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Continuous online observation analysis of water-soluble ions
in PM, ; from the atmosphere in spring in Taiyuan

LI Yongqi " ZHANG Guobin

( Environment Monitoring Center Station of Taiyuan, Taiyuan, 030002, China)

Abstract: In order to reflect the characteristics of inorganic water-soluble ions of PM, in Taiyuan
systematically, tthe variation characteristics of the inorganic water-soluble ions were measured and
analyzed by onling gas and.aerosol monitoring instrument( Marga) from March 1 to May 31 in 2016.

Results showed ‘that secondary aerosol ions SO , NO; and NH] were the main components of

3 3

inorganic water—soluble-ions, with the mean values of 13.7 wg-m™, 14.7 wg-m~ and 10.4 pg-m"
during the observation period, respectively. The sum of SO; , NO; and NH(SNA) accounted for
81.0% of the total inorganic water-soluble ions during the observation period, and the ratio was
68.5% in PM, . The diurnal variation of SO, NO; and NH} showed a single peak. However, NO;
was slightly different. Thermodynamics analysis indicated that the theoretical equilibrium constant
(K,) of NH,NO, was different from the observed concentration product( K, =[ NH,]x[ HNO,]) in
spring, which lead to the different variation of NOJ in different months. The sulfur oxidation rate
(SOR) and nitrogen oxidation rate (NOR) were both greater than 0.1 during the observation period,

which indicated that both sulphate and nitrate in atmospheric aerosols were mainly secondary

pollutants formed by conversion in Taiyuan. In the process of typical air pollution, SO, NO; and

2016 4 12 A 2 HI{AH ( Received ; December 2, 2016).
= JEITEEZRE A, Tel : 13485348376, E-mail ; liyongqi103@ 126.com
Corresponding author, Tel: 13485348376, E-mail:liyongqil03@ 126.com



1778 B2 5% 1k 2 36 &

NH; were well correlated with the visibility and relative-humidity, implying the strong association
between the low visibility in Taiyuan and the formation of the secondary inorganic ions.

Keywords: Taiyuan, SO} , NO;, NH;, water-soluble inorganic ions, diurnal variation.

IKIEPETCALE T B RS R EZE A R, FEAE SO \NO; NH; Na® K" Mg™  Ca* Cl”
FE T, HORE R TEY T LR MR IR Fh e X e S b i A BRIt e 2
A A B 25 b 7 R, 2 L H,S0, 81 HNO, J5 F-5 NHy 256 A2 Y ik is 344, e AT
ST Rl LB A A S AR R, SO NO;  NH S8R F 5 6 U R B A et K FH e g4yt iR
TEHUAKIAE MBS T AR AR RRIE 4153 L R Ts YR i vp () — N2 T AR e 2Rk 2= i R KR
TG YRR A B IER > —. HAT, X KB T OHLE F M5 © 245 VR 2 AH RS 2, 3R 4030
mAngEEE > N et et K AR X PM,, s KA T S T G 2L R 2 AR AR AR
7T W58 5 R M KBS F (SO \NOS (NHJ ) J& PM, 519 F 27, SCHR[ 14,16 1% NH; 5 SO7 1)
456072 B T TP A EAT TR TR A AT  SCHR [ 17-19 ] %3R5 25 S rh NH,NO, B9 A= s HIL i 37
AT THIEGE , IA R B RN B 7 LA L o] o ke 25 A T 22 A0/ . e R 1 G 4o b X, KA PR 8 T2 K
SR B EEE AT, TR, T A 24 SR ) K M R I A R TE X TR A TA A A ) 7 £ B 1Y)
S S S Ak HLA HE R L

AR SCHY e P 1) 43 B3RS S A E 2 I 15 45 ( Marga ) X K JEL T 2= PM, oK i M TE L 2 1k
57 SEBF WD % AR AR AR S BOML HEAT T A VRN MRS, DA T b 777 M 285 ) 8] 8 S 5 A0 1)
KIFTTRATT YA A SN T, [R) B A A BURF i) 52 A5 R4 75 Y i il 15 it 4 1k — 52 ) Bk 2
A

1 SRHE5 01717 (Sampling and-analytical methods)

SRAE F AR AE A T BRI W rpu O B BE T (37°52709 " N, 112032/ 13" E) |, BEHB I 24 15 m, SRAE A i kb
el A3 A BAR A 1K, 8] LG i R e AR il alr A3, BRI N34 G s A, T AR 3 R i i 7Y
FR T A | SREEFR] 2016 4E 3 A 1 HE 5 A 31 H.

