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Abstract Arsenic (As) concentration was analyzed in
four sediment-inhabiting animals (Pearsonia of Mollus-
ca Gastropoda, Enchytraeus of Annelida Lumbricidae,
Cybister japonicus Sharp of Hexapoda Dytiscidae and
Chipangopaludina chinensis of Mollusca Gastropoda)
from 19 sampling sites and eight carcasses of red-
crowned crane (Grus japonensis) to examine As transfer
along the typical food chain in Wuyur catchments,
northeastern China. Results indicated that As concen-
tration in the prey of the red-crowned cranes was
elevated via the food chain. Geo-accumulation indices at
all sites were less than 0, which suggests that this region
contained background As concentration. The four
aquatic animal families containing As were land
snail < water snail < beetle < earthworm. The high-
est As concentration was found in the liver of the red-
crowned cranes (145–441 ppb) followed by the kidneys
(116–258 ppb) and muscles (36–94 ppb). The eggshells
of red-crowned cranes contained relatively high As
concentration, which varied from 35 to 235 ppb,
whereas the feathers had the lowest concentration, with
an average of 25 ppb. The dietary exposure level to As
of the red-crowned crane population in Zhalong Wet-
land, Northeastern China was lower than the As toxicity
threshold concentration. This study reported that eg-
gshells are suitable indicators of As risk levels in red-
crowned crane.

Keywords Arsenic enrichment Æ Benthic-feeding
organisms Æ Earthworm Æ Carcass of red-crowned crane

Introduction

Excessive quantities of heavy metals, such as arsenic (As),
and the mechanism by which these metals are transferred
in aquatic biological systems have gained considerable
attention as toxic metal accumulation in aquatic organ-
isms increases with each succeeding step in the food
chain. Although As is nutritionally essential or beneficial
at low concentrations (EPA 1980; Abedin et al. 2002;
Williams et al. 2007), its increasing levels cause toxicity to
the environment and living organisms, resulting in growth
inhibition (Gulz et al. 2005), liver and kidney damages,
and death (Shaw et al. 2007). In aquatic environments, As
binds to particulate matter and is deposited into sedi-
ments (EPA 1980). Nevertheless, some As fractions can
be readily absorbed by aquatic plants (e.g., reed) or de-
posit-feeding benthic organisms and would be elevated
into the higher strata of the food chain (Agah et al. 2009).
Therefore, As distribution in sediments and As concen-
tration in the bottom level of food chain must be deter-
mined to detect net change and assess potential toxic risk
in aquatic systems.

Recent researches have shown that damages of metals
in animal bodies are proportional to metal content in the
environment (Martı́nez-Villegas et al. 2004; Burger et al.
2008). Environmentally sensitive aquatic benthic-feeding
organisms (i.e., earthworm) (Klok et al. 2006; Rood-
bergen et al. 2008) and water birds are often employed to
indicate the pollution levels of a metal-contaminated
region (Fasola et al. 1998).

The red-crowned crane (Grus japonensis) is a rare
species that has been near extinction since 2000, as
indicated in the Red List of Endangered Species gener-
ated by the IUCN (BirdLife International 2012).
Worldwide, its population is very small at 2750 mature
individuals (BirdLife International 2012). Although the
resident population in Japan remains stable, the migra-
tory population in mainland Asia continuously declines
because of loss and degradation of wetlands for agri-
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cultural and industrial development (Harris 2008).
Zhalong National Nature Reserve (Zhalong Wetland),
located in the downstream Wuyur River catchments,
Northeastern China is one of the largest habitant and
breeding sites for migratory red-crowned crane (Grus
japonensis). Pesticides (e.g., lead arsenate) and As-con-
taining fertilizers had been widely applied in the mid
until late 20th century in the large area of arable land
surrounding the wetland; these chemicals generated
large amounts of heavy metals (such as As), resulting in
increased metal accumulation and high probability of
cranes to be in contact with these toxic chemicals. Our
previous research reported measurable total As con-
centrations in the sediment (240–10500 ppb) and fish
(0.44–28.16 ppb) in this region (Luo et al. 2015). Nev-
ertheless, available As fraction in the sediments, which
could be more correlated with As bioaccumulation, re-
mains undefined. Moreover, As accumulation in sedi-
ment-inhabiting organisms has not been reported. These
organisms (i.e., soil fauna, beetles, and snails) are im-
portant prey of red-crowned cranes and preferred envi-
ronmental risk bio-indicators by most environmental
researchers. Therefore, the degree of metal enrichment in
the food chain must be determined to conserve red-
crowned cranes.

