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The mechanism of accumulation o f  d-metals by aquatic 

plants, including the mechani$m of toxic effects of the 

metals, is a topic of current inter~st (Stauber and 

Florence IQ87). In the case of copper(II), these 

properties are to a ~reat extent related to the 

ability of the metal to form v a r i o u s  complex species. 

In water, these metallic species comprise particularly 

coordination compounds with the or~anic li~ands 

present and these are involved in eqHilibrium n 

containin~ also various species of hydrated Cu 2+ ions, 

dependin~ on the acid-base conditions. Uptake of these 

substances by al~ae and some macrophytes such as 

duckweed (Lemna species) is primarly controlled by the 

theFmodynamic and kinetic paFameter~ of the bondin~ 

interactions of the metal ions and complex species with 

the cell wall (Florence et al. IQ83, Gavis IQ83). This 

implies that uptake is also dependent on the 

thermodynamic propeFtieg of these "inteFmediates'" and, 

hence, on the concentration of the "'Free'" metal ions in 

the medium. The kinetics of their Formation will be 

controlled by the nucleophilic properties of the 

li~ands in the cell wall with respect to the "'free'" 

metal ions in the medium. The direct inteFaction of the 

complex species of metal elements pFesent in the 

suFroundin~ aquatic medium then will include 

substitution reactions of the li~ands (functional 

groHps) Of the cell wall with the li~ands of the free 

complex species. This process is ~overned by the 
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theFmodynamic stability of the initial and for~~ed 

complex species and by the kinetics of the processes, 

which will also be hi~hly dependent on their 

steFeochemistry. FuFtherl, oFe, direct diffusion of some 

of the complex species also takes place. If these 

species are toxic, the manifestation of their toxicity 

is related to their de~Fadation inside the cell~ the 

li~and can exert toxic effects as well. AI1 this 

su~~ests that the resulting effect characterized as 

accumulation of metal ions by floatin~ aquatic plants 

such as duckweed, oF more ~eneFally, the toxic effect, 

cannot be t~eated in ter~.s of simplified concepts such 

as that claimin~ that the so-called ionic species are 

more toxic than species referred to as complex 

(Magnuson et al. IQ?Q). In the case studied, we examined 

the accumulation of coppeF(II) in, and ils toxic effect 

on, duckweed, a plant wh(ch exhibits extremely hiEh 

concentration factors (as hi~h as 28 500) (Hutchinson 

and Cz~yrska iQ74). The effect of copper'(II) was 

investigated by add �9 it to the "'minimal" medium in 

two fox-ms : CuS04 and [Cu(SlY)2]. 

The neutral ( 2 : 1 )  tetracoordinated bis(~lycinate)- 

copper(II) complex is constituted by two five-membered 

rin~s bonded to the central copper atom with the cis 

configuration (Tomita and Nitta 1961). ILs stability 

constants aFe Io~ K i = 8.3, io~ K 2 = 6.Q (Chukwumerije 

and Nash IQS?). This complex was chosen to model the 

function of a neutFal species (eliminatin~ the char~e 

effect) involvin~ a nontoxic li~and, for wh(ch - in 

contrast fo the hydrated Cu 2+ species - direct 

peI~.eation thl-ou~h the cell wall is conceivable. 

MATE~IALS AND METHODS 

For two ser(es of experiments, duckweed was sampled in 

eaFly June and in early September on an one pond wh(ch 

was out of direct reach of a~ricultural activity and 

whose water was not excessively burdened by inputs of 

transition or heavy metals (Na = 5.3, K = 1.8, M~ = 

3.4, Ca =12.5, Fe= 0. I?, A1 = 0.006, Cu = 0.001, Mn = 

0.034, Zn = 0.OOQ, Pb < 0.001, Cd < 0.001 m~,l-l). 
Immediately after transportation, the samples were 
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multiply washed with cultivation medium, whose 

composition was as follows (m~.l -i ) : NH4NO 3 200, 

KH2FO 4 iO0, M~SO4.?H20 loi, CaCl 2 iii, FeCI 3 2.6. The 

plants were then foFmed inLo a la),er on the 

medium level (0.5 ,i 2 ax~ea) in a I0 1 vessel, and 

placed in a thermostatically controlled (18~ box 

fitted with aFLificial light (Philips TL 40 W, 6 400 

lux) with 12 h - i2 h light - dark cycles, The medium 

was circulated and spent medium was replaced with fresh 

one so that the entire volume of I0 1 had been 

completely replaced belote adding copper, After nine 

d a y s .  1 M solution of coppeoe(II) was added (3 tanks of 

Cu~O 4 and 3 tanks of [Cu(SlY)2])~ the Cu(II) solution 

was pumped ~radual]5, so that it was homo~enized in the 

medium as rapidly as possible while preventin~ a direct 

contact of the concentrated eopper(II) solution with 

the plants, The experiments with the different copper 

concentn (I0-i00 mg, l -i ) were invariably 

conducted for a standard period of 3 days. 

