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lifespans and habitat fidelity, sea turtles can accumulate heavy metals over time, which poses a threat to their
health and reproduction. In recent years, the levels of certain heavy metals in the marine environment of the
South China Sea have exhibited an upward trend. High concentrations of heavy metals have been detected in
the tissues of stranded sea turtles in the northern South China Sea. However, there have been few studies on
the accumulation of heavy metals in sea turtles in the coastal areas of Hainan Island and the Xisha Islands.
These two areas are crucial foraging and nesting grounds for sea turtles in the South China Sea. [Methods]
Between 2019 and 2022, eight Green Turtles Chelonia mydas and 3 Hawksbill Turtles Eretmochelys imbricata
were collected by rescue organizations in Hainan Province. These stranded sea turtles were dissected, and the
liver, kidney, muscle, and fat tissues were collected for measurement of the contents of 12 elements (Zn, Cu,
Fe, Mn, Pb, Cd, Cr, Ni, Ba, Sr, As, and Hg). Principal component analysis and Friedman test were performed
to examine variations in heavy metal contents among four tissues. Spearman’s rank correlation coefficients
were calculated to assess the relationships between heavy metals in the two species of sea turtles.
Non-parametric Mann-Whitney U tests were employed to evaluate differences in cumulative heavy metal
percentages between the two species. [Results] Fe, Zn, and Cu were the most abundant elements in sea turtle
tissue, with concentrations ranging from 51.20 to 915.00 pg/g, 27.00 to 146.00 ng/g, and 3.36 to 68.00 pg/g,
respectively. In contrast, Cd, Pb, and Hg were present at lower levels, with concentrations ranging from 0.013
to 1.500 pg/g, 0.027 to 0.159 pg/g, and 0.009 to 0.326 pg/g, respectively. In addition, the concentrations of
heavy metals in the livers and kidneys of Green Turtles were higher than those in Hawksbill Turtles. This may
be attributed to the different pollution levels of their habitats. Significant differences were observed in the
concentrations of most elements among the four tissues of sea turtles: Hg, Mn, Fe, and Cu were the highest in
the liver; Pb and Cd were the highest in the liver and kidney; Ni was the highest in the kidney; As was the
highest in the muscle; and Zn was the highest in the fat (Figs. 1, 2). Furthermore, significant correlations were
identified between certain non-essential and essential elements in the tissues of sea turtles (Appendix 5).
These elements may share common origins or employ similar detoxification mechanisms in turtles, thereby
necessitating further investigation. [Conclusion] In this study, we present the first report on the concentrations
and tissue distribution of 12 heavy metal elements in turtles stranded along the coast of Hainan Island and the
Xisha Islands in the South China Sea. These results offer a scientific basis for the environmental protection
and management of sea turtle habitats in the South China Sea.

Key words: Green Turtle; Hawksbill Turtle; Heavy metals; South China Sea; Tissue distribution
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Fig.1 Heavy metal contents in Green Turtle Chelonia mydas tissues
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Fig.2 Heavy metal contents in Hawksbill Turtle Eretmochelys imbricata tissues
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Table 1 Concentrations of heavy metals in tissues of Chelonia mydas and Eretmochelys imbricata

(Unit: pg/g, dry weight)

T [ i WL I
Element Liver Kidney Muscle Fat
Hg 0.275*(0.250 - 1.110) 0.110% (0.473 - 0.161) 0.098° (0.003 - 0.128) 0.010° (ND - 0.019)
Pb 0.134%(0.091 - 0.203) 0.102% (0.053 - 0.169) 0.049° (0.024 - 0.089) 0.028 (0.009 - 0.084)
Cd 0.378%(0.309 - 0.807) 0.819*(0.492 - 1.650) 0.032°(0.172 - 0.044) 0.011°(0.004 - 0.071)
Ni 0.038°(0.025 - 0.139) 0.174* (0.098 - 0.729) 0.150% (0.049 - 0.252) 0.071 (0.033 - 0.096)
Cr 0.264* (0.241 - 0.314) 0.286* (0.208 - 0.362) 0.238%(0.199 - 0.436) 0.448*(0.332 - 0.584)
As 0.338°(0.100 - 1.050) 0.908% (0.534 - 1.700) 1.160° (0.538 - 2.080) 0.639% (0.241 - 0.927)
Mn 2.570% (2.100 - 11.200) 3.110% (1.630 - 4.460) 0.625% (0.560 - 1.180) 0.324% (0.107 - 0.618)
Zn 92.5*(27.1 - 106.0) 94.7%(62.7 - 120.0) 77.7* (41.9 - 126.0) 126.0* (87.1 - 209.0)
Fe 484.0% (403.0 - 1 450.0) 520.0* (229.0 - 709.0) 106.0° (63.6 - 141.0) 51.2°(15.9 - 65.1)
Cu 47.20% (4.60 - 87.60) 8.16* (3.45 - 11.80) 5.912(3.47 - 10.90) 4.55%(3.20 - 4.87)

AN RO (T8 25% ~ 75%) o ND MR TAR IR, bbs av by ¢ RORMARIZER:: M F 7 BEAR R LR 22 7 A 525
(P>0.05) , REFRHFRHARZREE (P<0.05) .

