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Pollution fingerprints in eels as models for the chemical 
status of rivers

C. Belpaire, G. Goemans, C. Geeraerts, P. Quataert, and K. Parmentier

Belpaire, C., G oem ans, G., G eeraerts, C., Q ua taert, P., an d  Parm entier, K. 2008. Pollution fingerprin ts in eels as m odels for th e  chem ical s ta tu s of 
rivers. -  ICES Journal o f M arine Science, 65: 1 4 83-1491 .

T h e  2006 EU W a te r  F ram ew o rk  D irective (W FD ) p ro p o se d  th e  m o n ito rin g  o f  a  se lec tio n  o f  p rio rity  su b s ta n c e s  in th e  a q u a tic  phase, 

in c lu d in g  lipophilic  su b s ta n c e s . H ow ever, th e r e  a re  s tro n g  a rg u m e n ts  fo r m e a su rin g  lipophilic  su b s ta n c e s  in b io ta . Y ellow  eel is a  g o o d  

c a n d id a te  b ecau se  it is w id esp read , se d en ta ry , a n d  a c c u m u la te s  m an y  lipoph ilic  su b s ta n c e s  in its  m u sc le  tissue. Several a u th o r s  have 

d e sc rib e d  th e  in d ica tiv e  valu e  o f  m e a su re d  c o n c e n tra tio n s , y e t few  s tu d ie s  have  in v es tig a ted  to  w h a t  e x te n t  th e  sp e c tru m  o f  c o n ta m i­

n a n ts  p re se n t  c h a rac te rize s  th e  local e n v iro n m e n ta l p o llu tio n  p ressu re . T o  e v a lu a te  th e  valu e  o f  th e  p o llu tio n  profile  o f  an  eel as a 

f in g e rp r in t o f  th e  ch em ica l s ta tu s  o f  th e  local e n v iro n m e n t, tw o  d a ta s e ts  w ere  se le c te d  fro m  th e  Flem ish Eel P o llu ta n t N e tw o rk  d a ta ­

base. T h e  p o llu tio n  p ro files in ind iv idual eels a lo n g  a  river (even  a t  d is ta n c e s  < 5  km ) p ro v e d  to  be sign ifican tly  d iffe ren t. A nalysis o f  

p o o le d  c o n ta m in a n t  d a ta  fro m  m u ltip le  s ites  a n d  sa m p lin g  years w ith in  rivers allow s c h a ra c te r iz a tio n  o f  river-specific ch em ica l p ress­

ures. T h ese  re su lts  h ig h lig h t th e  u sefu lness o f  eels as b io -in d ic a to rs  fo r m o n ito r in g  p o llu tio n  w ith  lipophilic  chem icals , su c h  as po ly­

c h lo r in a te d  b ip h en y ls  a n d  o rg a n o c h b r in e  pestic ides, in rivers. A s such , eels m ay  be  u se d  effective ly  w ith in  th e  m o n ito rin g  p ro g ra m m e  

fo r a  se lec tio n  o f  p rio rity  su b s ta n c e s  re fe rred  to  in th e  W FD.
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Introduction
In  2006, the  W ater Fram ew ork D irective (W FD) proposed  the 
m o n ito ring  o f  a selection o f  p rio rity  substances in  selected water 
bodies o f  EC M em ber States (CEC, 2006a). Despite the  lipophilic 
character o f  m any  o f  these substances, the proposal prescribes 
m easuring m ost o f  them  in  the  aquatic  phase. I f  based on ly  on  
the  analysis o f  w ater samples, establishing a fram ew ork for the 
m anagem ent o f  lipophilic com pounds to  restore fresh-water 
ecosystems is inadequate and inappropriate , because m any  o f 
these chem icals are difficult to  analyse in  w ater because m easure­
m ents generally rem ain  below  the  detection  lim it (DL; Belpaire 
and  Goem ans, 2007a). Awareness is growing that lipophilic 
com pounds should  preferably be m easured in, and  environm ental 
quality  standards should  be set for, b io ta  (CEC, 2006b). An 
increasing n u m b er o f  studies has focused o n  the use o f  anguillid 
eels to  m o n ito r harm ful substances (Belpaire and  Goem ans, 
2007b), w ith  the em phasis on  lipophilic com pounds such as poly­
chlorine biphenyls (PCBs) and  organochlorine pesticides (OCPs), 
w hich accum ulate in  the fat o f  this lip id-rich  species. Several 
reports describe specific ecological and  physiological features o f 
the  eel that su p p o rt its use as a b io -ind icato r o f  chem ical po llu tion  
(Bruslé, 1991; de Boer and  Hagel, 1994; Belpaire and Goem ans, 
2007a).

Since the  1990s, m any  countries have used eels in  m on ito ring  
the  co n tam in an t load in  the  environm ent. Bruslé (1991) published 
a review o n  con tam in a tio n  w ith heavy m etals, OCPs, and  PCBs in

different eel species. Knights (1997) and Robinet and  Feunteun  
(2002) docum ented  the use o f  eels during  their non-m igratory  
phase (yellow eel) to  m onito r xenobiotics. Belpaire and Goemans 
(2007b) provide a sum m ary  o f  recently published EC reports. In 
the N etherlands and Belgium, nationw ide m onito ring  networks 
have been operational since 1977 and 1994, respectively. In  o ther 
EC countries, b iom onito ring  studies o n  local scales have been 
undertaken or are in  progress.

