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“MEME” ELREECREESHSHFELIERNNA
—LASHEE IR R BB w5

Fhy, THs" T EERY REEY? aAE TR
1. BRHREL TR BRI R AR 6100595
2. VU148 b2 N AR a0 &, AR 61005

T gt B v G bk 16.1%, U7 T 4t
b 77 ™ HE (Zhang et al., 2012). %8, flyg Y14
[0 AR IE 3380 77 A B, oy BF b S TR AR 25% ( CEPA
2014 T4 & 1A 4 A R 28 B VAN F 572 B 1135
PYEAREE P IT R AT . RATLART AR
WY, PORR A o HE 4 1R 23 A B BT DX R B AT AR A
WK K 17 TR AR 5% (Shietal., 2015). H/KEDT
HMYIAIE, R RGP V55, HFEBCEZ 1
SRR (Qin et al., 2019). HIEhES SN EER
DU K I ) H AR AE R AR A BR B B 529 (Wang
etal., 2018)c  XUla) FIYTRR A E 5 G st i) PE B8 2 5%
TS JE A AT BRI R i Ok TR B 11
T A AT RUE A AR B AT R, HL X R B2 2 56
¥ G B 52 M AR A B A B B o DRI, AT DX i R P
BERTIG MR IR BE N 2 T G 40 A R A (1) 52 1)
HAEEE . WAk, AT 2 i1 ook fb 2% 20
J& 1 o s, XS A RN AR AT
H 3 A I LR B VR A, b R A 2 0 3R TR PR AR SR 1R 1) 23
Wl A i Ze He s I AROG . DRI, K “P G
Bl <TI0 1oy BB, AL S0 1050 A B 5 5 A B
BRAY 2 K0 H AT B s, i A B s e 45 v AT LA
“HHAE” Hidl “+79F” (Aitchison, 1986).

WFFTXAL T o [ G R S B e B A R T R
=R, 287 Mn. Zn. Pb. Cu. Cr. Ni. Co
M cds FESBENTRAES. 458EH: (1) Cd
FELIRE AT IE )7 A7 AE, Cry Cu M Ni K& 7>
IR ARSAEE: (2) 14 Zn, Cdy Pb RIE TR
TSR 4, Mns Cus Co. Ni. Cr gl 5iRig;
(3) AR E)Z L Cov Cuv Niv Mn [HEF &
e AR In) 5 R ) 2 R S AR g < S ik
JEE (R BN 2% o AT ERHE ) AR 23 INTg R R n) 5
i (4) HT Eh-pH EIRUSEHR WAL, AT
PR R T AN T8 2 v 4 R TR 1 b PR T A ok
KETIEE SR 0 A BRI 2K E . RSP
FPLI 4R ECR W], BT 338t it b IR B el B
0, NP A A P ], X RS 2 2
122 R A DA 2R PR B I, 3 I Gt

AT 72 B IR 27 HH AL B o ) P RN
A FH A B L AR e Cele) SRk Rk Ab 27 £ fin 3k AT %
e, DABEORIW R T “HIE RN 7 A s EAT AH G
I HTRERE A3 BT I, SR o 0 B3 LG AR 4 1 Bk P 6 28
N, SR ELSE AR OCHE . FRATTIM &S IR,
XTECEE AR HE  Celr) AR A H T B 3 v
BRAL 27 Fda ) M A 3N . JR B R FR T Fresenius
Environmental Bulletin. 2021, 30, 7362-7374.

EEEIH: FEEHRRIEESROR IR (41807357, S202010610005)
H—EE T P (1996-), Wit, WF5J7m: HEEHERAL WP 5. E-mail: yinjinfan6002@163.com
HEGFEE T A TR (1984—), EIZEEZ, WH5T)im: HEHh BRI 2 5 0F S ER1L 22 58, E-mail:  wangxinyu2014@cdut.edu.cn
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R AT YRS TR A A3 Tk R BT 5

18-

T E RN B RAL ST, AT IRAL 22 [ 5 s &, 53R 550081

b TR R PR 25 MR K 3 AR UK 22 4 )
A, R AR 2 [ 5K ST AT KRR S AR R RS
PRI, i SRR 0 95 B 7K B s A AL AL ) 25 2
RAE o WA 5 8 JHR 5 KSR AT 45 R 2 R B 2 AT
HICRAEN WA A R RSO R A, O
R DR B R S ), AT SR R R R R KT R
M ERAL S PRI, B RE SIS G B R A R A . AR
MR K R G b oK SC- A W R A 2 2 0 R AT HLARE
IR, 3 EURSREWIAR 5 A2 UK 3 1) 70 3R TUE

T H: HEESAVIRTRIEE (2020YFC1807701) .

B E AU R, 2 R KT s Bk AL 2
AU R AR AR 27 M Ao A ST AR R AR A 1 )it
PE R R KR G, SR SE R RIE T S I 3 I
BB RS I T B, s BRI T T R AER
IR B A KB T (MR GT A2 I R AL, I DA
ORI e 1 58 e 38 AR P A s P b R K s BBl i
WiJiik e Js AR W 3R 7K 2R 48 rh i ) M Bk AL 22 AT
N B HAAENLE . AR K TS R B B R T &
A3 TR RR A B AN ] A48

B BOBEEH T PhE (1987, WFFTH, KA 18 mfEfldtd. W7y MRk FHuEERIL 2%, Email: sunjing@mail.gyig.ac.cn
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REAMKIEEZRTRNIALIELER KRR

x| BN, BERY, FHET, HEM, gEE, EE, [&Am
1. R B BR AL AF A T A BT BR AL [ 5 SR =, SRFH 5500815
2. AEASIRBE TR e A A SR B B A R, )M 5106105
3. MR RLE S TR, [ 5100065
4. EBEBERE:, 100049;
5. BUMAMET RIS BB, S1PH 550081

KB NI LA R R 52—,
KB R R ENE R TR S T RFSE R R . T
SRR, B TR MK G AR SR AL T = KR
E 25 10 S, AN HH AR A IREE R B B R AL B 1K 5K
K5 G AT 600 R (REFEFEE, 2019). FHLL
FHA KGR F A, REMEKGRFAEHEER, #
W ) R o T e K e SR M K I B e P —
Fh EHEG YRR, 7F 2006~2013 48], FE4EMLT
YL ARGV Y E R 29.03% OFCTTP 4,
2014) . T HE 48 V5 W 540 LS B AH LEAS BEE 3R
Birp bR, Brbh— EOKPRZ3) T EE RS, BTk
A G B EEIA R (Zhao et al., 2018), JoiksE
AR AR AL, BT LA BRI N TR AL
P B SAR AT BRI 22 A T A EE Y iy
B N Ry R 3 S K NS B X SB[ RN e
By AEWESR B, KK A A B R
e LA B, SR KA BT 4 875
IUIAARAE Ay — B b PR ARFR LT S5 2F . DRI, 5%
R IRAR T 4 SR V5 Y N SR B AN B R AR BR T EARAIE R
TP ORI B KK V9 G B =

R TR P9 R BIRFEIER Y 1. WAt DL %
g JI BN BT BR A5 A6 T (103 F A OB 4%, 2013).

F R BT 0 5 T <5 Ja 7K 5 e A 1 0k T 44
A By AR BRAR . PRI N RO (0 A AL BHOR,
WOLRIK AR Jm v P S B EOR B A 1)
Rk TRL RT3 K AR RRE 5215 GOk AR, BRI K
PR S v Bkt b e s ek 1, T8 BIAR N AR
PR . 20 AR PTTEE—IRBEAI A HOR: IXAE
AR BEMSRIEAT IR LK AT T oo, Pk
WK, DG R I SR S8 . HE, ANH]
TN, P BRI AL B FUL BT A 1R 35 5 TR A & RE
PR, — FOKIMSRAE A A4, BT R 5k
IR tE & AR K AR IR G ER FRE AL R 7
ARG Rl 30 WRPRE: eIl B FRIRE K
A ) RE T A OB, R B R e, R
HILHE LKA TT, B T 8 E YT EEA K AR
FIRE. TR HERL KR B A2 AR AR R IR AR BEL
73, F BB BRREEANE H] T /K SRS A S
{EE B RS BB LA TR R BOR R A, A IR Ff 2
R BRI R P

BT RS A AT WAL T (20150905105 MR AWFRZUHRITIH (2018YFC1801402)
BRI B (1996-), WLAFSTA:, WEFUT . KRB R 48T 0 5 H R, E-mail: livenguang@mail.gyig.ac.cn
EEAEH TN BEE, @ LRI, BT m . FEUKIRE R % A s E R

T, BIBTEHR, ATHUT7 1 5 E e R B g R B R
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ARt REE =X T ERTRFESINER Y
AEET, BREAS, HEM, FHF, &M

1. T ERpE B R AL 2E AT R sk A 2 [ K TSI &, SEBH 5500815
2. JTNIREEIREERIE S TRESERE, M 510006

TR NI L E AR I R G, R L A
77 ) ST i o ST < R T AR A BRIV LA SRS
U 8 10 85 5 T S 2 3 R 244 i ) A 5 i)
A2, BH IR R RIAE 7%, B (CRIETR
BivaATEN VR $Et: ) 2030 4, LIEERIEE XA
P AT, i YRt R IR IE R 95% L 1.
R, B A A e s e Bl A T K
BRA S T R AR M Bl A5 N A Y N S 49
JEHEARAN, DXkt SR Y i Y R e AR,
e B ] R < e ¥ e I F T Y gt X A
SRR U AR T SR v T A [ A, R IR iR
Oy MY PR 1 1 55 DX o T R A2 X 3 R TS AR AL
L HCFREERNRIETT ] = i L B ER A 2 R A 1Y
W, D SEPL 38 BB AT sl vk R H AR SRR
A4y R B A s Lo

AR, PR T T S DX AR W L
TG I, FERROE RS WA AN B AR
Reb Ui SRR S S TR UL N N S R By
T DA BRI ER A A IR PR
Mrrde; 57, RS KAt i, 2%

Moy KEMR, Feaxek. . 050 R BRIFE IR
B RET RIS, M SECHIEE RS ESE,
— e, HIEER A S IR S BIX WM
ek AR S0, BRI 14557 REA HhER (L
2D A Ay NN i e Y N e e NI S T = =T (TR
FRAY s RIS B S RAER A REIE . BT
TR T D) TR, R AR S R R i T e T
BRI+ I (Xia et al,, 2020); {ERRIRELAHLIX,
R R AR P B i R A 5 AR IR L gl v T
HoAth Rk R =) 133287 (Wen et al., 2020).
B IR GRS R T EUN 1 pH AR LS
TR E N R, B EA 2P L T B
Rk, A IR R R S RO SRS A E
B, T pH 225, ) PEA X I R IRk
Tt TR X 2. 3R R E AR, i
BRI ARAED TR A R, o, BB RN S
RREIIR, TORNER ) s S RE S . BRIk, ATERREA
X35 AN R bR 387 YR e, SRIUAR 42 A
ML R LS I, AR A B TS J AR, LRI 3
N

RETH: ERARREIESM EIE (41773142) S RHARARIE S (BRHAHER[2018]1177)
HMEH T MR (1986-), @B, WM. TIERET Bk 241 5. E-mail: liuyizhang@mail.gyig.ac.cn
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AR R AU EEER SRR L EEEPINH

ESE LT, Xk, T4, FE, BE, U

ol R IR S IREE B, I 430070

TIEE VR YR S S A e
T FRWRE B AP ATTAT DA 5 T ) B < s R AN A B
P o e TR AU A PG R 5T AR A TR T A vt B B
(RIS A I AR T Ge/R AR R 3 i 1 52

T AL A BOR PR S A PR S5 R RO
SR M B T <pJ A dR  8~10 17, A T Ik
T B PR B < e RO i, SR TR T el XK
PRI . Bk BRI REE P M G H A 2B P T
JEHUEAIPERE : B BT BRI 2 o
s TR HLA A0 SRR 9 A S A M) T3 KA