The data are expressed as the median (25% - 75% quartiles). ND indicates the concentration below the detection limit. Superscripts a, b, and
¢ denote significant differences between tissues. No significant differences observed between groups are marked with the same letter (P > 0.05),

whereas significant differences noted between groups are marked with different letters (P < 0.05).
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Table 2 Principal component analysis of heavy metal

loading in sea turtle tissues

He 0.36 -0.29
Pb 0.36 - 0.05
cd 0.40 031
As - 0.04 0.68
Cr - 0.05 - 047
Ni 0.17 0.12
Mn 0.41 0.14
Zn 0.12 -0.21
Fe 0.46 0.06
Cu 0.40 -0.19
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Fig.3 Principal component diagram of heavy metals in sea turtle tissues
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Zih, DEREAMEAEAMBHNIR R, Bkl
2 Fe 52 4 i 8 (Cortés-Gomez et al. 2017).
AutFhigaE Tt Cd &k, S5E&Em
AL E, 5RKZHEHFIRE 0 (Barbieri
2009, Canzanella et al. 2021, Abdallah et al.
2023). Hg fEF A& Fixm, Hg B 5
MR . BRI G 70T B S N 3l 2R 1A
SEREIRA 9% (Bezerra et al. 2015). Pb =L 5EHH
REFEA, HUGEHA'E (Eisler 1988), 5
W VE S I R AEFHOE (MceAloose et al.
2009).

R FILRIL, WfaH b —En S
W TICRALAEAIR KRR, i fiF Cd F Zn.
JEWH Hg F1 Cu REHR (Fk 5, —ikdE
VR ITCRMEER S L FH R, )
VIR h 75 0 E RS N AE IR . i Cd
Hg 5 Zn fb2= AR, wl@t Zn WRYSCETE
HENAEYIIRN (Wang et al. 2023) . #EfHH
GBI R Z MAFAEA PR T e S AR FE LA
*. Yamamura Z5 (1984) fFE&tig A AT R 3
Fh 4 @R A FA/K, Andreani 55 (2008) &
M Cd. Zn £ Cu fEHATE F1 (1) RE S &R
EHETEA K. WA, AL R AL
() 4 B T Re A L A V5 kiR . AR TTiE
RIHFaALH Po A1 Mn, Cd A1 Cr. Ni, LA
Jc Mn Al Cr. Cd &5 2 [A A7 AL S AH R o A%
PR fa R BRI iR B (Goudarzi et al.
2024), Gy NNiEBhemm .. BB, &J8R ik
BB R A I S AT HE R R K 2 T 8L
KA Cd il Cr 3N (B%6d 2016). 5
WK R —Se 4 B AT RE S AT AT YA 0%, W,
MR E B &4 Pby Cd. Cr fl As, My
REBTJE & Zn A1 Cu HIMPRE (8 4eihss
2023 ) o HEBE TV X RIS 11X 1 NS IE B ] g A
WFVERR R Cry Mn. Ni 1 Pb, WVPHIZEHH
A GE (A1 RE TBOX £ 0 3 (Mostert et al. 2012) 6
X N 3 ) BT HERCUT AR N IR RR B,
A AR K B BN TR I A S AR
(Andreani et al. 2008)-

HRFE R4 16,0 4 TUCN WS40t
LS B RAR FEWR S AN fE AP . AT FE A
O S R B AMEIE R LT REA, S
B SRR G T R BRI JE TR AT, dX e
SRy NE AT S E I a3t - vl w1 N 5
N IR I B e S5 TR R O . R B AR
IR GERCE . BT T5%) RSN
R [ i g v L) D R P R I . (o B
WAE 2015, 20210 FEBUINGEXT FE R 0 &
G IR AT R A IO 7T s e i F A
BHBERIE TS G I, 9 N R Bl e e
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Appendix 1 Detailed information on sea turtles

