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Bioaccumulation characteristics of 20 elements between Anodonta woodiana and Lamprotula leai

CHEN Xiubao, JIANG Tao, LIU Hongbo, YANG Jian”

(Laboratory of Fishery Microchemistry, Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081,
China)

Abstract: To effectively protect Chinese freshwater mussels, essential elements including the major elements Na, Mg, K, and Ca and trace
elements of Cr, Mn, Fe, Co, Ni, Cu, Zn, Se, and Mo, and non—essential / toxic elements, that is, Al, As, Sr, Cd, Ba, T, Pb, were investigated
in Anodonta woodiana and Lamprotula leai. A. woodiana is endemic to China. L. leai has been newly listed as Class 1l priority wildlife.
Both mussel resources have been sharply reduced. Element accumulation correlation analysis and accumulation evaluation were performed.
The results have shown that concentrations of essential elements Se and Mo were significantly higher in A. woodiana than those of L. leai.
Meanwhile, concentrations of Na, K, and Cr were significantly lower than those of L. leai (P<0.05). Concentrations of non—essential / toxic
elements Al, As, Sr, and Cd were significantly higher in A. woodiana than that in L. leai (P<0.05). There were significant correlations
between 37 and 34 pairs of elements in A. woodiana and L. leai, respectively. Among them, Mg—-Mo, Ca—Mn, Ca~Zn, Mn-Zn, Ca—Sr and
Mo-Sr showed significant positive correlations in both mussels (P<0.05). Meanwhile, Mg—Al and Fe-Tl showed significant negative
correlations (P<0.05). The element accumulation indices (EAI) in A. woodiana and L. leai were 3.7 and 3.2, respectively. The residual
indices (RI) of inorganic As, Cd, and Pb for both mussels ranged from 0.2 to 39.1. The RI of Cd was significantly higher in A. woodiana
than that of L. leai (P<0.05). These findings suggest that the element accumulation capacity of A. woodiana is generally stronger than that
of L. leai, and their resources are affected by elements such as Cd, Pb, As, Al, and TI.

Keywords : Anodonta woodiana; Lamprotula leai; biodiversity conservation; element bioaccumulation
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WK BIBIRKESRG EY M EEA
R Y, AR K AR 25 FR 58 R W) JSUAG BRI RE it i sl e
WK R AR RS N RS R G TR,
AN IR K DL PR EAT Y S BB/ b i G 0 i
R FIRACEI T R R B TS Qe & 5t HoK GG
ey & i IR A DGR 1, BHIE S A PR K BR A 15 etk
LR BARSE R A . 5 R AL, th T2 3
K FRIEE 75 G S5 DR 2R A S, 4 kiR 7K DL 28 B I8 5
BT AT TS I8 B A R 0 A0 TG 1A B (Ano-
donta woodiana) I [F 52 F £ AR 37 19 15 98 0 1 (Lam-
protula leai) K& , BT IR i 72 £ 1Y 26 4 [A] (1981—
2007 48) 4390 T K T 70% F1409%' IR i SR AR
2021 AEREA A R T S AR A )

JCHR AR A WD RE AT 43 LT3 0 R (R 1T
RMMEICR) MIELFTF/A#BILR™, WooRitE
AR AR Y B RE TR A E )
ol 6 75 T 3R A8 B R S B R ST, G AR T iA
B 2] 24U M Fe , Cu F1 Zn 5 12 43 J31) 2 B 25 Ui
(Dreissena polymorpha) ) 71 .3 .7 £ Fl 6 5, SR,
e T A FEIT R PR R AT THAL 5 JC 3R Al i A2
L0 CA TR R G IR Ca RS IEHLHLILLE D TR, A

EAEYHAER KB LEERIOET", Bitkal
UL WR K DU 1 O0 32 FR B RRAE OC T~ FLAD i 95 U 8
o BiF XS TROK LR R IC R T2 T 2R 4R
TR T A BEICRD, SEAT W] 2D 23 il o0 R AR
Wt A FEIC R NP Z (R RS G 2800

ST AP SRR BT B 15 A 0 IA i
A E S8 B R AP 0 B R I X AT U R (R OCR
Na\Mg\K\Ca;fﬁ§ﬁ§ Cr.Mn.Fe.Co.Ni.Cu.Zn.Se.
Mo) FI=llE 05 T5/45 % 0 % (Al As Sr.Cd . Ba . TL.Pb) [
R A R e, E AT U R AL RPN, DL
e FEIIR K D28 T 38 Tk 2 S N W8 5 52 i 42
(IS

