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Abstract: The annual and seasonal characteristics of acid rain in Hefei and their relationships with the surface weather conditions and pollutant
concentrations were analyzed using rainwater monitoring data from 1992 to 2007. Back-trajectory and cluster analyses were used to study the relationships
between acid rain frequency and transport patterns at different altitudes. The results show that the frequency of acid rain was highest in autumn, and lowest
in summer. The annual average pH tended to decrease, and the frequency of acid rain with pH <4.5 increased markedly since 2001, accompanied by a
rapid increase of ground level SO, concentration. The frequency of acid rain with pH <5.0 showed a parabolic variation with the increase of precipitation
intensity, maximum with moderate (10 ~25 mm-day "' ) and heavy rain (25 ~50 mm-day ') and minimum at drizzle ( <2 mm-d~'). Precipitation
acidity (pH) displayed obvious positive ( negative) correlations with ground level SO, concentrations. When SO, concentration was higher than 40
pg-m >, the frequency of acid precipitation reached 90% . Precipitation acidity was closely related to the transport pattern. The highest frequency of acid
rain was associated with northeasterly (from northeast) trajectory of the lower atmosphere layer (under 1000 m) , easterly and southwesterly trajectory at
mid-level (1500 m) and southwesterly trajectory at high level (around 3000 m).

Keywords: acid rain; precipitation pH; meteorological situation; back-trajectory; cluster analysis; Hefei
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R 4.49, RARER 2.95, RINKAER R T1% ,5 8
EHTAY 1998 FAHW, MW AR AR EFAT 15 £
(Huang et al. ,2008) . [RIFEAL T IL = F W, 78 52 P&
7K pH {H M 1992 ~ 2003 4E [8] Z5 4L N K (4. 93 ~
5.36) ,F#45.15 (Tu et al. ,2005) .

PR A L — N B AR p AL R, AL SRR
PERTRY) I SO, NO, WA BV R R (EH
£,2005) , 1 H 5 R & MR KRR WA 2% T (X
FHE,1997) . KR F&KAM— 75 T 7 W BR T AT R 9 19
PALE R, B — T E W E REY R R Rk
MERRS R B, RW KL 5XRZHH
REABREXANKEEHRZRZANB T Z K I (Sigh
et al. , 1987; Pio, 1991; Sanusi et al., 1996;
Beverland et al. ,1998 ;Avila et al. ,1999). IR %
TER Y A EB AL 58 BR TR R U AY BIF 58 LR ( Munn
et al. ,1971 ; Miller et al. ,1978 ;Sigh et al. ,1987) &
W 3% 1l % 15 B4 1 B I HE BUR B8 € T R Al

REGWAEAVDEEFRTRWERIZEFMHX
RBIBEFE. X EFEE(1997) 08 T H HBRW KL
RBRRRFE; 45 R R, 24 30 R 5k 19 3T & LAY
REBEHRBYT B PRAEEBIERETRRW
T B — AN B R A [R) B L SO A e RIS
KR WL TE FF 24 3 BR 7R A9 T8 Bt ke T % B /E -
#HEEFF(2005) F S R Bs, T P ER TR RO TE AL
HREAWHEMER, Kb m s L mEn
REWR) THRMANFERIRE, A5 HWRWH
76% . R IR EE (2005 ) Geit T BEK & R E R 4 X
GE[ZFMHESEMBRARR, BAAFEILE
XS BEK R BE R TR AR B B B R .

IR, BB W EIEA D FEH B KE.
T AE W A & (2001 ) | Fh ik 5F (2002) | 3 S
(2003) 433 43 Hr AF 52 T 2 A [R) b 07 B9 R TR AR L
FRWH T, 3F BEAT X K B X B TAE A&
U4 TR T Ty A 4 o B AR RO HE S AR, B R
WRE G EFEEENERMLER, HILRHE
P TR i 2 A N BR T 5 W 9 5 RS &L A B
Rpgafl AP RIS ESL NG LR T b 5
1992 ~2007 WL A pH {E WKL R & BERE T8
MARYER NECP BT %R, DL K& RE T 3R 35
I3k 2000 ~2007 4R 4 28 <R B W BERt, L A S 1)
MBMBRASTO T ERRILER WEERY
W BE, LA KA [ T BE B % 2% 2% R X B B I K R BE
BRI R A R R, B TR R IR B AR B L BUR i %

PRAPERL 2K AR
2 #R K A% (Data and methods)

2.1 FHKRE

R TR VL0 9 ) 0t T R R BT OB R VR T A BT
SEIM vk R T o B AR L R R R s M,
IR T 1989 4F,1992 £ ESR R R K E M T “ R
MM BT E (BEA)”, A XA A ¥ 1992
4 LU BRI BERE , Forp 1992 ~ 2003 4 WL 3 437
THEETHRAE KK, Bi&AE N 117°14'E,
31°52'N, B SRR T X 52004 45 3T 4k 3 & AE B K A9
&P, BARALE R 117°18'E,31°47'N, 5T .l
BEE %) 10km.

