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% BRI YL F R AR IE N A 22 (68.99 pg-m™) >BkZ (14.23 wg-m ) >HFZ(10.31 pg-m™) >
HZ(5.06 pg-m™) , Hrh SOT NO; NH; /K PETCHLES T 10 2L BER /3, i BUK B8 T R E
70% LA I XL (SOR) FIAUA LA (NOR) A 53R 1], 42 4F SOR MfEI KT 0.1, %9 so7 £2k A
KAZWFAL. HZE NOR (HZAN T B 21y, SO W F SOR 742 NI =, W R &t T4 I 730
SO, HEA L3 0, 1] Bt 458 1o A AR G BE SUAR T SO, R AESSTRREL fh. 2 FAXHRBE A 520, NO; 7E4- = 23R
VAR 0 0 7 2 R, FE R B R 3 A 2R 3 DS A R B O SR G Y PML R R VR E K T
75 pg-m B} NO;/ SOT \NOR/SOR Fl NOR B35 3 i, A A LU 7 X 1 i PR 15 YL ol ™ .

KR PM,, LTI, KEETHLE T, AEEGEY, 1072540, B

Formation mechanism of water-soluble inorganic ions in
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Abstract; PM, ; samples were collected in Dushanzi area from September 2015 to July 2016. The
seasonal variation of water-soluble inorganic ions and gaseous pollutants (NO,, SO, and O,) were

analyzed. The average concentrations of PM,,, NO,, SO, and O, were 70.04, 19.36, 4.50 and
83.06 wg-m™, respectively. The concentrations of PM,,, NO, and SO, were the highest in the
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winter and the lowest in the summer, while O, levels were the highest during spring-summer and the
lowest in the winter. The total concentration of water-soluble inorganic ions decrease in the order:
winter > autumn > spring > summer. Sulfate, nitrate and ammonium were the major components in
PM, ; with the sum accounting for more than 70% of PM, ; mass concentration. The sulfur oxidation
ratio (SOR) and nitrogen oxidation ratio (NOR) were calculated respectively. SOR was higher than
0.1 in the four seasons, suggesting that the observed sulfate was mainly from secondary formation.
NOR was much lower in the summer than in the other seasons. High sulfate levels and SOR values in
the winter were largely due to enhanced emission of SO, from coal burning for heating and enhanced
heterogeneous reactions of SO, under high relative humidity conditions. Under the influence of
relative humidity, nitrate was generated in the homogeneous and heterogeneous reactions in the
winter and was generated in of homogeneous reactions in the spring, summer, and autumn. The
ratios of nitrate to sulfate and NOR to SOR as well as NOR values were all significantly increased
when PM,  exceeded 75 pg-m™, indicating an important role of nitrate during the polluted period in
Dushanzi area.

Keywords :PM, ., Dushanzi, water-soluble inorganic ions, gaseous pollutants| seasonal”variation,

Xinjiang.

FACHNURIA PM, 5 T 1) 7K 7 4 15 % DR AR L R A e A A R B s i s 2 P SO
NO3 NH (7 BV B 1 IR TR A X L B — A 432k [ — BRI ELHEEH I, 53 — 0432k 1 i 4K
) 80, NO, NH, 7ERT P AR FIAR A R2 00 A 050 s 7 5022 H b IXOR B 00 AR SR 3 12
W ARV A PM, H KR B T AR AR TSR W AN TRIEI PV, K P P JCHIL S 1 1975 Qe k- 5
A8, HARLL SOT \NOS Al NHG B 12 3 JAEAE ST AP 45 0 3 B M X RS P, s h 7KV
BT SRR TIETEAS 1 KPR P TEHL B Tk SO NO; Al NH 8§ 7 32, JF H = FH R Z A 55
{5 YA B AR T 3, G P R £ AN R h 12 2R A ARLAR B R s B A B R
AESR TV X THE R B MY 3 T K P 1 B 1 ORI S A B, G382 Tl DXl 2 i X, 240 UL 490 v B8 7K I T
T i TR, HLARLL SOT NOT SHEEZER sy 1. L R RFSE 24 th e R T AR
STV DX A K P SRR AE B S R e ACRIE SR e =, HL SO NOS B 19 A U323 DX B | 1 B R s
R R BE LM G R, RN TR KR BB BRSO3 NOS B T AR T 3K, BB R
SO, NO, \NH, 7E RS H A FE AL T8 R min R 3R (A 58 S (L AR .

