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PM, ; pollution types in Xiamen and its causes
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Abstract: Background, aim, and scope Under the rapid economic expansion in China, air pollution has
become a serious environmental problem. Indeed, the air in China now contains high concentrations of PM, s
(fine particulate matter) whose equal aerodynamic diameters are <2.5 um (PM,;). It is a mixture of inorganic
components, organic matter, and water, it have been proven to affect human health, climate, ecosystems, and
agriculture, and it also has adverse environmental effects, such as decreased visibility. Materials and methods the
offline filters for collecting PM, s were conducted at five environmental monitoring stations including Gulangyu
(GLY), Huli (HL), Hongwen (HW), Jimei (JM) and Xidong (XD) in January, April, July and October in 2013.

Each sample was run for 24 h with quartz and teflon filters, respectively. All the filters were weighted before
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sampling, and quartz filter samples were pre-combusted at 800°C for 3 h. Elements were analyzed by Energy
Dispersive X-Ray Fluorescence (EDXRF) using teflon filters. For quartz filters, they all were cut into two pieces,
one piece was selected for detecting water soluble ions by ion chromatograph while another part were used for
obtaining OC/EC by DRI Model 2001 Thermal and Optical Carbon Analyzer following the IMPROVE-A thermal/
optical reflectance protocol. Meanwhile, online data of PM, 5 were also collected as well as the data of AQI, SO,,
NO,, CO, O, and meteorological parameters in Xiamen. Results Using the IMPROVE equation, the extinction
coefficient of different species were calculated for various air pollution types, and then according to the value
of extinction coefficients, PM, s pollution can be divided into three types at Xiamen including sulfate dominated
type, OM (organic matter) dominated type and different pollutants dominated type. In 26 July, Sulfate dominated
type is characterized by that (NH,),SO, has the highest contribution for extinction coefficient at all five stations,
and the values were 237.0 M'm ', 371.5M'm ', 3370 M-m ', 277.6 M-m ' and 399.1 M-m™' for GLY, HW, HL,
JM and XD, respectively. Similarly, in 12 October, OM has the highest contribution for extinction coefficient at
all five stations with the value of 2292 M-m ', 1284 M-m ', 184.7 M-m ', 122.3 M-m ' and 183.1 M m™" for
GLY, HW, HL, JM and XD, respectively. Differently, in 21 January, the components with highest contribution
to extinction coefficient is different for each station, and the greatest contributor at GLY, HW, HL, JM and XD
is NH,NO, (241.2 M-m "), OM (120.2 M -m "), NH,NO;, (226.2 M-m "), (NH4),SO, (201.2 M-m ") and OM
(212.6 M-m"), respectively. Discussion Analyzing the variations of AQI, SO,, NO,, CO, O, and meteorological
parameters, it was concluded that sulfate type was caused by the local emissions combined with pollutants
transported form long distance, OM dominated type is related to the increase of wind speed, and different
pollutants dominated type was mainly due to local emissions. Conclusions The results indicated that decreased
visibility at Xiamen is caused by various factors, such as local emissions and long-range transport. According to
the species that has the greatest extinction coefficient during pollution period, the pollution type can be divided
into sulfate dominated type, OM dominated type and different pollutants dominated type. Recommendations
and perspectives It should be considered the various pollution type when the government regulate the pollution
emissions to deal with the air pollution.

Key words: PM, ; pollution; visibility; pollution type; Xiamen
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Tab.1 List of sampling instrument at different sites

s REEA Y SRS H3c W £ BR
Filter type Month Gulangyu Hongwen Huli Jimei Xidong
1 Thermo 2300 MiniVol MiniVol Thermo 2300 MiniVol
VaE 4 Thermo 2300 Thermo 2000i2 MiniVol Thermo 2300 MiniVol
Quartz 7 Thermo 2300 Thermo 2000i2 MiniVol Thermo 2300 MiniVol
10 Thermo 2300 Thermo 2000i2 MiniVol Thermo 2300 MiniVol
1 Thermo 2300 Thermo 2000i2 MiniVol Thermo 2300 MiniVol
e 4 Thermo 2300 Thermo 2000i2 Mini Vol Thermo 2300 MiniVol
Teflon 7 Thermo 2300 Thermo 2000i2 Mini Vol MiniVol MiniVol
10 Thermo 2300 Thermo 2000i2 Mini Vol MiniVol MiniVol

