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Abstract Heavy metal enrichment in the prey of red-

crowned cranes in Zhalong Wetland, northeastern China

was researched. Lead and Cd were the most abundant ele-

ments in the sediments; their concentrations ranged from

9.85 to 127 ppm and from 1.23 to 10.6 ppm, respectively.

Six aquatic animal taxa contained detectable levels of

heavy metals, in the decreasing order of Cyprini-

dae [ Cobitidae[Dytiscidae[Odontobutidae[Vivipari-

dae[ Aeshnidae. Metal concentrations in these taxa

followed the order: Zn [ Cu [ Cr [ Pb [ Hg [ Cd. Met-

als in tissues of the red-crowned crane varied in the fol-

lowing order: Zn [ Cr [ Cu [ Pb [ Cd [ Hg in feathers,

and Zn [ Cu [ Hg [ Cr [ Pb [ Cd in eggshells. Cad-

mium concentrations in the feathers of the red-crowned

crane exceeded a level considered to be potentially toxic in

birds (i.e., 0.22 ppm), ranging from 1.42 to 3.06 ppm.

Keywords Heavy metal enrichment � Aquatic animal �
Prey � Red-crowned crane

Special concerns have been raised on the excessive quan-

tities of heavy metals regarding their health effects on

waterfowl (Burger and Gochfeld 1993, 1997; Dauwea et al.

2003). Sediments are regarded as a basin for the accumu-

lation of heavy metals that are discharged in aquatic

environments according to Daskalakis and O’Connor

(1995). According to previous studies, large quantities of

the trace metals that enter aquatic environments are often

attached to particulate matter (Daskalakis and O’Connor

1995), and are readily taken up by aquatic animals (Fisk

et al. 2005). Therefore, it is important to monitor the

concentrations of heavy metals in aquatic birds and their

prey to determine if any adverse changes may be occurring

in the ecosystems that they inhabit.

The red-crowned crane (Grus japonensis) has been lis-

ted in the International Union for Conservation of Nature

and Natural Resources Red List as a threatened species

since 2000 (BirdLife International 2012). Red-crowned

cranes are omnivores and typically feed on aquatic plants

(e.g., reed roots and stems) and water animals (e.g., fish,

mollusks, and aquatic insects). Thus, their dietary intakes

of toxic metals are significantly affected by their prey.

These elements eventually accumulate in the bodies of the

red-crowned cranes given that they roost and nest in stable

sites for years. Thus, they may be chronically exposed to

contaminated habitats and prey, as concluded by Koller

(1980).

Wuyur River originates from the western foot of Xia-

oxin’an Mountain, Northeastern China, wherein the

watershed is an elongated area that extends through the

main food production zone of Heilongjian Province in

China (Fig. 1a). The lower reaches of the river are replaced

by a large area of reed marsh after entering into the Zha-

long National Nature Reserve (abbreviated as Zhalong

Wetland). Zhalong Wetland covers an area of 2,100 km2

(123�510–124�370 E, 46�480–478320N). The core area of

approximately 700 km2 is the roosting and breeding site for

endangered water birds, including the red-crowned cranes.

A buffer zone of approximately 1,400 km2 surrounds the

core area to serve as an area of protection for other com-

mon water birds (Fig. 1b). A Large area of pristine reed

marsh in the wetland attracts approximately 500 migratory
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red-crowned cranes to inhabit and breed from late March to

early November (approximately 8 months) every year.

Tectonically, the wetland was formed by alluvial deposits

with an average altitude of 140 m. Approximately

4,700 km2 of agricultural land surround the wetland

(Fig. 1c). River feeding and precipitation are the major

sources of water in this inland reed marsh. Various

wastewaters from the surrounding residential area, agri-

cultural land, and industrial workshops are discharged

directly into the wetland without complete disposal treat-

ment. These inputs contain several types of toxic contam-

inants, including heavy metals. The wastewater discharge

volume increased from 0.17 9 108 m3 in 1993 to

0.45 9 108 m3 in 2010. Increased discharge volumes have

resulted in elevated toxic element concentrations in sedi-

ment and aquatic biota (Luo et al. 2013). However, no

research has been conducted on the dominant toxic ele-

ments and their enrichment in the habitat of migratory red-

crowned cranes in the Zhalong Wetland.

