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Abstract

The accumulation of cadmium in aquatic system, composed of water, sediment,
phytoplankton (Chlorella regularis), zooplankton (Moina macrocopa), and fish (hybrid
catfish) were studied in laboratory. The experiment aim to determine amount of
cadmium accumulation in each organism, after cadmium was input to the aquatic
system. The result showed that 30 minutes after 3.5 mg H of cadmium input to the
system, ca. 80 % of cadmium loss from the system. After 72 hrs of exposure the

residual cadmium remain in water was 1.76 mg L_1. The maximum accumulation of
cadmium was found in phytoplankton (586.18 & 23.37) followed by zooplankton (141.52
+ 26.74), sediment (5.53 T 0.26) and fish (1.54 = 0.15 g g' dry wt). The high

correlation was observed between cadmium in phytoplankton and cadmium in water.
The results suggested that phytoplankton may used as a biomonitoring agent for
cadmium in water source.

The accumulation of cadmium in model of aquatic trophic levels were studied. The
experiment aim to determine the accumulation of cadmium in primary producer
(phytoplankton) when transferred to primary consumer (zooplankton) and secondary
consumer (fish). Phytoplankton which exposed to 3.5 mg L of cadmium solution for 2
days, which accumulated cadmium in their cell were fed to zooplankton for 2 days, after
that this zooplankton were fed to fish for 60 days. The accumulation of cadmium in
phytoplankton, zooplankton and fish were 1,140 X 20.06, 56.6 * 3.23 and 1.05 £ 0.06
g L” dry wt. respectively.

Key words : cadmium, aquatic trophic level, Chlorella regularis, Moina macrocopa,

catfish


mailto:krsuneer@kmitl.ac.th

Executive summary
Bioaccumulation of Cadmium via aquatic food chain

The presence of metals in the environment is partially due to natural process, but is
mostly the result of industrial waste. Contamination of aquatic ecosystems with
heavy metal has increased worldwide problem. Cadmium (Cd) are mainly used for Cd
batteries, anti-corrosive coating of metals, and pigments, and as stabilizers for plastic.

Heavy metals enter the aquatic food chain through direct consumption of water or
biota and through nondietary routes, such as uptake through absorbing epithelia (i.e.,
the gills in the case of fish). For fish, the gills, skin, and digestive tract are potential
sites of absorption of water borne chemicals.

Sediment sample was used as a representative of the study area in terms of heavy
metal contamination. Sediment particles were potentially important sources of metal
uptake by benthic organism. Thus in this study, we investigate the accumulation of
Cd in aquatic ecosystem with and with out sediment. The results showed the amount
of Cd accumulated in phytoplankton was higher than sediment at the same dry wt.

Fish are often at the top of the aquatic food chain and may concentrate large
amounts of some metals from the water. Accumulation patterns of contaminates in
fish depend both on uptake and elimination rates. The presence of heavy metals in
different foods constitutes serious health hazards, depending on their relative levels.
For example, Cd injures the kidney and cause symptoms of chronic toxicity, including
impaired kidney function, tumors and hepatic dysfunction.

Thus in this study, we investigate the accumulation of Cd in fish via aquatic food
chain; phytoplankton, and zooplankton. The results showed the amount of Cd
accumulated in flesh fish was slightly higher than permissible limit, when the initial
Cd concentration released to the water source was 3.5 mg L™

While phytoplankton and zooplankton accumulate metals to a high level, fish
accumulate low level of Cd, because fish regulate internal concentrations and
sequestration with cellular binding proteins; metallothioneins.

One of the criteria when an organism is proposed as a biomonitoring agent is a
simple correlation between pollutant levels present in the organism and those in it
environment. In this study the results showed that high correlation was observed
between Cd in Chlorella and Cd in the water. The results suggested that
phytoplankton may used as a biomonitoring agent for cadmium in water source.