Using various examples, Belpaire and G oem ans (2007a) in d i­
cated th a t eels can be used to  p in p o in t sources o f  po llu tion , and 
discussed the eels’ value as a too l for m o n ito ring  environm ental 
con tam ination , o n  b o th  local and  in te rnational scales. Belpaire 
and  G oem ans (2007b) discussed how  eels can be used to  evaluate 
the  chem ical status o f  the  aquatic  env ironm ent in  the W FD 
context.

A lthough m any  studies have reported  spatial differences in  co n ­
tam in an t loads w ith in  o r am ong  basins, few attem pts have been 
m ade to  investigate to  w hat extent the  spectrum  o f  con tam inants 
identified characterizes the  local po llu tion  pressure. O u r objective 
is to  explore how  these spectra vary w ith in  and  am ong sites and 
river systems in  Flanders, Belgium. The specific question  raised 
refers to  the  spatial scale a t w hich differences can be detected: is 
the  co n tam inan t fingerprin t o f  yellow eels caught a t a specific 
site sufficiently representative to perm it assessment o f  the env iron­
m ental quality  o f  that site? To this end, tw o datasets were selected 
from  the  Flemish Eel Po llu tan t M onito ring  N etw ork database, one
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set from  a relatively sm all catchm ent area and the  o th er from  seven 
m ajor Flemish river systems.

Material and methods
Study area
The data  have been generated by  the Flemish Eel Pollu tant 
M onito ring  N etw ork operated  by the Research Institu te  for 
N ature  and  Forest (INBO) since 1994. This netw ork uses the 
yellow eel as a b io m o n ito r for the presence o f  con tam inan ts in  
public  w ater bodies. This m o n ito ring  program m e covers bo th  
ru n n in g  and  stagnan t waters over a to ta l area o f  ca. 13 500 k m 2, 
and  up  to and including 2005, 2946 eels have been  sam pled o n  
365 sites. We selected tw o sets o f  data  o n  PCBs and  OCPs from  
riverine environm ents only. O ne set included con tam inan t data 
from  61 eels collected a t eight different sites w ith in  a sm all catch­
m en t area (Nete basin, 2002/2003) to  investigate small-scale 
variations in  indiv idual and  grouped po llu tion  profiles by  site. 
The other, larger dataset, com prising  450 eels from  seven rivers 
(1996-2005), was selected to  investigate the varia tion  in  river- 
specific po llu tion  profiles.

(i) The River Nete basin represents a small part o f  the Schelde basin 
(no rthern  Belgium) and consists o f  two m ain  tributaries, the 
Kleine Nete and Grote Nete (Figure la). Both are relatively 
small, lowland rivers w ith bream -zone fish assemblages (Huet, 
1959). The Kleine Nete, 50 km  in  length, has been fragm ented 
by  ten  physical obstacles, to ensure water contro l for agricultural 
purposes. Up to  the waterm ill and weir o f  G robbendonk, the 
river is influenced by  the tide; upstream  o f  this weir, it is a slow- 
m oving river w ith luxuriant vegetation. The G rote N ete, 84 km  
in  length, originally had a strong, m eandering  course, bu t 
m any  interventions have taken place for agricultural purposes

and w ater contro l. The river is fragm ented by 13 physical 
obstacles. E ight sam pling sites (Table 1; Figure la )  were 
selected, four on  the  Kleine N ete (K N 1-K N 4) and  four on  
the G rote N ete (G N 2 -G N 5 ; farthest upstream , a fifth site, 
GN1, was elim inated because it proved im possible to catch 
eels du ring  the  2002/2003 cam paigns). The distance betw een 
adjacent sam pling sites varied betw een 4.2 and  20.8 km . The 
aim  was to  collect ten  yellow eels per site, ranging in  length 
betw een 35 and  45 cm, b u t lim ited  catches obliged us to 
b roaden  the  length range used. M ean length per site ranged 
betw een 33.9 and  40.4 cm  (range: 2 8 .6 -4 9 .4  cm ). Tukey tests 
indicated th a t sam ple m eans from  the dow nstream  sites KN3 
and KN4 in  the G rote N ete were significantly larger than  
from  the  o th er sites (Table 1).

(ii) The second dataset includes sam ples from  seven rivers consti­
tu ting  F landers’ m ajor river systems (Figure lb ): one river in 
the IJzer basin  (IJzer), five rivers in  the Schelde basin  (Feie, 
Schelde, D ender, G rote Nete, and  D em er), and  one river in 
the M aas basin (M aas). The n u m b er o f  sites per river varied 
betw een 3 (IJzer) and  12 (Schelde; Table 2). Because m ost 
rivers are tran sb o u n d ary  w ith  the  N etherlands, France, or 
W allonia, only pa rt o f  the  rivers’ to ta l stretches could be 
sam pled. In  total, 450 eels from  58 sites have been analysed, 
b u t the  nu m b er sam pled per river varied considerably 
(Table 2). Again, it was n o t always possible to  catch in d i­
viduals w ith in  the  target size range (3 5 -4 5  cm ), and  often, 
sm aller o r larger specim ens had  to  be included (range: 
2 5 .2 -76 .5  cm ). M ean length per river ranged betw een 35.7 
and 48.4 cm , eels from  the  G rote Nete and IJzer being 
significantly sm aller th an  those from  the o th er five rivers 
and also pairw ise being significantly different according to  
the Tukey test (Table 2).

