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Abstract: [Objectives] This study aims to assess the risks of heavy metal pollution and long-term biological
accumulation faced by the habitat of Alligator sinensis. In May and October 2021, heavy metal concentrations
in water, soil sediments, feed for captive A. sinensis, and hatched eggshells were tested in eight sample areas
within the National Nature Reserve of Chinese Alligator in Anhui Province. Among these, the Xiadu area
hosts a captive population, while the Zhu Village, Gaojingmiao, Yanglin, Hongxing, Shuangkeng, Zhongqiao,
and Changle areas harbor wild populations. The research focused on seven elements: mercury (Hg), cadmium
(Cd), copper (Cu), zinc (Zn), chromium (Cr), arsenic (As), and lead (Pb). [Methods] The pollution levels in
water and sediment contamination were evaluated using the comprehensive pollution index (R) and the Muller
index (l,). Independent samples t-tests were used to analyze the differences in heavy metal concentrations
between the environmental samples from May and October. To minimize harm, hatched eggshells were
utilized to investigate heavy metal bioaccumulation instead of live individuals. The biological enrichment
coefficient (BCF) indicated the accumulation of heavy metals from the environment, while the biological
magnification coefficient (BMF) represented accumulation through the food chain. [Results] 1) Significant
differences were observed in the concentrations of As, Cu, and Zn between the water samples from May and
October (Table 1). In comparison to October, As and Zn concentrations were higher in May, while Cu
concentrations were lower during that month. The comprehensive pollution index indicated that the water
environment was free from heavy metal pollution (R < 1). However, the concentration of Hg exceeded the
“Environmental Quality Standards for Surface Water,” suggesting that Hg poses a potential threat.
2) Significant differences were also noted in the concentrations of Hg, Zn, Cd, and Cr in the sediment between
May and October (Table 2). Compared to October, Hg and Zn concentrations were higher in May, whereas Cd
and Cr concentrations were lower. Specifically, Cd was non-polluted in May and increased to moderately
polluted levels in October (I, = 1.56). Meanwhile, Hg exhibited slight pollution in both May (ly, = 0.77) and
October (lg, = 0.30) (Fig. 1). 3) Concentrations of Cr and Pb in the eggshells exceeded the standards, with
higher levels recorded in the Xiadu area compared to other areas (Table 3). 4) The BCF values for Cu and Zn
in the water from the Xiadu area ranged from 2.05 to 38.61 (Fig. 2a), while all eggshells did not accumulate
heavy metals from the sediment (Fig. 2b). The BMF values for As, Cu, Zn, and Cr in the feed ranged from
1.26 to 4.64. [Conclusion] This study showed that Cu and Zn were effectively accumulated in A. sinensis
eggshells through the water environment. Additionally, captive populations were able to accumulate heavy
metals through the food chain. Long-term accumulation of Pb in soil sediments may have led to excessive Pb
content in eggshells. The study found that heavy metal concentrations in eggshells of captive populations were
higher than those in wild populations. Bioaccumulation from both the environment and the food chain may
have already negatively affected the reproduction of A. sinensis within the reserve. Therefore, it is essential to
control Hg and Cd pollution sources and to improve the safety of the feed.

Key words: Alligator sinensis, Habitat; Heavy metal; Biological accumulation
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Tablel Average concentrations of three heavy metalsin the water environment of
Alligator sinensis habitat

Gritah R

IS LES 5 A May 10 7 October Statistical results
Sort of elements EIE + FRiEIR Mean = SE Vi Range  “FIMH + FRifEiR Mean + SE [ Range t P
Tl As 1.67£0.31 0.18 - 6.71 0.54 £0.08 0.11-1.23 3.32 0.002
i Cu 0.48 +£0.07 0.11 - 1.09 0.81+£0.13 0.13-2.24 -227 0.003
B Zn 6.98 £1.02 1.13 - 17.80 1.61 £0.18 0.72 - 3.52 4.39 0.001
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Table2 Average concentrations of seven heavy metalsin the sediment of Alligator sinensis habitat

