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Abstract: The pollution level and spatial distribution characteristics of polycyclic aromatic hydrocarbons
(PAHs) in snowfall of typical city of the alpine region of China were investigated. According to different
functions, nine snowfall sampling points were collected in Harbin, and concentration of PAHs was
measured by GC — MS. The results demonstrated that the concentration of 16 kinds of PAHs was ranged
from 33. 2 ng/dL to 2 306. 6 ng/dL in Harbin snowfall, the average concentration was 1 144. 38 ng/dL.
The concentration of PAHs had obvious regional difference in different functional areas, its spatial
distribution showed that the concentration in rural was 1 724.1 ng/dL, in commercial-traffic area was
1662. 6 ng/dL, in city park was 832.0 ng/dL, in residence community was 528.6 ng/dL and that in
suburb was 33.2 ng/dL, the concentration in rural and commercial-traffic area was about 50 times lager
than that in suburb. Pollution sources and atmospheric diffusion conditions were the major reasons for

regional difference of PAHs concentration in snowfall. It was found that the 3 ~4 rings PAHs content was
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relatively higher, which accounted for 66. 8% ~77.3% of total PAHs concentration. The monomer content

of PAHs was also quite different, and phenanthrene (Phe) was the highest in all the monomer. In snowfall

samples, the 2 ring PAHs was in strong variation, while the other ring PAHs was in moderate variation,

pollution sources and physical and chemical properties might be expected to result in existence of PAHs

spatial heterogeneity characteristic. Diagnostic ratio and factor analysis method were adopted to analyze the

data, preliminary results showed that the source of PAHs in Harbin snowfall were coal and biofuel combustion

and automobile emissions. The research results would provide reference and scientific basis for numerical

simulation of secondary emission of PAHs during snow melting process, snowmelt runoff numerical simulation

and formulation of environmental pollution control measures and its management policies.

Key words: polycyclic aromatic hydrocarbons; Harbin; snowfall; pollution characteristics
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Fig. 1 Locations of sampling sites in Harbin
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Tab.1 Description of sampling situation in Harbin

KA G s i (N) ZJE(E) RFETREX
S1 126°36'41" 45°4628" Bl AR A X
2 126°35'49" 45°4527"  FACHEIEA X
S3 126°38'08" 45°45'20"  FlbscEIR A X
S4 126°40'42" 45°45'09" JERIX
S5 126°31'37" 45°42'18" RBIX
S6 126°38'18" 45°42'28" XA
s7 126°47'48" 45°42'48" i)
S8 126°42'57" 45°49'51" Tk X
S9 126°43'43" 45°45'03" TolkIX

1.2 #HmRE

O TG it 32 N A PR SRR 2 A5 T,
A RE A TR R T A AR I ] A S8 R B o B AR
NI WCER BT 15  RAEI I — R P B A 5™
B AEARE TR, BHERERRTH KT 8 LA
B R R B 58 B RE Al AT 2 DAL, RV PR [m] 21 ]
PR AR AT 35 1 5 6 45 F 98 0 S 3 & (LIRC —
PTS) , Fi P AORE S A ARBIE (7 1 ~2 d AN5) 51
AT LERERE SR, 2 B R R BR AT, Fr ik — 2 4k
B AP BH 2 A B S ORAE TR LU R e
5 R PR AN A5 AR A (T AT, 2 P 7RI 9 9 S A9 i
IR A K FIIE CBeiF e
L3 R FniReE

Jvit A BILVE R P OE O S e S e

YA, W9 T2 [ J. T. Baker 23w ; ¥k FH A e
HE, T Dikma 23] 5 TR B BR B4 ok 43 e 4, 1 1 K
AOCE ARG, JCK B R -5 Ak AT 24 P S
W B Vs 1) G ff F . PAHs IR S5 FE, I T 2 H
Supelco 24 7], W & 16 Ff US — EPA {Ji 55 5 il 1Y
PAHs: %% (Nap) \J& (Acy) . ~%UE (Ace) (%) (Flu) |
4E(Phe) B (Ant) (ZZR (Fla) (5 (Pyr) AIf[a] &
(BaA) i (Chr) FIf[ b ] 2 (BbF) HIf [ k] %
B(BKF) Ff[a] 6 (BaP) (EiJF[1,2,3-cd] B
(lIedP) . Z 2 Jf [a, h] & (DahA)  F I [ ghi ]
(BghiP) , 4 B {045 A naphthalene — D8, fluorene —
D10, pyrene — D10, perylene — D12 % g F &
Supelco 22 ] o
1.4 tEmistiE