A AL AF IR PR i o ARG B T 2B H0N FH LA 2R
FUAA AL B G5 S v G K, R T 3G T e IR B i
PR Y o SR TR B AL 20 B R IR T2 e
THERE R RIE S, I G g rh SR %
A5 1090mg/kg A1 281 mg/kg FB&4 262mg/kg
H1 52 mg/kg. WIL/PNXSEES, Gk T RIS
W R SR T B A JE G YAk I R 5 N T R
U, /NEFPRL Cd BRI B 2 K

B, ST ISR DR b BT A, TR
WA SRR T EE 8 TG oK e S,

HETH: ERAREAEES (42077133, 41877025 1 42007127) Fh4HES “ 5 Aitkk)” BHEEEH A A THH .
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SN ARERET RS B R X LIRRITRAHE

A, AEE,

M, THF, AN

LTS ARR TR S TR e

J M 510006;

2. FPIEBEEGERAL T T R B 24 ] X H s %, 528 550002

BRNEAELH A FICR, HASEES HY
BEARAEYII, IRl I S BE R N A B =2 v 7
fad . DR 2 OGVE T AN 54 AN IE B 3847
el i, AR, AR RS R ) - R E R R
Wb EE AN . P T XA R R b T 1 X, i
DBRIR ERE T2 53 A, W i Re s SR AN A A I 5 %
AFAE, TR AR R A 1) AU A Je Rt v RSt P R T
RIS, FRAN Few Mn. Al 25705 K O A 7
MR ), SO I AR 5 B R T R 1 R .
T HE A R, W RO TR, B —
SEMIAESIREE RS . Rk, AR5 g R SRy b o e 1
S DX R S YRR E S AE R R, T Ol X ek - e
¥ T KU B 48 70 1 b 2 A SR LR 2 4 s T Uik,
ABF GO BE O M 44 2 ) S L TR I i b 5T v 15 5 Xk
WFFCIX, T I J T 0 1 8 & SRR RS 1

SERERW, MRKEAUAKE N, BEE
(0.36~1.02 mg/kg) T~ AR B AK IR Bh o 44 15 5o (E
(0.13 mg/kg), L HR KA TS TP E S

HEEWH: SONERSEEARRES (YRS RER[2018]1177)

(4.75~14.1 mg/kg), 2355 T3 E AT SEH
(0.097 mg/kg) FA M + 5 v G KRS 7 %k {8
(0.6 mg/kg, 6.5<pH<7.5) FIEHIMH (3.0 mg/kg,
6.5<pH<7.5); TIErP 4RI SRR HCR e N
4.98~6.55, 1L F5yG R B b, A B I R A
Ko 0.01 M CaCl, & &M 8 & &4 0.001~
0.31 mg/kg, HRIFE 0.02%~3.55%; HIFHF5TX 115
pH 8 #1(5.79~7.59), W] HERH H4 5 LLRHE
DTPA %5 i B84 43 v it 4 8 1 3E Ak 48 o1
M, 13 DTPA #2EUEWM & =V H N 045~
3.67 mg/kg, PHUEA 7.0%~36.9% CEHIME 21.5%),
YU RHVEAE 2 E A 252 e . At m] L, WFSRIX
R #h s KA T S B IR 5 a5 4R, 2 pH A2, B
HEWEPERUIG, ATREA S THURAEYIRORG: SR, 7
N8l Can =R 5 5K ey 05 BIERT,
B TEASREAE PT Re A A2 7284k, AT o5 4= 33 b 1 2
YREVERIT R, KL, FERAT 20 T e s 1y i 5
fe T X AR T P AR AL 5T

BB T BRAER (1996-), Wit, WF9Jim: LIEESEG Y XL IAE N5, E-mail: 291655438@qq.com
SEAEMEE T XEE (1986-), BIBFFTH, BRI im . HIEIREBRAL 22 AF 9T, E-mail: liuyizhang@mail.gyig.ac.cn
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1t EC A ¥ B & 11 536 BT S Rz A1 3R A R

BE, ATEE

JE OIS R 2E RS 2 Bt /K PR B AR [ X EE s a8, Jb st 100875

it BT 4 S R R L R A 5 v DL R T Ak
FRILRR N Y. MRy g bz, RfAR
K LR AR L 454, e TEERE
BH B8 7 0 5 S 28 v e 3 A AR o ) L B e
77, DRI AR 1 0k 25 BR AR R R B 57 . BF (Sb)
HERZAE P UEAE TN ES (S(V) b E, i
FCH™ %5 Sb(V) 1) W B 23 5% i S0 7E IR 5% v (R 3T 48 4%
AT Ty FAE AT R0 o ASHIF ST R T 3 W 2 B ) it
AW, WS T 6t Sh(V)IW I aE 71, &
LR I 4 F 58 A5 A1 Sh(V) W, 76 pH 3.0 Al pH
9.0 Z&AF NI R B 4 Sl ik B 235.63 mg/g A
153.57 mg/g, i@ TEFERIT . KR DL A — 28 5%
() Sb(V) Tk 2 BRW B FIAL L. Sb(V) 3= 22 BL N I 4%
G 7 AFAE T IO W) R /FLE N - BRIERAR 1
928 A AN FEAR S s e B = 2R, T
i B 0%F Sb(V) 5 K W B g ) 3= Bk T 3R 1/
FLIE-OH 5| (W FCAAAT e [ o [7) 25 5 559 40 i 320 W
K (EXAFS) 4538 W], Sb(V)3: 2 DL Ui 4%
NGNS S THEKT Y%, 5 Sb-Fe it
PEECI KT 1o RWFFCTEAN e T il R 2 5
LG5 K6 R T2 S B A7 AR AR, DA Dk il A A 1)

FEEIH : KRB XIS B ek 72 BN 5% (42030706)

5% AR THT {100} TR FL1E P 28 2 A7 SABLT) S AT 25
FeO J\ T A BE 4% v i 140 A 4k J5 7 8l 2K it 7= 26 1)
>Fe(OH) 2 2 N A7 i o Sb(V)7E I 5 AT 45 1] A i XY
B SLA R-E ) (B) RIXUA S LM 4 &) (C)
PIRP R 25 5 75 ) DFT iF 545 LW E F1 C B Ff
A7 W B RERE T, PEAS ERTREI AR, H C
RRMS G A BRIEE, LA FeO )\
HAREES TP BUZIL i 4 54 (IND g5
Bt A B RS . B e e RIS A fLiE
ik, IN B 5 =W BAT o K R BE, A A
FRUEMS A A Ik, C B% AW LA IN 7Y
AW AR ASTTIRAA . IN BI2%-5 4 Sb-Fe Bt {7 %k
M 2,754 EXAFS 4518 Sb-Fe Bo A7 B0k i (1) 45 18
TR MR A TE A, 75 FLIE P 1 W B e # LE AE
{100} K 1 (1 RE K — DN EE L, B8 Sh(V) I
BI5GB AR FLIE . CD-MUSIC RE R0 45 45 5
LKW Sb(V)LLE R E R EY) 32, C (IN) B4 5
YiohHl, H C (ND BIEH 0 Lekll pH T i i 4
e B, BIAELEGRPE AT T, Sh(V)MKIR T LLEEE
W B A0 W AT s R v, ot BT A 1 4 g 31 5
FIRREEH .

W EER A B (1990-), - LWFRA, W55 BTG Y4l %, E-mail:  shanjun_az@163.com
*WAFER WA T (1963-), B, W LA, B 546 2% . BRI 2%, E-mail: hemc@bnu.edu.cn
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REMH T ARBETIYEECR S =
K= 8] 5 F AL

32

wAE, T

1 RSB T ERRL 2% 22 B, Bl 610059;
2. MR DY) S e =, A 610059

LAk, BARHE T A ANE K i Clnfiris R T4
Bk E (WS, 2018), TR A EHHE 5T
FE IRV s ABAEASWT 7 A2 25 BT R A BE 1) R, DA I
IR S 7= AR (R EE 4 S 4 o A AR LT, T A s
Z o IR AN IE K W PEAS, &R E 4 8 fE T A o i
WO P2 R B B E 33, i 2 B 5 55 N 1A Bl
B2 5y NHURAR I, 5 HE NI 7 5190 v Bl K A4 77
WORLYTRL R ok, R — @ s . Rk, wFst
T IR 2 2 UUR Y h R 4 R I e A R) A AT R
fEh AL N L,

{0 S P v A = 5 L T Ay 7 S I 731 S R e 1 3
AR 2 IS OO K R R R TR I Sh g, A
PO ARAIE AR A8 KRG e AR . RAEWINIR 2 DL
FWIFER, XHFEM S As. Cd. Cr. Cu. Ni. Pb.
Zn Z-CRE 4 8 U R IS A E SRR AT T
LKW, As. Cd. Cr. Cu. Ni. Pb. Zn FIf K
B0 50 b AR 48 B X 36 2 3 1S {8 1 2.38419.49,
0.95. 2.64. 1.41. 1.42, 1.25 F1 2.51 f%, Hrh As
Pk & 2w T %1 5, Cdv Cus Ni Zn [1)
AR T . M T RITAK RIS
Sl CR#EFHZ, 2012), Cr. Cu. Niv Pb. Zn
PSR C R TS RE S T RILK RIS 5
8, As Al Cd AR E 0 2 T 15 Sefd . Bk,

ZIRTT WA R JZ DU R As 1 Cd (198 78 42 25 X%
B, Cus Niv Pb. Zn 2 80 2319 £ 28 224 1
ALV W)

AR R T R AR S R AN K E MK IR N -
Cd>Cu>Zn>Ni=Pb>Cr>As>0, ¥ Cd 1457 Rk
T 0.5, R LILMIRZVRY) T Cd 123 AR
=, AENERNERES, LK Cu. EEEICR
12 ) 43 A B, RJZDURY b B8 43 J8 e # A7 A
BB AL 2 A . As. Cdy Cr. Cu. Ni. Pb.
Zn FRACWIT K DRI & H, Cd. Cu. Pb.
Zn AEANIK VA& B, 1 Cry Ni fEAZK H AR
B E. A, As. Cd. Cr. Cu. Zn. Pb & HAEW
VA 7R P 3 I R DX o T2 VA AR R KRR AR
AN FVB AR 3B, B 22 AR A RIS R i BB A T 4
I, AFURHEE ST R 3 AR AR A0 SIS 7 1) A e R e
NN SEMARAFALE -

2 18 SZ I IA A g 24 1 B (KA T K 5 S RN A
b KK, BA R B (P31 2R 2 DR A 4y
& JE BRI LN A [R) 23 A Re i B N, A ORHT]
IS 4 282 TN RG89 1) AR A AR 0 B 5 I3 29k b 5k
DRATE WA J T8 43 LT R M AR O I i A - JR L
FEAZ I AR T R B A T T A N T A, kb A RTE )
Gig dinp- AR

FEETH: hEH TS RIE SR R L k T AR AR A 2 B B A (WT[2020]-033)
B AEER A KI0E (19949, LA, D55 BBk 22 DF 5. Email: 1026808165@qq.com
SEEEE R AN WA (1968-), g%, WIFJ7m: HEihERIb2E . B KR 220 5T, Email:  shizm@cdut.edu.cn
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EREANLERENREUZEMIBREIMERETREX
PR, REW, FEMN, FE

A E T (a0 MU RS A7 R K e =, kRt 100083

BEHR MR N A A HESE TR EEN
FEM 2 — TR R 16 2 [ A ke A Bl 57K
Bl 2 [ .4 JeB TG 3 AR MR AL 2 AR A R B AT R
HRRSR NG (Cd) K E 4 8 e AT K
A3, SEORSEETS IR N e s 7 1) fe
FH,ONT A BEES RS Cd AL E B
AT R, AT R G R AR T A48 Uity R s 300
DX R A SR 2R AR T Y0 RS 3 e 5 4 v
1) Cd & TRy, AR S Bl 2] 110 pg/g #126.4 pg/g,
TEHE SR 1E 0.09 pg/g (Rudnick and Gao, 2003 ).
PGB A7 1) 81 MOCd AR Ak VI 2 —0.06 %0 ]
0.76 %o, PAESN MR 0.11 %M1 0.17 %o, W&y THEMR
EhHbIR{E (Bulk Silicate Earth, BSE) —0.04 %o+ 0.02 %o
(Schmitt et al., 2009) F1_ 152 Fifi{H—0.04 %o+ 0.09 %o
(Lu et al., 2021 i 50z (8 [ 28 20 A 3= 28 I
T DU TE R KR ORI S

