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Abstract Five heavy metal concentrations, copper (Cu),

zinc (Zn), lead (Pb), chromium (Cr), and cadmium (Cd), in

the sediments and six typical aquatic animal taxa were

analyzed to determine the contamination from heavy

metals in the habitat of the red-crowned cranes in North-

eastern China. The body burden of these metals in the

cranes was analyzed to examine the impact of these haz-

ards on the rare species. Results indicated that all detected

concentrations of the five heavy metals in the sediments

were higher than the natural background levels. Pb and Cd

were the most abundant elements in the sediments, with

concentrations ranging from 9.85 to 129.72 mg kg-1 and

from 1.23 to 10.63 mg kg-1 (dry weight, dw), respectively.

Their absolute fractions were relatively stable phases, i.e.,

bound to iron-manganese oxides fraction and bound to

organic matter fraction at 16.28 and 23.23 mg kg-1 for Pb

and 0.33 mg kg-1 and 3.15 mg kg-1 (dw) for Cd. Six

common water animal taxa were found to contain detect-

able heavy metal concentrations. The internal tissues of the

red-crowned cranes contained significantly high metal

concentrations compared with their external tissues

(feather, feces and residual eggshell). Cd concentrations in

the feather and liver of red-crowned cranes exceeded

a level considered to be potentially toxic in birds, with

levels ranging from 0.41 to 3.06 mg kg-1 and 0.37 to

4.42 mg kg-1 (dw), respectively. Similarly, we found

increased levels of Pb in the both external and internal

tissues, with levels ranging from 0.21 to 3.21 mg kg-1 dw,

which indicated likely contamination by the metal.
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Introduction

Special concerns have been raised on the excessive quan-

tities of heavy metals and the mechanism by which these

metals are transferred into aquatic biological circles

because of their toxic effects on the ecosystem. According

to Daskalakis and O’Connor (1995), sediments are regar-

ded as a basin for heavy metals discharged into the aquatic

environment. Large quantities of heavy metals in aquatic

environment are often bound to particulate matter and

deposited into sediment (Martı́nez-Villegas et al. 2004);

however, some fractions can be readily taken up by aquatic

plants (e.g., reeds) or deposit-feeding benthic organisms

and elevated into the higher strata of the food chain (Fisk

et al. 2005; Agah et al. 2009). Therefore, the total con-

centrations of heavy metals and their fractions in each

phase in sediments should be determined to detect net

change and assess potential toxic risk in an aquatic system.

The red-crowned crane (Grus japonensis) is a precious

species that is in the danger of extinction. The species has

been included in the International Union for Conservation

of Nature and Natural Resources (IUCN) Red List of

Endangered Species since 2000 (BirdLife International

2012). Its population worldwide is very small, with an

estimated 2,750 mature individuals. Although the resident

population in Japan remains stable (Teraoka et al. 2007),

the migratory population in mainland Asia continually

declines because of the loss and degradation of wetlands
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for agricultural and industrial development (Harris 2008).

Red-crowned cranes are omnivores and typically feed on

the aquatic plants (e.g., reed root and stem) and water

animals (e.g., fish, shell and aquatic insects). Thus, toxic

metals such as Pb and Cd eventually accumulate in the

bodies of the red-crowned cranes via the food chain, given

that they roost and nest in stable sites for years.

Zhalong National Nature Reserve (Zhalong Wetland), in

the downstream Wuyur catchments, Northeastern China

(Fig. 1), is one of the largest habitat and breeding sites for

migratory red-crowned crane (Grus japonensis). Heavy

metals’ contamination in the habitat may contribute to the

rapid decline in the red-crowned crane population in this

region. 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

significant to conserve the endangered species. A compli-

cating 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 investi-

gate the heavy metal concentrations in their habitat (Burger

2002), and examine their outer tissues (e.g., feather and

eggshell) (Burger and Gochfeld 1993; Dauwea et al. 2003).

In addition, while monitoring the red-crowned crane nests in

Zhalong Wetland during 2010–2014, eight red-crowned

crane carcasses were salvaged aided by the fire inspectors of

Zhalong Wetland. These carcasses could be used to examine

dominant metals enriched in the body of the species.

The objectives of this research are to report the total

concentrations and their speciation distribution by using

sequential extraction method of five heavy metals (Cu, Zn,

Pb, Cr, and Cd) in the sediments of Zhalong Wetland, and

to examine the body burden of five heavy metals in the red-

crowned cranes. The present research is the first report on

toxic metals’ accumulation in red-crowned cranes in

Northeastern China, and the results from this research

could help in improving understanding of the ecological

health safety of the migratory red-crowned cranes in China

and contribute to the conservation of the endangered

species.

Materials and methods

Study area

Wuyur River originates from the western foot of Xiaox-

in’an Mountain, Northeastern China, where the watershed

is an elongated strip that flows through main food pro-

duction zone of Heilongjian province in China (Fig. 1a, b).

