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Abstract: In order to understand the accumulation and distribution of trace elements in finless porpoise
(Neophocaena asiaeorientalis sunameri) inhabiting in the Yangtze River Estuary, we used inductively
coupled plasma mass spectrometer (ICP-MS) to check the concentration of zinc (Zn), selenium (Se), copper
(Cu), molybdenum (Mo), cobalt (Co), chromium (Cr), manganese (Mn), vanadium (V) and nickel (Ni) in
heart, kidney, liver, muscle, lung, stomach and intestine sampled from 6 dead individuals (3 females and 3
males). All the trace elements listed above were detected in various tissue or organs except trace elements V.
The average content of Zn, Cu and Se were higher than other elements by the dry weight (59.15 +33.87,
15.85 £15.07 and 7.31 £5.49 pog/g). Overall, the trace elements were enriched in the intestine, liver and
kidney than any tissues. Any trace element concentrated in different tissue was difference significantly (P <
0.05) except chromium (Cr) (P > 0.05, Table 7); We also detected that there was difference in the content of
Mn and Cr in different gender of finless porpoise, the average content of Mn was higher in males than that in
females (P < 0.05), while Cr was higher in females than that in males (P < 0.01). In addition, the content of
each trace elements was unstable in the same tissues from different individuals. On average, the variation
coefficient of trace elements between individuals was 121.08%. The content of elements in East Asian finless
porpoise distributing in Yangtze River Estuary were less than that found in Yellow Sea and Bohai Sea, and
also less than that in Indo-Pacific finless porpoise (N. phocaenoides) collected from Beibu Gulf. The content
of Zn, Se, Mo in East Asian finless porpoise collected in Yangtze River Estuary were less than that in human
body, and the content of Cu, Co were higher than that in human body.

Key words: Yangtze River Estuary; Finless porpoise (Neophocaena asiaeorientalis sunameri); Trace

elements; Distribution in tissues

« 23

JTJK (Neophocaena sp.) &2/ A
BB A, RS, R R
BATVE A I, DA AP TR A N
it (B65% 1997) o fEHFEFLEIY) 2 (The
Society for Marine Mammalogy) 2011 & & A7 [t
sk, BILIKS R 2 AP, BUEDBEVETLIK

(Indo-Pacific finless porpoise, N. phocaenoides)
MIZEHTIK (N, asiaeorientalis) , [7] 44T
J&K U 4y kg 4 2 WE B (N, asiaeorientalis
sunameri ) FT YL AL A CN. asiaeorientalis
asiaeorientalis) (Jefferson et al. 2011, Perrin et
al. 2011) . EPREVELIKAE TR pilgE A A, 7
BVLIKAR AT 2RI Bt 24
I3Ai s AT A BT R IR
BBV, FEEECR IEANT IR (R EeSE
1993, MEVLAF 2006, MEENISE 2011) « K

LA TRITS Rilg. SRR, BFER
VLK 2 AR B 3 A X o VL AN,
GRIR A, WO VLIKRI R o A1 % P e e 1R 7K
Z— (GRJeHsE 1993, GhMEERSE 2014) . fH
IS BT, AR PSS,
TURFET S 4% (BYL% 2009, BT
25 2014) .

KAL 2 PR AR S RS Th e i 21
KA, AR TS5 PSS IR e, A SRS
DifeIE Hai s} (FEF45 2009) « HE4 ST
RERSFI AR P9 % FHB 0, BRI 26 75 42 )8
JCER, I E TR A YA I AR B A
IhRE, SRR A S K EE R
Moo KA SR P HA KN Rk
ARERRMR . VSRS A GO BT
Oy R TBOR SRR A, TR PR R