LR 5 A May 10 A October Giit 45 Statistical result

Sortof elements sy + ki Mean+ SE 75 Range  “FIfH + FRHEiR Mean £+ SE  JG Range t P

fih As 10.10+£0.72 5.00 - 19.80 8.53£0.76 0.70 - 18.40 1.51 0.140

i Cu 13.82 £ 1.04 7.00 - 25.30 11.35+£0.79 7.40 - 18.60 1.89 0.060

£ Zn 84.07 £ 12.69 37.00 - 322.00 52.52+3.95 31.00 - 110.00 2.34 0.020

7k Hg 0.23 +£0.02 0.05 - 0.48 0.16 £0.03 0.01 - 0.70 2.13 0.040

% Cd 0.18 £0.02 0.07 - 0.42 0.48 £0.09 0.10 - 1.53 -2.76 0.01

Y Pb 19.89 +1.19 11.00 - 33.00 18.48 +1.05 9.00 - 30.00 0.89 0.380

B Cr 2546+ 1.44 16.00 - 37.00 4725+ 1.54 35.00 - 62.00 -10.35 0.001
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Fig. 1 Assessment results of the Muller index (I geo)
for Alligator sinensis habitat
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Z 8 GB2762-2017 (& 55 4eYBR &)
MbrAEPRE, EAGARFIREN, Cd
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0.5 mg/kg. As 0.1 mg/kg; TEMRWTH R &N,
Cd 2 mg/kg. Pb 1 mg/kg. Cr 2 mg/kg. Hg
1.5 mg/kg. As 0.5 mg/kg. Cu fl Zn RIEEH .
PRESJE As Fb, HHIRWIFEA ) 6 FhE
R EEHARE (K4).
24 YR BIE

P PR T R ) B TR K PR
R EY EERELIE 2. =AFEHAT O
el EEEH, MR TKPHESE Cu
(Fpe> 1) (B 2a). HIERHIFAY)E R HL
9 38.61, FHFREHLA 5.16, mFFIEFEHE A 6.56.
seAh, SRR I FeE A R 1KY Zn, F
ENEERECN 2.05. AR, ZAFEHLAGER TS
XFUTRR) o B B AR AR AR E AR A (Fe <
D (K 2b). ABEFEH, RPEREFFMHEERI 5
X 7K rh e < 0 B AR AR T B R 0 T BT AR RE

SRR B 580 TR v B < S R AE M TBOR
FEAs (2.23), Cu (1.96). Zn (1.26) FlCr
(4.64), BIRT 1, B = MR I 5TiE T
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X3 HTERRD THESEITFYETE (B mgky, FHE + RER
Table3 Average concentrations of seven heavy metalsin the eggshells of Alligator sinensis (Unit: mg/kg, Mean + SE)

JCHE TP Sort of elements H ¥ Xiadu * 1 Zhonggiao i3l Gaojingmiao

5 Pb 0.48 £ 0.060 0.21 £ 0.040 0.06 +0.005
i Cu 6.95 +£0.340 6.13 £0.220 6.49 £ 0.070
% Cd 0.03 £0.002 0.03 £0.003 0.01 +£0.001
# Zn 11.08 +£0.510 6.89 £ 0.440 7.81£0.190
% Hg ND ND ND

# Cr 1.18 £0.370 0.20 + 0.060 0.06 £0.010
T As 0.31 £0.060 0.14 + 0.040 0.02 £ 0.003

ND J#A&H . ND means not detected.
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X4 HFEFANY TMESRENTFHEE
(Hfr: mgkg, FHME £ AR
Table4 Average concentrations of seven
heavy metalsin the feed of Alligator sinensis
(Unit: mg/kg, Mean £ SE)

TGN Sort of elements fi Fish 424 Viviparidae spp.

i Pb ND 0.19 £ 0.050
i Cu ND 15.3 +£2.030
% Cd 0.01+0.01 0.01+0.003
B Zn 0.14+0.12 32.37 + 1.670
K Hg 9.39+2.01 ND

# Cr 0.01 +£0.01 0.25+0.080
T As 0.16 £ 0.05 0.61+0.070

ND M #A&H . ND means not detected.

