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Abstract

Contaminant accumulation analysis is important in the study of sentinels. This research
determined cadmium accumulation and bioconcentration factors of whole organism, liver, kidney,
ovary and testis of Fegjervarya limnocharis exposed to different environmental cadmium levels.
Frogs from contaminated sites had significantly higher hepatic (1.939 mg/kg), renal (7.253 mg/kg)
and testicular (1.462 mg/kg) cadmium than those from the reference sites (0.205, 0.783 and 0.379
mg/kg, respectively). Cadmium accumulation was the highest during the late dry and early rainy

© Springer Science+Business Media, LLC 2009
Correspondence to: Noppadon Kitana, nki t ana@ot mai | . com



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Othman et al. Page 2

seasons. If this species is used as a sentinel for cadmium accumulation, the utilization of its whole
organism, liver, kidney and testis is appropriate.
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Cadmium in the environment has the ability to accumulate in the body. Bervoets et al.
(2001) reported that levels of accumulated metals in tissue were related to metal levels in
sediment, water and food. This is further supported by Bervoets and Blust (2003) saying that
it is more likely that tissue levels reflect environmental levels because metal concentrations
in tissue follow concentrations in the environment. Francis et al. (1984) reported that
Carrasius auratus, Rana pipiens and Micropterus salmoides showed strong correlations
between cadmium concentrations in water and tissue, and sediment and tissue. Different
tissues have the ability to accumulate metals differently (Loumbourdis and Wray 1998;
Bervoets et al. 2001; Loumbourdis and Vogiatzis 2002; Bervoets and Blust 2003 and Burger
et al. 2007). Loumbourdis and Vogiatzis (2002) reported that the liver is one of the main
target organs of cadmium accumulation in Rana ridibunda. In another study, Loumbourdis
and Wray (1998) found that Rana ridibunda liver has higher cadmium concentrations than
carcass. A study by Loumbourdis et al. (2007) found that upon exposure, cadmium started to
deposit in the liver, kidney and the gut of Rana sp. However, the kidney is found to be the
main site of accumulation. Flament et al. (2003) reported that cadmium is also readily
incorporated in the kidneys and reproductive tissues. Lee (1983) supported this notion by
saying that cadmium directly targets testis. In addition, adult Chrysemys picta from
impacted sites has higher cadmium concentration in liver, kidneys and gonads (Rie 2000).

In this study, the rice frog, Fejervarya limnocharis has been chosen to be a representative
sentinel species for cadmium accumulation. This species is chosen based on a few criteria.
The first and the most important reason for choosing the species is because it is categorized
under the “Least Concern” or LC category by the IUCN (IUCN, Conservation International
and NatureServe 2006; AmphibiaWeb 2008). The status is given to the species because of
its wide distribution, its tolerance of a broad range of habitats and its large and stable
population. Therefore, using this species will not put it under undue extinction pressure. The
rice frog is also of a suitable size. It is not too large that it may cause logistic problem and
yet it is also not too small that sampling and analysis are greatly hampered. This species also
has a wide range of distribution, covering Southeast Asia, South Asia and parts of East Asia.
Hence it is a suitable candidate as the region's sentinel species. F. limnocharis is also
utilized as human food in some countries (IUCN, Conservation International and
NatureServe 2006), including Thailand. Therefore, the species plays an important role as a
link between environmental cadmium and bioavailable cadmium through the food chain.
However, data on the use of F. limnocharis, either from wild populations or lab raised
populations, for cadmium monitoring is non-existent. Therefore, this research aimed to
determine the accumulation of cadmium in wild F. limnocharis that are naturally exposed to
different cadmium levels. Accumulation is investigated in selected tissues (liver, kidney,
ovary and testis) as well as in whole organisms.
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Materials and Methods

Frog samples were collected on monthly basis during November 2007 and October 2008
from several rice fields in Mae Tao and Mae Pa in Mae Sot District, Tak Province. The
contaminated site, Mae Tao, was located at 16°4513”N; 98°35/25”E. This area is irrigated
by the Mae Tao Creek. Simmons et al. (2005) reported that there were elevated cadmium
levels in the paddy soils and rice grain in the vicinity of Mae Tao Creek downstream of a
zinc mining area. The reference site, Mae Pa, was located 8.4 km north of the contaminated
site at 16°40743”N; 98°35’36”E. The area is irrigated by Huay Luek Creek and not on the
path of the potential contaminated plume. Preliminary analysis showed that the cadmium
concentrations from the contaminated site ranged from 0.0019 to 0.0021 mg/L in water
samples, and 2.9260 to 3.2888 mg/kg in sediment samples. The concentration ranges at the
reference site were 0.0018 to 0.0020 mg/L (water) and 0.1013 to 0.2206 mg/kg (sediment).

