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By use of Flow-microcalorimetric studies the effect of 

cadmium in  t h e  s u b l e t h a l  c o n c e n t r a t i o n  range  ( 0 . 5 - h  LC, o i s  

1.69 mg/l) on the metabolic a c t i v i t y  of the ~reshwater snail 

Planorbis corneus was revealed. The high toxicity was con- 

Firmed by the change in the heat production rate (mean value is 

453 uW/g fresh weigth) in a cadmium perfusate down to a concen- 

tration of 0.01 ug/l. The decrease in heat output depended on 

the cadmium concentration and amounted from 19% at 0.01 ~g/l 

to 88% at 1000 Hg/l. The microcalorimetric method proved to 

be a u s e f u l  c o n t i n u o u s - F l o w  t e c h n i q u e  t o  assess  q u a l i t a t i v e l y  

and q u a n t i t a t i v e l y  the  t o x i c  eFFec ts  os cadmium on an a q u a t i c  

o r g a n i s m  a l r e a d y  4 hou rs  a f t e r  e x p o s u r e .  

Introduction 

Mankind has become the most important element in the global 

biogeochemical cycl ing of the trace metals [13. There is a s ig- 

n i f i can t  contamination of Freshwater resources and since heavy 

metals are not degradable an accelerating accumulation in the 

human Food chain takes place. 

Among the heavy metals cadmium (Cd-compounds and dust) seems 

to be toxic to all life Forms [2, 33 because of its highly oxi- 

dative and denaturating effect on protein. Cadmium has no known 

physiological role and is generally accumulated by organisms 
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[ 4 ] ,  in  v e r t e b r a t e s  as m e t a l l o t h i o n e i n  [ 5 ,  6 ] .  In  1983 the  a n -  

t h r o p o ~ e n i c  i n p u t  o f  cadmium i n t o  w a t e r  amoun ted  to  17000 kg 

[ i ]  f r om w h i c h  t h e  a v e r a g e  c o n c e n t r a t l o n  in  l a k e s  and r l v e r s  

w o u l d  be i n c r e a s e d  by a b o u t  0 , 1 8  ~ g / l .  The b a c k g r o u n d  c o n -  

c e n t r a t i o n  zn u n p o l l u t e d  l a k e s  and f l y e r s  i s  b e l o w  i p g / l  

[ 3 , 7 ] .  For  s e v e r a l  o r g a n i s m s  the  l e t h a l  t h r e s h o l d  c o n c e n t r a t i o n  

i s  I p g / l  i n  F r e s h w a t e r  and i 0 0  ~ g / l  i n  s e a w a t e r  [ 8 ] .  For 

a q u a t i c  and m a r i n e  o r g a n i s m s  L C : ~ - v a l u e s  be tween  i 0  and 

i 00  w g / l  ( d e p e n d i n g  on e x p o s u r e  t i m e ,  t e m p e r a t u r e  and s a l i n i t y )  

a r e  r e p o r t e d  [ 9  - 1 7 ] .  

Among t h e  b i o a s s a y  methods  For  t he  e x a m i n a t i o n  o f  w a t e r  and 

and sewage s l u d g e  the  most F r e q u e n t l y  used t e c h n i G u e s  a re  m o r -  

t a l i t y  s t u d i e s  { ] e t h a l - d o s i s  (LD) or  l e t h a l - c o n c e n t r a t i o n  (LC) 

t e s t s }  ove r  a g i v e n  p e r i o d  o f  t i m e .  S u b l e t h a l  e f f e c t s  a re  o f t e n  

more d i f f i c u l t  t o  assess  and much more p r o t r a c t e d  [ 1 8 ]  t han  

i m m e d i a t e  l e t h a l i t y ,  bu t  more s e n s i t i v e  to  p o t e n t i a l  h a z a r d s  o? 

low l e v e ] s  o f  t o x i c  m a t e r i a l .  S u b l e t h a l  p o l l u t i o n  can m o d i f y  

p h y s i o l o g i c a l  or  b e h a v i o u r a ]  r e s p o n s e s  o f  o r g a n i s m s  [ 1 9 ] .  T h e r e -  

Fore  t h e  e n e r g y  m e t a b o l i s m  as t h e  who le  os a l l  b i o c h e m i c a l  p r o -  

cesses  w i t h i n  a l i v i n g  sys tem s h o u l d  r e f l e c t  t he  i m p a c t  o f  s u b -  

l e t h a l  e n v i r o n m e n t a l  s t r e s s e s .  