Ecological health, safety and environmental quality are

major concerns, and a better understanding of the degree of

enrichment of heavy metals in the aquatic system is sig-

nificant to conserve the endangered species. A complicat-

ing factor in determining this is the fact that all rare species

in China, including the red-crowned crane, are protected in

legislation, and any intentional killing of such species is

prohibited. An alternative approach is to investigate the

heavy metal concentrations in their habitat (i.e., sediment

and prey) (Dauwea et al. 2003), and external tissues

excreted by them (Burger and Gochfeld 1993, 1997; Fisk

et al. 2005). The present research objectives were to

monitor the concentrations of six heavy metals (Cu, Zn, Pb,

Cd, Cr, and Hg) in the red-crowned crane and its prey to

allow for an evaluation of possible adverse effects upon the

crane.

Materials and Methods

Four areas including a total of 37 sampling sites were

designed for sediment collection. The first set of three

sample sites (i.e., S1–S3) were in the upper reaches of

Wuyur River catchment; the second set of 16 sample sites

(S4–S19) were in buffer zone A of the Zhalong Wetland;

the third set of 10 sample sites (S20–S29) were in the core

area of the wetland, and the remaining eight samples were

in buffer zone B of the wetland (Fig. 1b, c). The surface

sediment was collected by sediment grab sampler, and

immediately packed in dark-colored polyethylene bags,

refrigerated, and then transported back to the laboratory.

Six typical aquatic animal taxa, including three inver-

tebrates [i.e., water beetle, Cybister japonicus Sharp

(Dytiscidae), pond snail, Cipangopaludina chinensis (Vi-

viparidae), and dragonfly, Aeshna mixta (Aeshnidae)] and

three fish species with body size smaller than 10 cm, i.e.,

common carp, Cyprinus carpio Linnaeus (Cyprinidae),

pond loach, Misgurnus mohoity Dybowski (Cobitidae), and

Chinese sleeper, Perccottus glehnii Dybowski (Odontob-

utidae), that are typical prey of wild red-crowned crane in

the wetland, were collected at four sampling sites (S10,

S20, S22, and S26). All of the prey samples were rinsed

thoroughly in the field with distilled water to remove

(c)

(b)

(a)

Core area

Buffer zone

A

B

Fig. 1 Location of Wuyur

River catchment (a) and field

sampling sites (b, c)
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pollutants attached to their bodies, then placed in a car

refrigerator at -4�C and transported back to the laboratory.

All sediment samples were sieved through a 63 lm

mesh after indoor air drying. They were then digested with

acid, based on the method by Viklander (1998). The

aquatic animals were first dried with filter paper, and then

oven-dried to constant (48 h at 60�C). The dried samples

were ground to homogenous powders in a quartz bowl for

acid digestion. A total of 0.5 g of each sample type was

acid digested in a microwave. Triplicate sub-samples of

known dry weights were digested in acid mixture (3 mL

HNO3 ? 1 mL HCl), and evaporated slowly to near dry-

ness. The residue was dissolved in 5 mL 1:1 diluted HCl,

and then brought up to a volume of 25 mL for analysis

after the solution cooled down to room temperature.

Four red-crowned crane carcasses were collected at four

nesting sites: one adult crane was collected in early April of

2010 at site S10 [body weight (BW): 9.4 kg, male]; two

sub-adult cranes were found in early November at site S20

(BW: 6.5 kg, female) and site S22 (BW: 6.8 kg, male),

both of which had almost no food residues in their stom-

achs (only a few grass seeds, stems, fish bones and sedi-

ment grains were present). The fourth dead crane was an

adult found in late October of 2012 at S26 (an obvious

fracture injury was found in the right wing, BW: 8.3 kg,

male). The direct death cause for these cranes was star-

vation due to a food shortage as a result of freezing con-

ditions (Luo et al. 2014). Feathers were collected from the

four red-crowned crane carcasses. After-hatch residual

eggshells were collected from the field in late April and

early May of 2012 at the four nesting sites. Similarly, the

eggshells were washed with distilled water in the field and

immediately transferred to the laboratory.

The determination of Cu, Zn, Cr, Cd, and Pb concentra-

tions in the sediment, prey, external tissues (i.e., feathers and

eggshells) was performed by ICP-MS (Agilent 7500ce,

Agilent Technologies, Inc., Santa Clara, CA, USA). We

determined total Hg concentration in sediments, prey tis-

sues, and the external tissues of red-crowned cranes using a

Mercury Analyzer (Tekran 2600 CVAFS, Corp., Knoxville,

TN, USA) with a detection limit of 0.005 lg kg-1. We

estimated the precision and accuracy of the analyses based

on two certified reference materials (Beijing Shiji Ouke Bio-

tech Co., Ltd): Pseudoscianea crocea (GBW08573) for

Cu (1.36 ± 0.13 ppm), Zn (28.8 ± 1.4 ppm), Pb (8.8 ±

1.10 ppm), Cr (0.45 ± 0.04 ppm), and Cd (0.014 ±

0.001 ppm), and human hair (GBW–07601) for total Hg

(0.36 ± 0.05 ppm). The results agreed with the certified

values for all metals, with average recovery rates of 102 %

for Cu, 94 % for Zn, 103 % for Pb, 95 % for Cr, 105 % for

Cd and 92 % for Hg. All of the materials 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 %.

