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The intake of Pb and other heavy metals by fishes is either 
from water and/or food. Several parameters could be important 
in determining the uptake and accumulation of metals in f�8 
It has been shown that temperature and chelating agents have an 
effect on Cd uptake in American oyster (Hung 1982). Similarly, 
it bas been postulated that the accumulation of Ni in carp lar- 
vae depended on the exposure time (Blaylock and Frank 1979). 

For the accumulation of Fe, Zn, Cu and Pb, the metabolic turn- 
over is a dominant factor (Hondak et al. 1983). The absorption 
and metabolism of Pb depend also on the availability of other 
trace metals (Waldron and St8fen 1980). Also, it has been doc k 
mented that the bioaccumulation of metals in fishes is higher 
in soft water ponds than in hard water lakes (Winer and Giesy 
1970). The same authors found that Zn is the most efficiently 
taken up metal in livers and whole fish in all species studied. 
Thus, several factors seem to determine different degrees of af 
finity for a metal than for another (differential uptake), and 
different degrees of accumulation in each organ (differential 
accumulation). 

The above mentioned reports indicate that several factors in- 
fluence the uptake of metals by fishes. However, until now, 
the differential uptake bas not been fully demonstrated and ex 
plained. 

The purpose of this study was to determine the differential up 
take between Zn, Cu, and Pb by Texas cichlid (Cichlasoma 
cyanoguttatum) and differential accumulation of these metals 
between muscle, viscera, g ill and bone. These metals were se- 
lected because most studies on heavy metal concentrations in 
fishes bave examined one or more of these elements and because 
they are found in aquatic environments as natural and industri 
al contaminants. The fish species was chosen on the basis of 
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its relative abundance in Nuevo Le6n State, its importance as a 
sport fish, as a source of food, and their frequent use in lab- 
oratOry studies. 

MATERIALS AND NETHODS 

Texas cichlids measuring from 3.5 to 7.0 cm and 2 to 5 g of 
weight were caught by closing net in Blanquillo River in Allen- 
de, Nuevo Le6n, M› during May 1986 and were transferred, to 
gether with sand collected in the same river, to three glass 
containers measuring 30 x 75 x 30 cm used as culture tanks. 
Each tank was aerated with compressed air via submerged cube 
diffusers. The fishes were placed in each tank with 40 L of 
disti~ed water ata temperature of 25 to 27~ The fishes 
were acclimatized to the experimental conditions for 3 wk re- 
placing the water once every 7 d. Texas cichlids were fed 
with 1.5 g of commercial fish food once daily per culture tank 
during the acclimatization period. The fish food administered 
during the experimental phase was made as follows: 9 g of com- 
mercial fish food and 1 g of white oat were mixed with deioni- 
zed water to form pellety of approximately 5 mm diameter and 
then air-dried with hot air. 

Thirty-four fishes were randomly divided into three groups to 
be treated experimentally during 4 wk. Control and experiment- 
al groups received the same diet (1.5 g/culture tank/day). Con- 
trol group i, with 14 fishes received experimental diet and no 
metals were added to the water; experimental group 2 (10 
fish• received 1 mg/tank/week of Zn (ZnCI2); Cu (CuCI2) and 
Pb (Pb (NO�87 2) (all Titrisol Merk, Darmstadt Germany) adminis- 
tered in the water; experimental group 3 (i0 fishes) received 
2 mg/week of Zn, Cu, and Pb which were also added to the water. 
At the end of the treatment, all fishes of each culture tank 
were sacrificed, scaled, and divided into four portions: gills, 
viscera, muscles, and bones, frozen and stored at -20~ in plas- 
tic vials. It should be noted that for small-size fish the sep- 
aration of the four types of tissues is often hot complete, 
making single analysis uncertain. As a result of this difficul- 

ty, we prefer the analyses in pooled samples made by triplicate. 
No mortality was recorded during the experimental period. 

For the analyses, the fish samples were thawed removing excess 
of surface water. Each sample was minced into small pieces and 
homogenized. Subsequently, 1 g was transferred into 250 mL 
Kjeldahl flask and digested using concentrated nitric acid and 
further analyzed according to the procedures described elsewhere 
(Villarreal-Trevi~o et al. 1986). The precision and accuracy of 
the determination of metal concentration (including sample prep- 
aration and acid digestion) were estimated by their recovery 
from four spiked samples with each of the metals: Zn 77~I0.i; Cu 
89• and Pb 99• (mean~SE). The concentration of Zn~ Cu, 
and Pb were determined in the digested tissues and the tank wa- 
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ter using a Perking Elmer Atomic Absorption Spectrophotometer 
Model 5000, with direct sample inlet and using a direct acet- 
ylene-air flame. The results were recorded as ~g of metals/g 
of digested tissue and also as Mg/ml of water. 

