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M E T20I5FEF(6—8 H)MEAZFE(12 H.2016 4F 1—2 A ) FI U RIE L 53 H7 4L (Tekran 1130/1135/
2537B) Xt TR FIE S R ASORIAT T S W, 5% B B AR iE MR IR AT o0 25 Rk E RS R
K(GEM) JURIZS K (PBM) B MK (RGM) e BE I Bl 430 8 1.51—4.88 ng-m ™ (¥{H 2.50 ng-m™) |
10.95—646.90 pg-m ™ (I{H 155.49 pg-m™ ) Fl 8.64—316.68 pg-m>( ¥J{H 88.22 pg-m™) ; GEM 5 i 3= 51572 |
KRAKIE B H% ARG 5Z 00, PBM 52 3838 52 W 5K, 10 RGM 32 3 Toll HE M X A5 55 4 1 52 ). 4 2
GEM .PBM J RGM ¥R B 431 A 1.73—5.33 ng-m™ (3414 2.89 ng-m™) 133.87—1723.99 pg-m™ ({4
713.15 pg-m™>) Fl 17.52—309.17 pg-m ({4 96.94 pg-m™) ; GEM 52K [H B &y 36 B 520, PBM [ [ BRI
AN, T8 32 B A Y RS RH AL AR AT HE R R 2, 110 RGM B 32 R UR 2 Tl HEF 5 10 S A i 4 A 45 SR
FeW R EEIACHR Sy v B SRR, T i b A HE R B AR

KW T, ARBEERRAUR, AAEHE, RIE, J5 AR RIEGE.

Characteristics and sources of atmospheric species
mercury in a coastal city, Ningbo, China

WANG Shanshan'”* YU Ruilian' ZHAO Lisi' XU Lingling® HU Gongren'™

(1. Department of Environmental Science and Engineering, Huagiao University, Xiamen, 361021, China;

2. Institute of Urban Environment, Chinese Academy of Sciences, Xiamen, 361021, China)

Abstract; This study used a mercury speciation analyzer ( Tekran 1130/1135/2537B) to monitor
the speciated atmospheric mercury from June, 2015 to February, 2016 Ningbo, China, and analyzed
the characteristics and sources of atmospheric mercury species. The results showed that the contents
of the gaseous elemental mercury (GEM) , particulate mercury ( PBM) and reactive gaseous mercury
(RGM) were respectively 1.51—4.88 ng+m™ (average 2.50 ng-m™ ), 10.95—646.90 pg-m~ ( average
155.49 pg-m™) and 8.64—316.68 pg-m " (average 88.22 pg+m™) in summer. The GEM was
influenced by long distance transport and meteorological condition. The sources of PBM and RGM
were automobile exhaust and industrial emission, respectively. In winter, the contents of the above
three atmospheric mercury species were 1.73—5.33 ng-m™, 133.87—1723.99 pg+m~ and 17.52—
309.17 pg-m~, with the mean values of 2.89 ng-m™,713.15 pg-m~ and 96.94 pg-m~,

respectively. Compared with summer, the sources of PBM were coal combustion, automobile
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exhaust, biomass burning and fireworks. The results of backward air mass trajectory using HYSPLIT
software showed that mercury concentration is high from the north air mass but low from the ocean.
Keywords : Ningho, speciated atmospheric mercury, distribution characteristic, source, backward

air mass trajectory.
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KA —M L 3 MIE BAFHE . A B R 7K (Gaseous elemental mercury, GEM) |1 P 25 7K ( Reactive
gaseous mercury, RGM) N UK; 25 7K ( Particulate bounded mercury, PBM).GEM & KA 5K W i £ 8 o
(7 95% A7) oAb Tk, FE R B I IR K (0.5—2 a) , T TR B ES 2 5 . RGM 194k
SVEBTIRER , By Tk, BEARTRAE AR B B TR ok s PBM AT LU T SRR Or N R b £ bR,
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X KA AN AR A TR A 58 3 B AAR I SR AR IR ) B S L.
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1 #ES 1 ( Materials and methods)
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Fig.1 Schematic diagram of location of sampling sites
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1.2 R St ]