Hb T TS e vk BE R HE SO, NO, il PM,, 3k
HE TS s, 8 2000 48 6 A 4G, G ETH
HE WS ERAREER R T 4 M EA R &
Bl =B (TR @EMEX) KILH B
(P ATEIRE A X) JEHMILE(BRX) MEHKE
(VB X R - AT 46 A3 4 A M 0 o /9 &% K
SERY B BEHTEKRESBREYRRG 5
1. BRHEFR S 2000 ~ 2007 4E.

ATFHEREMAEN =4S %E R A
NCEP/NCAR P73 #7 BT RE, WORLK 2 BE Ry 2. 5°
x2.5° T E [ Mk 1000hPa ~ 10hPa 4 17 2, —
H BORMR 5 5 i 43 2 00,0612 .18 3E 4 4B k.
2.2 ity

RIEFEIZHEBETERAE S RE(FEIZR
J71,2005) , 2R FIREAK R R AL ¥t B4R 22 O A %
K pH EHE, HHE IR

pH = - lg{M} (1)
2V
Kb, pH, S5 @ IRFE/KR) pHAE, V. AFEKE.

N T RSB A R T AN [ BR BE R K B 4/ ZE AR
e, R SRR &N BRYEE WL RS
FTFHRR, A XSH R 4% (1998) B HF T T B
IKBRBEHAT 7 R G TH AL B, BAR S bs R - TR R
PE(pH <4.5) R ERYE (4. 5<pH <5.0), A K 55
BRH(5.0spH <5.6).

AN R B BR TR AR AR B B 78RR

N

KA F A EFBRTREER,N 5 Ny o5 0t 5
P [63) B PR A O % ) PR R U5 8 K UK
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HRR(ER KE) Rm RRBEKK SRR,
R T R BT REEE. % FBALA uSeem ™.
V¥ K EA TR R

_ XK, xV,
K= SV (3)

K, K HEREEKE KE,V, HREEKE.
2.3 JF MBI

Beverland % (1998) 45 t , J5 [] 320 RE 2 47 3 3%
AERSE B REWZ AT &g X. AT #A
[F) i 1 % A2 X A 3 o 7K R B 9 S W, AR BF 5T P 4
% & NOAA BF %I (9 B 3% 4% = HYSPLIT4 ( Hybrid
Single Particle Lagrangian Integrated) ( Draxler,1997)
RS — K FEK R P a2 R & E A 72h
(48h) J5 1] B3 . ZAE K — R BRI B 4% B H &
BEMHTEEX, TULHEZHIRMAY . £
P 4y B RE AU [F) 2R B HE IR, 9 IZ LA T RS
15 YL W) Hi 2 WF 2% ( Beverland et al. ,1998 ;.4 HIK %,
2008) . ¥ 3% i 55 7Y & 4R = BE 4 518 10m, 500m
1500m 5 3000m.
2.4 RELM

KL R—F Z UG, 72 RRI5 R0
FITEARB] | Z M (A F#KSF,2008) . %7 ER
K78 3l B A0 7 1) N R B AT 4,
g3 LAY R0 3 B 4 1) 22 R K, N 22 AR
BT ] T A R B S e 2, A 3 R
KERYREERK. Pk 0 A BT %R R

o= pH & SO,

pH

80% 7 b.  [EEEw B wg [ 9

60%

Frequence

00,

WA N &H0 545050 78 8 46 5 20 4 7 & X R =
B ZEREF, & B M —NE(ELEANERN
23 [8) 7 22 R 1R A B 4R 300 55 9 T 1 003 X B A A
BEEE M) IR T A T RRA A 2 AR
B Rz (B 5 2 s B s R F 2R 2 NMRE
I AFE, IR RS RN A B R 38 LA RS
A IJE BT A R B R N 2 [ JF 22 Z 1 (Total Spatial
Variance, 8 % TSV) H& IF A7 N /. XA 72—
H#EGRAYEEIFBA | A, E H TSV B
E BB BN M E 4, HiZE 4
I B — i FHE (0 5% ) B R FEECH M, WA Dk B
BB LS M+ 158 3R 5 i & 7 19 B A 8
W, IR A R T 2 U X 2 B 05 AR R
T X — Bt B A K B LR R B A

