2016 4F 1 H
January 2016

= oo R Vol. 35, No. 1
ROCK AND MINERAL ANALYSIS 1~9

XEHS: 0254 —5357(2016)01 —0001 — 09

KA B ZR Sk - WA B HIRE e 0k

aEe, /A, ek, AL, FRAET
(CRHERHOR Y, RETHIBFE SR S P B A R E, K 300457)

DOI: 10.15898/j. enki. 11 -2131/td. 2016. 01. 002

WE: PARERALETRKEASZACKKR RBGFoK ALY ) FHRZGHE, FHE bt 6) 138
AR T AT, BRI R R TR RRERAFENF o R PG E LR, AWKk R o)t
Feo P AT AR A U Ragap R AR R R A R AR ARAE R A A S RO TY S AFAEVARR - ARAR AR R ALH], A Bh
TRERTEEMA, REAMENGEFRESANERNBEZTEE X, RS MG ZERN 2RI

FE R R R AL A R 2 T A SR 2 AR A Ak AT AR 5K Bl A R AR LR HE TR T A RS, A A H] T R 4G

HFEER, AXLFRT R BERAESZATHBE

SHFAE, 35 1 R KAR o A2 IR A AR AL 4 5T 494 ALK

A YR A T IRACIE AR IRANAT T A AR W R Ao 5 AR AR R AU R 2 28 28 R AT R R R T Al

KR REEASARSK; &; M;
mESES: 0613.52; 0614.243

KA R G TG KK IR FIKAE L),
RFBGTE KRB R G AL DA R HR
(He") . —#roR (Hg™ ), —#r R (Hg ") Bk &
(HgS) .FI 37K (CH Hg ™ ) FIPUH A (SeO3 ™) (/S M
Tt (SeOF ) il A% 2 4 R ( SeMet) G 1L 1 It 24 1R
(SeCys) " KA ARG, TEHLR AT ML
A FEAAAET AR SRR, A PR FrA HL TR
SEEAETKEAYKR, REH TR FE K
HETEKAEAED RS, WK (CH Hg ™ ) BORTEK A
HEBRGEH R IIES B G EKE LYW
ZHEAAK IS g et fe R, R
FR AR X A W 1) 7 5 3 B R IR I A W A TN 1)
A IDE 2 BR A FE 470 il A A DG Tl A P S8 fE 4 5 1Y
TG PR A ORI R i 28 o 20 LR Y JOR B S o
PRI, e A & ol /K A2 A2 25 R g b R ) B 3k i
RN 2 A Bl 2= B8 VI AE 55 . 1967 4 Parizek
ST R T /N B PR R 0 R T A2 £ B
P, MR OSR s R fa B PR T TE IR AR i
AERA AT RE X 7K AL AR Pk rp B SR B L 4 7
AR R SR B e Y R A

BAFAE; FAAEA
MERFRIRED: A

W A PR 5 14 8 T R A S A o B AN ()
‘@ﬁﬁﬁ?ﬁ%'ﬁi%.i‘ﬂf?%ktiﬂj\j@i&ﬁbﬂﬂﬁMEWkA
PR AR ELAE K VR SRR P I R B ) 3k
TR ARG ARG I lﬂﬂiﬂﬁi%ﬁ* FE
So ARTCEE XK AR AR 25 2R 40 KR TR FK A=
A1) SR FIRIAF AR AL B o3 A1 R s R R — il
A AE PRI DT T BUIR St AT T S AP

1 IKRARIDIERS ORI S FAE B AR B H]
L1 KPR AR B A REAE

KA R R A R VR AT A L M R AR T
A MR KA CRAOR TR DRSS, KRB ES 2
FECE 1) o KR Hg® 1 640 A i SR 2 R 7K 3
v He i B IEHLE " o peah, He ™ sk 2
B, He®* BAE PRI AR WA 2 30 SR DL 5 A HLF G
PLECAZMAR (U OH ™ (C1™ \S*7) RA S RS s &
SN, PR He' i T AL, X #6752 pH £k
JE PR R A A R R R B 52 . KR LK
FEALHEH R R FIE S, FEORIET
R B 1 AL ST B R A R AR K A

Wis HEE: 2015 -07 -22; {&[E HHE]: 2015 - 12 -29; ¥ HHEE: 2016 -01 -22
BEETHE: ER AR FIETH (21276194 ) 5 Kt b 3L AE -5 5 £ AR BF 5 TR0 H (15JCQNJC08300) 5 K 5 4%

