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Distribution and source of low-molecular-weight organic acids in
summer precipitation in Qianhu, Nanchang

ZOU Changwei YANG Xinyi HUANG Hong ™ ZHANG Yike
(School of Resources and Environment, Nanchang University, Key Laboratory of Poyang Lake Environment and Resource

Utilization, Ministry of Education, Nanchang, 330031, China)

Abstract 88 segmented precipitation samples of 20 precipitation events in Qianhu area of
Nanchang were collected during the period from May to September in 2020. Through analyzing the
concentration of three low-molecular-weight organic acids (formic acid, acetic acid, oxalic acid) and
four inorganic anions (Cl°, NOj;, NO;, SO:") and the distribution of the precipitated organic acids in
the segmented samples, the contribution of cloud water and below-cloud scavenging to organic acids
in precipitation was quantitatively revealed. The results indicated that formic, acetic and oxalic acids
accounted for 16% of the total precipitation anions and the monthly variation of the organic and
inorganic acids in precipitation showed an opposite trend. The concentration of organic acids in
precipitation from long-term precipitation events first decreased and then stabilized or slightly
increased at the end of the precipitation process. During the precipitation, the below-cloud

scavenging showed a growing contribution to the three organic acids, contrasting to the case of cloud
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water (a decreased contribution). For organic acids in precipitation, below-cloud scavenging was the
main source at the beginning of precipitation, while cloud water played an important role at the later
stage of precipitation. Meanwhile, the correlations among the three organic acids at the beginning of
precipitation were weaker than those derived from the end of precipitation. Compared to formic acid
and acetic acid, oxalic acid showed a stronger dependence on SO; in precipitation, implying that the
presence of oxalic acid in precipitation was significantly influenced by secondary pollution. Based on
the formic acid to acetic acid ratio (F/A), it was found that the organic acids in precipitation were
primarily caused by secondary organic matter in May and September and by direct plant emissions
from June to August in Nanchang City. Finally, factor analysis results demonstrated that the organic
acids in precipitation were derived from acid aerosol washed, combustion source and plant emission
source. The influence of combustion source, secondary aerosol washed and plant emission source on
the organic acids was further verified by PMF analysis results.

Keywords precipitation, low-molecular-weight organic acids, below-cloud scavenging, cloud

water, source, Nanchang.
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Fig.1 APS-3A precipitation sampler
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Table 1 Gradient eluting procedure of eluent

Hif 1] /min Wi#/(mL-min™") RIERNaOHHE B/ (mmol- L)

Time Velocity of flow Eluent concentration of NaOH
0 1 2
0—1 1 2
1—35 1 13
35—45 1 35
45—45.1 1 12
45.1—48 1 2

1.3.2 sk

R O, XS A B AT LB A AT 5 ot T I 5 U
T, TR RE, (OB 4. 45 2L AMBRIE 2 6 e VAT 56 250 (r) KT 0.999, TEAEATRE R UM A2 BE
R AT L A SR WK R (B FE S5 0, W RS BRE A7 1 3. 58 SN I B 6 ) [ 47
Folll, 222 /N T 5%.
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2 %55 59718 (Results and discussion)
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YIRTIARE ST K B R B T XK 19 pH (E/INT 6, SRR PERE T ; 320851 X R & HbIX oK pH {E Y
WFFE L 2 I IX S K pH B/ T 6. p 26 2, SRAE 301 18] g B i 387 DX bk /K A LI R JE AL 14 ¥k 52 2 531)
BOR, FE A& A Oy A HLIRR IR L Y 22 59 K, W BB & IR 4 . A R ik 88 1 A0 70 28 S A OG0 21, 3 i
AL RSP 2 312 pmol-L, 5 BFIAT HLAG . JEHLITES T BREAY 16%, JLrh, Wi . 2R BRIy
PRI S35 R 3.81, 4.56, 1.13 pmol-L™'; 4 FICHLB RS 1 L-F- 2 1084 pmol L™, 4 BT B 5
1Y 84%, Hrr, CI'L NO;. NO;. SO P-4 ¥k FE 4331 4y 5.78. 2.58. 24.10, 10.88 pmol-L". TLALIR &
Rep 7 IR 5 e 8~ YA 1) B L J 4, (RLAS BILIR (16% PR E ) th 4 XE AN BE 240, R . L1 2 mE B i
) DR KK h A LR, 3X 5 5P AR SRRV | Rl DX AR LR AT 4 R A B