The lower reaches of the river disappear after entering the

Zhalong Wetland and develop a large area of reed marsh.

Zhalong Wetland covers an area of 2,100 km2 (1238510 to
1248370E, 468480 to 478320N). The core area is approxi-

mately 700 km2, with the buffer zone occupying 1,400 km2

lying outside of the core area (see details in Fig. 1c). Large

areas of pristine reed marsh in the wetland attract more

b

a

Core area

Buffer zone

A

B

c

d

Fig. 1 Location of Wuyur catchments (a, b) and infield sampling design (c, d)
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than 500 migratory red-crowned cranes to inhabit and

breed from late March to early November (about 8 months)

every year.

Geologically, the wetland was formed by alluvial

deposits with an average altitude of 140 m with 4,700 km2

of agricultural land around it (Fig. 1c). River feeding as

well as precipitation are the major sources of water for this

inland reed marsh. Climatically, the wetland has a typical

temperate continental monsoon climate with average

annual rainfall of 410 mm and potential evaporation

1,500 mm. The volume of runoff from the upper reaches

abruptly decreased from 7.5 9 108 m3 per year in the

1980s to less than 1 9 108 m3 per year in the 21st century.

Various sludge and wastewater from the surrounding res-

idential area, agricultural land, and industrial workshops

containing several types of toxic contaminants including

Zn, Cd, and other heavy metals are discharged directly into

the wetland without complete disposal treatment. The

wastewater discharge volume increased from

0.17 9 108 m3 in 1993 to 0.45 9 108 m3 in 2010 (Luo

et al. 2014). Increasing amounts of pollution discharges

have elevated the concentrations of various toxic elements

not only in sediment but in the entire biota.

Sampling scheme

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 catchments; the second

set of 16 sample sites (S4–S19) were in buffer zone A of

Zhalong Wetland; and the third set of 10 sample sites

(S20–S29) were in the core area of the wetland. The

remaining eight samples were designed in the buffer zone

B of the wetland (Fig. 1d). Surface sediment was collected

using 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 [water beetle, Cybister japonicus Sharp (Dytisci-

dae), pond snail, Cipangopaludina chinensis (Viviparidae),

and dragonfly, Aeshna mixta (Odonata)] as well as three

fish species with body size smaller than 10 cm [common

carp, Cyprinus carpio Linnaeus (Cyprinidae), pond loach,

Misgurnus mohoity Dybowski (Cobitidae), and Chinese

sleeper, Perccottus glehnii Dybowski (Odontobutidae)],

that are typical prey of wild red-crowned crane in the

wetland, were collected in three regions (buffer zone A,

core area and buffer zone B) (see details in Table 1). All

prey samples were rinsed thoroughly in field with distilled

water to remove pollutants attached to their body, then

placed in a car refrigerator at -4 �C, and transported back

to the laboratory.

A total of eight carcasses of red-crowned crane were

collected to examine five trace elements (Cu, Zn, Pb, Cr

and Cd) enriched in the body of the species (see details in

Table 2). The direct death cause of these crane samples

was starvation due to food shortage in freezing condition as

reported by previous research (Luo et al. 2014). The cranes

were immediately transferred to the laboratory for dissec-

tion. Approximately 1–2 g samples of livers, kidney, and

breast muscles were collected using a stainless steel knife.

Polyethylene gloves were used throughout the all dissec-

tion procedures to prevent contamination. Several flight

feathers were also collected from the crane carcasses and

washed with distilled water in the laboratory.

Fresh feces excreted by red-crowned crane were col-

lected on October 4, 2011 at site S22 [three feces were

well-formed (1.8 ± 0.3 g, fresh weight), and one was

unformed], and May 2, 2012 at site S26 (two feces were

well-formed, 1.5 ± 0.3 g, fresh weight). After-hatch

residual eggshells were collected from the field in late

April and early May of 2012. The outer parts of the feces

were carefully removed and the core parts picked up to

avoid the influence of the sediment. Similarly, the egg-

shells were washed with distilled water in the field and

immediately transferred to laboratory.

Microwave digestion and element analysis

All sediment samples were sieved through a 63 lm mesh

after indoor air drying for acid digestion following the

method by Viklander (1998). After drying body of the

aquatic animal, feathers, and eggshell of the red-crowned

crane with filter papers, they were oven-dried to constant

weight (48 h at 60 �C). The dried samples were ground

into homogenous powders in a quartz bowl for acid

digestion. Similar processes were performed on the feces

samples, without washing and drying in the laboratory.

A total of 0.5 g of each category sample was acid-digested

in a microwave according to USEPA (1996) methods. Trip-

licate sub-samples of known dry weight were digested in acid

mixture (3 mL HNO3 ? 1 mL HCl; Canli et al. 1998) 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.

The fraction components of five metals 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 magnesium

chloride solution (1 mol L-1 MgCl2) at pH 7 with

continuous agitation.
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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). Continuous

agitation was maintained for 5 h for complete

extraction.