3 ABETEME/ZE T4 ( Annual/Seasonal
variations of acid rain in Hefei)
3.1 #4&1
AR pH {H | & RER T 4F & A R 2
EE (K 1) ATLVE b, F K pH HEEET
FeaH BRWMEE EASYE,NHE pH HIK T
4.5 HYIRER T AY ) BUA R fin .2 . 4R FEK pH BY
Ak % (B 1a) 78,1992 ~ 2007 4 4 BE 45 3
FEK pHETE 4.2 ~5.6 Z A3 ,1999 4 Z HiZAE{L
AR, ZJE BAEET BB 2003 FE 2 FEK pH E
BRAG, 4.2, BB 5R PR FEK AR .

APV,

SO, /(ug'm™)
NO,/(ug'm™)
PM,/(ng-m™
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Bl ABRTERBRMREERFHMEK pH EREEE (a. FHy pH (H L5 R b, BEX RN RAETE)

Fig. 1 Trends of annual frequencies of acid rain of each grade and annual average pH in Hefei (a. Annual volume-average of pH and concentrations

of pollutants; b. Annual frequencies of acid rain)
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B FBRTE B9 & A SRR T LLE 2], 1998 4R LSk
BRI MBI T pH EART 4.5 RIRRW, T H7E
2001 F2Z SRR T R A B B 89 BT Kb
2006 423 40% . 16 4F[H] , B BRI AR AE 10% L
TSI, HERWAE 1996 5 2005 4F L&, #iE
30% , HAWAEHTE 15% £
3.2 FH LA

FREBRWEERNFNEMHURLE L FRS4F

FEKF-35 pHE R 4.76, 2 ERRYE , BRI R ik
45% ,ForF pHAEAR T 4.5 B3R BR 1k MK i R &0k
13% , " AF SR BERR TN SR N 13. 4% , SR TN R Ny
18.6% . K EMM PRI, B F 58.7% ; HIKEL
ZF, 0 53.8% ; RERW MR &AL, 28.8% ; FF
PRFIRR N 47% .

F1 1992~2007 EERTREBRTHRAREFENSH
Table 1 Seasonal frequencies of acid rain of each grade from 1992 to 2007 in Hefei

HEAR 73 pH {4

it S 4 item

BR TN 5 % Frequency of acid rain

Sample number Volume average pH <4.5(38) 4.5<pH<5.0("#%) 5.0<pH<5.6(5)
LA 1039 4.76 12.9% 13.4% 18.6%
H#E(3~5H) 285 4.85 13.0% 13.7% 20.4%
HE(6~8H) 334 4.75 5.4% 8.1% 15.3%
’EO~11H) 208 4.73 21.2% 19.7% 17.8%
£7F(12~2H) 212 4.73 16.6% 15.1% 22.2%
3.3 H7%4k 2003 4£7 A 11 H 23 B A9 — K58 BR 1 2 W i 72 4

BpgEK pH EHAK T 5.0 B, K S0 3R 85 7= £ R
I 72 BE B BR AL R My (25T 2 5%, 1998) , Ik, 72 B 3¢
9B PR EE T XF pH EAR T 5. 0 B9 BRI S R AT
WHig. B2 il T AT ZE A R L ERR T & A R
REAY pHAE. HEATLAE H, & A8 F R A B3R
PR A9 & =R BA W B A A L, b5 R B
TR, 26 AMBEREIRAR(5% ) s T HFHAPRZ
Hrsgin, 11 Ak & (50% ).

50%[ ApH + Frequence /*\ ~56
/ \

40%- 7 SN T
3 7'\..{ \ 52
£ 30%- / / *

5 +_+_<.\‘\\A, \ / {50z
- \ /5"—‘ N :
10% A A
¥ a7 14.6
ol v 10 1y,
1 2 3 4 5 6 7 8 9 10 11 12
Ay

EH2 ERTHEMERAAER . FYpHERETHL
Fig. 2 Variations of monthly frequencies of acid rain with pH <5.0

and volume-average pH

5% A R WA B A xR, A ¥ FEK pH {E
EHREREEFES 6 ARBERFEES.5),7 A
T G T BN B ARME (4.5) B JG 2 LT Hd
6 H57 HA¥ pHEAMZ 1 4> pH 841 AT H
Xt pH E S EIHE R AFOK B MBS 7 A GBI
9 A ¥ pH E 2 i 2 WHEK BB K H pH HE K
WKt 72 B 2, — 2 2003 427 A 9 H 11 At ~

B, X R B K B ik 144, 9mm, 1] & A9 pH {H K
3.69;5 — ¥ 2002 47 A 26 H 01 B ~2002 48 7
H 26 H 14 BFRFEAK , F%K &35 104. 6mm, Wi pH
%k 4.12.

