissues of (. psguda-

taving a fracticmal-clearance rtrate of 0.09/day (9%/day).
This compartment is similar to the slow H. jgz*zca compart-

ment, “he fractional~clearance rates being not significantly

Aifferent (Ancova p<.05).

28.
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’

Figur: 3. Whole body clearance of mirex by H. aztaca and C.
pscudogracilis after exposure in water at a concentration of
1 ng mirexyml water for 24 hours at 20°C. Each point rapre-

s*nts the mean and S.D. of 10 animals,
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Although accumulatlon for both spec1es (Fig. 2) could
- be fitted to‘llnear aquations, this would 1mply that uptaka
is occurring without conc@rrent clearanca. Bioaccumulation
equatiqns which account for cleafance' not only d»scribs ra2=-
"~ sults more accurately, but also can be used to pradict‘body
burdens for any 2xposure period, and hav2 been used by sev-
aral authors tp dascribe bioacéumulation (Moriarfy 1975,

Harding and Vass 1977). The general bioaccumulation nqua-

tion is,

-kiot

- o ) N (7)

e ® %o

W (l-e

where Y is body buragn at time t;. ko1 and kipare the uptaks
~ate constant and clearancse fat@ constants respectively, W
-is the mirex concentration in water, and % is «ime of 2xpo-
sure in days. To compare the uptake of mirex by H. azteca
aﬁd c. gggggggr__;;__, it will be necessary to estimate th=
uptake rate indirectly from data on accumulation aunud clear-

ance. By rearrangement of the above aquation, One cau solve

for ko1, the uptake rate constant

Ytkln

Koy = ——t—— h (8
w(l-e Koty . :

whare W=1 ng/ml, t=1 day, k_~=0.09, and Y =1.67,

[R2]

For results presented in Figure 3, where W=1ng/ml, t=1

day, ki10=0.09, and Yt=1.67, the uptdka rate constant for C.
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ggggﬁggggg;;i§ is .1.74€x103 and overall biocaccumulation is.

described by . '

Y, = 19,4 (1710 9)

H. azteca requires a multipie axpcnential sxpression to da-‘
scribe it's biphasic biocaccumulation, with uptake rat: con-
stants of 3.256x103/day and 2.24€x103/day for fast and’ slow

phases, and overall equation

Y, = 2,05 (1-e 1 5%Yy + 37,4 (1-e 0" 08Yy (10)

One cdan infer from these‘raesults, that as tim2 increases,
and the st=2ady-state body burden is approack=2d in equatioans

9 and 10, the parenthetic terms will approximate 1, leavinq

" the steady-state body burden achieved at the stated exposure

conditions (1 ppb, 200C); approximately 20 vg mirex/g body

wt (ppm) for C. pseudogracilis, acd 40 ug mirex/g body wt

. for H. azteca. Lt steady-~state, the fast compartment con-

tributes minimally (5%) to total body burden, having reached
it's st2ady-state concentration of 2.05 ppb after 2 days.
The slow compartment continues to accumularte mirex for about

SO'days to it's stzady-stata concentration of 37.4 ppb.
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3.0.13 " Effect of dyratiom of gexposure on uptake from water
and clearance of migex

" In order to test vhetﬁar “or not kinetic paramatars da-
”termineﬁ in this siudy.are indapendant of exposure duration,
and to astablish the indapandancé of compartments, grogps of
animals of each ﬁpecies'uera aipoénd for varying lengths of

+~ime to a concentration of 1°'ppb and subseqient clearanc?

c. pssudografilis for 12, 24, and 48 hours, and subséqugnt
clearance daterminzd. |

Mirex content cf H. aztgoca increasad gver the 24 hours
of exposura (Table 4). This increase was not dirsctly pro-
ror=ional to duration of exposure, thare being a deélina in
“he rate of -uptake with incréasing duration of axpoéure.
™his decline could not have bean dué€ tﬁ a decreasa in expo-~
surc levels, as measurad concantrations ware the sam: for
all exposure durations (Table 4). This d2c¢line would howev-
s»r b2 2xpectad if one of the compartments of H. azseca wers

approaching squilibrium.

Biphasic clearance was observed with H. azteca for all
exposurz durations (Figure 4). The fast-clearing compart-
ment of H. azteca had a fractionalwclearance rate ranging

Zorm 1.26-1.96/day, with n> apparen* corre=lation to duration

of =xposure, The size of this compartmant-'iﬁcreasss with
increasing exposure time, from 1.59ppm at € hours, to
2,49ppm at 24 hours. As a percentage of +«ctal body burden

it staradily decreases in size with incraasing exposura: tima

from 53% at 6 hours, to 38% at 24 hours {(Table U),
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Figurz 4, Whole body clearance of mirex by H., azteca after
axposures varying from € to 24 hours at a concantration of 1
ng mirex/ml water at 200C. Each point reprasents th2 mean

ané s.D. of ‘10 animals.
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I+

gure 5. Whole body clearance of mivrex by C. pseudogracil-

It

s after exposures varying from 12 to ‘48 hours at a concan-
*ration of 1 ng mirex/ml water at 200C. Fach point rapra-

sents the mean and S.D. of 10 animals.
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Clearance froe thg slow-c;ea;iﬁq.comﬁértment of ﬂ._ az-
.teca varied littie;‘_being O.G-O.f/day;' with no co;relatioﬂ
to duration of €XpOSuUre. - The.slow-éompartmenf ‘increased
poth'in absolute s;ze (1.28ppm at ‘6 hr to 4,11ppm at 24hr),
hﬁd as.percéntage ofv£o{al body burden (47% at 6hr to 62% at.
24 hr). It.also exﬁibitaé an increase in size ditec;i§~§r6-

' portional to duration of exposure., - Thesa2 results inﬁicate

—— —— i i —

+hat the two phases of atéumulatioh by H. az£§c can be
freata@ as independant Comp#rtments,

Calculated uptake rate constantslfor the siow- coﬁpart;
mant (Tab., Q)‘were onlylslighély (20%) lower than those of
ke fasﬁ—comparfpant, the averags uptaké rates being
4355/day vs. 59€¢9/day for slow- and fast-compartments re-
spectively. Ls was noted for ffq;tional clearance rates, no
co:rélation'batween uptake.ratés and duration of exposure-is
appar=nt%.

