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Secondary Inorganic Pollution Characteristics During Heavy Pollution Episodes

of 2017 in Tianjin
XU Hong, XIAO Zhi-mei, CHEN Kui” , LI Li-wei, YANG Ning, GAO Jing-yun, LI Yuan, KONG Jun, BI Wen-
kai, DENG Xiao-wen "

(Tianjin Eco-Environmental Monitoring Center, Tianjin 300191, China)

Abstract: Based on monitoring data collected at the supersite of Tianjin in 2017, seven typical heavy pollution episodes were
investigated. The concentrations of air pollutants and secondary inorganic transformation products were analyzed to study the secondary
inorganic pollution characteristics during the heavy pollution episodes. Compared to clean weather, concentrations of NO; and SO;~
during the heavy pollution episodes increased at rapid growth rates. These rates were obviously higher than the rate for PM, ; increases,
which indicates that the secondary inorganic reactions had an important influence on PM, . pollution during the episodes. The
concentrations of PM, 5 and SO, during the episodes in the latter half of the year were lower than those in the first half of the year
probably because a substantial amount of coal use had been controlled. During the heavy pollution episodes, the NO,/SO, values were
1.5 to 19. 6, with higher values in the latter half of the year than the first half of the year suggestive of a greater influence from mobile
sources. During most episodes, NO; concentrations were higher than SO} concentrations, and SOR values were higher than NOR
values, which shows that the secondary transformation of nitrate and sulfate both played important roles during the heavy pollution
episodes. When SO, concentrations decreased significantly, SO concentrations did not decrease obviously, thus indicating that
besides the secondary inorganic reactions, other factors also had a large impact on the generation of sulfate.

Key words: Tianjin; heavy pollution episode; 2017 ; secondary inorganic; pollution characteristics

AT AR T 5 Y AR ] — L8 DRIk T 4503
RN YRR R, AR KRR
UL SN (27 B S S Vs ot i N A R E I

PM,  HAY (5 LS ik 42. 4% Y5 JERTHLIX 2013 4E4
R TCHLUE FAE PM, 5 1P il H O 40.29%
2015 AFAb 5T 160, T 0 a) UL I 321 1 4 i — R TEAIL

B N ARAS 2 3 BT SR A O KA 15 ey 1 (1 F
5%, WRRSEM 15 YR EE | A2 L 45 Jr 1 it
LR TS YL 75 YRR B HO R 21 g
RMKRAATI R e FrEe il . Kk 55
AN TR AR AR N R R P B 5 Y A T AN
JEPR 10y e HE i KR T Y I A ) B
PR IE R 202 F G e R . R N A
Sy K5 Y AR SRRk 2 RO, 1 TINR RS
Yepy e >,

CA WFFE AT Hh EE TS Y 18] R TCHLAb 2 s %
FIG YA, b, PR HEIX 2015 A5 L
Wi R EHLL 43 (SO2™ . NO; il NH, ) ¥ & 7E

AR, ZIRICHILE FAH 5295 PM, s IRERY
68% ' AIFET 2013 4L F AL B K 2 &5 g
K, “WREHE TG H 49% LT =E
77.6% "5 2016 AR FBAL AT A FEMFE T
TCHLE 7 PM, 5 I (5 L4 5 R 45% | 39% F11
429 '
AMF TN IR TCHLA 2 SO A Bk, BEHUR
i BHA: 2018-10-24; {EiTHHA . 2018-12-24
HEWB . KEhiRHEHRI5 B (16YFZCSF00260) 5 [E 5 & . iF &
it % W OH ( 2016YFC0208501, 2016YFC0208502,
2016 YFC0208506 )
EERIAr: TRIT (1986 ~ ), L, -, TRW, EEMEIT M AR

%Fi%fél{llﬁjj{ﬁ, E-mail ; xu01 hong@ 163. com
# JA{EVE# , E-mail : kuichen@ 126. com; dxwpp@ 163. com



2520 ®

oo 40 %

HETT 2017 AF MR E Vg Yt B AT YW e R —
IR TCHA 2 A T e IR TCALAL 2275 YRR Y
Wh5E, LA TS Y KA A IR B U AR A

1 #R5FE

1.1 AR5 IX Ik

ARAIF 5 1 B R [ 4 78 (3 Tl Tl (R e ) A
AT X k. 2016 AF R ETHON H % B A 1307.6
N-km ™2, SREZGFHPKF(143.5 Akm ) 19 9.1
520, GDP R FAE A4 2. 4% , Hoh s — =l
AR 42. 3% , & T A EPEKE (39. 8% )2. 5
ANE S RARERA S8 274 T, 5 E S
W1 5% , ANIRERAR(0.17 #i- N & T
SEPEEKF (0,13 - A7) AR IREL ek
(s IR, KRBT Tk feAKF e mr, AN D&
&, LB ERA R, S EOE KA T5 W HE
K.

