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Fig.1 Location of sampling sites in Xi’an

7E 2010 4£4-ZE(2010. 1. 12—2010. 1. 25) FIE 2= (2010. 7. 12—2010. 7. 25) 47 6 AR i 7] 20 %
ZLT SR PM, s WEINERAE . BRI AR 4R 24 b, BFR] SR 45 H A9 10:00 FYKH (14 10:00, i HECA 2.5 um 1)
#)3L A Mini-volume ( Air metrics Corp. , Springfield, OR, USA) fH#E RARL A 5 L-min ™' RFEJE
JEA B AR 47 mm B SR RR  SREERTZS BRI T 780 °C St B iRt % 2 h LI ERTS YR, 2 5 15
fE IR EIR AR CE 24 h (IR E 21 C—24 °C, 18 J¥ 35% —45% ). e 8 ARG A % 4 0. 001 mg Y K
(Sartorius, ME 5-F) FRE , 25 [ I8 BRI RAFE AR 1Y BT 5 12 25 40 BI/INT 15 g A1 20 g, FHORFEHT IS IE AR
JoT it 22 0 2525 FRE b ) BT it A TAHE I o A S B R AR RS B0 o 1) o VA
1.2 JKEPEE PRS0

B1/4 YR, INA 10 mL 2B F/K(R=18.2 MQ) #8751 h, BLAPEIKIED 1 h, ZJ540.45 pmid
JEANITIEZY 3 mL ¥, FH Dionex-600 B (435 A6 KIS VE S 3647007, 5 FRBHES -+ (Na® \NH," K" |
Mg**  Ca>* ) ffi 1] CS12 AEHEAT/HT, K BEW A 20 mmol - L ™" ¥ MSA, i3 4 1 mL - min ™", H A I B
IR 4.6 ng L™ 4.1 ug-L™" 10.5 pg-L™"' 9.1 ug-L™'F19.8 ug-L™";5 FBAE 1 (F~ .C1~ .Br~ \NO; .
SO; ™) i AS14A AR /0T, IR P R R 22 R 8:1 9 Na, CO,:NaHCO, RS, F~ .C1~ \NO,
1 Br~ AR ARAGIM R4 0.5 pg-L™",S02™ H 20 wg-L~". i Fs il R BRI E 10 MEES A 14 FE
AR EETE 0. 03—0. 10 mg-mL ™" B, VR A FR #EDR 25 4 +£30% ; B e FELE0. 10—0. 15 mg-mL ™' Z
[ SR BRI 254 <20% ;A5 BT EE K T 0. 15 mg-mL ™' B, R AR ifE 224 10% .
1.3 S8

Al SRR B UL R RN G A H A BT A B R L. 53 4h, S0, (NO, MR R 45 SR A
Sl A R 3T 71 B35 A O s e AL
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2.1 PM, JE v B A A RRAE

VG2 6 AR FE S AE & Tk BE AR AL J5 Bl 40. 8—562. 6 wg - m ™, B & Hk FEAH A AL G Bl A
16.1—197.7 pg-m >, X R BREELREEN 1.8—3. 1. £ 1 R 6 M4 HZPM, (1R E
BIH, A0l 4T PM, BTV BE BE R T 2 53X 5 Z R R PG 1T PM, 5 192295 40 A F o 45 R —
IR IX 3 A (SZF \WDJ \DHS Fl CB 4 g3 ) | EXUX GL AUFTFRUX HH £ PM, W& B (A
JI 22 5 BRI AT PM, 3MEH 172.6 pg-m ™ (GL 4 98.9 pg-m ™" HH W24 81.0 pg-m (£ 1).