EÍ70T E 4* 56' [

Q physical obstruction
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Figure 1. Location o f  sam pling sites in Belgium on: (a) th e  C ro te  N ete an d  Kleine N ete in th e  N ete basin w ith an indication o f  physical 
obstructions; an d  (b) on  seven rivers in Flanders (IJzer, Leie, Schelde, D ender, C ro te  Nete, Dem er, an d  M aas).
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Table 1. Inform ation on  sam pling sites an d  eel sam ples taken along th e  rivers C ro te  N ete  (CN) an d  Kleine N ete  (KN): code, locality, 
d istance  from  source (D), sam pling date , n u m b er sam pled  (N ), length (L), results o f Tukey te s t for 95% overlap in confidence intervals 
(T; sam ples w ith  th e  sam e le tte r  ind icate  no  significant difference in m eans), an d  w eight (W ).

Code Locality D (km) Date N L (cm ) mean +  s.e. (m in -m a x ) T W  (g) mean +  s.e. (m in -m a x )

CN2 Westerlo 45.0 19 March 2003 4 35.2 ±  0.7 (34.2-36.2) a 74 +  6 (5 8 -8 3 )

CN3 Itegem 65.8 19 March 2003 10 34.5 ±  1.2 (30.9-44.3) a 71 +  9 (43 -149)

CN4 Bevel 70.2 19 March 2003 2 33.9 ±  0.1 (33.7-34.0) a 52 ±  1 (3 6 -6 0 )

CN5 Lier 82.5 18 March 2003 6 35.7 ±  3.1 (28.6-49.0) a 84 ±  26 (34 -203)

KN1 Dessel 5.2 04 April 2002 9 34.7 ±  1.9 (29.5-47.2) a 64 ±  13 (34 -150)

KN2 Oien 21.9 19 M arch 2003 10 34.5 ±  1.2 (30.9-44.3) a 71 +  9 (43-149)

KN3 Herentals 26.1 18 Septem ber 2003 10 39.9 ±  1.3 (33.2-43.9) b 108 ±  12 (58 -173)

KN4 Bouwel 36.7 25 Septem ber 2003 10 40.4 ±  1.5 (34.2-49.4) b 110 ±  19 (58 -224)

Table 2. Inform ation on  th e  sam ples tak en  from  th e  seven rivers in Flanders: sam pling period, n u m b er o f sites per river (n), nu m b er 
sam pled  (N ), m ean  length (L), results o f  Tukey te s t for 95% overlap in confidence intervals (T; sam ples w ith  th e  sam e le tte r  indicate no 
significant difference in m eans), an d  w eigh t (W ).

River Period n N L (cm ) mean +  s.e. (m in -m a x ) T W  (g) mean +  s.e. (m in -m a x )

IJzer 2000-2005 3 20 39.1 ±  1.9 (30.5-60.8) c 130 ±  25 (50-511)

Leie 1996-2003 9 79 46.8 ±  1.3 (28.5-76.5) a 230 ±  22 (32-997)

Schelde 1998-2004 14 59 43.2 ±  1.1 (29.0-73.0) b 175 ±  19 (36-926)

Dender 2000-2005 9 61 44.7 ±  1.1 (27.3-68.0) b 183 ±  15 (33-554)

C rote Nete 2000-2003 5 35 35.7 ±  0.8 (28.6-49.0) d 79 +  7 (34 -203)

Demer 1999-2003 7 16 48.4 ±  2.9 (25.2-63.7) a 274 ±  40 (35-520)

Maas 1997-2005 11 180 46.4 ±  0.6 (31.0-69.2) a 196 ±  8 (40 -601)

Sam pling and analysis
Eels were collected b y  electrofishing or fyke-netting. In  the  Nete 
basin, sites were defined as river stretches 100 m  in  length, 
sam pling b o th  riverbanks. In  the o ther rivers, sam pling sites 
were 250 m  in  length. Length and  w eight o f  the fish were recorded. 
In  the laboratory, fillets were w rapped in  a lum in ium  paper 
(cleaned w ith hexane 99%) and  stored at — 20°C. Chem ical ana­
lyses for PCBs and OCPs were carried o u t by  the  Institu te  for 
A gricultural and  Fisheries Research in  O stend. Ten PCB congeners 
were analysed (IUPAC num bers 28 , 31, 52 , 101 , 1 0 5 ,118 , 138 , 153 , 

156, and  180 ) .  Results were also expressed as Sum  PCBs (repre­
senting the sum  o f  the  seven ind icato r congeners show n here 
em boldened). The OCPs m easured  were hexachlorobenzene 
(HCB), trans-N onachlor (TN O N A ), D D T (p ,p r-D D T  or d ichloro- 
d iphenyltrichloroethane), and  its breakdow n p roducts lp ,p '-D D D  
o r l,l '-d ich lo ro -2 ,2 -b is(4 -ch lo ropheny l)e thane  and p,p '-D D E  or 
l,l-d ich loro -2 ,2 -b is(4 -ch lo ropheny l)e thene]. Sum  D D T was 
calculated including its m etabolites DDE and TDE (DD D). 
Cyclodienes included dieldrin, endrin, and aldrin. The a -  and  
y-hexachlorocyclohexanes (H C H ) were determ ined. A full 
description o f  the analytical m ethodology and quality assurance 
is given in  Goem ans and Belpaire (2004) and Maes et al. (2008). 
Concentrations are expressed in  pug kg-1  lipid weight (LW). The 
DL for bo th  PCBs and pesticides was 0.5 pi g kg- 1 LW.