3 W
31 HFEAERMARESEITIKTE
AT RIREER, 7 MELSEN T
Wi S HOKIAEE I LS9 (R < 1. 2021 F£K
il (e S AE SRR AME) F1
IR AL IR T 5 O W CPMYIESE 2022).
SR, KARAURATFEHL He SE&T (b
KSR EARED, FIREFEK R (R=0.202)
FRAT (R=0.215) FEHLE) RE & T HALFE L,

KX I FEHAAAE TS E /KA EE He 15 4%
HANTIBTIRYIN He 539K FARTREIG, =
g TR md5 %, BRI He &2 m.
HEJEITR, Falie He, M5 WIHE A H X
Ay [ RSO b, AT 5] K B A R TS g
(Gamberg et al. 2005). K RFEHLZKIATEH 1)
Hg nl g CAap R 2Ry b, S8R+
Hg & &85 .
P55 N SR B 1 X ek
S ES, MAZIESNZ He 1534 1) 3 2R IE .
KIRFEHO IR 47 5 2% P vy T HARRE L, (H %
W%, KIEWARBHSNS0E, HigizA
B, KA1 5y 52 SR R 5 . ARASFE
HOAE #5758 55 %K =1, 105 5 AE K EERUK S E 3
KK IFIGIT AR REAIA & A RBER L
P BRI A IRRHIUE DA K B S A i 4234
AIRER Hg BEEIRA . B I /KGR
TR KRG, KA A PLURBRXYS Hg
H IR 58 AW B 14 (Verma et al. 2013, Abbasa et al.
20150, FRHE 38%I1 Hg HEBOE B, K0T
e Heg 1530 F 2, HyrRie Bl ik 2
T B (Streets et al. 2005). Hg JCE X535 H]
AT AR £ 7 SRR, B
TR () — EeMA WA B s 4 T He, I 1)

= HJ¥ Xiadu e H#F Zhonggiao = 71Jd Gaojingmiao
2, Llry
] L 1.0}
S 0 . 09}
%E 38r 0.8}
Mg 36 07f
ﬁé sl 0.6
£ E 05F -
#o 6 04}
Q o u
B o4l 03F ®
.:g .l . 02} .
0.1F .
o ¢ l . op" e @
T As & Cu Bt Zn T As £ Cu £ Zn #'Pb 4% Cd 4 Cr
JLEF Sort of elements JCER Sort of elements

B2 #HTEmwsA (2 FHBREY (b HEVEERS
Fig.2 Thebiological enrichment coefficient of eggshells of Alligator sinensisfor water (a) and sediment (b)
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Hg & EHm, PR E T H% K (Nilsen et al.

2017). YL (Caiman crocodilus) /M LK
) Hg 385 F 2040 o B [ 52 1) DNA 45
15 (Marrugo-Negrete et al. 2019).

WAk, S IR R Cd V54K
Sk Tl 2 BRI TN BB (lgeo)
HE EFEmP SRR BIEE Cd
BORIE, RS Cd HRIER (T
BPEE 20150 b JRiAl R R LA T Fe g L
M, TEAE, ZAFRRNA T TEI TP
N BRI N TIBFRIREE, AR
. HARFEHSZ NATIECR, 2SR
FHARAR o 1 A BT o X 38, KA
b A PR B CAT R E AR R AR T
KEM Cd JtHR . AHFREY], WA (Passer
montanus) B Cd. Pb %55 4 )8 i S84k
S E R T EMIPERSE CT 20200, K
Ut, BRI R Cd AT RERT T8 ) R
AR . BEA, Zn R As T E (R VE S8
WAEAF N o Zn BIHFRCRIE TR R 5 iR B 41 55
ZHHEE, M As EEREARL . ALEFIARE
WA AEL (Blok 2005, HIFE A 2009, Quintela
etal. 2019).

