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Vertical Distributional Charactenstlcs of Inorgamc Ions of PM, . at Mt.
Huashan, Inland China /| |~ ~ / 4 Y.

CAQ Cong'?, WANG Ge-hui'* | WU cz{hlj"", I.].lan-]un LIU Lang!? ;LT Tin', YU Xing®
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China’; 3. Meteorologl( al Institute of Shaanxi Provmce )él an 710014, China) §

Abstpact PM 55 was mmultaneously colleéted using a hlgh volume sampler at 4 h intervals from the mountainside and the foot of the

-

motntain in the Mt. Huashan region, inland Ghina, dﬁrmg"the summer of 2016, and the samples were analyzed for inorganic ions, to
investigate! the chemical characteristics and vertical digtribution of the fine particles in the region. The results showed that the
con(:entrz;tfons of PMZ..5 were (46.9 +38.2) pg-m™ and (76.0 +44.3) pg-m~’ on the mountainside and at the foot of Mt.
Huashdn, respectively. The concentrations of inorganic ions in PM, . was higher at the foot of the mountain than on the mountainside,

>*. Among all the inorganic ions,

with the order of the mass concentrations of the major ionic species being SO~ >NO; >NH, > Ca
SO~ , NO; , and NH, * are the dominant species, accounting for 89% and 85% of the total, on the mountainside and at the foot,
respectively. The fine particulate NH," existed mostly in the forms of (NH,),S0, and NH,NO, on the mountainside, and in the forms
of NH,HSO, and NH,NO, at the foot of the mountain. Mass concentrations of PM, ; and its major components on the mountainside
showed clear diurnal variations, with maximums between 12:00-16:00, mainly due to the transport of the pollutants from the ground
surface by the planetary boundary layer height variation and the valley breeze. In contrast, the diurnal variations of PM, jand its major
components at the foot are characterized with two maxima, peaking between 08:00-12.:00 in the daytime and 00:00-04:00 in the
nighttime , respectively, mainly due to the increased emissions from both the morning rush-hour traffic and the nighttime on-road heavy-
duty vehicles. Acidity of the fine particles was estimated by using the equivalent ratio of anions to cations and the thermodynamic
equilibrium model ISORROPIA II. Both methods showed that the acidity of PM,  at the ground surface site is stronger than that on the
mountainside in the Mt. Huashan region.

Key words: Mt. Huashan; PM, ;; water-soluble inorganic ions; vertical distribution; acidity
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Fig. 3 Mass fractions of inorganic ions on the mountainside and at the foot side of Mt. Huashan
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R AR NH 5 S02- +NO; (4 &S HA
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F1 HULER LB PM, FEHETFR pH it 4/ pe-m ™ o F
Table 1 Inorganic ions and acidity (pH) of PM, 5 on the mountainside and at the foot side of Mt. Huashan/p.g-ma? 3 -
5[ Wi (n=122) [ W nl= 125) i 1L
- i | ! i
cl- 0.3£0.3 (0.0~1.6). 0.420/5(0.0~4.7) " i
NO; 3.8+5.9 (0.0 ~26.7)" 6.1+6.4 (0.6~34.4) Lo~ &
i J - f v 1 '
S0%- , 9.0%7.1/(034 ~33.0) /= 10. 1 £654 (1.4~30%2) ¥ 1.1
—~— F i - ‘..l'- '] = iF
NHy | ey 3.8+3.5 (0.0 f..ll‘sfa“ 2 3.943.3 (0,0 ~16,§) & 1.0
Na = [ 0.520.6' (00441 /" 0.7+0.8 (0.0 ~4.3) 14
K* | A 0.3+0.3 (0.0‘.~"1.‘7) 0.2'10.1"(0.0~o.8)' 08
Mg* 8 0.1+0.1 (oj‘6~0.3) y 0.11£0.1 (0,0 ~0.7) 1.0 o
[ Caig | 0.9+1.2 (0.0~6.9) = : 2.542.0 (0.0~12.7) 2.8
o So 18.615.7 (148 ~7633) == 24.0+15.0 (4.8 ~83.0) 1.3
pHD # 4 3.22.3 (1.0 ~8.0) 2.9+2.0 (0.1~7.5) 1.1