TERES PN 4 FPAUAR B2 100 mL — S e ),
WORHZE IR, 75 B 22 PO 230 mL, AL IO 285 g e 7%
RAHAE 5, 7035 A4 2 A A 8 AT 03 B Ak
(HRUIMA T ¢ BEKE,3 g JCAKBREREA) , I 50 mLL IE
CbeF S LEIR Gl (IRBR L 10 1) ke, Wi
AR 0.4 mL, 7R E 1.5 mL B85, AR
100 pL, EZ4 % 0.5 mL, i F GC — MS kil 7347 .
L5 ®H&aHh

PAHs B4 Hy 22 $E48 6890N GC F1 5973 MS
SENL, {0 1% AE B S g HP — SMS, JLAg% S8 60 m x
0.25 mm x0.25 pm, FHREFRFH: HR 90°C {5
1 min, 4% )5 Lk 10°C/min FFiE % 180°C , {4 4F 1 min,
FPA3C/min F+ 2 280°C , /#4520 min, BTk ik
K EL LR (70 ev) , 33487 200 2474
1.6 REEHERERIE

T it ) THLAL BE R AR 23 B AR 7 TIRC — PTS
S E AT R R R A TR DA R 1
VETG % s R vh i s I e A 0 IR, e Afr 4l R R
W] AE B E R R rh A /D 51 Phe 15 0%, HR YR
L4 AR I 1SR TE 73% ~92% 2 Ja) . SCHP 4G
HE RS ) 2 AR TSGR TN S LA E
1.7 TREH

Trp PAHs 5 578 5 PR Y o 55 m 2 S R AL
( Coefficient of variation, C, ) #EATFRAE, BN

C,=0/u
St ot PAHS 4 LRI
p—4t PAHS PR

Cy<0.1 578 5%,0.1 <C, <1 JPFELR,
Cy=1 5785, B TIHBR 15 RUBE & A9 1Y 52
Wi, BRI € AT ARE Sk 2 WLt S5z B 540 1) 88 1A S
J&,C MR, R WIS PAHs & 7022 7 B .,
ZINR o
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2.1 PAHs Bi50R
2.1.1 PAHs B9 Bk T5 YLK

2 NGRS AR S 16 F PAHs T &
WP 9 RAE S PAHSs [ RS EEIR VI Rl 33.2 ~
2306.6 ng/dL, PAHs 4 Jit & ¥ B F ¥ K

1 144. 38 ng/dL, Lt At JH T B =5 A b o 9 O 34 vk 2
B I L TAGE LK B h PAHS YREE, 1% AT
AE-5 T DX G MDA IR S A% L KSR o
HH L ms E Minneapolis ( 712. 57 ng/dL) il
Fairbanks (164. 50 ng/dL)2 &k 117 f4 55 h PAHs ¥ &
ML 7 o RS MR BB R BAE ST (Bl
SEHIR G X)) e fe/ MBI S BT S5 (RBIX) o

®2 WRRETHESHI MESATENIE(RERE)

Tab.2 Concentrations of 16 kinds of PAHs in snow of Harbin ng/dL
o R
S1 52 S3 S4 S5 S6 S7 S8 S9
Nap 386.8 192.7 79.2 51.6 2.2 43.6 83.8 100. 7 71.1
Acy 96.9 34.9 19.7 9.8 0.1 10. 8 21.0 14.9 30.3
Ace 21.2 13.9 7.7 4.0 0.9 5.8 12.3 6.8 6.7
Flu 111.7 64.1 36.9 19. 4 0.4 21.8 52.7 33.8 25.1
Phe 561.5 357.6 234.2 119.3 8.7 136.1 498. 1 252.6 130. 6
Ant 31.0 31.6 20.2 6.4 0.2 12.6 32.0 19.0 18.6
Fla 314. 4 235.4 208. 8 87.5 5.9 145.7 313.4 184.0 156.2
Pyr 204.5 155.2 129.6 S51.1 5.4 102. 2 225.2 160. 7 106. 2
BaA 67.0 56.3 34.4 16.0 0.7 29.2 49.9 69.2 29.4
Chr 162. 6 123.9 100. 1 46.4 3.5 74.7 162.9 232.1 70.3
BbF 150. 1 65.5 64.8 26.9 1.1 42.6 71.5 88.4 52.9
BkF 62.2 73.9 46.9 20.8 0.9 46.0 62.6 41.8 65.0
BaP 82.7 57.0 42.2 23.3 0.6 40.3 49.7 93.6 33.6
IedP 23.5 19. 4 15.7 6.5 1.0 56.1 13.6 13.7 11.2
DahA 23.2 16. 4 14.7 9.9 0.5 15.9 17.6 16. 6 11.9
Bghip 7.3 68.5 59.7 29.6 1.1 48.5 57.7 7.2 39.7
psyigierid) s 2306. 6 1566.3 1114.8 528.6 33.2 832.0 1724. 1 1335.0 858.8

