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MANAGEMENT PERSPECTIVE 

This paper represents a continuation of research aimed at 

evaluating leeches as screening organisms for organic contaminants in 

the environment. Leeches were shown to have higher bioconcentration 

factors for a variety of organic compounds than many other aquatic 

organisms. They may, therefore, be ideal "eaily Warning indicators" 

for demonstrating the presence of contaminants before they ’are 

detectable in the water or other components of the environment. 

Leeches were also shown to eliminate chlorophenols (and there is 

evidence to suggest DDT and Mirex as well) more slowly than other 

aquatic organisms; therefore, they may provide evidence of pollution 

events long after the fact. This is particularly important where 

contamination is intermittent, either due’ to spills or sporadic 

discharges. This research supports one of the goals of "the 

Contaminants Project, Rivers Research Branch, which is to determine 

the environmental occurrence of contaminants _in rivers. It also 

supports research needs identified by the Water Quality Branch, which 

are to identify and develop suitable biomonitoring techniques for 

incorporation into existing national water quality monitoring 

networks.



PERSPECTIVES DE GESTION 

La présente communication présente la suite des 
recherches visant 

alévaluer les sangsues comme organismes de dépistage pour les contaminants 

or ani‘ es dans lfenvironnement. Les résultats ont montré ,'e les facteurs 
qu 

de bioconcentration de divers composes organiques 
chez les sangsues étaient 

plus élevés que chez beaucoup d'autres organismes 
aquatiques. Elles 

ituer des "indicateurs précoces" idéaux de la présence pourraient donc const 

de contaminants, avant que ceux-ci ne soient décelables 
dans l'eau ou dans 

d'autres constituants de l'environnement. On a aussi constaté que les 

sangsues éliminaient les chlorophénols (ainsi que le DDT et le Mirex 

d'aprés certains résultats) plus lentement que d'autres organismes 

~aquatiques; elles pourraient donc révéler des cas de 
pollution longtemps 

aprés 1e fait accompli. Cela est particuliérement important lorsque la 

contamination est intermittente, étant causée soit par des 
déversements 

accidentels, soit par des évacuations sporadiques. Ces recherches vont dans 

le sens des objectifs du Projet sur les contaminants, 
de la Direction de la 

recherche sur les cours d'eau, qui visent §.éva1uer la 
presence de 

contaminants dans les rivieres; Elles se situent également dans le cadre des 

ibesoins en recherche définis par la Direction de la qualité 
des eaux, aa 

savoir la recherche et la mise au point de méthodes appropriées 
de 

biossurveillance pour leur incorporation éventuelle dans les réseaux 

nationaux existants de surveillance de la qualité de 
l‘eau.
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ABSTRACT 

In earlier work, we found that leeches from an industrially 

polluted creek bioaccumulated chlorophenols to much higher 

concentrations than other resident benthic invertebrates and fish. We 

suggested that leeches may have significant potential as biomonitors 
for these and other organic contaminants in the environment. In this 

study, we compared the bioaccumulation and depuration-of 16 organic 

compounds, including eight chlorophenols (CPs), lindane, DDT and four 
derivatives, benzothiazole (BT) and 2-(Methylthio)benzothiazole (MMBT) 

for three‘ species of leeches. Dina Q3225 had _the highest 
bioaccumulation capacity for most contaminants, but residues persisted 
longest in Erpobdella punctata. Helobdella stagnalis appeared capable 
of degrading some compounds. Half lives, of CPs, DDT and DDT 
derivatives were generally longer than one month. In contrast, half 
lives were only 1 day for lindane, 1-2.5 days for MMDT and 7 days for 
BT despite very high initial tissue concentrations of the latter two 
compounds. Bioconcentration factors for contaminants in leeches were 
higher than those reported for other aquatic organisms. Half lives 
for lindane, DDT and DDT derivatives were consistent with the 
literature for vother organisms, but half lives for CPs were much 
longer. The results suggest that leeches would be excellent 
biomonitors of both continuous and intermittent contamination of a 

waterway with CPs and DDT, as they retain these compounds for long 
periods after exposure. Their‘ usefulness as a screening tool for 
lindane and benzothiazoles would be 'limited to chronically 
contaminated environments.
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RESUM 

Lors de travaux antérieurs, nous avons observé que les sanqsues d'un 

nruisseau pollué par l'industrie bioaccumulaient les chlorophénols 

jusqu‘a des concentrations beaucoup plus élevées que d‘autres invertébrés 

benthiques et poissons de l'endroit. Ces sangsues nous apparaissaient 

comme des bio-indicateurs offrant des possibilités trés intéressantes pour 

ces produits et d‘autres contaminants organiques dans l'environnement. 

Dans cette étude, nous avons comparé la bioaccumulation et l‘élimination 

de 16 composés organiques, comprenant huit chlorophénols (GP), le lindéne,_ 

le DDT et quatre dérivés, le benzothiazole (BT) et le 2-(méthylthio) 

benzothiazole (MMBT), chez trois espéces de sahgsues. Qin§_Qu§§§ présentait 

la capacité de bioaccumulation la plus élevée pour la plupart des contaminants, 

mais les résidus persistaient plus longtemps chez Er obdella punctata. P 
. .. 

Helobdella stagnalis semblait capable de dégrader certains composés. Les 

demi-vies des CP, du DDT et des dérivés du DDT, étaient généralement 

supéIieures“a un mois. Par contre; les demi-vies n'étaient que de 1 jour 

pour le lindane, 1-2.5 jours pour le MMBT et 7 jours pour le BT,.en dépit 

des concentrations initiales trés élevées des deux derniers composés dans 

les tissus. Les facteurs de bioconcentration des contaminants chez les 

sangsues étaient plus élevés que ceux signalés dans le cas d'autres organismes 

aquatiques. Les demi—vies pour le lindane,"le DDT et les dérivés du DDT 

concordaient avec les valeurs trouvées dans la documentation pour d'autres 

organismes, mais les demi—vies des CP étaient beaucoup plus longues. Les 

résultats montrent que les sangsues seraient d'eXcel1ents bio-indicateurs 

de la contamination aussi bien continue qu'intermittente d‘un cours d'eau par_



I 
les CP et le DDT, car elles retiennent ces ¢QmPcses pendant de longues 

péripdes aprés.1'exposition. Leur efficacité come outil de dépistage 

pour le lindane et lés benzothiazoles se limiterait 5 des milieux 

contaminés de fagon chronique.
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l. INTRODUCTION 

Aquatic organisms which bioaccumulate high concentrations of certain 

contaminants in their tissues may be used as biomonitors to determine 

the occurrence and levels of these contaminants in aquatic 

environments. This type of biomonitoring, labelled "bioanalysis" by 

Butler gt 51. (1985), offers several advantages over traditional water 

and sediment monitoring surveys, Because organisms concentrate 

contaminants from surrounding media, they can serve as early warning 

indicators - demonstrating the presence of contaminants long before 

they reach detectable levels in the water. If contaminant levels are 

measureable in biota, it follows that spatial and temporal trends may 

then be quantified. Biomonitoring also provides a direct measure of 

the bioavailability of contaminants which cannot be- determined by 

»water or sediment analyses alone, but which is an important aspect of 

risk assessment. Finally, bioanalysis may actually be more 

cost—effective. Organisms integrate ambient pollution conditions over
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time, and are therefore more representative of environmental quality 

than are instantaneous samples of water or sediment. Sampling 

frequency can therefore be reduced without sacrificing accuracy, 

resulting in considerable savings in terms of time, effort and cost. 