4 BESHESREMENEFR (Relaionships

between acid rain and ground level meteorology)
4.1 X

AR SCHR (AR 355, 2005) , e K X 2 4 5
NER, R RBEBW(r<2) P (2<r<10)
M(I0<r<25) ., kKW(25<r<50), AR BN (r=
50) ,HoH,r  HREK R, B8 mm. RYE H KR
3 2%, BEAT O R R B WK B R B Gt ASE
AR (R 2) WTLLE W, X T AR R ERFEK, 1
pH {EAHZE A K, -3 v 5 SR A W 38 A9 3 I 2 T R
BEGX UL BEE H FEK 2R3, K & 7%
FEAR IR RE. LA A [F] B /K B B X B Y 45 R R T
PR R B, KT B 25 20 BR TR Hh B R, B
O R T A3 3R BT 54% , 5 FL AL 55 B K BR TR i B
RMERNK, N 44% 4. F B LR R TN 3
30 2 i o K 38 I 2 5 4 ) WA AR AR TR 2K, oP TR B A
B, H30.6% , k& KT BEBWHNRIEK, N
20.4% . 5347 2d LA b B 2 R K i AR X e K PR
B & B, T8 SE K L AR o, BE K 56 1d.2d.3d
Ad BRI SRR TR 4 5 R 24, 7% |
25.5% \32. 6% F 47. 8% , B BR TR 47 2R [ & & 22 %
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TR AR A RRSE T 4 A0 BR TR AT R 5 K B X R R
AT BB Hh T B[R] B K K G AR R, TR K R T

AT 32 KRR B R OB T, T 28 R R T X
MK BA —E B P ARE .

R2 BABREESWREHNXER

Table 2  Relationship between rain acidity and rainfall intensity

_ N B2 TN 1 % Frequency
i %% Rainfall pH K/(pS+em™)
5 o g 5
EBEBW 4.94 68.25 8.4% 12.0% 23.4%
JNFE 4.87 54.56 12.5% 12.5% 18.5%
2055) 4.86 45.80 15.1% 15.5% 14.0%
KT 4.81 38.09 16.0% 14.2% 23.6%
T 4.53 33.89 13.9% 13.9% 16.7%
4.2 K REFHIZEAR K, FE 42 ~45S - om ™' 22 JH] 5 24 - 3 K53

DRI X B A2 A6 TT LU W B 75 3 W1 8 0 A 5
PR NFKBRIE S B F KR K &R (3£ 3) AT LA
B EXNS N L ~2 KA, ¥ pH HERMK, N
4.66; KR T 1 ZXAPREL, F34 pH 2 4.97;
HRAET 4 BEF HEARED, BHHARW, T
pH 14 5. 82, AEMRERE K. FEK B T R B9 F 2 {H
763 ~4 ZAR B/, 9 34. 8pS-em ™ AR T 3

KF 4 Kot B PR EFF 39, 1pS-om ™' XEKH,
AT 3= KGR B /NEE, AN A T I5 G W G G R
B, N1 AN R TG Y W B AR, 5 B Rl o
AR H BT R Bl K b T T B 7E 0 ~ 1 2% AN
1~2 ZXGE T ZHA K, 7E 2 ~3 FXET WK
3 ~4 FRET , 55 BR T ) TR B

®3 BABRESHEREMNXR

Table 3 Relationship between rain acidity and wind speed

K% Frequency

3 A8 4 F 7% . -1
TR 55 pH K/(pS-em™") = e =
0~1 %R, 4.97 42.19 7.8% 17.7% 17.6%
1 ~2 %R, 4.66 44.66 12.4% 12.9% 19.9%
2 ~3 %R, 5.05 42.51 10.1% 11.0% 17.4%
3 ~4 %R, 5.11 34.82 8.0% 2.0% 26.0%
4 ZALL 5.82 39.08 0.0% 0.0% 0.0%

MEEAK B E 5 Xm (& 3)F, AR R B
Hh BEBR TR A 5 AR TR M BT R A 22 B 3K SRR TN 7R
ENE J7 [ 55 3 8 & , %30 25% ; HoAth J7 1] b i BUAR
RIET 15% , Hk W R WSW J7 [0 A H B 5% AR
M. 53R ER W b BB LA, WSW J5 ] Lt 3L A
JEBR M R K I A B 5 , i 33% , HL 2 NNENE X

K WNW J5 [, o BE R 1 7K SR TE 20% ~25% 2
(], FeAt 7 [l 4% T 15% . 55 BR T H B3 A8 4% J7 [
E B2 R A BRI OK B R LLE A
A P8 77 16 B4 45 R BA B R T A 7 1], SSE, A K
SE J7 [ 55 BR T tH BUIR R B, SRIE T 8% .