AT F, BTSSR, ELE SR
EETERT (5 H) S&MRAET (10 H) RIHZFE
TEZER E—NEHEEAN, BRI
H As. Zn FE &K TIEJRYIYH He. Zn & &
T AHRAT; TAHRAT /K Cu & K 3
B+ Cd. Cr H&Em TEEET. # Cuy Cd.
Cr X B TU R AE BTN RRE T, AT Re 0 )
8 () A B A I . BRAR B S RIRIE R
WARICAR . BHUKESE Z MR R, (B
WA S ELMHEZEZNEEI MmN
(Kumar et al. 2020). K, TEIGFEEE
Cu. Cd 1 Cr 54, Fmssin e, W,
ST SRR E S U M b PR P 2 1 22 R
B B S S AT 50 o

SR RS RAT (R, Rk
455 2003), YUERIHH) Cdy Zn. Pb Al Cu

EEFEED . 52005 FAM MR (RE
JFEREL) JKIRBE Pby Cu. Zn. Cd FEAME (7T
ZLREAE 2005), ARSSRWIAEHERD. 5
fPEAREI 5 (Crocodylus palustris) fR47[X 7K
HIEd Cd. Cu. Cr. Pb. As. Hg & &AM,
KR Cu &85, (EVEL 2GRN
(Gholamhosseini et al. 2022) . 5 FiLft 2%
(RS AR LG, A5 b & 10 4 i o B ik
T oM R SR 2 B SRR XN g A DS E
P CEHHT 202000 HR A A 55 <5 o Ao N0 45
B, MBI AESBE TEC IR HTE
SRR BAERKIEEM, B E
AT IR . HAT, $1is5ERAE g
IR R R BN, RSN E A S
2 TAEN B4R LRI X A BANLBN R 1B
EEE BARIER . A IR AN AR 2455 7 T T
J&. VIWr Hg. Cd. Zn. As KJE, {19516
& AR
32 HHFHESR

SR b P 77 05 08 PR T b B S
URAA, T A MO ) 3 SRS S BRI
IR EYEE, RIZKE A 3801 & Fh
W R AN SR AR A=) (PMUTESE 2019),
H T8N S0 T E YR T, e
SEFRREMLE. RR, JFSESEYIRI,
Rl KAE RS RGP E SR & BN 50
B TAEJUNEZE., HEES)E g R0
R, ARSI K, HFDOKIESHE
AV E BRI, JETTEE KA A B e
(Ankley et al. 1996). [FIf}, HIEPTAPZK
AR RS ES)RMN EERYOESE (Jiang
etal. 2018, 7K A ) Bz UKL A 7 I Bt =
HEEE, 2RBATIRYT, @i 7EH
Chn AR A ICAT 38 /R B S5 A= 3D
1K SRR P R, B 4R U PR TN K
& CaTtHEE 20100,

SEKFFEHUKS S EEE Cu 58
FHOE, 424 Cu SRS, ARERIET XK
i Cu MBS, EAERIE, MR
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i Z M E S8 (Pby Cu. Zn. Cr. As) &E
TR TR, IX AT AR T RN A AR A=)
NESBTTRAEA S RBENE EIEH
(Rabaoui et al. 2015), FHrfr, i PIATIRWE 4 (1)
As TR CEH ML AERE, RRIBGTRY)
(RAH S E A Rk — 28 S KA R G IR R
HBOREMEEH As ME®R (Goessler et al.
19970 fE—ZH A 5N R SgG v, BT 5K S
S BRIE RS G B, S BRI E
HOAs BE SRR, RO A E IS R A
(Tuberville et al. 2016). FYfE (C. acutus)
TS5 7 B4 [ DR £ FH 8 2R I A2 Sh A0 T 78 A4
PWALE As JGE (Thirion et al. 2022). [k,
TR As B EKIHE R W] R X 7 i pA
AL . B FRES RN [ E LS
FrfifaE ek, SRR RRESREG
ey ORI S IR E A R R
As, FRAEFTINE A R AT . BEAMIE
BT UM E M B IA 5 A F, ok gt
AEIRORIL G, b BRI .