SRR A S A AT H (20140511

EER N I, LA R Lok E-mail: nxj921011@ 163. com,
IR AR, 0, [ A U, 32 2 IS i K B IR 2R 5 I ] A B ORI R R A AL 205

E-mail ; tldeng@ tust. edu. cn,



%1 o

http; // www. ykes. ac. cn

a0 Wt

PSR by TR S M T R A, e —
1£0.02 ~0.30 ng/L 2 il , 7K A B 4R T 535 1.0
ng/L PL BT TR TR, TR A R Y
$ AR R 5 47 B Tk

(E 545 B B0 2, BR08 T  SR T HEA T — RS AR
WIRIAG LA, 0 He ™ () AL 7 2 ok A 7R
MR RIS RS, AR H A 3o 7 36
IH BRI JEUE 2 5 Uk it AR R
IFEPEIR SHRALY) 5 SRR £ S AL S £
T e A 00 B el A kK o
TEHLA i) FP R A 10y R 25 T B T s IR 4L
% pH 255 LT BB L R R h 8 J57 1 s I 1
PERI . n b 20 e 1A B IS T AR A5 T % 2R
RS R R K IR h 5t — R B AW
FIAL 5 AT JR P R et A o A g Y
R 5 i o £ A% 3 AR v v R A AE £ 2 D
FERIRN, B A G P A P R P

TR AR i K AL A SR U TR AT
11 IR B R Bk A R R . — T 5, YK
G Bl 4 ~ 6 pg/kg, T K H Ol 0.5 ~ 10,0
we/ ke, & AHLIX AT A 50 pwe/ke, Pyrzyskam” Wrot 3=
W], 4 7K P AR 5 i AR AL B 7E 0.1 ~ 400. 0
we/ kg [], 76 45 A2 1Y Hb 1K Ak 2% 35 5% 0T 3% 3 6000
we kg KA A 2 AR Ak 4 G R R
A IRER H 5 (35 1), TG 1R 6 760 I 6 15 5 T R g 4
Ak, LABAAHT (9T A7 A T AR St AR v . 6
HLak A HUR AT 7 A AR 7 TR A Se T Se”
(g HSe ™)™ Horh JE LAt 3 3o A A= 4 4 A
1 Se”, HAE Fe® * SRS MR AL A7 AE RS , 0 1 iR
AT E 1 T A SRl Se’ sl HSe ™24
1.2 PUBrb R ARG T A AT

AR TR R 9 & R R ALE 10 ~ 200
ng/g ™ () AEAE TS e /KRR 111X 38, 5 £
R AR o TR TUR R — i BRI
1% ~1.5% , TiAER F R EEH T 0.5% . Jin
215 7O 3of R AR R SR 4 TR B 52 2 B, TE A
[ 45 PE T, ol T DR S B v A 0 1 T 2 i
HULALIE R, SEUR AU R S T
BAUUR Y R &5, 2014 AR {E %) i
VISR 5 e S B EAT T 4r K R BB AT, 45 R
KB, TR R & 8 0.30 £0. 13 pg/g, 3
FEIRIEIRA N T E R MR , PR
BRI 37. 7% ~85. 3% ; JLAG WIMETT R Hh B R A
SRR AU b A AT R RS R R
— 2 N

2016 4F
F 1 KA RGP IR
Table 1 Hg and Se in the aquatic ecosystem
JEER e =N P AR SEH
FFR Hg R Kk
TR Mol b
iR WOl e
x ok HgS R R [7-8]
TR (CHy),Hg  wpprsgtk K UiBW)
LiB ¥ CH;Hg™  WE®ME Ak
IR CHyCH Hg ™ Btk
L] Se R SR
IR G Se03 - R a
sk soi mpagre
AR CsHy NOySe izt
i} AR CeHiaNy04Se;  rhE st [9-12]
jl*.‘lﬁ%ﬂfc%@? C‘3H7%\1(128e *E‘Zzﬁ ik
TR CHsSeCHy gt
THIEETHILEY)  CHiSeSeCHy M
— LA (CH3)sSe™ PR