«24 . 27 Chinese Journal of Zoology

51 %%

IKAE AR AT U N AR B K5 e 2
— o VTR KT H AT 5 s 1 i 2k
FAESRY AL A R SCFr 2003) , Al
TTIEARN M E GRS, MUET TiRX
— KIS IR YL, B RE N PP I A [ X
SRS BOR DR (AT 25 A . H AT
[ Py 22 B R B AR AT R KR (B
FIF55 1988) « B AR AN (JEZE%E 1993,
1996) . AR AY CGIKiEE 1995, Tk ik
S5 1996) FUALFES M AN FEVETLIK ( FHaAE
2008) AMARI R TCER SR, s
(2005) % N THFRE&AF FAKILYL KR N EE
TN Y e SIS RV (ORISR EF NN
AREKIL ALK R TR M RE . A
WFFCI T AT 1 63k A% A5 VLK 4R 0 0 ol 3 %
NIRRT ER, I T HAEA RS T4
ZUR AR, BRI ALK AR 3 Fl
2R FRIN e o BT A

1 MRSk

1.1 e
ARSI T HTI 6 SKYLIKIB %)k 2014
3 ~ 5 AYE BRI DLA KT K

KULIZETAME, ARG R IR 1. iR
Mg v PEANPERE X AT B R IL 255, P AE ATy
J& T TR AR LA o LR 852 I A o
FRIKIA U 4 ~ B A D47 i 2558 IR RL Bt e Hs
TP i oy o] S 36 = & - 20°CUKAEfRAF

FEARMRYRG, BoL I B WL, il
BEEMNE 7 R E AU TR TR
o AR 5 PL S IEGKIERRSE (1996) BE4T,
NSV il P A i T e =85 (5
JAT R e M b e, BREICES, E Bt
Bto PR RIBHEZ R A%, BT -80C
UKFE R ORAF 04T
12 FEREHTAREE

FIANER AN A ) T VIS AL 2R il i,
SRS KIFRIARE . By bl T 4124
ERETIREK, KR SRE T AENE T,
JET - 20°CUKARV R, FHE B R RTR
LTz 72 h BfEE, FRILTHE, 5541
ZUESEIRELILR, IR, BEE O
i« R T P T L EE R A0 24.29%
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Table 1

Information of finless porpoise samples

FEAR G AW (- H-HD RAEH £ Al R (kgd A (em) BRARE (em)
Sample No. Collection date (year-month-date) Collection site Sex Body weight ~ Body length The largest body-round
311523'"N
1 2014-03-19 3 354 139.0 85.5
12158/08"E
30°53'56""N
2 2014-04-25 3 256 130.5 84.6
122°03'30"E
31°08'06"N
3 2014-05-04 Q 30.8 110.4 80.7
122°23'36"E
31°05'18"N
4 2014-05-04 Q 335 126.5 84.4
122°12'12"E
30°85°23"N
5 2014-05-07 3 41.2 148.6 158.2
121°91'32"E
306'06"N
6 2014-04-06 Q 39.3 130.0 90.3

12212'18"E
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ZALERIE 4°C, Ok SKRFEHE (ND LR
1 mm, #EHE (NiD fL12 0.4 mm, KAFR)E
8.0 mm; BEFEZEIE 100 r/min; BEREAFUER A
30 s; HAATCEATETE 0.5 5o JFREAAAT
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filic AH. B AR BhL HL. BLARUEER, R

10 mg/L, F:[H Agilent A7) (GBW 08571)
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Wo Mn (P <0.05 7t s EEmT
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B 1 SR T KIT I 3 ST IR 3
SKHEMETTRK 7 P23 B N 1 9 Pk &G 25
Yo . Kruskal-Wallis 5 %2 7%, Zn. Se.
Cu. Mo. Co. Ni. V JCEMN & Bl
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Table 3 The average concentration of trace elements in soft tissues of different East Asian finless porpoise

individuals from Yangtze River Estuary and results of one-way ANOVA

SEY SR (glg, TE)

e

PSS Average content (Lg/g, dry weight)

Sample No.