This research aimed to examine As content in red-
crowned crane and invertebrates at the bottom of the
food chain in Zhalong wetland, China. Results would
enrich our understanding of the ecological safety of the
health of migratory red-crowned cranes and assist to
maintain long-term sustainability of the crane popula-
tion.

Material and methods

Study area

Zhalong Wetland (123�51¢E–124�37¢E, 46�48¢N–
47�32¢N; the core area is approximately 700 km2 and the
buffer zone occupies 1400 km2 lying in outside) is lo-
cated in the main food production zone of Heilongjian
Province in China (Fig. 1). River feeding and pre-
cipitation are the major sources of water in this inland
reed marsh. The volume of runoff from upper reaches
was abruptly decreased from 7.5 · 108 m3 per year in
1980s to less than 1 · 108 m3 per year in the 21st cen-
tury. Various sludge and wasted water from the sur-
rounding residential area, agricultural land, and
industrial workshop containing several types of toxic
contaminants, like As, were discharged directly into the
wetland without complete disposal treatment. The was-
tewater discharge volume increased from 0.17 · 108 m3

in 1993 to 0.45 · 108 m3 in 2010. Increasing amount of
pollution discharges elevated various toxic element
concentrations not only in the sediment but also in the
entire biota. In addition, extensive application of agro-
chemicals in the last century may increase probability of

As dietary exposure to crane. Comparing to extensive
reports about the essential elements, like Cu and Zn (Cui
et al. 2014), and nonessential metals, mainly Pb, Cd and
Hg in this crane’s dietary (Luo et al. 2013, 2014), the As
content in the crane and on bottom of its food chain
were still insufficient.

Sampling scheme

Nineteen sampling sites were designed for collection of
reed (an aquatic plant of genus Phragmites australis
(Cav.) Trin. ex Steud) and sediment-inhabiting organ-
ism. The first set of two sample sites (i.e., S1 and S2)
were located in the upper reaches of Wuyur catchments,
the second set of 10 sample sites (S3–S10, S15, and S16)
were located in buffer zone A of the Zhalong marsh; the
third set of 6 sample sites (S11–S14, S17, and S18) were
located in the core area of the wetland, and the re-
maining one sample (i.e., S19) was designed in buffer
zone B of the wetland (Fig. 1c). Four sediment-inhab-
iting organisms, including two soil fauna groups, i.e., a
land snail of the genus Pearsonia, Mollusca Gastropoda
and an earthworm of the genus Enchytraeus, Annelida
Lumbricidae,and two aquatic animal species, i.e., a
beetle of the species Cybister japonicas Sharp, Hexapoda
Dytiscidae and a water snail of the species Chipan-
gopaludina chinensis, Mollusca Gastropoda, which are
typical prey of the red-crowned crane in the wetland
(Ma and Li 2002), were collected at designed sampling
sites. All prey samples were thoroughly rinsed in-field
with distilled water to remove pollutants attached on
their body. The organisms were subsequently placed in

Fig. 1 Location of Wuyur River catchments (a) and in-field
sampling design (b, c). The empty area in (b) was the buffer zone
of the wetland, and the black area for the core area. The section c is
TM image (Band 4, resolution: 30 · 30 m) of the study site
pictured in July 2006; the area enclosed by white line in imange c is
Wuyur River Catchment, and area enclosed by bold white line is
Zhalong Wetland
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car refrigerator at �4 �C and transported to the
laboratory. Reed roots, rhizomes, and stems and surface
sediment were also collected at each site. The samples
were immediately packed in dark-colored polyethylene
bags, refrigerated, and then transported back to the
laboratory.

