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Abstract. ln this paper the effects of environmental factors on cadmium and zinc uptake by larvae 
of chironomids are discussed. The results of severallaboratory experiments and field studies were poo led 
and analysed using uptake and accumulation models. Ln the field studies, the relationship between metal 
concentrations in larvae and sediment was studied on samples from severa! watercourses. The effect of 
different sediment characteristics on these relationships was investigated. In the laboratory experiments, 
larvae of Chironomus riparius were exposed to metals via the water, and the effects evaluated of three 
changing environmental factors, i.e. salinity, temperature, and pH. Non-linear regression models were 
constructed to determine the relative importance of the different environmental factors contributing to the 
variation in metal uptake or accumulation. For the field data, the amount of variation that could be 
explained by tbese models was limited. Only for zinc was a significant amount of variation (up to 66%) 
explained relating accumulated zinc to easily extractable zinc and considering total organic carbon (TOC) 
in the mode!. For the laboratory data, relating uptake levels to the metal ion activitie explained no more 
than 6% and 24 % of the total variation in respectively cadmium and zinc uptake. The integration of the 
different effects of the environmental factors in the models explained 67 % of the total variation in cad
mium uptake and 56% of the total variation in zinc uptake. Factors contributi.ng mo t significantly to the 
explained variation were temperature, pH, and salinity of exposure, calcium ion activity and salini ty of 
acclimation. The high, unexplained variation under field condition is probably due to the large variation 
in exposure conditions in natural environments and a lack of knowledge concern ing the relative impor
tance of the different exposure routes under these circumstances. 
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fNTRODUCTION 

When lTace metals are adcled to natural waters they are djstributed over different com
pat1ments of the ecosystem i .e. the water column, the suspended matter, the ediment and the 
interstitial water (TESSIER & CAMPBELL, 1987 ; LUOMA, 1989 ; AMYOT et a/. , 1994 ). Within 
each phase, metals wi ll be partitioned among specifie ligands, the so-called chemica1 pe ia
tion . ln the sediment and the suspended sol ids, meta1s can interact wiU1 iron- or mangancse 
ox ides, adsorb to clay particles, bind to organic ligands, etc. ln the watcr column and in th 
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interstitial water, the trace metals will be present as hydrated ions, associated with dissolved 
inorganic or organic ligands, or adsorbed to inorganic and organic colloids. The distribution 
of a metal among the different components depends not only on the concentration but also 
on the nature of the compartments. Changes in the physical or chemical conditions such as 
pH, salinity, and alkalinity, influence the distribution between the phases (BORGMANN, 1983; 
SALOMONS & FbRSTNER, 1984 ; LUOMA, 1989). The bioavailability of trace metals will 
largely depend on the chemical speciation. Thus, the total trace metal concentration in sedi
ment or water should not be used as the only measure of metal contamination. Severa! stu
dies have verified that metal availability from solutions is a function of the free metal ion 
activity (ALLEN et al., 1980; DE LISLE & ROBERTS, 1988; BLUST et al., 1992). Besides che
mica! processes, biological processes will influence the uptake of trace metals by organisms. 
Two major uptake routes have been identified, i.e. direct absorption of dissolved metal 
species from solutions, and via ingestion of particulate matter (including food) (LUOMA, 
1989; HARE, 1992; RAINBOW & DALLINGER, 1993). Although mostly present at higher con
centrations in food than in solution, trace metals associated with particles tend to be less 
available tban are those in solution. Uptake mechanisms may be controlled physiologically 
by the organism. Control tbat could be exerted by the invertebrate with respect to these 
uptake mechanisms would be via some alteration to the number, or affinity of the membrane 
transport ligands (SIMKISS & TAYLOR, 1995). 