Zn Se Cu Mo Co Cr Mn Ni

1 86.427¢ 6.531° 14.042%° 0.227%® 0.235°% 0.668° 2.965° 0.069°
2 74.355% 6.370° 12.884% 0.201%® 0.139* 1.274%® 3.199° 0.182°
3 43.950° 5.129° 19.675% 0.031° 0.129° 5.945¢ 0.284% 0.049°
4 45.328%° 7.419° 21.813° 0.268° 0.105° 1.718° 0.890° 0.036°
5 62.282 6.053 10.723 0.252° 0.943° 2.874° 4.095" 0.233°
6 425717 12.345" 15.942% 0.132%® 0.183% 6.468° 2.697° 0.139%

F E— A AR R R R A RS (P>0.05), ANFEFRRRERNZER % (P<0.05).

Within a column, these date with same superscript letter indicates no significant difference (P > 0.05), those date with different superscript

letter indicates significant difference (P < 0.05).
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Fig. 1 The average concentration of trace elements in different gender of finless porpoise
>, Heart; 5. Kidney; W #&E, Stomach; fili. Lung; ALIA. Muscle; i, Intestine; JT. Liver.

B “x” RS TCRAEMEMET T K 2 18] A5 & T 25 5%, =, Indicates significant difference found in different gender of finless porpoise.
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B OREL T A KT (P <
0.01) , Ni7E'¥ (P<0.01) . fili (P<0.01) .
JliE (P <0.05) ik et fa 3% il (2.2 b
KT

3 g
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AWFFEERN, KAT DA AR W A
WA JCE PP & BAAAE I B 22 5, Zn i
Cu M EEW Wm THAR 7 FiidETE, Se
TERIXZ, Crv Mn & EMK, Co. Mo. Ni
TRk, XMITE PSRN miEHR S
Aty A P 2 S oo BT B BE VT AR P 6 35 B
WL as RIEAR—20 (%55 1993, sKEMSE
1996, THi% 2008) . (HE LA FTEE RAHLL,
KAT KISV K AR M TP o8 #4412 28 B
WIKTGER B i B AR T2 DR ZR
ST Fofr 1 JPAC AR A 50 3 g 3 P B B VRV IR (3R
4) .

RN TR TCE IR BT, W24
LT AR B e KA IR .
AT, Zn, Mn. V. Ni & o R LUgiE
W& A, 1 Sew Cus Mo fEATFHh 4 Hif

w1, Co. Cr WFE'E & sim. MKk, Zn.
Cu. Mo. Co. Mn. V HZENLA A& & HAK,
Cr fEHEEP B8 mAR, X Ni RN & &
5{%. Zn. Co. Mn. Ni. Cu. Se il Mo 7F%&
PRl ) & AR B E M 2 R (P <0.05),
A Cr SEEARRAL A B E 5
(P>0.05) ,

WAL, AR TR &R
WEHEPE ) (B AE— R 2 5. Ho, Mn g
Fo ML ST (P < 0.05) , Crot
2o M B KT (P <0.00) o IXFh
75 5 2 FHOME PR B AR 1) A B SR BRI I 2 e
TR IE IR 2 e Y, TR
I BT H—AMEA R 288 R 22 5
X 9 PG AR R — AL B AN [ ANk ) 5
AR, TR RBOE 121.08%. [FH R IL
Zn M EcE, HARR R A, A
56.86%, 1M V M7 SRk, (HA 7 REUR K,
iA 184.20%.
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1990 4= FAO/IAEA/WHO =N Brd 481
LRBVRSME., BE. M. 1. . B 4%
K NARDL T 8 Fiid &R, A i Hl.
BRI NAR AT REL T 5 Fhf &= e %
(Bowman et al. 2008) ., I CESETRIXAIC
ZBAERD 2 —EREG, BaTE—u
EEEHIIREM I BURIZ T R R RN T T
YR WL L T 5y 2R 5 A T A
YIS Zn. Se. Cu. Mo. Co fll Mn JC%
B A KL AR R TR A ) 5 A AARZH 2R
[ 3 Atk o