The m e t a b o l i c  r a t e  ( e n e r g y  demand) can be e s t i m a t e d  i n d i r e c t -  

] y  From t h e  ca re  os oxygen c o n s u m p t i o n  or  d i r e c t l y  From the  r a t e  

0s hea t  p r o d u c t i o n .  C a l o r i m e t r y  can t h u s  be used as an a n a l y t i -  

ca l  method  to  F o l l o w  the  c o u r s e  o f  a r e a c t i o n ,  w i t h  the  r a t e  os 

hea t  p r o d u c t i o n  b e i n g  p r o p o r t i o n a l  t o  t he  i n t e n s i t y  os the  r e -  

a c t i o n ,  and the  amount os Exchanged hea t  b e i n g  p r o p o r t i o n a l  t o  

t he  e x t e n d  os the  p r o c e s s .  D i r e c t  c a l o r i m e t r y  o p e r a t e s  i n t e g r a l -  

l y  s i n c e  a t  any t i m e  a l l  hea t  e f f e c t s  o c c u r i n g  in  the  s a m p l e ,  

i n c l u d i n g  s i d e  e f f e c t s  and u n e x p e c t e d  e f f e c t s ,  g i v e  one summa- 

rized th.ermic signal [20]. 

I n  t h e  F o l l o w i n g  pape r  m l c r o c a l o r i m e t r y  i s  p r e s e n t e d  as a 

s e n s i t i v e  b i o t i c  m o n i t o r i n g  method by w h i c h  v e r y  s m a l l  e ? $ e c t s  

of cadmium on a limnic organism are described. The s 

snail Planorbis corneus was chosen as test organism because 

it is widespread over Europe in stagnant waters and because os 

i t s  e c o l o g i c  i m p o r t a n c e  as an i n v e r t e b r a t e  in  t h e  b e g i n n i n g  os 

t h e  Food c h a i n  [ 2 1 ] .  
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Materials and methods 

Calorimeter 

The heat production of the snai]s was determined by a sorp- 

tion microcalorimeter (LKB, Sweden, type 2107-122) at 21oc. The 

size of  the  sorption vessel was enlarged to a h e i g h t  of 26 mm 

and a diameter of 12 mm, so that animals up to 600 mg fresh 

weight could be examined. The sensitivity of the calorimeter was 

38 mV/W �9 For a ca]orimetric run one snail was placed in the 

sorpiion vessel, which was filled with water, inserted into the 

c a l o r i m e t e r '  and c o n n e c t e d  to  the  f l o w  system ( F i g .  I). The pump 

v e l o c i t y  t h r o u g h  the  calorimetric chamber was 9 . 5  m l / h ,  a f l o w  

wh ich  p roduced  a t h e r m a l  n o i s e  o f  90 wW and wh ich  d i d  not  cause 

the  a n i m a l s  to  draw back in  t h e i r  s h e l l s .  When the  w a t e r  was 

changed ta  the  d e s i r e d  C d - c a n c e n t r a t i o n  a v e l o c i t y  o f  60 m l / h  

was run f a r  10 m i n u t e s  to  a c c e l e r a t e  m i x i n g .  The enhanced f l o w  

r a t e  l ed  to  a t y p i c a l  s e r i e s  o f  s u c c e s s i v e  e n d o t h e r m i c  and e x o -  

t h e r m i c  peaks in  the  heat  o u t p u t ,  each a [  a 100 uW d i s p l a c e m e n t o  

Y 

JL 

r 
X 

3 
/ 

Fig.l: Schematic drawing of the calorimetric unit: i. Heat sink 

and measuring device, 2. calorimetric chamber, 3. heat 

exchanger~ The arrows indicate the flow direction. 
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A f t e r  30 m i n u t e s  o f  t h e r m a l  e q u i l i b r a t i o n  the  e v o l v e d  t h e r m o -  

voltage was amplified and recorded (Linseis L 1040, Germany) as 

a power-time-curve dQ(t)/dt over 4 to 5 hours un t i l  the heat 

signal was s u f f i c i e n t l y  stable. Then the perfusion water was 

changed to the desired cadmium concentration. The heat produc- 

t ion o f  the snail under exposu re  o f  Cd-solution was recorded 

over  a n o t h e r  4 h - p e r i o d .  Af ter  each e x p e r i m e n t  the s n a i l  was 

removed for weighing and the  calorimetric reference line was 

d e t e r m i n e d  by pumping the  same C d - s o l u t i o n  t h r o u g h  the  f l o w  

system as under  the e x p e r i m e n t .  