Oxidation–reduction potential (Eh) and pH of water
were measured at each sampling site. Electrical con-
ductivity (EC) of the extract at 1:5 sediment:solution
ratio was determined with a conductivity meter
(Rhoades 1982). Particle size of sediment was deter-
mined by the pipette method (Gee and Bauder 1982).
Organic matter content in the sediment was measured
according to the method by Jackson (1956, 1958). Phy-
sical and chemical properties of water and sediment in
study area were given in Table 1.

Red-crowned crane carcasses collection process was
collected in the field from2010 to 2014.A total of eight red-
crowned crane carcasses were collected at 8 nesting sites
(Table 2), including five males and three females, aided by
the fire inspectors of Zhalong Wetland. The direct death
cause for these crane samples were starvation because of
food shortage in freezing condition, or collision on the
power line according to a pathological inspection.

Approximately 1–2 g samples of livers, kidney, and
breast muscles were collected for acid-digested. Poly-
ethylene gloves were used throughout the all dissection
procedures to prevent contamination. Several flight
feathers were also collected from the crane carcasses and
washed with distilled water in the laboratory. After-
hatch residual eggshells were collected from the field in
late April and early May of 2012–2014. A total of twelve

residual eggshells left by red-crowned cranes were col-
lected at six nesting sites (S3, S4, S10, S14, S15 and S17),
aided by the fire inspectors of Zhalong Wetland.
Similarly, the eggshells were washed with distilled water
in the field and immediately transferred to laboratory.

Microwave digestion and element analysis

The reed rhizome, aquatic animal body, eggshell, and
feathers were dried with filter papers and then oven-
dried to a constant weight (48 h at 60 �C). The dried
samples were ground to homogenous powders in a
quartz bowl for acid digestion. Similar processes were
performed on the liver, kidney, and muscle samples
without washing and drying in the laboratory. All se-
diment samples were sieved through a 63 lm mesh after
indoor air drying for acid digestion.

Each tissue category was acid-digested in a mi-
crowave oven (MDS-15, Sineo Microwave Chemistry
Technology Col, LTD, Shanghai of China) according to
the method by Canli et al. (1998). Triplicate sub-samples
of known dry weight (External tissue of the cranes and
other organisms: approximately a 0.5 g in dry weight;
Internal tissue: 1–2 g in fresh weight) were digested in
acid mixture (3 mL HNO3 + 1 mL HCl; both chemi-
cals were analytical reagent and supplied from Shenzhen
three chemical co., LTD of China) in a closed Teflon
crucible, evaporated slowly to almost dryness (90 �C),
and the residue was dissolved in 5 mL 1:1 diluted HCl,
and then settled to 25 mL for analysis after the solution
has been cooled down to room temperature.

Table 1 Physical and chemical properties of water (refers to pH and Eh) and sediment (refers to Organic matter, EC, and particle) in study
area

Upper reaches Buffer zone A Core area Buffer zone B

pH 7.50 ± 0.10 7.9 ± 0.2 7.9 ± 0.1 7.7 ± 0.1
Eh (mv) 182 ± 4 193 ± 12 205 ± 6 185 ± 5
Organic matter (%) 0.65 ± 0.25 2.71 ± 1.36 3.36 ± 2.29 1.58 ± 1.13
EC (dS s�1) 183 ± 9 531 ± 626 267 ± 93 308 ± 106
Particle size fraction (%)
Sand 73.19 47.76 48.06 45.35
Silt 20.86 36.51 32.81 38.39
Clay 5.95 15.73 19.13 16.26