1) pH %235 ISORROPIA- IR 155 1y i iz

*2 HUEERMEELEBiHH SOZ-, NO; . NH;) BIRELLR" /ug-m 3
Table 2 Comparison of the concentrations of SO3~, NO; , and NH," in particles at the mountain sites in China and other countries/pg+m 3
e SR (8] R - , NH/ -
AR %194 ; SO NO NH, — N
wH/m (4E-1) S 4 3 4 S0~ +NO; X
1£111(34. 5°N, 110. 1°E) 1119 2016-08 ~2016-09 PM, 5 9.0+7.1 3.8%5.9 3.8%3.5 0. 85 AHF5E
Z&101(36.3°N, 117. 1E) 1534 2007-06 ~2007-07 PM,522.9216.7 4.0%4.0 8.0%6.3 0.82 [30]
#101(30. 1°N, 118.2°E) 1840  2012-09 ~2012-10 PM,, 5.7 1.0 2.3 0.95 [29]
J11(29. 6°N, 116.0°E) 1165 2013-08 ~2013-09 PM, 5 18.4+8.0 0.7+1.0 6.7+3.3 0. 94 [28]
RFHEI(27.6°N, 117.7°E) 1139 2013-03 ~2013-05 PM,5 6.22.1 0.1%0.1 1.7%0.5 0.71 [20]
i1l (27. 3°N, 112.7°E) 1269  2009-03 ~2009-05 PM,s 8.0+6.8 1.5+1.6 2.9%2.5 0. 84 [34]
X RRRJEH, EE(34.1°N, 116.9°W) 1705 2003-04 PM,5 0.6+0.9 3.2%4.1 0.9=x1.3 0.78 [31]
2001-02 ~2001-03 0.8+0.5 0.04+0.04 0.07 0.05 0.21
" e 0 o PM
FERMILL, 52 (78.5°N, 11.5°E) 470 5001-04 ~2001-05 >3 1.8%2.2 0.05+0.04 0.08 =0.03 0.12 [32]
DAzt | Hit(46.6°N, 8.0°F) 3580 1998-07 ~1998-08 PM,s 0.9+0.4 0.3+0.1 0.3=x0.1 0. 68 [33]
Srilr, HAR(36.6°N, 137.6°F) 2450 1996 ~2000 &  PM,,  2.26 0. 64 0.91 0.88 [36]

1)NH, /(S03~ +NO; ) #Fm NH,

5802 +NO; M4ELL
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Table 3 Diurnal variations in meteorological parameters-and chemical components on the mountainside and at the foot of Mt/"Huaghan =

L

1L

A | ; - , “ % A
FHX(n=60)  &E(n=62) EEZ AL FIR(n=62) || Kll(n=63) 1K/
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fa CI 0.4%0.3 /[ 03102 1.3 Y Wo.3k034 l0.6+0.6 7e0.5 "
NO; 5.547.0/ 1 2M £3.7 2.6 57 6.6/+6.6 5.746.1 1.24F
J f SO 10.5+8. 1 47.5%5.7 | 1.4 L 11.T+6.8 9.2+5.9 1.2
Werdln | pa* 1.8£3.2¢ L6830 4 11 0.5+0.7 0.8£1.0 0.6
/pgzm 72 u’"NH; 4.7 +447 3.0__1_2.6""-' 1.6 4.4+3.3 3.4 3.1 1.3
“ K+ 0.4+0.2 0.3+0.3 1.3 0.2+0.2 0.2+0.3 1.0
Mg?+ 0.1+0.1 0.1+0.1 1.0 0.1+0.1 0.2+0.2 0.5
Ca?* 1.2+1.4 0.6+0.9 2.0 1.9+1.3 3.1+2.4 0.6
MET 24.5 £18.5 15.5+11.4 1.6 25.0£15.5 23.1+14.4 1.1
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Table 4  Correlation analysis of inorganic ions on the mountainside and at the foot side of Mt Huashan

UJﬁE Cl- NO; SO4 B NH4+ Na * K * Mgz M Caz *
cl- 1
NO; 0.35 1
S0%- 0.29 0.75 1
NH,! 0.33 0.89 0.95 1
Na* -0.08 -0.1 0.02 -0.14 1
K* 0.75 0.35 0.44 0.42 0.18 1
Mg** -0.12 -0.24 -0.22 -0.36 0.52 0.05 1
Ca?* 0.04 -0.14 -0.13 -0.2 0.02 0.1 0.72 1
1Ly cl- NO; S02- NH,f Na* K* Mg * Ca®*
cl- 1
NO; 0.41 1
S0%- 0.3 0. 69 1
NH,! 0.39 0.88 0.93 1
Na* -0.04 -0.2 -0.26 -0.35 1
K* 0.27 0.51 0.38 0.48 -0.05 1
Mg?* 0.15 -0.14 -0.16 -0.26 0.37 -0.27 1
Ca?* 0.22 -0.13 -0.13 -0.23 0.19 -0.25 0.78" ""‘,.\.1 2
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Fig. 6 Comparison of the measured and theoretically calculated concentrations of NH," on the mountainside and at the foot of Mt. Huashan
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