T V3R 30 J P ) A T v, 55 XA A i )
Cd &N 5.61 pg/g, FAAEN 2.96 ng/g (n
=24), "M°Cd ¥ N 0.11 £ 0.20 %o (1SD, n=24),

HEEWH: EBFXRARBSEEIHE (41673017, U1612441)

HAZAE A 0.09 %os 1T 58 RALAE i ¥ Cd & & 341 0.97
ngl/g, TAEN 0.74 pglg (n=24), 3L §"¥1Cd ¥
) }-0.31 %ot 0.23 %o (1SD, n=24), " Ai{HN
~0.29 %o MBTEE 55 AL A5 KL df o mT DO %2
F CA/Ti Bt 5 Cd FaAB b —8, BIMHZEYH
RIS Bl KRG I, Kb
WMT Cd uHEMHE T, Cd A7 E4% M R H
BEARRRRIE . gt ul, s RN fE
i T E Cd AL E, TRy h A &£ Cd
(IR DA SRR ) A A TR w = I O Ml = |
Cd/Ti A T Wit A AR T WA EE 4, R i
T AL RE i, 8M11°Cd 1528 46 —0.86 %0F1—0.15 %o,
2 WA RAK £ A R T DL AR 7 81 0Cd i .

i b, B RN R SRR ER Cd
HEA MR R K, i R R BV s M
N H Cd RN 2 AT Cd V5 Y8 7m BEN, 25055 B8 i dh
WA SRR =i 8110 Cd (AR AL TE L, #)
F1 3" 1OCd i 1 B EAS B RS A Cd YR AT AE,
B AR BT BARGHT

FAEFET A T (1996, HEHIRA, FIF7m: R FE BRI, E-mail: luzhuo@cugb.edu.cn.
SEEEE T A REH (1969-), #d%, W J7m: Aptegtae FA FE 5B ER{L 2%, E-mail: jmzhu@cugb.edu.cn.
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HAEERETRXEB. sHRBAFINEIIE
—UR E R0 X A5

& 4

R, RAEW, FEN, AR,

RN AERD MR RS BRE R A9, JEaT 100083

B (Cd) AT (Pb) ¥ AARIEL 35 M oo
#, WESKASWNNAIRAFHITE. R, ae
PRIGE S &2 B AT P B R R VA MRS N R TE 8)) EL 48 ) BR
PR T KREMWA FHouER. B EN S, REE
3 Cd A Pb B EFHES, XML % ]
[ PSS o S E A e N G e e
JE PRIERT B 4152 . FAAE 20 tHAD 80 4EAR, T4
[ 47 25 2 I TR X BT AR T Al FSURE U/Th 32
AR [ NN A, BEAASSZ J5 H T8 105 1 Bk Ak 2 3 5
W g 7] LA B G M SR YR AR S, BRI 28 ) T
e & SN IS R e SR VA AR KT DIREE/ S
PR EE T A, R 3 2R R 2 kA it
T R FAH 06 Tl A P i R R R =4 19 Cd TR 2= 41
BRE SRR, XONFRRIEEH Cd RIEHRALE TR RE
PR EE SRR E 20 g HIEBREE S E AL, R
TR TCATA IR AR Tt (1 M DX, 352 87 T 48 o 71 2 (1) A 5% )
JOL o I A SRR B 0 L DX AE BT IR AR BUR T, XCH B
FRURREAT EVEEN Y0 M 0 W A A58 355 5 1) S 5 R0 P 43
i, hiE— B IEREE T v P Ak 4 .

EN IS T RPN L R N TR N =Y N

HEEWH: EFRARRSES (41673017, Ul612441)

TIEFLIE P FO Cd [RAL 2241, 4R, Hiw
HyEE T IX 3 Pb & @ Btk H A 0750~
3174 mg/kg, HIMH N 511.6 = 447.3 (SD) mg/kg, A
ik 90% T IFEFEM Pb & E L 100.0mg/kg, 1L 1
PR B bnifE 35.00mg/kg. T3 Cd &8 HBARE
[ /& 0.280~44.93mg/kg, #4{H A 9.78mg/kg, Hitic
AR IZH X 8 FHI 0.29mg/kg. Pb [FI7 2 704 45 3 i
NG/ NS ol Skl UV - N R VA E e I S
1.170~1.299, HYEEW Tb 209207pb i1 208206py B AH 7
1.177 F1 2.105, 206°207pp-208206py, L1 & 2 () 471 A 56 5K
Z JLT A BRE S A4 R R e R 0 e 1 v
PRI SR s G AR, XRS5 G TN Pb
FELEAE DA KIS . Cd R 25081 2 Bk 245
Bk 8MYM0Cd h—0.181%0£0.05%0, JEiHE 8''4110Cd
AR TE T 0.821%0~1.137%0, KK Cd [FIA 2% 24 i
B, XEERRZERAF RS A
§"M10Cd AF 4k il —0.199%0~—0.289%0. Cd [FIf7 2k
A AR S s H R M X PR - 3 S B AR D
AR o PRI, FRATTAT LARITAD W 2 b X (1)
gy Y o R B S YRR YR MRS B IR R

FEFETA HE (19955, HERIRA, WIF5 M. HEEE R b Bk{b 2%, E-mail: changhuione@cugb.edu.cn
SEEEET A REH (1969-), #d%, W J7m: Aptegiane FA FE 5B BRIk 2%, E-mail: jmzhu@ cugb.edu.cn
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MREEA IOk ” NAEGATRTIRR ISR E AL R
EERISRIRTER

£/ ) 1,2% N == 1,2
2T, ILARE

ERER, FuE?, A, RTE'

1. g YR 2 B R 222 B, Kb 4100815
2. MIEINE K E A B P S A B E E AR E, K 410081;
3. AR T ER B 4B, 79 5 330013

AR A B T a4 (ICP-MS) % i Ji il
Wi B Pes M CPUKT N B PRI A R
IM HCI ZEHUFE S BEATHS R A7 3R R TG 3= 0 i . &5
REH], QD WINPT 550, vl EK=
TN A B A 1) Pb 43 AR iEFN Pb (]
P2 AR AR o WL UTR ) &Y i AB AL TE 54.4~
394 mg/kg 2 [A], T3] 163.8 mg/kg (n=30), EMH
B AR CEHERBEF > 5.0). LAY EIA EAH K
DL Th-#% W 4R4E, H Pb [A7 ZHAEAS AN,
200pp/27ph = 1.1833 + 0.0027; 1M He 4% = [T AR 4
TrERAE 24.4 ~ 66.1 mg/kg 2 [7], “F¥4 33.4 mg/kg (n=
80), N ESE (EF =1.5~2.0). AR 4
2%, Pb A7 R HAEARLTEHE K, W 2%Pb/7Pb =
1.1846 £0.014. (2) WHILPTAY) IM HCl B0 Bk
T AR 2 B TR 2R 2 e ) W 2 0 2P/ * P
FEASE MR 1.17400 1.1846. 1.1776 (n = 9),
WIKTt s, TR PRIBORAET 0 TS B R A, TR 2
R TR RV S o AR R 3 A B 1M HCT 2
MR =ZFRTRYZ IMHC 280K it 45

B i 2 A5 R A7 38 4R ) 2 AN B S, eV n iR
IM HCI ZBUR . FRH# . 428 RE i 2°°Pb/ 2P LAl
SEBI UK 11914, 1.1861. 1.1900 (n=20), &N
S RAG T B RS B 1M HCL S B E . (3)
TR R A R B TG 67> 0.78),
T AR PR AR

BRI 22N ER TR I, WU CRR A IR S R
TEMREE TS ShHEA AT RIS fe s
HALH NI B, B A8 OO SEes
60%), AR A —ICIRA AT R AL 1E
LA = PV AME IR A Z 054, B A
By RIRER . LRIy, T HRARVE R A NS A R R A
ZURAT, WA RUEHCA RPN, 10 B
U KA N BT o AR A JRES (1 O LA S (<
45%), EFFIURIAT s I S 1K 22 R AR AL

DAL, SR S0 U R 0 0 [ A7, 25 20 ol e At 3 AN [ o
T 50y A RURUAS [R] 5 P N VE R R o g5 AN
) 1 AR N 0 18 A ST S O R 0 0 ) 467 25 BR
P 2FRAAE A T R

HETH : B K ARSI H (41073095, 40572172); WIHG 4 HE T 800 H (18A012); 515 & i AL BHEL 01 57 B A S #E1-RIIT H = (12K034);5

WA P 2 — AR (Y —5010002) #EBEI0 H

W ROBEEH T 2 (1965, %, WIJim: HEEHERL#HF5Y. E-mail: pengbo@hunnu.edu.cn
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525 5\ 5e i tB fa] B AT AT i it e Ak AR 7k (L
FHIE. & TR RIFEFAXUBL TG

A, R

W12 =g 212
, W, BER

1. ERRE B R RS R I S RS E R T TSI, M 210008;
2. PEFBRABEKY, LR 100049

2% ) s W EA T R, B AR AR
B RN S5 B ), 2% 7K 9 5 R e il 0 H 25 58
CTHE, 2019). B am] £ 2k 2 2% ) 5 17 20 f o 22 1)
T, A R DS A AR PR RN 28 5 R e ) B E IS
SRAMT S H TR X KR TR Ak B e, o] 4y
IR PR BT B WOEAL, 5 R AERSENL (Micklin,
2007; Schiermeier, 2001), JLILJE i = MAIHIX,
BT KRR K TSR DL RS B HE TR, 1% IX
JE B BRSO R R, BLAET F s AEKIR
2% Al i RO A4S 5305 3k ( Ataniyazova 5, 2001;
Kaneko %, 2003) o /KFREL )AL 5 & A THE 411
]2 KiE (Crosa %, 2006; Tornqvist 45, 2011 ),
SR, 0 2 b DX 3t 26 7K (1) 7K Ak 27 b A0 6 25 R A 9%
AR/, IX 45 5 2% 51 vo W dH /K S YR 5 B ok T
MRRMIAEE . Ik, R T 43 b7 1% 2% 59 o i 4H ]
QbR 98 ok M 3R AR A K A 25 A R T 4 v G KT K
VG YRR RE , AT 7T AE BT G A] — £ YR B 5% 1 o]
WO T X SR AE 55 AN MR AR, IR I 3 32 5
BT MMEITCE SR, B2 MG KR s
%5, e MR K KA 2E R AE Bt oo 3R IR v

VAN 0 G ST o 2 I T B B B N
Ca**. K. Mg®'. Na'. CI'. SO,*. HCO;. NO;-N
(RS- IAH BE4 A 152 39.36. 374, 1442, 1714,
1508, 175. 1.43 mg/L; & IG#E Cu. Zn. Mn.
Cd. Cr. Co. Ni. Pb. Hg. As iRFEH 5K 1.91.
22.55. 54.67. 0.06. 1.03. 0.39. 0.98. 0.27. 0.03.
5.55 pg/L, i TEHLIR WX o BIF5T X H R K
KA T B =28, 5 1 288 HCO5-Ca 2,
5 AT AR R R SL R P o, SRR TR R v
T L XK 2R 2R SO.-Car-Mg B,
B i o SR Ak . P o i R £ A A P
12574 %y Cl-Ca-Mg Al C1-Na %Y, = 8500 A1 Fi] i K
g DX RV B . Horh, BB ITIZR AL /K AR & Bl oo
FOT RS ARy, AR T SR RS R e
JERAG . ER TR, B HRAKH I Pb
Al Cd nrREEZR A TG 5, NOs-N. Zn. Ni,
Hg Al Mn T2k TRAGHIEH KB, 10
Cu. Cr. As Al Co Wt HARM A KRG RS K
SR e XURG VEAN 285 T 7, ANIE A R R XU A
e PRI 7K AR 32 B3 A T SR i 9 e B HE v 1 BRI
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REMEBITTRS/REEHR- TIRRF PR
KiR. 75 2Tz

