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W OE OIS E S AR R RGE K & R (Hg) il (Se) FIEFE (Zn) M ZR 8 AR, e T 521
K= 4 Pt (5 P VTS DRI 65 ) LY He Se Fl Zn MR, IEFLA BARER: R 50 (THQ) 414
PPAG i R E T P 3545 A Hg  Se 1 Zn (R{EHE KU . 45 5 7R, Hg  Se H1 Zn 7E 4 Tt (R LA b 45 5890 L O3
724 0.034—0.681 mg-kg™' .0.140—0.308 mg-kg™' Fil 4.396—8.333 mg-kg ' .Hg Se Al Zn ZEJTEE AL & & %
1o, VLA R I B AL 1 i AR 7 22 4 iR —— 0 F K ™ 2 A BRI AR (E. 5 5 AT RGE 2
I 4 Ffa 2588 A He Se 1 Zn 1) B AR AR R ECFE GRS AN T 1, 2300 BRI f e RS, bR (19
KA EE K. He A1 Zn 45 A BEAE (0.640 pg-kg ' Fl 22.4 pg-kg™") AR T A AR A 41 (WHO ) 2 H 108 5
B SRV A (7000 wg-ke™) IR BRI R AR 1 BEVRUSUOCRON , 5 24 AR RIF RS H R MR A B KX
TR R RS
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Mercury, selenium and zinc contents and health risks in four
fish species from the fishmarket in Ulaanbaatar, Mongolia

Tsogzolmaa'>" ZHANG Ruiging™™ Dudagula® SUN Yuwei” HE Jiang™
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3. Institute of environmental geology, Inner mongolia university, Hohhot, 010021, China;
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Abstract: In order to evaluate the exposure risk of mercury(Hg) , selenium(Se) and zinc(Zn) in
aquatic products in Ulaanbaatar, Hg, Se and Zn contents in muscles of four fish species from the
fishmarket were determined. The health risk associated with these three elements were assessed based
on the target hazard quotients (THQs) method. The results showed that the concentrations of Hg, Se
and Zn in fish muscles ranged from 0.034 to 0.681 mg-kg™", from 0.140 to 0.308 mg-kg™" and from
4.396 to 8.333 mg-kg™', respectively. The levels of Hg, Se and Zn in muscles of burbot ( Lota lota)
was the highest, and the level of Hg in burbot exceeded the standard level in Safety Qualification for
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Agriculture Product-Safety Requirements for Non-Environmental Pollution Aquatic Products. The
THQs and total THQs based on fish consumption for Hg, Se and Zn were less than 1, and it
indicated low risk for health. The risk from Hg was relatively higher than those from Se and Zn. The
estimated weekly intake values for Hg and Zn were also less than the provisional tolerable weekly
intake value suggested by WHO. Considering the bioaccumulation and biomagnification potential of
Hg, more attention should be paid to intake and health risk of Hg for residents in Ulaanbaatar.

Keywords : fish, mercury, selenium, health risk, Ulaanbaatar, Mongolia.

IR 32 B3 T (Y R YETS Yy, AT B0 9 A= ) BRI, , RV 2K HoR Bk B2 5
SR BEAH S A T REAE I A A R ) 25 Y R AR AR M AT R T R (R B
W) SRR 7 o R A e N R A A sl N AR A R T RN, H P 0 7 R R R R R 2 ] P
UL I AN AT R IR SR ) SRS A eSS SV SR AT R Y F 2R b SR Tl
I R AT B 8 i B TR TR S5 11 AR A VR Pl g it i 43 R V5 e Y R e ol i 2 R ik A2
HEAKIR FEOKI S P &8 TR S KW THE D T 4 JE e R Rk SRR kT DL
ik B2 Rk I R S A Rl A SR <, o I o ) e 1 T AR R N R D B TR
Ay X A ) SRR S RAT i 14 2 AR, R N R o P A ISR AR MR A IXURS: 7T LA
R BHURE R AR IR A gl