Statistical analysis
Statistical analyses were perform ed w ith S-PLUS 6.2 Professional. 
T he Tukey test was carried o u t to  determ ine i f  m ean  length dif­
fered significantly betw een sites o r rivers. M ultivariate analysis 
o f  variance (MANOVA) was used to  ascertain w hether there was 
statistical evidence th a t the po llu tion  profiles o f  the  eel sam ples

differed am ong sites (KN and  GN) o r am ong the seven rivers 
(all sam ples from  different sites and years com bined). Results 
are presented as m eans +  s.d., and  a p-value o f  < 0 .0 5  was co n ­
sidered statistically significant. B ox-and-w hisker plots illustrate 
the  concentrations o f  selected con tam inan ts by  site o r  river.

To analyse w hether indiv idual eels w ith deviating po llu tion  
profiles were present in  the dataset, a divisive hierarchical cluster 
analysis was perform ed. H ierarchical cluster analysis groups 
sim ilar quantitative  variables and represents this grouping  in  a 
dendrogram . In  the  divisive m ethod, we used the Euclidean dis­
sim ilarity  m easure to  com pute  the c luster-to-cluster distance. 
A ldrin  and  en d rin  (too  m any  m issing values o r  values un d er the 
DL) and derived variables such as Sum  PCBs and  Sum  DD T 
were no t used in  the  analysis. A canonical d iscrim inan t analysis 
(CDA) was carried o u t to ascertain  w hether po llu tion  profiles o f 
individual specim ens could  be discrim inated  based o n  sam pling 
site o r river. CDA is a d im ension -reduction  technique related to 
p rincipal com ponen t analysis (PCA) and  canonical correlation, 
deriving linear com binations o f  the  quantitative variables that 
provide m axim al separation  betw een the  groups (sites in  the 
first dataset, rivers in  the  second).

Results
Site-specific analysis
MANOVA revealed that the  con tam inan t loads o f  eels were 
significantly different (p  <  0.01), b o th  betw een the  two rivers 
and  am ong all sites. Figure 2 shows the variations in  specific 
con tam in an t loads over the eight sites. PCB concentra tions were 
generally h igher in  the  G rote N ete (m ean sum  PCBs =  1867 +  
927 pug kg-1  LW, range: 8 8 5-3690) th an  in  the Kleine Nete 
(1126 +  1155 pug k g -1  LW, range: 221 -5 2 3 8 ). In  b o th  rivers, the
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Figure 2. Box-and-whisker p lo ts (m inim um , first quartile , m edian, second  quartile , m axim um , an d  even tual outliers) for ( a - c )  PCB an d  ( d - g )  
OCP co n cen tra tio n s (|xg kg-1  LW) in eels from  eigh t sites on  th e  C ro te  N ete an d  Kleine Nete: (a) PCB 28; (b) PCB 156; (c) sum  PCBs; OCP 
concen tra tions; (d) TDE {p ,p '-DDD) o r  1 ,l'-(2 ,2-dichloroethylidene)bis [4-chlorobenzene]; (e) HCB; (f) y-HCH; an d  (g) dieldrin. The ou tlier 
from  KN1 (see tex t) is included  an d  ap p a re n t in a an d  c.

low er-chlorinated PCBs (e.g. PCB 28; Figure 2a) were higher at the 
locations farthest upstream . For the h igher-chlorinated  PCBs (e.g. 
PCB 156; Figure 2b), the situation  was sim ilar in  the  Kleine Nete, 
eels from  KN1 being m ore con tam inated  th an  those from  sites 
farther dow nstream . Conversely, in  the  G rote Nete, the site farthest 
dow nstream  was m ore contam inated . C oncentrations o f  p,p '-D D D  
(Figure 2d) and  p,p '-D D E  (and  also Sum  DD T) reveal a sim ilar 
tren d  in  their d istribution: decreasing in  the  Kleine Nete in  the 
dow nstream  direction, whereas concentra tions in  the  G rote Nete 
tended  to  increase in  the  dow nstream  direction. However, low 
concentra tions o f  p,p '-D D T  were found  in  the  upstream  site o f  
b o th  rivers, increasing in  the  second site and tend ing  to decrease 
again in  the sites farthest dow nstream . HCB concentrations 
(Figure 2e) were very different betw een the  tw o rivers, being low 
in  the  Kleine N ete and  m uch  higher in  all sites o f  the Grote 
Nete. The m ean  value was very high in  the site farthest upstream  
(GN2) and  decreased in  the dow nstream  direction. Also for 
y -H C H , concentrations were h igher in  eels from  the  Grote 
Nete, b u t w ithou t a consistent tren d  along the  river (Figure 2f). 
Overall, a -H C H  concentra tions were lower, being highest in  
the site farthest upstream  and  decreasing to the  DL in  the  three 
dow nstream  sites o f  the  G rote Nete. In  the  Kleine Nete, a -H C H  
concentra tions were detectable in  eels from  all four sites bu t 
were highest in  KN2. D ieldrin  levels (Figure 2g) were u n d e r the 
DL for KN3 and  KN4, and  quite  variable at all o th er sites.