Pearson’s correlation coefficients were used to calculate

correlations between the concentrations of six metals in the

sediments and aquatic animal tissues. Analysis of variance

(ANOVA) was employed to test whether the metal con-

centrations varied significantly between the sediments in

the buffer zone and core area, and a post hoc comparison

(Tukey method) was used as a follow-up test to ANOVA to

show the statistical differences between sites. Possibilities

\0.05 were considered statistically significant.

To describe the contamination of toxic substances in the

sediment, two sets of sediment quality guidelines (SQGs)

were applied as defined by McDonald et al. (2000):

(a) The effect range low (ERL)/effect range median

(ERM) values

(b) The threshold effect level (TEL)/probable effect

level (PEL) values.

To describe the ecotoxicology of combined metals, toxic

units (TU) were established according to Pedersen et al.

(1998), which are defined as the ratio of the determined

concentration to the PEL value. If the sum of toxic units

(RTUs) exceeds 6, the metal contamination would likely

bring about high acute toxicity for the aquatic animal

community, whereas a value below 4 for the RTUs would

be indicative of no obvious toxicity for the community.

Results and Discussion

Concentrations of six heavy metals in the sediments of the

study area are given in Table 1. Average concentrations of

these metals were generally higher than natural background

values, following the order: Zn [ Pb [ Cr [ Cu [
Cd [ Hg. The maximum Pb, Cr, and Hg concentrations

exceeded the tolerable level for agro-economic crops sug-

gested by Kabata-Pendias (2001). Peak concentrations of Cr

and Cd were detected at 182 ppm at S30 and 10.6 ppm at

S37, respectively. The highest concentration of Hg was

found at S8 at 0.41 ppm. Concentrations of Cd at the 37 sites

exceeded the background value of 0.15 ppm in all cases. The

Hg concentrations exceeded the background level in soil

(0.06 ppm) in all cases, and the tolerable level in agro-eco-

nomic products (0.15 ppm) in 36 of 37 sites. The concen-

trations of Cu, Pb, Cd and Hg in the buffer zone of the

wetland were significantly higher than in the core area

(F = 10.54, p = 0.003 for Cu, F = 5.84, p = 0.021 for Pb,

F = 16.44, p \ 0.001 Cd, and F = 5.21, p = 0.029 for Hg);

however, the concentration differences for Zn and Cr

between the buffer zone and core area were not significant

(F = 1.63, p = 0.21 for Zn and F = 2.20, p = 0.15 for Cr).
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Based on the SQGs, the incidence of toxicity by Cu and

Zn are almost unexpected to occur in this area because the

concentrations of these metals in the sediment at all of

these sites were below the ERM and PEL values (Table 1).

In contrast, adverse effects due to the sediment

concentrations of Pb and Cd may frequently occur in the

buffer zone of the marsh because most of the sites in these

two sampling areas (12 for Pb and and 23 for Cd out of 27

sites in the buffer and upper reaches of Wuyur River

catchment) were above the PELs or ERM. Almost no

Table 1 Heavy metal concentrations in surface sediments from the Wyur River (ppm dry wt, n = 3)