B2 CE TR S B S R 3T, FEN T i 2 40% 7645 T & — A USRS 32 1
PRI A3 AR Ty e ) A B 10 7 J RGE 1 SRR DRI R AR B R S ok I Tl ARl
Y ARAT b B T i R LA K AT 25 i T Bl AR, ) B S AR T 4 U U R R A
BT A OG5 I 4 SR AT 2 AR e S Y RIS ST B LA BT
7R BT RS N IR | 2 2% LLFE SRR AR A v B i ko 2 [ERBIX Ui
SRR SRRV NG - b FEELAT R X v ) 2 8 IRUR: 1 1 22 I SR B KR 3000 ( Tuul River) H1BZ,
FR AT UUR B I AT RE AN AR, 45 B AT DG fa R P T 4 i SRR A0 A1 B AR R KU 5
ZIFJE TARZ ) e A DGR FTIA HLAA B, X122 X K A 205 v 3 4 g 175 e K S RA 8 X
58 I el 711D s ) R TN B R NI e R ) N OO § = 9 VN 3 I P 7 RO T

AWFFELLSEN [ 5 22 CFETK ™ mi e B W TR 5, R B R A 1 | YO UL
S5 4 MpAm R bR BAEE AR S e TR P R AT A A fEERR XURS: , LA 5 22 ELHEOK 7= i 22 e BFSE A
BT RS B AR AR A

1 ¥ RS 77 ( Materials and methods)

1.1 FRALRARFIAL

T 2014 4F 2 7 NG [E 5 22 BRI /K™ St 4 i 37 B LI K 2 11 6 ( Coregonus peled ) VLA ( Lota
lota) FUBE( Rutilus rutilus) F] i ( Perca fluviatilis) 55 4 Fh & ML 39 25(5% 1) .4 R i R H %R
W i #2862 SRR S Sl 0 T AR T Jt ) BB A R A R 2 R IR e R B RN | 2R AL A
WK J5 R A SR CMdt LA rh TR VRIRZS T M1 S8 80 2, T =20 “CHRIRAT.

1 4P E
Table 1 Body length and weight for fishes

P T4 RS FEAEL (S (L2
Latin name Chinese name Sample size Body length/cm Body weight/g
Lota lota AN 10 20—23 53—300
Perca fluviatilis Tl i 9 14.5—15.6 54—67.5
Coregonus peled SISk 10 31.5—38 400—880

Rutilus rutilus E{N] 10 18.5—21.8 109.6—165.8
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S MTRTEAE S e =R T RS, T B RZKOR 25 85 1K o gk Wk J5 8, I AR ARG SRR TR
BRI LIA BTRE 513 R SR VR TR R SR AR S TS 3 ST oK.
1.2 AlFN SR A

FREL 0.1000 g 2247 fa L AVRE & T AR BE v A 8 mL MRAH AR , o8 158 150 5 A 00 04 i 2 P AR 0B A
BB T A LA S TR TCTH i (B AT R UL 3 2,560 4, o T Mok 45 O K TR A T 75 2 R U R M
PN TEF AR T 150 CHERR 2 1 mL 247, FHIHMR G 0.45 pum SRS € 253 25 mL, fp. X oK A
il , A5 TR T 245 RS P 30% B9 BUEK 2 mL, FH 6] —TH i RR PP 4R 220, R0 T 120 CHFIR 2 1 mlL
oA s AT B TS A T V3 S B 6 mol - L' BYERTR 5 mL, ARSI E 1 mL 2247, FHEEA KB Gk, B4
JEHTE ARG 0.45 wm JRISJS 5 255 25 mL, ¢ DU 5 X8 3000 55 198 8 fige T, U4 T ik 5 1 s BV RE R L ik
UL 1.25 mL WRERFR , 5 )5 2 45 N ORA TR T ( AABOO, 35 [E Perkin Elmer A A]) M2 Zn B &,
FIRGE 590 EEE T (AFS-3100, FERH) e He 1 Se B9 . [R10F, FHAH R 7 A 1.

R2 OOHRIEERY

Table 2 Temperature control procedure of microwave digestion

% Stage R Power/W L Temperature/°C J&FtHF 18] Ramp/min {345 E] Hold/min
1 1600 120 5 1
2 1600 160 5 5
3 1600 180 4 15

1.3 Bl

FUFARHERS (1 RE S ZS 11 OPAT I RS AR Sl 2 A7 5 a4 o) P70 58 (R A v IR 22 1K F 5% . An it
Y 445 KA ( GBW10050 ( GSB-28) J% AT GBW10051 ( GSB-29) Flk# Il GBW10024 ( GSB-15) . hrkE
R HFVEE R 98 74%—101% \92%—107% F1 92%—98% . it FH a7 4 4% R iR Jy L g 4l db , 1
RISk
1.4 f@RRE I

