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Seasonal Variations in PM,, and Associated Chemical Species in Jiuxian

Mountain in Fujian Province
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(1. College of Environment and Ecology Xiamen University Xiamen 361102 China; 2. Meteorology Research Institute of Fujian
Province Fuzhou 350001 China; 3. Environmental Monitoring Central Station of Fujian Province Fuzhou 350003 China)

Abstract: PM,, samples were collected at the top of Jiuxian Mountain in Fujian Province from March 2011 to January 2012 and were
analyzed for inorganic water—soluble ions and dicarboxylic acids to investigate their seasonal variations and sources. The results showed
that PM,, and its associated species exhibited much higher levels in the spring than those in other seasons but the total contribution of
the nine species of dicarboxylic acids to PM,(0.51% +0.41%) was significantly lower than that of the water-soluble ions ( 18. 07%
+8.73%) . The water-soluble ions were characterized by the highest concentrations of SO}~ and NO;  followed by Na*and NH,’ .
Significant positive correlations were observed between cation and anion equivalents as well as between NH, and SO~ or NO;
equivalents. Individual dicarboxylic acid showed a monotonically decreasing trend with increasing carbon number in which oxalic acid
accounted for approximately 75% of the total dicarboxylic acids. Characteristic ratios of malonic acid to succinic acid and adipic acid to
azelaic acid MODIS fire spots and backward trajectories showed that dicarboxylic acids mainly originated from secondary reactions in
the atmosphere and that the direct contributions of open biomass burning to dicarboxylic acid concentrations were negligible.
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Table 1  PM,, and major meteorological factors at the Jiuxian Mountain Meteorological Station in different sampling seasons
PM,,
/pgem ™} /°C /Pa 1% /mes™! /mm /km
2011-04-07 ~2011-04-30 21 81.95 £29.13 14.20 83 557.13 74.89 5.67 37.00 13. 84
2011-06-08 ~2011-07-04 25 51. 64 +18.57 18. 61 83234.49 93.90 8.72 84.30 9.26
2011-1021 ~2011-11-29 22 30.70 £14.72 11.48 83 826. 44 90. 31 6.31 37.70 10. 34
2011-12-29 ~2012-0120 21 33.55 +£13.32 5.90 83723.78 92.58 5.61 111. 00 8.17
1.2 1.3
25 mm BF, Butanol ’
PP 20 mL ( 75 mm
18.20 MQ*cm) 30 min 20 pL C,, Dy,
0.22 pm 25.00 10 mg*L™") 20 mL
mL ( PIC-10 (9:1 ) 45
) (F . Cl". NO; S0;) min  0.22 pum
(Na®v NH; . K", Mg’* Ca’"). 1 mL
(100 mm x 4.60 mm Universal Cation 7 wm N, 0.30 mL
GRACE) ( 150 mm x 4.60 mm Allsep 10%  BF,-butanol( SUPELCO USA)
Anion 7 um GRACE) 3 mmol-L ™" 100°C 30 min (
1.92 mmol*L™" Na,CO, + 1.80  100%C). 3 mL
mmoleL ™! NaHCO, . . 0.20 mL 1 mL 1 min
( IC-MAN-01/02-1 AccuStandard)
Agilent 6890 GC-5973 MSD  HP-5 MS
( G, ~ CIO) ( Ph)



10 PM,, 4079
. 0.9) SO;~ NH,
9 2 - + 2+ 2+ +
SO, Na® . Mg Ca NH,
NO;
2 (R*=0.72 P <0.001) 1( ¢) NH,' «
NO; SO;” 3 ( SNA)
2.1 .
PIM“) NH, PM,, (NH,) ,80, NH,NO,
( ) _ NO; Ca’". Mg’* Na’
’ 2 K* SNA
(R* 0.75~0.80 P <0.001) K*
) 13 + 2+ 2+
" ° ' CZZ‘Mg 0.16 0.21(P
. . >
PM,,
0. 05)
PM,, K°*
SO;”  NO; (3.05 +3.52) 10
pgem ™ (2.26 £2.30) pgem ™’ 5
57.5%; Na* NH, R B}
¢ N ) NH, / SO;
23.6%; Ca’*. K*. Cl
Mg** 19. 1% 2).  1(: N
g 0( ) ( d) NH,
’ 0,906 P <0.001 PM,, NO; SO;" (0.74)
(r=0.9 <0.001) PM, (0.49 ~
<1(0.85) PM,, )
o 0.52) NO, .
. ( NH,) ,50, 2
(0.44~1.0 pm 2.5 ~10 pm) SO;
NH,NO, NH, " N
(0.44 ~1.0 pm) . Na
S0;~ NH, NO; Na*  Cl-
NH,NO, NH;  S0;° ( Na* / ClI° =9.0+8.4)
NH,
1(b) SO;~  NH; s
(R*=0.9317 P< PM,, \
0.001) <1( NH; / SO;" = .