2.1.2 PAHs & &451F

M REETTFE S 16 F PAHs SRR & 5 20 A1
WE 2 frn. 16 F PAHs 7€ % FF o A %
100% ,{H PAHs iR 5 514 T A6, Ho ot Phe
Pyr Nap ., Chr [ A0 XF & & 8, 400 5 B i
22.31% 11.07% .9.83% .9.48% , 1fii Ace. DahA .
TedP 19 AR X & &8 BK, 70 0 B 0.77% |
1.23% \1.56% , 3% F oy A Fi A S me KA il .2
SEPEOE ST 2T A A RE B PR I
Phe . Pyr Nap.Chr & & 5 PAHs B & /Y 60.0% ,
Ace DahA IcdP 5 0.5% . Phe 7E 16 F PAHs 15
RERGE, RRLUCE ) 8.7 ~561.5 ng/dL, JE 4T
X IFIEIE T T b PAHs B98F 5T bt A A 45 51,
77 LA S R T A TR RS PAHS B F
FEMFRY], Phe Jy & it e 1Y PAHs, Phe %R
TR AR o3 AR TRA 6, vT FH TR 5 PAHs 11K
P, BaP 7E 16 Fh PAHs A0 fe sk, EA B ST
A Y BaP B BT MR A 0.6 ~93. 6 ng/dL, -
BBk ol 47. 0 ng/dL, 7€ T 3 ED6 T A 16 AR
FHHEFIKGER P BaP BTt W FEARERR B (2. 8 ng/L) ,

USRS B AN, K m] RE 2 AR W
ROK 24, of N R I RS o
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N b Ty
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a
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Bghip ;:Dt-

K2 PAHs HURWKEE i FE ik
Fig.2  Content distribution characteristics of PAHs
concentrations
TE: B AEIE IR PAHs 25% ~75% 4 B0 B L BT iR
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F327R 16 Tt PAHs 4 BRI 9 fe/ IMELRIER ML s FEFEAE P A A
LR P AL s AT RO

W IR T R S5 WA [R] 3R %L PAHSs 5w 21 1 0 A
FROE AN 3 s , R EER A Ao T/ AR
PAHs, 5 b M 77 B 5 b PAHs B 57 25 5 2 >
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3 B4 3R PAHs (5 81 66. 8% ~77.3% , 514
IREETH R TAR T & HE A O IR ART . 3 ~ 4 3R
PAHs R 3 F Bt 40/, 2R IR 5, ¥R e 1 8%
35 FRA1 6 3K PAHs (5 M R0 15. 1% ~29.9% , &
IEL PAHs $2 R MR 1gK, NEH 5 , T B 76 BURL
Wy, T Y R TR K, R B BE 5
KA ORI AR PAHs 1] L3 5o [ 5 1 0 4 5
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Fig.3 Distribution characteristics of PAHs with different

rings in snow of Harbin

2.2 PAHs (= [E 5 R 4FE
2.2.1 PAHs py=5[a) 534 7KF

W IR T AN [A] T RE X R 25 PAHs 19 & 2 53
At 4 FiR , TE 45 R AE S 16 F PAHs 1 5L 5T
S hy AN 1724, 1 ng/dL, 5L 22 IR G X
1662. 6 ng/dL, i X 2% 832.0 ng/dL, J& K X
528. 6 ng/dLFIRBIX 33. 2 ng/dL, 5 K< H PAHs 1y
WS AL . o, Bk sl TR A K5 A A
JERBIX PAHs ¥R (1) 50 %, 26 5tk 0 3%, ¥ G AN
KAY 2% 1 W] RE 2 52 i 45 2 fig DX B 25 4 i o
PAHs ¥ B2 1Y 3 22 A - A b X 2 2= 32 2 DR AR
TSR PR IO , 30 T R A Ak T PAHs 9 HF
72 AR /NS B T T B R PAHSs W
I A R b TR A XA 3R B AR X, 32
RIB XN G G 53 22 | A8 U RN BR B VR % )