3. Bound to iron-manganese oxides fraction (Fe–Mn F):

50 mL 0.04 mol L-1 NH2OH�HCl 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.

The Cu, Zn, Cr, Cd, and Pb concentrations in the sedi-

ment, prey, and external tissues (i.e., feathers, feces and

eggshells) were determined using inductively coupled

plasma–mass spectrometry (ICP-MS Agilent 7500ce,

Agilent Technologies, USA). The precision and accuracy of

the applied analytical method was estimated on certified

standard reference material: Stream Sediments (GBW07304)

[Cu (37 ± 4 mg kg-1), Zn (101 ± 15 mg kg-1), Pb

(30 ± 7 mg kg-1), Cr (81 ± 9 mg kg-1), and Cd

(0.19 ± 0.03 mg kg-1)] for sediment, and reference mate-

rials: Pseudoscianea crocea (GBW08573) (Beijing Shiji

Ouke Bio-tech Co., Ltd) for aquatic animal and bird for Cu

(1.36 ± 0.13 mg kg-1), Zn (28.8 ± 1.4 mg kg-1), Pb

(8.8 ± 1.10 mg kg-1), Cr (0.45 ± 0.04 mg kg-1), and Cd

(0.014 ± 0.001 mg kg-1) with the measured values (trace

metals in fish muscle and feathers of the red-crowned crane).

The results agreed with the certified values for all metals,

with average recovery rates of 98 % for Cu, 93 % for Zn,

105 % for Cd, 108 % for Cr, and 104 for Cd in sediment

quality control group and 102 % for Cu, 94 % for Zn,

103 % for Pb, 95 % for Cr and 105 % for Cd in aquatic

animal and water bird group. All materials used for sam-

pling and analysis were acid-washed. All of the materials

used in sampling and analysis were acid-washed and ana-

lyzed in triplicate with relative standard deviation lower than

1.5 %.

Statistical analysis

Pearson’s correlation coefficients were used to calculate

correlations between the concentrations of five heavy

metals in the sediments and aquatic animal tissues. Ana-

lysis of variance (ANOVA) was used to test whether the

metal concentrations varied significantly between the sed-

iments in the four sampling areas, namely, the upper

reaches, buffer A, core area and buffer B. A post hoc

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

ANOVA to show the statistical differences between areas.

Possibilities of less than 0.05 (p\ 0.05) were considered

statistically significant.

Table 1 Summary of sampling size (n), average fresh weight and body size of aquatic animal species sampled in the field

Families Species Sample size Average fresh weight (g) Length (mm)

Buffer

A

Core

area

Buffer

B

Buffer

A

Core

area

Buffer

B

Buffer

A

Core

area

Buffer

B

Dytiscidae Cybister japonicus Sharp 5 13 7 2.06 3.29 3.59 – – –

Cyprinidae Carassius auratus gibeli 10 16 12 2.16 2.78 1.37 98 105 94

Viviparidae Viviparidae 12 18 13 0.89 0.56 1.42 – – –

Cobitidae Misgurnus

anguillicaudatus

15 8 6 3.02 4.95 3.45 106 142 94

Odontobutidae Perccottus glehni

Dybowski

8 10 11 4.89 12.53 1.32 72 70 75

Odonata Aeshna mixta 14 17 8 0.12 0.17 0.16 44 41 39

Table 2 Habitat, finding date, and body weight of eight samples

Site Habitat Finding

date

Age Body W. (kg)

S3 Reed

marsh

Apr 2014 Male 9.8

Adjacent to S4 Reed

marsh

Apr 2014 Male 6.2

S10 Reed

marsh

Apr 2010 Male 9.4

S15 Meadow Nov 2012 Female 6.5

S17 Meadow Oct 2010 Male 6.8

S22 reed marsh May 2011 Female 6.5

S23 Meadow Apr 2014 Female 5.8

S25 Meadow Oct 2012 Male 8.3
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Results

Heavy metal contamination in sediments

Total concentration of each metal in the sediments of the

study sites are given in Table 3. Generally, the total con-

centrations of five heavy metals in the sediment were

higher than natural background values in the buffer zone of

this region given by Li and Zheng (1988), in the following

order: Zn[ Pb[Cr[Cu[Cd. The significantly higher

concentrations of Cu and Cd were found in the middle

reaches and buffer zone of the wetland, wherein various

agricultural activities and other anthropogenic sources are

located, e.g., industrial sludge and urban waste, in com-

parison with metals in the core area wherein human intense

impact is avoided (F = 4.88, p = 0.006 for Cu and

F = 10.88, p\ 0.001 for Cd). Pb and Cd concentrations in

the buffers A and B were significantly larger than in the

core area (F = 4.70, p = 0.05 for buffer zone A vs. core

area and F = 4.81, p = 0.05 for buffer zone B vs. core

area for Pb; F = 14.50, p = 0.003 for buffer zone A vs.

core area and F = 30.77, p\ 0.001 or buffer zone B vs.

core area for Cd). Two essential metal concentrations, i.e.,

Cu and Zn did not exceed the probable effect level values

(PELs) that are considered to be potentially toxic in aquatic

animals or birds by MacDonald et al. (2000). However,

maximum Pb and average Cd concentrations in the buffer

zones exceeded the PELs and the tolerable levels for agro-

economic crops suggested by Kabata-Pendias (2001).