Divisive hierarchical cluster analysis based on  PCB and OCP 
concentrations in  individual eels (Figure 3) suggests two m ajor clus­
ters separating eels from  KN1 and GN5 from  the o ther sites. O ne eel 
originating in  KN1 (length 36.6 cm, weight 55 g) had  an  aberrant 
pollu tion  profile com pared w ith all o ther eels, having extremely

high and outlying concentrations (jxgkg 1 LW) o f  PCB 138 
(1452), PCB 153 (2096), PCB 180 (913), and p,p '-D D E  (3529).

T he CDA was ru n  twice o n  the con tam in an t data, once 
including the  data on  the outlying eel o f  KN 1 and  once excluding 
this eel. Both bip lo ts revealed the  sam e image: m ost eels congregate 
according to  the  site where they  had  been collected. However, in 
the  b ip lo t including the  outlier, the  KN1 cluster was m ore isolated 
from  the  o th er clusters, and  therefore it was considered m ore 
appropria te  to leave the  ou tlier out. The first two dim ensions o f  
the  CDA explained 74% o f  the  to ta l variance (Figure 4). Eels 
w ith in  each trib u ta ry  are m ore sim ilar in  their po llu tion  profile 
th an  eels from  different tributaries, indicating  a river-specific 
con tam inan t pressure.

River-specific analysis
MANOVA analysis o f  the varia tion  in  the  co n tam in an t load 
revealed significant differences (p  <  0.001) am ong all rivers. The 
v aria tion  in  concentra tions o f  selected com pounds shows that 
the  higher-chlorinated  PCBs (e.g. PCB 156; Figure 5b) are m ost 
p rom inen tly  p resent in  the  Maas, whereas the IJzer and D em er 
have the  lowest concentrations. The low er-chlorinated PCB 
congeners (PCB 28; Figure 5a) were m ost p ro m in en t in  the  Leie, 
b u t also appeared  in  the  Schelde and Maas, w ith lowest values 
recorded from  the  IJzer. As was the  case in  the  site-specific 
analysis, p ,p '-D D D  and p,p '-D D E  (and also sum  D D T) revealed 
sim ilar d istribu tions (n o t show n). The lowest values were recorded 
in  eels from  the M aas and  the highest values in  those from  the 
D ender, D em er, and  G rote Nete. The boxplot o f  p ,p '-DDT, 
however, indicates higher concentrations in  the  G rote N ete and 
D em er th an  in  the o th er five river systems (Figure 5d). HCB
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Figure 3. C luster analysis o f  eels co llected  a t  e igh t sites in th e  C ro te  N ete an d  Kleine N ete based on  th e ir  PCB an d  OCP co n cen tra tio n s 
(N  =  61).
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Figure 4. CDA of eels co llected  a t  e igh t sites in th e  C ro te  N ete and  
Kleine N ete based on th e ir  PCB an d  OCP co n cen tra tio n s (N  =  60; 
excludes th e  ou tlie r from  KN1).

concentra tions varied considerably am ong rivers, w ith highest 
concentra tions in  the  G rote N ete (Figure 5e). Both a -  and  
y -H C H  were p ro m in en t in  the IJzer and Dem er, b u t low in  the 
o th er rivers (Figure 5f). D ieldrin  reached the  highest concen­
tra tio n  in  the IJzer (Figure 5g).

A lthough the  dataset for the  seven rivers contained data  from  
58 sites collected over long stretches o f  rivers (som etim es 
>  100 km ) and  in  different years over a decade (1996-2005), the 
d iscrim inan t analysis (Figure 6) revealed clear clusters for all 
rivers. The first two dim ensions explained 57% o f  the  variance. 
As a consequence o f  occasionally h igh values in  all rivers, m any  
observations appear to be scaled dow n tow ards the centre. 
A lthough they do overlap in  the  centre, the  clusters diverge 
tow ards the  periphery. This suggests th a t different rivers are 
characterized by different com binations o f  PCB and O C P com ­
ponents, a lthough  the  absolute concentrations m ay differ accord­
ing to  exactly where o r in  w hich year the sam ple was taken.

Discussion
The sam ples from  the Kleine Nete and  G rote N ete dem onstra te  
th a t con tam in an t concentra tions can vary considerably am ong

individuals collected a t the  sam e location. However, specific co n ­
tam inan ts varied systematically am ong sites, even over relatively 
sh o rt distances o f  < 5  k m  (Figure 2). For instance, considerable 
differences were observed for b o th  isom ers o f  H C H , dieldrin, 
and  som e DD T m etabolites betw een KN2 and KN3, and  for 
PCB 31, y -H C H , p ,p '-DDD, p ,p '-DDT, dieldrin , and  HCB 
betw een GN3 and  GN4. Variations at such a sm all spatial scale 
can only be explained by  the  sedentary  behaviour o f  eels and  by 
apparen t variations in  po llu tion  pressure w ith in  sho rt river 
stretches. M any sm all brooks, creeks, and  ditches discharge in to  
the  two rivers and m ay be responsible for specific pollu tion .