AR SEZEL CV(CV =6 A SRFE U I M AR IE T 22/6 A RFE S Lo vk B (- 20 ) Wl LA
el it PM, o I B AR A T 19 28 [B) 28 Ak, AR ST CV R 7R 380 X IR DX 3l A5 =2 [ 7 2 ) 28 S e
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6 MRFEEAEMEZ CVAE M 0.68 F10.67(F2) , i X AR IX 3l i & HZ PM, BIETESS
) 5047 2 5. HERCIR B FP S R SR AN ] 0] RS 1 Al 22 57 19 BRI X0 SR T AT s X, BT
TG e HERCH s TARRIX, 23 i KA A0 8 15 Y PR I S v T ARB X R R VT ARk, P ek X BE
T A B ™ B AFST R I I NO HECE: HEIE B I BER 24 25% IR S S R = 29 1 150,
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Table 1 The seasonal variations of PM, ; mass concentration (ug-m ™)

Py, 2 kS ¥H 'S kS
S
il brifEzE PIH kR M FrE2: He
SZF 232 162.7 129.8 30.4 180.9 126.8 1.8
IR IX WDJ 270.4 140.7 122.1 40.5 196.3 124.9 2.2
il a5, DHS 242.2 172.4 107.1 34.4 174.7 144 2.3
CB 193.6 126.9 83.9 53.3 138.8 111.7 2.3
AU GL 149.8 100.7 47.9 12.5 98.9 89.6 3.1
TRUX HH 122.9 26.8 39.1 20.3 81.0 48.6 3.1
WX 4 S E 234.5 152.5 110.7 43.1 172.6 110.9 2.1

K2 VLA HF PM, KB TR K (6 AU 3MH) (pgem ™)

Table 2 The concentration of PM, ; water-soluble ions in summer and winter of Xi’an (pg-m ™)

F P i
PIH (hrdfEZE) SETF/ BT CV PIH (hrifE2s) SEF/AET CV YIE(bRfEZ) SETF/RAET
Na* 2.1(1.7) 3.30% 0.51 2.8(3.8) 6.40% 0.89  2.5(3.1) 4.00%
NH; 10.4(10.6) 16.20% 0.95 5.3(3.2) 12% 0.53 7.5(8.2) 12.20%
K* 2.6(2.2) 3.80% 0.83  0.6(0.4) 1.30% 0.51 6.0(2.2) 9.70%
Mg+ 0.3(1.2) 0.50% 0.49  0.3(0.9) 0.70% .12 0.5(0.7) 0.80%
Ca®* 2.2(1.5) 3.40% 0.54  3.0(5.9) 6.80% 0.94  3.8(4.7) 6.10%
- 8.7(7.0) 13.60% 0.64  2.4(3.5) 5.50% 0.60  5.8(6.4) 9.50%
NO; 16.8(15.6) 26.20% 0.87  10.7(7.5) 24.30% 0.56  13.9(14.3) 22.60%
502~ 21.1(18.5) 33% 0.81  19.0(10.8) 43.10% 0.45  21.6(15.2) 35.10%
PMys  202.6(138.5) TN 6e orseero) Bl a7 061109y HB% (e
' PM, 5) PM, 5) PM, 5)

536 EPA AR H A (35 pg-m ) MIEL)  ZEFTRAERY 159 A RRES o, & B E bR RS>
WK 100% 1 85% . S RN H BT A, FELTHIX. PM, 8 295 4K IR FRI ST (112.9 pgom )|
AR (124.9pg-m ) " EFAEE (102.5 pgem )M KE(103.2 pgem ) | EIEE(59.2 pgem ) T
H(49.1 pgem ™) FEIT(25.2 pg-m ) S (HAZ PM, 75§ /K P8 i T iR ki
2.2 JKIEMETCHLES T 1Y 53 A FRAE
2.2.1 KHEHEE TR AL

KB TN E F R R MP R Y EEH sy, R EFEWHHL S PM, B R ER
30% —40% " PRI A KB TOHLE T B M BERE WA 2, B T RE S B B R B
VB ST B, 5CAE AN T8 4307 (0 G 8 TR B PM, iR B 1Y 41. 8% , Horfr SO;™ (NO;
HINH, 25 WOK IR PR 70 00 5 B TR AY 35. 1% 22. 6% F112.2% . HB B THIX SRR, (b A
BT AR AL FEIE 0. 8% —9. 7% Z IH].