However, many type of fish are herbivore which directly feed on phytoplankton.
They may received higher amount of Cd than this study which fish feed on
zooplankton; omnivorous fish. Thus it should be study the accumulation of Cd in
herbivorous fish in the next step.
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Boobeek, Belgium 0.6-4.3 Bervoets et al. 2001
Looiendse Nete, Belgium 0.3-0.8 Bervoets et al. 2001
Achterste Nete, Belgium 0.7-1.6 Bervoets et al. 2001
Balense gracht, Belgium 0.1-0.7 Bervoets et al. 2001
Noorbeek, Belgium 0.1-1.6 Bervoets et al. 2001

Lake water, Egypt 0-202 Mansour and Sidky, 2002
Fish farm water, Egypt 0-16 Mansour and Sidky, 2002
Irrigation water, Egypt 52-68 Mansour and Sidky, 2002

Lake Tanganyika, Tanzania
-inshore <10 Chale, 2002

-offshore <10 Chale, 2002
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i Cd (ug/g dry wt.) BAAITO19D4
River
Ganga, India 2.55 Jain, 2004
Toyohira, Japan 0.2 Jain, 2004
Illinois, USA 2 Jain, 2004
Yamuna, India 9.5 Jain, 2004
Shing Mun River, Hong Kong 2400-4000 Zhou, 1998
Lam Tsuen and Tai Po River, Hong Kong 1700-3900 Zhou, 1998
Duyen Hai and Ho Chi Min, Vietnam 60-100 Kurokawa and Tatsukawa, 1990
Pasig River, Philipines 2030-15200 Prudent et al, 1994
Marikina river, Philipines 1470-2590 Prudent et al, 1994
Rhine, 1945 4000 Beurkens et al., 1994
Rhine, 1965 20000 Beurkens et al., 1994
Rhine, 1985 11000 Beurkens et al., 1994
Tisza, Hungary 2500 Fleit and Lakatos, 2003
Boobeek, Belgium 0.72 Bervoets et al. 2001
Looiendse Nete, Belgium 0.34 Bervoets et al. 2001
Achterste Nete, Belgium 0.15 Bervoets et al. 2001
Balense gracht, Belgium 0.07 Bervoets et al. 2001
Noorbeek, Belgium 0.2 Bervoets et al. 2001
Lake
Lake Zurich, Switzerland 19100 Gunten et al., 1997
Lake Ketelmeer, Netherlands 16000 Hulscher et al., 1992
Lake Tanganyika, Tanzania
-inshore 200 Chale, 2002
-offshore <10 Chale, 2002
Reservoir
Patroon Reservoir, USA 25000 Arnason, et al, 2003
Melter Reservoir, Germany 91000 Muller et al., 2000




A1319N 5 (919)

i Cd (ug/g dry wt.) 1BAAITH19D4
Lagoon
Sidi Moussa, Morocco 3-4.7 Cheggour et al., 2001
Bay
Moulay Bou Selham, Morocco 0.6-1.5 Cheggour et al., 2001
Terrestrial soil 59-168 mmol/l Taylor and Percival, 2001
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g
yiala Cd (ug/g dry wt.) 1DAA1T01904

Sardinella aurita, France 0.02 Romeo et al., 1999
Trachurus trachurus, France 0.04 Romeo et al., 1999
Scomber japonicus, France 0.03 Romeo et al., 1999
Serranus scriba, France 0.02-0.05 Romeo et al., 1999
Epinephelus costae, France 0.02-0.03 Romeo et al., 1999
Cephalopholis nigri, France 0.06 Romeo et al., 1999
Pseudupeneus prayensis, France 0.02 Romeo et al., 1999
Sebastes jordani , California 0.52-1 Sydeman and Jarman, 1998
Engraulis mordax, California 0.73-0.99 Sydeman and Jarman, 1998

Salmo trutta, Spain
Anguilla anguilla, Spain
Barbus barbus, Spain
Lates marie, Tanzania
Lates stappersii, Tanzania

Limnothrissa miodon, Tanzania

Stolothrissa tanganicae, Tanzania

Chrysysts spp. , Tanzania
Raiamas moorei, Tanzania
Oreochromis spp. , Tanzania

Alestes sp. , Tanzania

Lethrinus lentjan, United Arab Emirates

-Female
-Male

-Not determined sex

Tilapia, Inland water, Hong Kong

-Fo Tan
-Tai Wai

-Mai Po

0.00057-0.00284
0.00296-0.00792
0.00011-0.00439
0.25
0.28
0.38
0.39
0.28
0.20
0.20
0.20

0.12 (wet wt.)
0.09 (wet wt.)