I, EH, TEHEE

rp SR B s ER AL 2E AT T ITAT R MR Ab 2% [ 5 S0 %, BB 550081

R R S D e B S A A R, R 4R
PRI AW R o BB O M X 2 —, LA AR IR AR
M 2RI A T BT 2 o RO KA [ 4 2
I ks I A BR TS Qe AR SRR AE TR IH 75 58
J5ts 3 b BROR T e it 1 I ML X 1K) RS D 1 4k
RIS 9 AU ) ey BE OV o ASHIE ST H JR A& 5 [R] 47
2, RGN T I AR DRIBRERIX . 7
TVER LR 7R R b X, R e TR R 2
S ARG ORIRIR S A BB . AT 45
R

(1) RO ok 3 BV )k D
o2 Ll AR PR R P 2 ORI, T AN R AR S
TR RYCREAR, mifEk Ve BF” ARG IR B 9 L i
JEE S oL A TR AL AR U 9 40 1) A ) 1) 4 R i - K 11
Y

(2) Br T IR DTS KA ok TR
b, EAFAEFTI— Tl RN AR D TT 3, BN
I MR I8 A A A Bk A o R R i B B/ BURE ) 7
KAEAFKF, RIS R A WA S T RRERF KT
DU KR, IX B ALY e T A Ge M il N 5 3B T
{0758 B8 /i) = S R N 157 1 10 /N T

(3) AERARRE W] 5 25 AR KRB R R R R
AR X R BE BN BRI R D EAE KR X, S
BT PEAFAE R R LI R AR T IR-RE R R P
FROGFR 2 R AL 12 I S S e

A TRIRIE ST AT 1 T AR -5 R A% SR S BK 5
T R AR 8 R AR D B, RO AR
IR A BRASON T 5 e S 1) 2R 2R PR B PR 52 00, o )
URoR PESR (K A BRTG G (KPR B g e, it 1 At
NZESEINTE RN
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MR EERE Cd BIRIE R HEhE M 1R RS

A2 47 %

o R Bt IR AL 2P AT PR B R AL 2 [ K R S %, BEBT 550081

AR, AEIRAEARN Y IR R 75 Rein BEAE
7 IS K FEs M LB 52 3 [ A Ah2 8 (R 500 o« SR T
MBS )G, WIREAE R AR R b
fifts AL, AT EE R B ERR A BT D, IXR 24k
TR A A ) 5 B B IA SR D) 25 ) A o
AL, sRAFRIFTUAR R o 0 I X A
ANZZAL CHEED AR BN R I 5 S A VA B
TG AR 2 SRS DT T ST, R IUAH LR )
W, HIR A REAH] W RAR 7 AEYK pH E. TR,
FH s A s i b PSR TR, 389 0 17 2 1 4 L 473
Xt B i AL R AL ) R R R SR I G Cd
(IR A OL, AR EEAS FIRT AR ER, A=) s n ] Je B¢
& 7YX E s Cd 5l EANELE DR,
ZACED RSP CE S8 Cd B OR 22
e XSHOHT . ZAEMIRIEA LA )8 Cd b
UG AR E )8 Cd AE H P RS RO,
ZWTEEYRA R Cd B 8 B ARE 3E
XPEAC VRIS ICE SR Cd PRIz RCR FEAR T
EEEW . R, FAARFE R C brE AR I

HEIH: BEERESGRIR (2018YFC1802601)

YR ZEART 58 B SHATHUBRANRE) 73 oA 56 AN TR 5%
Wi, ZAREAR T 13 A S ATHUBR K (LA e it 1 Ha)
BRARTRIN o0 i o AR, B [RIAGAE AT R AR T AE AN ]
(RIBRIR > L R A A T Bt TEE B
BERAR LTI, V8 LRGS0 - 385 AR 24 73 fift (¥ AL
MR R AEYIREBRAR T A0 AR 25 1AW PR
AE T, AT UK 25 HE KA T 7K AR 2888
A7 P BUR™ b B 22 AT 7K G 1R XU o AELIRT I
TR ZACTEAR TR IR, AR TR = e
AR o3 ik SRS IAE R AL IR AR 245 50 i (RDAR DL o

TR EA T BUE R M UR AR, E 1T 5
P R AE TR T < J VA BRI ALY Ge i B AR IR G
DR A A WEEER RN, Bk g A 4
1 T AL AS [RI B LA 32 3 A7 A AN R FR 2800 o L DRI R
HE I FIPRAR, JRE 1O 2 < Je AR 24 (AR, 7 PHLA%
FEL A X < e 41 EORN AR 243 1) B T B 280« (HLAR
LS XTI, EA IR IR A T — € IR D2
Pk, A= AR o B AR AR (A S 2, (AR
P AR B, 4R U EARORAT 5 B 25 D2
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NASAESRT PNRAET YMEKENESRAEE
Xt Cr(VIE 53 Mt 518 & X R

., AR

v R B IRAL S P IT R IR A 2% M 5 T S /™ SR SR 5 R TR R B F oy, 53RH 550081

Cr(VI)FEFREE A I IR K A rh iz A7
1, HATRIE. Btk AEA v R R DU SRR AT 3
TR Cr(I). Rk, Cr(VI R 2Bk 5 i &
FAR A AR S HRTH H K Cr(VI)i5 421
THIREAR FEALHE M, B8, B stk
JASY0E . Bk IR ZEME UL g A AL ie
SRR o R NATMEC T KB RIEI TAE, HE )
BORAEAEAEAE P AL VAR (1 IR Y« A AR IR K
Wb PR FEFEAE G o T AR LR ) R R SAAI
WEE R A BRACR . HLRE[R] D W B R A A iR
Cr(VI) A TG ) Cr(II) ¥ 5 & — Rl 2 g 42

AW O AL 7 5 R K S B & T — RIS
FARTLR SR K o TR RL, RGEART T
BT AR S 45 K S MERE (RS2, TR 75 %%
TS HC CAUFE pH R EESED 6] T & bt Rl 25
Cr(VDF5gMT, JEFFFET Cr(VI)IIWR B B8 SR B .
SUREN], A A TAERESGSR, wTEE
SRS BRI 7 i B B B AT K T A A L,
F B B K VR N AN IEAS 1) = 4 7 (R 1 AR

FRJ7 1) 8 ) AT s AR S T IRE R, Bt
FERERE 2 Bk T TR o R T IR I N AT AT R AR
RN 2 LR (R R R B Bz S A
YN ERA L, 5 A AL TR 4K B 4 14
FEA R BE DU B 38 IR Cr(VT), 1X FEEIH TN
SRR SRR AR B 0 A R R B e L 2 T AR
ek Cr(VI)IR B FURETRUT B 2 RS T Fe(Il)
(IERE Cr(VD)IE 50 o Cr(VI) 1) 2 Bk K Bl v 0] 4 pH
()T F ] ok 2 B AR, 30 BT T H R VP 4f pH =8
PRI T s O R T, ARSI  Cr(VI)
Z R R 3O, 3R BRI Cr(VD IR B o
Ab, TR pH S BRARAE Fe(ID) AR,
i £3 Cr(VI) IR JFUE R R B o T a3 i S A 1
H Fe(IDWR LT, HE—D8E s Cr(VDIF B %,
N TR SR 9K T AR R Cr(VD (1)
A bR A R R e, BAEA R AL
RAEING . BATGTET SR AL T —Fhda e 1.
Gy il VSRR KA RL, FF 0 Cr(VI) I ik 2 g
e U E A E 5 37 NIV R

FEETH: P EBEE G SR LI (B2 (XDB41000000) , EZR FAREIEIEEINH (41902041, 41872046, 41173074) , St HA
BleFdt g (BB IERR[2020]11Z039, [2018]1172) , B ARHLER{b 2% [ F 2 SES S P OF I3t 4 (201602)

B—AEF A BAE (1986-), Tit, BIEEWFIUGY, FENFHINE Y LAKHERA U878, E-mail: niexin2004@163.com
*WIWAER A TR (19715, L, BIRR, EZNFEGPORMIRE . 7Y%, ScRHb BRI 22 B0 HTF, E-mail: wanquan@vip.gyig.ac.cn
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Mass-independent fractionation of mercury isotopes during
photoreduction of soot particle bound Hg(II)

HUANG Qiang ! HE Xiao-shuai 2, HUANG Wei-lin %, John R. Reinfelder”

1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550081, China;
2. Department of Environmental Sciences, Rutgers University, New Brunswick 08901, United States

Soot and mercury (Hg) are two notorious air
pollutants, and the fate and transport of Hg may be
affected by soot at various scales in the environment as
soot may be both a carrier and a reactant for active Hg
species. This study was designed to quantify
photoreduction of Hg(Il) in the presence of soot and the
associated Hg isotope fractionation under both
atmospheric  aerosol and  aqueous
(water-saturated). Photoreduction experiments were
conducted with diesel soot particulate matter under
controlled temperature and relative humidity (RH)
conditions using a flow-through semi-batch reactor
system. Mass-dependent fractionation resulted in the

conditions

enrichment of heavier Hg isotopes in the remaining
Hg(Il) with enrichment factors (¢*Hg) of 1.48%o
+0.02%o0 (+2SD) to 1.75%0+0.05%0 for aerosol phase
reactions (RH 28%~68%) and from 1.26%0+0.11%0 to
1.50%0+0.04%o for aqueous phase reactions. Positive odd

mass-independent fractionation (MIF) was observed in
aqueous phase reactions resulting in A'*’Hg values for
reactant Hg(II) as high as 5.29%o, but negative odd-MIF
occurred in aerosol phase reactions in which A'”’Hg
values of reactant Hg(II) varied from —1.02%o to 0. The
average ratio of A"”Hg/A”'Hg (1.1) indicated that under
all conditions MIF was dominated by magnetic isotope
effects (MIE) during photoreduction of Hg(Il).
Increasing RH resulted in higher reduction rates, but
lower extents of negative MIF in the aerosol phase
experiments, suggesting that reduction of soot
particle-bound Hg(II) was responsible for the observed
negative odd-MIF. Our results suggest that mass
independent Hg isotope fractionation during Hg(II)
photoreduction varies with soot aecrosol water content
and that Hg stable isotope ratios may be used to
understand ~ the  transformational  histories  of
aerosol-bound Hg(II) in the environment.
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Occurrence, chemical speciation and sources of toxic metal
(loid)s in road dust from a mega city (Nanjing) in China

WANG Xiao-yu, LIU En-feng’

College of Geography and Environment, Shandong Normal University, Jinan 250358

Potential toxic metal(loid)s in road dust are major
concern in relation to urban environmental quality.
Identifying pollution hotspots and sources of metals is
an essential prerequisite for pollution control and
management. Additionally, the chemical speciation of
metals may also closely relate to the pollution level and
source, but it was poorly understood. Herein, the
concentrations, pollution, chemical speciation and
sources of metals in road dust from the highly
urbanized areas of Nanjing were studied. Spatial
occurrences and sources of metals were explored using
geostatistics, principal component analysis (PCA) and
local Moran’s index. Metal chemical speciation was
determined following an optimized BCR (proposed by
the European Community Bureau of Reference)
sequential extraction procedure to explore the variations
of metal chemical speciation with the pollution levels
and sources.