TEHLAK T B IS o3t Metrohm 2 &) A= 7 (1 78 28 UM/ B W DAY (Marga ) , AL 5 4
FERFE RGO AT R G, 0 2 RGN o 25 2% M S AV M WAL 408 D 0 5 e i) o ml i e 1) <A
TV B SV R, 3 T 5 € 335 o I 03 Jie b mT i 1 8 F 43 (SO5 U NO; \NH  Na™ (K* | Ca™ |
Mg> (C17) LIRS (NH, JHNO, . HNO, \HCI1.S0,) , B A LA 25 3545 /)N i A A R 05 T e 2 11

SO, AR FH 25 IR L Y Model 431 [ 2l M I35 2% NO, TR FH 58 [ A HL Y Model 421 F 2l sl
P45 s PM, ISR FH 28 L Y Model 5030 SHARP [ 50 W 5% 4% ; fE WLRE AR B %< S 508k B
T KD A B WDl e P A5 B Bl MR A, 32 W a5t A7 T A T TR BRI WAl v .

2 5 R 5178 (Results and discussion)

2.1 KEEE TR RRE

AWFFEXF KT PM, 8 FKIEMER T (S0Y \NO; NH] \Na" K* Mg™  Ca® Cl") #E4T T Wi 43
Br, & B F 34 H BURBE(E S HAE PM, P BT 9 HE FE A6 1 .

M1 HRIAEL ZERT RS 3 S H A, SO  NOS  NH PSR K PR B 7 10 FE 2R 4H Rl 4, HEAE W39
] R 3590 8 13.7 .14.7 .10.4 pg-m™ ,SNA(SO2 \NO; NH; ZF) 55 TWSIT( B TCALKIEE B T )
B FAEAE 3 A H R B IR N 82.6% .80.1% 80.3% ,4 HF15 AAHZEAK,3 AMmAX m—2t K-k 3 A
AT5A — BEist )& TR0, 5 S8 Ak A R AL 1 B s AR R, BT R e SO NO; L AH X
e N AT LU Y KV VE RS T2 P, T8 B2 R4, TWSIL 55 PM, S HeffAE 3/ H i e
FHIEL 80% ,SNA [ PM, I HLEE S 68.5% , Hi SO 28 24.2% NO; 4 25.9% NH;; & 18.5%.7£ % 1
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H, Ca L AT —5E Y LU, B VR B2 B G I B] (R4S SRR 3, T Ca™ EZOR | TR S 1%
A FF I —LEYb A KA, LSRR T 5 THR I Ca® YR BE I N B4 S R OO A Hh B NOS
I SOT 1 Jot F e J3E b AT P L A 1 R RVRS 20 5% A0 A 0 28005 e I AR Bk o2 i RS
ORI NOS/SO% Bkt R AR T 1 RPNl i e AR S35 G Dy Sk 2 181 U5 e o 3.y A
PRI s A SR T 35 A5, A2 AL A A 5 0 A B S LI B0 1) SR NOS /SO 18- 2 Jot i kB LU AE
1.07 , 6 13000 390 ) O D s 32 ] YR A0S SR M A 4

R 1 EZRBEETCHE TR FEE (pg-m™)

Table 1 Monthly mean concentrations of water—soluble inorganic ions (pg-m™)

Hy

Month S0?” NO; NH} Na* K* Mg Ca®* cr- TWSII SNA

3 14.4+12.1 17.0£15.8 11.7+9.6 0.4+0.2 0.7+0.3 0.8+0.9 3.9+£2.8 3.3+1.8 52.1+37.8 43.0+37.3

