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"" the use of aquatic organisms as integrators of contaminants. '“‘ 

Chlorophenol Levels in Aquatic leeches from selected Sites 
in Southwestern New Brunswick .

_ 

JUL! MOEE Eb)!’ POAI JOHO 
Contaminants Division _ 

National Water Research Institute 

When we observed -that leeches in Canagagigue Creek were 
accumulating chlorophenols to concentrations orders of magnitude 
higher that aquatic organisms, we proposed that these 
organisms be investigated as potential biointegra-tors of aquatic 
contaminants. In order”'to determine whether this behaviour was 
general, leeches in two river systens i.n southwestern New 
B_runswick- were . collected and analysed for chlorophenols and 
other organic contaminants. Site selection was based on 
proximity to a known source of organic pollution or to ‘a NAQJADAT 
station. The five sites sampled include three sites on the St. 
John and one site each on the Orcmocto and St. Croix Rivers. 
Seven species of leech were found with th'e dominant species being 
E. punctata, H. stagn_a_l,is and G. ccmganata. leeches were found 
to be good indicators of chlorophenol contamination. Qmly three 
chlorophenols were detected in the water but a total of twelve 
were detected in leeches frcm the various sites. Cbncentrations 
in the leeches were frcm three to four orders of magnitude higher 
than the water concentrations. Results for neutral organo-N 
chlorine contaminants were and were difficult to interpret. 
Further study of the accumulation of these contaminants 
leeches is

- 

The potential use of biological techniques to augment 
sampling of water and sediment for assessment of water quality is 
an area of active interest for one such technique involves 

This technique would provide nore representative data in cases 
where sources of contaminants were sporadic. In addition, when 
contaminant concentrations the water are below detection 
limits, biota samples can be used to screen for the presence of 
these cc:mpounds. In order for these techniques to be of use in a 
monitoring program, suitable i species need to be identified. 
These species should be widely distributed and should readily 
concentrate the contaminants of interest. This paper examines 
the levels of chlorophenols in leeches frcn southwestern New 
Brunswick. lvbre chlorophenols were detected in leeches than in 
water, that leeches readily concentrate these 

Neutral organochlorine results for the same 
leeches were nore difficult to interpret, indicating that more 
work needs to be done before a comprehensive monitoring program 
involving leeches could be justified. V 

... ,
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Niveaux de chlorophénols relevés dans les Bangsues prélevées aux sites 
d'étude dans le sud-ouest du Nouveau-Brunswick 

J.L. Metcalfe, M.E. Fox, P.A. Coletta et J.H. Carey 
'Division des contaminants environnementaux 
Institut national de recherche sur les eaux 

Lorsque nous avons constaté que les sangsues du ruisseau Canagagigue 
accumulaient les chlorophénols 5 des niveaux qui dépassaient plusieurs fois 
ceux des autres organismes aquatiques, nous avons proposé d'évaluer la 
possibilité d'utiliser les sangsues comme indicateurs biologiques des 
contaminants aquatiques. Pour vérifier si toutes les sangsues agissent 
come des bioaccumulateurs, nous avons recueilli des spécimens dans deux 
bassins du sud-ouest du Nouveau—Brunswick et avons analysé leur charge 
corporelle en chlorophénols ainsi que d'autres contaminants organiques. 
Les sites ont été choisis en fonction de leur proximité d'une source 
d'eff1uents connue ou d'une station NAQUADAT. Trois des cinq sites se - 
situaient sur la riviere Saint-Jean tandis que les deux autres étaient sur 
'1es riviéres Oromocto et Sainte-Croix respectivement. Nous y avons trouvé 
sept especes de sangsues dont les plus répandues étaient E. punctata, 
Hy stagnalis et G. complanata. Les sangsues se sont révélées d'excel1ents 
indicateurs du niveau de contamination par les chlorophénols. Bien que 
nous n'ayons détecté que trois chlorophénols dans l'eau, nous en avons 
relevé douze dans les sangsues en provenance des différents sites. Les 
charges corporelles des sangsues étaient trois ou quatre fois plus élevées 
que les concentrations dans l'eau ambiante. I1 a été difficile d'interpréter 
les résultats obtenus pour les contaminants organochlorés neutres. I1 
faudra donc poursuivre les recherches portant sur la bioaccumulation de ces 
derniers chez les sangsues. 

