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Generalized additive models for characterizing atmospheric mercury variations
in the coastal area of Qingdao in summer

WANG Guojing', LI Tao">* , ZHEN Jiebo', NIE Xiaoling'>, GONG Chaofan' , WANG Yan'
(1. School of Environmental Science and Engineering, Shandong University, Qingdao 266237, Shandong, China; 2. Division of
Environment and Sustainability, The Hong Kong University of Science and Technology, Kowloon 99907, Hong Kong, China; 3.

School of Water Conservancy and Environment, University of Jinan, Jinan 250022, Shandong, China)

Abstract: To study the characteristics of atmospheric mercury pollution in coastal Qingdao and evaluate the influences of pollution
sources and meteorological conditions, an online measurement of total gaseous mercury (TGM) was conducted on Xiaomai Island in
Qingdao during the summer of 2023. A generalized additive model (GAM) was constructed to investigate the linear and nonlinear
relationships between TGM and air pollutants as well as meteorological parameters. The results showed an average concentration of
TGM was (2.94+0.75) ng-m~, within a range of 1.74-6.49 ng-m~, indicating a moderate pollution level in China. TGM
concentrations were significantly affected by anthropogenic emissions, meteorological conditions, and sea-land breezes. In the
univariate GAM model results, CO concentration, relative humidity (RH) , and sea-level pressure (P,) had substantial effects on
TGM variations. Specifically, CO and NO, concentration exhibited increasing relationships with TGM, indicating that anthropogenic
emissions significantly contribute to TGM levels. While RH and PO showed decreasing relationships, indicating that favorable
meteorological conditions contribute to the dilution or dispersion of TGM. Multivariate GAM model incorporating conventional
pollutants and meteorological parameters further improved the fitting results, achieving an explanatory power of 84.6% for TGM
variations. The interactions between atmospheric pollutants, WD, RH, and boundary layer height ( BLH) significantly influenced
TGM variability. This study quantitatively visualizes the complex impacts of various factors and their interactions on TGM
variations, revealing the combined effects of pollution transport and meteorological conditions, which is critical for understanding the
atmospheric mercury cycle and pollution control in coastal areas.
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K (Hg) E—FEAH LA Sk E S B . REGRFMKE 6~24 ~HPY Fe
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INE BN T ILZRA & ST R FE T (36.03°N |, 120.25°E) , HiAbE AR USIEHLIX % 51 TRt s ik |
) B0, AR T 5, JE T IR 2R R 2ty | LB 2 Az g i XU s i) e 2 ) 5L AT A Sl v P AR R AT
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BRA IR 0 (ECMWE) #0188 48 (ERAS)
1.3 [ Xt E (GAM)
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NO, \NO, .0, BT/ 5IH ¢ (TGM) .c¢(CO) .¢(SO,) .¢(NO,) .¢c(NO,) .c(0,) F/R, /N TGM i
EWR LRI 1.74~6.49 ng-m™ , FIE K (2.94+0.75)ng-m ™, P EH 2.84 ng-m™>, TGM Jit & 1 &£ 5
B [ X B0 A o A, T 80% 1 AE AR B HE Y5 7 2.00 ~ 4.00 ng - m” (475 Bl P, d R R A TR
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Fig.1 Time series of TGM concentration, air pollutants (CO, SO,, NO,, NO, and O, ) concentration and meteorological
parameters on the Xiaomai Island ( The orange and cyan shading areas represent the rainfall and sea fog periods, respectively )
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Table 1 Univariate GAM model hypothesis test results between TGM concentration and influencing factors
K% i 5% [ % F »
c(80,) 8.015 8.728 4.496 3.8x107 ***
c(CO) 7.837 8.637 39.779 <2.0x107°" "
c¢(NO,) 1.874 2.366 6.325 1.2x107*"
c(0;) 5.345 6.534 7.169 <2.0x107°"""
T 7.298 8.307 4.845 4.2x107°**
RH 1.001 1.001 27.873 8.2 x1077"*
WD 2.276 2.813 6.777 3.0x107***
WS 1.000 1.001 5.590 1.8 x107*"
P, 6.596 7.733 16.945 <2 X101+
BLH 4.637 5.697 4.219 52 %1074 *"

. 'p<0.1, " p<0.05, ***p<0.01,

BN R GAM GEiHE A a] DL B TGM e JE 7 210 69.5% , H*4 J5 i) R M 0.681, {ELLA: RS,
F GAM St AL R i 25 75 Ye ) o e e B sl A 34 i I i, IR 5 A R JE L 0.35~0.86", [H it , AR AifF 5%
AL RO R T 232 1, A AR ] DU RS DR AR i 1 248 St ORI 54806 ) TGM. ][] 5 81) =2 ] F 2 4 — 380
PR, JF AR 22 ILT8E E A0 . T3 RIS RABIESE T GAM BRI il 5E 14 (R =0.665) . 3%
PSRRI bR WS Fb, HA g R R TE p<0.01 /K X TGM A8k i 3% . ¢(CO) .RH #l P, 1Y F £
IHE K (16.9~39.8) , FHIX = AP ZEXT TGM ARk 52 M 4 i ; Hofh PR R X TGM A8 Ak fiff B 411K ( F A 304
Hh4.2~7.2) A B E RS BAA G

Kl 3 s T & 52 R 30 TGM it & Wk 28 AL Bi ik, Horh, CO X TGM 2246 i 52 el Je K 12 3%, 48
7N 5 TGM T i Wk B 2 28 Do gk U A A A VR HE 9 38 B B8 A% i, CO 52 Ml i 35 1) e A8 R B A7 E TGM ok
PR . KU & TGM A2 AL i 252 e A R, JCHAE 7 H 6y, 50 %09 2R g X758 6 KU 22 5 80 TGM 742
B, Foh PUAC XU U] R A E DTk, BRI (18T 4) 875 75 8 i 2 2= 32 5 XU Sy 2R g XU (BRI XL,
58%) , X T K R A -PEIE XL CRIBE RL) | SR, Bl XU 4T TGM -3 BT i Wk Bl 3.16 ng-m ™, i XU 5%
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Fig.3 Time series of the effect of individual factors on TGM variations during the observation period
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