Frogs were individually subjected to cold anesthesia before killed by double-pith at brain
and spinal cord. The liver, kidney and gonad were removed and weighed. Tissue and whole
organism samples were dried in an oven at 80°C to a constant weight. The samples were
then subjected to a microwave digestion procedure with concentrated nitric acid followed by
cadmium determination using Graphite Furnace Atomic Absorption Spectrometer (AAS
ZEEnit 700 by Analytik Jena). The standard curve range used was 0-10 pg/L and the
detection limit of this instrument is 0.02 pg/L.

All data were statistically analyzed with two-way ANOVA and Student-Newman Keuls test
using the SigmasStat 2.0 program.

Results and Discussion

Figure 1a shows the quarterly average hepatic cadmium in F. limnocharis caught from both
sites. Hepatic cadmium in F. limnocharis caught from Mae Pa ranges from 0.044 to 0.592
mg/kg. On the other hand, in F. limnocharis caught from Mae Tao, the range is from 0.199
to 3.543 mg/kg. Further analysis showed that hepatic cadmium concentration in Mae Tao
frogs are between 4.5 and 32.2 times higher than Mae Pa frogs. Frogs in both sites show
similar fluctuation of hepatic cadmium when compared seasonally. In both sites, hepatic
cadmium concentration is the highest during the early rainy season (April, May and June).

For cadmium in kidney, the results are shown in Fig. 1b. It is found that renal cadmium in F.
limnocharis caught from Mae Pa ranges from 0.239 to 1.715 mg/kg. In F. limnocharis
caught from Mae Tao, the range is from 1.890 to 12.175 mg/kg. The result showed that Mae
Tao frogs had renal cadmium concentration of between 5.5 to 16.2 times higher than Mae Pa
frogs. Seasonal fluctuationwise, renal cadmium concentration is the highest during the early
rainy season for Mae Pa frogs and during the late dry season for Mae Tao frog.

Site-wise comparison of ovarian cadmium revealed that the differences in ovarian cadmium
are not statistically significant. When season-wise comparisons are made, ovarian cadmium
concentrations in both sites are the highest during the late dry season.
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Figure 1c shows the results for quarterly testicular cadmium in F. limnocharis caught from
Mae Pa and Mae Tao. The graph showed that testicular cadmium in F. limnocharis caught
from Mae Pa ranges from 0.044 to 1.089 mg/kg. Meanwhile in F. limnocharis caught from
Mae Tao, the range is from 0.266 to 4.626 mg/kg. Site-related comparison shows that
testicular cadmium concentration in Mae Tao frogs are between 2.2 and 6.1 times higher
than Mae Pa frogs. For frogs from both sites, the testicular cadmium concentrations are the
highest during the late dry season.

The results for whole organismal cadmium are shown in Fig. 1d. Whole organismal
cadmium concentration in F. limnocharis caught from Mae Pa ranges from 0.024 to 0.045
mg/kg. On the other hand, in F. limnocharis caught from Mae Tao, the range is from 0.180
to 0.549 mg/kg. To compare, whole organismal cadmium concentration in Mae Tao frogs
are between 7.5 and 14.5 times higher than Mae Pa frogs. Seasonally, Mae Pa frogs caught
during the early dry season showed the highest whole organismal cadmium concentration.
For Mae Tao, the highest whole organismal cadmium concentration is shown in frogs caught
during the late dry season.

Overall comparisons also show that in both sites, renal cadmium concentrations are higher
than hepatic cadmium. Renal cadmium concentration in Mae Pa frogs are between 2.9 and
6.8 times higher than hepatic cadmium concentration. In Mae Tao frogs, the renal cadmium
concentrations are between 2.7 and 9.5 times higher than hepatic cadmium concentration.
Tissue-by-tissue comparison showed that in both sites, renal cadmium concentration is the
highest while ovarian cadmium concentration is the lowest (Fig. 2a). The result is in line
with bioconcentration factor analysis where for both sites, kidney showed the highest
cadmium bioconcentration factor (Fig. 2b). The average cadmium bioconcentration factor in
kidney is 467.75 for Mae Pa frogs and 3,672.32 for Mae Tao frogs.