In this paper the data of severa! studies that assessed the influence of environmental 
factors on tbe net uptake (in the laboratory) and accumulated levels (in the field) of trace 
metals by chironomid larvae, are pooled and analysed. In the field studies, the effect was 
assessed of the geochemical characteristics of sediments on the levels of trace metals accu
mulated by larvae of the midge Chironomus riparius (Meigen, 1804) (Diptera, Chirono
midae). To relate metal levels in organisms with levels in sediments, trace metal 
partitioning among various sediment phases was determined and geochemical sediment 
characteristics were analysed (BERVOETS et al. , 1994, 1997, and 1998). ln this study we 
analysed the poo led data of the three field studies for zinc and cadmium using accumula
tion mode! s. ln the laboratory experiments , the effects of some environmental factors on 
the net uptake of two trace metals , cadmium and zinc, by larvae of Chironomus riparius 
were studied (BERYOETS et al. , 1995, J996a, 1996b ; B ERYOETS & BLUST, unpublished). 
Among the factors influencing uptake and accumulation of metals by aquatic organisms, 
salini ty, temperature, pH , hardness, and the presence of organic ligands are tbe most 
important (PH ILIPS, 1976; SIMKISS & TAYLOR, 1995). The separate and combined effects 
of the different components ofthese environmental factors were assessed by analysing the 
pooled data. The effects of changing environmenta l factors on the net meta l uptake by 
fourth instar larvae were studied, in relation to tbe effects of the factors on the chemical 
speciation and on the physiolog ical condition of the organism. 

MATERfALS AND METHODS 

Test organism 

Midge larvae (Diptera, Chironomidae) are the centra l organ isms in th is study. 
Chironomid larvae were chosen because of the ir important position in freshwater ecosys-
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tems. Larval members of this family are fou nd in almost every ki nd of fresh- and brack
ish water. Under certain conditions such as low levels of dissolved oxygen, larval chi
ronomids may be the only insects present in benthic sediments (PfNDER, 1986; WARWICK, 
J 990; CRANSTON, 1995). Alllarvae collected from natural waters for metal analysis in the 
field studies were identified as Chironomus gr. thummi. This species group contains at 
]east 13 different species, which are morphologically very similar (WEBB & ScHOLL, 
1985). Larvae used in the laboratory experiments were obtained from a controlled labora
tory culture at the Royal Belgian 1nstitute for Natural Sciences (KBIN, Brussels, 
Belgium). Larvae were cultured in lü L plastic aquaria according to the methods of 
YERMEULEN et al. ( 1997). When the fourth Iarval stage (instar 4) was reached, the larvae 

were placed at l5°C in the dark and held in aquaria at high densities ( l Iarva per cm2) to 
retard pupation while maintaining them in normal physiological state (lNEICHEN et al. , 
1979; BANG ENTER & FISCHER, 1989). 

Field studies 

ln the field studies midge larvae were collected at different sampling sites . 
Concentrations of Cu, Zn, Cd, Pb, Cr and Ni were measured in organisms and sediments. 
To identify trace metal partitioning among various geochemical phases, sediments were 
subjected to simultaneous extraction schemes. Four metal fractions were determined: 
(1) easily reducible (ER) metal (trace metals associated with Mn oxides) ; (2) reducible (R) 
metal (trace metals associated with Fe oxides) ; (3) met.als bound to organic matter (ORG) ; 
(4) total metal (TOT), metals extracted using a mixture ofHN03 and HOCI4• In addition, 
severa! geochemical characteristics of the sediments were analysed ; total organic carbon 
(TOC), Fe-oxides, Mn-oxides, and particle size distribution. For a detailed description of 
sampling, sediment handling, and analytical procedures, we refer to BERVOETS et al. (1994, 
1997, and 1998). In this paper the analysis of the poo led data of cadmium and zinc is pre
sented . 