42 S0;” \NO; Al NH, MWk EEX i TR ZE 42 SO, BB+ h BT o5 i EL IR T 5 2%, NO; |
NH, & BB TR T E S, W 2. 805 A NO; BRI T HFTAY) i SO, A1 NO, s> Som H
SEAL R A BT AR HEROR R B L ROR S R SRR N R R A LR (SOR) AU A LR
(NOR) 3K SO~ 1 NO; fIE A% 4k 72, SOR F1 NOR AYME M , £/ SO, NO Z AL il —
USRI IR R Al AR Eh £ SOR NOR Ay AT .

SOR =n-S0%"/(n-SO2~ +n-S0,) (1)
NOR =n-NO; /(n-NO; +n-NO,) > (2)
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Fig.2 Variation of SO;~ and NO; in PM,  along with other parameters

B2 3 @R 2 NOR B = F &2, (Hl1 T 5 2 NO, #k BB AIK (& L5 2 NO, I BIME 4351 K
75.4 pgem CHI34.3 peem ) INZ E IR LIE B NO; LIRSIE AR, S50 NOR B i
NO; W BERUAIR , 42 Bk B2 1 NO, FIIRIR A R T NO; USRS TE X AEAE.

NH, &ZFHWEM ] 10.4 nug-m ° ,HEEN 5.3 pg-m I TAESLELMAH TI5 98,
L) SOTT NO; ZEARIR T 5 NH, 5425, EE LIk S 7 1E MR B E R A T, B
MR ER I S 45 | S84 % NH, WEEE TEZE.

ARPAFFEEAE R g e IR N P R A [ N IR TT ORI PR R H LR 3,
VG2 1) ORI E T4 B BIIR TR, UHRE SO (HE FAbat Bl M5k, 5 2006 474
LA RA L & H 2 SOr WIEHA BT I, NO, ¥ BT, B2 NH, #IEALT 2006 4E6F 5T
IKOF M4 28 NH, #e B 55F 2006 EF5T 45

T HE KM Tl s, Cl R BWERE M 3.6 15 KT ABWEREZM 4.4 5. C1 2
WKL B ), A e B Bt e L P 22 SR Y P B R T B v e BT LA 1T AT fE
FEk A, A FERIEERBIEFEN 2 i34 B G WREZEFWE. KT 2EY TR b %
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AREEY T HZAFAE T AR, A ZE 00 % SR L AR M DX B S8 BB 2 3 B0 K i JEE T i 1) RS
Ca®* \Mg"" #l Na* RO FEBR HAE A  H 225K, X UAE 2 1E.

R3 VL EEPNFEET PM, ,F S02° NO,; il NH, #eE Hhiw

Table 3 Comparison of concentrations of SO~ , NO; and NH," in PM, , between Xi’an and other cities

H SRAEH ZUOKE R T HE/(pgm™) ZF/(pgrm ™)
- S03~ 19.0 21.1
. 5 _
NO 10.7 16.8
P (2010.01.12—01.25,2010.07. 12—07.25) ’