The total content of copper added, CuSO 4 or [Cu(GIY)2] , 

was determined b y  flame atomic absorption spectrometry, 

and the concentration of the so-ca]led ionic for~ 

determined by m e a n s  of an ion selective electrode 

(Cu-ISE~ Crytur, Czechoslovakia) in 0. i M NaCl04, if 

this concentration was above the detection limit of 

this technique. 

For the dete~.ination of copper in duckweed afteoe t h e  

e x p e r i m e n t ,  t h e  p l a n t s  w e r e  r i n s e d  w i t h  w a t e r ,  d i l u t e  

HNO 3 ( p H  4 . 2 )  a n d  w a t e r  a ~ a i n .  

[,yophi ].ized samples of the plant (0.5 .g) were 

miner'alized with a mixture of concentrated H2SO 4 and 

HCIO 4 (4 : I) in 15 ml pFessure vessels aL 120~ for 

I h and, subsequently, aL 150~ fol- 4 h. COl �87 was 

deterv.ined on an IL 457 f]ame atomic absorption 

spec trome ter'. 

C u l t i v a L i o n  m e d i u m  w a s  p r e p a r e d  f r o m  c h e m i c a l s  o f  

rea~ent ~rade p u r ' i  t y  and deionized water. 
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[Cu(GIY)2].H20 was synthesized by reacting Cu(OH)2, 

prepared in situ, with glycine (Tomita and Nitta IQ61) 

and characterized by elemental analysis. 

~ESULTS AND DISCIJSSION 

The results given in Table I indicate that over the 

re~ion of copper concentrations in the medium of 10 - 

I00 mg.1 -l , the copper content of the duckweed 

biomass is a r'ou~hly linear function of this 

concentration (in otherwise comparable conditions). In 

the design of the experiment, stress was paid 

particularly fo standardization to enable the eFfects 

of the "'ionic"and complex species to be compal-ed; 

therefore~ neither th~ effect of the ph �9 

and physiolo~ical parameters nor the process dynamics 

oF kinetics were investigated. 

The effect of [Cu(GIy) 2] is substantially diffeoeent 

from that of "'Cu L " (Cul04). The established dependence 

of accumulation on the "'external'" concentration of 

copper(II), determined from triple repetitions always 

of thFee parallel expeFiments and with samples taken in 

two seasons of the year, demonstrates that for 

[Cu(GIy) 2] the copper content of the plants is no 

unique function of the coppeF(II) concentration in the 

medium. The fact that increased concentration of 

[Cu(~ly) 2 ] is not associated with increased 

accumulation indicates that in this case the copper 

intake is hot related fo the "'Cu 2+'' released by 

dissociation of the complex species. Very likely, 

[Cu(GIy) 2] is taken in directly, and its toxicity onl), 

manifests itself aller ils degradation in the cell. The 

dependence of accumulation on the concentration of 

Cu(II) in the medium in the"Cu2+"(CuS04) form (Table l, 

Fig. i), warrants the concept of the "nonmetabolic'" 

diffusion nature of the accumulation of the "'ionic" 

form, which is controlled by the medium-cell 

concentration ~radient. On the other hand, the 

appreciably high accumulation of copper in the form of 

[Cu(GIy) 2] ai a copper concentration of I0 mg.l -l in 

the medium (Table I) is indicative of a different 
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Figure l. Cu(II) - -  accumulation in Lemna species. 

A - CuSO 4 B - [Cu(Sly) 2] 

Table l. Cu(II) accumulation by duckweed (Lemna species) 

as a s os the chemical s of Cu(II) in 

the cultivation medium. 

Total conc. of CuSO 4 

Cu(II) in the medium. AveAa~e cont. 

(m~.l -I) os Cu(II) in Che 

lyophil, sample. 

(m~.k~ -I ) 

[Cu(Oly) 2 ] 

Avera~e cont. 

os Cu(II) in the 

lyophil, sample. 

(m~.k~ -i ) 

I0 6600 + 520 

50 I0600 + 640 

I00 18500 + lliO 

14900 + 890 

12200 + 860 

11800 + 820 

4 7 0  



intake mechanism, whose transport section probably 

includes direct diffusion of [Cu(GIY)2]. Owin~ fo its 

zero char~e and hi~h ther~odynamic stabilitM, it does 

hot enter into substantial interactions with the cell 

wall, in contrast to "Cu 2+''. The dependence of the 

accumulation on the concentFation of [Cu(Sly) 2] in the 

medium su~~ests that ratheF than diffusion, the 

de~radation process inside the cell is the controllin~ 

phenomenon. This. on the one hand,renders the resultin~ 

effect (accumulation) more intense aL lower coppeF 

concentrations (I0 m~.l-l); on the other hand, the 

toxic effect is also enhanced. And this acts in the 

opposite way. Mamely, it prevents the resultin~ 

accumulation from increasin E with increasin~ 

concentration of [CH(GIy) 2] in the medium. This concept 

is borne out by the fact that the copper content of the 

biomass of dead AS well AS livin~ plants was lower For 

than For "Cu2+"(Cu~04 ) (Benda et al.). [ Cu™ 2 ] 
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