The contamination factor (CF) results showed that
Co was mainly natural in origin, while the other metals
were polluted, with average CFs ranging from 1.4 to
11.0 as follows: Hg > Mo > Cd > Cu > Pb > Zn > As,
indicating moderate to very high contamination. As the

HEnH: BRARREESIH (No. 41672354)

typical pollutants, Pb was mostly associated with
reducible phase, Cd and Zn were mainly present in
acid-soluble phase, Cu was mostly concentrated in
oxidizable phase. Anthropogenic Cd, Cu, Pb and Zn
were mostly associated with the potential mobile phases
but also with the residual phase in the road dust of
Nanjing, causing 1.4to 3.0-fold increase in the mobility.
Except for Co and Hg, the other metals were heavily
loaded on PCI1, which explained 44.72% of the total
variance. Combining the statistical results and
distributions of potential sources, we deduced that
industrial emissions dominated the spatial patterns of
all polluted metals in road dust, which showed high
levels in the northern parts of the study region and
generally decreasing levels southwards. Moreover, Cd,
Pb and Zn in the south-central area displayed hotspots,
related to traffic sources. Whereas, the chemical
percentages of each metal showed relatively narrow
spatial variations and were not statistically correlated
with the pollution levels (p = 0.05). Comparing with
similar studies, no regular patterns existed in chemical
percentages for each metal in road dust polluted by the
traffic and/or both the industrial and traffic sources.

HEE R EWEW (1996-), HLwFsA:, HhERIAEI{L 2. E-mail: 295197399@qq.com

EAFVEE AN XIBUE, E-mail: liuenfeng@sdnu.edu.cn
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T A EFRER RSP EETERIEY
A] 451 R IXUBS 1A

SR, FEaal, TRAT

1. P ERRE B BRI AR T RS Rk Ah 2 R T S0 =, StBH 5500003
2. TR EE TR SE A 4 e, AE1E 454000

TH I K20 A — T AN [RD R A2 JURE AL I S )2 A7
TE B 2P B85 )i (Han et al., 2008),
BE R AREURLAN N K R 2 % (Lau et al., 2005).
T8 B R mT DLW g . R AR B R TS e )
(Padoan et al., 2008). [AJi, T8 AKA 175 54
0] DL e Y 7K ERORE I B K AR g, BlE i Bk
BR W8 BT AE T TR N KA (Zhang et
al., 2018). TERKAK BRI R “ I8
Y7, IR R BRI T PR SSEIR 0 1) A

H AT, T <0 e 0 BRI S AN AR I B 1) 9 5 P 2 8
BT HEE BN S8, W FERT ERRTEL.
T AE AR KRS PR S A e RS PR o BRI T T
S [T QR AT 4 R AR H T S, (HE S O T e
R 3T 4 R v % 1R IR DX 3l R v e (R AT S kP
B, e RE SR AR S (Gao et al., 2018).,
KRy, 4 RN ARG HEASBe At 58 i, AL T
SR R PEAN 7 30T B2 A BN T LA R 0 KRS
(Hong et al., 2016). 55 b, $FEAF SR Sk
JRRE PRV FEAR R BE B I e T A AR B8 R M 8 43 B

FEEWH: WA &SR E SR E (16A170001)

AT bE (Guetal., 2018). WEFTRY], Bikid—
FLHEN A, B AE T 1R 4 R AR 25 2 R s 380 il
W WA, HE TR (Kastury et al.,
2017 DRI, 055 ROORE 75 B )b AT A e AU PEAG I
7 B\ FL 25 R Uk ) vh B JE AE N AR AL )
EH

AT LA A T A M T — 22 BH T A B A
%, HMIANFESEGIER . ETEAxTE
IR ES R SR Y4 AR XS VR 22
o SERWN: 1D LW T XA IERESES
EYE AT . Hrf, Mn. Pb. VM Zn 55
S 51% 48%- 37%H1 36%; 2) ANl ZRghiE 4
IR0 4 AR BRI ORI B A= )
R As TERUITRIT B 1) AT 5 P
i, Zn FERHLE WY B AR rT 45 B R, Min E AR
PGB B BT e e de s 3) T E &AL
IS 80 R i A8 A B T 2 4 T e T 25 0 8 K 2R 56
T LB e 110 38500 R0 Al B0 8RR XU B 31K T 2e 4
1 1L

FAEF WA W (19932, HEFIRA, FFFU5 M. B ER k2% E-mail: hanqiao@mail.gyig.ac.cn

#EA5EEH v : mingshiwang@hpu.deu.cn
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ERELYN KA F4 B st 25 44 X e B AR 25 R AL ol R 22 )

M EEY, FH?, KERY

1 VG S BRI E X A s, B 2000925
2. AV RSB RIE S TREABE, LIl 200092

BRAE AR UL R 9K T B A B (nZVD 2 H
B o )2 IO IR B AR B R 22—, LR 1R A% -
FeAT T AL SR PR e AR IS T K AR 4
BTG, JCHIE R E R il As(V)T5 PG BLA
BE. SRR, g nZvl 5KE
WO RIS N I 5 AR A% 7 45 R S 1AL TE i LA R 5 i
o - R I AP AE I OG R )= - BT,
A% - FE TR A8 7 2 R A 2 A JRE S AR R 7
FE F 10 A 38 J R I B IR B g . e RO
nZVI S5 KRR W], oesii I g se )z /R
AR E W AL, SR MBRAEL &

M 56 2 e A J2 B A% - 50 45 A8 ST 5 IR B 4 A, /YD
M Fe(II)id 3% £ Fe(IIT)/Fe(ID3LAF, 4 F Ak
Ak, 52 s E ) R L FeDMIERS
P46 nZVI S5/KEWH M As(I) 5, RN~
5 As TEM M SR)ZEHNRER KRR, &
HEIEIE L As(VYI TG AR AR, SEIT % -5 45 40 S 1l
FELL As(O B fr e, WEADER As(V).
As(II). fifi G 3 LAAS R 1 T S A7 ek — D uE W T
gy K 2Nk 0 5 )2 SR T e i X B BB
HAEgweEH. ZMANRFZR EMRET
nZVI-As(V) [ & N ALEE

FEETH . B EE ST RIBE (2019YFC1805300). [ 5K HARRIAHE4E: (42073082, 416730960 FlIE K i 536 510 H %8 l) (PCRRC20021)
B POBWAEE WA XZR, BB, W7 KIS E 4R EHEEAT A HORMRNG B2 318 HH R, E-mail:  livairong@tongji.edu.cn
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PRzt IR ESBIMNEIT A REYBANIE

e AT, FRA, FRW, KERE, KAFR, AP

1. PERRER AR K E U ERFN 25 [0 Bl Be, AR 2300265
2. EREZANK FEPEFRESLRE, ksl 102205

H B A PR A, A AT KR A
MR NR 254508, IS I 2R i 244 B %
W et i H g Pby Sb AR E S SR
AEH RT3 — 5 Rz i (0075 G PPAl R 7 AR
Mo AT A E AR I G R T Bk, ER9T P
FEANFIZR R ZE Jidg it 3 P IR IEAT . R RETIN
G AR A ST, BATRHAE AR
5ty (K 2 AR PRI T 8 T BP /MR A, R mx Ha
Pb [IABEAT g S A BETT I T RS A R,

Jrif Az 5 P M B E TR, Pb V5 RN
P, I HAEARRIZSE RS Py 0 W
o RIHRANE AR P /s BBl AR L 43 531 I
Pb [ 2E 4] R FH PR FA N A 250, B T RS
PR kI R P B RS . SR
RINAS[F] 7 1 - 8 Pb ARXS BT 3 (Pb RBA)
HE S, FealeitlytigEd P B RmNIESEE
FEEGRI IV, oF J8 FE PR B FD A A4 fdt 5 B A v 7 (1) 5
FE, A DR e HLIE AT IS 2 0 A B ml TR

B ROBAEAEE T A XIBRAR (1974-), Bz, W55 MG g5 2Rk (LTS, E-mail: ycx@uste.edu.cn
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Supergene enrichment and health effects of arsenic in Tibet
Plateau

LI She-hong, XUE Li-li, ZHANG Yin-feng, WANG Ming-guo,
WANG Hui, ZHAO Zhen-jie

State Key Laboratory of Environmental Geochemistry. Chinese Academy of Sciences. Guiyang, 550081

Groundwater in sedimentary deposits in southwest
China, South and Southeast Asia down gradient from the
Tibetan plateau displays elevated As concentrations on a
regional scale. However, it was unclear for that in
Tibetan plateau which was the source area. Our recent
research shows that As enriched too in the stream water
of Singe Tsangpo (upstream of the Indus River) and
Yarlung Tsangpo (upstream of the Brahmaputra River) in
Tibet. The average arsenic concentrations in stream
water were 58.4+69.9 pug/L (n=39, range 2.4-252.2 pg/L)
for Singe Tsangpo and 10.8+16.9 pg/L (n=30, range
2.0-83.2 pg/L) for Yarlung Tsangpo. Hot spring and
alkaline salt lake water displayed very high As levels,
reaching maximum values of 5 985 pg/L and 10
626 ng/L As, respectively. The positive correlation
between [As] and [Na]+[K] in stream water indicates
that these surface water arsenic enrichments may be
linked to the hot springs.

The investigation of As exposure sources and
health effects on the local residents of Ngari rural area
in Tibet was carried out since 2016. Samples of
drinking water, food and biomarker including nail and
hair were collected from 12 villages in this region. The
average As concentration of drinking water (including
stream water, well water, lake water, snow water and
hot spring water ) was 173.9£783.5 pg/L (n=45, range
from 0.4 pg/L to 5346.8 pg/L). The value for the

RETH: BERAREAEELN EIE (41673137, 41273146, 41073100)

samples of dug well water which is the main drinking
water for the residents was 59.4+74.2 pg/L (n=36,
range from 0.4 pg/L to 372.7 pg/L). Average As
concentration in the highland barley which was the
staple food for the local people was 0.30+0.64 mg/kg
(ranged from 0.01 mg/kg to 4.17 mg/kg). The
percentage of drinking water and highland barley
contributing to the average daily dose (ADD)
exceeded 80% compared with other sources. Therefore,
the drinking water and highland barley were the main
sources of As exposure for the local residents. Arsenic
concentrations of hair and nail samples ranged from
0.02 mg/kg to 103 mg/kg and from below detection
limit to 118.80 mg/kg with average values of
1.74+£7.00 mg/kg and 2.63+8.45 mg/kg respectively,
which were higher than the accepted level (1.0 mg/kg
for hair and 1.5 mg/kg for nail). Nail and hair As
concentrations showed significant positive
correlations with drinking water concentration and
ADD. The preliminary epidemiological investigation
revealed that endemic arsenism existed in Tibet for the
symptoms of chronic arsenic poisoning such as
keratosis in palms or depigmentation in the back of
some local residents appeared. More detailed and
widely epidemiological investigation on endemic
arsenism and risk assessment of arsenic in the
residents of Tibet need to do.
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T IE R A IR AN FRR  B T RB AR LT A
REZER: WEMZRIER
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P2 g MR AR S T R SR A 2 [ X R S8 5, SR 550000

Bt — MR T2 A mm e E. BT HE
PE, FAE 1979 S8l b 56 B OR SR AR R 71 4 I S 4
WV UY (Filella et al., 2002). TN REFAIL
BOKESIRIF U R W L2 — A T KPR BT R 1 A ek v
74 (Shotyk et al., 2005; Krachler etal., 2005).

Z AR KA FERI N TG B sem, B2 o0 A
Fhderh, EH PRI R, 5 1x10° 4
4 (Ainsworth et al., 1990). 7ZEEiH 1LIX, AT E
BRI, HIER B S RS BT R, S
XM DX IRE A T S, A, XSS X
B (R Bt MG Bl s ik — AR E B e TR (s
£, BRI % v] LUA 22T ppm (He et al.,
2012). BN TG, WS EA LS. AP, K
TS AL R A R DU R B T RS E (R Sb 4
JFE ) Sb LB e b 1) B T B AR R (Herath
etal., 2017). fHAF—42M), 48K 2 HUE 0 138 b B
A7 T 4 R R A AT A A A e 50 1y 3R
) BRI N TG e LRI, WAE W K AR
TE RIS, 1 AR ] Al 38 B 1 A7 0 T RN
TR @42 GEW] AN [H (Filella, 2011; Filella et al.,
20090, Y34k, JLT-BA A N A R b 5 5 1 35 T
(Rof LEAIF T, 1T 3PS LA R A i s ) - 4 o

N AR AN E SRR BT RS A a2 /e, T Rt
EREE rp B 0 A2 1 M R A 2 0 B 50 3l IR, IR
ATk A B 2 242 5 T (Juillot et al.,
2011; Weiss et al., 2008).