Site Cu Zn Pb Cr Cd Hg

Upper reaches S1 16.1 41.6 44.2 44.5 2.39 0.29c

S2 53.9 123 102bc 63.7 4.65bc 0.36c

S3 70.2 118 130ac 79.1 6.88c 0.35c

Buffer zone (A) S4 37.7 65.7 52.2 110b 2.39 0.24c

S5 43.1 60.4 90.7 59.9 4.64bc 0.31c

S6 40.7 29.5 55.8 17.5 3.54c 0.29c

S7 70.2 11.7 121abc 112b 4.56bc 0.32c

S8 88.3 126 126abc 106b 3.89bc 0.41c

S9 48.5 75.5 114abc 90.6b 5.39bc 0.34c

S10 48.5 143 67.4 44.5 6.14bc 0.33c

S11 53.6 90.7 73.7 63.7 5.48bc 0.39c

S12 16.1 53.6 90.7 73.7 3.89bc 0.31c

S13 68.0 102 102ac 63.7 8.14bc 0.33c

S14 26.9 46.9 79.1 25.2 3.21bc 0.32c

S15 22.1 19.0 32.6 9.85 5.39bc 0.17c

S16 26.6 89.8 126abc 79.1 4.64bc 0.30c

S17 36.1 23.5 32.6 9.85 3.89bc 0.39c

S18 53.9 123 109bc 68.7 5.34bc 0.36c

S19 21.5 46.9 32.6 63.7 4.64bc 0.23c

Core area S20 37.2 102 63.7 52.2 2.57 0.14

S21 26.9 137 32.6 17.5 3.88bc 0.26c

S22 18.5 43.4 67.4 79.1 1.23 0.33c

S23 16.1 41.6 44.2 44.5 3.14c 0.29c

S24 27.7 25.6 79.1 78.5 1.65 0.24c

S25 23.8 34.0 75.2 40.6 4.65c 0.25c

S26 16.9 32.6 9.85 79.1 2.59 0.30c

S27 13.5 45.3 32.6 29.9 2.89 0.26c

S28 5.29 61.9 67.4 32.9 3.26c 0.28c

S29 21.5 69.5 79.1 36.8 2.39 0.26c

Buffer zone (B) S30 26.9 132.8 32.6 183abc 6.14bc 0.31c

S31 48.5 92.9 127abc 94.5a 4.67bc 0.23c

S32 32.3 122 90.7a 45.6 6.88bc 0.39c

S33 26.9 48.4 67.4 40.6 4.61bc 0.28c

S34 26.9 83.8 118abc 75.2 6.78bc 0.34c

S35 32.3 46.9 32.6 69.9 6.14bc 0.23c

S36 32.3 83.8 114abc 75.2 7.63bc 0.34c

S37 26.1 79.3 97.4a 51.5 10.6abc 0.21c

Average in natural soil 20.7 69.6 22.5 42.2 0.15 0.06

Tolerable level 100 300 100 120 3.00 0.15

a Concentration exceeded the ERM value
b Concentration exceeded the PEL value
c Tolerable levels for agro-economic crops, as reported in Kabata-Pendias (2001)
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concentrations of the metals exceeded the risk level (ERM

or PEL) in the core area, which indicated that the sediments

in the core area of Zhalong Wetland are less toxic than

those of the buffer zone or upper reaches of Wuyur River.

In addition, the incidence of toxicity caused by Cr in the

buffer zone (especially in buffer zone A) should give a

significant concern because the concentrations at the five

sample sites (four sites in zone A and one in zone B)

exceeded the PEL. The average value of Hg concentrations

in the upper reaches and buffer zone A were as high as 0.33
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Fig. 2 Estimated sums of toxic units (RTUs) for six metals in surface sediments from the study sites
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Fig. 3 Concentrations of two essential elements (a Cu and Zn) and four nonessential elements (b Pb, Cr, Cd and Hg) in various prey animal taxa

collected from sites in buffer zone A (S4 and S10), the core area (S22) and buffer zone B (S30) (ppb dry wt., n = 3)
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and 0.32 ppm respectively, which is almost twice the ERL

or TEL, although not exceeding the PEL.

The TU and relative contributions of six heavy metals

are presented in Fig. 2. TUs of the six elements are in the

following order: Cd [ Pb [ Cr and Hg [ Zn [ Cu. The
P

TUs for Cd and Pb even exceeded the
P

TUs for the

other four metals, indicating that Cd and Pb are heavy

contributors to the incidence of metal toxicity to aquatic

organisms in the study area. Heavy metal TU in the upper

reaches and buffer zone were significantly elevated, i.e.,
P

TUs at S8, S13, S30, S34, S36, and S37 exceeded 5,

even reaching 5.7 at S3. The high summed values at these

sites suggest that acute toxic effects upon the benthic fauna

may be occurring. In comparison,
P

TUs were below 4 at

all of the sites in the core areas, which suggest that almost

no obvious toxicity is likely to occur in the core area.

Six aquatic animal taxa were detected to contain rather

high concentrations of two essential elements (i.e., Cu and

Zn), varying in decreasing concentrations in the order:

Viviparidae [ Dytiscidae [ Aeshnidae [ Odontobuti-

dae [ Cyprinidae [ Cobitidae for Cu and Odontobuti-

dae [ Aeshnidae [ Cyprinidae [ Dytiscidae [ Vivipari-

dae [ Cobitidae for Zn (Fig. 3a). Zinc and Cu were found

to prevail in six aquatic animal taxa, ranging from 10.6 to

234 ppm and 0.53 to 4.66 ppm, respectively. Pretty high

concentrations of Zn in aquatic animals were significantly

correlated with Zn concentrations in the sediment

(r2 = 0.65, p = 0.001).