Organisms which eliminate contaminants slowly offer further benefits 

as biomonitors. Theoretically, the slower the elimination rate of the 

organism, the less frequently it must be sampled. In environments 

where contamination is intermittent, either due to spills or sporadic 

discharges, organisms with slow elimination rates will provide 

evidence of the pollution event long after the fact. 

In earlier work (Metcalfe gt gl., 1984), we found that leeches from 

an industrially polluted creek bioaccumulated chlorophenol 

contaminants to much higher concentrations than other resident 

macroinvertebrates and fish. We suggested that leeches may have 

significant potential as biomonitors for these and other organic 

contaminants in the environment, In the present study, we report the 

bioaccumulation capacities and elimination rates for a variety of 

chlorophenols, neutral organochlorines and non—chlorinated neutral 

compounds for three leech species. Our results are compared with the 

literature on the bioaccumulation and elimination of organic 

contaminants by other aquatic organisms.
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2. MATERIALS AND METHODS 

2;1 Location of Study and Contaminants Investigated. 

Canagagigue Creek is a minor tributary of the Grand River, which in 

turn empties into Lake Erie (Figure 1). Four major types of synthetic 
organic contaminants occur in the creek (Carey gt gl., 1983), all of 

which originate in the Town of Elmira, Ontario. - 

' 

, which Benzoth1azoles_ 

are manufactured in Elmira and are used in the vulcanization of rubber 
goods and in automobile antifreeze, and lindane, which is used in the 

formulation of pesticides, both enter the creek via the municipal 
sewage treatment plant. Chlorophenols and DDT and its derivatives 
enter the.creek as groundwater seepage from a disused chemical waste 
disposal area. Some of these buried wastes are related to the 

manufacture of 2,4~D and 9,4,5-T which were produced in Elmira until 
1969. Sixteen individual compounds, which represented a wide range of 
the two major chemical properties which influence bioaccumulation 
(Table I), were investigated. The study site, known as CN-3 in 

earlier reports (e.g. Carey 5; 31., 1983), was located approximately 
1.5 km downstream from the town where leeches are abundant due to 

nutrient enrichment from domestic sewage and where very high 
concentrations of chlorophenols in resident leeches were previously 
reported (Metcalfe gt 51., 1984).. '
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2.2 Experimental Design and Procedure 

Contaminated leeches were collected from Canagagigue Creek site CN-3 
on October 15, 1984. The stream temperature was 15.5°C. Specimens 
were harvested_ by hand from ‘the undersides of rocks in the quiet 
areas, and with the aid of. a surber sampler in the riffles. A 
sampling effort of eight man-hours yielded 55 Erpobdella punctata, 101 

Dina ‘h’ (both F. Erpobdellidae) and approximately 750 Helobdella __ dubia
. 

stagnalis (F2 Glossiphoniidae). Leeches were placed in glass _jars 

containing creek water, and transported on ice to the laboratory where 
they were held overnight at 4°C to clear their gut contents. No 
mortality occurred. To compare the initial tissue concentrations of 
contaminants in leeches with exposure levels in their environment, 
creek.water was also sampled. For the analysis of chlorophenols, 
lindane and DDT "and its derivatives, triplicate 1L filtered water 
samples were collected; contaminant—free potassium hydroxide pellets 
were added to the samples on site to preserve them at a pH of l1.0 
prior to extraction and analysis. For benzothiazole analysis, three 
4.28 L filtered water samples were collected and passed through 
Sep+Paks (C18 concentration cartridges, Waters Associates) on site, 
then held at 4°C until they could be processed. For logistic reasons, 
water sampling was conducted two weeks later than biota sampling. 
Although concentrations of contaminants in the water are known to vary 
seasonally (Carey gt 51., 1983), changes over the two week period were 
not expected to be significant. Relative proportions of contaminants 
remain constant throughout the year.
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Depuration experiments were conducted in duplicate for each 
species. Six 10 L glass aquaria, each covered with a tightly-fitting 
lid which excluded light, were used. Contaminant—£ree water was 
supplied to each aquarium at a flow rate of 500 mL/min, allowing 99% 
replacement in approximately 1.5 hours. Temperature ranged from 13.0 
to l4.0‘C for the duration of the experiment, pH was 7.9 and dissolved 
oxygen concentrations were at saturation levels. Several pieces of 
clean laboratory glassware were placed in the aquaria to provide 
attachment sites for the leeches. 

The experiment commenced approximately 24 hr after the leeches were 
collected. D. ' specimens were weighed individually, divided into dubia

_ 

two equal groups, and.placed in duplicate aquaria. Care was taken to 
ensure a similar size distribution of animals in each duplicate. Nine 
very small D. dubia were not used. E. punctata specimens were 
distributed in the same manner using all 55 individuals. H. stagnalis 
specimens were equally distributed between their two aquaria in random 
batches of ten, as there was little size variation among individuals. 
Twenty leeches from each aquarium were weighed individually for 
comparison with the other two species. The initial live weights for 
each species are presented in Table II.

A 

Leeches were allowed to depurate their body burdens of organic 
contaminants for a period of 27 d in the laboratory. They were not 
fed. Samples of leeches for contaminant analysis were taken on days 
0, 1, 2, 5, 8, 13, 21 and 27, each Sample consisting of 6 D. dubia, 
3 E. punctata or 40 H. stagnalis from the appropriate duplicate aqua- 
rium. 'These numbers were determined by the minimum amount of material
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required for analytical accuracy and precision (ideally .5 g, not less 
than .15 g). A range of organism sizes, determined visually, was 
selected on each occasion. Initial (Day 0) samples were taken prior 
to distributing the test organisms among the aquaria. The organisms 
in each sample were weighed individually (with the exception of H. 

stagnalis which were weighed in batches of 10) before being combined, 
wrapped in pre-cleaned aluminum ifoil, and stored frozen prior to 
analysis. ' 

2.3 Analytical Methods 

2.3.1 _Leech es 

2.3.1.1 Sample preparation, extraction, clean—up and fractionation. 
Each frozen leech sample was ground with approximately five times its 
weight of previously fired (to 400°C) anhydrous sodium sulphate to a 
uniform consistency in a mortar. This mixture was extracted for 2.5 
hr with 230 mL of residue—£ree dichloromethane ‘in a Soxhlet 
extractor. The extract was then concentrated to l—i mL on a rotary 
evaporator at 25°C. Lipids "and other high molecular weight 
co+extractives were removed by gel permeation chromatography using a 
35 x 2.5 cm gravity flow‘ column filled with BioBeads SX—3, with 
cyclohexane/dichloromethane in a 1:1 ratio as the eluant. Fraction 1 

(O—1lO mL), which contained the lipids, was discarded. Fraction 2 
(ll0—240 mL), which contained the contaminants of interest, was placed 
in a 1 I. separatory funnel with 30 mL cyclohexane and sequentially
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extracted with 40, 30 and 30 mL aliquots of 0.1 M K2603. The aqueous 
phase containing the acid fraction was set aside for chlorophenol 
analysis; The solvent phase containing the neutral fraction was 
washed with 50 mL organic-free water, dried through anhydrous sodium 
sulphate, concentrated to 1-2 mL and transferred to a 10 mL Kuderna 
Danish tube. Two mL of iso—octane were added and the solution 
concentrated to 1.0 mL at 25°C under a stream of dry nitrogen. The 
extract was divided into two 0.5 mL portions for analysis of neutral 
organochlorines and non-chlorinated neutral compounds, respectively. 