Water in the core area was mainly from the inputs water of upper reaches and arable area around the buffer zone A, however, water in the
buffer zone B was mainly from outputs fraction of the core area

Table 2 Presumed cause of death, finding date, and body weight of eight red-crowned crane samples

Site Cause of possible death Finding date Sex Adult/juvenile Body W. (kg)

S3 Collision with power lines Apr 2014 Male Adult 9.8
S4 Collision with power lines Apr 2014 Male Juvenile 6.2
S10 Accidental injury Apr 2010 Male Adult 9.4
S14 Accidental injury Apr 2014 Female Juvenile 5.8
S14 Starvation, accidental injury Oct 2012 Male Adult 8.3
S15 Starvation, accidental injury Nov 2012 Female Juvenile 6.5
S15 Accidental injury May 2011 Female Adult 6.9
S17 Starvation, accidental injury Oct 2010 Male Juvenile 6.8
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The fraction components of As in the sediments were
determined through the sequential extraction procedure
by Tessier et al. (1979). The extraction steps used are
described as follows:

1. Exchangeable fraction (Exch F): The sediment was
extracted at room temperature for 1 h with magne-
sium chloride solution (1 mol L�1 MgCl2) at pH 7
with continuous agitation.

2. Bound to carbonate fraction (Carbon F): 50 mL 1 mol
L�1 M CH3COONa at pH 5 (adjusted using HNO3)
was added to the residue from fraction (1). Con-
tinuous agitation was maintained for 5 h for com-
plete extraction.

3. Bound to iron-manganese oxides fraction (Fe–Mn F):
50 mL 0.04 mol L�1 NH2OHÆHCl in 25 % (v/v)
CH3COOH was added to the residue from fraction
(2), and continuous agitation was used at 96 ± 3 �C
for 6 h.

4. Bound to organic matter (Organic F). H2O2 with
30 % concentration was added to the residue from
fraction (3). The sample was placed in water bath
until dry and 50 mL 3.2 mol L�1 NH4CH3COOH
was added to it for continuous agitation.

5. Residual fraction (Residual F): Residue from fraction
(4) was digested with HF-HClO4. This fraction was
the most difficult transport form according to the
report by Tessier et al. (1979).

The determination of As concentrations in the all
sample categories were performed on inductively cou-
pled plasma-mass spectrometry (ICP-MS Agilent
7500ce, Agilent Technologies, Inc. of USA). We esti-
mated the precision and accuracy of the analyses based
on a certified reference material: Pseudoscianea crocea
(GBW08573) (5080 ± 390 ppb) for aquatic animals.
The results agreed with the certified values for all metals,
with average recovery rates of 102 %. All of the mate-
rials used for sampling and analysis were acid-washed.
Moreover, all of the samples were analyzed in triplicate
at a relative standard deviation lower than 1.5 %.

The concentrations of As in the red-crowned crane
and its prey were given in the form of dry weight (dw)
according to their correlations of wet weight form and
dry weight form.

Assessment of sediment contamination

Geo-accumulation index (Igeo) was used to assess As
accumulation in sediment introduced by Muller (1969),
expressed by the following empirical equation (Sekabira
et al. 2010):

Igeo ¼ Log2 Cn=1:5Bnð Þ

where Cn is the measured concentration of a heavy metal
in sediment and Bn represents the geochemical back-
ground value of metal n in unpolluted sediments. Igeo

was classified as following:

Igeo\0; background concentration; 0\Igeo\1;

unpolluted; 1\Igeo; polluted:

For description of As ecotoxicology, individual con-
tamination factor (ICF) for all sampling sites were cal-
culated using fractionation results by dividing the sum of
the first four extractions (i.e., exch F, carbon F, Fe–Mn
F, and organic F) by the residual fraction for the site
(Ikem et al. 2003).