Laboratory experiments 

Tn the Iaboratory experiments the effects of three eiJvironmental factors , i.e. sa lini ty 
(0.24 to 10 ppt), temperature (5 to 25 °C) and pH (5.5 to 1 0.0) on the net uptake of cad
mium and zinc by Iarvae of the midge Chironomus riparius were studied using arti fïc ial 
river water. The composition of 1 L of this chem ica lly-defined freshwater was 0.096 g 
NaHC03, 0.004 g KCI , 0.123 g MgS0 4.7Hp and 0.06 g CaSOJHp , re ul ting in a sa lioi
ty of0.2 ppt and a pH of7. 8. The medium was prepared by disso lving the ana lytica l grade 
products (Merck p.a.) in de ionized water. Ion ie stocks of cadmium and z inc, conta ining 
100 ]..lM Cd and 1,000 J..lM Zn respective ly, were prepared. The rad ioisotopes 109Cd and 65Zn 
(Amersham International, UK) were used as tracers, 460 KBq/ L ofeach tracer being added 
to the metal stock solutions. In ail experimental exposure so lutions, the resulting metal 
concentrations were 0 .1 J..lM Cd and 1.3 ]..lM Zn. These concentrations were chosen for 
the ir environ mental relevance. The resultiog radioactiv ity of both tracers was 0.46 KBq/L. 
For ail experiments, 50 midge larvae of comparab le size were placed in a seri es of plast ic 
vesse ls containing 50 ml so lution. For each experimental condition we u ed 6 to 8 rep li -
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cates. These vessels were placed in a thermostatic water bath at the required temperature. 
Net uptakes of both cadmium and zinc were linear over time for at !east 8 hours during 
exposure to a total co~1tration of O. 1 ~M cadmium and 1 .3~M zinc. Therefore accu
mulation was measured after 6 h of exposure. After exposure, the 50 individuals were col
lected on a 250 ~m si eve and rinsed with 50 ml of deionized water. The influence of prior 
acclimation at the different environmental conditions on metal uptake was assessed. In 
addition the effect of the environmental factor on the chemical behaviour was added to 
uptake models. For a detailed description of the experimental set-up we refer to BERVOETS 

et al. (1995, l996a,b). 

The equilibrium concentrations of the chemical species considered were calculated 
using the computer program SOLUTION (BLUST et al. , unpublished), an adaptation of the 
program COM?LEX (GrNZBURG, 1976). This speciation mode! allows the calculation of 
the composition of solutions in equilibrium with the atmosphere. Activity coefficients 
were calculated using the estimation method ofHelgeson (BIRKETT et al., 1988). Results of 
the chemical speciation calculations were expressed on the molar concentration scale and 
multiplied by the appropriate activity coefficients to obtain species activities . 

ModeUing net uptake or concentration 

To determine the relative importance of the different factors contributing to the varia
tion in the net uptake of metals (in the laboratory experiments) or concentration (in the 
field studies), non-linear regression models were constructed (BLUST et al., 1994, I 995; 
BERYOETS et al., 1997). For the poo led data of the la bora tory experiments, the net uptake 
was related to the terms that describe the change in the free metal ion activity, and differ
ent components of the environ mental factors (i.e. salinity, temperature, and pH of ex po
sure and acclimation) and the free calcium ion activity. ln the field studies the metal 
concentration in the organisms was related to a tenn describing the variation in the metal 
concentration in the di fferent sediment fractions (i.e. total , reducible, easily reducible 
metal concentrations or metal s bound to organic matter) and to the di ffe rent sediment 
characteristics (iron oxides, manganese oxides, TOC and particle size di stribution). The 
relative importance of the different tenns was determined by a forward selection proce
dure. This was done by starting with a single factor, the metal activity or concentration, 
and stepw ise adding the otber terms and eva luating their contribution to the total variation. 
A coefficient ofproportionality (Cr) was introduced to relate the concentration in the envi
ronment to the metal concentra tion in the organisms. 

RESULTS 

Field studies 

Tota l metal levels were always higher tban reduci ble metal levels but important dif
ferences were observed between essential and 1ion-essenüal metals. ln this paper we clis
cuss onl y the results for cadmium and zinc. For cadmium, total levels were only slightly 
higher than reducible leve ls. For zinc, however, the differences were much more pro-
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nounced (up to 5 times more total zinc comparee! to reducible zinc). This is illustrated in 
Fig. 1 for three different rivers. 
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Fig. 1. - Results of metal partitioning in sediments from three ri vers. Mean va lues with stan
dard deviation are presented in J.tg g' dry weight. 