&2 AU AR AT 119 H 23 K (pmol- L)

Table 2 Monthly average concentrations of organic acids and inorganic anions in precipitation in this study(pmol-L™")

Tji H Project HCOO™ CH,COO" 0% cr NO, NO3 S0
5H 2.85 2.02 1.17 8.32 2.39 30.68 33.59
61 2.13 6.16 0.88 6.07 2.45 9.48 17.41
7H 3.56 6.07 1.51 5.34 3.18 2453 1.42
8H 3.26 6.94 1.09 6.53 3.04 4226 1.02
9A 727 1.62 1.01 2.62 1.87 13.57 0.95
P2 3.81 4.56 1.13 5.78 2.58 24.10 10.88

Pl 2 AR SERE K 3 Rl HLER FL 4 FhJCHLARR & 5 09 H A A 00, AR IR 2, 5—9 F ), kA
PR & 5 JCHLIR & Y A A8k AR 3. 5—6 A BEK A HLIR 56 BT, 21 7—8 A 4354
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5—7 ARERTCHLRWEE T RE, 8 H ETE, 9 A RRE, 4-Hr st 7 H AR m, KAUBORY) P i R Eh A Fa
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Fig.2 Monthly variation of organic and inorganic acid concentrations in precipitation during sampling period
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Table 3 Comparison of organic acid concentration in precipitation between this study and other areas(pmol-L™")

Hu X /X 48R PIE H2 iz R SFEHLRR B i E= PG
Region Object Formic acid Acetic acid Oxalic acid Total concentration Reference
FE 7K 3.81 4.56 1.13 9.48 ABFFY
% 7K 9.58 3.89 — 13.47 Niu "
B 7K 8.77 6.90 2.84 18.51 Eie7d
S 7K 4.12 3.39 2.51 10.02 Jempelnes
KHE 7K 12.53 3.45 0.64 16.62 ZE 2l
. =k 10.83 9.29 9.90 30.02 S 1
M7k 10.21 11.20 5.07 26.48
1] 7K 0.15 0.18 0.14 0.47 Du®
X MK 0.81 1.34 0.86 3.01 fra
SEWIAR 7K 0.87 248 0.29 3.64
HM 42.82 8.13 1.67 52.62
B 23.91 — 2.00 25.91
v K 10.43 12.78 6.67 29.88 B ERPT
AFRE 15.87 0.33 2.56 18.76
R 0.11 0.12 0.33 0.56
BRI SR MK 0.7826 2.123 03 3.2056 T BEAER
rm 7K 5.32 3.80 1.19 10.31 EFHFH
Jbmt 7K 4.62 4.60 1.17 10.39 Xu B9
Z1 M7k 4.98 3.85 1.65 10.48 Wang B!
BtIH 7K 14.24 9.35 5.58 29.17 Xu B2
il 7K 14.30 16.46 3.31 34.07 Wang ¥
XRE 7K 17.00 8.90 — 25.90
Fornaro *¥
L PEARRIX. 7K 10.20 29.87 — 40.07
EAZIL 7K 6.50 5.60 7.80 19.90 Kawamura
[ipsiaZ 7K 0.5474 0.8816 0.5016 1.9306 PERA P

MG 3, 7 B i) DX R A HILIR M BE AR T I 22 L 22T, st Il R, il KBIH L BUM L 3
DUAZRIE, Brm . dbat, Z2 1l SERH ., Bl S5 X p B 45 28], (Hm T R] . B R A DX Y s
S5, VW R B i DR A LR HERCIECA FR, 8] S e g B X ) RSO 5 ii: mh A w0, (EAT5 A L
PR 3. T B X K A TR LR Mk B 4 i R ( 2 R>FP R >F R ) 5 ] A R 23 FL e il iy X
SR K AR AR — 2

