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Characteristics of polycyclic aromatic hydrocarbons in rainwater in Taiyuan
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Abstract; Distribution, sources and deposition fluxes of 16 dissolved polycyclic aromatic
hydrocarbons (PAHs) in rainwater samples collected from March to October in 2012 in Taiyuan
were investigated in this study. The mean concentration of total 16 PAHs ( X 16-PAHs) was
1081.2 ng-L™" ( ranged from 316.8 to 6272.3 ng - L™'). 2—3 ring-PAHs were the major
components, accounting for 75.4%, and 4 ring- and 5—6 ring-PAHs accounted for 18.2% and
6.4% , respectively. Significant positive correlations between concentrations of Y 16-PAHs and
temperatures ( P < 0. 05)/electrical conductivity ( P <0.01) was found. The composition and
concentration of Y, 16-PAHs at different stages of the rain were different as a result of different
rainfalls. The mean deposition fluxes of Y, 16-PAHs in 2012 was 481.5 ng+m >-d™". The highest
deposition fluxes occurred in September, followed by July, and the lowest occurred in October.
There were significant positive correlations between deposition fluxes of Y, 16-PAHs in different
months and their mean rainfalls (P<0.01) and frequencies of rains (P<0.05). The results of
diagnostic ratios of PAHs indicated the sources of PAHs in Taiyuan mainly derived from coal
combustion, and also some from petroleum combustion and a little from petroleum.
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Z 3155 %2 (Polycyclic Aromatic Hydrocarbons, PAHs) J& LA« =380 (b &4, KW Z 212 KiE.
PAHs — H ik A RS AR S ANBURAR R FE 30, T B IR RS PAHs A9 FZ LR te | H
HRYR TR B O FE B AHAE PAHs AT TR B 29 & H T DT R B9 2 £5 7 IR DTG 1E 2 YK PR
A PAHs FIE R BRS040 0 A6 B B AR APt R v W B PAHs AR il 5 R4S PAHs A
Bt PAHSs AR BUR I T X KA PAHSs BEATA R0 2508 AR A>T PAHS(2—3 ) EELUSESHFHET
KA, DR L A B e oo 1T 2 38 o B K i 25 Bk, 40 F it PAHs (4—6 38 ) B 5Pk A 7 B
BT K o PAHs 28 UFOR S 776 (AL 5TN 639%™ SEEIMINE N 719" | Z BB (R /K H
PAHs FELLAMRASTAAE, i 60%—80% , H LIMK4r T PAHs Sy 3t 1012

LLIVG A8 A ST DAARE e ok = ZERR IR A9 B Tl 3k iy, W98 & B 2010 4F KJE T 16 B PAHs A HERC R 24
332,10 Wi, KA PAHs 75 &, b KA BaP H ¥k E K F R 23.88 ng - m™, & H #7
GB/T3095—2002#05E BaP H ¥H B FRAE (10 ng-m ™) 19 2 5 L4 B HET 6 TR TR K PAHs 75
YURHAE B % R AT RS B PAHSs 15 B4R B % A TLARGH .

A ST 2R AR 2012 4F 3—10 HORIFEHTRRZK , 430 A FI4R T T 2 PAHs 153 A5 FEAE R IR S H:
S R R A S PAHs IOTRITREE &t LUYIOA R A5 5 Tl IR T T A BT v P AHs X6 R R85 1) 5 i)
DA il 5E Bl 9 %) S B AR B

I bR S

1.1 FEAAREE

KIETT(111°30'—113°09'E,37°27'—38°25'N) v T A SR & (9 Jb B, 78 db AR =1 ER 1, o /e
ST A TR IR b R AR IR Y WS40 2 800 m. A T Sy BT 114 R B UM AR
SRR 420—456 mm  AESEEIR N 9.5 CLIUZER B4 BU AR S) ,4—10 A Gy K& G 4R
IR 90% LA I, BE/K EZE I 2.