Enrichment factors in the buffer were generally larger than

1.5 for Pb and 15 for Cd, and significantly higher than in

the core area.

The most abundant fractions of these metals were in the

difficult transport forms, which include Fe–Mn bound,

organic bound, and residual bound state, as shown in

Table 4. The most readily resolved by water and taken up

by aquatic plants and animals fraction (Exch F) were that

of Pb and Cd in buffer zone A, with only 1.22 and

0.09 mg kg-1. By contrast, Fe–Mn F and Organic F (rel-

atively stable phases), were at 16.28 and 23.23 mg kg-1

for Pb and 0.33 mg kg-1 and 3.15 mg kg-1 for Cd. Similar

results were found in the core area and buffer zone B.

Heavy metals enriched in aquatic animal tissues

Results of heavy metal enrichment in aquatic animal tis-

sues are given in Table 5 and Fig. 2. The five metals were

observed in all sampled aquatic animals in the following

order: Zn[Cu[Cr[ Pb[Cd. Two essential elements,

Zn and Cu, were found to prevail in six aquatic animal

families, with concentrations ranging from 11.04 to

39.48 mg kg-1 and 0.76 to 4.66 mg kg-1, respectively.

Pb was found in six groups of aquatic animals, with

concentrations ranging from 8.37 to 48.84 lg kg-1. Con-

centrations of the two essential elements, as well as of Pb

and Cr did not exceed the limit of allowable concentration

recommended by the Joint FAO/WHO food standards

program (1990). Cd concentrations in aquatic animals had

the largest ratio of observed value/allowable concentration,

with the concentration even exceeding the recommended

Table 3 Heavy metals concentrations in surface sediments of Wuyur River (mg kg-1 in dw; n = 3)

Cu Zn Pb Cr Cd

Upper reaches Mean ± SD 46.73 ± 27.74 94.11 ± 45.58 92.08 ± 43.68 62.41 ± 17.34 4.64 ± 2.46ab

Range (16.10–70.16) (41.57–123.02) (44.19–129.72ab) (44.46–79.08) (2.39–6.88ab)

EF (0.78–3.39) (0.60–1.77) (1.96–5.77) (1.05–1.88) (15.93–45.87)

Buffer zone (A) Mean ± SD 43.87 ± 19.88 69.22 ± 40.35 81.49 ± 33.44 62.24 ± 33.82 4.70 ± 1.37ab

Range (16.10–88.33) (53.64–125.58) (90.70–125.58ab) (73.69–106.00) (2.39–6.14ab)

EF (0.78–4.27) (0.77–1.80) (4.03–5.58) (1.74–2.51) (15.93–40.93)

Core area Mean ± SD 20.75 ± 8.82 59.35 ± 35.45 55.11 ± 23.84 49.09 ± 22.47 2.83 ± 0.99

Range (5.29–37.21) (25.58–137.35) (9.85–79.08) (17.54–79.08) (1.23–4.65ab)

EF (0.26–1.80) (0.37–1.97) (0.44–3.52) (0.42–1.88) (8.20–31)

Buffer zone (B) Mean ± SD 31.54 ± 7.41 86.16 ± 30.48 84.79 ± 37.23 79.42 ± 45.51 6.70 ± 1.91ab

Range (26.10–48.54) (46.85–132.82) (32.56–127.13ab) (40.62–189.98ab) (4.61–10.63ab)

EF (1.26–2.34) (0.67–1.91) (1.48–5.65) (0.96–4.51) (30.70–70.86)

Background levels 20.7 69.61 22.49 42.17 0.15

Tolerable level 100 300 100 120 3

EF (enrichment factor) = observed concentration/background levels. Background levels were reported by Li and Zheng (1988)
a Concentration exceeded probable effect level values (PELs), as reported by MacDonald et al. (2000)
b Tolerable level for agro-economic crops, as reported in Kabata-Pendias (2001)
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safety limit (50 mg kg-1) at 53.26 mg kg-1 in the Vivi-

paridae group captured in the buffer zone A.