L AR FETE B R AL U3 B R R % IR DX TET AR 26 k. A LU XHE A F4F 1500 J7 Wi
T 120 J7 0L 245 A PERE ST B AR A RN 45 7 kw-h T R HLRE IR K I )T R TR A A A Tk X
Hoh X g Flldan RREE U, RG22 K, & 9818 , BRI B A F w1, Rz 0k
6 > H AR PM, 1975 RS iEA IR 22 5+

ARSCHIESE T M- IX PM, 7KV P JOHIL S 5~ B 8 s T ROBE AR Ak B AN [ AH X 2 BE 4 F R U
JE B R I 2R 0 T T il R P, AL ML BAT BB 0 5 S0, W] S BURF BRI T JR i
RATGRMIBIG TAERR BE—E B B AR E.

1 #E5 7 (Materials and methods)

1.1 CREESFER

FRE S T L A2 1 X (G 7S EEBETH ) (44°19'N,84°53 'E) , FEHLIAIZ) 18 m, B ZE3E 2 50 m, &
FEITCREA Y, ) X F AR R A SR P AL 7 ). Ak 2015 AE L X TR 26 km? LA H 9 TR
N, RIHZR A s e — E FR I L RE AR R 1L 7 X K5 YLk
1.2 FEELCREE

PM, B & 00 2R 4 0 ] K i B 2R AR 4 (TH—1000 £ 41, s RITAX KA R FTAEA A, HE N
1.05 m*min™", SRAEUE A A JERLET 4EUE I (203 mmx254 mm, FE[E Whatman 22 #]) , REERTREEUH
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TR RMET R 4 AR T, P 2015 429 H 14 H&E 10 H 5 HAAFRBKZE 2015412 A8 H
28 HIRERAZE 201644 A 21 HES A 15 HIRFEHRZE 2016 4F7 A 1 HE 22 HRERZE. 1%
FEMATESRFE  BUCK 22 h(MERERSD) , BAFERGER D 17 MG, BA 1B HL2FEA R
Ptk 708, HPHFE 9O E AF 9E FF 4 E ZFBE.

KRR SRR SECCRE AR XGEE) (0, NO, SO, AEHE 14 0 L R8sl B L
1.3 eSS r

KT A S A g RS AR THAVEL R B T S IR e 450 C 251 TR0 4 b, BBRA L AL &
7R )52 ) FRE R SR T 48 h, F 7 43 2 — RS % L K1 (Sartorius CPA225D [ )
BT 3 KPR, 2L 2 KRR Z 22/ T 0.5 mg, WA IRBE B0 00R 2 E oy 1k R 22
(BT U b A v B AR A o 0 R DR A SR A AR R o TR SR ) 104 o 1 R 32 SR R e B
J& U T 4 CRAEUKAE D ORAE , DA I 22l 5t

IR 3 RAERE (TR 5.06 em?) | B F B4 T R SEKE 20 min, 7€ 10000 remin ™' 568 T 8.0
10 min, AR L5, B2 FRREBGS R S IR g, T (135 (883 Basic 1C plus, Fi 77
) MSE 11 FOKEPETCHLES T (Na® \NH) (K* Mg™ . Ca®™ F~ NO; .Cl” NO; PO} SO ) Fill £ & 1)
{UERREMZE R 0.0060—0.055 mg- L™, Jrik Kl 264 0.014—0.14 g - m™ . FF i 23 A0 1o F M i 28 <7 52
IRPRVERURE , R T 0 IR A2 L RE .