Organism 

The f r e s h w a t e r  s n a i l s  P l a n o r b i s  co rneus  LINNE 1758 were ob-  

t a i n e d  ?rom an a q u a r i s t  shop and kept  in  an a e r a t e d  aqua r i um at  

21 oC us ing  a 12 h - p h o t o p e r i o d .  The wa te r  used d u r i n g  a c c l i m a t i -  

z a t i o n  and during t h e  experiments wa~ normal tap water, which 

was a l l o w e d  to  s e t t l e  foc  3 days (pH 7 .4  to  7 . 7 ) .  Ten days be-  

Fore a c a l o r i m e t r i c  e x p e r i m e n t  the wa te r  was renewed ahd f e e d i n g  

was stopped. After 5 to 6 days .defecation was completed. The 

animals were selected to be within a narrow size r'ange. 

Tox ic i t y  test 

Cadmium stock solution was prepared by dissolving analytical 

grade CdC]2' 2~H20 in deionized water at I0 mg/l. The stock 

solution was added to the water to achieve the desired concen- 

tration. A l l  r e s u l t s  refer to standard deviations of at least 

5 individuals analysed separately. 

R e s u l t s  

Data on the toxicity of cadmium on P1anorbis corneus are 

given in E22] . From these data an acute 0.5-h LC~o-value 

(median lethal value of initial concentration of test solution) 

of 1.69 mg/l with a 95 % confidence limit between 0 .69  and 

2.69 mg/l is computed. After exposure intervals up to 32 h about 
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90 % o f  t he  i n c o r p o r a t e d  Cd was f ound  i n  t he  back p a r t  o f  t he  

body ,  abou t  6 % i n  the  f o r e b o d y  and abou t  4 % i n  t he  s h e l l .  For  

the  c a l o r i m e t r i c  e x p e r i m e n t s  C d - c o n c e n t r a t i o n s  be low  t h i s  v a l u e  

were chosen. Fig.2 shows the course of the heat production 

(power-time-curve) os five different snails kept in normal non- 

contaminated water. During the first four hours there are short- 

term fluctuations of heat dissipation but then the heat signal 

becomes more s t a b l e  and amounts  to  (453 • 80)  pW/g o f  f r e s h  

w e i g h t  (n = 2 2 ) .  These v a ] u e s  were c o r r e c t e d  by the  backg round  

level of 90 uW produced by the heat due to the friction of 

the  f l o w .  
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Fig.2: Time course of the heat production rate of five individ- 

al  s n a i l s  i n  normal  w a t e r ~  

The time for changing the flow from water to the desired 

cadmium solution was chosen al 4.5 hours after start of the 

experiment.This time is indicated by an arrow in Fig. 3 which 

shows the power-time-curves of cadmium-exposed animals. A more 

disturbed pattern of heat production appears upon exposure. In 

all cases a distSnct fluctuation over about 30 minutes occured 

followed by a plateau o? different length and a subsequent 
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d e c r e a s e  i n  t h e  h e a t  d i s s i p a t i o n  t o  a n o t h e r  s  p l a t e a u .  Gen -  

e r a l l y  a s t e r  8 h o u r s  t h e  e x p e r i m e n t  uas  i n t e r r u p t e d  and t h e  

a n i m a l s  u e r e  e x a m i n e d  g o t  l o c o m o t o r  a c t i v i t y .  A S t e r  an e x p o s u r e  

t i m e  os 3 . 5  h o u r s  u i t h  t h e  h i g h e s t  c o n c e n t r a t i o n  (1 m 9 / 1 )  75 % 

0s t h e  a n i m a l s  s  any  l o c o m o t o r y  r e s p o n s e  upon m e c h a n i c a l  

s t i m u l i .  I n  a l l  o t h e r  c a s e s  and c o n c e n t r a t i o n s  r e s p o n s e s  u e r e  

a s c e r t a i n e d .  
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F i g . 3  : T i m e  c o u r s e  os t h e  h e a t  p r o d u c t i o n  r a t e  os cadmium e x -  

p o s e d  s n a i l s .  The a r r o u s  i n d i c a t e  t h e  s t a r t  0s e x p o s u r e .  