Heavy metals enriched in the red-crown cranes

The concentrations of five trace elements in the external

and internal tissues of red-crowned crane are presented in

Table 6. Metal concentrations in these tissues followed the

order of Zn[Cu[Pb[Cd[Cr. Concentrations of two

essential elements were detected in the seven tissues of the

red-crowned crane in decreasing order of liver[ kid-

ney[ gut[muscle[ feather[ eggshell[ feces for Zn,

and liver[ kidney[muscle[ gut[ feather[ egg-

shell[ feces for Cu. Nonessential trace elements in the

tissues of the red-crowned crane varied in the following

order: feather[ kidney[muscle[ liver[ gut[ egg-

shell[ feces for Pb, and liver[ feces[ kidney[

feather[ eggshell[muscle and gut for Cd. Generally,

eggshell contained low Cd at 0.55 mg kg-1. Feces

appeared to be rich in Cd, with concentrations ranging

from 0.37 to 2.08 mg kg-1. Cu concentrations in the

feather, eggshell, and internal tissue were found to be

significantly different (F = 23.04, p\ 0.001 for Cu),

whereas difference Zn, Pb, and Cd concentrations among

the seven tissues were not to be significant (F = 0.49,

p = 0.62 for Zn, F = 1.87, p = 0.17 for Pb; F = 0.63,

p = 0.64 for Cd). A comparison of the enrichment level of

metals in red-crowned cranes with other birds showed that

Cd concentration in the eggshell and internal tissues of the

crane was significantly lower than that in rooks, Corvus

frugilegus as reported by (Orlowski et al. 2010). Pb con-

centration in the red-crowned crane was at a similar level

to the island red-crowned cranes (Teraoka et al. 2007), but

was significantly higher than that in the rook, Corvus

Table 4 Five fractions of the

heavy metals in surface

sediments r (mg kg-1; n = 3)

Exch F Carbon F Fe–Mn F Organic F Residual

Cu Buffer A 0.89 ± 0.47 0.43 ± 0.38 15.91 ± 12.56 14.87 ± 10.19 12.01 ± 8.54

0.49–1.41 0–0.6 2.41–23.65 4.65–25.01 3.24–18.48

Core area 0.80 ± 0.45 0.40 ± 0.44 15.81 ± 13.90 9.25 ± 7.19 1.62 ± 1.99

0.29–1.29 0–1.13 2.06–27.72 4.65–14.01 0–4.43

Buffer B 0.75 ± 0.37 0.48 ± 0.34 13.75 ± 8.24 10.57 ± 6.37 6.26 ± 2.37

0.43–1.06 0–0.81 8.26–22.45 5.24–17.25 1.25–8.74

Zn Buffer A 1.35 ± 0.72 27.75 ± 7.98 17.68 ± 3.06 21.08 ± 8.10 5.85 ± 4.99

0–2.03 17.86–32.56 14.35–20.67 14.78–30.21 2.43–11.59

Core area 0.95 ± 0.61 19.31 ± 5.14 2.95 ± 1.32 16.04 ± 12.43 11.95 ± 8.67

0–1.53 13.54–24.01 0–4.52 2.29–28.57 0–23.59

Buffer B 1.23 ± 0.81 29.45 ± 16.47 26.81 ± 11.91 16.38 ± 6.82 14.05 ± 8.44

0.28–2.05 12.48–46.18 16.48–38.37 10.67–23.25 6.18–23.14

Pb Buffer A 1.22 ± 0.84 5.91 ± 5.62 46.62 ± 13.03 18.31 ± 5.00 16.18 ± 3.02

0–2.24 0–11.19 34.12–60.12 14.56–23.98 13.45–19.43

Core area 0.34 ± 0.27 5.58 ± 3.31 19.66 ± 10.05 15.78 ± 6.92 12.24 ± 9.57

0–0.62 2.47–9.43 8.42–31.94 8.90–22.60 3–23.51

Buffer B 0.98 ± 0.74 5.21 ± 3.45 43.56 ± 28.61 26.38 ± 10.70 10.67 ± 3.44

0–1.64 2.39–8.76 27.18–81.15 15.39–37.15 5.32–13.45

Cr Buffer A 1.54 ± 1.13 10.74 ± 7.09 16.28 ± 10.36 23.23 ± 10.23 13.57 ± 10.50

0.56–2.67 4.28–17.36 6.29–26.89 13.95–33.67 3.89–23.56

Core area 0.88 ± 0.52 8.32 ± 4.52 10.33 ± 4.25 15.23 ± 6.63 10.11 ± 6.65

0.31–1.35 3.89–12.64 6.12–14.56 10.08–22.23 4.43–17.58

Buffer B 0.94 ± 0.44 11.23 ± 6.18 20.46 ± 10.21 28.26 ± 16.31 20.84 ± 16.20

0–1.39 5.08–17.29 10.23–30.68 12.38–44.65 4.68–39.25

Cd Buffer A 0.09 ± 0.08 0.16 ± 0.10 0.33 ± 0.05 3.15 ± 1.04 1.05 ± 0.50

0.03–0.20 0.09–0.27 0.29-0.38 1.95-3.78 0.56-1.56

Core area 0.07 ± 0.04 0.21 ± 0.14 0.55 ± 0.35 1.23 ± 0.54 1.16 ± 0.58

0.03–0.15 0.13–0.46 0.17–0.98 1.01–2.01 0.46–1.58

Buffer B 0.05 ± 0.04 0.19 ± 0.13 0.45 ± 0.21 4.35 ± 2.31 1.84 ± 1.20

0–0.09 0.05–0.33 0.23–0.69 2.38–6.72 0.68–3.08
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frugilegus (Orlowski et al. 2012) and common eider in the

Aleutian island of USA, as reported by Burger et al. (2008).