ARHFE R F 35 E R AR R 4R 1 B PR fE I R B (THQ ) I 1Al 4 1 £ 1 8 B 45 ) 1) IR
B AEIZ T R R B AR A 45 T ROGR , DU R R AE AR 5 B % 1 F(EAE A RN AR
i, BRI E AN .
EFXEDXFIRXC ., (0
RfIDXWABXTA
Hor EF M ABERFEIR (365 d-a™' ) ; ED iy % #2 E] (Gl % BOF-2 75 4 70 a) 3 FIR & 8 AF
(g-d™) M E HEBUE A 36 g-d ™' C HEYFE RS2 (mg-kg™", LB HIT) ;RID A HTRS
I (mg-kg -d™") , HAP AN 0.3 mg-kg™-d™', 5K M 0.0005 mg-kg-d™' Y A 0.005 mg-kgdT P
WAB N AR (65.7 kg) 2 s TA AR08 -1 E] (365 dx70 a).

M THQ HAEK T 1 B R B2 8 NHEAFAE (R AU, 2, WU Ay TG B I8 At R IR . 5 1 38 7 4 T
DUAHEAE R ARG = a3 R T R4 R B AR R B (TTHQ) , RIFT 53 8 48 1 THQ Z il
HRAFE .

THQ =

TTHQ=XTHQy 4 (2)
BEAN S FHATE 4 8 S gy AU, 1 5 AR 21 (WHO) $2 1 17 8 %2 58] SR 1R 8% A & ( Provisional
tolerable weekly intake, PTWI) & & Fl 85 4 J@ 772 5 A i i) %2 2 B (E, Hop Hgm] 1 Znt> 450 R
4 pg-kg -week 1 7000 pg-kg - week MV A AH O B (E. 43 IR 194k TR S A i (Estimated weekly

intake, EWI) (JRIA R .

FIRXCx7
WAB

Hrr FIR A EMBEAR(g-d™) ,C HEYTIESE S5 (mg kg™ ) , WAB AT AT (k).

EWI= (3)
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2 5 59718 (Results and discussion)

2.1 LN R AR

WFFEA AR R He Se Ml Zn 75 4 Fi i A UL H Y 5 B RT3 0.034—0.681 mg-kg™' ,0.140—
0.308 mg-kg ' 1 4.396—8.333 mg-ke ™' (32 3) . I Zn M & B, X S M2 H TR TR 45 SR — 32|
FIES Zn Al Se A WU A BRIE ST HLHI AT R e B A3 7 e AR b 3 Fhoc E i & B
WGP ASTR] v A S Rl s op 5 50U Ry Zin>Se>Hg ; VT8 AU E# A B8 43 J@ U Ky Zn>Hg>Se.

F3 4FaroR WIFIBES B (mg-kg)

Table 3 Content of mercury, selenium and zinc in fishes (mg-kg™")

0k Hg Se Zn
Fish species i P B T o T
Range Mean Range Mean Range Mean
e B 0.034—0.090 0.064 0.152—0.211 0.175 4.516—8.333 5.796
AN 21 0.060—0.681 0.367 0.200—0.308 0.246 5.393—6.933 6.167
E{VA 0.093—0.270 0.168 0.140—0.185 0.159 4.960—6.512 5.679
] s 0.037—0.093 0.068 0.196—0.241 0.219 4.396—7.296 5.728

B Zn LIAN , ASFEI LA R He A1 Se 7 S A7 AE B i 2553 .4 Fpfarh Hg 19735 5 BT Sk V148 > 4] fi >
T > 5 R He 09735 & /0T GB2762—2012 (£ 5 22 4 [ 2 6% M £ 7 vh 15 e 4 R ) 1280
(NY5073—2006) ¢ o> FE A 5K 7= i iP oA 228 9 R ) ) R ( MINS4504—2008 ) € 52 1y [ & i e 4
Il SR v T S B ) O R (Hg:0.5 mg-kg™") AEAE A R M2 3 SRVLES Y He & B
T 0.5 mg-kg™", TTAS LA R SR 14 oot T AR 7 il 28 4 i TGN B /K = e BRI Y iR &
R AEPRME (0.3 mg-kg™") . Se [ F HEIT Sk V1A > Y] 5 > @55 1 ek > U 3 Zn 1855 506 A 91665 > 2 (4 i >
T s > UL

