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> 
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> 
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Abstract 

No significant uptake of cadmium by pure cultured diatom, Skeletonema costatum occurred 
under the existence of inorganic phosphate available for growth of the diatom. The remarkable 
accumulation of cadmium in the cultured diatom commenced immediately after the phosphate 
phosphorus disappeared from the culture medium completely. The concentration rate of cadmium 
was highly depended on the initial cadmium content in the culture medium. However, most of 
the uptaken cadmium was released again with a rapid rate into the water medium within a few 
days. 

Introduction 

The remarkable accumulation of various metals by members of organism existing m 

marine environment is a well-known phenomenon (cf. GOLDBERG, 1965; BOWEN et al., 1971). 

Among members of organism, plankton (mainly phytoplankton) is the representative species, 

as NICHOLLS et al. (1959) suggested that "for any given chemical element there will even

tually be found at least one planktonic species capable of spectacularly concentrating it." 

From the ecological point of view, the metals accumulated in plankton body could be further 

concentrated in the body of various trophic organisms throughout the marine prey-predator 

· system. 

In general, the term so-called "biological concentration of metal" is resulted with either 

biological process (mainly absorption of metals into the body of organism indirectly through 

nutrient) or physico-chemical process (mainly adsorption of metals onto the body surface of 

organism directly from aqueous environment). It is, however, very hard to discern whether 

the concentration of metals by various organisms was taken place mostly by which of the 

two processes or not, because those processes are not necessarily alternative. In particular, 

phytoplankton is the case because of the size of the individual. Even if a given metal. in 

the body was accumulated mainly by biological process, it will more difficult to make it clear 

whether the metal was resulted from selective uptake or collective one (GOLDBERG, 1957). 

In fact, such intrinsic problems relate with biological concentration of metal yet remain un

settled. For the purpose of this satisfactory solution, it must be carried out steadily the 

respective investigation on the concentration of plankton for any given metal. 

Based on the above consideration, the present laboratory experiment has been made to 

obtain an information on the rate of concentration of cadmium by pure cultured diatom, 

referring to the uptake rate of phosphate phosphorus which is to be essential nutrient salt 
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for growth of diatom. Particularily, the metal used in this experiment is suspected as the 

causative substance of the notorious "Itai-Itai" disease occurred in the Agano River basin, 

Niigata Prefecture, Japan (cf. summarized in Environmental Health Report, 1972). 

Experimental Procedures 

The seawater (20 liters) used in this experiment were collected from the coast of Chikura 

(Lat. 34°56', Long. 139°57'), Chiba Prefecture where relatively uncontaminated seawater 

could be obtained, and brought into the laboratory. Fifteen liters of the seawater was filtered 

through a layer of commercial cotton, and then was transferred into each of three 5-liter 

flat-bottomed flasks which had been scrubbed beforehand with chromic acid mixture and 

rinsed with distilled water. Each filtrate was enriched with nutrient salts; about 200 µg/l 

as phosphate phosphorus, about 1,400 µg/l as nitrate nitrogen, and about 2,200 µg/l as silicate 

silica. The enriched media were sterilized in an autoclave for an hour at about 100°C. 

After cooling at room temperature, cadmium was added to these media for the purpose of 

making three different concentrations. And each medium was inoculated with 10 ml of a 

dense culture of Skeletonema costatum (GREVILLE) Cleve available in our laboratory. The 

:final concentrations of cadmium in the three media were 52.5 (Experiment 1), 76.3 (Experi

ment 2), and 138.8 µg/l (Experiment 3), respectively. The phosphate phosphorus amounted 

to 215.9, 213.6, and 215.9 µg/l, respectively. 

The media with the inocula were exposed to light under a daylight type fluorescent lamp 

at about 20°C temperature. The total illumination was about 3,000 lux. After exposure to 

the light, subsamples for each series of experiment were periodically withdrawn and analyzed 

for phosphate phosphorus and cadmium, in duplicate. Analyses for these elements were 

made with the sample medium filtered through a HA Millipore filter (0.45-µ pore diameter, 

Millipore Filter Corp. Bedford, Mass.). 