Discussion

Intensive agricultural practice (mainly the application of

fertilizers and pesticides) has proved to be a large con-

tributor to Pb and Cd contaminations (Fleischer et al.

1974). The first set of sediment samples was located in the

upper reaches of the Wuyur catchments, and runoffs

flowing through from the large area of arable land would

inevitably accumulate large amount of toxic substances and

consequently enter the birds’ habitats, thereby elevating the

concentrations of five heavy metals gradually. Similarly,

buffer zones were adjacent to the arable area. Given that

the areas are being cultivated, intensive anthropogenic

activity induced the high probability of contact of cranes

with toxic chemicals such as herbicides and insecticides.

Hazardous chemicals that enter the aquatic ecosystems

would inevitably alter the biotic environment and cause

unforeseeable consequences in the food chain links of the

aquatic system, because some metals (e.g., Pb and Cd)

have been observed to be easily taken up by aquatic ani-

mals (Zhang et al. 2012). The distinct concentrations of Pb

and Cd observed in water animals between sampling

locations (see details in Table 5) could be due to the dif-

fering amounts of these toxic metals in the sediments

because significant linear positive correlation of the five

metals (Cu, Zn, Pb, Cr, and Cd) in the sediment versus

three water animals (Dytiscidae, Viviparidae, and Odon-

tobutidae taxa) were found as shown in Table 7.

The presence of heavy metals in aquatic animals not

only indicates contamination of particular sediments and

habitants (Tabari et al. 2010) but also implies a toxic risk to

higher strata predator (e.g., red-crowned cranes) in this

region because fish and shell are essential foods for large

water fowls in Northeastern China. In the present study, Cu

Table 5 Concentrations of five heavy metals in the aquatic animals (dw)

Families Area Cu (mg kg-1) Zn (mg kg-1) Pb (lg kg-1) Cr (lg kg-1) Cd (lg kg-1)

Dytiscidae Buffer
zone A

3.53 ± 0.45
(0.35)*

27.80 ± 5.14 (0.55) 102.44 ± 37.56 (0.51) 155.08 ± 54.32 (0.31) 19.01 ± 4.35 (0.38)

Core area 0.76 ± 0.23 (0.08) 13.13 ± 2.06 (0.26) 15.37 ± 2.98 (0.08) 52.25 ± 11.08 (0.01) 13.45 ± 4.93 (0.26)

Buffer
zone B

1.44 ± 0.33 (0.14) 35.19 ± 3.34 (0.71) 90.24 ± 3.49 (0.45) 153.67 ± 13.76 (0.30) 46.18 ± 13.43 (0.92)

Cyprinidae Buffer
zone A

3.23 ± 0.55 (0.32) 16.83 ± 4.79 (0.33) 113.95 ± 54.45 (0.58) 136.89 ± 22.46 (0.27) 36.51 ± 8.79 (0.72)

Core area 2.69 ± 342 (0.27) 16.15 ± 4.35 (0.32) 32.56 ± 7.47 (0.17) 80.18 ± 13.64 (0.16) 21.22 ± 8.27 (0.42)

Buffer
zone B

3.77 ± 0.54 (0.38) 14.64 ± 3.77 (0.29) 148.84 ± 40.47 (0.75) 444.68 ± 64.33 (0.88) 24.44 ± 6.45 (0.48)

Viviparidae Buffer
zone A

3.58 ± 0.65 (0.36) 16.71 ± 2.54 (0.33) 44.00 ± 5.69 (0.22) 295.72 ± 21.33 (0.59) 53.26 ± 23.43d

(1.01)

Core area 1.27 ± 0.36 (0.13) 13.01 ± 2.29 (0.26) 20.93 ± 7.95 (0.11) 66.01 ± 10.11 (0.13) 16.04 ± 4.28 (0.32)

Buffer
zone B

2.69 ± 0.41 (0.27) 18.86 ± 5.56 (0.37) 113.95 ± 26.71 (0.57) 36.69 ± 34.05 (0.07) 43.54 ± 4.19 (0.87)

Odontobutidae Buffer
zone A

3.67 ± 0.74 (0.37) 23.35 ± 5.21 (0.46) 69.39 ± 20.63 (0.35) 273.56 ± 30.44 (0.54) 36.23 ± 10.51 (0.72)

Core area 0.89 ± 0.12 (0.09) 11.04 ± 2.33 (0.22) 8.37 ± 2.16 (0.05) 86.21 ± 24.14 (0.16) 26.15 ± 3.53 (0.52)