1 MREFE

1.1 BARESLE

T 7R BH T R 3 o 0 AT I R R T e U
IO, X DLSR B R AR A AHESE T 2019 4E 10 H 7R
6 BH I AR 5 B R B K R (29°06.81437 N, 116°
18.8464 ' E) RAEMUAK — ST M Tk I KoM (6.5«
0.9) em]FIE I EE[7C 4 (6.9+0.4) em] 54> W
il S5 RO A 0% 06 BhAE BN . I DL P4 e R 2
FE IR R 2040, BRI OR AR 5 AN REA BE T

Al 2 0 28 4 M 4 SR n] M R AR B ) T SR, SR
Al bl /o L U ) R

FHN 55 80 i 350 70 43 15 0 I A 2L 4, RO R 4l
Milli-Q 7k (HLBH %y 18.2 MQ - em, 2 [# Millipore 23
A VE A 6 3 KUK HL K7 (ME104E Y, iy 1
Mettler Toledo 2 ] ) FR 5t & 5 it A 80 CHLFE b 15
24 h ZJFAHEE . AR R 00 T TR
Fb A5 HH A7 D0 VA B R0 T8 T e R Y KR 43 i)
H(78.3+13.2) %M (78.3+8.1)% . ZJ5 , IS HE A4k
W TR B A A — M AR
1.2 TEMNE

HR AR S0 = 37 T 2R A B vk, a0
T JC G RS R T AR AP RO R (R e R
Na . Mg K .Ca; i JCZ Cr . Mn Fe .Co Ni Cu.Zn.Se.
Mo) FIHE 75 /4 # 0 % (Al As . Sr.Cd . Ba . T1.Pb) &%
B 52, KRR 4 80 CHET 24 h TR —
LB AR FEAR (0.120.005) g A FR Pk (4945 T 3
f# 4 o, A S mL K HNOs (65% , 7 & Merck 23 #] ) ,
FH ¥ T4 #% 1L (ETHOS A T260 %, 75 K H] Milestone
8w ) BEA TR T # (120 °C, 10 min; 170 °C, 15 min;
FEK 170 °C, 15 min) , I J5 5685 2R VG 0 55 U
ZI I Milli-Q /K 2 25 2 100 mL. i F HL SR FE A
A B8 TR B A (ICP-MS 3 7500ce B , 25 [#] Agilent 23
A R4 i 20 O 2 ol IR AR M W (O
h5:5183-4682, 3 [F Agilent 23 &1 ) (IR i1 Kz BT A
TN ICP-MS [ 00KS B2, 7 J0 2 19 1110 %k 989%~
110%. MAh, Wi FFRAE (NRC DOLT-5 % i JiT i3 &
TG BRUEY) T, g ) Xf oo R HEA TR T A, oo
2 [BIIR h 90%~110% . 20 Fh oG 2% 1Y 6 I BRI
#1.

&1 TERENR

Table 1 Detection limits of elements

JLE KM BR Detection JLE KM R Detection
Element limit/(pg-L™) Element limit/(pg-L™)
Na 3.705 Cu 0.038
Mg 0.621 Zn 0.093
Al 0.109 As 0.033
K 1.775 Se 1.125
Ca 7.743 Sr 0.030
Cr 0.056 Mo 0.018
Mn 0.081 Cd 0.008
Fe 1.599 Ba 0.019
Co 0.005 Tl 0.003
Ni 0.053 Ph 0.010

WWW.QEs.0r9.CN
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1.3 TERRIBHMEZBEEHEHENITER Z

J T R A GV RN TR e T R ()
Fh W JC R AR AT A B UL R ) LBV, il 3158
PR A i i 0 2 FH Z 45 % (element accumulation index ,
EAD AT OB

g

EAI = ZN]

Ij=x/6x
A NFRORME M ITRMIE, oo i r & &
()5 HAREZE (5x) Y LA

WA, S X AR T A FE TR T A% B AR AL
(Residual index, RI) PEHY s 4L kK SE4,

RI=C:/C,
K, CAEM A HE LT AA B ICE (N EE, C
RAEFT AT EEICR (PR . o, JCAL As (Cd Fil Pb
PR S (R E AR E il rhis e R i)
(GB 2762—2022) 43 %19 0.5.2.0 pg- g f 1.5 pg- g
MR . T A JC T I R TEHL As 1 = T As Y
1.3%"5 i JC 85 98 T O 2 4 JE L As 1 5 11
i, K22 R IR K DL 2SR JEAL As o B
P25 1l 8.2% ST, BT H AT TR [ K™ i
R WA AL Sr.Ba BT BR f A5 o, I e AT A
TFA . Y RISUE  RUIRZ W 15 Y RI>TEE, K]
FEAETG e, H RMEBROR AR TS e ™
1.4 Zita