FHARFIE 28 KSR 0 ML ( Tekran 1130/1135/2537B) 3% 22 Wil GEM ,RGM K. PBM (¥ & .
2537B & RIS RBY BT ALFRE R SR R AR, I ok & SRR &8 N, il i I S
FHYS T -2 6618 1k R A7 I 72 . Tekran 2537B 5 1130 1% 7 R B0 1135 ok R BT, 17T KX
GEM .RGM }2 PBM 40 #7.1130 35 PEFR B0 NIRA KCL IR ZRIEY BUE |, 1135 POk AR AT % E
ATYELF LSRRG LIEAE . 0T 50 R SRR B BRI B BE AE R BB BE, SR LA 10 T min ™" A 08 1o 48 o
M, A SARFRLAE<2.5 wm FORRLAE A SR Z 16 MoK BT RGM 8% KCI 2 W B, Pk A Bk i
AT TR ) 4 U JEE R R I 0 MG %, — B L 1.0 Lemin ™ Wi HEA 2537B #47 GEM B934T, —B&HEH
2 AR B, A0 S LT YIS b ORI B e B (850 °C) A EAN K, #EA 2537B #4740 M B IS
B LAY TEPE R (500 C ) EM K, #EA 25378 AT 00 oW i s, AT B — DB B R
FE BRI R 2 h AN SR RERS SE B R A8 R AOR M SE I 22 AR GO ABIESE 7347 1 2015 4F
6—8 H (HZ) 12 H } 2016 4 1—2 H (4ZF) RARS &, A A H /N [§ 35 6 (12 E LUFFT,
WS500-UMB) [R5 2R 48 T i B2 XU | AU ) F0AF X 38 B 25 A3 42 50 di . b 1 SRR U0 ) 38 2% & 4 ) L
2015 412 A FAJE] 2016 4F 1 H A S i sk
1.3 J5 m S A s b

Ji ) A LTI 3 T A e 0 R AR AT RS Sl U A TR, A3 A R TS Y R R R BT RS
AT AR ORI A DR ) R SR e B AT 36 e A BB PR, 45 9 ) I R N RS LR R PR TR S
552 1 & 19 HYSPLIT Ji5 ) BB A R0 AR I A T R

2 R 5118 (Results and discussion)

2.1 HIBEKRMNE AR

BILBRARGEIWE 2, FIEEEEEHES B NP A T I XA U S R WK 1.5 &
7 GEM 19 H & B o 34 1.51—4.88 ng-m ™ F1 1.73—5.33 ng-m™ , ¥J{EH 43514 2.50 ng-m™
2.89 ng-m”’, F TALFERIT S(H 1.50—1.70 ng-m > 2" R ZFEw TAERMIX T 5 (2.50 ng-m ™) 12 %
W T T AAAE— R EE M R AORTS B 0 Ah W s A #0519 PBM il RGM. % 1, L =142 PBM H
PI& Y B 10.95—646.90 pg - m” (¥ {H 155.49 pg-m™) A1 133.87—1723.99 pg-m” (¥ {H
713.15 pg-m™) ;RGM B H A 8.64—316.68 pg-m~ (#J{H 88.22 pg-m™) Ml 17.52—309.17 pg-m™
(14 96.94 pg-m™).
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Fig.2 Distribution of atmospheric mercury species in Ningbo city
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Table 1 Comparison of Hg species monitored in various cities of China

TGM/GEM/ PBM/ RGM/ Bt SR YR Sk
(ng'm™) (pgrm™) (pgrm™) References
Ningbo ( Summer) 2.50"+0.62 155.49+100.37 88.22+66.51 E NI
Ningbo ( Winter) 2.89%+0.77 713.15+300.30 96.94+67.63 NI
Xiamen ( One year) 3.50°+0.35 174.41+160.90 61.05+113.70 [12]
Nanjing ( Winter) 7.90+7.00 — - [8]
Guiyang ( Winter) 9.72"+10.20 368.00+676.00 35.70+43.90 [9]
Guangzhou ( One year) 4.60"+1.36 - - [6]
Changchun ( Summer) 13.5" 145 - [18]
Changchun ( Winter) 25.4> 461 — [18]
Seoul , Korea ( One year) 3.22£2.10 23.90+19.60 27.20+19.30 [19]
Chicago, USA (Summer and autumn) 2.50"+1.50 9.00+20.00 17.00+87.00 [20]

a:TGM ;b : GEM. & 1 FIr A5 £k ¥4 O W il 49 (] & 42 ¥J{E. The data in table 1 are the average value of monitoring period.