Inorganic phosphate was analyzed colorimetrically by the method which utilized acidic 

molybdate solution containing ascorbic to reduce the phosphomolybdic complex in the presence 

of antimony tartrate for rapid color development as described by MURPHY and RILEY (1962). 

Cadmium was detected by atomic absorption spectrophotometric method which is described 

in a personal communication of Dr. R. HIROTA of the Faculty of Science, Kumamoto 

University. The outline of the method is as follows: Cone. HNOa was added into a 250 ml 

sample medium and the sample was digested until a refractory organic content was destroyed. 

And then HCIO.,,-H2SO., (7: 1) mixture was added into the same sample for complete digestion. 

After digestion and cooling, the digested solution was transferred into a separatory funnel, 

and then cadmium of the sample was extracted with 0.05 % dithizon solution. Cadmium in 

the dithizon layer was further extracted back into the layer of 0.05 N HCI ·solution. The 

back extract was transferred into a 25 ml calibrated flask and made the final volume as 

exactly 25 ml with distilled water. The solution was measured for cadmium by the apparatus 

of the Hitachi Model 303 Atomic Absorption Spectrophotometer (Hitachi Co. Ltd., Tokyo, 

Japan). 
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Results 
The results obtained in the three series of experiment are shown in Table 1. The two 

elements of inorganic phosphate and cadmium given in the table are expressed in µg/ l 

according to the observed concentration. 

TABLE 1. CHANGES WITH TIME IN CONCENTRATION OF PHOSPHATE PHOSPHORUS 
(POrP) AND CADMIUM (Cd) IN CULTURE MEDIUM AFTER THE SYSTEM WAS 
EXPOSED TO LIGHT, EXPRESSED IN /lg/l 

Series of Exp. Exp. 1 Exp. 2 Exp. 3 
Elements Elements Elements 

Time, days PO.-P Cd POrP Cd PO,-P Cd 

0 215.9 52.5 213.6 76.3 215.9 138.8 
3 54.6 43.8 55.3 75.2 59.1 131.3 
5 7.9 42.5 8.2 73.1 12.8 132.5 
7 N.D. 37.5 N.D. 67.5 N.D. 87.5 

10 45.0 57.5 83.8 
12 46.3 65.2 106.3 

N.D: not detect 

1. Uptake of phosphate phosphorus 

The uptake of inorganic phosphate by S. costatum in Experiment 1 commenced with a 

rapid rate directly after the system was lightened. About 75 % of the initial phosphate 

concentration in the system was exhausted during the first 3 ·days, and the remarkable high 

rate of phosphate uptake into S. costatum was also observed in this period. By the 7th day, 

the inorganic phosphate in culture medium disappeared completely. This phosphate uptake 

was quite similar to those in both Experiments 2 and 3. These results imply that the phos

phate consumption for growth of diatom is proceeded with almost the same rate regardless 

·of the concentration of cadmium initially existed, that is, at least under the culture medium 

containing cadmium not more than 138.8 µg/ l. 

2. Uptake of cadmium 

As shown in Table 1, the uptake of cadmium by diatom population in the Experiments 

l, 2 and 3 started immediately after these systems were exposed to the light. The time rate 

-Of the uptake, however, was considerably slow as compared with that of phosphate phosphorus 

so far as the first 5th day in all of the three series of experiment. Up to this date, the 

.absolute amount of cadmium uptake was only by 10.0 µg/l in Exp. l, 3.2 µg/l in Exp. 2, 

.and 6.3 µg/l in Exp. 3, respectively. After the 5th day in each experiment, cadmium was 

lost rapidly up to the minimum concentration of 37.5 µg/l (15.0 µg/l loss) on the 7th day in 

Exp. 1, 57.5 µg/l (18.8 µg/l) on the 10th day in Exp. 2, and 83.8 µg/l (55.0 µg/l) on the 10th 

·day in Exp. 3. In particular, the maximum rate of the loss has taken place subsequent to 

the complete disappearance of inorganic phosphate. However 1 about 60 % of cadmium lost 

.appeared again in the medium for 5 days, from the 7th day to the 12th day, in Exp. 1. 