Loumbourdis and Vogiatzis (2002) reported that liver is one of the main target organs of
cadmium accumulation in Rana ridibunda. In another study, Loumbourdis and Wray (1998)
found that Rana ridibunda liver has higher cadmium concentration than carcass. Pérez-Coll
et al. (1997) found out that 26% of the cadmium uptake is deposited into the liver. Foran et
al. (2002) stated that cadmium can accumulate and be retained in the liver. However, our
sets of results showed a different trend. While accumulation of cadmium in the liver is quite
high, it is clear that renal cadmium accumulation is even more apparent. This may be
because the liver is the primary accumulation site while the kidney is the final accumulation
site. Loumbourdis et al. (2007) reported that cadmium may gain entry into hepatocytes via
endocytosis mediated by Fe binding protein such as ferritin. In the liver, cadmium will bind
with metallothionein or stay as free cadmium in the hepatocytes. Free cadmium from liver is
then released into the gastrointestinal lumen by the secretion of bile contents in the bile duct.
Some of the cadmium is removed by feces while most will enter the blood stream through
the enterohepatic circulation. Cadmium will then be transported to the various target organs,
especially kidney. Therefore, throughout the life span of the frog, cadmium will be
continually accumulated in the liver, and then transported to the kidney. So far, there has
been no account on whether cadmium in the kidney is excreted or not. Hence, it is assumed
that all cadmium that accumulates in the kidney will be retained there. High cadmium
accumulation in the kidney is also reported by various other studies. The highest renal
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cadmium accumulations were found in Gobio gobio (Bervoets and Blust 2003), Salmo trutta
(Olsvik et al. 2000), Rana ridibunda (Loumbourdis et al. 2007), Pleurodeles waltl (Flament
et al. 2003) and Gasterosteus aculeatus (Bervoets et al. 2001).

While kidney showed higher cadmium accumulation than liver, we also found that both are
actually suitable indicators for biomonitoring of cadmium accumulation. This is because
both hepatic and renal cadmium levels are significantly higher in F. [imnocharis caught
from the contaminated site as compared to those from the reference site.

Among reproductive tissues, ovarian cadmium showed very little accumulation. To add, the
differences in ovarian cadmium accumulation between reference and contaminated sites
were also not significant. This shows that the ovary probably is not a suitable organ to be
used in biomonitoring of cadmium accumulation. However, this study found out that high
cadmium accumulation is found in the testis. This is shown by the high testicular cadmium
and high testicular cadmium bioconcentration factor in F. limnocharis from the impacted
site as compared to those from the reference site. This is expected because cadmium is a
known toxicant directly targets testis (Lee 1983).

In this study, all the frogs used for the analysis of whole organismal cadmium weighed less
than two grams. In these frogs, the use of organs, especially kidney and testis was rather
difficult. Therefore, for these small frogs, whole body cadmium analyses were performed.
We have included the use of small frogs in this research because we anticipate that in the
future, not all field sampling activities will be able to have a yield of large frogs. In this case,
instead of determining cadmium accumulation in organs and tissues, whole organismal
cadmium accumulation may be a better choice of analysis. In our study, we found out that
there were significant differences in whole organismal cadmium level and whole organismal
cadmium bioaccumulation factor between F. limnocharis caught from contaminated site
with those from reference site. Frogs from contaminated site had higher whole organismal
cadmium level and whole organismal cadmium bioaccumulation factor. Therefore, in cases
when organ cadmium accumulation determination in large frogs is not available, the use of
whole organismal cadmium in small frogs is also considered as suitable indicator for
biomonitoring of cadmium accumulation.

When we compared cadmium accumulation according to season, we found that the highest
cadmium accumulation occurred either during the late dry season or during the early rainy
season. This is because these two seasons are the active season when reproductive tissues
are developing and when reproduction actually takes place. Zug et al. (2001) stated that
rainfall is one of the major determinants of timing of reproduction. AmphibiaWeb (2008)
confirmed this by stating that the breeding of the F. limnocharisis triggered by rain and it is
usually the first species to come to the calling sites. In order for the rice frog to be the first
species to come to the calling sites during the early rainy season, their ovaries and testes will
have to start developing and maturing during the late dry season. Reproductive tissues
development and maturation requires energy, hence the frogs would have to increase food
and water intake during the late dry season for these purposes. During the early rainy season,
the actual breeding occurs, and again these efforts require a lot of energy. Zug et al. (2001)
stated that egg development would constitute a large portion of their overall energy budget.
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Therefore, it is during these two seasons, more food and water were consumed. And with
increased food and water consumption, there was also a chance of increased uptake of
cadmium along with it. This would explain the high cadmium concentration in the liver,
kidney and testes of the frogs during the late dry and early rainy seasons.

In conclusion, this research found that frogs from the contaminated site had higher hepatic,
renal, testicular and whole organismal cadmium when compared to frogs from the reference
site. The results also showed that the kidney is the greatest cadmium-accumulating organ.
We also found that frogs caught during the late dry and early rainy seasons tend to have
higher tissue and organismal cadmium than those caught during late rainy and early dry
seasons. Therefore, when using F. limnocharis in biomonitoring cadmium accumulation,
types of tissues used and seasonal sampling period should be taken into consideration.
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