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Abstract: Due to the serious environmental pollution, the crude recycling of electronic waste (e-waste) has been
banned in China, leaving many abandoned e-waste sites. However, knowledge is limited on the exposure and
effects of the e-waste derived contaminants such as heavy metals in wildlife that inhabits such sites. In the present
study, we determined the concentrations of five representative metals including Cr, Cu, Cd, Pb and Zn in light-ven-
ted bulbul (Pycnonotus sinensis), long-tailed shrike (Lanius schach), daurian redstarts (Phoenicurus auroreus), ori-
ental magpie-robin (Copsychus saularis) and common kingfisher (Alcedo atthis) from a typical abandoned e-waste
site in China, to investigate the accumulation characteristics and the influencing factors of heavy metals in the birds.

We also explored the associations between the hepatic levels of heavy metals and liver histopathology changes in
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the birds from the abandoned e-waste site. The Cr levels in P, sinensis and C. saularis were 3.7-fold and 3.5-fold

higher respectively than those examined in the control populations, suggesting contamination of Cr in the bird spe-

cies, even after the bans of rudimentary e-waste recycling. Omnivorous birds contained significantly higher levels

of Zn, Cd and Pb than insectivorous and piscivorous birds, while there were no significant differences in the metal

concentrations between insectivorous birds and piscivorous birds. Additionally, a sex-dependent accumulation of Cr,

Cu and Zn was found in P, sinensis, with significantly higher levels in males than females. Histological examination

of liver of A. atthis showed steatosis occurred in 66% of the birds sampled. Birds with hepatic steatosis had higher

metal levels than those without hepatic steatosis.

Keywords: heavy metal; birds; hepatic steatosis; feeding habit; gender; electronic waste

JRFFHR TR MR TR A R EE S
JREA A FG R, Oy 4 BRIE N 88 Y
YRR N R A Y i E 4
JET5 e RO A2 R G AR R A AR i 2.5 S
TR R T E A R IS g, R E AR
2010 4R HUAE 7L BT S0 I Wi 3l R 2
LT BRI R L R AT S R X 4
PRS- S A et o R 35 A I -
SR IR 5 R 1 B0 3 B Ak M S A A ) o e R R UK
- e TR A B AR SRR B RN M AN A

SRR BTG B, AR5 Hh K B )
S AR MR RO, B R SR T e W) o T
SR EAR, AT 5 2 7 AR R AON ™, AN, 5
KA T EWHED LR, ARSI RE X ESET
eSURR, SRV B AR A ) G R B ST AN Y
RAFERERE,

RS T B AR R 4 B A R L T B R
i AN IS0 2 — |, 2 PR 1 52 3 G s A T
B AR A P G g ARSI E TR SR
HL P B R A3 5 Bl BT AE S FIEA Cr Cu (Cd P

M Zn FEEEA SR, KT T SR M s
BA S TRUR HE G J E RL R e KA T S 2R AT A 4
HAEIEAS LA N I 57 Fi 1 5 YR e b o 4 s 9
W77 47 PP XU 4 B i (Rt ol

1 ##157 % (Materials and methods)
1.1 FEACRAE

2] R ML R AL HE 2012 4F 9—12 A7) A&
A Sk T 53 W B T H - s SRR A A 7 B 3 P R 4k
1 RAE 3k % (Pycnonotus sinensis) A% 1 1A 57 (La-
nius schach) . AU 4T. | 1% ( Phoenicurus auroreus) ., i %
(Copsychus saularis)Fl135-38 %% &% (Alcedo atthis)=5 5 Ff
PR S Rl AR PR R ) R A TR
AR PR3P IX) R 5 T 1k % (P sinensis) Fl 1 115
(C. saularis)fF A%t AL i SREE BV S L,
HAE A BR BB BRI R 1, HEa IR
aty B SRR PR AR BT O I S B A B
HIMES e G A, 22 10% i H 2 o
Wb, T 2200 B 3 s A I8 20 °C¥8 R
fE, T ESRSEI,

®1 BEEaN AR AEREEXE

Table 1 The sampling number and classification of the bird species collected according
to their feeding habits and residence type
5% N iR gy JE R
Birds Food source Feeding habits Residence type

J& 37, 7 B 4% U L Abandoned e- waste site

F13k 4 P. sinensis 12
k511155 L. schach 4
JLL R0 P auroreus 3
#9008 C. saularis 2
WE AR A, atthis 6

