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Determination and Source Apportionment of Aromatic Acids in PM, . from the

Northern Suburb of Nanjing in Winter

ZHANG Ya-fei'?, MA Yan'?" | QI Lu’,WANG Zhen', WANG Li-peng'*, ZHU Lin'"

(1. School of Environmental Science and Engineering, Nanjing University of Information Science & Technology, Nanjing 210044,
China; 2. Jiangsu Key Laboratory of Atmospheric Environment Monitoring and Pollution Control, Nanjing 210044, China; 3. School of
Atmospheric Physics, Nanjing University of Information Science & Technology, Nanjing 210044, China; 4. Changzhou Environmental
Monitoring Center, Changzhou 213001, China)

Abstract ; Atmospheric particulate samples of PM, 5 were collected from the northern suburb of Nanjing in December, 2014, and a LC-

MS method was optimized for the determination of aromatic acids in PM, 5 ; The concentrations of major water-soluble ions, organic
carbon and elemental carbon were also determined. The quantification results showed that the average total concentration of five
aromatic acids we have determined was (50.01 +16.05) ng-m ™, and the average concentrations of terephthalic acid, phthalic acid,
trimellitic acid, 4-methylphthalic acid and iso-phthalic acid were (34.54 £12.79) | (8.14 £3.34)  (2.27 +1.39) ., (1.68 £0.77)
and (1.08 £0.43) ng-m >, respectively. The different source apportionments of atmospheric particulate were analyzed by principal
component analysis/absolute principal component scores ( PCA/APCS) receptor model. The results of source apportionment showed
that the main sources of Phthalic acid, Trimellitic acid and 4-methylphthalic acid were mainly secondary transformation, and primary
emissions such as vehicle exhaust contributed less to Trimellitic acid; Secondary transformation and biomass burning made the most
significant contributions to iso-Phthalic acid and vehicle exhaust contributed less; The sources of Terephthalic acid were primary
emissions such as biomass burning and vehicle exhaust.

Key words : benzene polycarboxylic acids; LC-MS; correlation analysis; PCA/APCS; source apportionment
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Fig. 1 Location of the sampling site and wind rose during the sampling period
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Table 1 ~ Optimized mass spectromelric parameters
ZH TR =R AR HIR 4-HEESR — R F] 2 — R AR
HFE T (m/z) 209. 1 165.0 179.0 165.0 165.0
TE T (m/z) 121.2/165. 1 77.4/121 91.3/135.1
Tl % B 1/ V 16/13 17/13 16/13
BEHIE/V 21 19 21
PR SRM SRM SRM SRM SRM
— iPh [V XM FEMCIC R (8. 14 £3.34) | (2.27 =

Tere

Tri

1 1 1 1 1 1 1 1 1 1
0 24 6 8101214 16 18 20 22 24 26 28 30 32 34 36 38 40
t/min

E2 RERAXSPM, H5HEFBRHNEEFR
Fig. 2 Total ion chromatogram for the five aromatic

acids from PM, 5 collected at the sampling site

YR LI S5 (DA %) 5 Foh 5 7 R 1) S T 240k 3
J9(50.01 +16.05) ng-m >, Ho i Tere 193 & & &
B, H(34.54 £12.79)ng-m * ,Ph, Tri, 4-Ph 5

1.39) . (1.68 £0.77) F1(1.08 £0.43)ng-m . £
SRR v 07 B R I & IR R 5F T
RERR O (A BT 0 4R — F R A A
RO, WA T RIS ERFEEN
JLIR.
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FNH, (IR TEHLE F) A AH SC Mt B 2% (— M/l
T 0.50) , I HL i 50 X 2 v L e, BT LA L IX
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(FIFERBCN 0.58) , Ut iPh AR TRk ik
JIEAN AT HB 5 K A AR W TRk e (o fi 30 7 3 A
a4y 2 RIRRYTTRR. Tere 5 EC. K* 43 9IZEI0
FHXT A 5 F AH 56 2 8(0. 55 F110.50) , T 5 IR TS
PLES F B A OC R B 2% (/T 0.40) , B Tere 1]
e 2k B T HL3h 4 B AR Y Bk b 45 — I HE
. BARFEERB 0 Ph Al DN AR A
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Table 2 Correlation of water-soluble ions, five aromatic acids,OC and EC during the sampling period

Cl- NO; soﬁ - Na* NH4+ K* Mg2 + Ca’* Tri Ph 4-Ph iPh Tere 0oC EC
Cl- 1
NO; 0.48 1
S03- 0.44  0.97* 1
Na™ 0.43 0.51° 0.49 1
NHI 0.50" 0.92* 0.92* 0.46 1
K* 0. 48 0.67™ 0.65™ 0.71" 0.61% 1
Mgz* 0. 36 0.07 0.03 0.41 -0.14 0.48 1
Ca®* 0.22 -0.21 -0.27 0.33 -0.37 0.34 0.74™ 1
Tri 0.25 0.58* 0.59 " 0.24 0.51* 0.36 -0.08 -0.24 1
Ph 0.14 0.73™ 0.80™ 0.11 0.74* 0.29 -0.27 -0.53 0.68™ 1
4-Ph 0.21 0.75* 0.76™ 0.33 0.64" 0.46 -0.03 -0.20 0.68" 0.83™ 1
iPh 0.35 0.71™ 0.67* 0.44 0.57* 0.58" 0.38 0.01 0.43 0.51°% 0.63* 1
Tere 0.23 0. 39 0. 37 0.43 0.33 0.50* 0.26 -0.05 0.43 0.23 0.35 0.61™ 1
oC 0.15 0.78™ 0.73™ 0.26 0.71* 0.39 -0.21 -0.33 0.44 0.65™ 0.71™ 0.40 0.19 1
EC 0.15 0.56* 0.51°* 0.45 0.56* 0.51" 0.01 -0.20 0.27 0.33 0.44 0.42 0.55* 0.65" 1
1) % FORTE0. 01 KT (U b REHI%,; « FR7E 0.05 AT-(RU) I EHIF%
2.3 oM 8

AL F5 F 1] Y T A RE R DA K
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TR RS . 2 Rl DUE ), —sefkar =

N o N S S Ny 4+
oy 2 BIAF SR R (ML R%>0.30), £
Refg BRI SE [+ 38 A I b, AR 32 AR
A3 MR R 32 3 0 DR (3 B BB AR 5 25 Tk 2
FKikF) 85.00% LA F A F %0 e A 3
AR FANECS FEE S B T LR B 2 a4 0 s : .
wr s , N b N 2 4 6 8 10 12 14 16
BOR 5 WHRRAEAE Y Rt 7 22 STk %R R 87.09% > .

85.00% (% 3) , I H.F O N s 3 5 e ik
fE 22, Re i 12 U (5 B ok ik /b, 25 [
TR EBE N 5 BT R Hr R

3 EF S EERNEX R
Fig. 3 Corresponding relation between factor number

and characteristic value
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Table 3 Factor loading matrix after rotation and contributions

414 PR 7 2 i I3/ % iii%lﬁlﬁ

H¥r1 KWy WF3 Wr4 HWFEs HWFr1 Wy WFr3  KWrFr4  HFES h;
cl- 0. 90 9.44 5.96 47.22  23.27 2.67 0.8
NO; 0.72 0.51 0.41 51.90  108.50  8.63 11.83 3.29 0.95
S0%- 0.75 0.45 0.41 63.06 113.36  -2.25 13.59 3. 60 0.94
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