WEIIYIIR] T T GEM S R4 Zm T M 4, EA M F S B MM T EI" Bat™ St
JUR KR E Y WA PBM i T E AT SRS AR EDY | whE SEE  H
K7 ROM Sy T E a1 st gk SEE Y R TELEAE PBM 5 YL, X 24 M
KER G TTHRIA . 7 40 , RGM 32 3] 2 1 75 YL U5 A 52 )

2.2 RRPES KRR ZET A HE

WE TN HA ] 4 22 77 TR GEM \PBM S48 i & TR 2= (K] 3) , iX 5 & B 5 AR REHERL
e & ZEA T U BRI B0 , 77 A2 i GEM A PBM 7E AL XU T 3048 31 Wil 45 550 GEM Fl PBM
AT IR HIE 12 A3 A RAOR & W T IR AR B X T B A S Y 12 A AR R
BRI B0 Y R A7 65 T 2 1 RORMR AR BARA A5, PBM & 02188 1 H &, X TR S5 1 1
)R A P RA TS . R THRRIEHE ) RGM. #E RS 5 BR A s Tl e, AR 2 76 HETBCUR B i 0k ok
XI5 Y VR K B B AR % RGM MR B (R B2 M /. R I ROML 7 i & P AR ML I AN K, 59R 22 5]
AT A5 BRI V5 YR Can Tk HERL HLBh R AREE) BYSE .
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Fig.3 Seasonal variation of atmospheric mercury species in Ningbo
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W SR, 19 B 224 & S B IR AR TR R AR R AR, V5 A 5 B O T 23 230 GEM R 35 LR
S RIS VR T, FTREAE bR OR MR EOINER Y KR GEM H BRI 5 H [R]85 ey R 3722 AN K PR
G AiE GEM YRR FIA ML, FEUT 5 GEM F BRI,

PBM & i R8N B 2 H [AURWIE K, 78 18—20 i H BRI (8, BifiJ AR 5 4 2 7 A0 3 g e i BB ( 6—
8 I} . 16—18 i) AR E & &, 2] PBM RS2 RIS b VR4 RS2 it s K.
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Fig.4 Durational variation of atmospheric mercury species in Ningbo city
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GEM .PBM 5 RGM 745 XUl b (89 B2 7315 85 g #4925, Ul W B 2 AU 1] AN S 52 R 450 250K 5 19 2 22N
R AT T AU LR AL A, GEM % B2 75 i 7 01 0 4 A0 L4581 PBM 5 RGM 3243 75 ff i AU 1)
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Fig.6 Wind roses and pollution roses of GEM, PBM, and RGM (averaged over 2 h) during the measurement period
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RMH 1.51 ng°m_3.
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Fig.7 Results of HYSPLIT analysis
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2015 4% 12 7 13—15 HAH EZk A PWBE.AC0KAE v S it DL Ak 2 17 P9 A0 1S A A %) R e A< A
ZARP W S BRI E NS CHON T BRTE RS BdE L W XS Bk W A S R 5
WAL T b T AR XS R I R S B S, s ) B T
B AL VTP LR R W S A )T AR AT e TV Bk W A SO LR L ) = A
ZRIL P VL5 W AR R R R XSS AR 20k A B 48 B LR b X T B B S R 1
JUERHUE I B, RS T SO R MR BRI, e st W 3] GEM 4 5.33 ng-m .25 I, W =L &R
SRy e T B SRR VR T A R B ).

3 758 ( Conclusion)

(1) M) T =B SRR G R RN Z T >H F GEM B 5 H AL KRR E I
PR TR BB ; & Z H AR AN B . 52 g W BE PBM VR EBEH. RGM B B 5 GEM A
AR &7 H AR AN .

(2) GEM ZE|S R A ARSAIE B2 4 1052 ; PBM 32 R VR 12 MR AR 58 38 HE RN 25 9 Jo
#hbe, — ] PBM 38 3Z BIRACIR TR0 s ROM. 22257 2 b Tll IXCHEOTS Yo LA I G 2 A

(3) Ji 1 <P B3 2 PO o A Dy g e 2 SRR T 1 3 AT o 5 o A s R 5 8 5 AU Ry S AR
A 24 3t g LU R AR MRON = MO 25k BAT B AR .
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