Statistical analysis

SPSS 10.0 for Windows was used for data analysis.
Pearson’s correlation coefficients were used to calculate
correlations between the wet weight and dry weight and
correlation relationship of the As of the sediment versus
reed and sediment versus water animals. Analysis of
variance (ANOVA) was employed to test whether As
concentrations varied significant between the sediments,
plant and inhabiting invertebrates in the buffer zone and
core area. Possibilities less than 0.05 (P < 0.05) were
considered statistically significant.

Results

As concentration in the sediment-inhabiting organisms

As content in the sediments was generally lower than the
averagenatural backgroundvalues (Table 3).AlmostallAs
concentration in the study area exceeded the tolerable level
(1 · 103 to 1.7 · 103 ppb) for agro-economic crops sug-
gested by Kabata-Pendias (2001) but lower than the tol-
erable level (1 · 104 ppb) for rice plants proposed by
Abedin et al. (2002). As contents in the upper reaches of
Wuyur River and the buffer zone (3990 ± 2490 ppb av-
erage concentration) were significantly higher than those in
the core area (1200 ± 1340 ppb average concentration)
(F = 8.29,P = 0.01). Ingeneral, themost stable form, i.e.,
residual F, was present by more than 50 % in the absolute
fractions in buffer zone A (Table 3; Fig. 2). By contrast,
Exch F, which was the most readily absorbed by water and
organisms, was only 150 ppb in average. In addition, the
organic F and residual F (relatively stable phases), were at
770 and 2350 ppb in average, respectively. Similar results
were observed in the core area and buffer zone B.

The ICF at 10 of 19 sampling sites exceeded l and the
ICF was positively correlated with As concentration in
the reed root, which suggests that most As were readily
absorbed by the aquatic animal community (Fig. 3). The
highest ICF level for As was calculated in the buffer
zone A and core area at 1.78 and 1.79, respectively. As
contamination at all sampling sites was approximately
equal to the background level (Igeo < 0) as assessed
using the geo-accumulation index method (Table 3).
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This finding indicates the presence of background con-
tamination in this region.

Reed rhizome and stem, which are the preferred food
of the red-crowned cranes in Zhalong Wetland (Ma and
Li 2002), contained measurable levels of As in the fol-
lowing order: stem < rhizome < root (Table 4). The
As concentrations in the reed rhizome and root were
below the detection limit (ND) to 25.29 ppb and from
ND to 67.25 ppb, respectively. The As contents were
linearly and positively correlated with sediment con-
centration (r2 = 0.62, P < 0.01).

The four sediment–inhabiting organism groups, whose
preferred food is reed root and humus in sediments,
contained detectable As level in the following order: land
snail < water snail < beetle < earthworm (Table 5;

Table 3 Arsenic concentration and distribution of five specimen in the sediments of four sampling sets (103 ppb, N = 3, dw)

Sampling set Upper reaches Buffer zone A Core area Buffer zone B

Total as
Mean ± SD 1.51 ± 0.54 3.99 ± 2.49 1.20 ± 1.34 1.05 ± 0.35
Min–max 0.85–2.23 1.07–10.54ab 0.24–4.89 0.78–1.41
Igeo
c �1.00 to �0.77 �1.02 to �0.13 �1.52 to �0.46 �1.16 to �0.90
Specimen of as [mean ± SD/(min–max)]
Exch F 0.10 ± 0.03 (0.08–0.12) 0.15 ± 0.05 (0.08–0.23) 0.07 ± 0.07 (0–0.19) 0.08 ± 0.04 (0.05–0.11)
Carbon F 0.17 ± 0.11 (0.10–0.25) 0.21 ± 0.11 (0.08–0.27) 0.10 ± 0.08 (0–0.25) 0.09 ± 0.03 (0.07–0.12)
Fe–Mn F 0.22 ± 0.11 (0.15–0.30) 0.68 ± 0.47 (0.30–1.83) 0.17 ± 0.14 (0.10–0.46) 0.18 ± 0.07 (0.12–0.25)
Organic F 0.35 ± 0.15 (0.24–0.45) 0.77 ± 0.46 (0.22–1.68) 0.34 ± 0.43 (0.11–1.20) 0.22 ± 0.05 (0.17–0.31)
Residual 0.74 ± 0.14 (0.65–0.84) 2.35 ± 1.70 (0.62–5.04) 0.65 ± 0.65 (0.15–1.89) 0.79 ± 0.24 (0.67–1.13)
ICFd