B3 FERELERFATE(a BB, B EERY: . HBRYE)

Fig.3 Frequencies of acid rain for each grade in different wind directions (a. Strongly acid rain, pH <4.5, b. moderately acid rain, 4.5 <pH <

5.0, c. weakly acid rain, 5.0<pH <5.6)
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4.3 KAREE
KRRZEEEZ W5 3 13 8O H 1% 3 2.
HRBRH G KRIBBEERRR, ARFHI/RE (K
HEE,1993) & T 1992 ~ 2007 4EREK H (FEAKHT 1
H5H72 H 08 Bt AR KR)Z4E T & RRW KA F
(R4). HRITLUED ,BKEH, LRI 1 HA

HI 2 H 08 B KRELEEE N T NAFRKKIE
SERBATLLE H, HEE KRR E B R 15, SRR
W BEERVERE K ST 3R 2 g s B, Hob, R KR
1d ARERES, A 1/3 K HRREN. 7 LA 1
MFEKBRESHIHRIZSEXAERY. BB AL
B R K R BE 5 A b 35 Y WD HEOR BT ER R

R4 FTRASKHEETEREHRAME

Table 4 Frequencies of acid rain of each grade under each atmospheric condition

&R FEARL S-¥ pH {8 %t % Frequency
Stability Sample number Volume average o oh BF Er
%H REE 76 4.96 11.84% 10.53% 13.16%
e 955 4.75 12.98% 13.40% 19.16%
[5¥d 7 4.41 14.29% 42.86% 0%
RMi—H N -V 177 4.93 9.6% 11.86% 16.38%
o 843 4.74 13.17% 13.52% 19.34%
s 18 4.46 33.33% 22.22% 5.56%
Hiwi H N -V 266 4.77 8.27% 11.65% 13.91%
e 737 4.77 13.84% 13.57% 20.35%
e 35 4.53 28.57% 22.86% 17.14%

5 BWEMEISEYIRERXZR (Relationships

between acid rain and pollutants concentration )

WA RET LR AL R S5 B W B9 4F 24 W B B9
HARELLE (& 1a) , L 2000 ~2007 4545 JE4E 34 SO,
WEEFE 10 ~ 23 png-m 2 A, {H7E 2003 SE 2 J5 B4
1K #, 2007 4E SO, YR FE R 22. 86pg - m 2
2003 4 ) 2 fif; NO, ¥k FE7E 15 ~ 50pg-m 2 A,
2004 4 Z Al 2 98 2 #, 2004 £E T 46, NO, & I
R0 5 PM,, BOVR BEFE 75 ~ 115 g m ~° Z AR ;. Lb
B4 pH H5 SO, NO, \PM,, %k 7% 14 i % AT LA
& i, pH HA RS PM,, B9 2840 AR — B, Ui A
PM,, AT BE X BR T A — 5& B 7 A RE J7. 2004 ~ 2007 4

F/150,
351 a b

3]

¢

X

S

S

2

X

20

K

0%,
X

X
K

Pt
-

X,
a4

ra

257

PN

K,

SO,/(ug'm™3)
NO,/(ugrm™)

XXX

-
XX

Pt
>,

=
X

ra

0K,
R

ral
-

.

ral

KX

i

NO,

B RETH R SERE R A AE X K pH E 5 X 0L 4 SF B &
REFF 23 N B9 Hu T SO, \NO, B ¥ BEAH — 2, iX R
L5 AEa AR B W™ E R BR T TR 35 O = BR T A A
#1(80,.NO, ) EIHERL, JLHZ SO, HEA BV K &

ik — 2 B 5T BR T 5 0 Hb )R PR T A (A ) 22 1A
BRAR, HIGEH T K S H BT 1 B, DR
KT 2 HANFEFEK pH {E 5 A8 DL T 15 Je ) F 39 %
BECE 4). NIE 4 ATLLE H, fEMEKET 1 B 5T 2
H BRSO, ¥k BE Xt b & B AR 9 pH M, BRE N ™
EABRIERE K ; 50 % pH {H 53 NO, W B9 284
5 SO, ML, (EAH & A K SO, B & 5 70 MK pH
55 PM, KR RN MFPREL R 3.

B PMy,

ORIV

%
%

PM,¢/(ug-m~)

L,

XX

7

X

<4.0 4.0~4.54.5~5.05.0~5.6 =5.6

<4.0 4.0~4.54.5~5.0 5.0~5.6 =5.