FIT A B840 0 LA 0 e v 22 R ok R .
PR THREBR UL Z A0 oo R S B LTIt . A
SPSS 22.0 48 114k F 19 One—way ANOVA 43 51 ¥ 5 15
£ 70 Vi e RN R W e T R 1 25 S, 1T ) Mann—
Whitney UK 56 He 4 A i 2 (8] o0 2 5 18 ) 5k B3 1 4
BES . A RIET (4.0.2 A P75 A 005 i Al
5951 AR e v T R LAY Pearson FHEME /MM . P<0.05
PR 22 B 2

2 HRESW

2.1 TEEE
2.1.1 LR G H

WA JC U R0 R A Y F S0 R (Na Mg KL
Ca)FHEWFR2, FMIHIEEF Na Mg K, CaFr i 2
FSARE(P>0.05) . HREmMETS CaFHmEESTK
(P<0.05) , AR G ZF A BE(P>0.05). T
JC VT I RN I8 T A ELER , PO Mg Al Ca &5 B A0 24 (P>
0.05) , AT Na K 7 i i Z K T /54 (P<0.05) .

1% WHART]

R2 ERATHEEMNEENHENEETESE (ug-g')
Table 2 Concentrations of major elements in Anodonta woodiana

and Lamprotula leai(pg-g™")

WHITR TR B GEEITLEE
Major elements A. woodiana L. leai
Na’ 12 306.5+7 213.5 36 930.5+11 320.0
Mg 27 727.4+14 760.3 33 135.0+3 587.0
K 7 608.8+2 507.3 15 994.4+6 600.6
Ca 534 573.9+226 933.6 636 358.3+190 581.1

TEFRORICR S E PR 22 5 B35 (P<0.05) . R,
Note:" indicates significant differences in elemental concentrations
between the two mussels. The same below.

5 A U e A R T i A S T 2 (Cr M Fe
Co.Ni,Cu.Zn.Se Mo) Frim WL5& 3. M I Fe
i 3 =T B Mn Z AN Ir A it T K (P<0.05)
Zn &R F T Cu.Se Ni,Co . Cr Fl1 Mo(P<0.05) , Cu
1 Se 7 1t 43 9l {2 3 5 T Ni Co., Cr £ Mo (P<0.05) -
IR N A P Fe 2 BR3P BR Mn Z AP Y BT A L
1 ILE (P<0.05), Zn i .35 5 T Cr(P<0.05) , Ni fll
Co & i B EE T Mo(P<0.05) ., 5G4 i A58
I HR Mn  Fe . Co \Ni,Cu fil Zn 25 4 24 (P>0.05) , Hij
# Se Fll Mo 7 i I 3 5 TJ5 & (P<0.05) , 1fif Cr 1% & ik
FLFIE & (P<0.05).

R3 ERLTEHMEEMENRETESE (pg-g")
Table 3 Concentrations of trace elements in Anodonta woodiana

and Lamprotula leai(pg-g™)

It R GuiPmLE TR

Trace elements A. woodiana L. leai
Cr' 7.1£1.3 41.6+21.8
Mn 85 625.3+38 535.7 74 957.1+34 494.5
Fe 13 595.8+1 981.9 21 995.6+5 749.6
Co 7.9+1.5 7.1£1.6
Ni 13.0£3.2 10.0£1.6
Cu 192.7+44.4 193.3+93.7
Zn 2223.9+481.8 1 770.5+607.8
Se” 168.2+17.4 50.9+25.8
Mo” 3.9+0.8 0.5+0.1

2.1.2 BT/ REILE SR

5 A O I R R e R TR AT FE TR (AL
As.Sr.Cd.Ba.TI.Pb) /)& W3 4, 35 M JC I
Ba Al Sr % & .3 5 T T1(P<0.05) , Cd . Ph. As 7
25 AR (P>0.05) . FIEUNEEH Ba AL Pb St &
T HAMOTER (P<0.05) . 5 JC I AL As Sr
M Cd B4 i 2 5 T R i i (P<0.05) .
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F4 BRLEHENSEMERIELEBESTENESE(pe-g")
Table 4 Concentrations of non—essential/toxic elements in

Anodonta woodiana and Lamprotula leai(pwg-g™)