Accumulation into the single C..pseud

10
rn [1e]
L]
e
10
1
Ji—
||.|-
Q
o]
=]
h=
W
H
o
i

H. azteca, 1in

e

ment was similar to the slowvw-compartment o
that it's size was propotional to +ime of exposure, increas-

ing from 1.2ppm.at 12 hours, to 4.5ppm at ug hours. In

terms of actual amount of mirax taken into the animal, twice

the exposure time was required by C. Qseuggqracilis to reach
the same body burden as ipn the H. aztgsca slow-coqggptﬁg;i.

Calculated uptake rate constant ave:aqed‘ZSBB(day, which is

jo1]

approximately half that for the H. zteca slow-compartment,

The difference in fractional-clearance rate between the sin-
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- qles .. Qgpgd_g;ggLL;s compartment, and thc slow compartment

of H. az gca, whlch had been noted in pr=v1ous nxpﬂrlmnntq,

vas'observod for all exposure times.

3.0.16, Effect of water conc .t.rg.tion of irex on uptake

and clearapge
Accumulation from water was examined ovor;a .ranqa of
concentratiohs (0.1-20'ppb) during 96 hourio;oosurés to
14C-pirex, Acoumolation over‘the range 0.1-1,0 ppb is plot-
ted in Fiqg, € and conflrms the pattern obserqu previously

in which uptake. followed llnear trends (although it is no+

_*hought to be linear,  for previously statad reasons), and

was 2-3X greater by H. azteca than C. pssudogracilis undar

_2quivalent exposure conditions. Through this rangz of cen-

- centrations, body burden is directly proportiomal to axpo-

sure cencentrations for both speciss, an increase in expo-

sure concentration resulting in an equivalent iacrsase in

b ]

accumualation.

Accumulation was- .also oxamined at concentrations above
1 ppb (and therefore above the water solubility of mirsax),
and demonstrated non-proportionality withl concentrationo
Results in Pigure 7 indicete no further increase in accumu-
lation occurs when exposure concentration is increased above

5 ppb. This relaticnship was sxmllar for botk SpFClES.

B
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»

Fiqura 6. Accumulation from water of mirax by H. azteca, a,

and €. pseudogracilis, b, exposed to 0.1(a), 0.3(m, _éhd

1.0(‘1 ng mirex/mL water at 200cC, Eaéh point represents the
m2an and S.D., of 10 animals.
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mirex/ml water., Fach point represents thke mean and s.d. of

10 amimals. H. azteca (_o),' C. pseudograciiis (o).
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Figqure 8. Clearance of mirex by H. aztasca after exposura to’
Ewo water concentrations, 1.0 (@) and 20{0) ‘'nq mirex/ml watar

at 200C, ©Each point represents the mean and S.D. of 10 ani-

mals.
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The -effect of exposure . concentration ‘on - subsequant

clearance was examined for H. azteca only, at two. concentra-

fions; 1 and 20 ppb {(Fig. 8). Total-accumulation (tiﬁe 0 of
clearanca) reflects the feducad upfake- atfpxéosuré above 1-
ppb, th2re being only a.S-fold-increasq in body burdén._.In-
sufficient samples were taken to determine the kinetics.of
th# fast clearing ccméﬁrtment. The slow clearing compart?
ments ara very similar iﬁ both cases with fractional~clear-
ance ratas of 0.05 and 0.,06/day for 20 and 1 ppbh exposures
faspectively. Tha Y=-intercepts of the slow-compaftmants,
which éstimate the §ize of the compartment at tﬁe end of ex-
posure, are also sicilar, being, 53% of total body burden for

the 20 ppb =2xposurs, and 50% at 1 rpb.

3.0.15  Bffect of Body size on uptake of mirex

To determipe the effect of body size on accumilation of
mirex from water, - groups of animals ranging from
0.097-0.€09mg for H. azteca, and €.200-1.048mg for C. pseu~’
dogqracilis ware exposed for 24 hours %o a 1 ppb solutiom of
mirex in uater,.and 14C accupulation détermined. - Body bur-
den was plottad against dry weight 1in Figur= 9, and da-

scribed by power functions determinad from log-log tramsfor-

mations of the data. The exponents of +the -equations,

-l
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Figqurs 9. Effect of body size on accumulation of mirex from

water by H. agieca and C. pseudogracilis expos:d for 24~
hours to a concentration of 1 ng mirex/ml water at 200C.
Tach point represents a single amphipod. Body si1ze rang=z

for H. azteca: 0.120-0.609 ng (dry wt); for ¢. pseudogra-

cilis: 0.200-1.048 mg (dry wt).
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indiéate that smaller individuaié o{lboth species hcchpulate
mors mirax on é body.uaight.basis, i than.thoée ,of“large:
sizes, "An eprnent of 1 would indi#ate an exactly propor-
tiondl relatioﬁshié betveen accumulation and -body uaight;
~ The reiationship is similar for bﬁth spacies, maintaining
the intarspecific difference. over thg éntire range of body

sizes examinad,

3.0.16  Effect of temperature opn uptake from water apd
_ clearance of mirex by H. azteca

o deterﬁine tﬁe effect"of‘tamperature oh accumulation
of ﬁirex by H. agzteca, groups of animals.which had b=2en ac-
qlimatized‘to 5, 10, and ZOdb, were 2xpos=2d at +hese temper-
atﬁres o a1 ug/ﬁl (ppb) solution of mirax in tap-water for
72 hours, and their mirex contant radioassayad‘ daily.
Clearance of mirex at these temperatures was determined on
similarly acclimatized awphipods, after an axposure of 24
hours to a 1 ppb mirex sﬁlution.

‘Results in Figure 10 indicate +that accumula‘tion of mi-

. rex by H. aztsca is proportional to temperature, 1A two-fold
fincrease in temperature resultad in a 3-fold increase in ac-
cumulation, both from 5-100¢C, and 10-209cC,

Cl2arance of mirex at all temperatures (Fig. 11) was

biphasic as observed previously under varicus conditions.

