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1.1 #RARE

T 2012 4 1 -4 F H A6 6s8 i a5 2=,
FERKTIETLE ( 31°51'N,121°14'E ), NIEZEHH
PR RS EREMBEIRA, BIRKREA DT
50 Bo A 50 cm x30 cm XUZH O/ EE43 1,
FAVKBARFE A LB = . B W hn -~ R &
2K B FaRFREARE, MRS B
EBEAITTR T AR AEFER IR 1,

*1 BHESB@HHEHERRENER. AR &K,
REF R B
Tab.1 The pigmentation stages, daily age, total
length, body weight and sampling date of Japanese eel
larvae collected in Jingjiang section of Yangtze River

%5 OFERY Ff/d AK/mm (KE/g SRR
-1V, 145 59.73  0.126 2012-1-24
-2V, 160 59.46  0.131 2012-2-9
-3 Vi, 162 56.53  0.122 2012-3-22
-4 Vi 177 57.69  0.111 2012-4-19
-5 Vi, 160 57.26  0.123 2012-4-19

1.2 BEREHAFE

3 M E AP R RORBEAENTER S
Brxtg. NERSPEEREA, X KGR
TG SR EASNEE, 3 M B B Ak
RS E e TR A . WMESRE, K
FEFEA, AW IEEEEE, 2000 HEP
YRFT 8BS H 2 AT UL MR BoA %00, B 8 000 H
AL OO, 258 F KA B vk, T
G, BERATROEELERER,
1.3 mTRUEHZE

7E_F¥IR (SSRF) M X SRR AL L b
(BLISU1) I, >R F [F] 25 48 5 X 5 & 50 40 4
(SRXRF)MEHATER M &', AH X Lkl
BeGiter=H, FRE Si(111) A ZRIE 17.0 keV
1 X B4R, 2 K-B B AR 2.4 pm x2.0 um ¥
JEBE, F Si RS BT 25 R A TC R MRHIE X 5
SES WNESHEAREELARPNRIZER, £
A HTERIE R 75 NI 2 % 1 7 R A A oL
HABRMAE, LS wm 1 [E] FEAAH B
ZERL T wm BB FEHTEABA W E A,
SR EATEMARMERE(E 1), 3
B, B SRR E) 2 s, B S B AL B 5 A

http: //www. shhydxxb. com

X LIS 45 © WM E KI5 10 5 AT
FFH 90

B ok A W 7] 2 48 4 % B (ESRF) /9
PyMca - 0HT. s Bt il B e R
B, WEER AR EEZRIRMER (NIST) B3
IR BICEASEIATIRE , P AR B 95 2 SRM
611, ARG HA TR LN &8 .

1 SRXRF B H#IHER
Fig.1 The sagittal otolith detected by SRXRF

1.4 BiESH

A5 5 Z B ( Coefficient of variation, C,) 315
YNCWE

C. =S/M %100 (1)
KM AHAEA#K2HBIA A S EHYE
(pe/g) ;S AAFRMIA A & B RREE

FH Microsoft Excel 2007 %4 F1 SPSS 16.0 4t
TR BAR s | .

2 &

2.1 EAWTRANMIE

SRXRF MR A R 2 <, R F P EE 19 K
AR Na K 70K , B H T BUR FRHE X 4
A LA S SR, SO BB X X S8 0 R AR € B 17
Pro srtriliG M H A ERZ B H Aot R A 14
L AP S RAR 2, 14 FomRP, U Ca &
B, P07 240 215.928 ug/g; Sr S B H
W30 2 383,221 pg/gs HoRk 12 FOTRM &
BN, &8N 2HKIKH Ba,Fe Mn Zn
Cr.Ni,Hg.Se.Co,Cu,Au.V, HH,Ba Fe Mn,
In WY& EAE 1 ~ 10 pg/g Z[E; Cr Ni, Hg,



6

7 L% KL H AL, AKX A TR I SRXRF 7047 823

Se.Co.Cu.,Au.V & B 1 ng/g LUT,
R2HEHHT 5 MREALSEBARMKEN
XA S TR EBN P ERRE, AT, Ca
M8 7 R PR/, AR 10. 11 % ;Se 738 5 REL
K ,i5134.31 % ; V. Hg, Au F1 Ba )75 3 R 5

#8550 % ;Mn.Zn. Cr.Ni.Co.Cu TR R
B, 7E 23.11% ~35.88 % 2Z 8], XFEH Ca
F & BEAMUE T HRREE, Se M ERBEAR
7E o

*2 KIODBEEBHHGTIERAETERE
Tab.2 The otolith elements concentrations of Anguilla japonica larval eels collected from Jingjiang section of
Yangtze River Estuary