DU o A DA T 3 3 s T s ik — H R
IILE A BRERERES A ALY - RILPZ &5
FROCEBMEZ I RAFAE (R 1), & WAF A7 1)
O A 5 IS R B I, iR KR AR A K
B R KRN pH &5 kR 3 KT
1 5 408 0T 1A 38 A0 43 A7 VR A 2 TR, A OB v
AR R K, KT 11 B S 5 e g, LA ) 55
SRV T B Bl U5 0 IO ) i AN A 3 3 ) 52 i 85
YIAHR . Peters 251230 I 2 4% BRI LA
P L B, DURR A R Y B i SRR AN
R IEE B S IE A E R IR RK f g i
AR AR TR Rl 5 2 s 8 17,2 pg/g, R B IX
AT A S B 1 ) 64 1
1.3 KERIPUR bR - ik AN
1.3.1  JKIRFITTERY ok — W AH BAE s 12 &

il — SR AHEAE FPLI AR B9 2 4 T 2E 42 SR AT
(HBERTL 24T N fivis S B FRASONE Y S B BT A, SR T
A S IKAARFN TR v SR AT B4 A A P ST AR X [
Z o RIEBFFEFERA, A L i 9090 Hh s in i mT A
FEARAE AR TR b & A AR T L3,
IR AR 7R T 5 B 5L 7 R S o 7 Y
B8R AR A SR A A R B R 3 R G AR A
Jin 2510038 3 i) 98 K v S 0 R A HgCl, AR
[Fi] 5 5 (19 Na,SeO, , FE i Ho 4L F 20 ~ 37°C IR A 5%
T, B B e B A ARG B AT TT DA B I AR ARG 2R
A R, I LA A5 Al B s 3 , FH R SR i A e



514

S, 45 ORAES RS POR - WA AR P SE 2t

$35 %

R0, Chen 257 71 Bezile 25"l i HF 415
MBI TR R B, WK A A SR T SR vik B 5 K
R R ST S R DM
1.3.2  JKARFIGTRA R — Al AH BAE FAL ]
Yang 25 % K R FITC AR v 5k F0RRAH B A
BEET BIRATRER LA . — Rl B AR 2R ot
T OEVE G R Ak 4 4 HeSeo UG TR vh v
ASTALPI 25 1T RE A 2 R TR, T 5 oRIE
IS HeS AHAE 4R 1k AT 7853 (AR S 32 R %
RS TR AL W AT L) o R i PR S A A i T
HeSe B B BURH0(10 7)) am/NF HeS(1072)
He'* ATRETE 5 5 Se’ ™ % Ak v A i HeSe B & W1
PEAETTTE G, T A5 1B B0 il 7K AR AR S R g ok
9 FF AL A . Nuttall 2554 BF5E & B0, 76 H SR FRE
Hi,HSe ™ (KT 10 ° mol/L) B B FEAEA AR AT
ANEN 3 min BVAT 8 48 A0 SR JBEOIR B9 2 A, 2R BH AR 10
IR 1 L L 32 R B RS A TR B 4 19 HeSe T
B, Craig 25 1 S2 06t F B, TP AT IR £h AN 77 3235
AL AR ) B e F22 s T LA S5 B 2 g 2 P A
K-, BB 45 5 5 5K 4 i HgSe, iX 2t 1 T Se” ™ %
CH,Hg " 54 fE 13 1 S° 3, U Se™™ I HSe ™ B4
Sy WA B A 2R CH Hg "% 53— ik i s
JE(CH,Hg) ,Se 24 & Wi CH, Hg ™ 1y 2 H 54k
VER%: . BFFERWIKEAS RS IR CH, Hg*
AR S IE i — M AR e 45649 (CH, Hg) ,Se,
B oM N RasE 1 HeSe ™ o S A i X FipL il
A LR AR A 25 AR A BFSERBE,
LA(CH,Hg),S J CH,Hg - S S5 A7 1E ) CH, Hg*
T LLAE S AN IR T PR 3 i 2 K HgS TL3E , 3X
Syt B LA CH, HgCl 1 CH, HgOH 252 F 47 17E
F9 43 5 bl , LB PRI AT 2 I R 38 ) 42 4h
FIMZ IS EE 1455 . TR S Bk B, H. Se EE S
HA T He B3R (19 45 45 7, 4% M 0 PP 325K 7T R
HARMI LR AR . Btz oh, ik % [
SRIRGE IR 2 (MRS IR TR T 45 ) F 2 ), 7T RE £ 0
TR A 25 B G UE 20 R N S AR fE . s
SN B ST S A ik CH, Hg ™ 554k TOHLAR , M i
ARG F LR AE K A A AR A R R 2 SR K A
pH (B, 7R (19 Y S AL BERDRE £ pk ™ oy it T
L, 3R — WAH AR 2 KA TR R A - AR
R A ) 2 A5 0 A BRER B AR AL S ), /K BR o
K — HAH EAE B Ak 22 RO AR Wi AR S P 24 1
R, AR TIRAI

