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Abstract: To investigate the acidity variation characteristics of fine particulate matter (PM.;) in the areas down—wind of
Jing—Jin—Ji region in winter, the Qimu Island Environmental Monitoring Station, situated in Shandong peninsula, conducted a
PM.; sampling project for the period from 3 January—11 February, 2014 according to the sample collection schedule: one
sampling every 12 hours. The analytic results of the samples showed that the average mass concentrations of PM,; during the
sampling period were (77.1£58.7) pwg/m?; the total content of water soluble ions including SO,*, NO;~, CI', NH,", Ca*, K", Na*
and Mg accounted for (37.3£16.3)% of PM.,; mass, among others, the share of SO,””, NO,"and NH," were the most, and no
obvious variation of the contents of PM.; and the ions was noted day and night, but the variation was comparatively remark-
able according to the trajectory classification of clustered air mass. On the basis of the assessment by the ion balance method
and modeling of ISORROPIA II, total acidity and in—situ acidity were (309+544) nmol/m’and (193+292) nmol/m’, respective-
ly, and no notable variation of total acidity of PM.; was observed for the day and night but the change was significant accord-
ing to classified clustered air mass. The M—K test indicated that acidity decreased when the 2" class clustered air mass oc-
curred, and the linear regression analysis suggested that it was the in—situ acidity that notably influenced the total acidity and
the water content in PM.; was unlikely the main factor that restricted acidity of PM.;.
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Table 1 The mean and standard deviation of concentrations for PM.;
and water—soluble ions, and meteorological parameters during the
sampling period

T EPN R
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NO, 11.9+16.4 10.1+14.0 13.7+18.7
Cr 2.03£1.75 1.92+1.83 2.14+1.70
NH,/* 3.11+2.14 3.03+2.14 3.20+2.19
K* 0.960.84. 0.99+0.91 0.94+0.80
Na* 0.43+0.25 0.42+0.27 0.44+0.24
Ca* 0.38+0.22 0.38+0.20 0.38+0.24
Mg* 0.03+0.03 0.03+0.03 0.03+0.03
PM.; 77.1£58.7 72.0+61.1 82.2+57.4
BTl 37.316.3 37.3+15.6 37.3+17.3
LSBT 5.72+2.86 5.67+2.69 5.78+3.08
A M 0.34+2.57 0.94+2.67 —-0.25+2.40
A% bV S 0.59+0.14 0.57+0.15 0.61+0.13
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atthe sampling site during the sampling period
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Table 2 Statistics of clustered concentration PM.;, water—soluble ions, and meteorological parameters during the sampling period

B ebrii 22 BRI 1 K
I X (n=42) T AR (n=25) MR (n=9) I ATy T ATy I I

SO 19.4+21.8 4.55+4.06 16.4+8.74 0.00 0.69 0.00
NO, 17.6%19.6 2.75+4.25 10.6x6.09 0.00 0.30 0.00
cr 2.37+2.11 1.22+0.65 2.94+1.35 0.01 0.45 0.00
NH," 3.97+2.29 1.53+0.98 3.52+0.96 0.00 0.57 0.00
K* 1.11+0.74 0.35+0.36 2.01+0.93 0.00 0.00 0.00
Na* 0.38+0.24 0.55+0.26 0.31+0.06 0.01 0.41 0.01
Ca*' 0.37+0.22 0.37+0.18 0.44+0.29 1.00 0.46 0.46
Mg* 0.03+0.03 0.03+0.02 0.020.01 0.66 0.41 0.13
PM,; 93.0+66.1 41.6+26.7 106+42.3 0.00 0.59 0.00
BT it 43.3+16.8 27.9+13.2 35.5+8.60 0.00 0.18 0.12
ESIIARE 4.79%2.25 7.60+3.35 4.86+1.21 0.00 0.93 0.00
AU 0.68+2.23 -1.39+2.12 3.64+1.57 0.00 0.91 0.01
A IR 62.9+14.8 51.5+9.78 63.616.0 0.00 0.00 0.00
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F3 RILXHEHIE PM. B EHNISRGITE

Table 3 Statistics of strong acidity, neutralization degree, in—situ aerosol and aerosol acidity in PM.; during the sampling period

SR EE/(nmol -m™) RIS (TCH 2N JRAV %/ (nmol - m™) JEA pH(TCE4N)
Sy 309+544 0.30+0.27 193292 -1.09+1.37
EPN 277529 0.27+0.28 1654295 —0.75+1.85
o 342+570 0.33+0.27 221295 -1.38+0.71
I RUXL 4444659 0.39+0.26 275+350 -1.12+1.65
1T AR 39.7+98.0 0.09+0.16 37.4%+86.3 -0.96+0.95
I #4JA 305+295 0.40+0.28 219+233 -1.19+0.75

A R MBS PM.s R IE SR bR AT 403, &7
Pk Y SR B TR RE TR R FT ISORROPIA T A 41)