2.3.1.2 Analysis of chlorophenols. One mL of residueefree acetic 
anhydride and 10 mL of hexane were added to the acid fraction in a 125 
mL Erlenmyer flask with a teflon-lined screw cap‘ The mixture_was 
shaken for 1 hr, then the hexane layer was transferred to a 10 mL 
Kuderna Danish tube. Two mL of iso—octane were added and the solution 
was concentrated to 1.0 mL under dry nitrogen. The final extract was 
analyzed by electron capture gas chromatography using two 30 M fused 
silica columns (DB5 and DB17) for quantitation and confirmation. The 
temperature program was 70 to 270°C at 4°C/min with a 5 min hold at 
270°C. The injector was held at 230°C (split 10:1) and the detector 
at 350'C. 

2.3.1.3 Analysis of neutral organochlorines. One of the 0.5 mL 
portions of the neutral fraction was passed through a mini clean—up 
column consisting of a Pasteur pipet packed with 2 cm of 401 sulphuric 
acid on silica gel and 0.5 cm anhydrous sodium sulphate. Three 1 mL
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rinses of residue—free hexane were then added to the column, allowing 
each one to penetrate the bed completely. The eluant was collected in 
-a 10 mL Kuderna Danish tube. Two mL of iso—octane was added and the 
eluant was concentrated to 0.5 mL under dry nitrogen. The final 
volume was adjusted to 0.5 mL, then analyzed for lindane and DDT and 
its derivatives by electron capture gas chromatography. The 
temperature progrmn was 122—138°C at 1°C/min; 138—250°C at 30°C/min; 
final hold at 250°C for 2 min. A minor component of total DDT in this 
study was o,p'—DDT. This compound co—elutes with, and therefore 
cannot be separated from, p,p'—DDD. 

2.3.1.4 Analysis of non-chlorinated neutral compounds. The second 
0,5 mL portion of the neutral fraction was analyzed for benzothiazole 
and its derivative MMBT by flame ionization gas chromatography using a 

30 M DB5 column programmed from 90-250°C at 4°C/min. The injector 
(split 10/1) and detector were held at 250°C. 

2.3.2 Water 

2.3.2.1 Analysis of chlorophenols and neutral organochlorines. The 
1 L water samples were acidified-to pH l-2 with concentrated HCI and 
extracted sequentially with 40, 30 and 30 mL of residue-free toluene. 
The toluene extract was treated identically to Fraction 2 of the leech 
samples from this point onward, except that the neutral fraction was 
not split into two portions because separate water samples had been 
collected for the analysis of benzothiazole derivatives.
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2.3.2.2 _analysis of nonechlorinated neutral compounds. Sep+Paks 

containing the residues from the 4.28 L water samples were eluted with 
5 mL acetone. One mL of iso-octane and sufficient methanol to produce 
a single phase was then added. The extract was concentrated to a 

final volume of 1.0 -mL and analyzed by flame ionization gas 
chromatography as previously described for the leech samples. 

3. RESULIS 

3.1 Bioaccumulation Capacities of Leeches for Organic Contaminants 

Leeches from Canagagigue Creek contained benzothiazoles, chloro- 
phenols, lindane and DDT and its derivatives, although only 
benzothiazoles and chlorophenols were detected in creek water (Table 
III). D. ' appeared to have the greatest bioconcentration dubia 

V
V 

capacity among the three species, as it accumulated the highest tissue 
concentrations for 11 of the 16 compounds. E. punctata accumulated 
the.highest concentration for one compound (2,6—DCP) and was generally 
intermediate, while concentrations in H. stagnalis were lowest for 
nine compounds and never highest. Concentrations of 2,4,6+TCP and 
2,3,6—TCP accumulated by D. V 

' and E punctata were similar, while dubia . 
p 

. 
_

_ 

concentrations of 2,3,4,6-TECP and PCP were approximately the same in 
all three species. H. stagnalis differed from the other two species 
in that it did not accumulate detectable residues of benzothiazole D 

2,6-DCP or lindane,
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In general, contaminants were bioaccumulated in proportion to their 
relative occurrence in the water; that is, concentrations in both 
leeches and water were highest_£or benzothiazoles, intermediate for 
chlorophenols and lowest for lindane and DDT and its derivatives. 
Among the eight chlorophenols investigated, however, this general 
trend was not consistent (Figure 2). The dominant chlorophenol isomer 
in the water was 2,4—DCB, accounting for 38% of the total 
chlorophenols present. It was also a dominant isomer in leeches, 
representing 31-46% of the total chlorophenols accumulated. However, 
2,4,5—TCP accounted for higher proportions in leeches (28-442) than in 
water (15%), while proportionately less 3,4—DGP ‘was bioaccumulated 
(3-52) than would be expected from its relative occurrence in water 
(16%). Less 2,6—DCP was also accumulated by D. ‘ (2%) and H W dubia 

_

. 

stagnalis (0) but not by E. punctata (14%) than would be anticipated 
(122 in water). Pentachlorophenol, 2,3,4,6—TECP and 2,3,6—TCP were 
proportionately low in both leeches and water. 
Bioconcentration factors (BCFs), which refer to the ratio between 

tissue and water concentrations, are presented for benzothiazoles and 
chlorophenols in Table IV. For MMBT and BT, BCFs were low, ranging 
from 100—400X. For chlorophenols, BCFs were higher and quite 
variable, ranging "from 600-l6,70OX depending upon the species and 
isomer. No clear pattern relating the degree of chlorination and 
chemical properties of the various isomers (Table 'I) to their 
bioaccumulation potentials in leeches was evident. BCFs could not be 
calculated for lindane or DDT and its derivatives because these 
compounds were not detectable in the water.
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3.2 Elimination Rates of Organic Contaminants by Leeches 

Elimination rates of organic contaminants by leeches were determined 
using data- points from each aquarium as duplicates. A single 
compartment model adequately described the elimination process; that 
is, plots of the natural logarithm (ln) of tissue concentration vs. 

time in days gave essentially straight lines (Figures 3, 4 and 5). 

Where the slope of a line was significantly different from zero at the 
p$.05 level, rate constants were determined and half lives were 
calculated (Table V).