WEETEIC = —
TS T T R
Non—essential/ R K
. A. woodiana L. leai
toxic elements
Al 5307.1£3 211.0 297.2+90.9
As’ 37.6+11.5 10.6+3.9
Sr’ 630.5+241.7 151.4+58.2
Cd 126.2+56.9 39.3+16.7
Ba 104 049.7+33 289.6 212 518.0+101 556.8
Tl 1.4+0.7 2.2+0.9
Pb 102.7+32.4 270.0+170.6

22 JLEMEXME

T A JC 1A B 0 R T A b 4 ) 37 X (BT D)
34X (E 2)JmR ZIE WM. Hrd, W70 E Mg-
Mo .Ca—Mn .Ca—Zn Fl1 Mn—Zn 7E W F ief o 4 52 48 2 0F
A (P<0.05) , HAh, L IEEK Ca Mo FIEHE LT ILER
Sr(Ca—Sr.Mo—Sr) Z [A] L 5 i 2 1EAHC (P<0.05) . ifif
WFFICER Mg FIE AR 0 ER Al(Mg-AD DA KWL R
Fe AT ICZ TI(Fe—T1) 78 P Rk ip 34 52 8 25 64
K (P<0.05) o A 70 28 AH M AE 9 i vp 2 3 ol
IR S
23 TERREM

T A TG A7 B RN R T B ) 0 3R (S A FE JC R AN

Na
Mg

0.98
10.94
0.97

0.96,  0.94.0.890.97 Fe

0.92) 0.97,
10.92

0.98 1 .0.920.990.95

0.97  0.980.92.0.99.0.99

0.96/0.95

0.92|

10.88.0.92
10.96

T A EEICR ) S B AR EZE M U AE (D DL
KOCRE R RIRECEAD VLIE 3. 15 A JC 14 I AN 75 98 T
W fR) EAL Y 530 R 3.7 A 3.2, i & 2 A & 89 1.2 45 (1A
3)o FEMLFEAN b, 3E— 20 Hr PRk h AR T A
TG JGHL As . Cd F1 P (5% B A8 50 (RD . &5 0]
UL, 5 JC 0 AN 98 T i CA AT P Y RIBRF 1
Hodr, JEHL As F1Ph [ RLAE PR A I 22 [R] 22 52 A8 B 3%
(P>0.05), M HT# Cd i RIE % 5 T 54 (P<0.05).

3 iTig

3.1 BRATEEMEBWENTERRIFE

R FH 0 wb 5 A I AT I R R ) DR
PO R R DR A 52 BRSO TR R A, 7
e T AR BT ) O [ 5 R S R B AR S . AR
ABIFTE 53 BT 9 3 G 1AT I AR 98 T e (SR A — I L

x5 BARALTEEMEEWEFIELEEESIERBEEH
Table 5 Residue indexes of non—essential/toxic elements for

Anodonta woodiana and Lamprotula leai

D12E Mussels
A JoT I AL woodiana
BRI L. leai

JEHL As Inorganic As Cd Pb
0.2+0.1a 13.7+6.2a 14.9+4.7a
0.4+0.1a 43+1.8b 39.1+24.7a

TE AHFDCRARE AT T REROR 22 57 KCF 8.3 (P<0.05)
Note: Different letters for the same element indicate significant

difference (P<0.05).

] |
Pb

Bl BRTAETESENEXYE

Figure 1 Correlations between element concentrations in Anodonta woodiana

WWW.Qes.019.CN
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10.93

0.93
0.92]
0.93

0.92 0.91/0.9

0.92 0.93
0.9 0.93 0.9
0.93 0.93 0.88
0.95

1.0

0.8

0.6

F0.2

Al

04
As
0.95 Sr —06
0.9 Cd
Ba 038
. I

0.92 0.92/0.88 Pb -1.0

B2 HEmETRSENEXE

Figure 2 Correlations between element concentrations in Lamprotula leai

B3 SRALEENETEMEN TR THSESEREEZNLL
E(DURITTERBREB(EAD
Figure 3 Ratio of the mean element concentrations to its standard
deviation (1) and element accumulation indexes (EAI) of

Anodonta woodiana and Lamprotula leai

B 5 BRI B 2 2 I PR A I BT RESR B A9 4 R R
A AN, DU I N B T S FL R AL
W AT R LA R AR AR A HLA R 5K IR 5
IR SR RRE , 25 T —UCR R /IR A B (B
AR 3AREA) B REA RO DL ROK 3R 55
TR AR ZR B il A i SFE A 2 A
SR F IR 1 2 M G 35 W 1 45 5415 A ok i

1% WHART]