RESULTS AND DISCUSSION 

Table 1 shows the metal concentration in the water of the cul- 
ture tanks. The Cu concentration was higher followed by Pb 
whereas the Zn was the lowest. The experimental concentration 
of the metals is approximately i0 times smaller than the theo- 
retical concentration. It is known that the three salts used 
are very soluble in water and they are not mutually interfering 
(Moellerjand Connor 1972). The results shown in Table 2 sug- 
gest that at least one fraction of the metals was absorbed by 
the fishes, since the metal concentrations in the tissues of 
experimental animals was higher than in the controls. Unexpect- 
edly the values of metal concentrations in water of the control 
groups were high (Table i). The only source of pollution is 
the sand collected in the same river where the fish were captu~ 
ed, and it was put in culture tanks. 

Texas cichlid showed differential accumulation of metals in 
their tissues. Thus it can be observed in Table 2 that muscle 
tissue takes up the smallest quantities of the three metals. 
The viscera and gills concentrated the largest quantities of Cu 
and Pb and bone showed the highest concentration of Zn. Simi- 
lar results bave been round by other authors (Ray 1978). Mus- 
cle, gills and bone showed less affinity for Cu than visceras. 
This fact migth be related to the metabolic needs of the vis- 
cera, since Cu is an essential comportent of metallo-enzymes 
(Fisher 1975) and hepatic metallothionin-like species (Overnell 
et al. 1987). The differential accumulation could be critical- 
ly dependent on the characteristics of structural and function- 
al type inherent to each tissue (Villarreal-Trevi~o and Ville- 
gas-Navarro 1987). Itis Known that Pb and Zn can substitute 
Ca in hydroxyapatite from bone (Hamilton 1981; Waldron and 
St8fen 1974) and that Cu and Zn are essential components of 
some enzymes in hepatopancreas and the digestive tract 
(Hemelraad et al. 1987). Itis also known that the two major 
pools of Zn are bone and muscle (Hamilton 1981) which agree 
with our results on Table 2. 

Table 2 shows that Texas cichlid has a differential uptake of 
Zn, Cu and Pb. This is most evident for Zn which is found in 
higher concentration than Cu and Pb in all the investigated 
tissues, although the initial concentration of the three met- 
als in the aqueous environments was the same. It is reasona- 
ble to exclude the possibility that differential uptake could 
be due to variable bioavailab�8 since Cu and Pb concentra- 
tions in water were approximately I0 times higher than that 
of Zn (Table 1). 
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Table i. Pb, Cu, and Zn concentrations in the water of the 

40-L tanks at the end of the treatments. Each value 
represents an average of experiments carried out by 

triplicate. The controlgroup was repeated twice 
and the results were similar, see discussion. 

Group 

Nominal Measured final 
Concentration concentrations 

(~g/mL) (~g/mL ! 
Pb Cu Zn 

Control Group 1 0.0 0.024 0.060 0.040 
Experimental 2 0.i 0.021 0.083 0.009 
Experimental 3 0.2 0.010 0.075 0.005 

Similarly, differential uptake was reported between As and Se 
(Lytle and Lytle 1982). The fact that As accumulated in 
Crassostrea virgin™ to levels approximately twice as great of 
those in Rangia cuneata could be explained by a differential up 
take between species (Lytle and Lytle 1982). We believe that 
Zn, Cu and ib are bioavailable, but that Texas cichlid take up 
more Zn in natural form. Many hypotheses have been put forward 
to explain the mechanism responsible for differential uptake. 
Probably this behavior can not be explained by a single mecha- 
nism and that several factors are involved. The results of 
this work indicate that Texas cichlid has differential uptake, 
~.~., Texas cichlid has higher affinity for Zn, but it is not 
possible to point out the particular causes of this difference. 