2000

PAHsJF R /(ng=dL")
% = =y
= = S

g

BRSO EMsE X WRARE ERX S X
BEX
ThREIX
4 WREETANFE IREIX RS PAHSs (19 5K
Fig.4 Total concentrations of PAHs in snow from

different functional areas of Harbin
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15 QLRI /D, AR AL M T XL ] 25 A 3% AT RE 2
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S
BIS R AT AR KRR
Fig.5 Map of wind rose in winter of Harbin for years
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NEAESE . BT PAHs BBERAL A 25 57 L R HE TR
(AR, P25 H SR R 80 PAHS 19 €, 25 545k,
(KA B B 5 3 PAHs 41, C, B2 SRB00 18 hin i
/N, PAHs [ R UEAR T )12, MR 4 X Hds g & 3
AT , ANl HEBOIR S2 BLA HE R IE A 25 52 2 ~
3 38 PAHs G5k , A5y B A , A A BB SR e LA K
AT d R il g5 v B8 25 e AR AR IR AR PAHS 3k 22 ]
FSMT 2 ~3 3K PAHs ZEARFLREE ST R LS

12
r 1.0
0.8
o
04
== 0.1
0
23 33 435 REAN 63f

PAHsIR¥L
K6 MG/REETES h PAHs Y78 S ARE
Fig. 6  Coefficient of variation of PAHs in snow of Harbin
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PRI . HAhPRE PAHSs AHXIASE , A 0F 98 K B,
R TR B i PAHs D) 4 ~6 35 3, BRI T
HEwZ 7 =LA FP 3R Oy 3 R 38T A 43 X AT A7
TE/ N IR , RS b DX ECEA B BUBE | 3 AT 2
FIEL PAHs fEEZS R Z SR, C )R TR
i 2 ~6 FF PAHs 14 B R, [R B AT L% PAHs 114
RIEMEIT RS
2.3 PAHs KiRf#MT
2.3.1 ek

VR U, AT LUR] AR [R] 53— 5 FARAURR
fIE4h # PAHs 2 [8] /9 bb {E >k ) W7 75 % ok U5
GUINAN 25V H 4/ ( Phe/Ant) F1%5% B/t ( Fla/
Pyr) /) FL{ER H B PAHs B R, 4 Phe/Ant /N T
10 BFAHRARE ™ L2 1) PAHSs T Fla/Pyr KT 1 H I
HFZIE 1. 4 B BRBREIR  Fla/Pyr LUAEHIE 1 B SR
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(TedP + BghiP) # HIoR X7 PAHs ok B8 A7 il SiiE
WIS SE Ak Be , YUNKER 252 (g fF 5 45 SR 2 1,
24 Fla/(Fla + Pyr) 8 B AE R T 0.5 1), AN BRI A=
YIBRRRGE ™ 4 T PAHSs, Fla/(Fla + Pyr) ) HfE /D
T0.4 i), W] PAHs SRR T A1l YA LE, Fla/ (Fla +
Pyr) B LA T 0. 4 ~0. 5 Z ]I, B RZS A A 98
B AEEP= 4 T PAHSs ;24 TedP/ (TedP + BghiP) RIE]
KT 0.5 if, PAHs SRPETHEFIAE ) AR BE . EAS
WEFER 9 FEA K, Fla/Pyr (TS 0.92 ~ 1. 71,
SEI{E M 1. 41, Phe/ Ant TGN 7. 02 ~43. 5, -1
{H 4 16. 65 ; IcdP/ (IcdP + BghiP) B35 [ h 0. 40 ~
0.78,3F-3{E M 0. 53, Fla/ ( Fla + Pyr) (G I 0. 48 ~
0. 62, FH{H N 0. 58, LLfH % 7 M R AN 7 Frs o
T DA b AR A R, e 2R T R S R A PAHSs
TR IR P R R

K7 RS PAHs /9 HUH
Fig.7 Ratio of PAHs in different samples
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