Lead was found in all of the aquatic animal groups,

including Cyprinidae and Aeshnidae, which ranged from

8.37 to 170 ppb (Fig. 3b). This level was below the rec-

ommended limit (200 ppb) by the joint FAO/WHO food

standards program (1990). Cadmium concentrations

exceeded the recommended limit (i.e., 50 ppb) in the Vi-

viparidae (61.6 ppb) and Aeshnidae (50.5 ppb) from site

S10. The Hg concentrations in the Odontobutidae and

Cyprinidae at site S10 approach the recommended limit of

200 ppb, suggesting the possible occurrence of toxic

effects in fish.

Generally, the present research revealed that the

organisms from the different habitats had varied concen-

trations of the nonessential elements (i.e., Pb, Cd and Hg)

in their bodies. Concentrations of these elements were

generally lower in prey from the core area (sites S20–S29)

than the buffer zones (sites S4–S19 and S30–S37) or the

upper reaches of the catchment (sites S1–S3)(Table 1). A

similar trend was evident for the RTUs (Fig. 2). The Od-

ontobutidae, Cobitadae and Viviparidae contained rather

higher metal concentrations. The Cyprinidae contained

relatively low toxic metal concentrations. The Aeshnidae

had the lowest concentrations.

Based on SQGs, the probability for adverse effects upon

sediment-inhabiting organisms would be highest in the

buffer zones due to elevated concentrations of the nones-

sential elements Pb, Cd and Hg. The rather high toxic

element contents in the sediment-inhabiting organisms may

present a toxic risk to higher level predators, including red-

crowned cranes, in this region because these sediment-

inhabiting organisms are essential prey. These high con-

centrations may cause population reductions of these

organisms, which in turn could negatively affect the cranes.

The concentrations of the six metals in the red-crowned

cranes are presented in Table 2. In feathers, their concen-

trations followed the order: Zn [ Cr [ Cu [ Pb [ Cd [
Hg; while in the eggshells, the order was: Zn [ Cu [
Hg [ Cr [ Pb [ Cd. The concentration of Pb in crane

feathers from site S10 exceeded the toxic level for birds

(5 ppm), as reported by Burger and Gochfeld (1997).

Cadmium concentrations in the feathers also exceeded the

toxic level (0.22 ppm, Pain et al. 2005), ranging from 1.42

to 3.06 ppm. Total Hg contents in the feather and eggshell

were below the toxic levels [5.0–11.0 ppm for feather

(Burger and Gochfeld 1997), and 1.5–1.8 ppm for eggshell

(Fisk et al. 2005)].

In the present research, the prey that is consumed by

cranes is thought to have originated from areas near the

nesting colony. Therefore, metal levels in the feathers and

eggshell probably reflect contaminants acquired from the

local environment. Given that any intentional killing of the

wild cranes or collecting their eggs is prohibited by law,

eggshells and feathers may be used as indicators for the

toxic risk level posed on the rare birds (Burger and

Gochfeld 1993, 1997; Leonzio et al. 2009). This study has

shown that concentrations of certain heavy metals in the

sediment, tissues of prey and external tissues of the red-

crowned crane were sufficiently high to exceed thresholds

of toxicity for the prey and cranes in this area. The inputs

of heavy metals into the Wuyur River catchments should

be reduced to ensure that this critical crane habitat is

Table 2 Heavy metals in the external tissues of the red-crowned

cranes in study area (dry weight, n = 3)

Item Site Concentration (ppm)

Cu Zn Pb Cr Cd Hg

Plume S10 26.9 182 5.81 13.7 3.06 3.89

S20 5.71 146 3.87 16.1 2.44 2.85

S22 4.09 187 2.09 7.05 1.76 1.66

S26 5.81 137 4.13 6.85 1.42 1.68

Eggshell S10 NDa 2.94 ND 1.95 0.91 1.39

S20 ND 0.31 ND 0.69 0.79 1.16

S22 1.24 1.18 1.12 0.74 0.57 0.89

S26 0.98 1.03 0.83 0.55 0.31 0.58

a Concentration was below the detectable level
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maintained in a healthy state for the long-term sustain-

ability of the crane population.
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