The relationships between total metal concentration in sediments and midge larvae for 
the pooled data are sbown in F ig. 2. For both meta ls on ly poor relationships were found. To 
determine the relative importance of the different sediment facto rs we used non-linear 
regression models. The metal concentration in the organ isms was relatee! to a term describ
ing the variation in the metal concentration in the different fractions (ER, R, ORO, TOT) and 
a term that described the variation in meta l concentration in the pore water. The di fferent sed
iment factors consideree! in the models were the manganese (Mn), the iron (Fe) and the 
organ ic matter (TOC) content, and grain fraction < 63 ~tm. However, it was not poss ible to 
model the accum ulated metal leve ls using the pooled data because we did not measu.re the 
same characteri stics in the th.ree studies. ln the separate studies, oo ly for zinc was it possible 
to explain 48 and 66% respective! y of the variat ion, when organ ic matter was iocluded in 
the accumulation mode! for zinc. The mode ls that exp la inee! most of the variation were: 
ZnCH, = F*Zn.ro/TOC', in a first study (B ERVOETS et al. 1997) and Zncru = F*Zn.R*TOC' in 
a second study (BERVOETS et al., I 998). 

For cadm ium it was not possible to construct a mode! that explained a sign ificant 
amo u nt of variation in levels accurn ul ated by the larvae . 
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Fig. 2. - Relationsbips betweeo trace meta l levels in sediments and in 
chironomid la rvae in 1-1g g·' dry weight for cadmium and zinc. 
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Laboratory studies 

ln Fig. 3 the results of the calcula ti ons of the chemical speciation mode] in defined 
solutions are summarised. The effects of salinity, temperature and pH on free metal ion 
activity are presented for cadmium and zinc. In the case of salinity the contribution of the 
free cadmium ion activity decreased from 72% at a salinity of 0.24 ppt to 6% at a salin
ity of 10 ppt, and the contribution of the free zinc ion activity decreased from 64% to 31 % 
over the same salinity range. ln the case of pH the contribution of the free cadmium ion 
activity decreased from 71.6% at a pH of 5.5 ppt to 0.19 % at a pH of 10, and the contri
bution of the free zinc ion activity decreased from 69.5% to 0.03% over the same range. 
Temperature had only a small effect on the free metal ion activity over the tested range. 

100.0 =--..,.--.---,.--,---r-=o 

• 

• 
• 

10.0 • • • 

1.0 

0.1 LL _ _,__l.___L _ _L_....L.....J 

0 4 6 10 

100.0 ~-~-~---.----.---.--=> 

i': 10.0 

> 
~ 
z 
Q 1.0 
(.) 
z 
N 
w 
w 
a:: 0.1 
u.. 

• 
• • • • 

4 10 

SALINITY in ppt 

• • • • • • • • • 

• 

• 

• 
10 15 20 25 5 9 10 

• • • • • • • • • 

• 

• 

10 15 20 25 5 8 10 

TEMPERATURE in •c pH 

Fig. 3. - Re lative contribution of the free metal ions ( in %) in fu net ion of the environmenta l 
factors salini ty, temperature, and pH . 

ln Fig. 4 net uptake as a function of the environmental facto rs is illustrated for cad
mium and z inc. The resul ts o f uptake by larvae acclimated at their cul ture conditions are 
presented. For a li environmental factors an effect was obs rvecl on net metal uptake within 
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----each acclimation group (BERVOETS et a/., 1995, 1996a, 1996b; BERVOETS & 8LUST, 

unpublished). The net uptake of cadmium and zinc decreased with increasing salinity but 
increased with increasing temperature. For pH , net uptake increased with increasing pH 
between 5.5 and 9.0 but decreased between pH 9.0 and 10.0. In most cases, prior accli
mation to different environmental conditions had a significant effect on the net uptake but 
this effect was not always consistent. 
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Fig. 4. - Uptake of cadmium and û nc (in nm ol. g·') in functi on of the env i.ronmental factors, 
fo r larvae acclimated at their cul ture condi tions. 