Oiscussion 

Unexposed a n i m a l s  

From F i g .  2 i t  i s  o b v i o u s  t h a t  t h e  p o u e r l t i m e - c u r v e s  d i g g e r  

i n  t h e i r  a b s o l u t e  v a l u e  as w e l l  as i n  t h e i r  p r o s  The s h o r t -  

t i m e  s  a r e  p r e s u m a b l y  due t o  s t r e s s  r e a c t i o n s  and 
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subsequent locomotor activities of the animals when being put 

into the calorimetric chamber [23, 24]. After an adaptation 

period of 4 Nouns the heat signal s t ab i l i zes  and continues with 

a s l i gh t  decrease over more than one day. The average value of 

about 450 pW/g fresh weight at 21oc representing the 

basal metabolism of a resting animal is higher than those of 

110 HW/g at 28oc and 220 HW/g at 18oc for the ~ame organism 

determined in a batch calor imeter [ 253  and lower than the 

v a l u e s  of 450 to 1650 pW/g at 21.8oc for the  snail  L i t t o r i n a  

l i t t o r e a  [ 2 6 ,  27 ]  and 890 to  1020 uW/g at  27oc f o r  the  

s n a i l  s n a i l  B i o m p h a l a r i a  9 1 a b r a t a  E28, 2 9 ] .  The r e l a t i v e  b road 

s t a n d a r d  d e v i a t i o n  of  • pW/(g f r e s h  w e i g h t )  may be p a r t i a l l y  

a t t r i b u t e d  to  the  d i f f e r e n c e  between the  t o t a l  f r e s h  w e i g h t  and 

the  w e i g h t  o f  t he  s o f t  t i s s u e  ( t o t a l  w e i g h t  minus  s h e l l  w e i g h t )  

of an animal which comes up to about 55 % �9 The thermodynamic 

v a l u e s  g i v e n  here  r e f e r  to  the  t o t a l  f r e s h  w e i g h t ,  whereas heat  

i s  e v o l v e d  m a i n l y  by the  m e t a b o l i c  a c t i v e  t i s s u e ,  the  w e i g h t  o f  

w h i c h  i s  c o r r e l a t e d  to  the  t o t a l  w e i g h t  by a c o e f f i c i e n t  

(Pea rsons  c o r r e l a t i o n  f a c t o r )  o f  o n l y  0 . 9 0 5 6  [ 2 2 3 .  

Cd-exposed animals 

Upon Cd-exposure the power-time-curves of the snai ls exh ib i t  

in a l l  ind iv idua l  cases and at a l l  concentrations a s imi la r  be- 

haviour which is characterized by an immediate short f l uc tua t i on ,  

a more or less constant shoulder and an decrease to a stable 

f i na l  value. Whereas the f i r s t  phase is due to thermal d is tu rb-  

ances and mixing ef fects the fo l lowing shoulder and decline 

represent the inter ference of cadmium with the organism. Table i 

shows the length os the shoulder plateau, the decline of the 

heat production given as re laxa t ion  time (time in terva l  during 

which the heat production drops to I /e  ~ 37% of i t s  i n i t i a l  

value) and the percent decrease three hours a f te r  exposure. Al l  

these parameters depend on cadmium concentrat ion. 

Since the mode os cadmium act ion is ce r ta in l y  a complex one 

and cannot be described by simple chemical react ion k ine t i cs ,  

the parameters of Table i represent only unspecif ic phenomeno- 

log ica l  responses and can not be a t t r i bu ted  to single chemical 
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T a b l e  I :  Mean v a l u e s  o f  t h r e e  p a r a m e t e r s  o f  t he  d e c r e a s i n g  p a r t  

o f  the  p o w e r - t i m e - c u r v e  8 f i e f  e x p o s u r e  to  cadmium. 

cadmium lenEth os relaxation time percentage of initial 
concentration plateau of decline value after 8 hours 

(WR/I) (h)  (h)  (%) 

0 | 9 . 8  90 
0.01 2.5 2.3 81 
1 2.0 1.3 54 

10 1.8 0.7 47 
1000 1.5 0.4 12 

or m e t a b o l i c  e v e n t s .  But n e v e r t h e l e s s  they  p r e s e n t  t h e m s e l v e s  

as v e r y  s e n s i t i v e  i n d i c a t o r s  wh ich  a re  p e r c e p t i b l e  even at  low 

c o n c e n t r a t i o n s  (0 .01  w g / l )  and are  at  hand a l r e a d y  8 hours  

a f t e r  s t a r t i n g  the  e x p e r i m e n t  e: % hours  a f t e r  e x p o s u r e .  Jus t  

f rom t h i s  l a s t  example  and f rom ~e I u g / l - e x p e r i m e n t s  i t  can 

be c o n c l u d e d ,  t h a t  the  l e t h a l i t ]  i h r e s h o l d  o f  i u g / l  s cadmium 

r e p o r t e d  by M e r i a n  [ 8 ]  i s  too  h l g h ,  though the  r e s t r i c t i v e  con -  

d i t i o n s  w i t h i n  a c a l o r i m e t r i c  chamber seem to  p l a y  a r o l e .  