<4.0 4.0~4.54.5~5.05.0~5.6 =5.6

[=2)

B4 BABESSRUWRENXR (a BKETPH ;b BKRT—H e KL H)

Fig. 4 Relationship between rain acidity and pollutant concentrations (a. two days before rain day; b. one day before rain day; c. the rain day)
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N RE B 4 B Hb T TS B ) U 5 e UK R EE RO A
RKER,FETIH ] 5RKEHHE BT—H. K

26d T BLERMERE K , HoA i —2f (14d) ZRER .
x5 [H']RESTLYIRE Pearson X R H

%’[ H SO2 \NOZ Y54 PMlO%Z)EZIEJ ) Pearson *ﬁ;é%‘; Table 5 Correlation coefficients between [ H* ] and pollutant
B(FS5). NRSHLIEH, BEKAT— HMETP H & concentrations
SO, FE SIS [ H* ]V BER AR (p <0.05). . :
MREAHIT B S8 1 F R IR SO, %5 F i) uli L. s
T 2 2 3 (2 6) T LA #4302 h T 5 o o ammno 0o
NO, 0.0023 -0.0091 -0.0020
BE () SO, I AL AR &7 AR IR, JUHE X 3t AT SO, ¥ B PM,, -0.0371 -0.0171 -0.0022
BT 40pg-m B, B BUER TR A9 4R R 25 90% . LA R W *,p<0.05
7K RS H 0, 429 d 3 T8 SO, ¥ BE 5 F40pgom ™,
®6 TESO,REEZTHERMREE
Table 6 Frequencies of acid rain at different ranges of SO, concentration
& H: % Frequency
S/O(szii’f? HAR pH<4.5 pH<5.0 pH<5.6
Hi M H Hi—H B H Hi—H Hi i H Hi—H Hi® H Hi—H
0~10 146 147 19.9% 20.4% 34.9% 36.1% 50.7% 51.0%
10 ~20 260 275 14.6% 15.6% 32.3% 31.6% 49.6% 48.7%
20 ~30 53 41 26.4% 29.3% 35.9% 46.3% 54.7% 70.7%
30 ~40 24 23 29.2% 30.4% 50.0% 47.8% 83.3% 73.9%
>40 29 28 48.3% 39.3% 79.3% 71.4% 89.7% 85.7%

6 FRMESE G IMEKERERR MM (The
impacts of transport pattern on precipitation acidity

in Hefei)

SO, K SO, TERR M LML Sd A4
(EWE,1999) , I, BT RTA 9 7T LB & <
BB R, B — >3 J7 B R TR AT LA A M 9T e W
TR EL , o AT BB S 3 75 Be Wy HE OB 2. 53 40, BR
MIERAZASEME T IR EEEARRKE
PR T HU (A4 B 3 T 3B X, = °F 5 R X K B R A
EEAEATE T B8 RN RE A 2 R X, K BR
BEEBRE TaMNEE(ERITHE,1995). BRE
XA X AT = T RHLRBEERT R, A5
AR X BRI E B AR R R AR AR S R HE
i b SO i T e 4 5 R K BR B B BB AT HE
FREH X = T i 7 X 2% i X R WP A A AT 28
A7 .

ZRABARBERE R Tl AR A B E IR B K
L= AU X HR, 4 23T A IR B R R ik
BEAAN 32 A i Tl A9 % HEBCUR B9 52 R, T EL 3k 32
Bk B 7L A AEHERCUR B 2 AR i K AR T = A
b IX X 35 2 B9 R W (G R 5E,2008) . S HE A
I % 1% 4% 10 % & IE T R K BR BE Y S ma, B 5B L
HYSPLIT4 #2318 T 1992 ~ 2007 4F 965 4~ER TR W

W BN R & B JE Bk, B EE D 10m (Hh
T ) \500m (fi£ %5 ) . 1500m ( Hr %5 ) Hl 3000m (5 %) .
SR JE 1 A HYSPLIT4 BBy RE 400 TE XS i &
BB AT /328, I 456 TR W M W WSOk (pH MH) 43 A7
AN [R5 [a] A3 B8 B X A AN [ 5 B BR TR A K AR
AR, H e 10m.500m 5 1500m 4 72h J5 [6] #3,
3000m y 48h J5 [ Bk 45 R LA S MK T, RPH
KRB e 3CF BRI Bl B KRB 14, 6] — J7 [a] F¢ 72
ZABBE, AT Lm.s 3R R K H E L.
AR 4 - 34 2050 A9 < 4 DA B 2H N 0 B A IR O K
HAo# 3 &% 18 . R 1) 5 IR AL A Bk 2 SR A b 3
i, i Local /.