Buffer
zone B

3.24 ± 0.46 (0.32) 29.94 ± 3.08 (0.59) 21.04 ± 5.53 (0.11) 99.36 ± 42.62 (0.20) 32.21 ± 2.39 (0.64)

Odonata Buffer
zone A

2.15 ± 0.38 (0.22) 29.67 ± 4.923
(0.60)

80.16 ± 20.37 (0.41) 93.25 ± 19.35 (0.19) 43.56 ± 9.25 (0.87)

Core area 3.24 ± 0.66 (0.32) 19.92 ± 2.19 (0.40) 32.56 ± 12.53 (0.16) 83.22 ± 15.15 (0.16) 16.50 ± 4.19 (0.33)

Buffer
zone B

4.66 ± 0.87 (0.47) 39.48 ± 3.34 (0.79) 100.07 ± 20.38 (0.51) 49.61 ± 85.33 (0.09) 43.53 ± 10.76 (0.87)

Allowable
concentration

10a 50b 200c 500a 50c

Note different units in Fig. 2a and b: mg kg-1 for milligrams per kilograms and lg kg-1 for micrograms per kilograms
* Data in the parentheses are the ratio of observed value/allowable concentration in seafood
a, b and c are the allowable concentrations reported by Agah et al. (2009), Collings et al. (1996) and Joint FAO/WHO food standards program (1990)
d Concentration exceeded the allowable concentration
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and Zn would not impose obvious toxic risks on the red-

crowned crane population because the content levels of

these metals in both external and internal tissues of the

species were below the toxic level. Several researchers

have concluded that a certain content level of Cu and Zn is

essential for the physiological metabolism of many species

(Kabata-Pendias 2001).

The findings in the current study revealed that eggshell

contained the lowest Cd concentration when compared

with other tissues. This result agrees with that of Mora

(2003) and Orlowski et al. (2012) who postulated that Cd

was not efficiently transferred from female bird to egg. The

feather was found to contain extremely high Pb and Cd

concentrations, at 6.12 and 0.65 mg kg-1 in average,

which exceeded toxic levels [5.0–11.0 mg kg-1 for Pb

(Burger and Gochfeld 1997), and 0.22 mg kg-1 for Cd

(Pain et al. 2005)]. However, the use of crane feathers as

indicators of Pb and Cd pollution is still being challenged

because of the discrepancy due to external contamination

(atmospheric deposition) (Dauwea et al. 2003) as types of

feather [significant difference may resulted from the

Table 6 Body burden of six elements in different tissue of the red-crowned crane and comparison with other birds (dry weight, mg kg-1)

Eggshell Feather Feces Gut Kidney Liver Muscle

Migratory crane

in China (n = 5

for feces, and

n = 8 for the

other tissues)

Cu 1.62 ± 1.37a 5.98 ± 1.12 0.24 ± 0.13 30.06 ± 10.75 42.45 ± 22.3a 47.30 ± 20.47a 41.5 ± 20.7a

(0.26–7.37) (18.15–59.13) (\DL–0.42) (15.70–39.90) (29.48–77.5) (28.79–72.6) (21.26–70.1)b

Zn 144 ± 121 174 ± 131 12.47 ± 6.42 321 ± 201 370 ± 143b 469 ± 198b 269 ± 128

(123–512) (139–285) (3.45–25.47) (129–598) (264–577) (209–650) (156–693)

Pb 1.20 ± 0.81 6.12 ± 4.37* 0.84 ± 0.08 0.81 ± 0.38 1.85 ± 1.35c* 1.83 ± 0.62c* 0.96 ± 0.53c

(0.21–1.85) (3.19–14.65) (0.25–1.37) (0.09–1.39) (0.50–2.98) (0.38–3.21) (\DL–1.36)

Cr 0.86 ± 0.35 10.15 ± 4.07 3.65 ± 2.67 \DL 10.35 ± 8.45 \DL \DL

0.59–1.24 6.85–13.69 1.43–5.91 DL–18.37

Cd 0.55 ± 0.24* 0.65 ± 0.41* 1.36 ± 0.57 0.53 ± 0.34 1.23 ± 0.80d 2.21 ± 1.64c 0.53 ± 0.25d

(0.02–0.73) (0.41–3.06) (0.37–2.08) (0.12–0.96) (0.74–2.20) (0.37–4.42*) (0.12–0.90)

Island red-

crowned crane

in Japan

(Teraoka et al.

2007)

Pb – – – 2.10* (\DL–

33.9)c

2.85* (\DL–

62.46)

0.10 (\DL–

1.58)

Cd – – – 1.83 (\DL–

4.55)e

0.17

(0.01–0.52)e

0.10 (\DL–

0.15)de

Rooks Corvus

frugilegus in

Poland

(Orlowski et al.