2 R 5118 (Results and discussion)

2.1 PM, FIEEIE YN ZT AL

KA R LT X SO, NO, 0, PM, s BT A H AR (BN 1 . PM, W EE () ZE 15 AR (LR A
£75(100.18 + 59.93 wg-m™) >FkZE(68.47 + 27.90 pg-m=)>FHZE(48.13 + 37.10 pg-m™ ) >E Z(33.22 +
17.71 pg-m™) AFH BRI K (70.04 £ 59.14 wgem ), BT 2010 4E 5 A F 2011 4F 4 ApEREE% 78
FA LB Tl X A AR (80.6 g -m™ ) SO, FI NO, J& 0 e Bt R AR A B AR T A4, AIET 1 W] LR
h, ZE R RS PM, (SR 3, YA R im0, AR fL a5 Z AR I, & iR
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Fig.1 Daily variation of SO, ,NO,,0, PM, mass concentration
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NO,TERZTT ) i e e J A& 25 (38.19 + 14.66 pg-m™) FkZF(13.25 + 7.01 pg-m”’) HE
(13.35 +5.46 pg-m™) HZE(11.19 £ 2.31 pg-m™) Bk 5 EEIEE LB , 2 DIS SPSS Statistics
19 BAHATHY t 320, & HZE P{H#70.20 > 0.05, & FkZ P {HH0.96 > 0.05, HTC i &0, 7L
IHRFEWIE]) NO, Wk E A Ffm, kR BF 4 E FWE M Y. NO, WAE YW N (19.36 +
15.03 pg-m™) , HAH 5 2015 I8k W AE BRI A AR E A 24 (19 pg-m™) {HAK T 2012 4EX]]
RV T R RSO T AT AR A NO, R (30.06 pg-m ™) KA NO, EER [ HARIEFI AN
U8, F SRR = ZALFE T W HE R DN L A SR A e R RN AR ) R S TR Bk [ TR AR
RHIRGE RN B 22 RS S HE A IR B S A 5T 3R B 76 F AR TR HERR o 3 S A L IX, NO, MR B — M7 B 2 th 31
B RAE 5 AE R RHERL & 3 T A Ha X, NO, e B0 # 7E 4 Z th B R () B IR gT R, 76 3T M
X, NO, FER [ AR gl A AL Tk X, HAZRIE K NO, BBk AR 42 IAh
Ml T ORI NO, 55k 1A TR HET.

SO, TEAZETT TR E W2 (5.28 + 2.63 pg-m™) (HZ(3.25 + 2.46 ug-m>) FkZE(3.50 =
2.11 pgem™) KZE(5.57 £ 1.99 pg-m™) P HEESLE REMN PENR0.72, 2 58N 0.75, 11
HEEKZERN 0.05. 1L H SO, MEWBIIE N A T~ FE>KE~FEF. SO, WELRE K
(4.50 £2.42 pg-m>>), AKX T 2015 4E EBE T (17 pg-m™) FIPG 22 55 B P56 T B am ™ B ok
(38.02 pg-m™) I KA H SO, EERET Tolk Ak Bk b A i iz Sl Hi i OF LB e it
T SO, HYHERC T (10 g- kg™ ) 1B T VR FISE (3.84 g-kg ") 07 S84 Z2 ] ] 5 1, 0 17+ XA
2015 410 7 15 H % 2016 4F 4 7 20 H GBI, ik BRI A F il 134 25 SO, Wk I =i 5 B ZERE S
FEAIERR WSS AR HEF TR AR | PR 5 A U A EL 25 IS K BRI 5 SO, IR EE IR T4 45 2.

O JEA I R T NEHEZ (108.59 + 14.69 pg-m™ ) [ HF(106.75 + 13.33 pg-m™) FkFE
(82.67 +19.65 pg-m™) &ZE(42.80 + 16.22 pg-m ) HH FEESEZ (KKK P{EN 0.72, FIt, 0,
WL Z AR N BT ~ E B> E >4 7. 0, AR Y R W M (83.06 + 31.47 pg-m™).0, 2K
SOt RN AR Y RS e AR A ANEZ PR IR ) (45 KA HL R NOx ) By HET, W EE FDG
TEAAT B > — s IR SRR R | KO 0 B oA R EL, R O 28 A, DR
EREA AR 'S
2.2 KEHETCHLE U2 AR b

Il X PM, s H Y 11 Bkt IoHLES 7 2B R an 3R 1 s,

=38 WV 00 U N e i W S

Table 1° Water-soluble inorganic ion seasonal concentration level

e Concentration/ (pg-m™)