BE (Zn) 580 70 FhEEREBEGTE,
BERZ 2 SEE R A KA, AR E
IR, fi @G R LR A TR At 2
TR BT NS AN LLAE, K
TLIVLIRAR N HABES B Zn & 38 i AR T
N o BATTHE A A o R INAT B E il (1 K
VLK B ik R A K R 58 4 @ 1k ol
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Table 4 Comparison of the average concentration of trace elements in organs of

finless porpoise collected form different rigion

¥4 Average content (Lg/g, ¥ EE Wet weight)

#i Sea areas ML
Zn Cu Mn Ni Cr Mo \Y Co
#53 Yellow Sea JFF Liver 3755 1357 419 0.22 — — — —
=16, A% _

(n 16’,}}" 1993 % Kidney 19.50 3.72 1.95 0.24 — — — —

R EAPITHK

East Asian finless porpoise LA Muscle 1820 198 140  0.29 — — — —

5 #E (Determination

InStUMENt): AAS L Heart 2590 463 463 028 — — — —
JHF Liver 66.70  17.42 458 0.04 — 0.55 0.08 0.05

#)ifF Bohai Sea % Kidney 27.50 7.02 0.65 0.02 — 0.06 0.04 0.12

(n=10, FKIEME 1996) JILIA Muscle 1900 248 0.8 0.05 _ 0.02 0.06 0.06

pio il

’J‘EMEF{I.HX . L Heart 34.60 5.77 0.43 0.08 — 0.08 0.07 0.08

East Asian finless porpoise

M5EAXHE ( Determination fii Lung 17.30 3.00 0.30 0.02 — 0.02 0.04 0.09

instrument): ICP-OES J%iE Intestine 3250 2.77 0.64 0.15 — 0.05 0.07 0.07
FBE Stomach 38.00 5.76 0.87 0.20 — 0.11 0.12 0.14
JF Liver 4171 27.07 3.30 0.72 335 — — —

JL7B7 Beibu Gulf % Kidney 20.05 5.53 0.30 0.35 2.19 — - —

(n=11, LH%F 2008 JILA Muscle 2676 315  0.09 073 3.00 _ _ _

I VY

3 }*”&’I.H.X ) . L Heart 37.88 6.32 0.79 0.72 419 — — —

Indo-Pacific finless porpoise

WI5E X% (Determination fifi Lung 2166 251 026 057 317 — — —

instrument): AAS J7it Intestine 38.22 471 0.37 0.66 2.81 — — —
HEBE Stomach 47.04 3.75 0.61 0.49 3.27 — — —
JIF Liver 17.82  9.83 0.75 0.01 0.70 0.20 0.01 0.02

YL Yangtze River Estuary 5 Kidney 16.17 3.17 0.38 0.01 0.78 0.04 0.01 0.16

(n=6, 2014 ) WL Muscle 748 160 0.10 0.01 0.83 0.01 BDL 0.01

*"““?‘*”ﬁ”’ﬁ . L Heart 1393 401 0.41 0.06 1.21 0.02 BDL 0.08

East Asian finless porpoise

W02 (Determination Jii Lung 1457 423 0.38 0.01 0.81 0.03 BDL 0.07

instrument): 1CP-MS JA3E Intestine 2139 218 1.28 0.06 0.69 0.01 BDL 0.08
T BE Stomach 1029 266 0.66 0.06 0.64 0.02 0.02 0.08

BDL. it TRMIBR, <0.001 /g W2HE; —: FoREAHE: AAS. JRTRIKMGGEETE: ICP-OES. HUBE S S5 T H Ot
ICP-MS. LB & 55 B TR BT

BDL. Below detection limit, < 0.001 pg/g wet weight; —: No data; AAS. Atomic absorption spectrophotometer; ICP-OES. Inductive
Coupled Plasma Optical Emission Spectrometer; ICP-MS. Inductively Coupled Plasma Mass Spectrometer.

The data of East Asian finless porpoise in Yellow Sea refer to Zhou R. et al. 1993, the data of East Asian finless porpoise in Bohai Sea refer

to Zhang et al. 1996, the data of Indo-Pacific finless porpoise in Beibu Gulf refer to Wang et al. 2008.