3

he ralative sizes of the compartments were maintained at

n



£

i

ure 10. © Tffact of tempsrature on accumulation of mirex

from a'uater concantration Qf 1 ng mirex/ml water by H.
) ‘ §
teca at 5°C(), 10°C{0), and 20°C(e). Tach point represants

az-

’

+he mean and S.D. »>f & groups of 3 animals.
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Figura 11, Effsct of tempaerature on claarance Qf'miréx by
H., -azteca exposed to a 1 ‘ng/mlfsqlutigﬁ,of'mirei=in vatar,
LY . . } .

-

Fach point represents the mean and S.D. of 5 groups of 3 an-

imails.
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all temperatures, the fast- feafing compartment representlnq
4= uox of total body burden (Table 7). This 1ndicates that
. the 1nf1uence of temperature is 51milar on bott. compart:
nents. v\ Practlonal clearance rates also reflect this, eince
'1n hoth compartments they arsa dlrectly proportlonal to . temp-
erature,‘ 1ncrea51ng from 0.015/day at 5°C, to 0,074/day at
"20°C ln.\he slow compartment, and from 0. 30/day at 50C to
1. Su/day at 20°C in the fast compartment. ’Es“imated uptak®
rate constants bahave similarly, increasing from’ 735/day at
50C to 7407/day at 200C in the slow' compartment, and fron

%21/day at 50C to 3097/day at 20°C in the fast compartment.
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3-0-17‘ Ei_agt of _nnaxiea of exNosure to co Lg_iaag_é'ﬁggg
. on uptake of nirex _ ‘

Amphlpods of both species were exposad to mlrax—contam4
Jipated alqa-,- and alloued to feed for up to a9 mlnutes.
samplas of amphipods ware taken at 20, 40, 60, and 90 min-
utes, and radloassayed for their mirex content. Figur? 12.
indicat=2s rapld uptake of mirex JQer the first 40 m1nut=s of
oxposure, thn body ' burden doubling batu=en 20 and 40 min-
ntes, folloued by a- sharp dpcline 1n the rate oF increasa of
the body burden. .Since amphxpods are COntanOUS f=edar>,
"and assuming 1o chéﬂge in feading rata over tbe coursz2 of
the ekperiment,‘tﬂe initial rapid ﬁptakg cbrrésponds to ing-
" astion of mire#-ébntam;nhted‘ food‘uptil thé gut ‘is_f}i}ed.
.The point at which bodf _burden no longar incrsaées, should -
_correspond:to“the first egestibn of food containing unassi-
mila+2d mire*. T? estimate assimilation 8fficiency of mirax
by amphipods, exposure to food must be less than the time
r=qu1rnd to fill the gut. Therefore, exposure to contamlnat—;
cd food was limited to 30 minutes in all subsequent experi-

_—

mants..

3.0.18  Effect of ggnsgagzgzign of mirex im food on
bioaccunulation garameters

st P}

To axamine blsaccumulatlon of mirex from food and to

Adatermine the effect of mirex concentra+*on in the food omn

i}
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*

Figure 12. Body burden of mirex attaiﬁed'by . azteca and

C. pseudogracilis allowed to feed on mirex-contaminated al-

qae for pefiods of time varying from 20-90 minutes. Each

point represents the mean and S.D. of 8 animals.
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'bioaccumulqﬁion parhmgters,‘ groups . of amﬁhipodé Qfl both
‘sprcies iere exépsed' to contaminated food at severdl mirax
conéentratibns; They were'allbwed to. fead fér 30 minutes,
after which they were ﬁransférrad td chambers coﬂtaininq'un4
contaminated food, and cléarance of tha ingested mirék fol-
‘lowed for 15 days. . . -

Results in Table 6 indicate that tha feeding rate of H.
'Qggggg is unaffected by concentration of mirex in food, av-

»

g 5,ux108 czlls/hour/g amphipod. Similarly, .Co pSgU-
ggggggi;;§ demonstrated no correlation of feading rate to
cencantration of girex' in food, avéraginq'j.5X105 cells/
hour/g aﬁphipod, a rate not statistically different from
that of H. azteca ( t-test, p<0,05).

Results in Table f'shoﬁ that while H. azteca damon-

strat=4 fairly wide variation in aésimilation efficiency (
. . #

13-29%), no correlation was &pparent with thp concantration

of mirex in food. C. pseudogracilis exhibitad a similar

varia+ion in assimilation zfficiency (13-23%) with no corre;

lation to mirax conceatration in food.

Clearance of.ingestad mirex by H. azteca appaarad to
£it a bi-campartmental pa;tern. ~ The initial fast-clearing
phase however, is at least partly due to tke ejestion of al-=
gae con-aining unassimilated mirex,l and disguises the pras--
ence or absence of a true (somatic) fast-clearing compart-

ment. Clearance data was therefore described by single

compartment equations and, from a sampling point of view,
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Figura 13. Ratention of an ingestad dose of mirex forfa us

hour period following exposura by H. gg;gggl Each point

rapresents the mean and S.D. of 10 animals.

T
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53'

Figure 15. Clearance of ingested doses of mirex by C. pssu-~

dogracilis at 200C - fed S. - quadricauda having mirex concen-
trations of 86, 115, and 17€ ug mirex/g dry wt. Each point

rapresents the mean and S.D. of 10 animals.
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Table 4. . Effect of concentration of mivex in food on parameters
v ol bioaccwnulation by H. azteca and €. pseudogracilis, -
T vl T T ?

Concentration : . k
in food . - Feeding rage Assimilation Efficiency. -1
' C(ug mivex/y dev we) | (eells/hour/y amphipod) () {day )

H. azteca _
203 o 62,0k 10° 18,3 . 0.08

. _ 13.2 0.07

0. 5.5¢2.1 x 10 - 28.7 0.06

C. pscudogracilis
176 9.ix2.8 x 16° 13.0, 0,07

115 23.0 0.0

82 22.1 0.03.
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the initial‘phase vas iqﬂoreé‘ _except for one experiment in

whlch clearanca was examlned 1n deta11 over the flrs* 2 days

1?19. 13). The lnltial cloarance phase vas completed in the

:flrst hour postexposure, ‘with clearance then contrnuing at a

—

‘much slower rate,. 31mllar to that o rved 1Q.subsequent,

.longer-term experiménts.' Pasults of ‘these 1onger térm,éx-

~
r

'pnrlmonts (Flg. 14) indicate thaf for 'H. azteca ;-a trend may

axlst uhich correlates fractional- clearance rate to dlthar'

i
mirex comcentration in the2 food or aSSlMIlated mlrex dose.