HEANERE | BV IS AL PG PR IR 53T DX i B K AR L, R B i DX K S LR
e S A, DI R B M X R LR B HE IR AT BR, X A LR Sk /. 220/ % . RPN | % A2 AL
AR P B2 S5 0 i DX K A LIRS 24 b B R A RO 4 R U HR O DA 5% [ APk T g ok
AL (4 i R e 5 7 B s DCAH et A AN TR, s A2 LI /KA LR e B2 HE I W iR > 2 >
2. FETRJE—Fh —ITARIR, FWZ X O rh A ML B STk B . AN [R] 3t DX R AT BIL IR v FE 1Y 25 5
S WA LR 55 45 i A HE IR B B DI B
2.4 TRz KM B K AT LR Y STk

TR 5 0T 2 J2 9 30 M T ) A o, 2 PR 2 L] 5 DR SUBORE ) R AR 1 A il 4, 0l 8 )
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Fig.4 Contribution of below-cloud scavenging and cloud water to organic acids in segmented precipitation samples

= WX 2 1—5 B g3 B KA i o F R 1Y °F- 34 5T R 38 4300 73.5%. 68.1%. 46.0%. 38.8%.
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TR BN 72.5%. 59.8%. 50.0%. 24.1%. 17.7%. z /K355 1—5 Be oy BEFE KRR b H R 17 24 s ik
AR 26.5%. 31.9%. 54.0%, 61.2 %. 77.2%, Xf 43 Bt # K v 2 B8 19 5Tk R 43 31 A 21.5%. 38.7%.
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P IS T e S AN A HIL R R AL 5
2.5.1  FEKAAPLBA IR0 70 Hr

RAHH ZFRE HAE (F/A) g 8 T FIWT R A HLRR AR, 25 G O == A A R
TR (F/A) aq SRV 3K A HLIR AR, — JBOR UG, IR F/A HEAEL B e — RO, 115 F/A HUAE R ot
s SO —UCIREY; (FIA) aq<1 FHI T B 6 7K A LR 5 2R U T N 2835 2l B 1 HE i sl A 1 s8R 6
(F/A) aq>1 JI T H W K AT AILIR 32 2R T AN AR 20105 W 0 6 A 2 S A 1, SRR A [] 5 14
F/A TAE UL 4. 3 5 ARBISE S BERE K AR A b FIA LR H 3515

x4 KRRIVEH F/A LM
Table 4 F/A ratio of different sources

I HR/ IR L 5 SCHR
Sources Formic acid / Acetic acid Literature
— KR <1

- 0.1—0.5 Talbot !
0.2—0.4 Hartmann !

B . 0.4—0.6 Talbot "

LB FHE

0.3—0.5 Grosjean !

L (Pl AR 0.6 Talbot **

— B AE AR 0.4 Servant **!

W >1 Talbot !

RS OARBIT BEKEE S F/A HLERY A 29 (E
Table 5 The monthly mean value of F/A ratio in segmented precipitation samples in this study

Hy

Month F/A
5A 1.0817
6J] 0.2652
7H 0.4498
811 0.3606
9IA 3.4454
T3y 1.1205

HRAEFE 5, ASBIFRAE A RIREKFE S F/A HO(ESF 35 1.1205, KT 1, iX 550, JL st 2 i)
ST LI w5 TR I Sk o5 5 PHE RIS 25 SR AR AR, 85 R T Tl S L1 RIS 45 4R (0.8688 )
ANTAL. B B AT 6 A B F/A FLIETE 0.2—0.4 IS R, B 6 A B F A HLIR £ 2R IR T 49
ARG, 7 A F/IA LUAE R 0.4498, BEEH 7 F BEoK A AILRR 2 ZORIE T AE W Uk b . HL3l ZEHE ORI
BEHER, 8 H Y F/A HAE R 0.3606, 6B 8 H FE/K Hh i 45 AL IR . 32 B2 R 125 W A e R 3l ZEHE .
5.9 AFEKH FIA FEKT 1, 1M 6, 7. 8 B F/A FLAE/NT 1, B 5. 9 H KA HLER 2 AN A &
LA EAL R, 5 A (BakZ) F1 9 H (FF242) £ bl K S 1 9 N9 AR i s ek, N R i 3
AL 4 B A H O £, gl b O Ja r= A &4k &9, dE i S 8 G L A 6. 7. 8 A
FE A A 8%, ELHEEHERCA HLER X B 7K 415347 A 52 )