R R B AE R SRR R 2E R R TR, i L TG e g SRR B b Ry b T R, SRARE i 57 T IR ST DX 1Y)
VG, AN 1 T SR ABEA F R E VDTS APS-2A /K 2 F BIoRBE RS, TR A SR A A AR BT A T 7245 1Y
Jo it PR AT S o RAE AR U8 AT T =k L S RIS B2 RN 19 SR 0 SRR AE B R AR T I T A
SRR N 22 B T KW Uk T 14, bk G R KR A2 3175 e B R, LA 200 mL (R BRIEAT 1% 220 BORAE,
TE 2012 4F 3 H—2012 4F 10 H WA LR 33 L, WCAERE TR AL & 89 1, B YR A W X2 1 S e W k. AP 1)
KA SRR IR E SR ME GB13580.2—1992¢ KA M A i 1Y SR AE 50847 ) ML IS P AT BRI I 45 o e
1 h AR S RIS 56 % B pH-211 BUFR B 2511 (K F] HANNA) %2 pH {H ; H FE30K A HL 32 4Y
(METTLER TOLEDO) 32 EC {&. B AxEE it 0.45 pm fALUERESS T 4 CUKAE AT

‘ﬁﬁ;
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Fig.1 Location of the sampling sites
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(Z5-d8 JjE-d10 FE-d10 Jai-d12 FE-d12) %A C18 FE(Supelco, USA) i AHAE B & (SPE) A HL.C18
AR 10 mL — S e 10 mL FHEEAT 10 mL B4k TG4k, 23 /K ad A, B A o F2 B 1k FE P9 AR 3
T FE LS R, S HhUE 10 min DARFRZARMK ST, FEH 10 mL 50 H e M, V0 108 VR 48 TE /K B I
(450 CHE 4 h) Bk 5 Fie 25 % X (BUCHI R-215) 46 2 1 mL 47, AKX E 0.5 mL, il A—E B 7N
H 2R A, 0.

RS- T 5 A (557 GCMS- 2010 plus ) I %E PAHs ¥ B, (4384 4 RTX- SMS (30 mx0.32 mmx
1 pum) ASHF5EI05E (1) PAHs #2550 USEPA PL5e#Ei 1Y 16 # PAHs 4345 .2 RAUZE (NAP) JEli (ACY) |
JE(ACE) %5 (FLU) ,3 #FE(PHE) & (ANT) \2¢ & (FLA) ,4 BRI EE(PYR) (K Jf (a) B (BaA) &
(CHR) I (b) 2B (BbF) I (k) 5B (BKF) ,5 AT (a) BE (BaP)  —4IJf (a,h) B (DahA) |
EfiJf(1,2,3,c,d) B (ledP) ,6 FRAYATF (g, h,i) 6 ( BghiP) SR FHEFETF AL 65 °C, fR4F 2 min,
PLS Ceomin™ PUEERTEE 290 °C ,ARAFF 20 min. & TR ELL B FHEFERLN SIMAERE B 2 v, [H
AP T 728 1, 28 FIRE AL TR A8 R 43 B AR B W BRI TGRS A 0 FR v T s BR e B s O Il
WCRSE R W A AR, AT PAHS [BIR . 25-d8 N 26% +9% J&-d10 N 47% +9% FE-d10 Ky 74% +
12% Jifi-d12 } 95%+23% Ft-d12 H 111%+20%.

2 R 55He

2.1 KA PAHs 15 Y F51E

KR 16 B 28 PAHs YR BEYE [ AFB(E 0L 3R 1R TTRI K 16 v PAHs 19 B0k B
( X 16-PAHs) JEH A 316.8—6272.3 ng- L™, F-I¥EJE A 1081.2 ng- L™ . PHE J& & S i £ 1Y HL0AR, -2k
BE4 302.6 ng- L™, YK h FLU #l ACE, ¥ BE 4 51120 160.3 1 96.2 ng- L™, N RAKUKIE FLA NAP FI
PYR, W55 86.5.81.6 .68.4 ng- L™, HAFAARIIE E YT BaA ¥RE 41.6 ng-L™" .\ PAHs Y3
Bk ,2—3 ¥ PAHs 7EKRJEHT MK P& &£ (814.8 ng-L™") , 5 8 PAHs 1) 75.4% ,4 3£ PAHs il 5—
6 £ PAHs #4354 197.1 .69.3 ng-L™", 209115 18.2% 1 6.4%.

SEPNAMETT (ST ZS AT T SEOm | 5% 0 2R 4 v A ) B K i %A PAHS
W FE K FIZH AR HE (36 1), KB 3 16-PAHSs e FE K55 T M LA Hee L X, KR 28 PAHS B
R4 PHE FLU ,ACE ANT .PYR BaA % /¥ B /K V& TR Z H B HLIX  AE SR 5L b, KIF 1 2—3 3
4 PAF 5—6 ¥ PAHs W FEZK Pl TH B HBIX (BR) M 2—3 FF1 4 31 PAHs DUSOBT Nk 5—6 ¥ PAHs
W FE ARSI 5 3 TR AR ) ASHIF ST B SR a2 T 1 PG 4848 4 R IX P, ST DA BB R, LA
FE LT R4 WU T Z AL G s e lb o 8 Tob 254, R R S 80 PAHs K HE, 7 LR R
I A S P HOE AR PAHs § B0 AE T X 2R
2.2 PAHs BUZEALERAE