(A=t
Chemical constituent B A% HE LES EME
Autumn Winter Spring Summer Average of all year
F~ 0.14+0.11 0.04+0.03 0.05+0.03 0.03+0.03 0.06+0.07
Cl” 0.75+0.64 0.05+0.04 0.25+0.27 0.1+0.14 0.29+0.46
NO3 0.04+0.03 1.36+0.82 0.04+0.03 0.02+0.01 0.36+0.71
NO3 4.45+3.45 17.97x14.1 2.47+2.09 0.58+0.25 6.83+10.40
PO 0.09+0.05 0.04+0.02 0.16+0.10 0.17£0.12 1.00£0.95
SOy 4.38+1.84 33.63£31.5 4.25+2.65 2.47+0.78 12.05+21.28
Na* 0.48+0.19 0.51+0.25 0.34+0.21 0.34+0.20 0.46+0.49
NH} 1.73+1.24 15.32+12.03 1.15+0.85 0.47+0.21 5.09+9.00
K* 0.3x0.17 0.17£0.15 0.11+0.05 0.1+0.02 0.18+0.15
Mg 0.13+0.06 0.02+0.02 0.08+0.08 0.06+0.03 0.07+0.06
Ca 2.02+0.87 0.09+0.06 1.27+1.04 0.74+0.51 1.01+1.01
SUM 14.23+7.47 68.99+56.11 10.31+5.29 5.06+1.83 26.50+43.73

SUM/PM, 19.74% 64.08% 21.46% 16.42% 40.67%
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IRIEME TCHLES 7 A e B AR AL A A 75 (68.99 + 56.11 wg-m™ ) >FkZE(14.23 = 7.47 pg-m™) >
£2(10.31 + 5.29 pg-m ) >EZE(5.06 + 1.83 pg-m™) , KIEETCHLE 7146 PM, IO 5 H AR LG
i 16.42% — 64.08% , Hir1 & 78 5 Wi 8 0 64.08% , B BN 16.42%. 5 PM, (78 1k i 33, #1
SRR T 2R LI F XA RS P i B s LA R Y, X RS A R A O S A,
HEZWIMA TP, KX KA A5 B8 B e /e, BEARRIURL ) A A M TEHL S T e R
MM AR 1 i — L, S0T NOS NH 5 3 P RV BETE 4 D2 8yiem , =1 AR o 4
FS>MESHRSH 5 R/KEHETOHLE 23—, 3 Fheg 149 B2 K/ MIF 2 SO5 >NO;
>NH; % E Bk &2 SO NO; NH; B 7 YR B Z 43 3l 5 SOK S M TCHLE TR 75% .70% \72% |
97% , i I KIEPETCHLES LA SO NO; NH; o~ 3, b as R 540 2012 4R ge 45 R —2.

2.3 ISP R R AR
2.3.1 BELFR(SOR) MIESAF(NOR) 5121k

F 2 R RAEIE] NOS 5 NO, .SOT 5 SO, iy ARfhfa A — 25, 5[] e [w] 7 iy R A A i .
HTHE RS PR B AR E AL ) SRR A B e R 2R, KA P ai B ALK (SOR) MR A L%
(NOR) %LU F AR,

[S07 ]
SOR=———— (1)
[SOF 1+[S0,]
[NO; ]
NOR (2)

“[NO; ]+[NO, ]

A, [S07].[S0,]1.[NO; ][ NO, 1433 3%7 P 5 i BE /R W BE (mokem ™) .
HE A 0.1 /[ SOT 1. [NO; ] — W HERCR — U ki FUE , KT 0.1 WIRBH DL ke 32,/

F 0.1 WIFRI LI— K HEOR £ .38 2 B8, SOR fHR4 A Z 4R K 0.1, BAH 41 Bk ) o soT &

Fk [ SO, A L. NOR HER E 2= Z MY KT0.1, REAPRY b NO, t FE 3k [ NO, KR

B, HEZLL NH,NO,JERAFAE , B R Rt NH,NO, 2 &k A= #h i , SFEUTUR AT NOS He B FEAR , 38 hl

7 NOR 31 B s Mo Ak P Bl s DX, 006 SO A9 5Tk 7T LA ZUME , SOR (B KR SO, LRk .

2 SOY .\NO; 5 S0, NO,JFH= & 1 H #7351k

Fig.2 Daily variation of SO3,NO; and SO, ,NO, mass concentration
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&2 %1 SOR NOR,SO7 /S0, M1H
Table 2 Value of SOR,NOR,S0% /S0, with different seasons