0.11 (wet wt.)

0.54
0.50
0.34

Bordajandi, 2003
Bordajandi, 2003
Bordajandi, 2003
Chale, 2002
Chale, 2002
Chale, 2002
Chale, 2002
Chale, 2002
Chale, 2002
Chale, 2002
Chale, 2002

Al-Yousuf et al., 2000
Al-Yousuf et al., 2000

Al-Yousuf et al., 2000

Zhou et al. 1998
Zhou et al. 1998

Zhou et al. 1998
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Cd (ug/g dry wt.)

1NA1391994

Tilapia sp., Egypt
-1997/1998 nziaaihiuidss
-1998/1999 nziaamlahiudss
Mugil sp., Egypt
11997/1998 nziaailhiuidss

s &
-1998/1999 nzaal/vhsu@es
Solea aegyptiaca, Egypt

-1998/1999 wnztaail

Aldrichetta forsteri+Sillago schomburgkii
Wills Creek: summer/winter/spring, Australia
Barker Inlet: summer/winter/spring
Port Pirie: summer/winter/spring
@vlanlumsazaeunadio

Salvelinus confluentus-bull trout

Cd 0 pg/l (Ao 20/40/55 U

Cd 0.052 pg/l (Ao 20/40/55 U

Cd 0.089 pg/l (Ao 20/40/55 U

Cd 0.197 pg/l (Ao 20/40/55 U

Cd 0.383 pg/l gﬁym 20/40/55

Cd 0.786 pg/l gﬁym 20/40/55
Colisa fasciatus

Cd 1000 pg/l A04 8/1624 $2 T

@69 5/10/15/25 $u

Krill, California
1oy
Lamellidens marginalis,

-natural water

-cadmium contaminated water

zebra mussel

0.42/0.25 (wet wt.)
0.239/0.019 (wet wt.)

0.79/0.62 (wet wt.)
0.659/0.019 (wet wt.)

0.001 (wet wt.)
(wet wt.)
<0.05/<0.05/<0.05
0.055/0.028/0.052
0.079/0.075/0.109

0.122/0.075/0.080
0.162/0.154/0.170
0.193/0.200/0.204
0.237/0.307/0.379
0.357/0.490/0.572
0.456/0.766/0.913

0/0.6/2.6
2.8/3.6/6.8/1.7

2.2-2.7

10-19
574
0.79

Mansour and Sidky, 2002

Mansour and Sidky, 2002

Mansour and Sidky, 2002

Mansour and Sidky, 2002

Mansour and Sidky, 2002

Edwards et al., 2001

Edwards et al., 2001

Edwards et al., 2001

Hansen et al., 2002

Tayal et al., 2000

Sydeman and Jarman, 1998

Das and Jana, 2003
Das and Jana, 2003

Roper et al., 1991
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BT GRAYE! Cd (ug/g dry wt.) 191501994

1oy

Cerastoderma edule

-Moulay Bou Selham lagoon, Morocco 1.57 Cheggour et al., 2001
-Sidi Moussa lagoon, Morocco 2.37 Cheggour et al., 2001
Mutela spekei, Tanzania 0.43 Chale, 2002
niin Sepioteuthis lessoniana 3.10 (wet wt.) Koyama et al., 2000
1911 loggerhead turtles-kidney, France 13.3 (wet wt.) Caurant et al., 1999
Leather back-kidney, France 30.3 (wet wt.) Caurant et al., 1999
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	¢Ñé¹·Õè 3 ÈÖ¡ÉÒ¡ÒÃ¶èÒÂ·Í´»ÃÔÁÒ³�

	¡ÒÃÊÐÊÁá¤´àÁÕÂÁã¹à¹×éÍ»ÅÒ´Ø¡¹Õ�

	-Female
	Salvelinus confluentus-bull trout
	µÒÃÒ§·Õè 6 \(µèÍ\)
	ËÍÂ
	Cerastoderma edule

	µÒÃÒ§·Õè 7 à»ÃÕÂºà·ÕÂº»ÃÔÁÒ³á¤´�
	Chlorella

	µÒÃÒ§·Õè 8 à»ÃÕÂºà·ÕÂº»ÃÔÁÒ³á¤´�
	Chlorella
	
	ÊÃØ»
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