Noo-linear models were constructed for the pooled data (n= 580 for Cd and n=628 for 
Zn) to determine the relative impo1i ance of the diffe rent env ironmental factors and com
ponents of tbose facto rs on uptake of cadmi um and zinc. Factors that were considered in 
the mode! were the free metal ion activity, salini ty, temperature, and pH of exposure and 
acc limation, di ffusion rate, and ca lcium ion activity. This wa done by starting with a in
gle facto r, tbe metal ion acti vity, and stepwise adding the other terms, eva luating their con
tribution to the total var iation. Tables l and 2 give the res ul t o f the non-linear regre sion 
analys is. As shown in th is tab le, the free metal ion acti vity expla ined 6.2% and 24 % of 
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the variation in metal uptake for respectively cadmium and zinc (Fig. 5). The model that 
explained most of the variation in net cadmium uptake was: 
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Fig. 5.- Predicted versus measured cadmium and zinc uptake by larvae of Chironomus ripar
ius, considering only the free metal ion activities.(a) Cd"P' = C,*(Cd",') (R' = 0.062**, n = 
579); (b) Zn •• ,= C,*(Zn",') (R' = 0.237**, n = 628). 

The mode! tbat explained most of the variation in net zinc uptake was: 

where Cd"" and Zn"" are the metal ion activities, t,xr' pH,xr' sal,xp are the exposure tempera
ture, pH , and salin ity, t""1, pf-lnccl' sal"'1 are the accl imation conditions, and Cdd;n is the dif
fusional rates of the free metal ion. ln the case of net cadmium uptake, the factors that 
accounted for the effect of temperature, sa linity, and calcium were negative, indicating that 
cadmium uptake increased with a decrease in these factors. The models explained 67% 
and 56% of the variation in uptake by midge larvae for respective! y cadmium and zinc 
(Fig. 6). 
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TABLES 1 and 2 

Cadmium uptake (top) and zinc uptake (bottom) by Chironomus ripa
rius: non-lihear regression mode/ for the poo led data. 

B: partial regression coefficients ; SE: Standard Error for partial 
regression coefficients ; LI, L2 : confidence limits for partial regression 
coefficients. Cadmium uptake in midge larvae in nmollg. ns Not signi
ficant ; * 0.05 ?. p > 0.01; ** 0.01 ?. p > 0.001; ***p :5 0.001 

Variable B SE LI L2 

( 1) Cd.., = C,*(Cd, ')(R' =0.062**, n = 579) 

Coefficient 1.74*** 0.394 1.35 2.13 
k-exponent 0.28 1*** 0.057 0.224 0.338 

(2) Cd""'"' =C,*(Cd""" *t'""' *pl-lm""' *sai"""' *Cd",r*Ca"*sai'.,,*t',) (R' = 0.67***, n = 579) 

Coefficient 1.62•09 IlS 

k-exponent 0.1 32*** 0 .044 0.088 0.176 
1-exponent -3.50*** O. 489 -3.99 -2 .84 
m-exponent 2.84*** 0.723 2. 12 3.56 
n-exponent -0.245*** 0 .026 -0.27 1 -0.2 19 
p-exponent 14.2*** 1.1 8 13.0 15.4 
q-exponent -0.072*** 0.0 11 -0.083 -0.144 
r-exponent 0 .3 16*** 0 .024 0.292 0 .340 

s-exponent 0.376*** 0.055 0 .32 1 0.431 

( 1) Zn.., = c,*(Zna,., ') (R' = 0.237**, n = 628) 

Coefficient 0 .263"' 
k-exponent 0 .978*** 0 .093 0 .885 1.07 1 

(2) Zn""'"' =C,*(Zn',.. *t', ,,*salm"" *pl-l", *Ca,.*salr.,,) (R' = 0.559**, n = 628) 