AR, Wi MC-ICPMS #EHTMIE, ERIEAL 2
(R 43 A7 7 925 10 43 B RS B2 b 52 1k 49 30 AN i A AL
(Rouxel et al., 2003; Liu et al., 2020; Li et al., 2021).
AN [ 1 J5 S PR SR AE it (06 [0 7 28 A R I, 8 ) 37 32
HAEEL R G0 7R B ORI ST A FE 1)
W1 (Wenetal.,, 2018), XU FREBEHEHIERS
HROANIT R

AHIEST T OO S v b iR B TR A7 2R 2 B AT
T oy AT, H o I kK L T DI IR
J ARG AR T B A - g8 5 i b ) B R A 3 A
BCRFAE, 30 UF g T e B R . IR S
358 () AR SE R R B 1 SRR, R )
AP 3 SO AN A IR BT R A AT A IR ZE 5. A5 RER
Wl: 1 BRI b e RS R A SRR 2) LR
e BT USRI N A s 1 (7] 7 3% 2H RO I A A1 Y 35 2
Sty 30 g b T DR I R A 2R A TRAR KR
B Bz g AK pe ad BE TN R R A2 N A RS
R PR LT AN KA TR A 22 9318 o
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BT X KA TIRESEMIKUFRLZEE. KR
Rt RERERX IS —LUSS MR E A5

4 o k] >y 1,2y 3
WA, HER S FRA
1. P ERRE B BRI AR T RS kb 2 R T S0 =, SiBH 550081;
2. EERERE RS JE5RT 100049
3. SRMIBE RS A MR 228 BB 550025

EaEEA R, FEAME. AnTREME. i
AFAE B AT LA SRRSO SR P o AR 3 G Jm A
AN PBERARR 438 iy L2 38 R VR B, PRI AR T 4
J& RO A — A AEEREPE, 51 T 28010
2R (Huetal., 20200, 5% HhAb B 74 ma v
I X TRy O, 8 R X DU 5 1 T 4 e 1 S
FFR (Yangetal., 2021) AEHCRA FIE MRG0
T DX ) S G (175 BRI o A A SO R I
FVAFRRE i, REGH T X 5 YA 1E, R 5 S
Pes, VAL R AR R RS B AU L

DAL, AT 9T R G R AR FT o0 B T 3 B A sl
Ht1#E4)E (As. Cd. Cr. Cu. Mn. Ni. Pb. Sb
A Zn) Fr, TR LXK A ERE 2
FELRAH, FE T HBR AL 27 B4 70 BT 12 X 4 e g e
{1105 Ra e N ATV (2 o AL B LW TS W e e
PRFERS (PMF, UNMIX, F1 PCA-APCS-MLR) f##T
Tz X AR 3 4 JE kYR, A Monte-Carlo 15
FUPEAL T b X R RO -3 5 4 s B 5 10 AR 8UE
A8 5 X RSE S B0 i R IR o

ZE WL iZHIX Cd. Cr. Cu. Mn. Ni fl Zn

1) MR Ak 2 B 2 B s 1 B M 8 1S Se(E, 1fT As. Pb
1 Sb AR T 03 N 44 1 S5, 28 WAL 7 DSk (1)
BRAK 2 FE 256 T 12 b X A T 1 398 5 4 S 1T 11 b
Pho #E4EE, ZHIX I 45 REREAR BT “K
VoGP VG U VL, Nemerow 745 4t 4038 W%
X FEARA T “C -GG KO, iz X i
Cd. Pb il Sb [ 7E A28 R iy o YR BT 45 3R
BiZHL[X Pb. Zn AT Sb =Tk BB KR,
Cu Ff1 Mn FEZk HRIGES), Cd FE ok AT
KB, Cr Lok AR, As F1 Sb I 3= Bk
HIED TR @i et e o iz X R Ag e 5
AP 4 R BN As (6.43%)L#>1) F1 Pb (4.08%
JLE>D) HAR w0 AR B0 Al e AR, S50 6 R X
SR As  (JLE 99.97%>10°). Cd (100 JL#
>107%).Cr(99.5% )L #>10"°)F1 Pb(64.1% L, FE>10"")
AFAEAG B R I B A XU o RV 2 15 R
BRA 22 3 28 43 BT 2% W02 X () AR T T 4 J8 5 e KT
AN, AHJE L E RBUR g B AR B s . ARk, B
T RBEHOR, AV R T R i X ) AR
& JEm VT G T AE .
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PMF %55 APCS-MLR Btk R & RERKIE

AR,

LR T

R RERER S TR, Hi] 361021

R R Y - KRS BT, A
A R BAR S R 4 7 A L BT ) A ERL RS
(Ghrefat H and Yusuf N, 2003). JUFA] LLAE Ay 7K
RO b 4 J® (1) B LY ML ( Chakraborty P, et
al.2014), AMEE GBI KAEG, A & LL%E
il AT B AR A b AR 2 W SO AR 4 e WO o 2
ERYTUE , X LT 4 8 n] BE DA K AR IR B 45 AR (1 A2 AL P IR
BTG 18 KRR “ k75 H%” (Wang S, etal.
20100, kit Tl AR S L4 i ok &
FEHEN BT KBRS S B AW 2 O T K
N BE BTy i Sk, il A6 PR ) XS % i i it 14
Al R RN A 52 S B A DORR W b < 1) 7 G kU
SAF I E B AT E I AR I K R R Z DR
14 AN EJRITE S BT ANE .. AT
M, RS, LXK -2 n kA
(APCS-MLR) HUEERFER 770 i#id (PMF) 5%
Rl 7%, WERA VR AT 58 AR ATV G R ok o T AR IR
BWOK RV R & e o = BA s +
WUEE S, S@BAEAFENKE (VR 298, 5
BRI S A AAAEZE 52, P /KR = 7K S I 2%

EEEWH: BEEHREIFES (21777049)

X B RE SRR 2 YRR Cr. Cus Zn A1 Cd T 5
LA X B v, o, Cu M1 Cd ¥5 B ™
PR 5~ i LIPS R T SO N3 i N /R 5 )
RZVRY & 875 Jek IR N 4%, NS 3hHE
Wk ¥ . Niv Cuv Zn F Pb TSR T KU 55,
Be. Rb. Th Al U ¥JH [ ARYEFEH]; Mo Ml Cr 2K
T TAk3Es; Cov V. Sr LY AT, Cd LRk
AR R0 . APCS-MLR 1 PMF 8 43 #r 45 1 3%
B, K RKZVURY b & 875 FekIE 52 5 Pk i 3L
[F) 5 e, N 2RV 20 HE 1) T ik 3 A 0 R, ik B
52.57 %, SRRSO S A
S TTERZEAY K 17.72 % 19.09 %A1 15.77 %: AR
EINIIOTHRE Ny 47.43 %, o B AR UERIAEYR 1 A X
TR R 20 16.73 %H1 30.7%.

R Hr, APCS-MLR 1 PMF #5574 Y5 fif A7 45 3
HRIAF A PRI, 43 B 45 S BEAH B EDE, AH B AR 78 o
APCS-MLR #4578 G 5 b HL8 A i ff b 10847 e A0
SEESMAT, PMF A58 0125 5 RO e s G, IR
A 2 A HER TS G 16 H DX (175 G2 Y5 fif BT - PMF
TR gt Bt &5 SR S A S Bt O

A HEAEEH T IME (1966-), #UZ, BT : FAEEHERAL Y. E-mail: 1522764620@qq.com



730 T R

918 JRFEARFE SIS E A

c B 20: HWREESBIMRITASHMN -

EERGAETREMNRNFNEYEENER

kEA, wiEiet, BeR’, 2 EY, XEE, KRR’
1. WK#BEAEAS 2B, TZK 3230005
2. WL T KRB 4 B, #8355 313200

B N W RE I A 7=, R L 1) AR )
ARG BN, 1 K AR 2SR R v A7 A R
AR, XALTFE IO L8 B & LA 2
Ak, T BCAT 1R K 5T P ASE 28 s DAY A oL 0 4
TEH K (P FE He AAT Ry o AR SCIE 5 DL 1) 2 e B
1A% /NEKBE (Chlorella pyrenoidosa)fF Jy 52535, #4
@7 W (Fulvic acid, FA)FIR (Ni)/5E (Zn) “i%
FREE G20, % EEWTST Ni 0 Zn 78 /K-35 S0 03T B
bHL% . FA 2l 10 mg/L F1 20 mg/L I, &8Nk
AP Ni KT 529 B/ 0.15 mmol/L 43 51 14 Jin £
0.25 mmol/L 1 0.26 mmol/L, % Zn W 0.55
mmol/L 3 HIFE N4 0.62 mmol/L F1 0.68 mmol/L,
T W] FA IAFAEBRAR T 7 Ni Al Zn 5 3 0 5 0k o W
IR, TICRRY, EARDNEREXT Ni
AT Zn (FWR PR B TR) K24 150 min A1 180 min, FA ¥
AFAE W] A HT T PR 5 (R WS B Y487 I ) (] Bt DR KB
IR T30 Ni R Zn [R5 AR5 . TR PS5 2 S 50 R B
AR/ EREERT N R B 5545 5 Langumir I f 453
LRI, TR Zn WSS A Freundlich Wi B 45 i 26 458
AL, U HED A A% /N BR B NI A s AR H LS

A6 ) T8 2R B, TR Zn (R AR E AL ) T
Z )2 o R E B4 B T IR R s O 4R
TP BE JS , FA ARAE T Ni (WK S50 22 5 0] B
YA A, T Zn [0 B S50 2R AT 320 I T AH R 6)
WAL, KW FA XS Zn AEYEEFME R, XnlfHE
5 Zn ¥ B RAEZ WA . A 0.01 M EDTA
VEMEKs R AR BRI 4 o) B A W AR AL RS, TR
L FA B2 HBRAR T 30 Zn AW, O BRI T
X Zn (R NFEA R, (HEIBE N T EO6 Ni (N FEAL &=
X R W], FA X8 5 4 Zn M Ni A5G AF R/ HLH
X Zn Miw, FA AMGESHEBT A B Zo®, [
TR T W B s, R AR PR T Zn E
PR B R P AE AL B R N T, FA SR P I
H NP, BRAREET Ni (0B i, [R5 Ni & T
HRGE A Ni-FA, LGRS A0 6 S s
JEEEIZ, DR RE N T ET Ni N AEL . Ni fES IR
HIE RS Ni E/NE T ERAUKE 2 0.
b, R K TR R T T 4 R -3 L T ) A 2 R
DAL I HER I, JE Y 2% R84 B 1 B B 13 PR A
5 AR A BT R 28 A

BEETH : K- 4 E-DOM =TI & W8 bl bl X SR Rk (HEHES . 41977150)
HEE T sk (1995-), B, PHE, SRR KBS, KEERHES BT AT, E-mail: zgx1415035487@163.com
SOEEH R R (19739, &, B WD RS ES BT B . E-mail: lifeili@zjut.edu.cn
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Ecological risk assessment and early warning of heavy metal
cumulation in the soils near the Luanchuan molybdenum
polymetallic mine concentration area, Henan Province, central
China