1.10 ± 0.32 (0.87–1.32) 0.97 ± 0.45 (0.52–1.78) 1.18 ± 0.43 (0.50–1.79) 0.71 ± 0.33 (0.50–1.15)

aIndicates that the concentration exceeded the average background concentration of As (7.46 · 103 ppb) (Li and Zheng 2008)
bIndicates that the concentration exceeded the tolerable level for rice plants (1 · 104 ppb) suggested by Abedin et al. (2002)
cIgeo represents the geo-accumulation index according the empirical equation by Sekabira et al. (2010)
dICF represents individual contamination factor, and bold figure means the ICF exceeded 1

Fig. 2 Distribution (%) of five As fraction components in the
sediment. Resid. residual fraction of As in the sediment, Exch.
exchangeable fraction, Carbon bound to carbonate fraction, Fe–
Mn bound to iron-manganese oxides fraction, and Organic bound
to organic matter fraction

Fig. 3 Correlation of individual contamination factors (ICF) and As contents in the reed root (a), and four invertebrates (b land snail,
c earthworm, d water snail, e beetle)
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Fig. 4). TheAs concentration in the bodies of water snails
was higher than in their shells. The total As concentra-
tions in the slugs of water snails varied from 5.27 to
22.84 ppb, with an average concentration of 11.48 ppb.
Although, As was observed in beetle, As concentration
significantly varied in different sections (P < 0.001), i.e.,
As concentration in the remaining section was greater
than that in the head section. All the measured As con-
tents in the sediment-inhabiting organisms did not exceed
the allowable concentration limit (1000 ppb) recom-
mended by Agah et al. (2009).

As enriched in the red-crown cranes

Endangered water bird (e.g., red-crowned cranes) ac-
cumulated measurable As levels in the following order:
feather < muscle < eggshell < kidney < liver (Ta-
ble 6). High As concentration was detected in internal
organs, such as liver and kidneys. The relatively high
As concentrations detected in the eggshells ranged from
34.98 to 235 ppb. Feathers had the lowest metal con-
tents, which varied from 11.39 to 42.47 ppb. Con-
versely, the muscles of red-crowned cranes in the
Hokkaido, Northern Japan presented higher As con-
tent than in the liver (Table 6), with approximately 110
and 90 ppb dw, respectively. In general, As content was
also slightly larger or presented similar enrichment than
island crane species in Japan.

As concentration in the feather tissues of red-
crowned crane in Northeast China was significantly
lower (F = 9.36, P < 0.001 for crane versus common
eider; and F = 20.16, P < 0.001 for crane versus little
egrets) compared with the common eider in USA and
little egrets in China. Nevertheless, As level in the eg-
gshells of red-crowned crane was similar to that of little
egrets in China. The highest As content value (441 ppb)
detected in the liver of red-crowned crane was sig-
nificantly lower than the toxic level (1 · 104 ppb in fresh
weight, approximately 2.5 · 104 to 3.0 · 104 ppb in dry
weight) as recommended by Eisler (1988). The difference
in As concentration between sex groups, i.e., male crane
versus female crane, was significant (F = 6.47,
P < 0.001) but was not significant between age groups
(i.e., As concentration in the adult crane vs. juvenile
crane) (F = 2.75, P = 0.18, Fig. 5).