R T REHE— 25 U B S LU R K T A LR S5 JC LS T R A3 B A DG R R H 22 5 ARBIFSE R K A L
MR 55 ML B T I AH DGR L3R 6., 2% 7 FnEk 8.

HRAYE 2 6 A% 7, AT AR K FE 5 b ML 5 TCHLES T R AH CHE S, I A B KRR &, B iR S5 NO; .
NOj;., SOy IR AHXC, 485 CI'. NO;. SO B B A OC, AH G i 48 Tt Hir AR AKRE b 3 i WL P
PR 22 1] A R S 22, (ELJS R /KRR b R R 5 20T R AH DG (8 35 1 s X S T RROK 4L 7 R IR T =
PRI R 2 7K Y ) SR, T i 3 A K 32 B R VR T 2 7K SR DA K
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Table 6 Correlation coefficients of organic acids and inorganic anions in the first two segmented precipitation samples

Moy _ ~ o _ _ - 5
HCOO CH,;CO0 02 Cl NO, NO; S02
Components
HCOO™ 1.000
CH,COO -0.015 1.000
C203; -0.032 -0.101 1.000
CI’ 0.156 0.128 —-0.024 1.000
NO; 0.129 0.088 0.093 —0.035 1.000
NO3 0.080 0.035 0.042 0.628"™ -0.029 1.000
SO?[ 0.229 0.221 0.145 0.418" -0.009 0.515" 1.000

TE: 7, 7E0.014050 (WU, FESEME 57, £E0.05% 5 (RUR ), AHIGE 3%

RT ORWBBIRRRE S P A YR 5 ML B 7 BAR C R KL

Table 7 Correlation coefficients of organic acids and inorganic anions in the last two segmented precipitation samples

WMoy . . 2 i B - >
Components HCOO CH,COO C,0; Cl NO, NO;3 SO;
HCOO 1.000
CH;COO" 0.562™ 1.000
Czoﬁ’ 0.033 0.123 1.000
CI 0.220 0.666™ 0.361 1.000
NO; 0.524™ 0.420° 0.351 0.308 1.000
NO3 0.570™ 0.524™ 0.046 0.434 0.257 1.000
SOﬁ‘ 0.571™ 0.513" 0.202 581" 0.475" 0.691" 1.000

T, TE0.0V G CWUR), A5 ™, TE0.0SZUA (XUR ), AN 2

R 8 IrA BB i A HLRR 5 JCHLBA B 7 R OC R AL

Table 8 Correlation coefficients of organic acids and inorganic anions in all segmented precipitation samples

cOnfﬁgiems HCOO™ CH;CO0" 02" cr NO,” NO3 Nojw
HCOO" 1.000
CH,;CO0 0.266* 1.000
C,0% 0.046 0.021 1.000
cr 0.157 0.321" 0213 1.000
NO; 0.118 0.080 0.156 0.095 1.000
NO3 0.163 0.206 0.171 0.541™ 0.129 1.000
Nern 0.234" 0.458" 0.300" 0.526" 0.151 0.577" 1.000

TE: 7, 70,0140 WUR), FESCHE B3 ™, 1E0.05905] (AR ), AROCHE B3

MG R 8, FTA 43 B K RE it v H R 5 20 A DG k5t 1 FR R 5 1 () R DG PR RN 2 TR 55 R TR P9 A
Kok, 2R TR B T X K g R R 2R TR LA AR LU, B R R OR IR . LR O A Ak, B
TR T RAOG 2 A AR A R A BK BRSSOy A CHER | 22 5 SO A G
5, SOF F W A A G 8l K — KI5 YR BRI, P AR R K B 52 AR Bl . RIS Y K.
252 FEKAMLERARIR I -2 B