In thfs‘sat of,raggits,' fractional clearance rate increaséd'

=

frodrO.QG'to 6,08¢ﬁ ay with aﬁ:increase in mirex food:con;'

centrotion from™ 46 tQ 203'"ppm, althdtﬁh'thisl-increoSQ in

: ’ . H : . : s et L
clearance rate: -was not statistically significant , {Ancova,

-

_p<0 05)

-

C. gsgudog;g _Li§ also demonstratad blphaSlC claarance,

' .. ; »
similar to tbat of H zteca ( Fig. 15) A more pronounced'

- —.—.—— 3

‘ \.
correlation of frdctlonal claarance rate to nirex? concentra-'

“

tlon in food occurred for thls sp£c1es, 1ncreas*ng from 0.03

< - -'

to 0. 07/day with an 1ncrease in mirex-food concgntratlow

' from 82-176.ppm. This incréaso7 cowld not be correlated-to
increasing assimilated dose as was the casé with H. azteca,

since assimilated dose was not a function co¢f mirex concen-

PR

tratign in food, ~ AS with H. azteca, the rates were not sig¥:'

nif;cantiyAdifférent.' =Ihe,tosialof significdocc kAncovayo
howevar, has‘'certain Iimit;tiOns,_; ﬁhich fili be\discuésed
below,
; : : ¢ N E -
; o
- .
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. . . sactiomn IV
- DISCUSSION .’

-~
b

/8.0.19  Bioaccumulation Nodels

In pollu*ant bloaccumulatlon studies, a model must be

‘devised to uso the data. " In the phatmacologlcal frameuork,

the '‘most. wldely usad one :is ‘the mam*llary modsl ‘in which a

cqntral‘compartment axchanges with. per*pheral compartmants

and the environment, with no direct exchange occurrlng-be-'-

- *ween peripheral compartments and the environment. This"

A Y

.model has the advantage of attemp¥ing to be phys ologlcally-

.correct, as well as describing accumulation of a gompound;

Moriarty (1975) however points out that the- estimation of

rate ccnstants betwaen the csntral and peripheral. compart- .

'ments is difficult if not imposgsible and so far only theo~-

retisal or partial'models have been attempted (Ruzic, 1972).

For/thd éurposés of dbécribinq bioaccﬁmulation, physio-.

logical vélidity'is not necessarlly requlrad, ca mddel de-

scribing pol-lutant ~flux in  the organlsm of interest baing

adequate,  The’ approach taken here, is similar to that of

Hérding and %ass (1977), and Trudei (1?80); Direct uptake
of mirex from water is'seéh as a one or two phase prdcéss
Ias discuséed beloy), each compartment .téking‘up mirex di-
r°ctly from Hater. | Uptakp.of mifex from food is Eﬁ;ermineﬁ
by 1nqestion rate and mirex concenfratlon in the food. H?his

is modlfled by an assimilation efflclency, wkich measurss

»

e
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the proportion of mirex absorbed through the 'gut' wall.
'Clearance of mirex from tissues 'after uptake from both food

and water 1s assumed to be a first order procnss.'

4.0.20 Bigaccymulation froam water o .

. . o

’

Tha studles dascribed here have shown that accumulation
of_mirex from water is best described by a two compartment
model for H. azteca, and a one compartment model = for c.

Eseudogra ilis. The presence of a_fast compartmant in ﬂ;

g;ﬂ;gg, or perhaps more correctly. it's apparent abssncs in .

11

. seudodracilis, since a two compartmeﬁtlsystem is mors

-

cormon, has some fundamental 1mplica+ions for populatlons of

the two species. . It was shown *ha+ although the fast com-‘

L

Dartment will constltute a 51gn1f1cant portlon of total body

5\

burden in short term exposures,‘.it r2aches a .low steady

state level relatively gquickly, and therafore"hésnlittlg

[

long term bioaccurulation potential. The' presence of a ‘fast

compartment in H, azteca is the most striking d1fferenc= b°-

— ———h . S
[

tween the tuo species, and it e tempting to_attribute the

‘obsnrved-graater s=nsitiv1ty of H. aztesca to the presence of

.bls compdrtment.- It was hovever determﬂnad from biocaccumu-

-

1at10n equations, that the fast compartment'reaqheslsteadyf
state‘i? abouit two days;.uhi;e iLitial mortality bf H. azte-
ca ﬁas not ‘obsgrved until‘ﬁ ~days of e;posufe:at'the highest
concentration. - It uould‘thééefdre appéar unlikely that the

‘fast compartment is responsible for the greater sensitivity

LIS
'

.
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E of H. azteca. This conclusion however must bé‘qualifiedfby

the~knpuhledge fhat lirex_is often noted to cause dé}ayed_
mbrtality (Allsj, ,1973).  - A ﬁdre 1ikeiy. if less obvious,

explanatibq of the sensi;ivity ﬁiffereﬁces betueen-'thé tuo’

- spacies will be discussed balow. In_cdnclusidn, the  fast

compartment of H. azteca is important in short ternm bicaccu-

mulation, and cannot be totally disregardad from a toxicolo-

- gical point of view.

"he daad control was dasigned to test the validity of
the fast compartment. = Within the limitations of the proce-

dure, it did shoﬁ_that the fast compartment. was not a simpla

‘adsorption/desorption problem, and can be regardad as a real

compartment, ‘Thué H. .azteca fits into the qgenerally ob=

1

served pattern offbiphasic pollutant kinetics, and \indicates

that it is C. Qseudbgggcilig which is atypical,

Blood is often assumed to-be the tissue equivalent of a
fast'tombartmantt and has been indicated .as suick in at lsast

two studies on insects (Moriarty and Fremchk 1971,. Benezat

r t
-

. e . — _
and Forgash 1972). . Such a 'simple d=asignation-as this cannat

apply. here since both specias have &xtensive circulatory

' systems. Morgan‘et al. °(1972y and Schoor (1973)'have shown

1

that DDT in blood is almost always associated with the solu-
bls lipoprotein fraction, Maliwal and Guthrie (1981) hava
also shown this, .as well as d2monstrating that certain spe-

cific classes ‘of lipoprbtein had <£far grezater capacity for

-binding and storing organochlorines, A difference in lipo-
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»

protein cbntent, either in a quantitative of gualitﬁtifé

_sense, could thersfore &¢count for the presence ' &f a fast

cbmparfﬁent-in ﬁ.' azgeca and lt'é absanca in €. pseudogra-.