1,2, < 3% - 2 . 4
CHEN Zhen-yu "~ ZHAO Yuan-yi >, CHEN Dan-li “, HUANG Hai-tao °,
1 . 5
ZHAO Yu ', WU Yu-jing
1" Xi’an Center of China Geological Survey, Xi’an 710119, China;
2.School of Earth Science and Resources, China University of Geosciences, Beijing 100083, China;
3MNR Key Laboratory of Metallogeny and Mineral Assessment, Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing
100037, China;
“No.3 Geological Exploration Institute, Henan Provincial Bureau of Geo-exploration and Mineral Development, Zhengzhou 450014, China;
SFujian Water Resources and Hydropower Survey, Design and Research Institute Co., Ltd., Fuzhou 350001, China

The Luanchuan molybdenum polymetallic mine
concentration area is rich in mineral resources and has
a long history of mining. The environmental impact of
long-term mining activities cannot be ignored. It is of
great significance to study the ecological risk and the
accumulation trends of heavy metals in the soil of
mining areas for scientific prevention and control of
heavy metal pollution. Taking the Taowanbeigou
River Basin in the mine concentration area as the
research object, the ecological pollution risk and
cumulative effect of heavy metals in the soil of the
basin were studied by using the comprehensive
pollution index method, potential ecological risk
assessment method and geoaccumulation index
method. On this basis, the cumulative exceeding years
of specific heavy metals were predicted by using the
early warning model. The comprehensive potential
ecological risk of heavy metals in the soil near the
Luanchuan mine concentration area is moderate, and
the single element Cd is the main ecological risk

FEIH : R BARTEET AR TEEAIE (8 B A% [2019]373)

factor, with a contribution rate of 53.6%. The overall
cumulative degrees of Cu and Pb in the soil are
“none-moderate”, Zn and Cd are moderate, Mo has
reached an extremely strong cumulative level, Hg, As
and Cr risks are not obvious, and the overall
cumulative risks order is Mo>Cd>Zn>Cu>Pb>Hg.
According to the current accumulation rate and taking
the risk screening values for soil contamination of
agricultural land as the reference standard, the
locations over standard rates of Cu, Zn and Cd will
exceed 78% in 90 years, and the over standard rate of
Pb will reach approximately 57% in 200 years. The
cumulative exceeding standard periods of As, Cr and
Hg are generally long, which basically indicates that
these elements do not pose a significant potential
threat to the ecological environment. Mining activities
will accelerate the accumulation of heavy metals in
soil. With the continuous development of mining
activities, the potential pollution risk of heavy metals
in the soil of mining areas will also increase.

FAEFTA: BRET (1993-), BhFLTFEIG, WERJ5m: HEEH BRI, E-mail: zychen7010@qq.com
WEEETA BITS (1966-), WIFTH, Wi : BKS S5 HER{L 22, E-mail: yuanyizhao2@sina.com
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R TFH R M) R AL

o i A4 B *, K75 4

WL TR, B 310014

4 B AR K- B ST A AR AT o TR A AR
BRG A BE, AE R BV HLTT ) B2 i
Iy B (Amino Acids, AAs), XA LAEAS KAk
SR B, o TAEIE AR RBIE N, N
T 5 W0 3 2R 0T 453 i 1) R AT A AFL e B ML B v R
. L, JFFRET AR OBER Lys, HAR
Gly, R4 %8 Asp, K& Wil Asn) {EHI T RGBS
AT NI, W — R AL, 5N IR
LM . IR AT BE R LEBIARM] . 3 Zn X —
BEIG G A PN RE B A7 T A6 2001 () IR v FEE T IR
SAMHI R A K s H R E S, TR T 5
(1) 2 3 S0, 0F LU A [ B 25 R P 1 FH 2R 3R AT LB
ST DRI EIERR IS Zn 1) & B2 10 5 M 48
A A, FERIIIMANEX Zn 1 E MK IHIE
FERL — 25 Jy F A RE O T Zn ik S0 14 1 B

Bioaccumulation isotherm of zinc by algae

CK
w'\t\\““‘ aming aciy

aSpar,, iy
3

Amino
a2+ ® acid

B microalgae

@ - Lkasparagine \\j}aspanicscid \J\glycine \/\/\(\Iysine

HemH: HExARREIEETHE (419771500

i), FRWZId S TG, Z AR ] RES I 1
LB R R Zn (R AR AR BT AR AL B A
Langmuir #<7, Asn fil Asp W ZH00 T Zn (N LELL
i, e THBARM AR AT 7R S8 4 T ity S
fit, 2 TIEN AA-Zn 5 EWNBE NN, BEXT
T Zn BB 5 ()22 FF & Two-step 4L, i Asp b,
FOR =R LRI R I A AL VEEERS Zn WK . HR4E
Two-step B, AJ IR PRI R L 40 AP EAT, B—20
JEERMLM T Al za®, T E B S %P
AAs-Zn %4, TK{(Zn-AAs)-Zn-#: ) =GR EH,
4145 Zn B PR ORIE BE SR T AH GV S A e W] 0]
Zn R SR S BRILNEEBZEMR, MHZ
TCEME A 73 e 3RAF I ZeME T R, P LAMARE 84.6% 1K)
Ay AR ARA B o ASHIE S A BT AR T < AR K
A AR AR IR o AR RS e A s S HE

=Asn 0.2
Asn,01
©Asn,0.05
cK

 Qe,mgolg1

°

A model for Zinc bioaccumulation in the presence of
amino acids: bases on amine & carboxyl groups

Quax = 1.94 + 16.068 C_yy, — 10.66 C_coon

BAEE T Frdhdh (1999-), WL T K% 78 820l L WF 50 4. E-mail:  £634589740@163.com
WIEH RN ZAEE (1973, BdZ, W7 M. EEBARSEN TP RITE L. E-mail: lifeili@zjut.edu.cn
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KREESSIRKNIBTERITIRIER REEERE
S1ZFZ IR

BERC, RTOL, AR, FWAA, BEasDC, dni”

1. P EREERR B BR R R 24 B, A8 2300265

2. Rl BRI B S BT AR R, SR 2300265

3. RO IRRF 51 BEARBTIRE, A8 230039;
4, HIETA =B ST E TR, & 230009

el H e CALARIBORD s AL AR oK 1] ¥ i,
AL CRAFAE VKN IR BT o) (4 R # . #F
ANEA RS (POPs)) BBk, HEANERS
ARG, XERIREG AR o KRR A UK )1 R
i EA 5 A USRI AE D A S A4, R
[ E R ST E N 52 B O A AR
VKINFFE IR TS 52 R, UK IR B V58 K 0t T i el
ROV AE S RGN S WA o ATFTURAR T
25 AL FUR EVRE S Midtre Lovénbreen ¥K )1 R80T
B, TR YA B TG 3R 4L AN
W Z 5, WROTUK) IR 1 R v] A B AR ¥ e 4 PR
BOLFR . R W2 CHYE, =Bk SR
FHAT N T RTORDIIR—S KI5 T-0K )1 Rk
Wz UK . DORYRL AR A, v ER A i

PP, SOk IR SRR — 8. 4a30 % =
LR S HEEEICRE 2 TREA R, a5tk
AE AR ZBUKMER R, Sk ocE (o Sy
Ca. Na. P) KA. PRI 15~20 cm JZ 067
Pb. Hg. "'Cs. *'Pb. BAHLEE (TOC). HA (TN)
FIR 023 & 4R, ST ouRm B g v o by, Ihdi &
R SRR AR T B (6 L 23T, A6 UE 3R R W1 1% 2467 i
52 BN UKl R UK AR PTR SEm, SEDUR
LA R Pby He WRFERURIAZ ZiG . 35T
BRI, ZOK N Rk R oK AR AR AT g AR UK AT 2=
TR, JF R B Bl K 02 K BE B AL . IR AT 4E R
FeW, AR ORI DU Rk 25 7 Sk K FR KR, X
A AT BEXT UK FT AR S IR B P AR RS, 7E LA B9
W B A

FLBTH - AL IR AR K NS (T H 25 2020YFA0608500)
W—VEERAN: BEERE, B, WEEEA, BT AT R A ERAL A5 PR, E-mail: xyl001@mail.ustc.edu.cn
EIPER T XU, 5, BUR, WU ARHIEAEL. E-mail: yex@uste.edu.cn
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E TR RTRERR LRI TiE R A T 1R E € B KRN

PR, 'R, THE"

I SBHERERERES TRR, E1, 361021;
2. SR RSB AR TR0, EIT, 361021

UM AT v [ B A R ok 0 b BEA 5 R 28 35
AT, 20U R i R T L R AR TS
Yy o AR 1 3 T 4 R v YT SO A T 5, 6
AR HH 43 JB v YR 1) KA RANG , T8 [ AL 2570
IR ERA SRR IR IS, nT DL M A W SRR 1K)
FRRFNECH , vHE ARG R0 LI B = 1K DT
Bk o AR SC DALY AR 3 g 0 %, i H
YR 2R BR R S 2B Rl R TR A L e s Ad AT L
JEAT AR T 38 T 4w ok R . MR S IR A 2R LG (E
200py207pY i A R R AL 1P E R R T
A H v Y YRR A, U R VL R R O
206pp/ 2P LA 5 1/[Pb] (1A & MR i 25 (R 5 R Bk
0.114), IX i B A B 338 b 8 A AN LB kiR
A 3 I AT R 25 LUAEAE AR Ak, TR
AR AT BRI T 2 RS 140 DX 358 P o 0 08 9058 PR 0 [) 7 35 4
J AR T A PR TR AV 25 4 AT 2 5, i I AT T Y
X A A 398 HP AR O Dk sl I DR AR AR /N o R A

EEEWH: BEEHREIFES (21777049)

[ 437 25 22 TG TR G B R i A 443 280 AR 1 - g8 rh B 10 A
S U B AR O TTER 2, H AR RN B B TR R
7.4%~56.9%; AR ET DTN 5.3%~74.1%;
TALIEX T TTERE N 8.9%~59.0%; At A7 SRR %
BV DIRR RN 3.4%~47.9%. HRVE. LRIIE. Tk
TEAAE AT SRR X A T - 338 P 4% 1) - 24 Dk 26 43 31
) 25.5%+ 35.3%- 24.5%F1 14.7%. JURTTIIRAR H
- A YR DT R A (R A A R W AR TR ) DTk
f (B T B AR AE JUR YT AR 3l X3, 12 X 3804k T 1)
P, BRI E R, e WL Bk AR EESE L
P, ALK I T SR S A B A6 Pb 454
J& T ER s AR PR ¥ DTk s E B AR A UV i X
B, 2 DX A A A B KR RS SR N i
RNV 250 K IE , A2y R IR I8 4845 Pb & T
A AT IR R B DR = (2 B AT AR LRI 1 R
ZIX N L AR AR, A AT IR ) 45 TO& 3))
X, 52282 WA BRENIR 5

WEEH TN HIME, BRRFIMERRE L TR, TR/, LRGSR 2 5B R 2 5 RIS, 1522764620@qq.com
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= 3 Fo LB fof FR B ok AL

KA, FRE, XL, WEE, BE

AR BRI S FE A e, il 430070

R It el R S/ B R VA £ T
1.6%. ZRAEWAEYIATCHUE T AT A o4 k.
H TR T H T SRR RE A A0 A 5 i B oy B K 1R
E, RARGRI A2 REVE R LY BRBON . I35
Hh R SRR 2R (AR 2R Eh i 10 PR R AT R SR 1) 25 T AL
FEIRIPRE o A5 HIHEIR K25 P25 AR R b, B2
R SE AL A 25 FR AR AT T4 22 o TG BRI v i
WAL RS ORI 5 IR AN 2E

BRAE BRI P A 2, B2, +3 Hi+4
MAFALE . AR ER A LA . BT Ma* R
Mn®", Mn* W50 Mn® 0] 777 T4 AR T ) 45
fyrh, IRTEL SR AAAE . T Mo S &)
WL ANERA R . R DA WESUR M, A
A I B SIS AR S R AR
SESGWRIEIN, HRMARA KT el (43, +4)

BERIH BN L3 He(ID AR TR S AL RINLE] (42077015)

TENL B A o RS o FRATTAT S 17 AN ) 45 by S AL il
B TR LOR SN IR 25 R S 3% BT
NI THIICRIR . FPERTR. DFOB HIEERERR Bl 5%
XF KB ERRT B AR PR LR (KI5 s BT9E T Min(TI S {A:2%
B R IR AL BFSTE RG] (1) 7
FAEEACERT P, KBRS R R ) B R
N~30%; FAERA PR BRI & I R S R
G Mo & ARG (2) P FAPIRCER
FPRRIR) 0 SR AE Ao R R LR (3) 34
B E Mn(1I)- S SRR A 265 5 ) B TP Si ) S W R m]
BEAf TR RO o (4D SRIECEBEZIR AR 2 R) AN
Mn(TID) % FRE R (1 B fiff o 3K SERIF 7 45 SR 4B 7 A 85 o
Mn (1) W] REAE FF Lok B e ol 28 2RI, T
O RO 7™ HL G (1 - AN TR R G s S AR
MM PN B I S E L ANA BRI S % .