In addition to toxicity and persistence, bioaccumu-
lation can be an important threat for heavy metal ex-
posure. Similar to As concentration variation,
bioaccumulation varied in different organs and tissues in
the following order: feather < muscle < kid-
ney < liver. Overall, As was concentrated in the or-
ganisms but was not biomagnified in the food chain.

The Linear correlation of external tissues and internal
tissues were presented in Fig. 6. As concentration in the
eggshell versus the liver presented good and positive linear
relations (P < 0.05). However, metal concentration in the
eggshell and feather presented extremely weak linear cor-
relation with that in the kidneys and liver (P > 0.05).T
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Discussion

This study presents two known findings about As
accumulation and transfer along the typical food
chain in the Zhalong wetland, China. First, four se-
diment-inhabiting organisms (i.e., land snail, earth
worm, beetle, and water snail) contained measurable
As levels and elevated As transferred to the consumer
at the upper trophic level (i.e., red-crowned crane
species). Second, As concentration level in the eg-

gshells of red-crowned crane was high and correlated
with that in their internal organs (i.e., liver). However,
the dietary exposure to As of these cranes was under
the safety level.

According to Fleischer et al. (1974), agricultural
practice (mainly application of fertilizers and pesticides)
could contribute to As contamination in soils. In the
present study, the first set of sediment samples was ob-
tained in the midstream of Wuyur catchments; in this
area, runoffs flow through from the large area of arable
land and inevitably accumulate some As. These runoffs
consequently enter bird habitats, thereby gradually
elevating As concentration (S1 < S2 < S3). The buffer
zones A and B, which were adjacent to the arable area,
are being cultivated; thus, the intensive anthropogenic
activity induces the high probability of crane to be in
contact with toxic chemicals, such as herbicides and in-
secticides. By contrast, the core area was protected to
some extent by the buffer zone from local human im-
pact. Thus, the maximum total As concentration was
detected at S5 and S6, whereas the minimal level was
observed in the core area. In addition, the most preva-
lent form of As in the Zhalong wetland and the most
toxic to various water birds in the sediment could be
inorganic forms (i.e., arsenate); this finding is similar to
results reported by previous research (Eisler 1988; Ka-
bata-Pendias 2001).

As earthworm could enrich high levels of heavy
metals because of their feeding habits, they have been

Table 5 Accumulation of As (Mean ± SD/(Min–Max)) in the sediment-inhabiting organisms (ppb, N = 3, dw)

Upper reaches Buffer zone A Core area Buffer zone B

Earthworm SD 21.96 ± 8.62 (8.47–35.24) 11.59 ± 6.16 (4.72–20.68) 30.15 ± 7.25 (20.33–38.54)
Land snail SD 7.19 ± 5.76 (0–20.68) 2.98 ± 1.29 (1.37–4.84) 5.81 ± 2.08 (3.87–7.43)
Water snail
Shell 3.16 ± 0.13 (3.06–3.25) 4.77 ± 1.76 (2.12–8.27) 3.02 ± 1.55 (1.02–4.85) 2.13 ± 0.58 (1.77–2.86)
Slug 8.69 ± 0.65 (8.23–9.15) 12.09 ± 5.53 (5.27–22.84) 10.57 ± 2.87 (5.62–13.71) 16.42 ± 5.61 (12.04–20.26)
Beetle
Head 5.80 ± 1.56 (4.70–6.90) 9.05 ± 3.79 (2.44–12.30) 1.60 ± 1.56 (0.80–4.32) 8.50 ± 1.45 (6.28–10.38)
The rest 11.79 ± 1.60 (10.68–12.90) 17.62 ± 7.24 (1.82–25.52) 7.15 ± 6.24 (1.54–15.92) 20.70 ± 5.63 (16.85–26.42)

‘‘SD’’ means scarce of organism sample at these sites

Fig. 4 Arsenic concentration in sediment, reed root, aquatic
organisms and red-crowned cranes in Zhalong Wetland. Sed is
short for sediment, RR for reed root, LS for land snail, WS for
water snail, Beet. for beetle, EW for earthworm and LC for liver of
crane