1)

cilis. |

The<slow compartment of H. azteca and SHngle compart-

"ment oF c. Q qudogr acilis exhiblt some similarities in torms

of size and clearance rate, which _ndlcat° the possible hom-

ology of the two, When axamined in detail houever; consis-

tant differences ~appear.iwhich lead to the conclusion that

A - .
*he two compartments are.not identical, and have quite d4if-

ferent écological "éﬁd‘bioaccumulative potentials., In all

sxperiments, clearance of mirex from the H. aztsca slow com-.

Y

partment-ias 40-504 slower thamn that by C. pseudogracilis.
n expériments in whickh botk species were exposed for tha

same time period, the size of the H. aztggg'slow_compartment

g;;=§ compartment. Tn accorlance with fhese obsarvatlons,
calcula*ed uptake rate conStants for H. __g;__ were approxi-
mately double thosa of C. pseud d g cilis, and in combinaﬁioﬁ

with the other kinetic parameters, ' explain the obser#éd
greater accumulation ov mirex by H. azteca. Additionally,
since uptake and clearance rate constants ware shown to be
indapandent of duration of exposure, thé abova kinetic dis-
similarities can be used in an extrapolation to lbng term
sxposure condiﬁions, and iudicate that the slogﬁcomparmthenk

of H. azteca has the potential to accumulate considerably

—— i i

1

Y
3
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greater amounts (>2X) of mirex tham C. psaudogracilis. In

‘icological point of view, simply by it's higher tissue lev-

als of mirex, aﬁd provides a likely explanation of SQns;tiv-

ity differences bztween the two species observed in this

studf. The.phenomenon of bidaccumulation/sepsitivity'raia‘
_tionships has been demoastrated,.r the dsvelopmant of rasis-
tqpt stfains Qithin §ewe;al speéies of insect being a func-
+ion of reduced accumu;afioﬂ”(Porgash et al. 1962, Sanchez

and Sherman 19¢¢, Benezet and Forgash 1972). '

Th2 above als> has some implications for tKe Dbiotranms-

£ar. of mirax (and other compounds since this biocaccumulation

differepce appears:to gxist for two other péllutants-~gnpubé

lished resul*é). The movemant of a pollutant to higher

trbphic lavels can be expec¢ta2d to b= greater whan H. aztaca

is the predominant amphipod, as compared %c a-situation in

which C. pseudogracilis is the major spacies. Yt prasent,

" +he former situation 1is mést common, H. az*+eca being the

‘most widespread and numerous freshwater amphipoé in North

‘Elmeriqa {(Bousfield, 19%8).

N\ .

Although the fractiomal clesarance rates of C. pseudo-

g;gcilig are not statistically different from those of th2

slow compartment of H. azteca, tha greater clearanc2 by

c.pseudogracilis is a reproducible phkenomenon, ané 1is proba*

bly biologically "real". Also, according to thaz statistical

test (Analysis of covariarca), the fractional—cilearance

-

. . L]

AT SPRRPEFE i o
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rates of both 'séecies are not statistically different from

zero,-which-is clearly not Biologically correct. For thesa

BN

_ reasons, the test is not thought to be sufficiently sensi-

tive for the required purposes, and is not used.

Hamelink et al. (1971). postulated'thét; xchang=2 *qui-l

libri; between water and fat controi the d=gree +o which an
. organism accumdlgtasiyrganochlorinest Although soma obser-
-vations appéarfto.contradict this (Liab et al. iQTQ, qrﬁdér
ot al. 1975, ~ Bjerk and Brevik 1980, Guinéf and Peterson
1@80), the propos&i is now uidaly'acéeptad. If cértect, it

¢

implies that the differencas observed betwaen the single C.

———— e

pseudogracilis compartment and the slow compartment of H.

azteca ara based  on diss%milarities‘.betueen lipid pools. .

such differences as these could b2 a functicn of lipid pool
‘'size or, as discussed above, . .a ccnsequenée of qualitative

differencas betueen.lipid pools: Also, the greater clearc-

ancg exhibited by C.. gseudogtacilis would bz expectad if,

~turnover of it's 1ipid'pool was greater than that by H. ,az-

L L]

taca. However, since the turnover of lipid stores of amphi-

pods is a ﬁunction’of moulting frequency (Martin, 19€5), and.

since H. azteca moults at twice the frequency of C. pszuda-
gracilis ( personal observation), such an =2xplanation would
not appear‘seasibla.

The accumulation of mirex from water was not propor-

+ional +*o concentration in water overnL the 2ntira rangs tast-

ed, It was however proportional at concentrations which, ar=

PERUFITLS
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\

°nv~ronmenta11y reallstlc i.e. at and beiow +he solubllity

level of 1ppb 1q_uater. Proportlonalwty of uptake to expo-

served phanomenon (Chadwick and Brocksen 1969, Bedford and

Zabik 1973).