TE -1 -2 -3 -4 -5 Wit/ (ng/'s) FHERRE %
c,  265490.286x 200131.288x 250858.403x 268252.273x 216347.391x 240215.928 x .11
14 148.115 36 005.253 9 116.295 55 063. 65 6 591. 580 24 184.980
v 0.005 +0.004 0.008 = 0.005 0.005 +0.003 0.007 £0.005 0.005= 0.004 0.006 + 0.004 73.26
Cr 0.747 £0.229 0.844x 0.317 0.992+ 0.271 0.943£0.370 0.829 + 0.371 0.871 = 0.311 35.88
Mn  4.393 £1.517 5.026+ 2.003 4.451+ 1.518 4.449+ 1.519 4.350+ 1.521 4.534 = 1.616 35.52
Fe  6.538+ 1.158 8.795+ 5.880 6.486+ 2.129 6.913 + 2.436 6.006 + 2.072 6.948 + 2.735 37.43
Co  0.312+ 0.015 0.409 + 0.149 0.276+ 0.120 0.336 = 0.053 0.293 + 0.088 0.325 + 0.085 26.11
Ni  0.675+ 0.027 0.722 £0.229 0.575 0.223 0.711+ 0.137 0.555+ 0.130  0.647 +0.149 23.42
Cu  0.237+0.036 0.279+ 0.064 0.215+ 0.076 0.262+ 0.049 0.226 + 0.053 0.244 = 0.056 23.11
Zn  2.690+ 0.901 2.740 + 0.956 2.438+ 0.812 2.604+ 0.872 2.565+ 0.852 2.607 +0.879 33.68
Se  0.329+ 0.405 0.407 + 0.494 0.525+ 0.679 0.320+ 0.461 0.451 + 0.612 0.406 = 0.542 134.31
. 2560.771 + 1868.983+  2641.462+  2281.379+  2563.509+  2383.221x 2183
44.774 870. 863 497.217 450. 840 569.946 486.728
Ba  8.276+ 4.368 13.989 + 9.608 7.677 + 4.266 8.705+ 4.428 8.971 + 4.870 9.524 + 5.508 56.43
Au 0.139+ 0.041 0.314% 0.232 0.130+ 0.085 0.165+ 0.061 0.150 + 0.086 0.180 = 0.101 52.54
Hg  0.586+ 0.237 0.768+ 0.816 0.614+ 0.237 0.646+ 0.488 0.678 = 0.408 0.658 = 0.437 64.22

2.2 BEREEERANZESH

Gttt T 2 B A O X ALK IT
&R, Ca LISh,5 NEHA AL EDGHF
BoRSEIE 2, "] J,Ba.Se .V .Cr,Mn,Au,
In ERUREBNMEHASNE SN EBIFARE,
XETEMEE TR T YL R R
KIGEEA—F, 1EBR Ca LAY 13 FhmEH,
Ba.Se.V.Cr.Zn Hg B ANH A B 1 & 248
A BB 1) BT ELT FE#a#, /B Sr Mn Fe ,Co,
Ni.Cu Au R EENEAEHENELES, H
Hi,Fe JiRILZE I Mn Fe,Co . Ni I Cu JEITR 1)
Cu. Au, NEA IR0 BN S FEAR S I JHETR
K AR b ka8, fE HoA S 2k e B KM
Srg 3 MITRPEERSN, HHARLHIE
WK ME , B PR E B AR %N BARE.
2.3 HATERSEWEXMESHT

FHFENHEANS N TR S BENHEEEKR
EHITEN BT EIET Pearson HH 5K H 41T,
TSR E 3, TR(1) BHAN Ca 5 Sronx
HEEEIARBENAMEE(r= -0.821,P =0.
000 <0.01);(2) Ba 54 ji&EILE Co. Ni fij&E It

RFAMTEERERRBEMIEMER; (3) &
J%IGEK Mn Fe,Co Ni Z[8] ()& B2 B E R
BEMIEM ;1M Fe,Co Ni £ 5H]&TTE Cu,
Au Z A& B 52 B E SR B3E W IEAEX; (4) 4
BRITE Cu 5 Au W& B IR BZERHIEMHR; (5)
V.Cr.Se.Zn il Hg Z ], R 5HA TR & &
Z [B1 370 3 M AH DG

3 iWig

FAEEEFEAERRE BEEE. HE
WAl RV T AS B 4 1 SO0 = ME BB, SRXRF H AR
ELA PR A 40 R B3 3 I BR AR L 2 [ 43
BRI (B/NFTBYOKR ) SRR/ B BUE
BN ZICEK W47 S 1 s, 0 HGE BT
SR A HER TR 4, B2 B AR R
% Rl BRI ERR TR,

ASCH SRXRF 7 AR i & K B, Ca 2R H
APERENFELR, FHEEHEAEEN
24.02 % , Sr I EHEEMSEAERO0.24 %,
MRV TR S E  WETHEEILTER. B
Ba.Fe Mn.Zn {)°F ¥ & 87 10°° ~ 10 ° Z a],
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Cr.Ni Hg.Se .Co.Cu.,Au.V & BN 1 x
107 IR, 408 T on R . 7EFTER) 14 Fhoo
1 ,Ca Fe . Cr.Mn,.Cu.Zn.Co . V. Ni .Se £ 10
R AFTICER ,Sr Al BELTE LR , Au Ba Hg 55

3R AT LR . NEFliX A& TR S ’]K
PR R BCE,Se MV KAK 3 FAESFILR
Au.Ba Hg H28 57 RO IE 50 % , R WX LETT
RN EREROFREAREN.