T FITRT o o DA f bk A0 S JULBERT 55 1 o 1)U T 2 P R 1 40 28 VA A P R 19 7 2 LAt
3 Bl fn e ST , ARV V0 A Pt AR X A8, R RS R A w8 26 i BRI R0 A . (R R P 1
i 24 (T B R 2 AN, T RS A AR N B A R A 6
2.2 SHA X SR gT A AL P R B RRE R R L

AR ST 4G 15 A [R] [E 5 alth X Aa R b ok RIEE & Lo (36 4) |, RBUARBR Stk rh R i & v
T SCHRHRE 14 H A T b DX AR AR DL R S [ Rl i DX G 149 35 ARG ) P st DX v D A 11 R 3 A
SN A B 04 5 AR T b B R VR AU T AR At DX RN A B I B 8RR ST A
R W BT 45 . 5 /N K 2R E AR Y | 1o 2 s 2R R R %] 25 X A 7 45 41

12 T R PRI PR A A LU AR R R 3 R X IR () £ BRI — ) % 2 BT - 1R
W gT I E B T B A TR ] 26 3k T 38, 53 A, H5 2004 4F 122 RIS Bz 2% o 18 A 4R
A1) 02 AR TE R I A Y R R AR AT 500 kg R BEHCGIE AR | T ELECR: SR AR FR7E S K AT BIF 5
R, TESE T B A AU A LRIl AR 2R VAT S R DR SR R Y B i S IR R A AR
o, SR ARG oA S 0T DRI R RN AR R A A28 3 T BT SR R ER BT R OR A S
SR AR 1 1 AR TN R AT 5y s A KA R85 A fra Ak pi BRI X6 S A A A0 R A e B 7=
f& & WA 20 &SR N VR BT FRBE s B 77 (34, mT B2 T 52ty [ 2 4 R s L.

2.3 fEREXUES I

WA 56 B R R KU PPN 7 ik BAHSE S50, TS 31 12 22 [ 4T Rl 8 4 Fh e 288 A Hg Se
M Zn 1) THQ F1 EWL 413K 5 fir/R.4 Rtk Hg Se Fl Zn 7Y THQ ¥/NT 1, U I A i £ i 26 0
FEEA) He Se Fl Zn XH@HEABA R HF K. X THR—-HE LR, ARHELSRH THQ K/NIF H .
Hg>Se>Zn , 515 YLK SF-—E LA /K Hg Se Ml Zn 19 TTHQ /N F 1% T AR AR = , A VLS
PR XU AR X B A, L S AR 3 5 5 5 1 A4 43 AT — B0 38 i A R BURIUECR SR, SR A TR £ i ST e
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PRIN R T 85 im A 5 T BE R R R XU 5 g 1) 2 R P DR e, i B T O P AR S L
b B 0 2 HAT B R A 2 e AU

R4 ORF X AENUA TR TS B (mg-kg™")

Table 4 Contents of mercury, selenium and zinc in fish muscle from different regions (mg-kg™")

X K ] b 275 3k
Region Mercury Selenium Zinc Reference
5 22 PEEK T 0.169(0.034—0.681)  0.2(0.140—0.308)  5.85(4.396—8.333) AHESE
KA B — — 3.2—26 [34]
KT Bt 0.015—0.074 — 29.8—38.7 [35]
KT R nd—0.054 — 0.793—50.8 [36]
T — — 6.37 [37]
IR RS IK P 0.111£0.042 — 5.81+3.26 [38]
bxti — — 0.630—33.3 [39]
T K P 0.066 — — [40]
ZRAb L X i nd—0.175 — 1.68—27.2 [14]
ELEN R — 0.36 6.9 [3]
LA — 1.0 4.4 [3]
PrgHAt — 0.18—0.31 2.5—5.3 [3]
Lake Macquarie, New South
Wales, Australia® 0.0—0.19 0.27—3.16 2.8—15.08 [26]
Pasvik River, Russia® 0.032—0.178 — 3.4—12.6 [41]

=" FOR KRR BAACEE ; “nd” FpRK 5« A7 FoR B i R P RMEMTE T B 4% Bt 80% 114 5 7K f2 e 40 i i ..

note: “—" mnot date; “nd” not detected; “A” range of average values; “B” the content is derived based on water content of 80%.

