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Pollution Characteristics of Inorganic Water-soluble Ions in Atmospheric

Particulate Matter in Chengdu Plain

JIANG Yan'?, HE Guang-yan', LUO Bin', CHEN Jian-wen', WANG Bin?, DU Yun-song', DU Ming'~

(1. Sichuan Environmental Monitoring Station, Chengdu 610091, China;2. Academy of Architecture and Environment, Sichuan
University, Chengdu 610065, China)

Abstract: To study the pollution characteristics of water-soluble ions in atmospheric particulate matter in Chengdu Plain, and identify
the composition, distribution, time and spatial variation, achieve targeted control of heavy pollution and haze days, 1476 samples were
collected at five monitoring sites during August 2013-July 2014, in which eight kinds of inorganic water-soluble ions (SO}~ , NO, ,
NH,;, K*, Na*, Ca’*, Mg’*, Cl™) were determined by ion chromatography. The results showed that the total mass concentrations
of 8 ions in PM, ,,, and PM, ;were 11.35 and 36.93 pg-m >, accounting for 37.8% and 46. 6% respectively, and SNA (SO;™,
NO; and NH, ) in PM, ; ,, and PM, ; contributed 81. 1% and 89.9% to the total ions, respectively. The concentration of water-
soluble ions was highest in winter and lowest in summer. p(SO;” )/p(PM, ) was highest in summer and autumn, while p(NO; )/
p(PM, ) was highest in winter and lowest in summer. SNA, Cl~, K* mostly distributed in PM, ,, Ca®* and Mg** in PM, , ,,. PM, ,
was generally neutral, the water-soluble ions in which existed as (NH, ),S0,, NH,NO,, KNO,, NaCl, KCI and so on. p(NO; )/
p(SO2™ ) revealed that the main source of PM, ; was given priority to fixed sources. Sulfur oxidation ratio ( SOR) and nitrogen
oxidation ratio (NOR) were 0. 31 and 0. 13, respectively, which had opposite changing trend with a highest SOR in summer and NOR
in winter. PM, ; had the characteristics of regional pollution complex, and SNA was the dominant factor causing the increase of
p(PM, ).

Key words: Chengdu Plain; PM, ; PM, , ,,; inorganic water-soluble ions; pollution characteristics
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Table 1 Spatial variation of inorganic water-soluble ions in PM, s, and PM, 5 during the observation period/pg+m 3
I T PM, 510 PM, 5

] N N AU g J KON NG XU Al
S03~ 2.72£2.97 4.70+3.70 5.07+3.99 4.02+3.10 3.70+4.05 12.99+9.42 17.95+9.59 19.67 +8.43 17.56 +7.99  17.66 +9.46
NO; 1.89+£2.05 4.17+3.63 4.78+4.37 3.60+3.45 3.51+3.82 8.80+9.22 15.39+10.22 15.17+9.73 13.84 £8.82 14.45 «11.11
NH,* 0.98+1.10 2.25+2.36 2.24+2.19 1.09+0.91 1.53+2.14 6.55+4.65 10.41+5.47 9.91+4.21 7.55+3.70  8.72+4.94
Na* 0.07+0.06 0.19+0.14 0.15+0.10 0.16+0.10 0.13+0.10 0.27+0.16 0.60+0.27 0.45+0.16 0.57+0.20  0.45=0.16
K* 0.17£0.20 0.40+0.38 0.29+0.26 0.29+0.32 0.28+0.37 1.02+0.95 1.51+0.82 1.14+0.59 1.48+0.76  1.44£0.91
Mg** 0.08+0.14 0.08+0.07 0.14+0.21 0.05+0.06 0.10+0.17 0.13+0.17 0.11+0.20 0.17+0.10 0.08+0.04  0.12+0.10
Ca?* 0.54+0.46 1.45+0.92 0.92+0.60 1.30+0.83 0.77+0.56 0.24+0.14 0.41+0.19 0.35+0.25 0.35+0.25  0.33£0.27
Cl- 0.36 £0.40 0.98+1.08 0.67+0.64 0.71+0.61 0.66+0.55 1.50+1.61 3.63+2.59 2.27+1.71 2.94+2.06 2.69=1.83
SR 6.82+5.92 13.77+10.59 14.25 +11.05 11.22 +8.25 10.69 +7.83 31.42 £21.22 41.17 £26.74 37.65 +22.65 35.29 +21.37 39.51 £26.11
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Table 2 Concentrations of water-soluble ions in atmospheric PM, 5 in different cities/pg-m =3