2010, 2012)

Cu 8.14 ± 2.61a – – 2.10

(0.1–13.8)a

3.10

(0.10–31.8)a

2.30

(0.03–4.5)a

Zn 13.81 ± 2.04 – – 1.30

(0.3–13.6)b

3.30

(0.40–30.9)b

1.60

(0.2–10.8)b

Pb 3.29 ± 0.19 – – 5.10 (0.4–7.2)* 5.00

(0.10–7.20)c*

6.20

(0.05–7.2)c*

Cd 0.51 ± 0.01 – – 17.0

(15.5–17.7)de

17.2

(16.3–17.8)e

17.2

(15.7–18.8)de

Values followed by the same letter in the same column means significant (p\ 0.05)

‘‘*’’ indicates that the concentration exceeded the toxic level

DL detection limit

a
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Fig. 2 Concentrations of two essential metals (a) and three nones-

sential metals (b) in six aquatic animal taxa. Note different units in

(a) and (b) mg kg-1 for milligrams per kg and lg kg-1 for

micrograms
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molting pattern (Burger et al. 2008)]. By now, no indicator

has been provided for feces excreted by birds to be con-

sidered to be a potentially toxic level in birds. In the

present study, Cd concentrations in the feces significantly

exceeded the level in the feather and eggshell at

1.36 mg kg-1 and ranged from 0.37 to 2.08 mg kg-1. Prey

fed to cranes generally originated from areas near the

nesting colony; therefore, metal levels in the feces proba-

bly reflect contaminants acquired from the local environ-

ment. Given that any intentional killing of wild cranes or

picking their eggs is legally prohibited, feces excreted by

wild cranes can be used as a suitable indicator for Cd toxic

risk level posed on rare birds, although feces do not always

reflect contamination status of Cd in internal organs. Fur-

ther research is recommended.

The results in this paper showed that the livers and

kidneys of red-crowned cranes were more prone to the

accumulation of the toxic metals, such as Pb and Cd, than

other internal organs as found in other studies. A previous

study has shown that Cd concentrations exceeding

3 mg kg-1 dw in liver or kidney were presumptive evi-

dence of environmental hazardous exposure (Scheuham-

mer 1987), and larger than 40 mg kg-1 Cd in liver or

100 mg kg-1 in kidney were indicative of toxicosis

(Degernes 2008). Liver Pb[1.7 mg kg-1 dw was gener-

ally considered diagnostic for Pb toxicosis (Degernes

2008). Compared with these data, samples in this paper

contained average concentrations of Cd, at 2.21 mg kg-1,

and were below those associated with toxic effect thresh-

old; however, the highest concentration of Cd at

4.42 mg kg-1, and liver Pb (1.83 mg kg-1) and kidney Pb

(1.85 mg kg-1) exceeded the Cd and Pb exposure levels

(3 mg kg-1 for Cd and 1.5 mg kg-1 for Pb). According to

Mochizuki et al. (2008), the highest concentration of Cd

(B179 mg kg-1 dw) was found in kidney of several marine

and water birds. Thus, such a high level of Pb and Cd in

body of the red-crowned crane can be considered, at the

very least, to indicate potential Pb and Cd toxic risk to the

birds.

Table 7 Pearson correlation coefficients (r) between metal concen-

trations of sediment and aquatic animal tissue

Families Cu Zn Pb Cr Cd

Dytiscidae 0.84** 0.81** 0.78** 0.82** 0.73**

Viviparidae 0.89** 0.65* 0.78** 0.82** 0.73**

Eleotridae 0.78** 0.73* 0.67* 0.81** 0.58*

Odonata 0.12 0.09 0.31 0.37 0.61*

The correlation coefficients of Cyprinidae and Cobitidae were not

listed due to very small sampling size

* Correlation is significant at the 0.05 level (two-tailed)

** Correlation is significant at the 0.01 level (two-tailed)

a

b
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Fig. 3 Nest locations of the red-crowned cranes (a), fluctuation of population and nest number in recent 25 years (1990–2014) (b)
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The results in the present research showed that internal

tissues of the red-crowned crane contained increased con-

centrations of Pb and Cd when compared with other birds.

According to Wenzel et al. (1996), the level of toxic metals

in free-living birds is closely related to their concentration

in the diet. Hence, it is believed that the relatively high

levels of Pb and Cd in the body of the crane could be

attributed to the uptake in their daily diet. Therefore, the

inputs of heavy metals into the Wuyur River catchments

should be reduced to ensure that the healthy state of this

critical crane habitat is maintained for the long-term sus-

tainability of the crane population. However, certifying

whether the detectable level of the heavy metals was the

main contributor to the decline of the bird population can

be difficult, although the red-crowned crane population and

nesting numbers scale have continued to decline signifi-

cantly in recent decades as expected as shown in Fig. 3.

Several other factors, such as frequent fishing and fire

accidents have also been proved to be principal causes for

the decline of this endangered species (Ma and Li 2002).
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