BI2 45117 2012453 H 3 HEI10 H 21 H KRG rhi i S PAHs AR BE /K- SO 20 s
fIE. Y 16-PAHs W E s S E B 7E 6 A 22 H, ik 3] 6272.3 ng- L', LIk & 4 A 10 H, & 3
4580.0 ng- L™ A PR E (K 2) ,4 A1 X 16-PAHs T340 B K F 5 (1629.0 ng- L), H:
W& 6 A (1596.8 ng-L™") 5 HHI7 AR (2 1072.0 ng-L™") , KT 9 A 853.3 ng- L' A
[ PR KL PAHSs W (1) A S22 (b #a 34 5 ¥ 16-PAHs (1) A P28 #3350 A8 137 B R b PAHS &8 i
Z 1A iE PHE FLU F1 ACE, 7E38 |12 2—3 R PAHs S, %9 H 10 H 21 HFI10 21 H
(] R T A 2 4 FF PAHs & 58 T 5—6 3 PAHs.

7K H PAHSs W FEKF-52 PAHs HE S5 5 IR ACRRAE 25 R R B2 12017 B gE e A R
B RS PAHSs ¥R BE/K Wl 4 i TH e B3 0 R — A 3 A s 1R & B 3tg A0 5E 3 A
[ 2 16-PAHs V& AR T B8 2 PR R0 43 M /K B AR /N T B0HR o B Wi e 0, 4 245 1k & AR B8 I 1 26 — 4>
Ay BN 2 MK o PAHs B @ U BE KT, T M BT PAHSs A 2R fb i #2801 AR B 5E 1Y
FIK RS X 16-PAHs 5IRE (P<0.05) Al G238 (P<0.01) Z A S 3 & IE ARG, T RE i T4 iR
JEGE PAHs 25 T MIBURLAR F 5 & i A S, A 09 SR A R PAHS () JB0Ri A s 42101 BT AR
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R1 AR BSCRIGE K (FE N = 55K) R PAHs WREEKF (ng-L71)
Table 1 Mean concentration of dissolved PAHs and the range of the concentrations in the rainwater
in Taiyuan and other sites reported in the literatures (ng-L™")
w5 e B0 Fal 0 Js P e ﬁ%’g D ifg'[g;
i} i) 2012.3—10 - 2(2)8381(: 2009.7—8 2005.3—8  2007.6—2008.5 1?2362; 2020(;40‘51.0;
FEARAR 3 - 15 10 40 k) - 4
NAP (12.18—]'4?03.0) (BDi(it296) M (57.512'212.2) M 3749 (7.5]—8;7.9) 311
ACY (2‘62—6.3?7.0) M (BDE4—.11.7) (2.61—0.127‘4) 8.1 219 (0.10.—87.5) 07
ACE (20.99—65288.7) (BDIfS;267.7) (2.82—7?3.4) (BDEiS.O) 186 38.8 (0.6li)2.6) L9
LU (47‘21?;;5.0) (BD&Z—éSJ) (19;1695.3) (13.23i22.4) 1310 336 (1A12;06.0) =
PHE (103‘1332£45.3) (BDijlﬁf)) (20.8192822.3) (38.9%1542.3) 346.2 27.0 (4.4i728.1) 41
ANT (10‘53;6.1798.1) (0.20;94.7) (2.01&214.5) (2.71715.2) 372.0 286 (0.10;31‘1) 10
A (19.182.5511.0) (BDL%ZSI.S) (4‘81:).673.3) (29.9}151541.6) 1258 333 (1.7i220‘4) 04
PYR (IL;§;67) (BDiii%D (0;iL3) (9ﬁi;2> 84 30.6 (103ﬁ59> 08
BaA (2ﬁﬁ};69) (BD52259) (43{3;15) (015127> 2.1 134 (001i49> BDL
CHR (5§?£93) (BDEgio9) (333145) (6;2;5) 40.4 408 (021168) BDL
BbF (SﬁffESO) (BDLZZZJ) <BDiiin1n (10532&9) 131 43 (QIEﬁOA) BDL
BKF (3111;30) (BDEf57> (BDﬁEZ&O) (32§161) 12.8 >4 (BDEEQQ) BDL
BaP BDLSi:SOS) ( BDL3.—736.6) ( BDL6.—727.0) (2.2i§9.4> 8.2 29 ( BDI(jilA) BDL
Dah (BD£31WJ) (BD;E;&S) (BDigiQS) (143i21) N 121 <Bﬁ%?12> BDL
BehiP (BDiii73) NA (BDSEL70) (&lij7ﬁ) 23 18.8 (BDEEJA) BDL
fedP (BD;ii75) NA (BDSELSS) (BDﬁfJB) 235 52 (BDEEJS) BDL
Y233 814.8,75.4% 116.6,42.5% 186.7,61.7% 238.1,52.0% 952.9,77.3% 736.8,74.8% 32.3,69.9%  40.3,97.1%
Y4 3% 197.1,18.2% 143.2,52.2% 50.9,16.8% 154.0,33.6% 240.7,19.5% 158.3,16.1% 12.2,26.4% 1.2,2.9%
Y5—6 % 69.3,6.4% 14.6,5.3% 64.9,21.5% 66.2,14.4% 39.1,3.2% 89.7,9.1% 1.7,3.7% BDL,0%
> PAHs (316.;%16.2272.3) (76;7—4.10108) 302.6 ( 197;5—&6390.5) 1233.0 984.8 46.2 41.5