Hii X P 1] PM,;  S0%- NO; NH, Cl- Na* K* Mg?*  Ca’*  FUEKIE
JNABFIR 2013 458 H ~2014 47 A 79.30 13.88 10.29  7.34 1.92 0.34 1.07 0.06  0.33 ENIEN
A 2009 ~2010 4 165. 1 32.8 19.7  10.4 5.0 — 3.4 — — [17]
Jeat 2012 ~2013 4F 89. 8 19.4  20.3 13.5 3.61 1.19 .05 0.05 0.78 [8]
EIR 2010 ~2011 4F 104 24.8 7.90 875 0.71 1.44 1.77  0.21 3.00 [19]
K 2008 4F 144.6  24.1 16.6 8.7 6.7 3.4 0.9 1.0 1.8 [20]
I 2007 4 79.2  21.6 9.5 7.3 — — — — — [21]
HiX 20124E9 H ~2012 411 H 99.74 15.05 8.72 6.07 0.74 0.29 0.94 0.14 2.03 [22]
it 2003 ~2005 4F 94.6 10.39  6.32 3.78 3.00 0.57 0.63  0.28 1.25 [23]
PR 2010 ~2011 4F — 23.18 21.99 11.44  8.63 1.47  2.01  0.58  2.43 [24]
BmHilX 2010 45 A 54.8 11.4 9.1 4.5 1.9 0.4 1.2 0.2 0.7 [9]
ARE 2009 ~2010 4 — 35.1 29. 8 9.2 8.6 0.7 3.4 0.3 2.7 [25]

2.2 CHUKEMEE TAE PM, ,_,, M1 PM,  HH A9 50 fi
FEIE

ANTR] B 7K P B 3 i ELA AR R AR AR 0 A B
T, RS T J AR KV R S T Y A A LR
3. p(SNA)TE PM, s iy 5 LU B B & T PM, 5, iX
FEESEH T RAEE Y (W S0, . NO, , NH, 7)Y
TUREE AR A BB R R RN A R R S R AR AR TR
FEH RS, ARFF RV BRER R AR AR 4
AN, FEAERTE0.2 ~0.8 um JLHEN; 7275

YU T T, AR h 35 AR R B T AT AE T
4k 7 7E 0. 65 wm A16. 25 wm [EPRAE H BLIH B
(IR 5 28 7E KA R 2 SRIRES &, Hobife o i
SRR ER AL MR T SO EEORET Tk IR
FIRIE IR T4 7 19 CaSO, 251270, MR Frh NOS
Al RESE KA N P24 HNO, 528 Ca® " 45
SEAPIECY  NH, WA S0, 5 NH, 78 Tl
TR FTRMRE QR T A 7 A 35 A0 B 1 T2
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p(Cl™)FE PM, s e F PM, 5o, PTRE
TV IEHERCAY HCL 5 NH, 288 A0 S0 1 B %
BEASHY CL-P% 0 p (K ) #E PM, s ARG 5 FE B 8 3 T
PM, o, HEDIE AR 9 BT RABE 7 ) K, CO; [FIPR TR S
Th—i 2 5 WA BB T W RS K
p(Na* ) 1E PM, s "1 (5 LL W & PM, 5. Mg®* Al
Ca’ " FBAFAET PM, 5o, RURAL G 3582 | B %
KSR s RS et 2.
£3 PM,  fPM, ,FKBEEFETHEGHD

Table 3 Proportions of water-soluble ions in PM, 5 and PM, 5 ,,

25y A% B/% A/B
S0%- 18.2 13.3 1.4
NO5 13.8 11.8 1.2
NH,! 9.7 5.3 1.8
cl- 2.7 2.2 1.2
K* 1.4 0.9 1.6
Na* 0.4 0.5 0.8
Ca?* 0.4 3.3 0.1
Mg * 0.1 0.3 0.3