A 

Leeches depurated chlorophenols and DDT derivatives slowly from 
their systems. Half lives for chlorophenols in leech tissues were in 
most cases longer than one month. The elimination process for two 
representative isomers is shown in Figure 3. Chlorophenols persisted 
longest in E. punctata, where no significant depuration was observed 
for any compound except PCP during the 27 d experiment. All three 
leech species eliminated p,p'—DDD and o,p'—DDD_ more rapidly than 
p,p'—DDE and o,p'—DDE, as illustrated for the p,p' — derivatives in

a 

Figure 4. While no significant elimination was observed for p,p'—DDT 
in erpobdellid leeches, this compound had a half life of only 5.5 d in 
H. stagnalis. As was the case for chlorophenols, DDT derivatives 
appeared to persist longest in E. punctata. 

.Lindane and benzothiazole derivatives were quickly eliminated by 
leeches (Table V and Figure 5, respectively). The half life for 
lindane was a day or less; for MMBT it was 1-2.5 d and for BT, about
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one week. Lindane concentrations in leech tissues were very low to 
begin with; however, MMBT and BT concentrations were initially very 
high. In fact, initial tissue concentrations of MMBT were from one to 
several orders of magnitude higher than any other compound, yet this 
contaminant was never detected in leeches after their eighth day in 

cleaniwater. 

3.3 Mortality and Weight Loss 

The incidence of mortality during the 27 d.depuration period was low 
(1-32); Only one mortality occurred in each of DD1, DD2 and EP1, five 
in HS1, 3 in AHS2 and none in EP2. Four specimens could not be 
accounted fior in DD1, 6 in DD2, 1 in EP1 and 2 in EP2. H. stagnalis 
specimens remaining at the end of the experiment were not tallied. 

D. dubia and E. punctata appeared to lose weight during the 
experiment; Table VI shows that the mean weights of sampled specimens 
tended to decrease over time. This evidence ‘of weight loss is 

inconclusive, as we could have unintentionally sampled larger 
specimens earlier in the experiment. Unfortunately, we have no way of 
measuring weight changes in specific individuals. However, by 
comparing the mean weight of all specimens initially with the mean 
weight of all specimens at the time of sampling, we estimated the loss 
of biomass-over the course of the experiment as about 10% for both 
species. This translates into a loss of approximately 11 of the 
original body weight/day for each individual. H. stagnalis remained 
in excellent condition throughout the experiment, with no indication
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that the average weights of sampled specimens decreased over time 
(Table VI), 

4. DISCUSSION 

Leeches from Canagagigue Creek accumulated l6 Organic contaminants in 
their tissues, even though only ten of these compounds were detectable 
in creek water. In a similar study on the occurrence of organic 
contaminants in rivers in southwestern New Brunswick (Metcalfe gt 51., 
1985), 12 chlorophenol isomers were detected in resident leeches while 
only three were detected in river water. As the primary route of 
uptake for compounds as soluble as benzothiazoles, chlorophenols, 

\
. 

lindane and even DDE (Bjerk and Brevik, 1980) would be directly from 
the water, leeches are clearly capable of concentrating minute amounts 
of these contaminants into measurable residues in their tissues. 

Interspecific differences in the bioaccumulation of contaminants 
were apparent. D. ' was previously shown to accumulate higher dubia 

I H 

concentrations of seven chlorophenols than any other leech species in 
Canagagigue Creek (Metcalfe gt al., 1984), and this trend apparently 
applies to other organic compounds as well. H. stagnalis accumulated 
lower concentrations of contaminants »than the two erpobdellids. 
According to unpublished data reported by Sawyer (1974), H. stagnalis 
also accumulated lower concentrations of Mirex (2 ppm) than Erpobdella 
sp. (26 ppm) after 5 d exposure at 1.0 ppm Mirex., ‘
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Leeches generally accumulated contaminants in proportion to their 
relative occurrence in the water, but there were exceptions. 
(Concentrations of BT and 2,4-DCP in erpobdellids were similar despite 
much higher concentrations of BT in the water. Also DDT and its 

derivatives were never detected in creek water, yet concentrations in 

leeches were higher than some of the chlorophenols. These findings 
can be attributed to differences in the chemical properties of the 
various compounds (Table I). For example, the lower BCFs observed for 
benzothiazoles than chlorophenols were expected, because 
benzothiazoles are more water—soluble and have lower Row values.v 
Bioconcentration factors for chlorophenols in leeches varied among 

the different isomers in apparent contradiction of their chemical 
properties (Table I). For most organochlorine compounds, increasing 
chlorination of the molecule results in a corresponding increase in 
bioconcentration. This is not necessarily the case for acidic 
compounds like chlorophenols, for which the percentage of the compound 
present in the un—ionized, biologically available, form is pH- 
dependent. For example, as the pKa values (at 25°) for chlorophenols 
range from 4;8 for PCP to 8.59 for 3,A-DCP (Jones, 1981), PCP would be 
more dissociated and less biologically available at neutral pH than 
3,4-DCP. "In support of this, Call gt gl. (1980) determined that 
2,4,5—TCP had a greater bioconcentration potential in fish than PCP 
and suggested that this is because PCP has a lower pKa than TCP. 
Kaila and Saarikoski (1977) found 2,3,6-TCP to be more toxic than PCP 
to the crayfish, Astacus fluviatilis, in an aqueous medium, but less 
so when the compounds were injected directly into the tissues. They
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believe that waterborne 2,3,6—TCP penetrates crayfish tissues more 
easily than PCP because of its higher pKa. Ernst and Weber (1978) 

reported that BCFs for chlorophenols in the polychaete, L. gggghilgga, 
increased towards the lgggg chlorinated isomers. Values calculated 
from their data are as follows: PCP-3000X, 2,3,4,6/2,3,5,6-TECP- 
11,000X; 2,3,4,5—TECP-17,5OOX; 2,4,6—TCP-20,000X; 2,4,5—TCP-24,000X. 

Our results for leeches also demonstrated higher BCFs-for 2,4,5—TCP 
and 2,3,6—TCP than for 2,3,4,6—TECP and PCP, but 2,4,6—TCP deviated 
from this pattern. Jacob (1986) exposed the leech Haemopsis marmorata 
to a mixture of five chlorophenols at 10 ppb each and found, as we 
did, lower BCFs for 2,4,6-TCP (35OX) than for 2,4,5—TCP (228OX). We 
‘observed similar BCFs for Z,3,4,6-TECP and PCP in leeches. Paasivirta 
gt al. (1985) reported slightly higher BCFs for the 2,3,4,6—TECP than 
PCP in two species of freshwater fish; while _Folke g§_ 51. (1983) 
observed the opposite in marine mussels. In both cases, the 
differences were small. Paasivirta gt 31. (1985) did not find any 
evidence of food chain enrichment of chlorophenols in a contaminated 
lake chain in Finland. However; they did note that habitat and 
feeding habits influenced the pattern of uptake. For example, 
filter—feeders accumulated the more water soluble isomers such as 
2,4—DCP and 3,4,—DCP, while sediment—associated organisms accumulated 
the less water soluble, materia1—bound compounds. The pattern. of 
chlorophenol bioconcentration we observed for leeches in Canagagigue 
Creek may be influenced by many factors. These include the chemical 
properties of the isomers (where the effects of increasing 
chlorination, increasing lipid solubilities and decreasing water‘
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solubilities are offset by decreasing dissociation constants), the 

degree to which leeches are in contact with dissolved vs. 

sediment-bound compounds, and the unique metabolic capabilities of the 
organisms themselves. 