%% Spring 7% Summer % Autumn A7 Winter
SOR 0.35x 0.10 0.37 = 0.13 0.43 = 0.14 0.69 + 0.21
NOR 0.12 = 0.10 0.04 = 0.02 0.20 = 0.13 0.22 = 0.11

S027/80, 0.88 + 0.42 1.01 = 0.59 1.37 + 1.06 5.84 + 4.85

2.3.2  KREH SOT R R

F2HMT 442 SOT /SO, M. R FAZE AR KN 5.84, i m THE 3 4~ZF7(0.88—
1.37) , H SO0¥ 5 SO AUAEAZ L W IFH X (r=0.679,P<0.01 , 3 3) , BB ZE SO, 71k g S0P AR
T KA SO, A BB BR R A Y441 5 1y AN AR AR S P Rl ags 422020 e Aad B2 3206 IR IR BE AR X
AR RE I R B R R SO, S/ R Ak i BB DR 2R T2 R S 1R 1Ly XA X R Y
PIE RAZ2(93.27%) >F 75 (51.64% ) >TKkZE(49.57% ) >H 75 (44.69% ) , A Bk T HE 3 AN F4, %
SO, AR A AL R i A 28 SOT MR BE A w2 N o — 1T, 4% SOF 5 0,8 FHH K (r=
0.554,P<0.05) , W H = SO, ¥AH (AUM) Sk it 72 T RE X IR 56 14 26 1A S 2252 1.

£3 ARREBWRERF SO 15 NO; NH; S0, NO, O] J /R #hAH 1

Table 3 Pearson correlation of SO} with NO; \NH} .S0, \NO, 0, in_aerosols with different seasons

77 Seasons NO; NH} S0, NO, 0,

2 (n=19) 0.762** 0.888 " 0.399 0.338 0.415
&% (n=19) 0.774"" 0.977"* 0.679 ** 0.509 * -0.056
HF(n=14) 0.015 -0.175 0.239 0.346 0.267
HZE(n=17) 0.560* 0.898 " 0.481 0.198 0.554"

VEin WRERNEL, * RAE 0.05 AOF LREMG, « « 7 0.01 KF [ HEHDE.
Note: n is the number of samples, #* and * * denote that correlation is significant at 0.05 and 0.01 level.
2.3.3 KA NO; A pirat
KA NO, AL NOS W AFTESAIAH S AR AR SO #4274 LA NH,NO, o 3, Ho % Akt
FEZ 2 NH; B R R AHXHREE BRI S 052 . B s R R 00 T8 X, (H A 22 (1 A XV
MASHE Z N, I, ASesiag 5 PR TR G BE T NOS Ay A Bl =X 0 52 . i A A A5 A o 6 I
NH,, NO, (1A AT i e 2 BE AT I S NO S S [a) A s A2 i e ] 27 A SHEEE (RH) ZNF NH,NO, (141
X R ( DRH = 62% ) B & AR AH OB, v LA F i A
NO,+OH +M — HNO,(g)+M (3)
HNO,(g) +NH;(g) — NH,NO,(S) (4)
4 RH KT DREAIZ & AR A R, KA B N, O 2 fAE R ) R 1 WA T, 5 H,0 &
A KA O AR B HNO, (aq ) , IFZE ORI 2R 18— 20 5 NH, RN, 2E 5 NH, NO, , % i 2 A, AR 344
TN AT AR i Bk R
N,0,+H,0 (aq)—2HNO;(aq) (5)
HNO,(aq) + NH,(g) — NH;(aq)+NO;(aq) (6)
He 4538 X [ SOT ] 5[ NO; ] F[ NH; | Z 6] i A0 G M 23 45t 4n 2 [ NO; 1/[ SO 1 5 [ NH; 1/
[SOT T AR, W 15d B X5 A0 S B 2 A B NO; B 8 B4 il 25 B, 45 AH S M B 22, AR #4900 s iz o 3
U0 i 3 R Y RH<DRH B, [ NOS J/[SO5 ] 5[ NH; 1/[ SOT | & W & ARG (R =0.8188) , 1A
S NO3 (AR Az 4R R i 45 (UK 3 .4) s RH>DRH B, B — & A SCHE (R? =0.5677) , Al LA
W, R R SSRAET NOS AR IR T 32 ¥ AH SO s il A , AR YA Bz (4 5% i AN 5E 2400 RH>DRH (1940040
KEBTJE T AR i, 422 NOS BYMRFE MG & T e 205, Wk, AT LUA I L+ X B 2 KR
NO; 2 it NO, A B0 AR A, 4% 2545 A S A NO; 19 A8 i BR A7 AE Y9 M S, X AFAE AR
AR, T304 28 NOS (19 B2 i e
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i RH<DRH B9 5% [NO; ]/[SO3 ]1=0.8310 [ NH; ]/[ SO ]-0.2841( R*=0.8188)
TS T FER AR AR 0.3418 REIAAAET B () NH i 2 19 NH; e o] Dl ad =0