O ne KN1 eel show ed a com pletely aberran t po llu tion  profile 
(Figure 3), no t only w hen com pared w ith o th er eels from  the 
sam e site b u t also com pared w ith all o th er eels from  the Nete 
basin. Despite its relatively sm all size o f  36.6 cm, concentrations 
o f  the higher-chlorinated  PCBs (especially PCB 138, 153, and 
180) and  p,p '-D D E  were extrem ely high. There is no  explanation 
for this exceptional con tam inan t load. H om e-range studies in d i­
cate th a t m ost eels are generally recap tured  close to  their initial 
capture  site, b u t som e m ay be caught m ore  th an  several kilom etres 
from  the initial site (Laffaille et al., 2005). This particular eel m ight 
represent one o f  the  non-sedentary, erratic eels (“n om ads”) 
described b y  Feunteun  et al. (2003), m ay have been  released by  a 
fisher, o r  could  have been present in  a batch  o f  restocked coarse 
fish. W hen  m o n ito ring  chem icals in  yellow eels, one m ust be 
aware th a t a sm all p ro p o rtio n  m ay n o t reflect the site-specific 
po llu tion  load, b u t statistical tools such as cluster analysis can 
help to  identify and  rem ove atypical eels.

A nother factor con tribu ting  to  the  variability m ay be the  size 
o f  the eel sam pled. Collecting ten  yellow eels in  the range o f 
3 5 -4 5  cm  at each site is n o t easy in  Flanders. Stock densities in 
these riverine systems are low  because o f  low  recru itm ent, the p re ­
sence o f  m ultip le m igration  barriers (Figure la ) , and  p o o r water 
quality. Belpaire et al. (2003) reported  th a t eels m ay be caught at 
only 18% o f  the  sites on  rivers and  brooks and  th a t abundance 
is usually low  ( 1 - 5  eels per 100 m  electrofishing). To ob tain  
sufficient data, eels from  a broader size range had to  be included.
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Figure 6. CDA o f eels from  seven rivers in Flanders based on  PCB 
an d  OCP co n cen tra tio n s (N  =  450 eels from  56 sites).

To som e extent, this m ay have biased the  results because, in  
general, larger eels can be expected to have a larger po llu tion  
load th an  sm aller specim ens. However, the PCA revealed that 
length m akes only a m in o r co n trib u tio n  to the  variance (Nete 
dataset: 13% for the  first tw o principal com ponents; seven rivers 
dataset: 14%).

M aes et al. (2008) reported  th a t HCB concentra tions in  eels 
th ro u g h o u t Flanders (2526 eels from  365 sites) am o u n t to  a 
m ean  o f  5.89 +  8.91 (range 0 .0 0 2-192) pug kg-1  o n  a m uscle -  
wet-w eight basis. In  com parison, the  HCB concentrations in  the 
G rote N ete (2 1 -5 3  pug kg -1  m uscle-w et-w eigh t) were relatively 
high, especially upstream . This indicates a local source o f  po l­
lu tion , a lthough this chem ical was banned  in  1974. Also banned  
from  agricultural application  in  1974 is the pesticide DDT. 
Nevertheless, D D T and  its m etabolites are still present in  quite 
large quantities in  eels from  b o th  rivers (Table 3). The relative

p ro p o rtio n  o f  the breakdow n products com pared w ith p,p '-D D T  
provides som e striking results. D D T /D D E  am oun ts to  0.003 and 
0.09 at the  sites o f  the  two rivers farthest upstream  (KN1 and 
GN2, respectively), peaks a t the  second-farthest upstream  site 
(KN2 and  GN3) at 0.45 and  0.39, respectively, to decrease again 
in  the  dow nstream  sites. This suggests that there are recent 
sources o f  po llu tion  by  D D T upstream . G oem ans et al. (2003) 
reported  th a t D D T and  its m etabolites are present in  considerable 
am oun ts in  m ost eels th ro u g h o u t Flanders. Unexpectedly, Maes 
eta l. (2008) observed in  a tren d  analysis (1994-2005) th a t concen­
trations o f  p,p '-D D T  had  increased over tim e, whereas its m etab ­
olites had been reduced significantly, im plying th a t n o t all stock 
has been depleted and  suggesting th a t D D T was being applied 
again. This conclusion  has been co rroborated  by  Van Overm eire 
et al. (2006), w ho analysed DD T and  derivatives in  eggs obtained 
from  free-ranging hens from  private owners in  Belgium. The 
D D T /D D E  ratio  observed indicated recent use o f  DD T as insecti­
cides in  henhouses. O u r observations illustrate how  chem ical 
m o n ito ring  in  eels can p in p o in t local sources o f  specific pollu tion .