4 12.9+9.4 12.5+9.4 9.7+6.8 — 0.6+0.3 0.4+0.1 5.8+2.9 1.9+1.1 439+ 242 35.1+24.5
5 13.5+8.1 13.1£9.4 9.1+6.0 — 0.5+0.2 0.8+1.3 6.0+£2.7 1.1+£0.7 44.4+21.8 35.7+23.1
HZ  13.7£10.3  14.7+12.7  10.4+8.0 0.4+0.2 0.6+£0.3 0.7+£0.9 5.0+3.0 2.3£1.6 47.8+£30.4 38.8+30.5
2- - +
3 82.6% 80.2% 22.1% 26.2% 17.9% 66.3% 64.9+ 41.8 64.3+39.1 41.5+15.8
4 80.1% 82.3% 24.2% 23.5% 18.2% 65.9% 53.3£28.2  33.0+19.5 32.2+6.8
5 80.3% 92.3% 28.0% 27.2% 18.9% 74.2% 48.1+14.00 34.5+15.9 40.1+11.4
HZ 81.0% 84.6% 24.2% 25.9% 18.5% 68.5% 56.6£33.5 47.3+32.9 38.2+13.0

T TWSIL: SMITEHUK PR TS ;SNA: SO2 NO3 NHJ 3 Flves T BYvR 2 Al
TWSII; Total Water Soluble Inorganic Tons; SNA; the sum of SO3~, NO3, NHj

2.2 FEOKEMEE T H AR RE

XS TR H AR RIS A R 5 A o A LR A A 5 JRHE B S B i BRI O R E 1
RIFETHZ LR E 5B 71 H 28 b3 8,802 NO; NH 45 3 FlBS 7 B9 SRS (b A — 3, B
H I BT, 78 12 s 2047 G 205 8T TR, 18 s A2 A7 iR BI04 2 H AR (R Rk £ 22
P IR it 5 A 9F) 6 S5 3 e, A2 S Ak SRy 3 5 1 ke ). 1 1 R B AR ARt B T X — i, TR A
PRI ZE SR B AR 14 85 DU 38 3 it 10 A, 3t U BH Y f 27 S5 1 32 ' BGRB8 1) 5% i B AC. DCTET 1 v,
REE H, NOS AHXTTF o5 A0 W B s 1 W {E e J vk B TG B AR, 76 T 1 16 S A2 A B B IRk B, B A8 1k
% K BH 8 S5 R, B 0 5 M4 K ONOS 7 PML, s P SR DL NH,NO L B U7, 8 7 T 5 oo B 2 o fie A
HNO, il NH, , 3 ECH R AR s A A & 121724 3R] 3 s v B8 1) oo 32 B 02 v VBOH = I A
. Ca™ W PR T R A R, e (IR HE B AE 20 f Ze A5 /PG L R , AR5 4
BB Bt R DR s LA B AN BT 151, Ca™ R JE DN O s JFBA T T [, 1EL IR B8 {1 R /N ke
PN S NG

Kl 2 J& SOT \NO; NH; 45 3 RS T35 HARfEAE B0, B 2 Hn] 11, AHERE T SO Fil NH , NO; Bk
JEEARG B s —28 Hoh 3 H 15 HZE 24 H 3 FPeg T AR =, 7R BL I ) 25 B i 48 4R (AQI) fH —
EALT 4 Gk 8 TR BETG Y, AT UL R 55 5 K B B E B R, LA BOK TR TR SO
YHl 5317
23 ZRETHHEEFRSMLR

R2HH T RE T 5 HEE TR 1AM, N3 2 tpon 81, RS T =22 8] i AH G R ECER
NH; 5 SO; .NO; A& 250433120 0.96.,0.92,80% 5 NOSRIAHKE RN 0.83. IR 75 Kbl — &
BRI SEME K5 SO%  NO; NH FIAH & R 80409 0.56 ,0.67.,0.65, X 6 HH SOT NOSBR T 5 NH; 45 &
Hh T REAEAE S KT 4856 TE M) K, S0, (K, NO,.
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Fig.1 Diurnal variation of major water-soluble Fig.2 Daily variation mass concentrations of
inorganic ions water-soluble inorganic ions in spring
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Table 2 Correlation coefficients of secondary ions and other ions ( R%)

S0% NO; NH} K* Mg Ca®* cl-
S0 1.00 0.83 0.96 0.56 0.05 0.11 0.16
NO; 0.83 1.00 0.92 0.67 0.04 0.10 0.12
NH; 0.96 0.92 1.00 0.65 0.05 0.13 0.21