Fifi B Terrestrial sources
[fi i Terrestrial sources
Fifi ¥ Terrestrial sources
[ifi i Terrestrial sources

7K YR Aquatic sources

A 5 Resident bird
1 5 Resident bird
5% 5 Migratory bird
B & Resident bird
B & Resident bird

Z& £ Omnivorous birds
B Insectivorous birds
1 L& Insectivorous birds
& H 5 Insectivorous birds
B 15 Piscivorous birds

Xt i X Reference site

13k %8 P sinensis 5
W88 C. saularis 5

PV Terrestrial sources

Ffi i Terrestrial sources

3 19 Resident bird
4 5 Resident bird

&P Omnivorous birds

£ it 15 Insectivorous birds
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1.2 FEab a3 L o Hr
1.2.1 HEEEGEMT

JHF AR fi 2698 VR T8 0, FH B B8 0 SR 0T IS 22
Mo B g 24 RE S BT R DU 20 I B R, o
AHRAH IR ER R B (1:3, V2 V) TEE | T H
fift 12 h, ARG T RO AR, FFFERR R R = RS
B KM B R 10 mL FpiE—25 000, FH e s
B 4B TR AL (ICP-MS; Agilent 7900)% T 43 Ja i
Tt e A TAES R E 2 JOTERTT].
1.2.2  FFHE S0 B 245 BT

FH S 6152 P JHF IR AL AR 22 2R AR K e i I, — 30
YR G A a3, JE A7 95 AN -1 (HE) G2 £ ; — 3
SAUKEEYIR (S pm), BEATIMAE O Yot VIR 1EGF
12 55 (Nikon Eclipse E600 Microscope) T W5 1T 4fi
MEAS . AFIEY A K HE AT O YL @i S W sC
k121,

JE R 2 IO R 43R 4 R0 %, TTo B
2EARE 1 R, e B AR A T AL <10% 52 9%,
H A, e B AR A TH AR R 10% ~50% ;3 24, Hi
W05, R AR TR R 50% ~90% ;4 2%, =@ 15145
I B AL T FH>90% |,

1.3 i fRuE S i il (QA/QC)

AR oM R R AR
ST HRAER I 4 TR 1 4343 B A HE 4 5t , GBW10018
(GSB-9)) K AR UESZ 5645 S (RS B ME FIERfR PR . b
Y Cr.Cu.Cd.Pb Hl Zn MK 86.7% ~
106.7% . FEMEERE(n=3)" Hird & & & A
Frififi 2% (RSD)}J<10% , Cr.Cu.Cd .Pb Hl Zn fHs
RS> 5M 455 072 .0.12 1598 F1001 ng-g™' .

1.4 SEitsr#r

% H1 Shapiro-Wilk 46 5 8 fff & 04 2 B AT 4 1
Ao, AEIES A B 2 X B 4, LLGS B IE S
O3 o RARSIAEAS T A 56 A [F) 2 U8 (R VR 5
K AFEHEGREESE SRS MEMD) A~
(A 1] S AN ) J R SEHU(FE 5 5 ) B 28 4 g &
HoEmEAREMNZER . R Pearson AR5t
A 50 H 4 T B ARG . P Ge it e b i Bk
KR E R 005,

2 R 5178 (Results and discussion )
2.1 HEEJRFEHKTE

J 53 L by S e RO R X S R Cr
Cu.Cd.Pb fl Zn FHEEJRMHFEILE 2, BHFHIK
e b 11 K 9 RIS 65 JFEJDE o Cr B 55 8 43 01 2 % R
X520 3.3 51 3.5 £%, Pb (19 5% 1at 43 5 & %) Ht
XA 1.5 f5H 2.4 £, FERAS S Cr i85 & (3
{H 14.07 mg-kg ) HRET M = LAy 3k 48
FME 02 mg-kg "' E L 2 RS {H Pb . Cu F
Zn W5 I TIZ S I rp ik S8 4 8 1 Y
EAEMS ARBEFE AR A 57 I E T Po(P4{H 1.82 mg
kg ")l CA(FIE 0.31 mg- kg™ ) B &t i TR 4
FHFHITT L AN 57 (Lanius cristatus) T HE 73X 2
P48 I HGE(E(Pb: 1.0 mg-kg™'; Cd: 0.1 mg-
kg™) ", RS HFAET Po (9 (BME 1.59 mg -
kg™ )i TR A T 55 [ FH 44 V5 N AR AR I L 47 X1 3R
WAL (Ceryle aleyon) I Pb (1)1 it (¥ {H <0.4
mg-kg )2 £ L b, X RegE AR R S T b
WA BT A= 5237 3] Cr Pb S HE 4@ I5 0%, AF