I n  s p i t e  o f  c l e a r  d i ? f e r e n c e s  in  the heat  p r o d u c t i o n  cu rve  o f  

the individuals a parallelism in the reaction of these animals 

after exposure is generally noticed. The egs of cadmium is 

evidently so intense and characteristic thai no "freak values" 

occur. In comparison to the normally used lethality tests the 

c a l o r i m e t r i c  method needs a s m a l l e r  s a m p l i n g  s i z e .  

F u r t h e r  i n v e s t i g a t i o n s  a re  n e c e s s a r y  to  e x p l a i n  the  e s  

to  wh ich  the  f i n a l  heat  o u t p u t  f o l l o w i n g  the  dec rease  os heat  

p r o d u c t i o n  a f t e r  exposu re  can be a t t r i b u t e d  t o .  Th i s  e n d - v a l u e  

i s  g e n e r a l l y  r eached  3 . 5  to  4 hours  a f t e r  e x p o s u r e  but on d i s  

f e r e n t  l e v e l s  d e p e n d i n g  on the  cadmium c o n c e n t r a t i o n .  Except  

w i t h  the  h i g h e s t  c o n c e n t r a t i o n  o f  I000  ~ g / l  t he  a n i m a l s  were 

not dead at this time. 
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Zusammen?assung 

Nit Hilfe der Flou-Mikrokalorimetrie wurde die Wirkung van 
Cadmiumchlorid im sub1'etalen Konzentr'ationsbeneich .au? die 
Stof?uechselaktivitat der SOBwasserschnecke P1anorbis corneus 
untersucht. Die WArmeproduktion der' Tiere sank im Mittel van 
435 ~W/g Frischgeuicht bet einer Cadmiumkonzentration van 
0.01 p g / l  au? 8 1 %  und bet  1000 U9/1 au? 19 %. Die K a l o r i m e t r i e  
erwies sich a l s  eine nOtzliche Flow-Technik, mit der die Toxi- 
zitat van Cadmium qualitativ und quantitativ bereits 4 Stunden 
nach der Exposition er?aBt  werden kann.  

resume - C nOMO~= ~u~xpoxazopKaeTpa c Ten~oB~ ~OTOKOM o~eHe- 

HO B~HgHHe Ka~MH~ B Oy6~eTa~HO~ KOHUeHTpa~HH /LC~ 0 = 1,69 

MF/~/ H8 MeTa~O&HqecKym aKTHBHOCT~ UpeCHOBOAHO~ y~HTKH pls- 

-ROrbiS corneus �9 BHCOKa~ TOKCHqHOCT~ Ka~MH~ dH~a UOATBepz- 



JOACHIMSOHN et al. : CADMIUM INDUCED CHANGES 669 

~eHa nyTeM K~KepeHH~ HSMeHeHH~ cKopooTH ~e~eHn~ Tenza 

/ cpeAHee sHaqeHKe COCTaBX~O 485 JLBT Ha rpa~ ~Boro Beca/ 

npz onpHoz~Ba~H paCTSOpOM KaAM~ ~O EOH~eHTpa~zx 0,01~r/a. 

YMeH~meHze B~Ae~eHn~ Ten~a sasHC~T OT KO~eHTpa~zz ~a~M~ H 

~ o ~ q e c T ~ e m ~ o  H~MeH~eTC~ OT 19% np~ XOH~eHTpa~zz x a ~ H ~  0 , 0 1  

~r/~ ~o 88% npH xo~e~Tpa~ lO00~r/~. Hoxa~a~o, qTO ~zxpe- 

xa~op~MeTp~ Henpep~mHoro noToxa ~eTC~ np~eM~eMo~ ~ KO-- 

~T~IqeOTBeHHOFO H EaqeOTBeHHOrO onpeze~eH~ TOKOHqHOFO ~e~OTBH~ 

Ea~HH~ Ha BO~HOO6HTaDN~Ie OpFaHH@~ y~e noo~@ qeTHl~exqaooBo~o 

Bo@~e~CTBH~. 