There have been few studies which directly compare contaminant 
residues in leeches with those in other aquatic organisms. The only 
information available concerns the ‘persistent organochlorine 
pesticides, DDT and Mirex. Webster (1967) reported the presence of 
DDT in E. punctata tissues three months after the aerial spraying of a 

marsh, while no residues were found in amphipods or copepods. Meeks 
(1968) experimentally sprayed radiolabelled DDT over a _marsh and 

followed its uptake and depuration by all components of the food web 
over a period of 5 months. DDT residues in the leech, E. punctata, 
were higher (up to l2.6 ppm) than those in molluscs, crustaceans and 
insects. In fact, the only biological samples having higher 
concentrations of DDT than leeches were the fat of a carnivorous water 
snake and one species of bird. In laboratory experiments, de la Cruz 
and Naqvi (1973) determined that freshwater shrimp and crayfish 
accumulated twice as much Mirex as three species of leeches after 48 
hr exposure at 2.0 ppm Mirex. In contrast, the same authors (Naqvi 
and de la Cruz, 1972) found that levels of Mirex in the leech, E. 

pgngtgtg, from a creek recently sprayed with the chemical, were higher 
than in 14 other invertebrates (including shrimp and crayfish) and a 

frog. Only water boatmen accumulated slightly higher concentrations 
than leeches.



-17- 

It is difficult to compare the BCFs we observed for leeches with 
those reported for other organisms, mainly because few studies have 
been conducted under environmentally realistic exposure regimes such 
as ours. It should also be noted that BCFs generated from field 
studies, in which integrated values (concentrations in organisms) are 
compared with instantaneous values of unknown variability 
(concentrations in water), will be less precise than those determined 
under controlled laboratory conditions. Table VII presents the 
relevant comparisons. In all but two instances, BCFs for 
benzothiazoles and chlorophenols in leeches were cmuch higher than 
those in other aquatic organisms. Virtanen and Hattula (1982) 
reported greater BCFs for 2,4,6-TCP in guppies than we observed in 
leeches. However, the concentrations of 2,4,6—TCP in their microcosm 
decreased from 0.50 to 0.05 pg/L after 36 d due to an undetermined 
factor despite continuous dosing at the higher concentration. The 
exact exposure level under these circumstances is difficult to 
estimate. The marine polychaete, 7 conchilega, appears to have a Lanice 

_
_ 

BCF for chlorophenols as high as that of leeches, According to Ernst 
and Weber (1978) these BGFs greatly exceed those reported in the 
literature for fish and mussels. Metcalfe gt gl. (1984) noted that 
among 15 taxa of stream invertebrates collected from Canagagigue 
Creek, only oligochaetes accumulated chlorophenol residues comparable 
in magnitude to those in leeches. This information suggests that 
annelids in general may have unusually high bioconcentration 
capacities for chlorophenols.‘ 

We were unable to calculate BGFs for lindane in leeches because this 
pesticide was not detectable in creek water. However, D. dubia and
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E. punctata accumulated residues of lindane (3-ll ng/g) which are 

similar to those reported by Schimel gt gl. (1977) in pink shrimp, 
- (10 ng/g) exposed to 0.13 pg/L lindane in sea water Penaeus duorarum 

_ 

_ . 

As their exposure levels were at least two orders of magnitude higher 
than ours, it appears that erpobdellid leeches have .a' higher 
bioconcentration potential for lindane than shrimp. 
Leeches depurated DDT and its derivatives rather slowly from their 

systems, while lindane was eliminated very rapidly. AThis is 

consistent with the literature on the elimination rates of these 
compounds by other aquatic organisms (Table VIII). There is some 
direct evidence that leeches may eliminate DDT more slowly than other 
aquatic invertebrates. In a field survey, Meeks (l968) found that DDT 
residues were more persistent in the leech, E. punctata, than in 
molluscs, crustaceans or insects, exceeding 1.5 ppnn 12 months after 
aerial spraying vs. 0.5 ppm or less in other invertebrates. H. 

stagnalis eliminated DDD, DDE and particularly DDT more rapidly than 
the two erpobdellids. This observation is "not: without precedent. 
According to, an unpublished study described by Sawyer (1974), H. 
stagnalis from an area heavily sprayed with DDT contained 
significantly greater amounts of DDD and DDE than DDT, therefore 
appearing to dechlorinate DDT. Another unpublished study from the 
same source compared the uptake of Mirex by H. stagnalis and E. 
punctata after exposure to 1 ppm Mirex in water. H. stagnalis 
accumulated 5 ppm after 24 h, then tissue concentrations declined to 
1 ppm after 5 d. In contrast, uptake by E. punctata- was directly
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proportional to exposure time, increasing from 2 after 24 h to 26 ppm 

after 5 d. These results suggest that H. stagnalis is capable of 

metabolizing Mirex while E. pgnggata is gnot. The ability of H. 

stagnalis to degrade organic contaminants may be a general feature of 

the species or Family, and could explain why certain compounds in the 

present study (i.e BT, 2,6-DCP, lindane) were not detected in H. 

stagnalis. 

Chlorophenols are eliminated very rapidly by most aquatic organisms 

(Table IX). The long half lives we observed for these compounds in 

leeches are in striking contrast to those “reported for fish and 
mussels. Elimination rates for chlorophenols did not differ markedly 
among leech species, although most compounds appeared to persist the 

longest in E. punctata. As the data for this species was the most 
variable, probably due to smaller sample sizes -and a greater size 
range of specimens, it is possible that significant deputation did 
occur for some compounds but we were unable to detect it. There is no 
information available on the deputation of benzothiazoles by aquatic 
organisms.- i 

D. Dubia and E. punctata lost weight during the deputation study at 
an estimated ll body weight/day. In contrast, H. stagnalis did not 
appear to suffer any weight loss, All three species feed primarily on 
chironomids and oligochaetes (Barton and Metcalfe, 1986; Davies gt 
51., 1979), although their feeding mechanisms differ. Erpobdellids, 
which possess a simple gut, swallow their prey whole. The more 
primitive glossiphonids, some of which are sanguivorous, suck the body
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fluids of their prey and store them in a diverticulated crop prior to 

digestion. We speculate that the diverticulated gut of H. gtggnglig 
allows it to consume larger meals and store food for longer periods of 
time, thus remaining in better condition than D. dubia and E. punctata 
when access to food is denied. Weight loss is a confounding factor in 
our experiment which may affect the depuration rates of compounds that 
are slowly eliminated by organisms which are concurrently losing 
weight, i.e. the depuration rates of CPs, DDT, DDD and DDE by D. dubia 
and E. punctata. Pruitt gt 31. (1977) felt that the elimination of 

PCP by bluegills was enhanced by the effects of starvation, due to the 
rapid metabolism of PCP-containing tissue. Call gt gl. (1980) 
confronted the opposite problem during a long—term experiment on the 
uptake and loss of three phenolic compounds by fathead minnows. Fish 
were fed during the experiment and gained both weight and lipid 
content. The elimination rates observed were believed to be slower 
than if the condition of the fish had remained constant, especially 
for compounds stored in the fat. If these "theories apply to our 
study, we may have overestimated the depuration rates of CPs, DDT, DDD 
and DDE in erpobdellid leeches. Our own feeling is that the opposite 
could also be true. For a contaminant which is normally eliminated 
slowly, an accompanying weight loss would tend to concentrate the 
remaining residues provided that the contaminant is either transferred 
to other tissues, or is not stored in the tissues being metabolized.
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5. CONCLUSIONS 

Freshwater leeches have been shown to bioaccumulate organic 
contaminants to levels exceeding those reported for other aquatic 
organisms. For erpobdellid leeches particularly, these levels may be 
one to two orders of magnitude greater. Because of their high 
Vbioconcentration capacities, and because they frequently accumulate 
contaminants which are undetectable in the water, leeches provide an 
early warning system for identifying the presence of contaminants in 
aquatic environments. 