R2 EFEFHNRFHRUHAINBEXEEXFEPESESE

Table 2 Concentrations of heavy metals in liver of birds from an abandoned e-waste recycling site and

a reference site in South China

(mg-kg™ )L i3] Based on dry mass)

Cr Cu Cd Pb Zn
R 37 HL T4 % AR % . Abandoned e- waste site
M3k P sinensis 14.1 82 ~193) 13.1(6.35 ~22.4) 1200026 ~4.99) 2.84(1.46 ~6.25) 72.1(45.8 ~105)
K915 L. schach 10.6(8.70 ~14.2) 871(7.73 ~114) 031(022 ~0.46) 1.82(142 ~221) 519(41.6 ~68.6)

L4 B0 P auroreus

H9Y C. saularis

WL, A, atthis

108(7.74 ~15.1)
14.0(7.99 ~20.0)
124(778 ~21.1)

7.02(5.18 ~8.85)
779404 ~116)
12.1(6.05 ~22.1)

022(0.15 ~0.26)
0.30(029 ~0.32)
0.36(0.09 ~0.73)

127(1.14 ~137)
207(1.65 ~248)
1.59(0.83 ~2.30)

534379 ~684)
60.1(41.1 ~792)
575(37.8 ~882)

X HRIX Reference site

M3k P sinensis

H9Y C. saularis

430(3.96 ~4.56)
4.00(3.79 ~4.20)

18.4(10.8 ~25.6)
14.1(11.7 ~16.6)

3.60(124 ~5 40)
123(0.77 ~1.68)

193(1.03 ~2.94)
0.76(0.19 ~148)

714(57.0 ~87.0)
56.3(52.5 ~60.1)
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5% FL B R A 2 AT R TH - R 2R n AR A
T 36 46 H 457 3% r e %A S L O 4 Cr i Pb 1Y)
Fr R S A JE B B AR R A S RN E
PR 4 B T FL - 37 R A e b, N LS 0 1 X 526 e
A B A= Bl 1 A R e g 5 | A S T

YA FIFE Cr-Cu . Cr-Zn ,Cu-Zn .Cd-Pb . Cd-Zn
Fl Cr-Cd 55 8 4@ & it Z [ 2 A ARG HE(E 1), R W]
BRI L E 4 i A R 5 AT RE A W) (B R 323K
BEAb SR AR CHEIR AT RE 5 2 Fh 4 8 7 SR AT
ALY & AR Feis B E bR R A G, AT AN BB
K, GEMPEH Cu-Zn A1 Cd-Zn BB B 11 IEAH
KKFR, e i 4R RN 5 & RmEN
iAoy AT 2,
2.2 SRtk ML E BRI E &R E R
Al

A YA R A S SR R RN E AR
7 SR EHEMENE2ZE R el AN ES R &
HAFEPP AW 4 FEY H 525k 8 Jbar

44} (a)Crvs Cu

r*=0.80
o P<0.0001

log Cu & Ht/(ng-g™)
log Cu conc./(ng-g™")
-8
=y

log Cr 5 4#/(ng-g™")
log Cr conc./(ng-g™")

5.1 (¢) CuvsZn
5.0 e

4.9
4.8
4.7
4.6
4.5

r’=0.81
P<0.0001
3.6 3.8 4.0 42 4.4
log Cu % #t/(ng-g™)
log Cu conc./(ng-g™")

o o

log Zn #it/(ng-g™")
log Zn conc./(ng-g™")

5.17 (e) Cdvs Zn
5.0 ®

4.9
48 00 © o
4.7 o © Po
46f o o ©
43 2.0 2.4 2.8 32 3.6
log Cd & #t/(ng-g™)
log Cd conc./(ng-g™")

o

r’=0.24
P=0.01

log Zn Fit/(ng-g™")
log Zn conc./(ng-g™")