REETALT o2 B RO KRRl AR R, KU E
T 2, Hrh & RIE T8, TR 2R b K iebk
IRz R, &2 KA TS YRR R

ARTIE G I 3 13 Ay KT BRI 25 A< o e SO
Wk, i 1 prR AR T AR AR R R
BE (39. 10°N, 117. 167°E) , 7ERIFIX, J& TR
SCAR DX, LIS 15 T DU R RS T, ] LG B S

39.2°
N

>z

STHEIX HUEIAES

, WA
wEx | WTE

P4 X
* Febs
0 5km

39.0°
T 117.3° E

Bl1 REIMETE

Fig. 1 Location of the sampling site

1.2 Bk

BEk H 2017 45 1 ~ 12 H KA A SR 58 W
WrbCy B -5, B B2 R /N B, 0 45
i) PM, s FUEVRIE | ST 5 NO, M1 SO, MR
DL SR K RS T NOS 1 SO% ™ 2 /r ik

PM, ¥ 1l 5% FH 55 [ Thermo 23 7T %% (1) 5
RS2 WL ( TEOM 1405F £%1)) , NO, #i SO,
e B 43 1) 2% A Thermo Scientific Model Y 421 &

EALY A MR 431 SO, 43 BT, PM, s IRUKIEE
BT (NO; #1805 ) il 4 >R JH £ ¥ URG
N FE ) URG-9000D A i B W4

2 ZR5iTie

2.1 Hi5 YLl Rk

ARG e EIG Y B L &4 3 d LUk
AQI KT 200 M5 G4 2. AR HE (R85 25 [T 45
B(AQD) HEARBLAE (5247) ) (HJ 633-2012) ' i
SE PM, /N BB L 150 pgem I, 28B4
EHCIAQL KT 200; PM, /N AR T 75 pg-m™°
W, 28 SRR SR IAQI /T 100, ARHFSE 224
PM, /INAF e B R 3 150 pgem ™*, HEZEHE T 150
pgom ik 24 h DL ERE, @G YR B A fEE
VGYRAENT Sd SEEIS YA R 5 d BB, Y
PM, s /DR JEAR T 75 pgem ™, H#EZMKT 75
pgem ik 24 h DL ERE, iETRAR B, BT E
5 Y KA A AT T R AT B S E TS Y B
15 IR HERCRF AL, WO — & AT LA, AT R
A H IS YRR S ARG Y R AT BE IR TEL
b2 SR 7 THI Y 25 57

2017 AR L Y 7 YR MR Vs YL il B
WE 2 fras, 2982017 4£1 71 ~9 3 (2
[). 1 H23~27 H(#D). 2 A1 ~5 H(d#
). 2 H10~17 H(H#ENV) 10 H 24 ~28 H (it
BV) 12 H1~4 H(®EVI), 12 427 ~31 H
(REFEVI) . B F 75 Y i B 538 Tl KA B /N 4
BT AR, 45 2 SR FE 5 Y il F v 8 s YL i
B % KA B 3475 YR
2.2 5 YR AR AR

XL BT PM, VR BE | SRR SO, 1 NO,
W | DI B IR L4145 SO, Hil NO;
W AR E IS e B S W T R AT B 22 57 (R 1),
7 WHLA 5 Y ARV ), PML, vk B A T G Y A B
FIXIME S 179 ~283 wg-m ~°, TEI5YLRTBE PM, (W
SEIETH RSB 3.0 4% ~ 6.3 fi5. NO, 1 S0,
BEAE TR TS Yo i BEE SR 518 50 ~ 113 pg-m H1 6 ~
8 mgem ™, SR R B 1.3 ~ 2.8 fi5 Al
0.8 ~3.3 fi5. NO; H1SO; ™ ¥ 7E {5 Yt BLd
I35 26.9 ~57. 4 wgem P HI18.3 ~34.8 pgom’,
A R T R AT B 3.1 ~ 13,3 f5 1 4.0 ~8.7
i, M ECTE T RN B, H Y5 YL IR] —ROK I
TF415r NO; Fi SO;~ WP MBI R B ey, B 0
T PM, VR R KRR, SRRTIRY NO, il SO,
{18 1 e/ N



6 PROTAE . KA 2017 AFH 5 Yead B R TOHLAL S 15 SeReiE 2 2521

B2 XEW2017 FRASFTRAIREIEZFEMR RN FZESREMBELFT]

Fig. 2 Time series of concentrations of PM, 5, NO,, SO,, NO; , and SO?~ during seven heavy pollution episodes in 2017
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Table 1 ~ Average concentrations of various pollutants during the seven pollution episodes and comparisons
to the concentrations during the clean weather period

HWI(H-H) it PM, s NO, S0, NO,/S0, NO; S03~ NO;y/SOi~  NOR SOR

GiREE L 196 84 26 4 27 27.3 1.2 0.18 0.38

01-01 ~01-09(I 1) ik 36 40 11 4.3 4.1 3.9 0.9 0.06 0.15
%L 5.4 2.1 2.4 0.9 6.6 7.0 1.3 3.2 2.5

Gt 283 89 68 1.5 44.3 34.8 1.3 0.25 0.24

01-23 ~01-27(FFE1) T 64 61 35 2.1 10.8 7.7 1.2 0.10 0.13
%L 4.4 1.5 1.9 0.7 4.1 4.5 1.1 2.4 1.9

Ei5 Y 186 50 25 2.4 26.9 32.4 0.9 0.29 0.48

02-01 ~02-05 (M) T 63 40 31 1.4 8.8 8.1 1.1 0.13 0.15
% 3.0 1.3 0.8 1.7 3.1 4.0 0.8 2.2 3.3

EREES 194 113 56 2.5 33.3 24.3 1.4 0.18 0.27
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%L 6.3 2.8 3.3 1.0 13.3 8.7 2.0 4.7 2.6

ERCE 188 113 6 19.6 57.4 18.3 3.2 0.28 0. 65

10-24 ~10-28 (iR V) W 53 59 8 8.5 9.9 3.2 2.7 0.11 0.21
55 3.5 1.9 0.8 2.3 5.8 5.7 1.2 2.5 3.1

GG 179 94 16 7.1 44.2 19 2.5 0.25 0.44
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% 3.6 1.4 0.9 2.2 5.6 4.9 1.3 5.8 3.4
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