Tha preSence of two distinct ‘slopes in the accumula-

s

tlon/conc=ntratlon curve lndlcates +hat at some point above

the solubility leval in uater, the biocavailability of mirex‘

hecomes r2duced. while this reduc%iow has no direct rel=-

vance to the snvironment, it does have some implications

with fegards to toxicity téstinq. 70 conduct the standafd

lathality test, the 96 hour LC50, very high concentrafions
would be required to prcduca l2thality with mirex and these
amphipod specilas. By then.'attemp*ing to extrapolate thssa
rasults to more reasonable (env1ronmenta1) levéls, the toxic

pctential'of mirex would be under»stmmatnd dup to the Te~

ducad uptake rate .at higher concantratlons. A wvalid test

would involve the deferminaticn of a_ toxic Bohy burden,
which could-thEn be relatzd to body burdens accumulata2d at
more =nviromnmentally realistic’ lavels. C _('

The data indicates that the reaucad accumulation efféct

is madlated solely through an uptake ratn pbenomonon, since

axposurn concentration dld not affect compar*mentallzatlon

or clearance., This effect could _be nediated by a tOXlC Phe-

L}

nomenon, dieinyg animals having been shown to 2xhibit reduced

uptaka (Crosby and Tucker 971, Harding and Vass 1978).

x
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‘This etplanatiou is unlikely houéver, since the reduction in

uptake occurs in ‘both specips at the Qame exposure concén-.

ttatiqn, and it was shown that the two species do not hava
. . . ’ - . ’ . . 7,

the same toxic responsge to mirex.

mhe. obsarved reduction in uptake rate may involve satu-

ration of'the site of uptake. No specialiZQd transport sys-~

tem is involved in absorption of organochlorinas, passiva
diffusion being 'reéponsiblé for movement intc . the organism
(Parke, 1968). It is possible that the membrane at the sitez

of uptake is physically _incapable'of . passing more mirex,

. Howevar since the concentration at which accumulation lavals

off apprars to be_ideﬁ%icél for both species,; and siﬁce dif-
fefedces aépaar io_ e;ist'aﬁ“¥ﬁ%‘site of uptake batwaan thzl'
two épecies,‘ it w;uld'be unlikely that saturation of Ehe
site of uptake uouid cccur a* the . same exposure concantra=
tion, The close proximity oi the cohcentration at which up-
take rate is reduced to the maximym soigbility. of mirax in
water, indicates that only <that mirex dissolved in water is
available for uptake, Mirex in excess of this‘mqy bz asso-
ciated with ths carrier acetole, and no£ 5vailahle for up-
éake. |

Smaller 1ndividuals of both species. wers observed to

accumulata more mirexf._ in proprtion to body weight, than

larger ones. This trend was more pronounced for H. azteca

than C. pseudograzilis, as measured by the exponents of <he

o e e = e e i i P

" power functions used to describe the accumulation/body siz3
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relatlonshxps. Greater accumulation by smaller individuals

.nf a specxes has “been 6bser§ed-for a variety .oflspecies,
wieh .a variaty of pollutaats {¥ildish ana Zitko 197i.
McLeese et al. 1980, Trudel 1980). |

Tbe effect of body sizs on cleadrance was not dntermlned

in thls‘study , but Trudel (1980), in studylnq uptake of ma-

thyl mercury by gaghn;a magna, observed .an accumulatlon/body

size relatlonshlp similar to that s=en hnre, while also da-
termini ng that body sxze had no effect . on clearance rates.,
Trudal found that accumulation 'differances were the rasult
of body ~51ze specific uptake rates, pOSQibly due td-the
greater surfdce to. volume ratic, or metabolic rate of small-
ar individuals.. Hatding and Vass (1978) detarmined that for
‘the marine crusiacean _isagggggg raschii, a 1:1 eelation-
ship of bﬁT uptake.to surface area e;isted. Harding {(1977)

+

found that the surface 3area-metabolic'rate relationship was

.also a 1:1 ratio, and that in this case “the influencas of.

,metabolic rate and surface aresa on bicaccumulation could no>t

be distinguished. The 'accumulation;body size relationship -

observed here correlates clbsely vith the respiration rate- .

body size relationshib determined by Sushchenya (1972) for

the order Amphipoda.

mTemparature, although examined for H. aztaca only, was

" J .
found to exert considerable influence on bicaccumulation.

N

rccumulaton was.seen to be proportional to temparature, duz

to the direct proportionality of both uptake and clearance

et }
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‘rate constants to temperature, These typeshof-relationships
would be expected if'bioaccumulation is a fﬂﬂétiou of meta-

bolic rate (as discussed above for body weight), and nata-

) ~
bolic rate were proportional to);éﬁperature over ‘the‘fahge‘
'exdmined._ Due however to the l;ék opruBLished material an
+he relationship 6f metabolic rateﬂ of-amphipﬁds to tempera-
ture, no useful éomparispn can be dfawn. |

Studies with ; :Lmber Qf‘ pollutants, and a variesty of
organisms, (Murphy amnd Murphy, 1971, PRainernt ot al, 197G4b,
Foulér,and Unlu 1978), have estabiished a éeneral trand for
incfeéSe in .pollutant accumulation with 'temperature in-
cr@éselj Lloyd (1979) ' obsarved increasing uptake of mathyl "
_marcury°wfth.temperature bylﬂ. azteca. Trudel (1980f~fouwd
similar increaﬁes‘in adéﬁ%hlation by Qgghgig ggggg_of m=2thyl
mércﬁfy with temperature, but attributed ghig to uptake p%e*
nomenan, since nd effect of tempsrature bn'.cleafance wasy
not :d. : o | . ‘_ . ‘ ' &

nder comnstant sxposure condi?ions, _the time to raach
s+eady- state ‘in both. compartments will be lengthened 1in
‘propdrtion to reduc;d' clearance raﬁas..‘ For th2 slow com- .
partment, ;uo days ig the approximate time required t;'faach"
steady state at 200C, thle at 55C, +his houldlrequire about
200 days., A;tual bo@s' burdan attaiped at sfeadyfstéta

should not be different, sincs bOth'uptake' énd clearance-k

.

: . . e | , .o
rates are reduced by the same degree as temperature decreas
.‘-‘ ' N ) . L ,‘):'

as, : . o ‘ .3
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- sqnders’l1969) datermined that for the fr§9hwatér.am-

phipod, ggég_;gg ngggggig; DDT toiicity was directlf pro=

e

portional t5, temparature duripg'short-term;'td;icity'tgsts.
If tﬁis_is related to bioacéumulation‘difﬁerences, such as
‘thoég observad in the presént work, toxicity would efentuai-
ly ‘be =qual over the fande of témperatﬁfes eiamined, ‘with

d

+omporal differencas in the attainment of maximal to;;city.

)



_ reasonabla to ask vhether or npt‘this phenomenon occurrnd“

&
.

€7.