PERSPECTIVE—GESTION 

La Direction générale des eaux intérieures s'intéresse activement 5 
la possibilité d'emp1oyer des techniques biologiques pour agrandir la 
palette des échantillons d'eau et de sédiments afin de déterminer la qualité 
de 1'eau. L'une de ces techniques consiste 5 étudier la bioaccumulation des 
ccntaminants chez les organismes aquatiques. Cette technique d'analyse

. 

produirait des résultats plus stables et.représentatifs lorsque les apports 
de contaminants sont intermittents. De plus, si les concentrations-des 
contaminants chutent sous le seuil de détection, on peut tout de meme 
repérer les composés 5 surveiller en analysant les échantillons du.biote. 
Pour pouvoir appliquer cette technique d'étude dans le cadre d'un programme 
de contr8le.des contaminants, il faut connaitre les espéces convenables. 
Dans ce rapport, on fait état des charges corporelles de chlorophénols 
relevées dans les sangsues du sud—ouest du Nouveau-Brunswick. Et-ant donné 
qu'on a constaté dans les sangsues des teneurs en chlorophénols plus élevées 
que dans l'eau, on a pu confirmer que ces organismes accumulent les contaminants 
du milieu ambient. Cependant, les mesures des composés organochlorés neutres 
chez les memes sangsues ont donné des résultats moins évidents. I1 y aurait donc lieu de perfectionner la méthode avant que 1'on puisse justifier son 
emploi dans le cadre d'un programme global de contrfile des contaminants.
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when we observed that leeches in Canagagigue Creek were 

accunulating chlorophenols to orders of magnitude 

higher tlnt other aquatic organisms, we proposed that these 

organisms be investigated as potential bioindicators of aquatic 

contaminants. In order to determine whether this behaviour.‘ was 

general, leeches i.n two river systens in southwestern New 

Brunswick were collected for chlorophenols and 

other organic Site selection was based on 

proximity to a knom source of organic pollution or to a NAQIADAT 
station. The five sites sanpled incluie three sites on the St. 

John and one site each on the Qrqrocto and St. C.r0i.x Rivers. 

seven species of leech were found with the dauinant species 

E. punctata, H. and G. girl leeches were found 

to be good indicators of chlorophenol mly three 
chlorophenols were detected in the water but a total of twelve 

were detected in leeches from the various sites. Cbncentrations 

in the leeches were firan three to four orders of nagnitude higher 

than the water concentrations. Results for neutral 

organochlorine contaminants were less satisfactory and were 

difficult to interpret. Further study of the accumulation of 

these contaminants in leeches is -



I . I 
'RESUME 

Lorsque nous avons constaté que les sangsues du ruisseau Canagagigue 

accumulaient les chlorophénols 5 des niveaux dépassant plusieurs fois ceux 

des autres organismes aquatiques, nous avons proposé d'évaluer la possibilité 

d'uti1iser ces organismes comme indicateurs biologiques des contaminants 

aquatiquest Pour vérifier si toutes les sangsues agissent come des 
Bioaccumulateurs; nous avons recueilli des spécimens dans deux bassins du 

sud-ouest du Nouveau-Brunswick et avons analyse leur charge corporelle en 

chlorophénols ainsi que d'autres contaminants organiques. Les sites ont été 

choisis en fonction de leur proximité d'une source d'eff1uents connue ou 

d'une station NAQUADAT, Trois des cinq sites se situaient sur la 

riviére Saint—Jean tandis que les deux autres étaient sur les rivieres Oromocto 

et Sainte—Croix respectivement. Nous y avons trouvé sept especes de sangsues 

dont les plus répandues étaient E. punctata, H, stagnalis et G. complanata, 

Les sangsues se sont révélées d'exce11ents indicateurs du niveau de 

contamination par 1es.ch1orophénols, Bien que nous n'ayons détecté que 

trots chlorophénols dans l'eau, nous en avons relevé douze dans les sangsues 

en provenance des différents sites. Les charges corporelles des sangsues 

étaient trots ou quatre fois plus élevées que les concentrations dans l'eau 

ambiante, I1 a été difficile d'interoréter les résultats obtenus pour les 

contaminants organochlorés neutres. I1 faudra done poursuivre les rechercbes 

portant sur la bioaccumulation de ces derniers chez les sangsues,
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surveillance programs to monitor levels of envircnmmtal 
contaminants in systans frequently make use of only mater 
samples. A mre canplete picture of environmental contamination 

in this case, referring to having a high 
bioaccmlulation potential for the compou_r_1d(s) in question. Such 
analyses can indicate the presence of conpounds whose mater 
concentrations are below detection limits and whose presence 
therefore go undetected in conventional water In 

addition, analysis of can give an 
of the bioavailability of the cunpounds of interest.