+ _ + 2- 2-
[NH4Lxcess_([NH4]/[SO4 ]_0-3418) X [804 :I (7)
® RH<62% ogl o RH<62%
30 * RH>62% ) * RH>62% %
— =0.8310x-02841 R*~0.8188 o @ ° 07 —»=0.8584x-0.0004 R>=0.9375 ot
=== y=0.5760x-0.3936 R>=0.5677 - == y=0.4248x-0.0149 162:0.8'822 *
25+ 06 .
i e *
D20 Eos- x
) S e
A g | .,
% 15 g 0.4 *,/
o e * /’
Z O 03 ’
= & o 5,;’
° 021 )P
0.5 o1l ’,/ * *
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NH,NO,(s,aq)+H"(aq) < HNO;(g,aq)+NH;(aq) (8)

—2%F NO; 5 SOT \NH; SO, \NO, O, EA[RIZ=5 (A e 31 o] LU th (£ 4) ,NO; 5 NO, 7
A AEHR HAT AR e, Horh & B E ZB7E P<0.001 KF b 50 56 350 — 25 Bt — 3] NO, 19
PIRAR VXS NO; A it 2 S e b A b S Mo mT BB PR 44 2% NO, I VR JEE Qi 37, X 35 4
O SHE LA T AL 114 SN A YRR B 2 b 5 P e i T i 45 A ) RSP 5F i) 58 B A €. NO; 5 NH 7R B
A2 E (P < 0.001), H AT HEA R NH,NO, B FIRIE A5 B0 S g 2%

Fd  ARFHFK T NO; BT 5 SOT NH; (S0, NO, 0, 1 B /R MG

Table 4. Pearson correlation of NOJ with SO ,NH; ,S0,,NO,,0,in aerosols with different seasons

77 Seasons S0% NH; S0, NO, 0,
B (n=19) 0.762 ** 0.958 ** 0.569 0.460 * 0.315
&% (n=19) 0.774** 0.889 " 0.822** 0.642 %" 0.136
HF(n=14) 0.015 0.930** -0.067 0.556" 0.057
HZE(n=17) 0.560* 0.246 0.122 0.670 " 0.328

Hon NFERE + FORTE 0.05 AP LW, « +« FIRTE 0.01 K L WA

Note: n is the number of samples, # and * * denote that correlation is significant at 0.05 and 0.01 level.

2.4 SO7 \NO; MHEALRXT PM, 51 5Tk
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3 %5 ( Conclusion)

(1) B8R 71X PM, A HE A 2= R AR A T R 5 5> 5 NO, A Z
2 H RN ; SO, MR B DU ZEAR Y A2 A A Ry O R BER 2L e ol B R = B STk FESAFENO, |
SO, Fl PM, s e X 2 2 2 Ml iy, AR, O, 2L 315 Z A I

(2) il 3~ DK PR S TR R =T AR O 2 BB >F >R Hrp NH; (NO; (SO J2 /K i
PEICAHL RS 1 A9 R BT, 3 g T /KA B T B o A e de i, B R BKE 3 TR I
AH>Y.

(3) ZFRGHWER SOT TR A SO, ARSI, EFK A 80,5 0, HLMAE 5 32 A i B
RIS NO; R4 2 10 A4 107 U2 BIRR B, FAR B A O #5370 NO; 9 A= il 7 X208
SR ENERITA

(4) Ml ¥ X5 582K -3 NOS AR BUAYSZ MR B, n] DA RS B B A9 = GO0 HL B 4= R A
ATl ) SR R L
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