An efficient b io m o n ito r shou ld  reflect the specific con tam inan t 
pressure at a certain  site, and  variations in  this pressure am ong 
sites should  be  reflected in  variations in  the  concentrations 
m easured in  the b io -ind icator. The d iscrim inating  pow er am ong 
sites over a geographical range is a m easure o f  the efficiency o f 
the  b io-ind icato r. U nivariate analysis o f  the  variations in  specific 
con tam inants gives clear indications o f  their presence in  the 
river systems. However, in  evaluating the  usefulness o f  eels as a 
po llu tion  indicator, o u r objective was to  explore to w hat extent 
the  to ta l spectrum  o f  con tam inan ts is indicative for a specific 
site and  to  w hat extent individual po llu tion  profiles vary w ith in  
and  betw een sites. To ou r knowledge, this study  is the  first to

Schelde

T
- 8  - 6  - 4  - 2  0

Dimension 2

D
ow

nloaded 
from 

http://icesjm
s.oxfordjournals.org 

by 
on 

M
arch 

19, 2010

http://icesjms.oxfordjournals.org


Pollution fingerprints in eels 1489

a
9
*0.
sí.
■ocfd
tí
Û
9
"a.
sí.

■ac

Û
9
"a.
sí.

-a

CÛ

X <u

O .*£
J =  L U

s §
ÍS0 a
'ZT' c  -c oÖO U

1  ö>  O.
S  2o. o.

W) o  
d. o
. .  CS

<u
ÜO qj
«  s

C  njrd <u
“O
t/i Z
+1 <u

I I

£  oO ni
t/1qj <u 3 .tit/1 Ul

_qj _b0 
u  ’<uui ,

¡ 1  
c  2fda; -o

S  *a .
rô  E
_2¿ S
_Q ui
rt qj

I— <u

o '
00
ö
1

in ' lO~ co' xj-
xq-
0 cêr

ö
I

Ö
I

es
ö1

Ö
1

0
ö ö

1
ö
1

ö
1

m0 (N(N rs coes xq- (N es co
(N

ö Ö es
ö ö 0 Ö ö Ö

0 O rx 0
ö es

0 g
0 ö Ö 0

ö ö +1 ö ö Ö
Q + l + l +1 +1 coco +1 +1 +1
p™
Û CX0 exco co 00(N 00 ioxj- xq-es ex(N
□ ö ö

es
0 Ö ö ö ö Ö

ko'
N f

00'
LO(N o 'xo Nfr"

x?es
lo o 'es

o '
00

ex'
coCx 9 xo

1 co
xo 9 r x 00 r x

J- IO es
xo 1 0 ex xq- xo

e s co lO_ co ES
0 co es co LO rx IOLUQ (N
eO

rx
(N ex

xo
es
00

xq-co ex coes 00

9 + l + l +1 +1 +1 +1 +1 +1
X (N XO es xq- xq- ex xq- es
a . Nj- LO xo lO ex co co co

0 ' co* rE' rE' ex'
Gx XQ 0 Px IO 00 o ' IO
I

00
I

co 1
1 1

LO
1

rx es
1

es
1

ES 0 c l 00 xo
(N XQ ES 0 xq- O ES E s

OQ XO
cO

(N XO
XT

00 xq- eses corx r x
LO

9 + l + l +1 +1 +1 +1 +1 +  1
X Gx IO co xq- ex 0 ex rx
a . co co es co co co

xo'xq-
xo'xq-
1

exT
xo xq' 00'xo ex'xo o 'ex

(N
I I ex 1 K

1 1 1 1
CX

0xq- 00 LO
ö

exrx 0 io
I -Q

xq-
(Nrx

LO
rx
LO

ex]
exj

00 0xr xq-
lO

9 + l + l +1 +1 +1 +1 +1 +1
a . 0 co 00 es 0 xo r -

r x
es co lo co r x 00 0

LO eses o '
xq- ro es co

I
LO
ES

I
esco

0es
1

rx
co

o '
es

ex' co
1

(N
1

ES es 1 1 •ES
(N
(N

xq-co
ex] r x

LO xo co 0
r v

+ l + l +1 +1 +1 +1 +1 +1
5 co xq- es ex 00 xq- xo
I CM es es (N

s xq- 0 es xo 00 O 0 O

(N7 co7 xq-7 io7 es co •3-
•M
î/5 O O O O

Z Z Z ~Z-

Table 4. Percentage o f m easured  co n cen tra tio n s o f  lipophilic 
substances in river w ater, sed im ent, an d  eels from  th e  C ro te  N ete 
an d  Kleine N ete basins above th e  d e tec tio n  lim it (% >  DL).

Substance Water n = 3, 
2 0 0 0 -2 0 0 7

Sediment 
n = 73, 
2 0 0 0 -2 0 0 6

Eel n =  8, 
2002/2003

%>DL N %>DL N %>DL N

PCB 28 0 95 8 130 85 88

PCB 31 0 100 6 118 85 88

PCB 52 0 116 16 130 99 88

PCB 101 0 113 38 130 100 88

PCB 118 0 109 37 130 100 88

PCB 138 0 114 47 130 100 88

PCB 153 0 109 47 130 100 88

PCB 180 0 115 48 130 100 88

HCB 0 106 5 112 100 88

a-HCH 0 118 0 130 74 88

y-HCH 16 246 2 130 100 88

p,p'-DDT 0 115 8 130 77 88

p,p'-DDE 0 107 31 130 100 88

p,p'-DDD 0 112 22 130 100 88

dieldrin 0 110 4 130 78 88

Number o f sites (n), period o f sampling, and number o f measurements (N) 
are also indicated. The detection limits are 1 or 2 ng I 1 for water 
(dependent on the substance), 0.05 ng g 1 dry matter for sediment, and 
0.5 ng g 1 lipid weight for eels. Water and sediment data were provided by 
the Flemish Environment Agency (VMM).

evaluate in tra- and  in tersite variability in  po llu tion  profiles in 
individual eels sam pled w ith in  a sm all catchm ent area, w ith sites 
lying a m axim um  o f  20 km  apart. M ost w ork  describing such vari­
ations has been done  o n  larger geographical scales. Furtherm ore, 
m any  studies present results ob tained  from  the analysis o f 
pooled  sam ples from  each site (Belpaire and  Goem ans, 2007b), 
and  thus are o f  no  use in  evaluating in trasite  variability.