BEE R kP (1992, L, W55 L%, E-mail:  1048578935@qq.com
SEAEEE R oM (1985-), EI#EZ, WioTrm: ik, TR % E-mail: yinhui666@mail hzau.edu.cn
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B AMNBA S PR ERIE. SRS

AN, HEUY, BEE, KRR, FER

5K 7

1. BRAREE TR 2E MR BN E 4 e, Wi 610059;
2. MR ORI S 5, Al 610059;
3. E O AR AR B Ly, AR 610081

PR g 2 A S A S W1 F N 7 2 TN B 2
R PO S AH DU BB, WY B3 il
PUACIB I e T T— K B L3 A1, X L6407 IR 2 1% 3 X AL
AR ) 32 B JFURERIE , XA BT TSR 32 B e 4
TR AL B . BARAME T, BT S w2 )25
R HS 3 T R A R, L FE AR TE A TR 2% P00 I8 5 i A
(i mAVEED AR, ZuyaE s, R, B
TR AN A P o R T B IR A Bk B R Tl PR
R A, R R AR AR FURS IR B A B, IR AR
PR RS B NR B B e A B, HETOR TN
SR 90 B o S HE TR % A 78 52 AR R 1R 4R T R AR
W, AMOERE T, SEA R BRI I, i R
Bevg gy, S H ARSI E ]S R . wE
A IR ol ML it Rl A B ME AR R % X b R 7K
FA H - 8855 G (1) 2R IUE (Zhang et al., 2021).
TVAT P8I RN B G 8 s WA B A B P AR 1 4
AR S TR 28 DG T o AT L T 47 s T o 2
PR P WA RS A2 0 A A DRk = A ) el A
ARG, (1) i@t XRF. ICP-MS F1 XRD 43#7
TR EMETTEMNT YA 450K, N
FIEAE, EEAMICEMN CaO (49.43%) Fl P,Os

(36.63%) A5}y CaO (33.65%) Al SO; (>34%),
FEY Y INEBERK AL A E . FETALET,
P,0s+ F. Co. U, Cd E L& LR B F T (ETF)
BAK; ETF (Cd) XN 10.85%, FW7EA =
DB E, AT ROV,
W 5 G SO R E R Ok . (2) B 26 HT R
TN T PR TS IR A s A HLIR G )  E EE K
£ Ctype 1) FIJCHE B 10 3 - A% (Ll A (type 2D
44 LA-ICP-MS 73 #r & W, type 2 WA BB SE
%, W8 o R EAE, 1 type 1 I WL &1,
Wt E SRR S, Htype 1 fl type 2 ) P & &
FEARFE, RO TREZ A VLTS, S8R AT
KAANUE . HFPHRE 2 HT R XRD - & 45 1R
B, g S RS, BE A T RA R E.
UbAk, SR T IEE & Cov Asy Niv Zn JG%H .
WA I R BRI R R O .
PR T 5 2 B A WU BT I R,
fHoENRERABATE .

X BERIF 5T 4 AR 7 AN [A) A o b 1Y) 3 Bk
FH s R BATTI > RV V8 BIEAT TR K (A v Y AR AL T
EHIR K

HEEWH: EFARE¥ES (413731200, PU)IE AREIET (KJ-2019-3)
FAEF WA 4RSS (1992-), LW, BER 5 : BB )%, E-mail: sdchex@gmail.com
EAEEE T R (1968-), #%, LA, WS MEHERAL . BT RHERAL . E-mail: shizm@cdut.edu.cn
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FeOOH Z B YR M Zn WM. FLIIE K& R = 5 1B E

PRIy, XL, BoE*

gl K% RS IREE AR, I 430070

B 7 G . ARG g e O A7 R R A
Yo MTHREAR, RGN, ARz
HAFE IR M E SR R Zn EWAFTEA
IR R b . RN ER R 1 3 b B SR A R
& BTG QIR SEAT R B AEAT O AL, R R
S JETG G IR B B R AR R QAR (1
AR TR, B gt RN Z R IR A
PR 3 v 4 v G W I R e SLIT B et 1R
HEAT VR RIR B2 A T BE . H 2 38 rp 5 R ek R
W BRUTUE « IR I F LIS & R AP PE A
oI R R o1, BOWI 4 )8 A6 2 48 SURFAE .
DAl Lk A 0 2 TR 35 B35 1 3ok R o o 4 (R AV 35 40 1
1T KWLl FeOOH Z AU WUtk (a-FeOOH)
AT (y-FeOOH)\ 7N J7 41 BkA (5-FeOOH) %) 72
(AR T RO . X2 FeOOH # ¥ HA AN
F) PR S AL R 1, 2 0 355 M ™ ) 1D Zn WP T3]
EXAWAEE DA SRR

FETH: WZEHHRXBHEEREI (2019Z2D001)

A5 a-FeOOH. y-FeOOH Fl §-FeOOH F#
[0 Zn W B FR L0 e i A5 v (RT3 40 1AT o S P
GERMW, RN I AR, H Zn [ = A W AR A
FeOOH ™ ¥ % 1, I [A f7 % fw & & 41 {2
(A% Zn01ig-solution):0-FeOOH(0.36+0.02%0) ~ a-FeOOH
(0.28+0.01%o0) ~ y-FeOOH (0.25+0.03%0). @i ZnK
X SR WOBORS 48 25 M1 Ay R B, 1K [ 44
RINERIIVUTHAR Zn BADE K. £yl R
o MG Zn/Fe FEJREEN 0.02 B, % Zn [F47
FE i [ i ARHE a-FeOOH 1 y-FeOOH 45 1) 1,
I3 A —1.5240.09%0 F1—1.18+0.15%0, 1M Zn HUAL
8-FeOOH (0.06+0.11%0) )L - A R =018, X
ARl 2 B Wy A AR KB AN B ) 27 R A7 38 RN,
BYIAA G o IR L85 AT B 1 B B SR IR0 v Bk 2R AL
YA R Zn M ERAK 2 AT 1R 52 W) A (R A 2% 40 1
RERERIPLAED, fERE T 4 IR v Y PR B Hh BR1E 2
A

FAEFT A VAR (1994-), LR, BER5 e 34)-oK S E 4R R 22 0 1AL ST, E-mail: 865159070@qq.com
EAEEE T B (1985-), EIEEZ, WHAUrm: LIS 5 S GeY)  (BAR TR FA L) E-mail: yinhui666@mail.hzau.edu.cn
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ZHERE T LIEEERE KRS T EXEITEM

AR, AU, T, e’

1. BRAREE TR HhaRRL2E 2B, AR 6100595

2. IRA PR,

VEE 250013,

3. MR S IEERE SORS R RN L AR TR, BFRE 250013;
4. WIRA M A TR L, FFF 250013;
5. BAREE T RS M HoR D T 5 S =, AR 610059

TR N AAF R e ) T EEER, Bl
FHAGIPE R, NI ARGl i =4 7 %
PR FER GG, Hrp e Lap B E R E SRS
Yo TR S A BRRNE . MERRARYE . W M AL
PE, I Bt RGN, kIE ERA 2%
PEo FA R NaFHEI ., rTLi HEEA R Y)
B, B NSRRI, B R O BN ik
fin 55 3 470 ) 2 A N A kB WAL, < S0 ke T 4 Jegd o
FO M TS B, AT 2 BELAS 40 1R 1 1 0 3%
&), AT N AR FER g b o DR B4R 1 498 v B 4
JaE (R 25 18] 43 A VU EE 4 J ()95 e ok . IEA VPN T
G Jem 1 985 A A 2 IR o) R 27 A B R v Y L AL
HEEZ .

TR 3% H L AR G 17 24 B EL P VR, R 9T
X 3 ) Cr. Cu. Niv Pb. Zn. As. Hg. Cd it
AT HT, R GEvh 2 03 7 75 vE I 45 i B2 HR 4
Ugeo)~ WETEAESINETRE (PERD . WD 5515
a5 (Py) ST X & T4 @ AT VPN b, TR SR
FHIE 58 FEBE IR 743 A5 8L (PMIF) 6} FITiiF 9 o 4 J 1k
AT RIG AT

Gt g RRY, WX 1 Cry Cul Nis
Pb. Zn. As. Hg. Cd P¥J& w34l Y hh - 375 5
fE, Cr. Hg M KAEE T ERRs i i A FH 1y
35875 G RS AR UE ) (GB 15618-2018) Al &
e E . 8 FhE &R AR SF R B KB NHEF N
Hg(143.89%)>Cd(30.54%)>Cu(22.15%)>Zn(19.79%)>
Ni(17.84%)>As(15.13%)>Cr(12.85%)>Pb(10.64%), R
AR R BT 4, He J8 TS, AR LA
AR Re R, HARTHEB R T . W
RIAFFCX PUALH A — bR R ) DA SR I

FEEIH AR H T A 3 4 2020(48)

G IRAEE, 2005) bk B #E b & =42 KA He
Y, A Hg 28 e REOT e 5 i b3
AT . EAEAE MM RRY Cry Niv Pb 2
AR A > AR AE, Cus Zn. As A ALK
ZEA) o3 A Wi B F R = 0 2 KU T AR [ o AR
BFFFUIX 4 198 4 vy DX 20 A 7RI 9 X 2R v A v
6o Toeo iR RW Cd Y5 Qe dpe /™ 5, Hg IRZ,
HRITCERIN A RGP BRI G Je—PEr5 . Py 4
REY, Cd BEENM™ERGYIN, HRuiE2k
TG Y . PERI 25 53R W, 4K 2 505 A i e
B AETS 3, Heg IR 53 s o A rh AR A 2 KU, /D30
PSRRI L A Lo WFFEIX R Cd JCEALE TR
IV 732 22 R v 45 20 1 B (1) G I o, DALt
IWH Cd BRI EEME RS oo, XHIRT
Hodth 2 8 rh IO B TS0 45 5 — 50 CT R4,
2020). PMF 45 SRR WSR3 545 s v Je ki
FEALREAR 2595 ALAEAR 2555 TR TR A IR 281
WS AN ERE TR AR ASRUE . B pel, &k
PETTHRRE 5K 19.3%. 27.8%- 16.1%- 13.3%- 23.5%.
Hr Cu. Zn RAMMEARZANMER; As KB TILES)
FACHEAZI A ;s Cd SRR A sy AR oe
B NG B DL B AN I RS A s Cry Ni
Pb SN AT 0, Hg L) bl dbhess oc.

AR A B T A A AR R A S A, AN AR AL
THAPE TR, GRS, XY RO E L,
SR NSAE R Rt R Py e MR BE AN A, S8t
b fys G H 2 AR R, R b T i e g
A EHEUL AN N IR R )
B o /N DX 2 gk D T AL B P R S HE IR
JCHE AR AL 25 A 1) T AR ML TS B o

B—VEE R RN (2000-), 53, M LWFSAE, WFSCUT R FREEHLERAL 22T S, Email: zzy690763107@163.com
SEEEH R W (1968—), Y, #d%, W5 i HEHERIL2E . 0 RHERLA2BFFT. Email:  shizm@cdut.edu.cn