ME S F1R 7 AT LAE i, 7[5 3K 14 )5 1) Bk e
XoF IO 4 45 2% R T A 40 23R 2 ) S 3, TS T R 4R R B
WA 7 3K 18] )5 18] 80308 T 4% 2% B8 W0 A3 3R O

HTE (10m) : 10m 5 BE 59 5 /) B30 7T B 4324 7
K, HPPGEAKFE B3 WE Sa, FEERH
TR AR 0 FE 7 1, AR PG D ) B9 S 1) B3 R
PeisE , A FERIT A Local 25. ok B AR 4L 1A
B (NE,) . 5 (NE,, ) #1385 i XF B ) BR R 4% %2 4T b
Bw,7E 60% ET. WRE B ASHEAHEAR
FlZma iy pH BT 5.0 BREK (FRHT4:45,1998) ,
REFMRER] 3 ALHY 5 3] & NE, NE,F1 NE $ ik,
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435 41.9% ,30. 6% 1 28% , Tiix 3 HKHB 4 &
BB 1/3. X 5K WX HE SO, NO, H & & 1
AR A X, i P E (SCIAMACHY ) (http://
www. temis. nl/) Wil 25 R F W, RERIL K =/AE
NO,. SO, 4 #i i & {8 X ( Zhang et al. , 2007 ; Shi

60°N
55°N
50°N
45°N
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35°N
30°N
25°N fgem
20°N

15°N
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60°N —
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20°N
15°N

10°N
70°E  80°E  90°E 100°E 110°E 120°E 130°E 140°E

et al. , 2008). AT WL, i 31 J= A AL J5 1) DL R A< = £ Y
PR T T4 0 8 A= b o K BR BE 77 1 SB35 R . TR T &
A R R B R 7 R LB BB (S,) , X
F2 B B A ) — B

60°N —
55°N
50°N
45°N
40°N
35°N
30°N
25°N g
20°N

15°N | o
70°E  80°E  90°E 100°E 110°E

60°N —
55°N [~
50°N |~
45°N [~
40°N [~
35°N [~
30°N
25°N

20°N 5 &
15°N e
| | | | b | | |

0°N
70°E  80°E  90°E 100°E 110°E 120°E 130°E 140°E

5 AEBREFHMEEHESH (a. 10m;b. 500m;c. 1500m;d. 3000m ) ( & & 5[ 2009 ] %5 0031 &)

Fig. 5 Distributions of cluster-mean back-trajectories at different altitudes

fi5%5 (500m) : 500m & BE Y 5 [0 $300 7T LA 43
8 2, HOP- 7K 8l 1 43 A WLIE Sb. 55 b T 1% Bt 2
YU ABERBWBRWER pH <5.0 B EU LR
W, RASRERT 3 L8R S0t I35 f 7
b B AR LB (NNW, NE,, NE,)) ,iX 3 R0 85
) L8 BT % B Y b BE DL B ERFE R AR 4 B A
50% \32.6% F1 27. 2% ; ok & & i A 46 i s db B
(N, X L0 IR 5 R 43% . 3k
B P RS LR (SW, 5 SW,) i 38% , FLXT B Y
HrORE DA b R O BR TR & AR ER E Ok B A6 T B BB AR,
MEBRWAAERSHBKERR L, XRIRT %3
PR S ETE R B R

#1235 (1500m) : 7£ 1500 m & B, & AEREK H 1Y
J& ) 5l Bk B R PE 7 1), P Rg (SW,,SW,,,SW,)
& 65% 247, P AL (NW,,NW_ ,NW,) 41 5 16% . 7E

PR T, E— KR 2RI ZE N EHT.
NW B30 AR 2R & (1.8% ) , H 5K ) NNW
PRAZAEML, X 45 B A2 W BURR TR B9 AR R 3R T,
K F 68.4% . [FAE GRS AL, S B P K BR TR 4 3
BAK,H 17.5% , HFEKBR BN & . HABHE B A
PRSI R A Z AN K, 7E 40% ~50% 2 |a] 5 {H o B LA
FREBKRERFAREEZS, SNEAHE, &
XANE AR R BLR KA S FI NW,
PR, FEUERWREAREESNEET K=
MM E K(32% ) MR SW,2K(31% ). X &
ATDAE R, ORI 2 A RS X # 2 SO, HE
A X