2 KA G A R I SRR AE B AR E AR H]
2.1 JKAAENK - B SR

YRR R AL G EE A T I E
T 7E R LI T ARt VLA 45 At 2 2P
AR, T HASFSRIE ST sh YA R A 8L R 25 5 i
AR EZES BRSBTSk S B,
1T P 555 AR X 6 A1 5 L A D L 97 e o
%, {53 R & AR, o5 ik 90% DL R
Southworth 25 BIF 57 1% 301 K f 0K P SR, 43 B
KBRS BT R 1 5 B AR (3 i oK 10% ~
30% ) , T f AL IA) A SR R 1 e R 14 L 081 75 ik 85%
~90%

IKAE A M KA F A R ORI SR il £
YIBEAE A SR, BV 78 SR v B8 e AIK 1 7K IR B
Hh AR A R G SR T S B s KO . R XK AR
AR SR 8w A SR C oA A ARl R 6 TR
W A A s ) B R SR o LT 5, Hh T AR A R AL A
LA B Y oR B i R M AR ik, S 8L 5
BT R S A G 5 T 38 B A ORI A
NGB e JER Y7L i et 1V Rl )
AR H Ny o 42 1 F 3R He B4 K
HEE A LT JT A AR AR K oR A
e 1 5K ORI TR IR SO VT AH G, o R gty
SR A4 (HgCl, A CH, HCl) ml A1) 4 fesi ™, —
PR R A1 B4 I R AN RE LR W A 5 A, SR I A
W) % A0 Al 2 32 BRI L pH Ak 2 5 A 2
SEN0E A I

LR PG 5 B R AR B 24 R (SeMet) FIffG
IR (SeCys) |, A4 i HLA T 2L W) S BE 1Y
P T P o ) B B2 R 4, %ok Sh W ML ) fi 33
By TANENE R Y aw e s E (SR Ny A L7
RN FTREAEAE RIS L3 1. W5 R AL & FF
TE TS B IT A 4L SUR e v, HL 5 Bt s 21 4
IR R 5 B ) S [ T 57, N2l 49y 4 P i s 4. 41
PP St AT, BB L IR AL PR R X e, T
BB E | T A % B R B e 5 S (R ZEL U
A 3 A 1 DA A BT AN IR, W03 75 % Bl 3 22 4 o
TEE B ST B 43, T JHE A w8 G 250 7 240 B %) S50k A
AR s AT A AR RIAE 3 A )
FAE I A E W, KRG HEA LIS o« - 1 B - BRI
1454, IR IA HLAI AL £ 0 S 6 7 2 4 o (g 3 2
A ARSI Y 320 Sl
P AR5 G Tl R RIS o FE R 43 A= W Ak 55 G S

— 3 —



%1 o

http; // www. ykes. ac. cn

a0 Wt

2016 4

i 32 B2 R il 2 S R AN AT R e 2 R (3 S sh W AR I
TR R ) | A A R AL
PR SRR PP R A o Pl T K A TR Al 1
it 55U, MCEDTRR R 5 1 0 A R NG 5
i e, -2 e i £ 7% JUL PR 28 2 rP R 5 B T AE X
WA T SR BT, e E s s
BT & B, 1R A il 5 2 3 2o B TR M IO 4 K
WA S 2, LAV A% 1 O S 1 1 AT e i i
XFFUREYESY , FonTE i POK EERAEY )
FIGUR P 5 £ 005 , A0 AT A= ) AL e 2 ml B 4 AT
TRy b IR ), B0 8 W 4 MK FP R BB
2.2 kAR - A ]

SRAEIK A SR N R B 1E 5 A G 5+ R
FHOG, P S AR OCPE  iXFlOC R W RETE SR N 1Y
M3 LR I B S50 R B . X 5K - fifi#fl
HAERMIOCR Mo 32 T4 i F SR HEBR AR
PRSI BT FAIG 00 ] 5K 75 Pk L S e, O AE
R MIBETE AR B T IESE . KA R Gl
- SRAEAE ARSI A A TR 2
2.2.1 JRAAYIRNIR - W5AH FAE R &R SO0