3.9 4.0 4.1 42 43 44

e BSOS FNAR T A 55 ) Y S Rl R R, R
DIKIEHEY (K55 £, It irs R iR,
VR 5 28 5K R S 2K CGRE) IR Zn (P
=041) .Cr (P=0.78) .Cu (P=0.52).Cd (P=0.16)F1 Pb
(P=0.10)%H & J8 S IF o EE 2R, R, 2
B2 (k) IFE S Zn (P=0.02),Cu (P=
0.01).Cd (P=0.02)F1 Pb (P=0.02)0 & ¥ W Em T
i AL RS HEI AR A 55), Cr & Bl
FTERY RELGEI B EMEP=0.11) (B
2), SEASHEL, MBS Zn Cd FT Pb
o A R = (K 2), AR, B 5 S
e K 2B 4 R & R F A R (R 2), AW
FAEMEEL IS (H L) F LR A SR o FiR
MR, AR S 48 & T RE S i T Bk
Prffg A ) b B 4 JE TS Yy KB AR TRk
P M 58S LLOMCRN % H W 3 B0 B 42 B &
B IX S 37 M 11 A 3 v IR A WO, DA T
WEEE AR TR S RIRNE L,

L‘:n T (b) Crvs Zn
) ®
= = o
= I o o
g $ &G
&1 g 5 L
ﬁ ﬁ o s ® r’=092
éﬂ E’D © P<0.0001
3.9 4.0 4.1 42 43 44
log Cr ¥ t/(ng-g™")
log Cr conc./(ng-g™")

=~ = 38[ (dCdvsPb o
o0 o0 o
o @ 36 e &
= 34 o) o
g o %R ©
It o
€« s i(z) % T® r2=044
& OF—

o P<0.0002
E Y| B N i

2.0 24 2.8 32 3.6

log Cd % 4t/(ng-g™)
log Cd conc./(ng-g™")
TPD T?D (f) Crvs Cd °
2z
3 3
o 8 €] o OO
33 e °¢ °® 09 Ta_jp
EX ° . . _ P=010
39 4.0 4.1 42 43 44

log Cr 5 it/(ng-g™")
log Cr conc./(ng-g™")

E1 BFuRiFgSRFEhESESEMNEXS

Fig. 1

The correlations between the metal concentrations in liver of birds inhabiting an abandoned

e-waste recycling site in South China
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[ #rt: Omnivorous birds
[ £ 11119 Insectivorous birds
I i Piscivorous birds

a a
b
a
I bb
a
3L
| |J_ﬁ
2l X .
Cu Cd Pb

Zn Cr

log ftit/(ng.g™)
log Conc./(ng.g™")

2 AERMEBEFEHFESERELER
1 AR FRER IR A 8] 1 2P 22 5(P<0.05) 1R 25 bR k1R 25 (SE)
Fig. 2 Comparisons of the hepatic concentrations of heavy
metals in birds in relation to feeding habits
Note: Groups that do not share the same letter are significantly (P<0.05)

different from each other; error bars represent one standard error (SE).

P 2 5 0 B 4 S R AR S R N B AR
BREZ P B FRIRIF AN (n=7)F 3k 9
JEWER Zn Cr F1 Cu (17 it 1 25 5 T HEME(n=5) (P<
0.05), fHAEfEYE S MEVERFIED Cd A1 Pb B9 & LW
EE2E S (K 3), MEPE S IR N B E 4 s
(Zn .Cr M1 Cu) & & ] Bl T 5 276 7= O B v sk
S ys LA B R i Cd FI Pb 78 E 5 A Py A X
BMEAL LGP R pE Ak M 5 5 R R N 4 A
B ER A DL BO R 4 R 1 45 A i 48 A5 T 22 Sl
S Rg M HAE SR N M 25 S B TR e TR
FRILFER N Y 48 & BRI & 3, e 5 14
W Zn Cr 5§ Cu [ S WEARP, X 5, ATH4F
FELERMAT, SR MR LB, KBS '
&8 D E TS B M 22 S 0

BRMEBRAABTTRESEMESRENE
FRUC275T R FEAR A0 57 FIEG 000 £ MR 5
MALLL R R e S . Geit ot A (& 4), B
BRNMESE SRS TS, S HA P A
Gt 0 W (P<0.05), 3 ] R S REA R
AR, XG5 AR by AR b BR 1 R B[]
JRAETETS Yt X, HAR N T 4 R ak B B = . LAk,
B 5 (0 SR R — e v T 5P A i AT
WRAFTESEAESENMER, NMFHE S
RNE S B EE &,