12 LT R B A A A He Se il Zn B 8433114 0.640,0.766 .22.4 pg-kg™ . A Se &
A XN PTWIAETIJCHE LA, e Bd i S B (26X Heg Fl Zn (9 EWIL SR8 5d PTWI, 5 PTWI [ 1L
1153504 169% F1 0.32% . A A #RELAR , (B2 ol TR AFAE AR W) RABLRHORONE , & 22 LT I RO 26
BT AR I fERRE AU

RS 4 MR IR ) S XU AN

Table 5 Health risk assessment of mercury, selenium and zinc in the four types of fish body

" ik it R A EEETEASEY R
LS Content/ (mg-kg™") EWL/(ug-kg™) THQ Bk R
Fish species TTHQ

Hg Se Zn Hg Se Zn Hg Se Zn

15 i 0.064 0.175 5.796 0.245 0.671 22.2 0.070 0.019 0.011 0.100
PN+ 0.367 0.246 6.167 1.408 0.944 23.7 0.402 0.027 0.011 0.440
Eivy il 0.168 0.159 5.679 0.644 0.610 21.8 0.184 0.017 0.010 0.212
Ji] fy 0.068 0.219 5.728 0.261 0.840 22.0 0.075 0.024 0.010 0.109
EWI P25 {8 0.640 0.766 22.4

PTWI 4 7000

EWL/PTWI 16% 0.32%

ABEFTEN RS 5 22 BT 4 Bl W AR i 5, I 5E 1T 3 BhooER i & 0 R 5% 30 0 Jm KU
PR TR AT T U AT, iz X RAK 2 PP S i T 25 K08 (BRI 2 R A e —
AR AN 5 . ARG PP ) AN 0 1 2 A B % R ik 2528 30 B R KU SR AIE 7 0 B B 1655 1 2T 36
WY, A T A B A IE | Sk | b T 4 i LA T B e AR B I PR I R UL PR ZH 20
oK VRN 5 DLV £ 28 Y B HIE AURS: , {EL E it A B T A0 IR | f00 B | o R0 #0155 £ 1A 8 oA
HAGE , AR S 5 BIEE s 2N PEAR  PRR { 8 M 28 B o A LAl A IXURS: B v 5 T % R Al
HROATRE M. HAT, 5 T5 Wi id W FE R At A AR B 5E KUS DA, SR HIBOITA D 22 A S AR T
2% Z BB R PEA 25 R JEH R 22 3P IR T 0 e R 2R B i WHO BHERE(EL, FFAR P
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FEX IS Bral 25 (8 5 BT R AR g AREF- S48, 3 Se 0 m] AR LS AN TAN 45 5 B0 AS I o 1 AR A0 A7 DG4 18 )L
AN B RS R KU AT 35 2 5 7 DR e RN AR AR R A 7 43 2 5 KU AR AT 2 AR B 5 1
TR Z AN BA HEATHE— 200 W7, 5838 NIEEEA S BB A 5 i XU I B 22— 73 5h 35
b AR Z M g AR AR I RPN AR A 2 Fh TG R SR IR TR 2521 U735 Qe ) i R 5
VEHIAUSS: oAy 6 2225 i AR, LA 2 fG B0 2R 2 A QAR A 5 1 e ) B G B 3 B0 A — 52 I AN
SE . R ) AR EL AR A5 DI R] RIS T, AN 1 2 fT 550 A . L A0 o R 22 (8] sl A7 45 47T
VI, T3 A7 PR 06 A i A U R RO e AR A 5 TR D) R A T X A 4 s 11 XL 18
5.

3 %51 ( Conclusion)

122 EAEK =T 4 R R LA He Se Al Zn (97 =5 B 415104 0.034—0.681 mg-kg ™' ,0.140—
0.308 mg-kg ™' 1 4.396—8.333 mg-kg ™. A Bk V6 R & o die i, a1 o R 7R AL A R — O
FIK T e AR IAE . H T A RR A 55 AT REAFAE A TS Ge I, AR5 v e A SR 19 B 2t 1 T 49 3C
R I Y% HE

TR RRE RS P 25 SR 6 B, 2 2% BT T Rl & FH UL 4 PP 28 A1) He  Se F1 Zn () THQ 1 TTHQ
BUNF 1, RIUNEARA AR RS He 1 Zn 19 EWL WAKTF PTWI, {H Hg /9 EWI {7E PTWI H 5 7 e
15 (16% ) .75 B oR HA 4 A ) RRFIOR AN , 5 22 [RS8 R RFE G TR 18 A it S At B U
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