NH; 5 S07 NO; 45 &7 X — R e iR R W, B AT 45 & 02 585 T (14, NH 38 5
2585 S0T 45 A E L (NH, ), S0, 3% NH, HSO, , M| 43 1 NH; &5 NOS o C1™ 454, JE i NH, NO, 5%
NH,CL. 26T NH} 5 SOT g & 72, T AU (0#T(2) skttt >

24 NH; LA (NH, ) ,S0, F1 NH,NO JE 2RAFHERT  NH B9 H5 B B h .

[NH, ] = 0.38[8042[] + 0.29[ NO;3 ] (1)
24 NH; LA NH,HSO, F1 NH,NO JEAF LR, NH A5 5 N .
[NH;] = 0.192[SO; ] + 0.29[ NO; ] (2)
PR 2 5 S PR (R il U A, HLAA ULIA] 3.
nsfp @ . ssf @ .
a~ 11-0_- y=0.83x+238 . 80 y=0.55x+1.10
£ 105t £
= 2
Z100F =
Z Z
3 9.5k g
< ool <
S g S
sof L
1 | L 1 L | 1 1 L 1 | 55 s 1 L 1 ) | s 1 s 1 |
8 9 10 11 12 13 8 9 10 11 12 13
Measured NH}/(ug-m—) Measured NH}/(ug-m™)

3 NH; SEE 5 iHAE g
(a) (NH,),S0,(b)NH,HSO,

Fig.3 Comparison between observed and calculated values for NH;

M3 A, M LA (NH, ) , SO JEZAEFERT , B2 AR A 0.83, 15 T LI NH,HSO fE7ER LR AR,
SEME ANAG S B 5T, HEWT SOT & LA (NH, ) ,S0, JEUF7E.NH, / SO = 4.07>2, i8] SO Fl NH; fE
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e 254 s NH,/ (2807 + NO;) = 1.11, 7] WL NH; 5 SO% \NO; 454 52 /5 1A & /& ;NHL/ (2507 +
NO;+ CI7) = 0.98<1, Mt NH; LL(NH,),S0, NH,NO, NH, Cl J& 27775 I B A T4, 454 i 1 0 204
AR ATREA #4 SOT \NOS 5 K 4564 i #h.
2.4 ZIRETARBLE S
2.4.1  BRAEALY R ALY I AR AR

WFFE M, 505 \NO; NHJEH SO, NO, AT NH, 85— UK R A4 7 R i e A2 23 ) “SORH AR S i
JE A BT SOT NOS (NH ¥ BE K /I A2 31 B 45 25 A0 e okl 56 S0 1 5% . it 40 AL % (SOR) R AUSALIL %6
(NOR) FJR/INAT LS e SO, F NO, [ B R -5k RIS R 56 % Ak 0 A B R /2, 3 A =t (3)
F(4) s .

[n-S0% ]
SOR = - (3)
([n—SO4]+[n—502J)
[n - NO;]
NOR = (4)

([n=NO;] +[n-NO,])

Horr n ARG X A A2 2H 40 A EE R W 5 .SOR il NOR F{E K, M2 7R SO, Fll NO, AR KA
T A TR B N B 22 i Al R R IR B HORE SOR B R 0.4 1 VE S P S0, &4 Ik
AL ) SeBRi A AE R I  SOR A1 NOR HYMEAR AT 0.1, BiBA K i KA e P BB R A0
R ER E B St ALY ) ik i5 4. [l 4 J&4ZE SOR K& NOR |y HARfL A1 AR fAFAE &, A H A8
AR AT, SOR 6 b N HEE 0] | H i i iR AR 7 8] 0 B e RS EAR HL 35 v, B SOR AR/ VAR
1515 4R O¢ , 32 KA 4 MF 2. NOR B9ZE 1L R SOR AR, WA I 8 e R IR T, 14 5
IRBIE A, e T B, B TR RS, NH, NO, 23 A i HNO, Fl NH, , 38 i NOR {H AR LB
2 A AR AR P R e i Bl LB ) T ' R B i DA e 23 S EE A3 K, SOR B TS K, NOR {3 H
BH 4 ABFHZEAK,5 FAREIR, 3% AT REER NH, NO A5 T BERH A48 s A5 B oA .