NH, 5.3 10.4

S03- 25.1 21.3

[ 2005. 10.24—2006. 10. 24 NO; 8.3 11.7
NH; 12.1 9.5

S03- 18.4 21.0

Je gzl 2001—2003 NOy 11.2 12.3
NH; 10. 1 10.6

S03- 64.2 42.8

g o) 2007. 12—2008. 10 NO; 19.2 21.8
NH, 28.0 29.2

S03- 5.4 12.8

g 2003.9—2005. 1 NO; 2.6 8.5
NH; 2.4 4.4

S03 - 14.2 —

7o 28] 2008. 7. 1—2008.7. 31 NO; 2.3 —
NH; 3.2 —

S03- 6.0 10.2

Tk (2] 2002. 1—2, 2002.6—7 NO; 1.3 4.6
NH; 0.7 2.1

2.2.2 JKEMEE AR A5 A AR L

FHELELAS TR CV IS (A1 B AR RIS B 20 43 B R0 23 ) A8 Ak, —UOK I PE B+ NH, NO;
SO~ FEAZE) CV HFK, 239149 0.95.0.87 F10.81 25 [AAE B EH KR THEZE K2 £FE WK
VPR BS T IR AL RN Dt A > XU GL > FXUX HH, WLIET 3. & ZE5F X GL AW X 5 ik
B TFWREAZEA K, FEE GL BT Toll fel X 9 4 BRI R0 T 3% shHE s 75 e ) 2 X F XA
ZAFE ARG P HCE 5, MIRR X HH St 4 3 B DU BH A 30 X . SO~ NO, 7830 X 453k st 1) 434 359
SZF e i fie i (CB Ak, VLIl 4. NH, 7630 X4 il s v B AR AU, SZF VR B S 38960 13,5 pgem ™2,
&7 T WDJ 11 DHS. CB #eFE(H AR, 5 9.5 pg-m ™, 5E % CB & NH, HmMR. i T4 % SzF JHil
SO;~ 1 NO; ¥EERGI, N2 AR A2 58 K SA Al F SO; - \NO, 5 NH, 454, T A4Z SZF (1) NH, ¥
FEE ST CB.

B K* Il Ca®* ARSM, & HEAKEME TR R > EXIX GL > FRUIX HH. K* A48
fEh GL > BRIX Ul 5 > HH, Ca® " 7846 HH > 3R IX 35 5 > GL( & 3) . 32 %8 X HURE A W) IR R B 5 i, K
RWEE I GL, R 3.3 pgem > /MEHBAE HH, R 1.0 pg-m . 42 HH 45 Ca™ " WREE e,

AV AT R HH A5 PR A7 B AR R (HH ZK RIS L PE 22 3 X 1 110 m) | J8l 30 XU B3 X R B XUIX. GL
KA K.

H 780" NO; FINH, B CV {H23 518 0.45 .0.56 F10. 53, 25 [ AR AN 2. 223k 3 FhES 1Ok
B2 (AR AR A - 3 DXl ot (4 Al R > BXUX GL > T XUX HH, 38 X 0 45 3 FRBIX A (K 3)
VLI E B ) A EE G2 T PM, TP IJCHLE F 1) 25 YLk . SO~ A NO, 783 X 0 £ 1k AR fh s 34—
B, ¥0 .SZF > WDJ > DHS > CB( & 4). NH, 7EIR Xl s Ak i %A i ANH] , 284 CB > SZF > DHS >
WDJ. H1 T4 HHHERR | b7 0 HE R Sh AT ) 1A 42 B = 38 A 0% 30 7= A2 19 NHL BE LA 30%+ h ™' Yl R %
62 NH, 21 CB A F PG4T ARKE , SRAE s BRI AE 230 oA H , FLAE Tt bl 2 ) o b v 7 2 T R
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Fig.3 The spatial distribution of major ions in PM, Fig.4 The spatial distribution of ions in PM, , at
at the urban and rural sites in summer and winter the urban sites in summer and winter

B2 B K B B s ) AR A AR R 0 DXk 2 > B XUX GL > N AUX HH, Mg®*  Ca®* Al
Na* TEE B REUR K (2 2) , 05918 1.12 .0.94 F10. 89, 25 [A] A A A W E. C1- EZE CVIE N
0.60, KF K" (0.51) , 35 DX s FIARR DX ok o5 2 S AN B 3%
2.3 BTVMTE

B TR KR AR BRI A EEE SR A R AUk

CE(BHES T FAf) = Na* /23 + NH; /18 + K* /39 + Mg** /12 + Ca’* /20 (3)
AE(BAE T F-f5) = SO2°/48 + NO; /62 + C1™ /35.5 (4)

XF 6 ANk g B ZE AR B AT Y A T (BT S) Al A B R T IR O R AR
1 (r=0.77—0.98) , LA BB FHk | B TN BE A 2 N 6 Al ai & B =B BH B 7 Al
BERPET LA R XX HH 35500 (AE/CE) < 1, BB FAIXT 7 38, B 72 AR K- B i 5 SZF G 3%
S (AE/CE) BEARFZIR 1, B R4 itk s How 3 /i a5 CB \DHS Hil WDJ (9 AE/CE ¥ KT 1,8+
FENRACHARFRYE , 7T g 32 28 5 A 2RI XOR B BRAE S5 AN 16 Sl B KA 6. X i IR ES 7 (6 i) iF
PP, (AE/CE) =0.97 4ZUE Tk, 5 2006 45 X521 PM, (BF 52 b B AR i v A BT AN 5
B TP 2010 44 H 2P 257 NH, (Ca®" Mg®* 48Uk BE3G i, X R 1k 2 ¥ ke 31 1 — 2 iy rh R
FHPO AN SR SO; T WRBE MY R A — 2 R, LK 3.
2.4 FBEAAHMLAEEIEA