(GeBIEAE 2014) , KRG GILKAEN Znsk  WTgEAERBACS ARSI, HoR/EirRE
PREPS YNGR S EEPLTIRE, SR 2 S ERERE IR
i (se) AAPIEM. P HESE. B AHBIPIVR WA AE I Al Y 2 5 AL
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Table 5 Comparison of the concentration of essential or maybe essential trace elements in the organs between

East Asian finless porpoise from Yangtze River Estuary and human

7n Se Cu Mo Co Mn
240 Fhik (1fg, HE (1o/g, (o/g, (olg, (Lolg, (o/g,
Tissue Species Wet W(;i hD WP TE Wet W TE Wet +-1E Dry T1E Dry 1 Wet
g weight) weight) weight) weight) weight)
ZRETEFPYTIK
i East Asian finless 17.82 +3.88 3.39 +2.22 9.83 £3.23 0.84 +0.31 0.08 +0.03 0.75 +0.04
HF Liver porpoise
A2 Human 5450 £12.00 0.30+0.10  14.70 +3.90 3.20 £0.56 0.18 £0.05 1.30 +0.07
Y RIAIZE N
s East Asian finless 16.17 +7.81 2.67 +=0.86 3.17 £0.91 0.16 +0.03 0.70 =0.31 0.38 +0.11
H Kidney porpoise
AZ& Human 4350 +8.13 0.10 +0.02 2.10 +0.40 1.60 +0.21 0.23 +0.08 0.91 +0.04
ZREAEFPYTHK
WL East Asian finless 7.48 +4.53 0.98 +0.47 1.60 +0.62 0.03 £0.02 0.06 +0.05 0.10 £0.01
Muscle porpoise
AZ& Human 49.00 £18.00 0.11 +0.01 0.70 +£0.02 0.14 +0.01 — 0.06 £0.01
P RIAIZE N
. East Asian finless 13.93 +2.17 1.45+0.58 4.01 +0.97 0.05 +0.01 0.21 +0.05 0.41 +0.02
/L Heart porpoise
AZ& Human 21.20 +3.23 — — — 0.10 +£0.02 0.23 £0.01
HRAIEFPTIK
East Asian finless 14,57 £3.51 1.49 £0.77 4.25+1.03 0.10 +0.04 0.29 +0.14 0.38 +£0.12
it Lung porpoise
AZ& Human 17.00 x=3.42 0.10 +0.02 2.20 +0.20 0.15 +0.03 — 0.24 +0.02

Forb R ALK I BE A AR 4E R, AER Zn, Mo, Co. Mn 7t &2 % Schroeder et al. 1966, 1967a, b, 1970, Se jt

E TS Dickson 1967, Cu L &S Smith 1967; “—”

BB B -

The content of Zn, Se, Cu, Mo, Co, Mn in East Asian finless porpoise in the table were the results of our study. The content of Zn, Mo, Co,

Mn in human body refer to Schroeder et al. 1966, 1967a, b, 1970, the concent of Se in human body refer to Dickson 1967, the content of Cu in

human body refer to Smith 1967. “—” No data.

LI NI B R4S . LRI, KL
LK S 2R E N Se i kT A RAH N 2%
B LAMER, XTI B AR T A
() —Fhid N AEREAL I AT RN 7K Y5 G
— P idE NI R TR

i (Cu) WP HRXHREE R is R4
HES RS B D) ReA S B (Co)
SEUEEFE B12 LRGS0 SRS AT A0 A RN
AR IR R A A E2/EH (Bowman et al.
2008) o [ T, VLIEARAN Cu Fi Co 1 &%
T N ARAH N 285 o YT 4L 2 B 5 (4 4H

(Mo) & 2 5 AR, A ZA N SRR
B (M) B AEVL KA AR AL LA 25 5 A K
Bl R SR b B VL R A R A
Fill, FRSA SRR BB o Bt 1) o3 A, r ik
BRR!

2 % X W
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