33 BRNELREVRER

T XHIFE (Eretmochelys imbricata) )
WEFERIN, HEFRERE IR 5 G 21O A
(Ehsanpour et al. 2014) . #F7 53 [FFE 0] LUK
HERBHRYER BN, HERE™ g
R miim (Akearok et al. 2010). L4k, [FlFf
8 T G O IR M B Ve 8 of v v 5 B
T 2R3 IEADE (Nilsen et al. 2020). 55
WAEYIH R E SRS EML, HEkERES
B R R IP ST . X E &R I E R oA
NR—MIRIG LRI SRmE, (R &8 X G 52
MK IR AN AT 8 4 (Frossard et al. 2021). K[,
ARG PR ESREBIR, i op
FHMESESE, [HER BRI 2R
X H ARG
SRR AR R, BIEAE R TR O 5T

(1) Pb A1 Cr & & bR, 10 -HAFRE BT S 7 O
FEH Po SR FMEEAR . I EIHIES FRE,
PR Cr AR R 8o KT HAtoT R,

XAREE FEEFEMEONE Cr S EREST
AN R R . WA E L ROk E, 5T
HPb (1 E AR EERR H KA TR
B, HTKENEARENE, sRm—
IR TR R BOZ IR IR ZE. S AR
10 HUTRY+ Pb S RMERALEE, KU Pb
LRI EAET LBV YH . Scheuhammer
(1996) #git, HFerf Pb 5 Ca™ RiHA A
HAEH, 33 Pb mETEAGBAINRH. 4
HEEBICEMK IR, 1T DHEW TR
Y Pb JeR A REC Al K IR E 4,
TEH TR AR R B — @ IR E, PR E
SIRHERAERAR RIS, k™ =
TEE SRR AE TR . B0, R A BGE
(K] JE Bi% (C. niloticus) LSS AR N Py
WHNE Pb s YE K, —SIME AT+ Pb & &
Th i Je B AR H BAS 5% 55 (Warner
et al. 2016). {HHERNIIE, [BFRFIHEOYEH
Zn E e IPAE S BT AR AR EUAR ZE IR P s o
W E SRR R R, RN e K
WEEE Zn JoFk, X ARER T 88 IR Fh oY
o Zn s T B AN R R AT Zn,
Y5238 T DL IS KRB B 4 Cu. AHEG T R AT
U GERAZE 2000, T HF%E 2001), ALK
FOESEN Cu SRR E. HHAFEALL, &
W =AM FEHL IR 48 & & ANAE Cu Je
K EmTHIE Kruger FEARKEZ# (du
Preez et al. 2018). Zn A1 Cu J2& 1E % GU 5E ARG
KREMWFILE (Morera et al. 1997), FE[EE
SLARSIET AR SRS X R B, R B ] ) B
EAL R AE 20 AR T B A2 85 (Deoli et al.
2021). Deoli 25 (2021) F&i, FF5H %] 251
FEH Zn B AT Cu &8, A0 50 Bl IR 62
Bl L RF I AE 18 A, FREEEZERFERE T Cu
FEAT Zn &, (HEFA S0 TR A B
WUVRH S, e 7 2R L A8 T 000 B (1409 1
G S50 75 R RS Cu F Zn & 8, 4K
FIX L E )0 A R LR A TS P e I
AR, CAYID TR G 52 55 4R S i R .
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[FIS, AR SR B PE 3747+ S PP O e i )
Pb. Cu. Zn. Cr M As & THAMNEE. &
SIRENESZG)G, BT EEHEA
TYEE, FEAYENIER. R, HERTE
AMFRIE, PBl R AR TS ML BT K R Y
FEARAAR, G 8 IR 05 oA IR RIS A AR AR R
55 R HEE SR H S AR (175 YR (LSS
1998).

25 FATR, Bt i E SR E TR
BT EMEARR, Cu M Zn oE Bl @id K
BHR. HTESEERMARIN AR,
A LAHEWT Pb Al Cr W RE S T HEMA AR R
Fl—Ew. Fik, 50 ESESEpHE TE
M “AIEPEIG Y A CANIRIT YL T
AT . “Z@PI5 S AFE Zn. Cu. Pb Al Hg,
CARNVIETT R AFE As. Pb Al Cd. BEMIE
PR RIRE 2 PR ET AP B b R TS
P —Mig iR, BR T InsEatys JeR s, ik
IR LR X I X EBAE, Rt
JE R AR &R [N, P FRE5 AR 2
A AR 2 A
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