Coeffic ient 5.67·" IlS 

k-exponent 1.63*** 0 .26 1 1.37 1.89 
1-exponent 1.46*** 0. 11 8 1.34 1.58 
m-exponent 0. 137*** 0.049 0.088 0.1 86 
n-exponent 5.76* 2.44 3.32 8.20 
p-exponent -0.040*** 0 .007 -0.047 -0 .033 
q-exponent 0.116*** 0.0 15 0. 10 1 0.13 1 

, 
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Fig. 6. - Predicted versus measured cadmium and zinc uptake by larvae of Chironomus ripar
ius, for the uptake models.(a) Cdm;,.,=C,*(Cd',"*t'" P*pH"'" .*sal""'P*Cd,;,,"*Ca' *sa l',",*t'") (R' = 
0.67***, n = 579); (b) Znm;,.,=C,*(Zn',"*( ,/sa l"',xp* pH""'P *Cap*salP",) (R' = 0.559**, n = 
628). 

DISCUSSION 

Field studies 

500 

Using the poo led data of three studies, we related tota l cadmium and zinc levels mea
sured in sediment to metal levels in ch ironom id larvae. For both meta ls on ly a poor rela
tionship was found. Total metal concentrations in sediments bave been proved to be poor 
predictors of metal levels in sediment dwelling invertebrates (e.g. BENDELL-YOUNG & 
HARVEY, 199 1 ; TESSIER et al., 1993). The absence of a clear relationship is mainly due to 
changes in bioavailability of meta ls with changing geochemical characteristics of the sed i
ments. When geochemical sediment fi·actions were considered as we il as sediment charac
teristics, it was possible to improve the relationship for zinc. For the other meta ls it was 
not possible to increase the exp lained variation in accumulated levels. 

The determination of trace metal avai labil ity from solid phases is ofl:en difficult, even in 
laboratory experiments. Besides physical and chem ica l factors, biological processes will 
affect metal bioavailability, e.g. : both an ima is and plants may alter the metal form prior to 
bioaccumulation ; feeding strategy influences bioaccumulation. The relatively poor predic
tion of metal concentrations in the larvae for most metals may have been caused by the large 
differences in sediment composition. The unexplained variation could be due to numerous 
environmental factors that were not taken into account, such as sediment pH and redox 
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potential. Moreover we know little about the relative importance of the different exposure 
routes under field conditions. Chironomids however, are in close contact with both the sedi
ment and the overlying water (BENDELL-YouNG & HARVEY, 1991) and metal concentrations 
in pore water will not necessarily~be the same as in the water column (LUOMA, 1989). In one 
of the studies (BERVOETS et al. , 1997) accumulation was compared between chironomids and 
tubifidd worms (Tubificidae). For ali metals, the accumulation models for tubificids 
explained more of the variation than they did for chironomids. This is possibly due to the 
fact that tubi fic id worms are Jess exposed to the overlying water than chironomids. The guts 
of the larvae were not purged prior to analysis. This may be an additional reason for the high 
amount of unexplained variation. Trace metals in the gut of aquatic animais can represent a 
high percentage of the total quantity (GOWER & DARLINGTON, 1990; SAÇJER & Pusco, 1991 ; 
BROOKE et al., 1996). 

Although the explained variation did not exceed 70% in any of the cases, our results 
indicate th at knowledge of the geochemistry of river sediments is important for predicting 
metal availability to chironomids. This is supported by other studies where consideration 
of sediment characteristics allowed a better explanation of accumulated metal levels 
(GUNN et al. 1989 ; BABUKUTTY & CHACKO, 1995 ; GüNZA LES et al., 1995). 