. 8.0.21 Blogccumulation frow foed . o

since kinetic differencas botween H. agteca and: C,

’.l’

fgggggggggg;lkg werse observad vith the uater vector, it was

with the food .vector} BesuLts‘indicate that both feedinq

.rate and és§imi;ation efficiancj are’ nqt'spec1es-5pecif1c,
while conclusions regarding ciéaranca'ratas of assimilétad
‘mifei are less clear. i o | |
Althkough thers 'uas'édngiaofabl;—T;;;>atipn in faadihg
rates with both speciés, no‘qonreiatiop to concentration of
mirax in féoé was observed indicating the ahphipods did not
detect thn mxrex.; Feedlng rates spen here, were 51m11ar to

-thosemofALloyd {1979)"for.- H.77az;_ca4fedfonﬁmercury .contami=-__

nafbd S. quadricauda, the food item used in the pr2sent

study, and othnr algal species.’ ' Fathé ware also within th2 -

ranga of values observad by Hargrave (1970)_ for H. azteca

edlng on a varlety of organisams.

Wide variation in a551m11at10n off»CLGncy appears to be

ah i yéient quality exhlblted by a wide varlety of aquatic
_1nv9rtehra es (Cox. 1971 Tridel 1980, Hardina et al. , 1987 ." )

Lloyd (1979}, worklng ‘with H. azteca, found a551m11at10n of -

——— s

f1c19ncy.to range from 3-18% fo:_ 1norganlc mercury, and

50-90% for methy; mé:cury. Hargrave +(1970) getermined assi-

-

milaticn of carbon from green algas by H. aztaca to ba ap-

proxlmately 50%. From thase Studléé, 1t appears: that 3551- '

milation afficiéﬁcy.ls a function of thz pollutant, rather

-

than the Particflat species being examined. = . . ' P

3¢~ NN, {7‘.
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Clsarance of iPQQSth m1r§x'hy.b6£h spe&ies ofiampﬁipod

appears‘to be biphasic. The initial fastacleariqgsphaSQ;uasA;
$ipilar in  both species, being complet2d within ona hour -
postexposure.. .This ﬁast'phase probably correSgopds ﬁd thaf

' - ingested mirex which is not assimilated from the gut, and is

egestad as part of the faces, The slower clearing phase\

would conreqpond to mirex ass;milated into the ‘tissu=s of

the amphlpods,' ThlS slowly cleared mlrax appears to ac* as, /////.

a sinqle'dbmpa:tment in both spacies, as dld micex taken up

“from water by C. pseudogracilis.

‘The clearance of the fast phase within one hour corre-

s

sponds to the time reqﬁifed to fill the gut, which was de-

tarmlned ln an earller experlment to be UO-hinu+es. . Har=-

~—

of ;0—&0 mlnutes, Plthough the qut clearance phase may con-

ceal a fast-clearing comgartment 1n on2 or both épec;es,

. such a compartment would be cleared.wlthln ona hour postax-

J a2 .
posure, the time for clearance -0of the unassimilated mirax.

" Bs was discussed for g. . aztsca compartmantalization in up-

take from watar, the faster a compartment is cleared, -thz .-

f

" “smaller will be the contribution 6f the compartment to tdtal

-

body burden at 'steady;éfate; The fast- Edmparfmeﬁt of_ﬂ.‘

azteca aftﬂr uptakn from vater, -witk a biclogical half~tim 2

e :

. . e - .
For clearanpe of 12 hours, was estipatad to contributa lass

" than 5% to total hddy-burden‘af steady~-state. A compartment .

‘yhich‘claars-totally_uithin ona hour, _would contributz con-

K3
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.sidérably less,

4

_ anq:§bu1¢‘tﬁus'bg'ﬁﬁiﬁpqttanf-ﬁt@ﬁ a bioac-
.cumuiatioﬁ pqihtf-bf vieu;r :As ~was also discusséd ‘for the ' .-
fast cpmpgrfment of ﬂ-'§2§g§§ aftar ﬁptaké from'water hdyav*_“
 qr,‘ such a compgrtme@t cénnot bé_complefely'overlooked'uitﬁ
_regards to it's pétenéial fo exért toxic effects. | |
Clearance of'aSSinilayed mirex was similar to that ob-

sarvad after uptake ftom water in €. pseudodracilis, and th:

slow compartment of H. azteca. This similarity houever}'may
only ba coincidental since cléarance rates, aithough not
statistically-diffaient (p<.05), appearad td.ba dose depen-
dant, decreasing wi£h decreasing mirex level in the food.
This'may represent a mechanism - whereby both specias respond
to a high dose of pollutant. Clearance rates for C. psaudo-
gracilis hovever vere not a function of assimilated doss, - .« .
but weré ‘proprfionél tb mirex concentration .in the food.
The increass in fractional clearanée- rata wi;h food concen-

tration may represent the desorption of mirex which was no*

assimilated into internal tissues, but becomes associated

\ﬂj//:;th the lining of the gut wall,
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. rn this examinatlon of bloaccumulatlon “of mirnx by am-'
phlpods, 1t has baen assumed that the food and wa*er vectors-

are the only sources of mlrnx for tbn amph1pod Determlna#

'tlon of the rates and factorb 1nvolved in accumulatlon via

*hpse two vectors can 1ead to an undnrs+and1ng of thalr ral- .°

ative 1mpor+anco and to some ‘predlctlons o€ populatlon‘con—
sequences.- The prccesses involved 1n bloaccumulat on which
have.been examlned here are; (1) efficiency of uptake from
watér, (2) efficiency of uptake from food, and:iB) wHole
body clea:anqe; -

| As'ﬁas ogtlihad in thz Pesults sngtion, a‘bioaccumu;a-
tion 2quation involving ﬁptake-, and clearance-rats :con-

N

+tants can ba daveloped to describe pollutant flux between
- : _ A
water and amphipods (equation 5). This can easily be modi-

fied to dascribe.aczcumulation from food, the clearance rate

having besn empirically determined. The uptake réte will b2

D

the pfoduct ofithe_ experimentally-derivad ingestion rate,
and assimilation efficiency, and _accumﬁlatioh from food is

described by
' \

I@

Kt
C X F (T-E ) .

(11)

”

. . '

"whare C is body burden, @& is the assimilation efﬁiciency of
mirex from food, I is the ingestion rata, K 1is fractional~
claarance rate, and F is the concentration of mirex in food.