1.2 PM,; BHEXRETE

TG R B AT LR B 1 ¢ & AT DA 35 44 19
Koschmieder A5

VR=3.912/h,, (1)
(1) VRAREBE W EE, 1 b, fEER KA
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%, HALPM, 4 ( EE AL ALY, B

fRER . fHIREL . Bk LA ) 5P YIE G
AR E R KR, IFF 2006 FFHATEIE, THE
/A3 (IMPROVE J57# ) i1~ ( Pitchford et al,
2007 ) .

by~ 2. 2% fo(RH)X[(NH,),80, ]+ 4.8 % f, (RH) %

[(NH4)ZSO4] Large + 24Xf‘S(RH) X [NH4NO3]Small+5 . 1 X
ﬁ(RH) x [NH4NO3]Large + 28 X [OM]Small+ 6 1 x [OM]Large+
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Tab.2 Contributions from main components in PM, 5 to extinction coefficient (Unit: M-m ")

il T . R THLFREL fE LR
Sites Humidity /% (NH4),S0, NHNO, — OM EC - GM Sea salt Extinction coefficient  Visibility /km
RIS 70.5 237.0 155.1 79.1 394 5.5 4.6 520.7 7.5
Gulangyu

1i3'e

67.9 371.5 2316 1159  36.7 7.3 6.5 769.4 5.1

Hongwen

“ﬁi. 61.1 337.0 2019 1250 459 6.7 6.6 723.1 5.4
Huli

%% 71.6 277.6 98.3 755 446  10.6 52 511.6 7.7
Jimei

ggr 87.1 399.1 459 1082 208 40 134 591.1 6.6
Xidong

*GM (Geological Material=2.2xAl + 2.49xSi + 1.63xCa + 1.94xTi + 2.42xFe)
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# 3 InGeE (4 H 26 H) 5150015 —K EE2A AW T
Tab.3 Concentration changes of main species before and after the polluted day (26th April)

H4A25 ALE 54827 HILHE

4H 4
Si fe S - : ;filf(suz-m*3 e i £1/2(6u2-m* - : lfi 13(7u§~m’3 | Ratio between 26th  Ratio between 26th
and 25th and 27th
PM, 59.1 90.6 55.9 15 1.6
oC 7.0 10.0 6.6 1.4 1.5
EC 2.7 3.8 2.0 1.4 1.9
SO 11.6 23.8 15.9 2.1 1.5
NO, 10.9 12.6 8.3 1.1 1.5
cr 2.0 1.1 12 0.5 0.9
NH, 7.9 13.4 8.1 1.7 1.7
K' 0.6 0.7 0.7 12 1.0
Na' 1.6 1.8 1.9 12 1.0
Mg* 0.1 0.1 0.2 1.9 0.8
Ca™ 0.5 0.7 0.7 1.4 1.1
GM 3.7 6.8 35 1.9 2.0
Cu/(ng-m) 47 15.0 12,6 32 12
Zn/(ng-m) 146.0 278.0 188.1 1.9 1.5
As/(ng-m”) 0.5 0.6 0.7 1.3 0.9
Pb/(ng-m ) 76.7 129.8 82.1 1.7 1.6
22 BHMAESHTHERER 3045 M-m ™', 2145M-m ', 3058 M-m ',

SRS E M 10 A 12 H, 4 K105 12 2114 M-m ' f1260.1 M-m™, FAuEA AR
H PM, s 4% fh 2% 21 40 6 9 06 & i sk, BEVLMIAE 12—18 kmo fi3R 4 ATLUA i, 7EH
MR 4 IMPROVE 24 5 158 9 SR I . ik 3¢ Al A ALY O R BN ST R AR R, K
WIHL ERRE AWM RAWOER AN IBERE.