Laboratory experiments 

Generally, the free metal ion is considered as the available metal species . However, 
relating net metal uptake to the free metal ion activity for the pooled data only explained 
a small part of the variation; 6% for cadmium uptake and 24% for zinc uptake . In the case 
of salinity and pH, the environmental factor had a marked effect on the contribution of the 
free ion activity for both metals over the tested ranges. When only salinity was cha11ged, 
free ion activity explained 52% of net cadmium uptake (BERVOETS et al., 1995) and 59 % 
of zinc uptake (BERVOETS et al. , 1996a). ln the case of temperature, the effect on specia
tion was rather small. Nevertheless temperature of exposure contributed significantly to 
the explained variation in net uptake of both metal s. ln the uptake mode l of the poo led 
data, the temperature of exposure contributed significantly to the explained variation. The 
effect of temperature is expected to be the result of the combined effects on the chemical 
behaviour (speciation aod diffusion) and on the pbysiology of the organism (e .g. COSSINS 
& BüWLER, 1987 ; BLUST et al. , 1994 ; MüLLER et al. , 1994). Severa( au thors have 
observed an increase in respiration by larvae of Chironornus sp. with increas ing tempera
ture (e.g. JOHNSON & BRfNKHURST, 1971 ; HAMBU RGER & DALL, 1990). Also sa linity and 
pH of exposure significantly contributed tô the uptake mode l, supplementary to the effect 
of these factors on speciation. For salinity this was probably due to a pbysiological effect 
(e.g. respiration, osmoregulation). For pl-I, however, net uptake increased with increasing 
salinity whereas the contribution of the free meta l ion decreased. A hypothes is put fmward 
in the literature is that the free metal ions (i. e. Cd2+ and Zn2+) are in competition w ith the 
hydrogen ions at the membrane leve t and therefore restri ct net uptake under acid condi
tions (CAMPBELL, 1995). ln addition, pH also wi ll have a phys iological effect. 

For the calcium ion activity also, an increase resulted in a decreased net uptake for 
both cadmium and zinc. As for the hydrogen ion activ ity, this is probably due to competi -
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tion between calcium and metals for the same uptake sites (SPRY & Wooo, 1989; MARKISH 

& JEFFREE, 1994; HOGSTRAND et al., 1995). In the case of acclimation, only for salinity 
was an important and consistent effect observed on net cadmium uptake, resulting in an 
increased uptake with increasin6alinity of acclimation. 

Although ali experiments took place under controlled conditions (i.e. chemically 
defined water, and controlled environment) the integration of the chemical and biological 
effects of changes in environmental conditions explained, for the pooled data, no more 
than 67 and 59 % of the variation in respectively cadmium and zinc uptake. A possible 
explanation is that not ali effects were considered. The relatively high unexplained varia
tion can also be partially due to the natural variation in metal uptake by midge larvae 
(SEIDMAN et al., 1986; TIMM ERMANS et al. , 1992). This is demonstrated wh en the sa me 
non-linear uptake models are constructed with the mean uptake values. With those models, 
85% of the net cadmium uptake and 68% of the net zinc uptake could be explained 
(Fig. 7). A last possible explanation for the unexplained variation is that some environ
mental factors do not have a consistent effect on metal uptake. This was true for both tem
perature and pH of acclimation. 
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Fig. 7 . - Predicted versus measured cadmium and zinc uptake by larvae of Chironomus ripar
ius, fo r the uptake models, considering the mean uptake va lues. 

(a) Cd..,;",,=C,*(Cd'" ,*t'" ,*pH"' ""; 'sai"",*Cd";rr"*Ca' *sal'""*t'") (R' = 0.850***, n = 12 1) ; 
(b) Zn ... ;",,=C/ '(Zn',"*t'" ,*sal"'"",*pH""' *Ca_*sai''"') (R' = 0.67 1 **, n = 144). 

From this study it was obvious that both the bioavailability of meta l and the physio
logy of the exposed organisms need to be considered j ointly to explain effects of environ-
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mental factors on net metal uptake and accumulated levels. When we consider ali possi
ble factors contributing to metal bioavailability and when the relative contribution of the 
different exposure routes is known, it will be possible to explain or even predict metal 
aècumulation by midge larvae under naturaÎ exposure conditions. 
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