In both Experiments 2 and 3, .about 40 % of each loss recovered in the medium with a 

marked rate within only 2 days, from the 10th day to the 12th day. The total uptake of 
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cadmium by S. costatum amounted to only by 6.2 µg/ l (about 12 % of the initial cadmium 

content) in Exp. l, 11.l µg/l (about 15 %) in Exp. 2, and 32.5 µg/l (about 24 %) in Exp. 3 

at the ultimate end of experimental period (12 days), respectively. 

It was found from the above results that the cadmium uptake by diatom was a small 

quantity under the existence of phosphate available for growth. The maximum amount of 

cadmium uptake occurred in a few days after inorganic phosphate was used up completely 

in the system, and the uptake amount was highly depended on the initial cadmium content 

in the culture medium. However, the cadmium uptaken in diatom was released again rapidly 

into the medium with the proceeding of time. The similar results obtained in these three 

experiments were also observed in the other experiment. The result is shown in Table 2. 

TABLE 2. CHANGES WITH TIME IN CONCENTRATION OF PHOSPHATE PHOSPHORUS 

(POrP) AND CADMIUM (Cd) IN CULTURE MEDIUM FOLLOWED BY EXPOSURE TO 

THE LIGHT OF THE SYSTEM, EXPRESSED IN µ/ l 
Elements 

Time, days 0 2 4 6 9 12 

Cd 133.8 121.3 81. 3 65.0 128.8 127.5 
pQ4-p 347.8 215.9 13.6 2.3 N.D 

N.D: not detect 

This experiment was carried out in the same manner as described in the Experimental 

Procedures. The initial content of cadmium in the system nearly amounted to that in Ex

periment 3, but the initial phosphate phosphorus was enriched as high as about 130 µg/ l. 

Discussion 

From the fact that no significant accumulation of cadmium occurs under the diluted 

condition of inorganic phosphate available for which S. costatum grows, it seems that the 

diatom does not concentrate the metal selectively. In the present series of experiment, of 

course, the cadmium uptake remarkably speeded up accompanying with no measurable 

consumption of phosphate, but this phenomenon will be nothing but a temporal and/or 

general absorption of cadmium. Immediately after this uptake, in practice, most of cadmium 

appeared into the culture medium within a very short time. This result indicates possibly 

that diatom in living condition is possessed of the ability to remove the cadmium contained 

in the body through metabolic process. Nevertheless, there was some losses of cadmium in 

each medium at the ultimate end of the three series of experiment (12 days), although the 

loss highly depended on the content of cadmium initially existed. However, it can not be 

made to decide whether these losses were followed by the absorption in diatom body or the 

adsorption onto the body surface. Of course, if the cadmium loss was caused by the absorp

tion in the diatom cell, the cadmium could be expected to be recovered again into the 

medium. Anyway, it is worthy to note that the rate of cadmium uptake by the cultured 

diatom is controlled by phosphate concentration in the water medium, and that the cadmium 

content in the diatom varies with the progress of growth. 
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In natural oceans, on the other hand, it is known that there is a regular seasonal 

variation of the amount of inorganic phosphate, and that this phenomenon has been found 

in the waters of various oceans (cf. RAYMONT, 1963). Based on the present experimental 

results, this fact in situ assumes to be suggested tacitly that in natural seawater contaminated 

by cadmium, the cadmium content in diatom varies with season under which it grows. 

Probably, this different content in diatom cell further will regulate the amount of transition 

of cadmium to be enriched in higher trophic organisms throughout food chain in the ecosystem. 

In future, the authors should like to investigate actual situation of these problems in 

the ocean. 
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