V 

Freshwater leeches fran an industrially polluted stream in 

southern Cntario have been shown to accumulate very high levels 
of chlorophenols compared residues found in many other 
aquatic organisr_n_s.l We have therefore suggested leeches for 

consideration as bioindicators of aquatic organic 
'I‘he present study examines the levels of chlorophenols 

scme selected neutral organochlorine contaminants in leeches _fran 
selected sites in. southwestern New Brunswick. The relationship 

between levels of these contaminants in leeches and meter is 

examined and the bioacdunulation capacities of several leech 
species is compared.

:-
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pollution and/or a MKQJADAI‘ ‘me sites are the 

map (Fig. 1). The St. site, 
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Figure! LOCATl(I4S$STlINSlTES 
River. The site is 

downstream -from Fredericton (pop.
3 45,248)be1ow the corgf;1\.a1ceoftheSaint;Jbhn and 

Rivers. '1henearestNA(IJADATstatia1(#0DNBfl1ALflflfl7)is<mthe 
R. just upstream frczn the ccnfhence. the Nackawic 

site is imv-dfiidtely below the outfall mm the st. Aime-Naclawic 

MP dddPdPdr0d-- dmidrnd-11(dnP1Ow\dm= for 1980-425 w 
450) (kraft) hardwood wood pups. 'mis 

which isatfl\eccnf1\a1ceofth.eSaiJitJo1mandthckawi¢ site ,



Rivers is NAQIADNI‘ statio_n #flflNB fl_lAK 0009. The Woodstock site
3 

is downstream frdn the town of Woodstock (pop. 4869 ) 3 major 
potato farming and processing ~ area. NAQUADNI‘ station 

#flflNB 0lAJ B1614 is about 4 km upstream.
. 

Water and leeches were collected fran the St. croix, 

and 1~hshwaak sitesonoct. l2, 1982 and from‘ the 

Nackawic and Woodstock sites on the following day. Two 1L water 

samples were collected at each site. Five pellets of sodium 

hydroxide were added to one sample and SB mt. methylene chloride 

to theotherasprreservativesforthechlorophencl and 

organochlorine respectively. leeches were land picked 

frcmtheundersidesofrocksandother smooth-surfacedobjects in 
shallow areas along the rivers‘ shorelines. They were collected 

in glass jars and transported on ice to the laboratory where they
o 

were held overnight at 4 C. 'I‘he following were 

identified and live. Samples of each species were weighed 
wet to the .nearest I ng. anddissolved in about 7 of 
concentrated hydrochloric acid for storage prior to analysis.

@ 
'me water samples that had been preserved with base were 

analysed for chlorophenols using a nodificat-ion of the method of 
Chau and 0oburn4. After adjustment of the pH to about 2 

concentrated hydrochloric acid, the samples were triple extracted 

a total of 160 mL. pesticide grade toluene (46 + 35 + 36 

mL.) . The were back extracted with fl_-l M potassium



carbonate and derivatized with acetic anhydride. \A 25 m x 0.21 

nm ID fused siliea column with ovl and an electron: eepture 

wereusedforthegaschrqmatographicanalysis of the 

chlorophenol acetates. The oven terlperature was from 
o ac 

9flCto26fl Cat4deg/min. 
The water sample frcineachsite was for 

neutral methylene chloride that had been 

added in the fieldvasseparatedand the aqueous layer was 

twice more with 40 mt--s of solven'if-- The 

extracts were dried with sodium sulfate and, after the addition 

of 16 mL. of pesticide grade iso-octane,’ 1 mL.- The 

extract was analysed by gas chrcxnatcgraphy without further clean- 

up. . 

Ieeches ‘
' 

The leeches, already dissolved in oonoentrated hydrochloric 

acid, were lflfl mL_- of PQSU:-Gide (49 

+3fl+3flmL.). '1heto1uene layerwaswashedwith5flmL. organic 
free water, with 0.1 Mpotassium ( 46 + 3Q + 

13¢ mL.) and the carbonate fraction was analysed for chlorophenols 

as above. toluene fraction then washed with SQ of 

organic free water, dried by passing it through a bed of 

hydrous sodium sulfate and to a final vblune of 1 nm. 