%5 (3000m) : 7E 3000m & FF b, & AEREK H
B9 J5 B 3 5 1500m A8 {BL, LA 75 7 0] Ry 5 H
R B V4 RE 7 A BB (WSW,,, WSW,, SSW, SW)
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i 63% 727 5 FL YR TE A B B OE 9T % 1 A B 42
hi 24% . [F B, 2% i AR S BR8E B B A9 pH <
5.0 B BERL B FR T, K AR 0 2R S il = A3 O AR R R
B PR 7 1 (WSW,, SW, WSW., ), Mt & , 4<
BT NG b T 1] B BIUSE X O B R TR R AR AR R B A

bR, AE S IRRWIE RE T AR S E
SFHEREZTEREL ES, WA RE, PhRES
HAFEVHRR. P EFLL TR BB RR W & £ RIER
JZ LA AR AL T 1 B B30 i & , 7E P 25 (1500m ) LA i
PR 00328 0 P R L5 B R, E R 2 (3000m ) DL 75 e
LiRUS =

RT BERETAEARTTELBRWRE

Table 7 Frequencies of acid rain of each grade in each cluster at each

height
B ES)
10m 1. Local 22.3% 8.4% 12.1%  20.5%
2. NEm 11.4% 21.9% 20.0%  20.9%
3. E 20.7% 11.0% 14.0% 19.5%
4. NE1 8.8% 17.7% 12.9%  27.1%
5. NEs 13.4% 14.0% 14.0% 16.3%
6. SE 16.4% 11.4% 5.7% 12.0%
7. S1 7.0% 4.4% 4.4% 17.7%
500m 1. SWs 24.1% 10.7% 14.6% 17.6%
2. NEm 18.8% 16.0% 16.6%  21.6%
3. N 12.1% 12.8% 13.7% 13.7%
4. NE1 12.5% 16.5% 10.7%  28.9%
5. E 15.4% 12.7% 9.4% 14.8%
6. SW1 14.4% 5.0% 3.6% 17.3%
7. NNW 1.2% 16.7% 33.3%  25.0%
8. SE 1.3% 7.7% 7.7% 7.7%
1500m1. SWm 25.7% 15.24% 16.36% 14.50%
2. SWs 30.1% 13.97% 13.33% 20.32%
3. SwW1 9.4% 8.16% 10.20% 22.45%
4. NWs 8.1% 8.24% 10.59% 23.53%
5. E 14.8% 18.07 % 14.19% 15.48%
6. NWm 6.2% 6.16% 15.38% 21.54%
7. S 3.8% 2.50% 2.50% 12.50%
8. NWl 1.8% 21.05% 15.79% 31.58%
3000m 1. WSWm 20.0% 14.0% 14.5%  21.2%
2. WSW1 11.4% 21.0% 14.6%  24.6%
3. SSW 19.3% 14.5% 8.6% 17.7%
4. NW1 3.5% 5.9% 14.7%  26.5%
5. SW 12.1% 16.2% 18.8% 18.0%
6. Local 24.0% 5.6% 8.2% 15.5%
7. NWm 6.1% 8.5% 10.2% 18.6%
8.SE 3.5% 8.8% 14.7% 8.8%

MG E BURH EMAEER, AXHER
BRI, EFEREBRWHEEILE, £ FE
HAT o T CHLREE, HE S BER R, A TE
AT TS IR R
7 %1t ( Conclusions)

1) #%iE 10 48, BT BR P A R 2 3 g 4, 0
H 22001 £ J5 pH HRT 4.5 B3RER W H B
REMBERWAERREK LFRH, EEREM
R

2) HpBE DA B R R K Y H B AR R B A R IR Y
B2 E WA R R, BB R, P
AR TR B 8 5 AN R XU ) b o BE DA R R o B A3 R A
2B E,RMRWAE ENE Jy [ B B8 &, &I
25% , H BE R ME BE K B R fE WSW J5 [ | &,
ik 33% .

3VHEEREKAT I KRR EERI R, R . PE
KR, RAMKRE SRR EESR

4) BEOKER BE S FE/KRT 1.2 H 3T SO, ¥k B B 2%
FH 3% (Pearson FH3% R %45~ 0.1224.0. 0987 ,p <
0.05) , %3 SO, e 5 T 40pg - m~ th FL B T 45
R 90% .

S)ERERMAERSHRE . FEMEZENIHE
REEABVRR. BRI R EREMRZ WAL T
T6] 4 %9308 B 1y , 7E R =S (1500m) DAl R 00525 0 74 v
Bk B , 72 25 (3000m ) DA i 75 e 150 A 1 -

Bigh: At F AR FRXAD R K LR R X
RPLETHRF ARAFFEEAAIRBGZIFELS
&

REFEEEN:FHEK(970—) , L, L, HATRNT, £
ENEXAUEERAUEFFE.
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