2.3 e ER A AR

HE Yeta 25 5 (& 5(a)) i ,66% B3 5 40 it 4

U M2 rp 2R A, WA O Yl R (&

5(b))ia , I EH 2L 0 A i v SR R T AR L gy, R
INAS— TRV TR A LR TR 40 A TP A Y, X
S A5 SR, R 75 T A AR A S 1 1) A 4
RAETRENASYE A0 RS A8 1 v] i — 20 S 3O
HAGER RS PR AE AT e AL A KR
RPN & 2R A K kB A S R
LU % R FE IR U6 AN B AN 5T 2 R, Pb Cd 4§
4 A RN DL B0 A0 M g A P L
BT RS2 T3 4B R R I T S 8 I rp 5
F(ROS) I JE 1 I 5 | /L 48 Ak 410 i Fn il it SR AL A
KB g Pb Cd Cu Zn Ml Cr 25T 4@ 3

[ 1/fErE Male
P=0.046 I i1 Female

sk
—_ P=0.05 P=0.047
T 5
2E 4
il P=0.20
& 8
g | P=047

1 h

Zn Cr Cu cd Pb

3 ESREALBENNEINEREER
T IR2EME WA EDR 22 (SE),
Fig. 3 Sex-dependent accumulation of heavy metals in
light-vented bulbul from an abandoned e-waste recycling
site in South China

Note: Error bars represent one standard error.

[ 1% 19 Resident bird
I 1% % Migratory bird

%
: n u
Cd Pb

Zn Cr Cu
B4 AEABRBEESKXFREGTELESEIER
T TR AL A W2 7 (P<0.05),

Fig. 4 Comparisons of the hepatic concentrations of

~
T

w2
T

log /E\%/(ng.g")
log Conc./(ng.g™")

heavy metals in birds in relation to residence type
Note: * above bars denotes significant difference between

groups (P<0.05).



426 s F

ooz 4R

ERRE

RS SR S 2 JFIE b ROS By 7= A=H02)NiT 1T i 25K
SRRFIEL LR 2 A B A . ACHIFSE SR 19 4
JfL & A RISV AR N Zn (Cr Cu A Cd 45 4
JEFR BRI T AR KNG AE MR 3), H 52K

BT ey LT A AR A A P T (R 3), X
SEZ SRR AR ST 2R e A oy B A T RS X
SeH R AR A, R R A A
BB BREEKCE BB A A SRR RO N S

(b)

5 EFBETFHIRFMMEZESITEALS HE(a) FIHELI O(b) RBER
AR 100 pm,
Fig. 5 Micrograph demonstrating steatosis in the liver of common kingfisher from an abandoned e-waste recycling
site in South China by HE (a) and oil red O staining (b)
Note: Scale bar = 100 pwm.

*3 ZEOREERTENERESESE
Table 3 Classification of the degree of hepatic steatosis and the residue levels of heavy metals in

common kingfisher from an abandoned e-waste site in South China

AR S (mg kg ™) (UL T

R YT HE W e 73 2% ) .
. . . Heavy metal concentrations/(mg-kg™ ") (Based on dry mass)
Samples No. Classification of steatosis

Zn Cr Cu Cd Pb
1# 0 378 7.78 6.05 0.09 0.83
2# 0 468 95 103 0.14 1.77
3# 1 538 115 11.0 0.73 230
4# 1 594 124 114 0.62 193
S# 1 59.0 123 119 021 1.17
6# 2 882 21.1 22.1 037 1.53

TG R AR PRBE P B A, R ST R T B
PRAe ST 2B S ) B < e 2R S K ] BRI, AT 7
AETEHERON . ASCIRE TSR R 57 L S5 SR AR A
M A BRI R < L RS T SRR
P I K S B I < A B A T
FIFHLYR AL A3 AT 258,

(1) AR R 7 B s sh B 4K 1 248,
P37 B R g ML AR 5 264532 B Cr Pb AFH 4
IEREE LR

Q) SRR TE M b B S B FLAR N
BRI, B SREEEAE R TRRY
AL A0 5 R A Sk 0 JEPAIE v B SR 5 s T
B S AR A R e TR

(3) 5 T Wk AN 17 A2k S R 66% , H.
K HE R AL B A AP REE v B < T 1 5 B i TR
S HE B RO I AR 5 T2 S 78 Al fiE

EEEEE A 2 F(1976—), B, M+, 8545, 2 BHF R
A I T R A E B A SRR,
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