T BDL FR KGRI  NA ki
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Fig.2 Temporal variation of the dissolved PAHs in rainwater

FERE I SRS, 4307 T DL 200 mL AR B 22 43 BOR AR BT ZKAE & 1 X 16-PAHs ¥ B 7K 7 S HE 40 g
FRAE (L 3) SRR R R H Y 16-P AHs 76N 5] B BE B9 A8 AR 3AAS [R] , 201 SRR 4 A 7] 1) e TR 1 0k
FIWEA—ERHENE 9 A 6 HIFEHRE N 6 mm(/N) , X 16-PAHs AU BB /N, 7 A 8.9.20,
21 30 H AR R 11—18 mm( 1T, X 16-PAHs AYHRJE LA 2 30500/ NG R a3 (7 A 9 HIg
ARYT9 1 HFI9 10 HBYFER 4354 33 mm( KFH) F1 53 mm( ZHi) , 3 16-PAHs MUk BE A 2
S/ INFF RS R BRI /N B 2 B 5 2R 1 R TR B[R] BE 25 K X 15-PAHs (NAP BRA1 ) AYZ5 SR AR — 300
YR H J2 KA 75 Y ™ E, BN Y = R RS K T PAHs S 75 Y Wk R K OF 4 R T
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Fig.3 Concentrations of Y, 16-PAHs and percentages of PAHs based on ring numbers in the segmented rain
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A& T T R A LA v TR B 1 (S IR 25 ) PAHSs , [ R 400 380 B B 3 1o 5 i A4 PAHs R W ok
A PAHs i RI/K g i AS X 16-PAHs YR BE /K P30 , o T R Ao UK ) L 240 B0RE ) B 194 W9 7K ol
Tk, PAHs 1B 5 T 5 SEAE AN ORI L, It LA 45 26 RRT PR 252 , 51 2 ek TR0 OGS RGO 40 1 s e A FH 344
ST Y 16-PAHs Wk BEREAIS, Bl 5 R R 4 URLH (9 15 21 X 16-PAHs 3k B3 K R BEAR K, KA
YHATORL I B A R B I LA B 7K H X 16-P AHs 1k B2 PRI AR

FATH 18 400 B B9 B R/ B I O 45 ORI A X 16-PAHSs ¥k B8 /K SF- %5, 45 2% Ll A [a) s ) B 25 K rp
Y 15-PAHs(NAP [N FUZE SR —2C 0 UL = R 2 KA A = N 28 KA PAHs 3940 TR TS
YK R MR PAHs I RBRIERISTT = Mo N EBRBWAB B, = F 2B £ 2 T W
PAHs By RBUR Y A AS PAHs 78 W R v o B2 b gl R K kil 5B s = N KB FERIKRIB RS
PAHs FIANORLAE e LS 1 7 2 P9 4 HIL ., Bl 13 A0 924 Aok 2 v W B PAHs J Bt R R CKF PAHs LR 5—
6 FFPAHs KB AR A I A7 AE TR A 24 X 16-PAHs ¢ 40 1w A, GBSl J2 06 oK /= JhE
Y o 5E 4, i 5—6 FR PAHSs BT i L fil4s .
2.3 RS PAHs BT #

KIETT K A4S T 16-PAHs B UTRFE R 481.5 ng - m™>- d™", 785 T 3% [ 1 JK 2 30 1
3 16-PAHs (VA AS+HBURIAS ) AR TR E Y 356.2 ng-m >d ™' BALT M (11333.3 ng-m™>d™'®)) g FF|
PG (1129.8 ngem 2 d ") 4 HHPHE KR (5200.0 ng»m > d ™) FI H A (142465.0 ng-m™>d ')
> 16-PAHs (W A+ R A ) (1T R i, X AT GRS R AR FE v R 08 T R K iR i 25 X 16-PAHSs
EORTRNR SR