AT AT B TR 5C R, AT LA 45 88 7 1R U5 R B 22 ) (4 285 6 O SRk A 700 28 R O T g R T
U A% B T B TR AN AR LG5 A L, WIS IUTIR] 6 SRRk A 0 B TR B AT M DGR T, L3 4.

HI T SO;™ \NO; 5 NH, @K T 887 1Y F 2 h sy, i L e st AR AE I S A T ). = R il g
1,805 \NO; 5 NH, WA REI R 0. 77, 3% 3 Fh B F 0l fiE = 2 L4 (NH, ), SO, 5 NH, HSO, &
NH,NO, [JERAF7E. H NH, 5 SO, WA= R 1,35, 4 T 2B s (NH, ) ,S0, i HL A 2 5 5¢
2% L NH,HSO, /Y LUAE 1 2Z0H], 1 NH, 5 NO; i B 2 b2 1. 13, R F i (NH, ), S0,/NH, HSO,
1 NH,NO; Z [8] (1 BARAEE 7 2, ml i B S A5 19 NH, S5 BTA8 1 NH, 14 B A5 B0 >k A1)
SR AR 3 A B E L NH,HSO, fl NH, NO, 1T AE e, Wl 28 (5) 115 NH, 1 & &,
A LL(NH, ), SO, F1 NH,NO, B A7, vl LU (6) SR IT5E NH, B 79 & . X NO, il SO3-
FRFMIE NO,; FI SO~ AR EE , S0 pgem .

NH; (pg'm™) =0.29(NO; ) +0.19(S02") (5)
NH; (pg-m™) =0.29(NO; ) +0.38(S02") (6)
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Fig.5 lonic equilibrium of each site in summer and winter

A AT T, A5 2 S02T NOy Al NH, FE IR (5) H AR (K 6(a))
NH,HSO, #il NH,NO,. 534F,Cl- 5 Mg** [K* [Ca®* BYFHIC R4 50 0.91 0. 86 F1 0. 84, i E 2= C1~
() FBAFAE I T HE A MeCl, | CaCl, F1 KCI.

A2 50; NO; 5 NH, BHHCREr 34 0.97 F10.98 (£ 4) , T HZF, B TS 4 404k
HCIR AR G R T 5 T Z B 25 4. 422 NH, /S0; WY iy E 2 bRl 2.95 NH, /NO; iy 2.31 i
it A Sy L AS 2 NH, 53HA8 3 NH, , & B SO}~ NO; A1 NH, FE LI (6) i3 s
(I AFETE (B 6(b) ) : (NH, ), SO, Fl NH,NO,. {HJ&,K* 5 SO~ \NO,; HIHM S R &t i /= (43514 0. 91
F0.95) , HOfEM RS SOT - F1 NO; EAZb il 5 L) K, SO, Fil KNO, 1IEUAEAE. 1 it NH, 60 L)
5 CI" 458 IE A NH,CL C1™ 5 K* FEAZRMAHOCRECH 0. 88 , R R KLY ' BAELE KCL