15.00 --e---Sr/Ca
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SRERTY ) S A Teal
Z e,
3 s
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~ 30.00 250 5 S 180f e Cr eV 0.02 _
> 25.00§ 2.00 % : X
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H ~ ~ <
5 Bof LB 3 0.01 =
10. 00 @ 050 i
i 0.50 41
% 5.00 {14t , 0 e Y P 4
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N
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4z
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Fig.2 Spatial distribution of average element contents from the core to edge of sagittal otolith from

Japanese eel larvae

Sr 5 Ca #2011, WG , A ML
FRAAEFIAE M . EH A RIRES MR R
B, Sr AT LB Ca TG R M2 A B A &A%
F 2Bl Tk P S SR A HROKE 2 A
BESR,HI Sr 5 Ca HLEMRR T HE— EHIE
HREFRAE F 2 88 655 40 14 I 5 P B YR K 2B 15 JB I
MIEERL™ >, RNHTPHHARE LR
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Y7 BB B KK I OB H 2 (141.0 £3. 4)
d, t.B) Sr 55 Ca B HCAB7E X — B3I 2T H BRZER
THMBIE . EATTI R, 57T B4k 68 K 5
ASTHEER 120 HRALAFIREE 160 H iR
AV, ~HE PR TG, BE HH
RATHERIS . FILIRATINR, B A 68440, A
MIAFPEE K i3 B, Sr 5 Ca B HLE I



6 3 ik WE,%:KILH HABRERL) AR H-A TR ) SRXRF 44T 825
B SN B, B AT BEAFE LK I ] R B
*3 KIBIRAFBHHIGIEAETRIBEMEXYE
Tab.3 Pearson correlation analysis about otolith element contents of Japanese eel larvae collected
in Jingjiang section of Yangtze River
HRZRE \' Cr Mn Fe Co Ni Cu Zn Se Ba Au Hg

v 1

Cr -0.029 1

Mn 0.184 0.300 1

Fe -0.077 -0.019 0.429* 1

Co 0.052 0.070 0.457**0.718** 1

Ni 0.078 0.090 0.488**0.717** 0.979** 1

Cu -0.044 -0.055 0.324 0.579** 0.729** 0.710** 1

Zn -0.195 0.198 0.035 0.006 0.014 -0.040 -0.083 1

Se 0.240 0.178 0.159 -0.250 -0.317 -0.302 -0.282 -0.084 1

Ba 0.198 -0.203 0.149 0.028 0.388** 0.354* 0.296 -0.121 -0.022 1

Au 0.173 -0.110 0.330 0.607** 0.896** 0.854** 0.667* *-0.127 -0.189 0.521** 1

Hg 0.002 0.011 -0.064 0.331 0.241** 0.260 -0.047 -0.078 -0.103 -0.062 0.210 1
I " FRRTE P <0.05 KFREMHR; " * FIRTE P <0.01 KFBEMK,

Bt BRI 6 A KRS R R KR E BEFE RAPD BLBAHTLI). 1A= K2E20, 2007, 16
#M 18 £ SRXRF 547382 o 46-F 0 R bodg 545 84, (3): 201 -206.
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Elemental SRXRF analysis of sagittal otolith of Japanese eel larvae collected
from Yangtze River Estuary

ZHANG Ya, GUO Hong-yi, TANG Wen-qgiao, LI Hui-hua, ZHANG Xu-guang, WU Jia-min
(Ministry of Education Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Shanghai Ocean University,
Shanghai 201306, China)

Abstract: Japanese eel larvae Anguilla japonica were collected in Jingjiang section of Yangtze River Estuary
from January to April, 2012. The elements of sagittal otolith extracted from five larval eels were detected by
using synchrotron radiation X-ray fluorescence (SRXRF). Results showed that fourteen elements could be
accurately detected. It included two major elements Ca and Sr, the average contens of which in otolith could
reach 240 215. 928 ug/g and 2 383. 221 pg/g respectively. The other twelve were recognized as minor
elements. Their contents sequentially decreased in the following order; Ba, Fe, Mn, Zn, Cr, Ni, Hg, Se,
Co, Cu, Au, V. The average concentrations of Ba, Fe, Mn, Zn were 1 — 10 pg/g and the average
concentrations of the other elements Cr, Ni, Hg, Se, Co, Cu, Au, V were less than 1 pg/g. According to
spatial distribution and the content variation of all measured elements, Ca and Sr were the most stable
elements whose coefficient of variation were 10. 11% and 21.83% . By comparison, the coefficient of variation
of Mn, Zn, Cr, Ni, Co varied from 23.11% to 35.88% and V, Hg, Au, Ba even exceeded 50% . The most
unsteady element was Se for its coefficient of variation reached 134.31% . We also found that the variation of
Sr/Ca ratios might be delayed in the otolith when Japanese eels larvae migrated from sea to freshwater.

Key words: Japanese eel larvae ; sagittal otolith; element concentration spatial distribution; SRXRF analysis;

time lag phenomenon
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