In general, leeches accumulated contaminants in proportion to their 
relative occurrence in the water, and were therefore good indicators 
of relative water quality with respect to the tested toxic chemicals. 
Deviations from this pattern were observed among the chlorophenol 
isomers, and we attribute this in part to the unusual chemical 
properties of these compounds.

A 

Leeches depurated DDT and its derivatives rather slowly from their 
systems, while lindane was eliminated very rapidly. This is 
consistent with the clearance rates of these compounds reported for 
other aquatic organisms. Bengothiazoles, particularly MMBT, were also 
eliminated rapidly despite very high initial concentrations of these 
compounds in leech tissues. 

Chlorophenols are eliminated very rapidly by most aquatic organisms; 
biological half lives are generally of the order of a few hours to a 
few days. In contrast, half lives for these compounds in leeches were 
in most cases longer than one month. Because of their apparently
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unique‘ ability to retain chlorophenols for long periods after 
exposure, eleeches are the best available screening tool for these 
contaminants. They would be particularly useful in environments where 
contamination is intermittent, either due to spills or sporadic 
discharges, where residues in leeches would provide evidence of the 
pollution event long after all traces of contamination have 
disappeared from the water and the tissues of other organisms. 
We recommend erpobdellid leeches as potentially the most suitable 

for biomonitoring purposes, but each of the three species investigated 
had its own benefits and disadvantages. D. Q3335 appeared to have the 
highest bioconcentration capacity for most organic contaminants, but 
it is an un¢Ommon, geographically restricted species which could not 
be widely used in comparative studies. 

_ 

E. punctata exhibited the 
slowest _depuration rates, and is common and widespread in North 
America (Sawyer, 1974), however, its bioconcentration capacity for the 
compounds investigated was lower than that of D. dubia. H. stagnalis 
is also commonly available, and specimens did not lose weight during 
the 27 day depuration period. However, H. stagnalis did not 
accumulate certain contaminants, and appeared _to degrade others. 
Therefore, the information generated from' this species would be 
incomplete and difficult to interpret.



- 23 - 

ACKNOWLEDGEMENTS 

The authors wish to thank J.E. Tozer for field assistance and for 
preparing the biological samples for contaminant analysis. The water 
samples were extracted and analyzed for benzothiazoles by J.H. Hart 
and for chlorophenols and organochlorines by P.A. Thiessen. 

REFERENCES 

Barton, D,R. and Metcalfe, J.L.: 1986, ‘Life Cycles, Reproduction, and 
Diets of ,Dina dubia and Erpobdella punctata (Hirudinea: 
Erpobdellidae) in Canagagigue Creek, Ontario‘, Can. J. Zool. 64, 

(3), 640-648. 

Bjerk, J.E. and Brevik, E.M.: 1980, '0rganochlorine Compounds in 
Aquatic Environments‘, Arch. Environm. ,Contam. Toxicol. 9, 

743-750. ' 

Brownlee, B., Carey, J.H. and Fox, M.E.: 1981, ‘A ,Review of 
Benzothiazo1es_ in the Aquatic cEnvironment, Scientific Series No. 
126, Environment Canada, Inland Waters Directorate, Burlington, 
Ontario, 5 p. ' 

Butler, G.C., Bennett, B.G., Miller, D;R., Piotrowski, J.K. and Sors, 
A.: 1985, ‘Methods for Estimating Exposure to Chemicals‘, in Vouk, 
V.B., Butler, G.C., Hoel, D.G. and Peakall, D.B. (eds.), Methods for 
Estimating Risk of Chemical Injury: Human and Non-human Biota and 
,Ecos1stems, John Wiley and Sons, New York, pp. 7-28.



1 

_ 24 _ 

Call, D.J., Brooke, L,T. and Lu, P—Y.: 1980, ‘Uptake, Elimination, and 

Metabolism of Three Phenols by Fathead Minnows', Arch, Environm. 
~ i 

' 
. 9 699-714 Contam Toxicol , . 

Carey, J.H., Fox, M.E., Brownlee, B.G., Metcalfe, J.L., Mason, P.D. 

and Yerex, W.H.: 1983, ‘The Fate and _Effects,.of Contaminants in 

Canagagigue Creek 1. Stream Ecology and Identification_ of Major 
Contaminants‘, Scientific Series No. 135, Environment Canada, Inland 

Waters Directorate, Burlington, Ontario, 37 p. 

Chiou, C.T., Freed, V.H., Schmedding, D.W. and Kohnert, R.L.: l977 I 

‘Partition Coefficient and Bioaccumulation of Selected Organic 
Chemicals‘, Environ. Sci. Technol, 11, (5), 475-478. 

Davies, R.W., Wrona, F.J. and Linton, L.: 1979, ‘A Serological Study 
of Prey Selection by Helobdella stagnalis (Hirudinoidea)', J. Animal 
Ecol. as, 131-194.

' 

de la Cruz, A.A. and Naqvi, S.M.: 1973, ‘Mirex Incorporation in the 
Environment: Uptake in Aquatic Organisms and Effects on the Rates of 
Photosynthesis and Respiration‘, Arch. Enviromn. Contam. Toxicol. 
1, (3), 255-264. " 

Ernst, W.: 1977, ‘Determination of the Bioconcentration Potential of 
Marine Organisms. - A Steady State Approach. I, Bioconcentration 
Data for Seven Chlorinated Pesticides in Mussels (Mgtilus edulis) 
and Their Relation to Solubility Data‘, Chemosphere 11, 731-740. 

Ernst, W.: 1979, ‘Factors Affecting the Evaluation of Chemicals in 

Laboratory Experiments Using Marine Organisms‘, Ecotoxicol. 
Environm. Safety 3,(l), 90-98.



e 25 - 

Ernst, W. and Weber, K.: 1978, ‘Chlorinated Phenols in Selected 
Estuarine Bottom Fauna‘, Chemosphere 11, 867-872. 

Folke, J., Birklund, J., Sorensen, A.K, and Lund, U.: 1983, The Impact 
on the Ecology oi Polychlorinated Phenols and Other Organics Dumped 
at the Bank of a Small Marine Inlet‘, Qhgmggphggg l2, (9), 
1169-1181. 