0501 () CesoR 030 () = SOR

045k —*—NOR s I 2222/ NOR
25

020

SOR/NOR
s <

i

S
—————
SOR/NOR

o

O

T

o

=3

S
T

DA
DA\

1 1 1 1 1 1 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 14 16 18 20 22 24
Time

Month

B4 KJEI#ZE SOR & NOR HZ{L
(a) HAEfE; (b) AL
Fig.4 Diurnal variation and monthly mean of SOR and NOR in spring in Taiyuan

2.4.2  NH,NO, R4k 5 f

KT NH,NO SRk, 7T UMAA 1505 TEHEA T AXHT AR IR T 170 C R, T AR ER 15 A SR
IR 2 A7 R4

NH,NO,(s,aq) == NH,(g)+HNO,(g) (5)

T2 AL NHNO,  ZER U NH 15 HNO, I TR (K, = [ NH, T HNO, 1) K F i T
(K.

RN B (S) T B R AL (K,) SR T SRR

24084

In(K.) = 118.87 - ~ 6.025In(T) (6)
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W AL R] K, K, /NG AR AR EVE IR, S5 5 DL IR ST S 2 Um0 1e] K, K, e RS ] A 28 AR A oo
M5 gl A AN E S Gyl i 22 5,3 AU, K, (B 24 h W—ELK T K, , ) 8] NH,NO,
AR T R T, A R K B 7 NOS 1A ;4 Ay ih A8 164 3 ANB B, 1 A58 13 55 K, IE K F
K, , ]I 1) NH,NO, AR 7 m AT A A F IR B NOS PR 14 55058 20 3 K R T K, , R )
NH, NO, 43 i 5 [ -1 T, NOS R FE R R R #3421 255 24 5 K WK T K, R SCEEH [a) NH,NO, 1)
Az BT I HEA T, AT UL L BT A AT NOS AR . 28R, B 7 MR Y A 38 i , NO St 3B 43 ik
ARSI A B ;5 7 43 W 25 26 2R AR 1 B S AR Fn 4 H 3 AR TR) 2 3 B BEAL AR, R Bl 24 1R
FER T, AR ) B S IV [7] NH,NO, 23 7 [ 647 A0 ek ) i 4R AT, 7T 00, NH, NO, 78 F KR B 4 i G i
HERFRRE , 255 & AL At i NH, AL HNO, |, B 1 G2 35 B B AR LR 2 NH,NO, 2B 7 5 ) 32877

NH,NO, 5 B2 SARHE A — B R O T T e ¥ 4.5 AM M K, K, L
B K 23 AN R RS T2 3 (8 3 M K, >K, IR N 35.7%) 44 & 5 v 4 5 A 2 A )
BRI A PRI T4 A B o i 3 IR B N 3 FR T LB Y AN IRTE 4 AR 5 A K 5 K, #5725
AT I A A [ %) A8 Ak B4, 7 D B ARG A8 v 1) B b, K (B0 KT K (., SBE [ NH,NO, i 4
BT AT AR T R B NOS B AR B T 2E T A0 R AR X BAR A R, K BN T K RO ]
NH, NO, 53 i 7 32515, NO; e B AR

. K"l * KC

40r 38 40r 48 40r 54
35t 35k 35k
30 30 301

" sl =l Bl

g 2 g 2 5 %

g 20F g 20} < 20k

4 & o

f=} wn
T
(=} [
T T T
(=) [
T T

Sk S5k 5k

om. (1) I e AN T P Y 1] NP R B A B
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10152025
Time Time Time

5 WIIHE K, K, HAZ S5

Fig.5" Daily variation of K, and K during the monitoring period

T3 ANIA] I I ] BE A A AR X R
Table 3 Relative air humidity during different observation period

o K, >K, K, <K, K, >K,
Bt KBt KBt

| 46.8(1—13 1) 25.9(14—20 %) 36.3(21—24 45)

5H 49.9(1—11 ) 32.9(12—21 &) 45.5(22—24 /5)

FRAE DL o Brad S, ol DAY L AR - YR B o v TR R R 2, /) 6.7 .8 19 3 N A KIEECHLES
T NO; Ak BN 5 A 0y A AU L R 30T, ks 2 B P AAIG, B A 3 v B AR AR AR AR
2.5 AR SOT NO; NH; AYARfLARE