The CDA (Figure 4) yielded ra ther conclusive results: all eels 
from  the  sam e site clustered closely together, even w hen the d is­
tance betw een sam ple sites was <  5 km . A pparently, site-specific 
aquatic  po llu tion  by  lipophilic  com pounds can be tracked in 
eels. Also, w ith in  each tributary, site clusters congregate, indicating 
river-specific co n tam inan t pressure. F rom  these results, we con­
clude th a t the con tam inan t fingerprin t o f  yellow eels, after filtering 
o u t outliers, is representative o f  the  environm ental quality  (for 
the  local load  w ith lipophilic chem icals) o f  the site where it 
was caught. We tried  to  com pare these b ioaccum ulation  data in 
eels by  m easuring  the  sam e contam inants du ring  m o n ito ring  o f 
w ater and  sedim ent quality  in  the  two Nete basins by the 
Flem ish E nvironm ental Agency. However, because these chemicals 
are lipophilic, they  are hard  to  trace in  the water phase or even in 
sedim ents (Table 4). O nly lindane is to  som e extent detectable in 
water, whereas in  sedim ent, m ainly  the  higher-chlorinated  PCBs 
are som etim es detectable, b u t only in  a m inority  o f  the  cases. 
These observations clearly illustrate th a t the  po llu tion  pressure 
canno t be m easured  independently  and  th a t an  effective strategy 
to  m easure the in p u t o f  these lipophilic con tam inan ts depends 
com pletely o n  b iom onito ring .

Results sim ilar to  ours o f  small-scale differences were obtained 
studying po llu tion  profiles in  eels in  a canal and  un d er lacustrine 
conditions. Belpaire and  G oem ans (2007b) reported  spatial and
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Figure 7. Pollution fingerprin ts based on  m eans o f PCB an d  OCP
co n cen tra tio n s (pug kg-1  LW) in eels from  seven rivers in Flanders.

tem poral differences in  po llu tion  load in  a Belgian canal 14 km  
long. Belpaire et al. (2001) observed variation  am ong eels caught 
in  four different parts o f  Lake Schulen (90 ha), as well as signifi­
cant differences in  lindane (y -H C H ) concentra tions in  their 
m uscle tissue. All o f  these observations are in  line w ith the con­
clusion o f  ecological studies o n  hom e ranges th a t foraging m ove­
m ents o f  yellow eels are m ostly  restricted to  a few hun d red  m etres 
(Baras et al., 1998; Laffaille et al., 2005). Such a small hom e range 
w ould explain w hy yellow eels serve as good ind icator species for 
m o n ito ring  site-specific po llu tion  pressure.

A lthough site-specific po llu tion  profiles m ay be quite  different 
am ong years, as show n for eels sam pled in  a canal in  1991 and  1995 
(Belpaire and  Goem ans, 2007b), the  results o f  the  CDA o f  sam ples 
collected over several years clearly indicate th a t the  profiles in  the 
different rivers vary consistently. The position  o f  the clusters for 
the three m ajor catchm ent areas (IJzer, Schelde, and  M aas 
basins) m atch  the geographical positions o f  the  (sub-)basins 
(Figure lb ) , the w esternm ost catchm ent (IJzer) being m ost distinct

from  the  easternm ost M aas catchm ent. W ith in  the centrally posi­
tioned  Schelde, adjacent sub-basins take up  adjacent positions in 
the  clustering: the  adjacent basins o f  the  D em er and G rote Nete, 
as well as those o f  the Schelde and  Leie, have m ore com parable 
profiles (despite their distinctness) th an  any o f  these w ith the 
Dender, w hich is located in  between. A lthough overall, sub-basins 
reveal d istinct co n tam inan t profiles, sim ilarities betw een sub­
basins suggest geographical gradients in  con tam in an t pressure 
th a t m igh t well result from  variations in  land use. An increasing 
w e st-ea s t gradient in  PCB co n tam ination  in  Flanders eels was 
reported  by  Maes et al. (2008).

Figure 7 sum m arizes the  averaged river-specific po llu tion  
fingerprints observed in  eels. These observations are generally in 
line w ith M aes et al. (2008), w ho reported  h igh a -  and  y -H C H  
and  d ield rin  concentra tions in  the  IJzer basin, and  the  highest 
PCB concentrations in  the M aas basin. W e conclude th a t the 
yellow-eel stage can serve as an  excellent environm ental indicator 
o f  b o th  small-scale (km ) and large-scale (catchm ent area) po l­
lu tion  loads o f  rivers w ith lipophilic chem ical substances. An 
approach using this b io -ind icato r for lipophilic substances 
m igh t prove m ore effective in  the  m o n ito ring  program m e o f  the 
W FD th an  using indicators derived from  concentrations in  the 
w ater phase.
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