F4 PM, ARG IR (AL Mom) (95T
Tab.4 Contributions from main components in PM, s to extinction coefficient (Unit: M -m ")
i MR 5N LR AEVLEE
NH,),SO, NH,NO OM EC GM
Sites  Humidity/% (NH,(),SO, e Sea salt Extinction coefficient Visibility/km

SR 383 48.4 3.6 229.2 18.4 3.9 1.0 304.5 12.9
Gulangyu
B
38.5 56.7 6.6 128.4 14.9 5.8 2.1 214.5 18.2
Hongwen
ﬁﬁi 36.0 57.5 21.5 184.7 31.9 5.0 5.3 305.8 12.8
Huli
%3% 344 60.8 8.7 122.3 8.9 4.8 6.0 211.4 18.5
Jimei
%}’E 49.2 57.9 8.5 183.1 2.6 2.5 5.4 260.1 15.0
Xidong

B 32Uk sc 10 H 11—13 H = RWEE . JREE . 9:00, XA/, SEH R 1.6 m-s ', JREETE 75% Zitq,
K KUa] . PM, SO,. NO, Fl O (/NSZEALFSIE . [E A il PR e RS RZ B, #15 SO,. NO,.
ARG RFNESIT, 10 A 11 BEEFRE  PM AU B e X Fh i fa R SR8 T A 4 280t
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Fig.3 Variations of real-time meteorological parameter, PM and gases during 11—14 October at Hongwen
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PR ER AN IR A 3 BORE WL ) 2 2 DTk

S5 PMys PEEAFMSI RS (B M-m™) 5Tk

Tab.5 Contributions from main components in PM, 5 to extinction coefficient (Unit: M-m™")

A, M =N TR AEDLSE
H NH,N M E M
Sites Humidity/% (NH.(),S0, NOs © ¢ 6 Sea salt Extinction coefficient Visibility/km
IR 70.8 227.1 241.2 107.3 56.6 2.4 13.7 648.4 6.0
Gulangyu
B
65.0 44.9 37.7 120.2 19.3 5.0 3.9 231.0 16.9
Hongwen
‘(ﬁﬂi 63.7 179.2 226.2 179.1 89.3 5.7 15.4 694.9 5.6
Huli
%% 68.6 201.2 162.2 134.9 64.2 7.6 31.4 601.4 6.5
Jimei
Y%}'E 74.9 49.7 9.6 212.6 13.1 2.4 42 291.6 13.4
Xidong
*6 1A 21 HETH A S B R K 27 o & BTR A A 7 L
Tab.6 Average mass concentration of PM, s and its chemical abundance for 5 sites at 21 January at Xiamen
kB LYk R e - I
'qu ﬁﬁ;(ﬁf; i OM /% EC /% SO; /% NO,/% NH, /% GM/%
Sites Mass concentration/(pg-m )
el 87.5 18.4 6.5 18.3 21.2 11.8 2.8
Gulangyu
ot
e 37.2 19.8 52 14.3 12.6 6.1 13.3
Hongwen
ﬁﬂi 111.0 29.4 8.0 13.5 17.4 7.6 5.1
Huli
%5% 107.9 22.1 6.0 152 13.1 19.3 7.0
Jimei
Y.%;E 233 35.9 5.6 21.2 5.7 = 10.5
Xidong
3 it FE—EROCE, I 275 Y3 R AT fE 2 A

A 1 A ] T AN [A) Z 40 AN [l i A7 1Y
AL B LR N . LB IR B R A, A
RS PR P A B - DR MR AL 2> AT T 525
orbre T HrEdlE, AH IMPROVE Ji 2 7€ i
T T 28 05 Y3 E) PM, 5 oA [ 20 23 0 0RE
PriEC AR, AR ] PM, s T5 5 204
DI =Fh2eA .

(1) #ifRh M. #R4s IMPROVE J5 2
TSR, X UG YR X WUn) IR A
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M5 GRS XA MG LYkt & s R

(2) AP E IS YA, SR . JESC,
WIHL . AR SEFNE AR A0 5 A WL E L R B
TR R, /09 2292 M -m ™', 1284M-m™',
1847 M-m™', 1223 M-m"' #1183.1 M-m ', i%J5
YUY B T XU K S 3 TR ik B T
e

(3) & XN FA TR Y A, R
5 T L DA FR 8 I SR DI R
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