1)A, B 5302k PM, s Fll PM,, 5 _ o TOKESPE B F BTtk 194 B b L

2.3 B AT M SNA BT AL ]
BT PE
A=[Cl"] +[NO;] +2[S027] (1)
C=[Na"] +[NH] +[K"] +
2[Mg>* ] +2[ Ca®*] (2)
K, AN PM, RIS 2455 C HIHE T4,
A, C KA BEF AN wmol « m
SRAEEIA], AR IR PM, P B PH S 7 24 0 LA
g4 A/CRHETES>HES>HEE>HEHE JEE
p(SO; ™) Flp(NO; ) B ,NH, SEBHEFHhAIA &,
I HATREFEAE H Y RS2, PR IRk 4 2 UKL ) 522 55
fiath. AR FRIURL Y A 5 v T 2 R 4 Hh P
BT YEe THE -, TR RN P, E
'S LRGSR E, p(F7 ) KF p(Mg* ),/
Fp(Ca®*), H CO>~ #1 HCO; St A — & 5,
NO; ¥ K IR —A~ T2 R A
HKZA[NHS ]/C Y978 0.80 LU B (WL 4), &
A NH, J& PM, ot 3 2 v fAE G i 5 1
p(NO; )/p(SO;™ ) [ W T # sh il (#Lah 4= ) Al &
R IR ) Xt J0RE 0 19 AR X BTk, 5 0K LU (E BRI
(<), Ut BTN E,; K > 1, AR sh R
HEPT EHEE p(NOS ) /p (807 ) KT f
FA AR AEHIE N 0. 74 R T2 A4 X 2009
~2010 4F AR IR X B AF IR 45 5 (0. 61) , i TR

(0.31) 5 (0. 27) PRI (0. 16) P b
H0(0.72) YA, 18R 1 E AR PM, i R

KR AHA R BIEXS PM, s B TTRRESE .
F4 PM, HFE. HEFHYELUAR ZXEFHLLES
Table 4 Equivalent ratio of anions and cations and

the ratio of secondary ions in PM,

oA % HFE  KFE AT FHE
A/C .00 0.89 1.05 109  1.01
[NH; ]/C 0.82 0.8 0.87 0.8  0.85

p(NO7)/p(S03")  0.84 0.41 053 101  0.74

SOR HI NOR 43l % LA ¢ (SO;™ ) /[ (SO; ™)
+¢(S0,) 1Hl ¢(NO; )/[¢(NO; ) +c(NO,) ] (c Iy
AL A wmol - m ), IR /INiE B SR FRAR kG g
YIIE I, . Ak 2% SOR il NOR HfE MR , K
S S0, F1 NO, iﬁké@:?ﬁ%‘%@%” LRS-
J5t SOR #1 NOR ) Z& 1 25 fL Wi &l 4 Jr7s. SOR Al

NOR 4E Y4918 4% %} 0.31 F1 0. 13, SOR & T & K

(0.26 )1 K HE (0.20)20 ) K Tk B B IX
(0.33) " A 5 & % (0.57) ) NOR & T H#H K
(0.12) " A% F K (0.15)M B ER R X
(0.19) "™ FI g 5t & Z (0.18) ", BB 5% 15

P SOR KT 0. 10 B, KA AETE SO, Bl
AL, VR ARHIEGT B R R A S R Eh AR KRR
Rt ek IF H SO, & NO, B4 kA
Uik, SOR E & Hii (0.33) , 2 (0.25) Ak,
FKE B EIREE(25.4°C | 76. 5% ) FIT K A4k
S2PZN ; NOR & 2455 (0. 19) , 2 (0. 07) ik,
J R S R R AE AR TR I A 858 T B B R e A7 7E. SOR
5 NOR ZE L e A I, B — 3 Mo 4 10 | 500 PG 3%
TRECS AL RN, 2 SE PR KA R NH, W
E—ER,S0;” MINO, a4t S NH, 454,
M w4 % SOR Fl NOR.

0.40
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g 030
g
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Fig. 4 Seasonal variation of SOR and NOR

2.4 PM, HORIEPEES T ROAE SCE B
WK S Fias, PM, 5 BH BHES 24 5 0 AH P b
(R*=0.94) , HZHFE P I T2 R ). 4%
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IR B - 22 1) (4 P DG BB A8 Joz W SR VR ) A L
JERTES F A 20, A R B3R 5. SNA 4%
BT 8 R B A PR A, T — YR PR (BR
SNA DA HA S ) Je— IR 5 SNA AAH G
B AR [ 1) 8 1 A I R B8 2 Ak ok R A
TEZ5. p(NH, ) 5 p(S0:7) Ml p(NO; ) HIAH I
U | BORR TR e FI RS R Bl & SNA 1Y R BAETEIE . £
&M NO, 5 Nat, K" 454, p(Cl7) 5
p(Na™)  p(K*) . p(S0;" ). p(NO; ) KM RIEEL
I A, Cl- s 5 NH, 454, BRI R
o CL™ REORIE T AW Bk e . BRARE B 47 30 4% e
A MRIRAR OC RECHE PV, PRk T R
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Fig. 5 Correlation of anions and cations equivalent