1
Fig. 1

Scatter plots between cation and anion equivalent concentrations
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Table 2 Comparison of water-soluble ion concentrations in different alpine sites and urban atmospheric patrti(‘,ulates/pdg'm’3
Na* NH, K* Mg** Ca’* Cl- NO; S0%-
PM,o( 1 653 m) 2011-03 ~2012-01 1.17 1.03 0. 60 0.13 0. 69 0.32 2.26 3.05
PM,o( 1 640 m) 2005-12 ~2006-11 0.1 1.7 0.31 0. 08 0. 68 0.26 0. 88 4.74 18
PM,,( 1534 m) 2007-03 ~2007-04 0. 69 5.22 1. 05 0.37 3.48 0.95 8.4 13. 08 19
2007-06 ~2007-07 0.24 6.31 0.4 0.19 1.01 0.23 2.97 15.33
PM, 5( 763 m) 2005-12 ~2006-11 0.20 1.30 0.30 0.05 0. 40 0.34 1.30 3.60 6
PM,o( 1 139 m) 2014-03 ~2014-06 0.41 1.71 0.23 0. 06 0.35 0.03 0. 61 6.53 4
PM,4(2 060 m) 2009-07 ~2009-08 0.3 4.3 0.3 0.1 0.4 — L4 21 19
2009-01 0.2 1.6 0.3 0.1 1.5 — 2.7 7.3
PM, 2011-11 ~2013-07 — 6.26 — — — — 5.5 11.29 20
PM, s 2011-11 ~2013-07 — 6. 14 — — — — 5.67 10.91 20
1) =~
PM,,
(229 ng*m™)
75% (0.5 ngem ™) ( )
0.2% ( 3).C,~C,
(2 (Ph/C,)
(0.42 ~0.62) 3.17(
) 0.3 ) .
G, ~Cy (1.25 ~1.45)
(306 £317) ngem ° PM,, G, ~
. Cio PM,,
(3. (0.51% +0.41%)
(8.7 £7.7) ngem > . (18.07% +8.73%) PM,,
3 /ngem 3
Table 3  Comparison of dicarboxylic acids levels in particulate matter at different mountain and urban sites/ng*m >
Cy Cs Cy Cs Ce Gy Cs Cy Cyp Ph
PM,(1653 m) 2011-04 ~2012-03 229 30 29 61 21 L1 L9 64 05 8.7
TSP( 1958 m) 2006-09 ~2007-01 353 17 18 3.9 5.5 1.5 0.3 4.1 0.6 13 23
2007-03 ~2007-06 216 30 20 7.5 7.8 2.9 0.9 8.7 1.9 82 23
PM, 5(3200 m) 2010-08 139 25 13 2.7 1.1 1.2 0.3 10 1.6 6.2 24
PM, 5( 1534 m) 2014-07 ~2014-08 231 42 21 4.7 1.7 1.7 0.9 17 2.6 9.3 25
~ 5 . . 3. E
PM (2 060 m) 2009-07 ~2009-08 22 85 29 1.5 1.9 3 23 3 9.7 26
2009-01 ~2009-10 399 82 48 6.6 3.8 5.4 3.3 15 1.6 21 26
2.2 SNA  K* \
2 (P <0.01)

PM,,
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Fig. 2 Seasonal distributions of water-soluble ions and dicarboxylic acids in PM,, at the Jiuxian Mountain meteorological station
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Fig. 3 MODIS fire spots and backward trajectories during the four sampling seasons
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