Y5 KEBBL 5 T K i SE R

FETIIT] (4F-J1) K

FET IR

Developmental Curved carapace length/curved .
Sex stage carapace width CCL/CCW (cm) Death time (Year-month) Source Death reason
240, Chelonia mydas
N PR
el e SR A A
NA 75.0/70.0 2019-07 The coastal area of .
Adult . Death after stranding rescue
Hainan Island
NA RIS 2L 309276 NA &‘7}< . ?@&*&EMEEE
Sub-adult Lingshui Death after stranding rescue
Tt A S A A
NA 34.0/31.9 NA The coastal area of .
Sub-adult . Death after stranding rescue
Hainan Island
MR ERUE 0.0/56.5 202004 N =TT 4
Female Sub-adult R ¢ coastal area of - 1y frer stranding rescue
Hainan Island
Tt RI54Z3 63.0/60.5 2021-04 ‘( M ?r%vf*&ﬁb}nﬂt
Male Sub-adult Haikou Death after stranding rescue
~ T BT PR
NA kA 42.0/39.5 2021-07 The coastal area of ik *&EEE?EE
Sub-adult . Death after stranding rescue
Hainan Island
Witk A TR P
NA 77.4/70.8 NA The coastal area of .
Adult . Death after stranding rescue
Hainan Island
P AMEIEHIET:
) . =l < o L
M PR 54.5/47.5 202203 il (TR )
Female Sub-adult Shidao, Sansha  Non-natural death in the wild
(confiscated and released turtles)
HIE Eretmochelys imbricata
- | Y 9 Sk >
e Atk $8.0/54.0 o107 11 BPAPFENSEL
Female Adult Haikou Non-natural death in the wild
. 5 . SN
NA ki 44.5/40.0 2020-07 Rl EOMFIERALT:
Sub-adult Qionghai Non-natural death in the wild
e Atk 68.0/58.0 02010 11 BPAPFENSEL
Female Adult Haikou Non-natural death in the wild

NA. RKIKEHIE. NA. Data not available.
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Appendix 5 Correlation analysis of heavy metal contents in the tissues of sea turtles
Hg Pb Cd Ni Cr As Mn Zn Fe Cu Sr
A Liver

Hg

Pb 0.286

Cd 0.544 0.264

Ni 0.665" 0.505 0.863™

Cr 0.044  -0.346 0.396 0.324

As - 0319 0.093 0.176 - 0.005 0.016

Mn 0.429 0.621" 0.000 0.071 -0.681" 0.066

Zn 0.467 0.247 0.566" 0.582" -0.016 0.396 0.390

Fe 0.181 0.242 0.571%* 0.703* 0.401 -0.060 -0.258 0.451

Cu 0.319 0.549 0.484 0.643" - 0.088 0.429 0.346 0.835™ 0.637"

Sr 0.346 0.286 0.462 0.681" 0.055 -0.115 0.000 0.654" 0.802"" 0.720™

Ba 0.377 0.328 0.638" 0.809"" 0.116 - 0.304 - 0.109 0.225 0.699" 0.383 0.827"

5 Kidney

Hg

Pb 0.139

Cd -0.188 -0.139

Ni 0.176 0.491 0.576

Cr -0419 -0.176 - 0.267 -0.542

As 0.188 0.127 0.600 0.800™ - 0.492

Mn -0.273 0.152 0.358 0.245 - 0.009 0.064

Zn - 0.006 0.285 0.176 0.573 - 0.096 0.245 0.518

Fe 0.006 0.200 0.176 0.391 0.036 0.373 0.745™ 0.700"

Cu 0.273 0.321 0.273 0.655" -0314 0318 0.691" 0.709" 0.645"

Sr 0.261 0.358 0.491 0.591 -0.907" 0.518 0.127 0.045 - 0.036 0.318

Ba 0.127 0.079 0.370 0.582 -0.779™ 0.709"  -0.018 0.018 -0.027 0.236 0.845™
LA

Muscle

Hg

Pb 0.243

Cd -0.050 -0.431

Ni -0.110 0.127 0.088

Cr 0.143 0.193  -0.011 0.330

As -0.215 -0.541 0.357 -0.011 0.121

Mn 0.564" 0.238 0.005 0.533 0.687" 0.148

Zn 0.429 -0.006 -0.049 0.121 0.181 -0.379 0.308

Fe 0.702"  0.011 0.357 0.346 0.489 0.077 0.797" 0.555"

Cu 0.624" 0.210 0.038 0.473 0.462 - 0.401 0.681" 0.495 0.681"

Sr 0.077  -0.276 0.363 0.489 0.275 - 0.016 0.401 0.692"* 0.599" 0.505

Ba 0.668" 0.423 0.127 0.459 0.484 -0.245 0.803* 0.451 0.784™ 0.718" 0.358
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Hg Pb Cd Ni Cr As Mn Zn Fe Cu Sr
JIG W Fat
Hg
Pb 0.252
Cd 0.293 0.365
Ni 0.482 0.209 0.320
Cr 0.362 0.393 0.768" 0.594"
As - 0.480 0.011 0.249 -0.299 0.081
Mn 0.197 0.288 0.713* 0.425 0.719" 0.297
Zn 0.276 0.270 0.174 0.480 0.284 -0.116 -0.174
Fe 0.462 0.134 0.704*" 0.266 0.516 0.292 0.613" 0.095
Cu 0.599" - 0.002 0.042 0.444 0.385 -0.213  -0.042 0.657" 0.200
Sr 0.685"  0.305 0.488 0.854"" 0.648"  -0.393 0.380 0.516 0.363 0.556"
Ba 0.487 0396  -0.054 0.396 0.288 -0.414 0.883"  -0.198 0414 -0.018 0.577

*AE 005 Zun (XUBD , MRIEEZE; ** £ 0.01 405 G . MR,
* At the 0.05 level (two-tailed), the correlation is significant; ** At the 0.01 level (two-tailed), the correlation is significant.
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Fig.1 Yellow-bellied Prinia Prinia flaviventris
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