' 

p

- 

Gakstatter, J.H. and Weiss, c.u.= 1967, ‘The Elimination of not-c14, 
Dieldrin—C14, and Lindane-C14 from Fish Following a Single Sublethal 
Exposure in Aquaria‘, Trans. Am. Fish. Soc. 96, (3), 301-307. 

Glickman, A.H., Statham, C.N., Wu, A. and Lech, J.J.: 1977, ‘Studies 
on the Uptake, Metabolism, and Disposition of Pentachlorophenol and 
Pentachloroanisole in Rainbow Trout‘, Toxicol. _Appl. Pharmacol. 
41, 649+658. 

.
- 

Jacob, C.: 1986, Use of the Bioconcentration Capability of Leeches to 
Evaluate Chlorophenol Pollution, M.Sc. Thesis, The University of 
British Columbia, 181 p.

l 

Jones, P.A.: 1981, Chlorophenols and Their Impurities in the Canadian 
E v’ , Economic and Technical Review Report EPS 3-EC-81-2 n ironment I cu 

A , _ 
_ , 

Environment Canada, Environmental Protection Service, Ottawa, 
Canada, 434 p. 

Kaila, K. and Saarikoski, J.: 1977, ‘Toxicity of Pentachlorophenol and 
2,3,6—Trichlorophenol to the Crayfish (Astacus fluviatilis L.)‘, 

§£!i£2£a_£2ii2£e 12- 119-133-
. 

Kenaga, E¢E. and Goring, C.A.I.: 1978, ‘Relationship between Water 
Solubility, Soil—Sorption, Octanol-Water Partitioning, and 
Bioconcentration of Chemicals in Biota‘, in Proceedings of the Third



I + 26 - 

I Aquatic Toxicology Syn;po,sium, American Societ.y,__for Testing and 
Mat'eri_als,,.New‘ Orleans, ’LA., 63 pp. ' 

i Kobayashi, K. and Aklitake, 1975, "Studies on the Metabolism of 

I 
Chlorophenols in Fish - I. Absorption and Excretion of 
Pentachlorophenol by Goldfish‘, Bull._ Jap. Soc. Sci. Rishereies 41, 

(1), 87*92. 

.Landner, L., Lindstrom, K., Karlsson, M., Nordin, J. and Sorensen, L.: 

1977, "Bio'accumul'a;tion in IFish of Chlorinated Phenols from Kraft 

I 
Pulp Mill Bleachery Efvf"1uents', Bull. Environm. Contam. Toxicol. 
'18. <e>, 663-673. 

I 
' 

Leo, A., Hansch, C. and Elkins, D.: 1971, ‘Partition Coefficients and 
Their Uses’, Chem, Rev. 71 (6),"525—616. - 

g
D 

I Meeks, R.L.: 1968, ‘The Accumulation of 3°c1 Ring—La_be1ed nncr in a 
Freshwater Marsh‘, J... Wi1d1.~ Mgmt. 32, (2), 376-398. 

»-I Metcalfe, J.L., Fox, M.E‘. and Carey, J.H.: 1984, ‘Aquatic Leeches 

I (Hirudinea) as Bioindicators of Organic in 
Freshwater Ecosystems’, Chernosphere 13, (1), 143-150. 

I Metcalfe, J.L., Fox, M.E., Coletta, P.A. and Carey, J.H.: 1985, 

I 
C-h1orophenoAl.Leve1s in Aquatic .Leeches from Selected Sites in 
Southwestern New Brunsw.ick,_ Contribution, No. 85-61, Environment 

l Canada, Inland Waters Directorate, National Hater Research 
Institute, Burlington, Ontario, 11 p. 

I Naqvi, 'S.M. and de la Cruz, A.; 1973, ‘Mir-ex", Incorporation in the 

U 
Enviromnent: Res"-idues in Nontarget Organisms — 1972', Pestic. 
Monit.J_. 1, (2),1o4-111.. A

'



-27- 

Niimi, A.J. and McFadden, C.A.: 1962, ‘Uptake ]€§gi?~s§a1um 
Pentachlorphenate (NaFCP) from Water _by Rainbow ¢@rout‘;(Salmo 
gairdneri) Exposed to Concentrations in the 'ng/L _Range', »3§11. 

Environm. Contam. Toxicoi. 28, 11-19.
l 

Paasivirta, J., Heinola, K., Humppi, T., Karjalainen, A., Knuutinen, 
J., Mantykoski, K,, Paukku, R., Piilola, T., Surma~Aho, K. Iarhanen I 

J., Welling, L., Vihonen, H. and Sarkka, J.: 1985, 'Polychlorinated 
Phenols, Guaiacols and Catechols in Environment‘, Chemosghere 14, 

(5), 469—491. 

Pruitt, s.w , Grantham, B.J. and Pierce, R.n- Jr.; 1911, 'Accumulatiou 
and Elimination of Pentachlorophenol by the Bluegill, Legomis 
macrochirus', Transi Am. Fish. Soc, 106, (5), 462-465. 

Sawyer, R.T.: 1974, 'Leeches (Annelida: Hirudinea)', in Hart, C,W. 
Jr. and Fuller," S.L.H. (eds.), Pollution Eoology..of Freshwater 
Invertebrates, Academic Press, New York, pp. 81-142. 

Schimmel, S.C., Batrick, J.M. Jr., and Forester, J.: 1977, ‘Toxicity 
and Bioconcentration of BHC and Lindane in. Selected Estuarine 
Animals‘ Arch. Environm. Contam- Toxicol. 6, 355-363. 

Trujillo, D.A., Ray, L.E., Murray, H.E. and Giam, C.S.: 1982, 
'Bioaccumulation of Pentachlorophenol by Killifish (Fundulus 
similus)', Chemosphere 11, (1), 25-31. 1 

Virtanen, M.T. and Hattula, M-LL: 1982, ‘The Fate of“ 

2,4,6—Trich1orophenol in an Aquatic Continuous-Flor System‘, 
Chemosghere 11, (1), 641-649. 1



— 28 + 

-Hebster,-E.J.: 1967, ‘An Autoradiographic Study of Invertépraie Uptake 
.10: an-r-c136-, Qhio J. Sci. 61, (5), 300-3.01. _- 

*

_ 

Veil, V.L., Dure, G. and Quentin, K—E.: 1974,"'Vasser1os1i¢hke1t von 
*1nsektiziden chlorierten Kohlenwasserstoffen und npolychlorienten 

Biphenylen im Hinblick ~au£ eine Gewassetbelastung _n1t diesen 
Steffen‘, Wasser-qnd_§byasser+Forschung 7, (6), 169-175. 

Yamato, Y;; 'Kiyonaga, M. _and Watanabe, T.: 1983, ‘Comparative 

Bioaccumulation and Elimination of HCH Isomers in Short+Necked Clam 

(yggggggig 13395195) and guppy (Poecilia reticnlafia)', Bull. 
Environ. Connan- Toxicol. 3l, 352-359.