HIEHE T SO5 \NO3 NH (14 HARE AT H AR L FEAE , T HDRF 45 A Ao f B S Br 3 5 78 AR
YR pg AR e B 2 sl 3 H 15 HZE 3 H 24 H 2 PM, B 9 — A 1a) B, H o) & s (e
163 pg-m™ SEYEN 114 pg-m™ I BTRAGBEEAIAL T 4 HKF-, 15 5] SOT \NO; NH; 1
WREH S H B R KA AN 4 s, W& 4 a0, J5 Jemt B 3 FhEs Tk S B2 S IR R
VR BE AL
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ZE LA R TT AR ZE R PM, s /K 1 5 e 2 O 43-#7

&4 S0y NO3 NH7EVG R G0 BRI X H (pg-m™)

Table 4 Comparison between haze days and non haze days for the concentrations of SO;, NO;, NH;( ug-m™)

803" NO; NH}
5 3Lt B 28.7 35.2 23.1
INESN 11.2 11.4 8.4

{5 YLd0IE] SO3 \NO; NHj FAEULEE |25 S BE M2 AL AFAEAIA] 6 iz, IR 6 () Hhml 241, i UL EZ 11
PR RE AT ) B 1] O FR . AIET 6(b) T LA H X6f 1 B UL BE AR B8 I ) 55, SOZ™ \NO; | NH AR B2 147 1 BLAH
IO AIEEAEL, B O3 \NO5 NH R BE R4 Js B UL BEREAAT BRI 2L SO \NO;  NHG 55X BE 1) A2 AL 155
DUHEA—E IR BRI T S0, \NO, Al NH, 35— UK Il —Uki5 5% SO \NO; NH; FIFEAL.

5500 (a) m Visibility 1 70 (b) 2’
L * Relative humidity 180 65 X S04
/ . 6o I\ *NO;
5000 - . / 1 o~ / —A—NHj
/\ [ % 470 o 2 33T [\
I /A [ T ]S @sof /
£ 4500 /o / / £ St /
Z e [ T8 £ af
Z 4000 \ *><-< | lso s E sk
B *. } - = 5} —
N \a*/. < 5 3oof
3500 \ A / 1 & Oa2sp
3500 \ / | \,/ Ja0 ok
\, L]
* 1 ]5 -
3000t v 0o e e 130 jobt—— e 1
3-15 3-16 3-17 3-18 3-19 3-20 3-21 3-22 3-23 3-24 3-15 3-163-17 3-18 3-193-20 3-21 3-22 3-23 3-24
Time Date

B 6 SO} \NO, NH; Sfghl i & %5
Fig.6 Relationship between visibility, RH and SO}, NO;, NH;

3 %518 ( Conclusion)

(1) BZEWIEE 3 A H o, S05 NOSINH, PR /KPR B 0 E 2 R4, 3 A0 3 Bl ik e
HLZE T 4 AR s A6, FZ2=8A I AT =5 019 F (SNA) & TWSIL{E/ A 72400 81.0%, &5
PM, s 173800 68.5%.

(2) SOF NO3NH7 &5 3 P57 (A OCE M REL(R® ) B3, B AE 0.8 DL b MHOCHE /BT R W, B 7
8] =2 L)L (NH,),S0, (NH,NO,/77E , 75 AT REA NH,Cl LA M /b SO NO; 5 K &5& A4 i 446

(3) SOT \NOT NH; HREE Y H S Ab 55 10 A — S, p B0 A8 b iy i 34 Ui B8 RO IR s A R 1 e 7
YR 3N (0 NO; R BEFE IR A m i AR AL B B (B, 30724 40 BT 26 B NHL NO - % 8505 18 8 AN B A
K, NH,NO, 75 I B 48 B it B 0 i > NH, AL HNO, |, 35 i NO; ¥R FE B BAIG 5 1R B (IR k45 R NH,NO, i A=
B, BN T NOZ A B B3 K AT R T NOS v BE A3 in UL ] SOR A1 NOR A{EAR K F 0.1, Ui
B RS T KA I P B B R A IR &k T2 SR 2 ad S AL TE i — 5 YWy,

(4) ARG YRR SOT (NOS  NH VR BE AR (034 55 68 UL RE RE X B ) A8 A A AR G i Xof I G &R | T3
W R T AR AE UL BE 5 IR B (SO5 \NO3 (NH ) I A i K.
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