AR AN KR 6 R 5B 5 Varol S5 1 7E
FEA W AT 35 R B 3~8 D ERUE Unio elongatulus eucir-
rus PEATIC R G0, AT 0O W - HE LB UK A
(Keban Dam Reservoir) JGZR L R 25 825

TROK Wi i 5 A4 1 3= sz i A0 4 e o3 A A
PR BREE rhan i oo 2R AR b F AT T R, I
FXCR IR B2 B HMA (AR BRSFE A6 ) A IR (A
DUEHAS JCR B R PERR) L FEZ W, ECR G
R Y KBRS DL S B2 2L DT R PR 2R A 1
vl H A AR R ROV, TR 2 I B R RE
Az R R DL 2R I8 R 8 AT /NS AR 1
BLo=0, A ST v £ T U B R R T R 3 DR
AR B L RN AE A AR [ K PREE , HL & FLRS — 2L,
I, AR A TR R 22 5 W H A AT TR R
PERE Z [F] 19 22 531

W TC R HATHE B BN I3 A Ay Tt 1) ik e
PRI ) A DA A YRR ) L SR B LA AR5 375 1 X TR i
I PR EF AR 2 AERF R 2 RULIA B IE SR
SEE A HINAER . 7R EITR P, W Ca iy
T R T KX AT A T A Y Ca F K 55 5 AH
— 3. CaXPRAK NIRRT L, AN RGN
SCHEZH UL B P BRI Caid 2 DL FE TR K
f Ca Y5, 5 JRT T I Jas 1 TR 58 B D36 T £ T
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VI T ST AL DL ARRURILRS Y 7988 T e DL 5 o
BT A O E R 4452 TR, 98 T e e 4 20
Ca MR 2R T MO I I, 5%
SERRAL R KA Na & i 2 25 8 TR A O . K
I Na 73531 J2 200 L A L A fi 32 8 /4 BH B 21, ml ol i
Na—K 5 15 V8 i 5 375 1 - 2o 7 v A B 20 TP,
B2 715 TR T B X AR H LR MR B A R R R T
GRi B

TEMGRICER T, H A JC U R g T e iy ek Ry
fiEJ2 A F Mn 1 Fe 75 5 fig i , Zn Fl Cu & 5K Z, T
Mo &5 & e flk o AEIRIK DI AR, Mn 35 5 i Je 550 35 ol
AU, 28 3 B B T 3R Na FK™, 478 Mn X%
K DU BA R IR S0 Min 2 TN T R AR BE AL T R 4R
AW A T 25 SIS AR TG R0 A, Min 7 IR 7K Bk
I Unio pictorum mancus % if i B9 AL VE R, H Mn
RS PUALRE S RIEMSC RS T A
K7 B ARV R T e 2 2 MIn 5 B ) A A T R
BB 70 A SR A, PRI 33 AR Y Min ] BE K
PEPURACNE T o Fe A MUMALE F A4 7, B
S 3 S A S S R Rl A I ) R )
SR, ¥R 7K DL 202 DAL 3 1 (5% Cu PRIREE 1) 4R
sk EAA . I, Fe 7275 A JC A I 1 96 i i o
AR B 22 R R ) i T A TS IR . Cu X A2
Yy RE HA XTI VE T o Cu % BEELARI , fiE E iR
KD A L H , T AR R A m i, 5 LA
PRI TG PR S | R AT XILAE IS
RILTS A TC R b Cu FUR BHIAF 100 pg-g ',
AT A A O AT IR 8 1 S0 M SR BE ) e 75 A2
PR AT B R o AT TR AR G A
FIT o T A A 2 2 Cu P2 FR 20 0 03 g 18 192.7
peg-g ' M193.3 pe-e's 5 CudS L, MK MY
AT IEXS Zn WRIL AR X ATRESZ 1 T Cu Ml Zn
SR T P A R O AR b 2 R LR IRK DL
BN A 5 2 NTCERP WO Cu FT Zn - Bt
e P Cu 11 Zn R S8 X055 3 D U7 e R0 88 A 79 4
ZU 5 SRR B I Y 52 R A 1 T E— 2 IS .
Mo & A il 1 46 A Tl 0 o W AL AL R A 470210 Mo A
AR DA U AR R O e v e AR ik S A
FEARMW G, TG Qe , A IO b Mo
AT 3 F0 5 96 T 0 B9 7 A8, BT A G A XS Mo m BE
HA T E AT R Se BRI, 4 B bi & 1k
it A5 IO T ke SR AL M iR 4030 T A JC A B b Se
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