PAHSs R0 H SER S & 4 Bz, X 16-PAHs 15 9 H AT fH R 5 (2342.8 ng-m >d ™),
HWRETET A (1604.4 ng-m™2d™") , HiAx A 5 i X 16-PAHs U@ B 75 4 9 474.1 ng-m 2 d ™' FiI
10 A9 83.3 ngem™d ™' Z[A], 57 M 3—10 A KA H X 15-PAHs (NAP BRAM) {R TR 8 & 1) F A8 b i 34
FAR—5 RAE R TR %L PAHs DIREIE B A9 H AR L3 5 3 16-PAHSs YIRFE &2 1) H 28 b a3 —3k,
{HJZ 2—3 ¥ PAHs MUTFE 2 (64.4—1706.0 ng-m~>d™") B =T 4 25 PAHs (10. 0—312.0 ng-m >d™") Fil 5—
6 7 PAHs(9.0—324.8 ng-m™>d™") .PHE J& L[5 i fe R A9 A, HROZ FLU F1ACE, I64h,9 A7 A
) NAP FLA F1 PYR AYUTRIE A0 . 2012 4F 3—10 A KRR K Hiaf# 2 T 16-PAHs 1Y A UTFE
it 5 PR i (P<0.01) FIFERATIR (P<0.05) 22 [H] 5% 35 (1 TEAR G , 3 U8 W 7E T2 I [ B A e R0 K
JET RS PAHs B 0 BB AL Li A5 B9 T N0 T 031 6 1) PAHs 1% 3 i R 1sf o 2% B
TEMZE(4—9 F) PAHs MY TR 15 R0 R & 22 (0] 52 80 38 A AE AR DG I | T 5 S0 T | T B R o 1 3 4

HoAth ZE0 TOAH A
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Fig.4 Wet deposition fluxes of dissolved PAHs in rainwater
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2.4 PAHs WRIE T

ANFERIE PAHs 20 73 AR & 1 L3RR e , T AR PAHSs AYRFIE LU (B VK M HI W B 55 v PAHS
YA R H EEL ANT/ ( ANT+PHE) \BaA/( BaA+CHR) .IcdP/(IcdP+BghiP ) #il FLA/ ( FLA+PYR) J|5&
PAHs B2V, ANT/ (ANT+PHE) FL{E/NF 0.1 A i, KT 0.1 AEREEIE ; BaA/(BaA+CHR) HfH
/NF 0.2 AR, KT 0.35 MREETR,0.2—0.35 AP Z IR AR5 TedP/ (TedP+BghiP ) FL{E/NT 0.2
AR, 0.2—0.4 A ke, KT 0.5 IR RS, 0.4—0.5 A i Bk 5 80/ A= ) TSR B 1)
RAVE FLA/ (FLA+PYR) HABE/NT 0.2 A IR, 0.4—0.5 A AR EE, KT 0.5 N/ LY IR
Bhbe ™.

KIS g5 T ARBESE B L3R PAHs FRAF HUAE A9 50 7 8. FLA/ ( FLA+PYR) HUAEAE 1 7E 0.5 5] 0.7 Z [H]
ULERIEE A kb PAHSs 1) R IE s KZBRE S ANT/ (ANT+PHE) HER T 0.1, Ui BABE IR &
PAHs () FERIRZ — , 55 4843 ANT/( ANT+PHE) FL(E/NT 0.1, 58 B A7 7E — & B2 BE 19 A1 o TRy A
(Wl 5a) .48 K25 BaA/ (BaA+CHR) HLfEAL T 0.35 X3k, i BAABE R & PAHSs A9 2 ZORIE R —3
53 BaA/ (BaA+CHR) WM FE 0.2—0.35 Z ], UhBAT 235314 PAHs S22k H TR G IR (FAB IR+ i
J5) (K 5b) . TedP/ (TedP+BghiP ) HAE /A 7E 0.2 £ 0.7 Z 18], B PAHs 3K H T4 i AU/ A ) 5 45 1
BRBERVEFNE G TR (B Sc) . 25 1Tk 3T 45 6 KR e TR 454 DL R 7k Ry 32 04 4 o AT A 0B O Jt ji 7K
PAHs F BRI THAMRBE , A AL AAAE— 28 0 A I BRI AN 43 (8 A b A
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