®5 PM, RKBUBEFRERENERBEXRY"

Table 5  Pearson correlation coefficients of PM, 5 and water-soluble ions

p(PM, 5) p(Na™) p(K™) p(Mg**) p(Ca®*) p(Cl7) p(S0;7) p(NO5 ) p(NH, )
p(PM,5) 1..000
p(Na*) 0.788 " * 1. 000
p(K*) 0.719** 0.687** 1. 000
p(Mg2*) 0.250** 0.194** 0.182** 1. 000
p(Ca’*) 0.453** 0.585** 0.400* * 0.113 * 1. 000
p(Cl7) 0.820** 0.806"* 0.609 * * 0.215** 0.375** 1. 000
p(S0;7) 0.827** 0.578** 0.574** 0.144** 0.308* * 0.531** 1. 000
p(NO5 ) 0.906** 0.731"" 0.571** 0.243* 0.381** 0.786* * 0.749 %~ 1. 000
p(NH; ) 0.926** 0.711** 0.585** 0.281** 0.327** 0.758** 0.882** 0.921** 1. 000
1) # % RI/RTE 0. 01 K b R FEA I (CRBUN) 5 * FIRTE0.05 /KF LW EHI; n =364
2.5 AR=ESBEINT B HRE = 200
N g 25 "
R R 28 Ui 48 B0 (AQD) HE AR L AE (i 2 3 N ] L
£5)) (HJ 633-2012) ™7 $52 p (PM, ) #5385 25 < Ik % 0| = SO /3/ 100 E
= . . _ _ —4— NOy~ "
B (<35 pgem ™). B (35 ~75 pgem ), £ |- ,(i*/” . %
REVSH (TS ~ 115 pgem ™) L PETSR(115~150 p I PN :
pgem ) FIE V5L (150 ~250 pg-m )5 PG, O 035 3575 75115 115-150  150-250
2 )
WROK S Ry e iash  inEl 6. Blitp(PM, ) "Mz--"“m’m*’“g'“‘; Q
BA 4B T T R EE R [ FF. b SNA i e b B6 ARZHERELNPM, FEBFRETHL
&i?i j:l Eﬁ I jt ﬁ:% NO- %,l Zi“ I E ?_% g% Hﬂ_ Fig. 6 Variation of ions concentration in PM, 5 at
B ’ 2/_\ " 7 B . /’ different air quality level
p(NO; )5 p(SO;™) A, MM p(C1™) Al p (K™ ) K
MG 0 SNA JE3E 1 p (PM, ) A 3.
HBEA % SRR R, 4% 55 F-XF PM, 5% e — — —
. . . = —+— NHy" —0—C|” —8— S04y —a—NO; —x—K
BRE (UL 7) 7T B p(NO; ) /p(PM, 5 ) KIE 2
<20 [
M, 9.5% 3 17.9% 3K K 90%. p(Cl™ )/ §:
p(PM, ) 1 2. 0% 3 0% 2. 8% KRN 39% . it & ol
LR G H G L U A AR M A ARAT , & 2Rl B
PR ERFS e T s HZZE KRS I, C1- 7R T e B e e —"
i |28 BREEGR ppEER EAET R

FIIRAAM T B R p(S0;7)/p(PM, ) Fil
p(NH4+)/p<PM2.5)H]§ﬁ—F|§%,p<K+)/p<PM2.5)§/f‘t
K.

RNk 5
B7 ARESRELINEEFAHE PM, Lo

Fig. 7 Proportions of the ions in PM, 5 at different air quality level
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PR M B 7 B 4008 11,35 pg-m > F1 36. 93
peem 5 UK TR R Y 37. 8% Fil 46. 6% , H:
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TR, KSR T REREA RS, R
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PM, 9 DX 3801 5 5 75 YRR .

(2)SNA, Cl™ | K" KRZ4HMi1E PM, sH, F20k
R TR Y 0 R Al | SR S A= W R %
Ca®* Fl Mg® " FEZAM A 7E PM, 5o, R IR AL 45 + 3158
2B IE SRR R

(3) WERSF L SOR 1 NOR AEX(E 2351 4 0. 31
#10. 13,50, % NO, B 5 & k%546, SOR B 2=
e, NOR & &% 5, SOR il NOR Hiad MK &,
p(NO; ) /p(SO; ™) 7 [ % PR AK SR & PM, 11 £ 22
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