K280, 5 NO; AR BRI 0.96, B T H 21 0. 74, 6 WA 4 2 HOREERAE AR B, 1M 75 42 & N
Bl i, = RRIR A A AT AR R T oy 32 PRI AE BB IR AR T (5 21 54.19% , BT ASO; ™ 5 NO; &
BRI AR LR E 2010 4R, P HLsh 42k 5] 120 Ji &, HLsh 22 B HE B9 SO, Al
NO AT ZA0. e P [ P AEE i B BRBE =8 NO /SO, FL (50514 13:1 F18:1 #4455 NO /SO, kb
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Bk 1:20°0  FFLA,NO; 55 SO; ™ it o] DAL PR SRR ( 1152 V) FLEh 42 (B SR TimksR A K
JNCER P NOS /S0 HIAMEN 0. 64 (20 0.53 420 0.75) , 6 A [ 12 P8 %k K v 40 43 0 B2 ik
IR TR HGH A AL KT (1.13) JRHE(0.86) ), 5 FiF(0.64) 124" i T
F15(0.35) " BB (0. 13) P 454l W T 2006 4FPE 2T NO, /S0, RO ELAE (0. 54) 1) 36K F ok, 7Y
LA REIR AL YE G 5 32 A7, (H I 7 [ AMLSh 42 R SR 38 3 4 BN M MR T 6 1 i) A2 45 285 e
SEEAE. FITLA, B T EE AR BEVRZ5 A A1, 148 7 SR B — i 15 it B il #1120 4 B3

R4 ETRMKRLOER

Table 4 Matrix of correlation coefficient between tested ions in PM,

cl- NO; S03- Na* NH; K* Mg?*
Cl-
NO; 0.83
S0%- 0.84 0.96
s Na 0.35 0.29 0.35
NH,f 0.87 0.98 0.97 0.23
K* 0.88 0.95 0.91 0.51 0.92
Mg** 0.58 0.57 0.55 0.86 0.46 0.7
Ca’* 0.46 0.47 0.43 0.59 0.33 0.52 0.81
Cl-
NO; 0.4
S0%- 0.46 0.74
Na* 0.55 0.5 0.36
HE -
NH, 0.33 0.77 0.77 0.12
K* 0.86 0.67 0.69 0.58 0.76
Mg?* 0.91 0.21 0.35 0.59 0.04 0.75
Ca®* 0.84 0.38 0.43 0.81 0.08 0.74 0.92
18 — 0=
a W= b. 4%
16— »=097x+1.75 r=084 O o y=1.076¢1.77  r=0.98 n
n=69 P=0.001 40 |— n=74 P<0.001 ..
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Fig.6 The correlation between calculated and measured ammonium concentration
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Variations of water-soluble ions in PM, , at Xi'an

between summer and winter
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WANG Qiyuan® QIANG Juan’ LI Wentao®

(1. Institute of Earth Environment, Chinese Academy of Sciences, Xi'an, 710075, China; 2. Graduate University of Chinese Academy of
Sciences, 100049, China; 3. The Academy of Global Environmental Change, Xi'an Jiaotong University, Xi'an, 710049, China;
4. School of Environmental Science and Engineering, Xi’an Jiaotong University, Xi'an, 710049, China;
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ABSTRACT

To investigate the seasonal and temporal variations of water-soluble ions in Xi'an, PM, s samples were
collected in January and July of 2010 at four urban sites and two rural sites; GaoLing( GL) and HeiHe( HH).
Five cations (NH,”, K, Ca®*, Mg’" and Na*) and three anions(SO; ", NO; and Cl™ ) were determined
by ion chromatography. The average concentration of PM,, was 172. 6 wg - m~> at the urban sites,
98.2 pg'm’ at GL, and 81.0 pg-m " at HH. PM, , mass had a higher concentration in the winter than
summer. Total ions accounted for 41. 8% of the PM, ; mass, and SO; , NO; , and NH,” were the most
abundant components of the ions, which accounted for 35. 1% , 22. 6% , and 12. 2% of the total ions,
respectively. Na™, Ca’* and Mg’" had a considerable level in both summer and winter, but the concentration
of other ions were higher in the winter. K* and Ca’* had a peaked concentration at the two rural sites ( GL
and HH) in the winter which were different from the summer, while the other ions were higher at the urban
sites in both summer and winter. The correlation among ions suggested that principal water-soluble ions existed
in the form of NH,HSO, and NH,NO, in the summer while (NH,),SO,, NH,NO, and NH,Cl in the winter. The
ratio of NO; /SO, in Xi’an was 0. 64, indicating that coal combustion was still the main pollution in Xi'an.

Keywords: Xi'an, water-soluble ions, seasonal variation, spatial variation.