Table 3 shows the levels of bioaccumulation (relationship bet- 
ween tissue concentrations shown in Table 2 and the aqueous 
concentration shown in Table i), and in parenthesis, the per- 
cent variation observed between a group and the control group. 
The incorporation of the metals to the culture tanks increased 
the metals concentration in tissues up to by three orders of 
magnitude for group 2 and 3 when compared to group i. On the 
other hand, inoreasing the amount of metals added to the water 

(i to 2 mg) also resulted in an increase of the bioaccumulation 
in all cases. Ray(1978) reported bioaccumulation of Pb in 
Salmo salar but indicated that S salar parr concentrated more 
than S salar grilse and suggested that the relative lower met- 
al in grilse is due to either excretion in the ocean or extrem- 
ely rapid growth in size. 

This study permitted us to postulate the following conclusions: 
i) differential accumulation of Zn, Cu, and Pb in tissues of 
Texas cichlid was found to take place in the following order: 
bone <gill <viscera <muscle; 2) differential uptake was shown 
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by Texas cichlid; Zn was highly taken up by the fish in compar- 

ison with Cu and Pb; 3) a notable bioaccumulation of all stud- 
ied elements was shown. Although this study cannot specify 
all factors determining the rate of individual metals in the 
body, it demonstrates that differential accumulation and dif- 
ferential uptake of the three metals examined is vastly dif- 
ferent. This diversity of pathways whereby the organism dis- 
poses of metals is not only important information in selecting 
rational therapy for metal intoxication but also a challenge 
for further research toward a better understanding of the 
processes which are involved in the disposition of metals. 

ACKNOWLEDGMENTS. The authors thank Dr. P. Wesche for critical 
comments on the manuscript. We are grateful to Mrs. Rosa 
Nelly Flores Kindly provided secretarial assistance. 

REFERENCES 

Blaylock BG, Frank ML (1979) A comparison of the toxicity of nickel 
to the developing eggs and larvae of carp (Cyprinus carpio). Bull 
Environ Contam Toxicol 21:604-611 

Fisher GL (1975) Function and homeostasis of copper and zinc in 
mammals. Sci Total Environ 4:373-412 

Hamilton EI (1981) An overview: the chemical elements, nutrition, 
disease, and the health of man. Fed Proc 40:2126-2130 

Hemelraad J, Kleinveld HA, De Roos AM, Holwerda DA, Zandee DI (1987) 
Cadmium kinetics in freshwater clams: III. Effects of zinc 
on uptake and distribution of cadmium in Anodonta cygnea. Arch 
Environ Contam Toxicol 16:95-102 

Honda K, Sahrul M, Hidaka H, Tatsukawa R (1983) Organ and tissue 
distribution of heavy metals, and their growth-related changes 
in antarctic fish Pogothenia borchgrevinki. Agric Biol Chem 
47:2521-2532 

Hung YW (1982) Effects of temperature and chelating agents on 
cadmium uptake in the american oyster. Bull Environ Contam 
Toxicol 28:546-551 

Lytle TF, Lytle JS (1982) Heavy metals in oysters and clams of 
St. Louis Bay, Mississippi. Bull Environ Contam Toxicol 29:50-57 

Moeller T, O'Connor R (1972) Ions in aqueous systems. McGraw-Hill, 
Inc, New York 

Overnell J, Mcintosh R, Fletcher TC (1987) The enhanced induction 
of metallothionein by zinc, its hall-lire in the marine fish 
Pleuronectes platessa, and the influence of stress factors on 
metallothionein levels, Experientia 43:178-181 

Ray S (1978) Bioaccumulation of lead in Atlantic salmon (Salmo 
salar ). Bull Environ Contam Toxicol 19:631-636 

Villarreal-Trevi~o CM, Obreg6n-Morales ME, Lozano-Morales JF, 
Villegas-Navarro A (1986) Bioaccumulation of lead, copper, iron, 
and zinc by fish in a transect of the Santa Catarina River in 
Cadereyta Jime~ez, Nuevo Le~n, M› Bull Environ Contam Toxicol 
37:395-401 

767 



Villarreal-Trevi~o CM, Villegas-Navarro A (1987) Differential ac- 
cumulation of lead by sort tissues of rabbit. Bull Environ Contam 
Toxicol 39:334-342 

Waldron HA, St6fen D (1974) Sub-clinical lead poisoning. Academic 
Press, London 

Winer JG, Giesy Jr JP (1979) Concentrations of Cd, Cu, Mn, Pb and 
Zn in fishes in a highly organic softwater pond. J Fish Res Board 
Can 36:270-279 

Keceived December 24, 1987; accepted September 2, 1988 

768 