IKAEA YA B AL EL CAn LR L R T JE )
CH,Hg " fyt4 Bt 25 B0 45 o 380 i T AR, HL2R
PR RCR Z A BEAE G &R, EE T =Rk
TR . B —, A= A0 M P (R AR ARl I S R 116 34 1
SRR, Watanabe 25 % 3 B S2 a6 2 B, SR 762k
Yt R SR 2k, LA W 4 A PN OE AR AR 2 Fbk
BRGNS OR FUff o 56—, SR M S 1 o 1
FHOCHG BT A A TG P iln, A K fE AN Rk
JERY He®* R B8 et , HLBURT T I Ao BT S8 AL B 5
A B BB REAG AR TCHLAR AL B S, BEAH R R 41
QUG AL RGAR Y EEA R E X 2R IR DL AT G

22 KA ARG R TR IS

BLA AN TCHL R (%) 2 5 S 5 % B, SR Rt A AL BTG 1
A WS AR R SR T RE S R T A AL B
IR FEEABG BA TR . B2
TR SRAR ELAT X A= MR 3 1 b 28 50 77 A 5 )
Sakamoto 45 Xof I HH A (4l RS20 2 B, il 2R 4
5 A 0 o) FH R R B S B0 i 2B AR E AR I e R
FORBNAN 2T, IO IS PR R LAY A ph 28
TOARHTHI H R
2.2.2 KAAEWERNIR - W9AH EAE BT

AR N SR A AR BAE PR AT S5 DR
FRaTBERIAILE . 55—, f2 2k B LR HEBR A= M IR SR L
il , Forp B AT AE PR : O TR #T AR
P, I Se*” (& HSe™ ). CH, Se™ . SeCys™ 5
CH,Hg " i BRI FEFIRE ST, L #E CH Hg ™ 55—k
ALl AT, 239 BRI, B SRR A
PP HE AR SE ; QIS AL A 1 2 5 AL TR il
BN A 2 21 R A —SH 3 [ AR OB B—S—
Se—S—/, fit fffi—Se—Se—F1—Se—S—7F 4l Ml N
TE R, AT i 55 B BE TR I 25 5 L HERR T AE P 4
e %% —,Raymond 419015 Ralston 2811 #2114
“HR AP R R BEPERIBLA ", XA LA ok AT ]
G /e 1) e B, AT 3 R AE 2 R 1 A AR R
K — WAHEAE FA] R IE A ALY s C LA, {45
KMFITCREWRABEEY . X450 R O3
ESE O A A sh Yy, A S D 5 A
£ M AN b B0 T R EBURLR AN LAY
HgSe ., R0 AT LA A0 1% 3P , A 1) R 32 38 3 B3
S, AT S TR O A —E 1% 3 R % i
T W R RS HeCL 5 4% S iiF 52
TSSO R i HeClL 4, B 5R (4 B8 /R o
U T 1R ) R R R AT o 3K e R L A R AL

Table 2 The interaction between selenium and mercury in the aquatic ecosystem
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Progresses on the Interaction between Selenium and Mercury in an
Aquatic Ecosystem

NAN Xue-jiao, YU Xiao-ping, GUO Jin-ling, GUO Ya-fei, DENG Tian-long
(Tianjin Key Laboratory of Marine Resources and Chemistry, Tianjin University of Science and Technology,
Tianjin 300457, China)

Abstract; Methylmercury is the most toxic form among mercury compounds in the aquatic ecosystem, and poses
health risks to organisms through the food chain. The effective control of methylation processes of mercury is an
active research field in environmental chemistry and toxicology. Selenium (Se) has a significant suppression effect
on the methylation processes of mercury (Hg). Therefore, it will be beneficial to the prevention and control of
mercury contamination to clarify the speciation characteristic of mercury and the interaction mechanisms between
mercury and selenium in the aquatic ecosystem. Mercury toxicity is closely associated with the levels of selenium in
organisms, the interaction between Hg and Se are mainly embodied in the formation of insoluble compounds to
contribute mercury demethylation or methylmercury directly ruled out by inhibition of biological a selenium related
enzyme, which inhibits the toxic effect of mercury. In this paper, the speciation and distribution characteristics of
mercury and selenium in the aquatic ecosystem and their interaction mechanisms were reviewed. Meanwhile, the
reasonable addition of selenium compounds into water will be an effective way to inhibit the methylation processes of
mercury in organisms. The development direction for the studies of interaction mechanisms between mercury and
selenium and its physical effects in organisms were also reviewed.

Key words: aquatic ecosystem; mercury; selenium; speciation characteristics; antagonism
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