Zquations 5 and 8 together will describe total uptake, and
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for any time of exposure, wlll qlve the relat‘ﬁe,contrib-

utions of the two véctors. ThlS is most. convenlen*ly stud-

1nd at steady- state conditions (b+w}, ‘where ‘the brackatt9d

.terms equal 1, and'for the followlng-exampbe, this condition

‘15 assumed.

Given a'.uatef"cohcentration of 1. pg mirex/ml (10-‘2
q/ml), H. aztsca will accumulate a dose of approxmmataly 80

nq m1rex/q tlssue (8x10 -8 g/9 tlssue). g. Esoudog_ac;lls

under the same;conditiohs, achieves a body concentration of
23 ng/g9. Using the.bicaccumulatin ratio of 10,000 dater-

mined by Hgllister et ai. (1975) for severalrspecies of al-

.gae, amphipod food orgonisms might be expectad to attain a

concentration of 10 ng mirex/g. ZAssimilation officiency“for

-both species was 0.2, and feeding rafe'approximately 0.3 ¢

algae/q 'amphipod/daj with ' a‘fractional clearance rate of
N.0€sday assumuz2d for both species. These-vaiups‘Substitut-'
2d into equation'a, ‘gives the steady-state body burdens ac-
cumulated from food for both H. azteca and C. Q§eggggrag;;i§
to be approximately 10 ng mirex/g dry we2ight. "It must ba
ooted that, due to the apparent dép?nﬁance of clearance rate

to mirex concentration in food, fractional cleararce rate of

ingested mirex may be considerably slower than the 0.06/day

us=2d here, If so, the amount, accumulated via the food vec-
tor will increase in proportion to the dacrease in the frac-

tional clearance rate.
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“hn'above* mo&ai'is vastly' ovnrsimplified, as ‘it can

“only be appliad to a segment of . the population.‘;To'more'ad-,

aquately describo bioaccumulatlon by ~the nntirs populatlon,

a bioenargetlcs approac} is required incorporating mestabol-

ic parameters, such ‘as those accounting for body siza af=-

fects'on uptﬁke fron water and‘inqestion‘rate,_ and tempera=-
+ure affects. Sucb approachas hava bmén'+aken recently by
mrudel (19'30)-. and Harding 2t al., (1981), and describe
. bioenargatic and bioaccumulation 1n+eractions. |

Th2 modal 'dayeloped here, has implications régaroinq
gthe:continuinq controversy in the literature concerning the
rclativé imporéance of food and vater VaCtors in.aocunula-
tTOn of envxronmental pollutants. ¥any studies show that a
variaty of organisms accumulate a qroater propertion from

vater than from faod (Chaduick and. Brocksen 1969, Eoinert

L)

1972, FEpifanio 1973, Jarvinen et al. 1977). Cthers hava

Aemonstrated food to be the dominant vector (Macek and Korn

-

"1970, Reinert et al. 1974a, Fowler et al. 1978, Harding =%

al. 1981). Fesults obtainad in +his study indicate that

hoth food and water can contributs significant amounts to
total body burden, and that no generalization can be applizd

to tha importance of vectors in bioaccumulation.
. 3

- _n
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" SUMMARY

Bioacgumulatign of mirex by H. azteca and C. pseudogra-

cilis was defined in terms of uptake rates from both food

and wat=2r, as hell.as shbseduent cléar%nce of ttre combounﬁ-
from these-tuo sources.  The influenca of‘amphiﬁod ag=2 ¥as
exanined as it relates to ~mirex bioaccﬂmhlaﬁioh from ﬁater._
mhe effect of temparature on bicaccumulation frbm watar was
studied with ﬂ.;gggggg. ‘Somé of the data was uéed to formu-

late a simple model, which aglows compa:ison of the bioaccu-

mulative cagabilities of the two species of amphipod . Thea

.- major points of th2 work are:

"{1)-- Uptake of mirex from water and subsequent claar-

scribed by compartmental kinatic functions. Bioaccumulation

by C. 'pseudogracills was a single comparfment process. H.

azteca exhibited tﬁo-compargment uptake and clearance, . a

gracilis compartment, and a "fast" compartmeni in which both

uptake and claarance rates exczeded thosa of the slow-coum--

- /s

partment. Due to it's rapid turemnover, the fast-compartmént
is relatively insignificant from a bicaccumulation point of

view, - However, greater uptake inte, and slower cleaﬁgnce
. . ~

by H. azteca, 3X that accumulated by C. pseudogracilis. H
| 1
\



(2) Bloaccumulatlon vas found to vary wlth the-0.82 and

0.91 pouers of dry Helght for H. aztﬁca and C. Es_ggggrac1l-

———— i — e — . —

ig respactlvgly. These are to b= expnct=d if bloaccumula-

.

+ion varies with matabelic rate.

(3) Bioaccumulatibn of mirex by H.- azteca was found to

~ be proportlonal to temperature. "~ This ias seen to ba du2 to

+he dlrect proportlonallty of both the-uptake and clearancs

rates. ”he affect of ducreasing tpmperature on bicaccumula=
tion Hlll he to lengthen the time required to reach a stead-

'y-statejbody burden. .The_tissue concantration of mirex at

r

steady-state houever;. should not vary'uith ‘temperaturs,

since uptaks and clearance rates are affected to tha sam2

dagres.

(4) Uptake .Of mirém‘f:om féod, in terms of feeding

rates and a551mllatlon efflc1=ncy,‘was found to be virtually
identical for both spec135. Foncenbraltlon of mirex in food

 3id not appear to influence either feeding rate or assimila-

+ion 2fficlency. Clearanca . of assimilated mirex was uni-
compartmental for both species. Clearance rates wara pro-
portional to mirex concentrations in tha food, hiqher

concentraticns leading to greatar clearanca.
(5) & bloaccumulatlon model was constructad from data
colléftad at 200c, and mirex body burdens achtieved at- 5tead~

y-state by each species calculated. This sinple model dem-

onstrated that both, food and watar c+ors contribute sus-

+antial amounts to total body burden. \Due tc the relatively



importance of the water veizor'in_ﬂ. azteca,’

:will,accumulaié pore mirex - hénfvill C. ggggggg;g-
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