0- 

Table I. Chemica1_properties pf the contaminant; investigated. ' 

~Used in Text 

j¥{Qctano1/ 
Compound Abbreviation Solubility jfiflfiflater 

in Water f§?$Partition 

(ppm) 
vQYC6é££icient 

(now) 

Benzothiazole derivatives: 
2*(Methylthio)benzothiazole MMBT 

'Benzothiazo1e '
' 

Chlotophenols: 
- 2,6-dichlorophenol 
2,4—dich1orophenQ1 
3,4¥dieh1oropheno1 
4,6=trich1otopheno1 
3,6-trichlorophenol 
4,5—trichiordpheno1 

2,3,4,6-tetrachlorophenol 
Pentachlorophenol 

NJNIO 
wvv 

Lindane _

" 

DDT-and its derivatives: 
DDT 
DDD 

BT

N 

05030 

m 
> 

P-w->- 

~0- 

c:~ 

- 

--.-> 

a-o 

'UO\U100\ 

UUU 

0 
0
n 
w
w 

- 2 
-rcr 
=TCP 
-rcr 
-TECP 

Lindane 

P»P'“DDT 

1001” 
>1001 

62003 

4503 

9503 
2003 
103 

7.06 

.00ss6 1,000,0005»6 
p',p'-DDD; o,p'—DDD .0206 1,os0,0005 non p',p'-DDE; o,p'—DDE .0146 ss0,0005»6 

10002 
1001 

40004 

052004 

1o2,0004» 

52007 

2R.F. Biatford (pets. comm.); 2B;own1ee et a1. (1981); 3J0nes (1981); Leo et a1. (1911); 5Kenaga and Goring (1970); 6Wei1 et a1. (1914); 7K.L.E. Kaiser (pers. ¢omm.); 8Ghiou et al. (1977). -
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Table II. . Initial live weights of leeches. 

Species 
0 

_Aquarium Sample 
Size 

eflean 
V? isht 
(3) 

" Range_§Vi-'e.d, as 
-s§%f§§%§ eei Of 

V . !_->':§ ..:._-,_._;.\_ 

. '- _k',v“,)‘k>§'\ I Mean 
.- - -.~,~\; . 

» 
' 

5?:-1.‘ ~ 

Diha Dubia DDl 

pobdella punctata E01 
EP2 

Helobdellapspagnaiis H81 
HS2 

46 
46 

23 
27 

20* 

0.011 
0.072 

0.191 
0.209 

0.0068 
0.0085 

0.017*0.156 
0.024-0.233 

0.042—0.517 
0.050—0.445 

0.00h7-0.0091 
0.0043—0.0132 

411 
542 

621 
56$ 

193 
282 

*Subsamp1e of approximately 375 specimens per aquarium.
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Table IV, Average bioconeentration factors (BCFs) for benze- 
thiazoles and chlorophenols in leeches. 

Compound D. Dubia E. gunctata H. stagnalis 

Average BCFs 

MMBT 
BT 

2,6-ncr 
2,4-ncr 
3,4-ncr 

-TCP 
-wcr 
—TCP

N 
2?>P> 

"dO\UIO~0\ 

4OOX 
3SOX 

1300X 
8500X 
2200K 
4200X 
1650OX 
1670OX 

-TECP 55OOX 
350OX 

ZOOX 
25OX 

390OX 
119OOX 
60OX 

3500X 
14000X 
630OX 
4000X 
430OX 

100x 

160OX 
60OX 
l200X 
7000X 
57OOX 
5500X 
3000X
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Table VI. Mean weights (g) of sampled leeches and estimated loss of biomass 
during the experiment. 

Sampling ' D- 22315 - E- 22222222 H- eieseelie Day 
DD1(p-6/d) DD2(n=6/d) EP1(n=3/d) 52z(n=s/a) HS1(n=40/d) (HS2(n=40/d) 

U1I¢I—O

8 
13 
21 
27 

.082 

.070 

.052 

.06l 

.065 

.046 

.034‘ 

Initial 
Mean Weight 

of all .071(n=46) 
Specimens 

Mean 
Weight 
of all 
Sampled 

Specimens 

Estimated 
Loss of 
Biomass 

.059(n=41) 

073 
086 
075 
067 
062 
050 

0312 

o12(n=4o) 

.066(n=39) 

243 
183 
166 
198 
246 
168 
163 
1041 

191(ne28) 

.178(n=26) 

260 
163 
234 
214 
151 
199 
194 
0933 

0073 
0071 
0014 
0075 
0076 
.0075 
.0072 
.0075 

0069 
0078 
0077 
0075 
0077 
.0078 
0071 
0074 

209(n=Z7) — 3 - 

185(n=25) - - 

16.9% 8.3% 6.92 11.62 - ‘e 

1n=5; 2n =3; 3n=4
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Table VIII. Half lives for lindane, DDT and DDD derivatives in 
leeches vs. other aquatic organisms. 

Half Life Half Lives in Other Orgapisms 
Compound in » ~» 1"'"‘ 

Leeches Organism Half Life Reference 

Lindane i 1 day M. edulis 

Legonis macrochirus 
(bluegill); Carassius 
auratus (goldfish) 

P..retieulsta 

(Mafine short-necked 
clam) 

DDD 6-32 days M. edulis 

DDT 5 1/2 to L. meegqcpirusi 7 

>>3O days C. auratus 

< 1 day 

< 2 days 

< 1 day 
< 3 days 

5 days 

> 32 days 

Ernst (1977) 

Gakstatter & 
Weiss (1967) 

Yamato et al 
(1983) ‘ 

Ernst (1977) 

Gakstatter & 
Weiss (1967)



I S. gairdneri 6.2-23 hours 

Table IX. Half lives for chlorophenols in leeches vs. other aquatic 
organisms. 4 

Chlorophenol Half Life ’ Half Lives in Other Organisms* 
Isomer in 

Leeches Organism Half Life Reference 

2,4,5-TCB Z 30 days P; gromelas 6.6-9.2 days ' 

2,4,6-TCP Z 25 days S. gairdneri (10 days 
(liver, fat 
weight basis) 

PCP Z 28 days ggggglgg gigilig 4.7 days 
' (marine killfish) 

L. macrochirus 
V 

< 2 days 
9 

' (gills, . 

digestive 
tract, liver 

~ combined) 

7 '7 

(various organs) 

i C . auratus 1 O hours
7 

_ 

M. eduiis 2-3 days 

Call Q5 5;. 
(1980) 

Landner gt 51. 
(1977) 

Trujillo gt 
21- (1982) 

Pruitt & 
Grantham 
(1977) 

Glickman 
9; 5;. (1911) 

Kobayashi & 
Akitake (1975) 

Ernst (1979) 

*Who1e organism - live weight basis unless otherwise indicated.
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FIGURE CAPTIONS 

Figure 1 Location of study. 

Figure 2 Relative proportions of chlorophenol isomers in creek water and 
leeches. 

Figure 3 Depuration of chlorophenols by leeches. C(°) = initial 

tissue concentration; tel/2 = half life; - = single data 
point; x = two data points with the same value. 

Figure 4 VDepuration oi DDT derivatives by leeches 

Figure 5 Depuration of benzothiazole derivatives by leeches. o = single 
data point and U = two data points with concentrations less 

~ than the detection limit. 

Running Head: LEECHES AS A SCREENING TOOL FOR ORGANIC CONTAMINANTS
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