T SR B R EUE pHL(ELEY 2B 0 TR A R B 5 T
EENNERSIEr i DR MR 4 W OE W s e
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— 30, R R 2 RO AR 0 L R B PML s PR B
EPRIIEES T B BEEE R A PM.,
PR EEFR A & T R A R A8 A , 1T RE -5 e K<l
FEZHAXTEAR , ASHF KA 05 J 880 DL SR
1%, HEBRBRBels HE B 2 1075 Yy r 80>, XA~ 2%
G E R W E, W] RE 5T I iR i KR
TR R B 2200
iz ik 3 R F LB AT G (R 3) Al L,
B A Y ERR BE 43 ) R (444+659) | (39.7+98.0)
1 (305+295) nmol/m’, fR & H A1 B 4K K A (0.39+
0.26) . (0.09+0.16) F11(0.40+0.28) ; ISORROPIA II i
P02 A9 JE AN TR BEE 4 93] A (275+350) | (37.4+86.3) Al
(2192233) nmol/m’; J5EAv pH {E 43 51124 (=1.12+1.65)
(—0.96+0.95) F11(-1.19+0.75) , A W, ,3X 4 FhZ0E PM., 5
PR AR B 44 28 W 1 B B AR R 55 T 2RS4 T
FREHSE T SRS A, SA(ERT I RIS 11 28RS A
BTN IV P BN BE R v RN R R AN R 3 3 1~
PREEAEG T L M T5 T Rp 2SR AES Tl
IS I i Xof 7 1) AF R 8 b, 1 SR A7 pHL B A1
AR FEMER 25 X 5 ISORROPIA 1T AL A #E i
7K S RALLA(3)) o 55 1T FhEARIAES M AP A
AT X 7 1) TR R TR B v R AN TR i
f pH B AES T FRA BEHES 5 Lk
AT ST R
LR LA FAE R JE 8 b SR - B — )
AR , DR AN X PML 5 s R 8 R T M—K R 486 . 1 AR
A I P BH TR JBE 1 — B it S5 O R R 0.69, 183
PRV a<0.05, PRI, X6 JEL R J3E o (8] 77 81) 2 B — B
WIS AR OCI , AT M=K RS B0 10 45 5 L8] 3,
SR R ARG T A A B H e R 3
N AT, BGER B —UF 76 1 491 H B4 K B Y %
£ IS I RN SR TR | i R i I B2/ s ]
G, 20 UL Y RAE B H BLES T 2R AR AT, PM.s
SR FEB 2 W R [ . UF A UB AYAZ A5 BAE 2014
E1H 22 H O AT RIARAR E] . 454 UF 42
T B A 3, 100 B M LGB 1 PML 5 S R B T G A

PEIE/IN; N2 H 8 B PM.; SR B 7F I 7K F- 0=0.05
(50T 2845 B3, 78 UF R UB ASIL AT IS L &5 1
ARV AT A R E 530 R 12 IR FN13 k. Al UF
FIUB 22 ()i e i 2155 1 283 B A o
ST S 22 2280, UF A1 UB 28I R AU S 22 250N
A%, T AE 5 R 15 22 R ACH 64%. SCIL TR I B 25 &
BT AR B 22 R0, PSS I s T 25
SPGB A3 A, — R SRR TR B
PM. s SR B 1Y) o
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Fig.3 Abrupt variations in acidity of
PM, ; during the sampling period
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25%, X A5 55 T 20 b ) 9985 5 K L 9] b
PHES FIrd o, 324y 54 BHE 70 LU (E SEAR K
TR BT 0 AR 4% 2 Na I Mg™ B 1 75 IR T 1
X, Na" & 5k I RRIE 1 B 7, Mg B T R 2Ok A A
SR A2 I 1 FIER 2 Fs o A
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Table 4 The ratios of water—soluble ions of the second cluster air mass to the first and third cluster air mass

Na* NH," Ca* K* Mg* FHE T SO~ NO,” cr PHE T
2 T2/ 1 2K A 1.44 0.39 0.99 0.33 1.10 0.50 0.24 0.17 0.53 0.24
25 1 800 /56 T2 1.74 0.43 0.85 0.17 1.62 0.49 0.28 0.26 0.45 0.29

2.3 PM,;BE 6% B &

QHTHTIR , PM.s 1R B2 5 FL BB A% 1 28 1 2% D)
AHE, U SO  NOy HINH, 3% 34 5 Fe i K iy
B, B 3FEFIHEEER T PM.s R

R AEIHER B U R B A pH {ELE 32 21 PM,5 N
PR BRI . Y PMLs INARK & AR DI, iR
h T B A AR AR ER (BRAR SO TE A7 W BPIRES
S T R D s S RS K SN, B R E AR 2=
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FL B 11T 7 A U T, AT 5 PML, ) S R E 5 24
B K B I — L B s, DU 3 R HR R, DA
55 PM., R B O/ FHY. 4 28 i i B
PM.; S if . ISORROPIA [T £ %0 455480 1% Ji A7 i BiF
HSO, R B LA KK I B 5o 7l UL, 3X 4 S F8 5 1 A8
Ao A L, B T4 2 F ISORROPIA I 4544
A 0 HVR B AR AR S AR B =, B2 IR A G
FEGEE0.91(p<0.001), HiXAMFEIREA —ER
LAREEAE | A ik — 25 5 1) PMs o R JBE 45 T 57 1R B
HSO, 7K & i 2Z B KR, LB TPk 45 i H
W AR AR, I 3845 H AR & il ad 2 b ]
AT LA

Ht" = 4.19x HA*+11.3 X HSO, —2.07 x Water +0.17
(8)
K (8)H, HU N B T Pk v 5 1 HR B s HAT
HSO, Hl water 43 1| & ISORROPIA 1T A5 FI K48 11 H'
HSO, MK . iR W B i FAA7 444 wmol/m’
A UL, HAFI HSOL 1 R ECH IE , BEWTIX 2 4~ 8 ik i
(R 36 NP2 F PMLs IR BE I 3 5 . BR AR HSOL Y R UK
T HA' 1 250, B i T HSO, ik i B /N T HA' 1Y
WEE 145 HATX He' () 5Tk T HSOL 1 BTk, K&
W RBON T, Fon bl PM.,HK & & i sg i, Hii
JEAEDHES o 3K 8 BH PMLs HH R 7K AS 2 BRI HSO, ™ HaL 5
MR | TR 2 T B PM.s H H I VEH .
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Fig.4 The acidity and water content of PM, , during the sampling period at Qimu Island
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