B F o BT e 2 A S AR 5 5 oA DB LA A S B 255 78 1 () — FP R4 2 e et o B ke,
9 JE T B I X IR K A LR AN JGAILBH 1 2H 3 B4 R 140 28 A 4

HR K40 Br, O th 3 ANRRAER -, 58 1 AN CHRCOO 27 (0.921) /&7, S5z Bl [ 7Kk X iR 14 <
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VA I FURE B R 5 275 2 AN TR R CEgfr (0.702) i, S BRSRBE IR B 520 5 26 3 4 [R5 Ff HCOO 2 fif
(0.911) 78, Sz AR B HECIR A2 PRIk, PR3- A 25 WD DX K i A BILIR 25 21 73 1Y) B Bk IR R
TOURL B R SR8 DR AR B HE DA

RO BT DX IR AR L3 PR 52 W A8 A

Table 9 The factor loading matrix of precipitation components in Qianhu area of Nanchang

A 71 HT2 HF3
Variables Factor 1 Factor 2 Factor 3

CH;CO0O 0.921 0.100 0.028

HCOO™ 0.051 0.027 0911

Cl —0.313 0.702 0.085

NO; —0.378 —0.839 0.046

NO3 —0.001 0.226 0.143

SO}“ 0.273 0.025 0.008
CzOﬁ’ 0.290 0.114 —0.427
ST TR % 59.396 70.330 80.260

2.5.3  REAKHPA LR KRR PMF 581
BT PMF #5556k 1 ) AT 300 DX Jal 4 K R 5 R AT TR AT, TR 5 SR K R oA HILIR A TE L B B A
PMF J3 B4k 5.

[ conc. of species m Percentage

4 . -
~ ()= AR IR - 100 -
8 Biomass burning emissions(46.3%) S o
3 180 o<
g o =8
b s 2k ] 460 §°8
" E ] S o
g3 . . a0 3
8 a
° - 420

]

0 e L S e — 1
2 4k () KA SR o . o
B Scour of secondary aerosol particles(32.5%) 71 80 ¢S S
g2 = Jeo &8
52 E =D
s BT - Jao 82
2 L] 1 5%
3 e - L n 420 &~

0 ——— 1] 1 0
- . (T HEOR 1100
8 _ sk m  Plant emission(21.2%) -80 ;ﬂo\\o
g7 172
é)‘ E n 160 % §
52 Jao 25
S = [ =%
§ ~ ] [ ] " 420

0 [ ] [ | | f— — — 0

Total CH,COO™ HCOO™ CI” NO;  NOj SOF  C,0F

S DB K AT BURR | JEHLIIBS T PME 5745
Fig.5 PMF analysis results of organic acids and inorganic anions in precipitation of Qianhu area of Nanchang
M & 5, PMF 73 5 2 199 B Al i DK rha HLRR - S HLIT S 72420 9 3 > stk A 5, A1
1(DTHREE 46.3%) H CUE A {8 /5 (Bl 5a), S A= 9 R B 5 1) ook I 2( STk 3R 32.5%) FINO; .
SO Hfir {H = (1] 5b), e YU BERURE™ B BTk P 3(TTIRAR 21.2%) 'h O1R . HR . F R 41
{E 1= (B Sc), S oA g HERCIE " /) BTk, i itk, PMF 4387 2 B X SR /K v BILIR 25 21 7 1) 32 ok 52
BRBEUR . —CBURE B4 )RR B HE IR, 55 TR A 2 SR AR UL,

3 2515 (Conclusion)

(L) SRAEIE], 7 B i) DI K o B R . TR ANRE R - 2493k 270 531) 3.81 pmol- L' 4.56 umol-L™ |
1.13 pmol- L', (5 Fril A LR . TCHLE 25 ¥ B 19 16 %5 KK A HLER MK 2 A AR LR E R : 5—6 H BTt
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