Table 6 Comparison of As content (ppb) in the eggshells, flight feathers and internal tissues (i.e., liver, kidney and muscle) of the red-
crowned cranes in Zhalong Wetland (Mean ± SD/(Min–Max), dw, N = 3) with other water birds

Species Eggshell Feather Liver Kidney Muscle

Migratory crane in Zhalong Wetland in China 105 ± 73.99
(34.98–235)

25.35 ± 9.87
(11.39–42.47)

282 ± 103
(145–441)

168.08 ± 47.64
(116–258)

67.28 ± 19.29
(36.51–94.26)

Blue tits (Dauwe et al. 1999) 1200 ± 600 – – – –
Blue tits (As polluted area) (Dauwe et al. 1999) 4200 ± 800 – – – –
Rook Corvus frugilegus (Orlowski et al. 2010) 35.60 (2.45 87.30) – – – –
Little egrets (Zhang et al. 2006) 240 (20–830) 110 (20–4520) – – –
Island crane in Hokkaido of Japan
(Takazawa et al. 2004)
Male/adult – – Approx. 90 – Approx. 60
Female/adult – – Approx. 90 – Approx. 110
Common eider in USA (Burger et al. 2008)
Aleutian Island (female/adult) – 161 ± 19 – – –
Amchitak and Kiska (female/adult) – 163 ± 19 – – –

‘‘–’’ means scarce of original data in these refs
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proposed as biomonitors for metal contamination
(Carpené et al. 2006; Klok et al. 2006; Roodbergen et al.
2008). Similar to the results of previous research, we
determined higher As contents in earthworm than that
in other sediment-inhabiting organisms, suggesting
earthworm is an As-rich soil fauna and could be used as
a suitable indicator for the As toxicity risk level posed
on this region. However, the presence of As in aquatic
animal did not indicate the contamination of particular
sediments and habitants as the measured As contents did

not exceed the allowable concentration limit (1 · 103

ppb) recommended by Agah et al. (2009).
The kidneys and livers were the most prone to As ac-

cumulation in the present research. The highestAs content
value at 441 ppb was detected in the liver of the red-
crowned crane, but this concentration was significantly
lower than the toxic level (1 · 104 ppb in fresh weight) as
recommendedbyEisler (1988).HighAs content in the liver
and kidneys is consistent with the conclusions of Takaza-
wa et al. (2004) and Malik et al. (2010); in their studies,

Fig. 5 As enrichment in the different sex and age of the red-crowned crane. The values marked by asterisk or by the same letter are
significantly different between sex or age class, within the same organ (P < 0.05)

Fig. 6 Correlation of As between eggshell vs. liver (a), eggshell vs. kidney (b), and feather vs. liver and kidney (c, d) of red-crowned crane
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these organs of water fowls are more prone to accumulate
toxic metals (such as As) than other internal organs. Re-
searchers also found that some birds, e.g., blue tits (Dauwe
et al. 1999) and rook (Orlowski et al. 2010) can sequester
significant amounts of some toxic metal (e.g., As in their
eggs); therefore, eggshells are suitable indicators of heavy
metal contamination, especially in the case of As for such
birds. In the present study, eggshells could not be clearly
classified if they belong to the carcasses or to any carcass,
although a good linear relationship was obtained between
eggshell-As versus kidney-As and eggshell-As verus liver
eggshell-As.Further research is therefore recommended to
confirm these findings.

Although As is toxic at high concentrations, this ele-
ment is an essential micronutrient for many species
(Koller 1980; Kabata-Pendias 2001). According to our
previous research (Luo et al. 2015), the daily As intake by
red-crowned crane in this region was significantly lower
than the toxic level (1.2 · 106 ppb) in the diet recom-
mendedbyEisler (1988).Hence, the dietary exposure level
of the migratory red-crowned crane population in China
to As can be considered under the safety level.
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