The was then analysed for organochlorines by gas chrana- 

tography further clean-up.



RESLILTS AND DI$©BSIQI 

The of chlorophenols in water and leeches 

all five sites are presented in Table I. In the 

samples, individual chlorophenols ranged from not detectable to 

0.035 ug/L. 'I'nree chloI‘0Ph€nOls, 2,4,6-trichlorophenol (2,4,6» 

TCP), 2,3,4,6-tetrachlorophenol (2,3,4,6-'1'1‘CP) and pentachloro- 

(PCP) were detected in water fircm mckawic had 

highest levels of the five sites. lower levels of 2,4,6-TCP were 

detected in water flan the St. Croix site and frcmwcodstockg PCP 
was also present at Woodstock". No chlorophenols were fiound in 

frcm either Qrcnocto or mshwaak. 

In to the three chlorophenols detected in the 

water, a total oftwelvechlorophenol isaners were found in 

leeches frcm the five sites. The major chlorophenols in 

the leeches werethesamethreedetectedinthewater although 

(2, 3,4, 5—'I'1CP) were also present at significant levels in leeches 

some sites. Previous work on the bioaccumulation of chloro- 

phenols in leeches revealed considerable differences between 
Y 1 

species. Such differences must therefore be considered when 

ccmparing levels in leeches various sites. Table II 

presents site to site comparisons of the five major chlorophenolr 

for fiour leech species. 'I'he datashow that Nackawic is the nost 
site followed by Woodstock and St. croix with 

similar levels. Levels of chlorophenols were lowest in leeches 

fran Qrcmocto and relative ranking °°1'1'e1ate3
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well with the water data. 

As mentioned, leeches may vary in their 
fran species to species». In the present study,’ G. 

ccxrnplj lowest levels — 62 xx;/L or less even 
at the mast‘ site. Although there is not data 
to draw a definite conclusi_on, the interespecies ccinparison 
reveals an linteresting feature. In contrast to H. stagnalis 

had higher levels of the more highly Chlorinated lhenols, 
both E» and D. parva higher levels of lower 
chlorinated isomers. The reason fior this pattern be that the 
latter species are capable Qf dechlorinating 
phenols and H. is not. Such behaviour is not without 
precedent» In a study of the dehydrochlorinaticn of nor by 
Malaysian leeches, Kimura et al that 

y 5 species were capable of this reaction while others were not. 
H. stagnalis appears to be the best bioindicator cn the 

basis of its high bioaccumulaticn potential for chlcrcphenols. 
This species is so it 
would be the best species for 

geographically separate It was the <.=n1.y species found at 
all five sites in this study (inc1ui_i,ng Nashwaak - this sample 
was lost during analysis). In a survey of 13 sites along the 
Grand‘ River, and its tributaries, H. stagnalis was found 
at all sites E. at ll (to be published). Q 

results of the neutral organochlorine analyses are 
presented in 'Iable I_I;I. fcllcwing neutral organochlorines
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were found in the water; 1,2-dichloirobenzene at all five sites, 
1,2-,3-t1:ich].orcbenzene ' at all but Nashwaak, 

1,2|3,4-tetrachlorobenzene at Nackawic and Oromocto, hexachloro- 

at allbutwoodstockandgt. and p,p'-—DDE at 

Levels of organochlorines in leeches did not well 

to levels For example, p,p'-DDE was found in leeches 
all sites hut Qranocto where it was present in the water‘ 

highest levels of this were found in leeches 

Woodstock and Nashwaak where none was detected in the water. 

was found in leeches frcm St. 

none was detected in the there. (bnversely-, at sites where 

was present in the water, none was :i.n the 

leeches. it is this data that -the relationship 

between levels of neutral organochlorines in and leeches is 

more that for chlorophenols. Factors which 

could complicate this relationship the nature of the 

source (diffuse vs point), the tenporal variation of source 

vs sporadic), the accunulaticn rates of individual 

species for these contaminants their ability to metabolize or 
excrete. then, 

‘Blanks are due to nr. M. _J..nadswe11 and Mr. J. D. of 

Biological Staticn, St. Andrew, New Brunswick and to Mr. C. 
D. Metcalfe for assistancein the field-. Mr. L, E, 

Burridge kindly the methylene chloride used in 

the water samples. J. MI-K'_1il.l of Invertebrate



Zoology Division, Museum of Natural Sciences, Naticnal Museums 
Canada, identified the leech species. '

_ 
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