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,
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,
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,
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n g

.

z : e (汤 杰) a n d Z ho : ‘
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,
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,
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A B ST R A CT

T h e : Iv e ra g e e o ll ee ri tl a t一o r: 、 o f s 一!p hu r d lo x ld e
.

s、一11a te a e r o s o l a ,l d T S p w er e a b o u 飞8一 10 p p b
,

15 0 8 声, g : 11一工
,

a n d

2 4 1 4 0 声逮9 In 一 ’

r c s Pe c t lv e ly
‘

认 Il lc h w c r e 一n c a s tl r c d 之1一 th e L 一n
’

a n r e g 一o n a l b 之l ek g r o u n d s ta t lo n d u r in g A u g u s t一

N o 、 e‘, “b c ‘ 1 9 0 1
.

T l‘e }‘,9 1, c ‘c o ‘I c c ‘1是“‘是, 、, ‘“5 ‘”fSO Z “刀d SO ; m a yb e a c , d ,行 tl, c ,卫 , n fa ll ll ]l a s a g r ea t , n n u en c e u p o n

‘I‘e h u m :, n he : llth a ,记 ec o sy s‘e m
l

T lle s‘,“l u la te d r e su lts ‘n d , c a te tha ‘ the d is t r , b u t, o n s o f SO : a n d SO 二 w e re d e te r
-

xl l一Il ed b y lo e a l e ll飞一5 5 一o n s o u r c e s
.

A ve r a g e a e r o so l p a l飞一e le n u n lb e r d e n s一ty w a s 2
.

0 x 10 4 c rn
一 3

.

I t sh o w s th a t so e 一a ld ev e一

o Pn l c n t a rl d h u n l a ll a e t lv 一L一es s 一 o n g ly a l,1c 以 lhe
之z 一rll o sPhe r一c b 走l ek g r o u n d Ic v el

.

K e y w o r d s : T SP
,

a e r o s o lP a r tle le b之le k g 一劝 u lld e o n ee n t r a r一o n

IN T R O D IJC T IO N

5 0 2 a lld 5 0
。 p a r tic le s a re the In a ln p o llu ta l飞ts in th e a tm o sph e r e

.

It 15 h a r m fu l to h u
-

m a n h e a lth a n d the e e o sys te m
.

r ed u e e s v 一s lb一Ilty
,

a n d a eid lfl es r a in fa ll
.

F r o m the re e e llr s tu d ie s

(C ha r ls o n e t a l
.

19 9 2 ; H o

加
a li n 19 9 2 ; K e乡

, 5 e t a l
.

19 9 3 ) the s u lfu r a e r o s o l Pa r tjc jes n o t o n ly in
-

fl u en e e th e g lo b a l elim a te eh a n g e b u t a ls o d e s tr o y the s tr a to sPh e r e o z o n e th r o u g h h et e r o g e
-

n e o u s re a c tio n s O n the p a r tic le Su rfa c e
·

T he r esid e n c e tim e s o f 5 0 : a n d 5 0 二 in the a tm o s
-

Phe r e a r e lo n g e r ; the r efo r e th ey e a n tr a n 印o r t a lo n g d ista n e e
.

Stu dy o f the s u lfu r c yele b ee o m e s

a n im Po r ta n t s u
bj

e e t o f th e e n v ir o n m e n tal a n d a tm o sPhe r ic seien e e s
.

T he N A SA G T E / PE M一W E ST A (G lo b a lT r o Po sPh e re E x Per im en t / Pa c ifi e E x Ped itio n

M iss lo n 一W e s t A ) w a s c o n d u e ted in the w e st r eg io n o f th e Pa e ifi e O c e a n d u r in g the m o n th s o f

A u g u s t th r o u g h N o v em be r
,

19 9 1
.

It w a s the flr s t e o m Pr ehe n siv e s tu d y o f tr o Po sPh e r ie eh em ist
-

ry in th e e lea n
,

re m o te a re a
.

Sin c e cyc le s in v o lv in g tr a e e g a se s a r e c hem ic a lly e o u Pled
,

it 15 Pa r
-

tie u la r ly im Po r ta n t to In e a s u r e a eo m Pr e he n siv e s e t o f sPe c ie s sim u lta n e o u sly
.

Su e h

m e a su r em e n ts n o t o n ly e n ha n ee o u r k n o w led g e o f d is trib u tio n o f the sPe c ies
,

b u t a ls o se r v e to

te s t a n d v a lid a te the m o d e ls w hie h sim u la te eh em ie al re a c tio n s in th e tr o Po sPhe r e
.

5 0 fa r
,

r e p r e se n t a tiv e d a ta a r e r e la tiv e ly sp a r se in th e W e st Pa eifi e r eg io n
, esPe c ia lly in

C hin a
.

D u r in g th e PE M一W E S T Ph a s e A
,

eo lla b o r a tiv e m e a s u r ern e n ts w er e e o n d u ete d by th e

C hin e s e A e a d e m y o f M e te o r o lo g ie a l Sc ien c e s a n d the G e o r g ia In stitu te o f T eeh n o lo g y a t L in
’

a n R e g io n a l A tm o sPhe rie B a e k g r o u n d Sta tio n o f C hin a
.

C hem ie a l m e a su r em en ts in e lu d e : 0 3 ,

N O
,

N O
x ,

H N O 3
,

N O
飞

,

5 0 2 ,

5 0 ;
,

a e r o s o l p a r tic le siz e d ist rib u tio n ,

m e te o r o lo g ic a l
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Pa r a m ete r s
, etc

.

In th is Pa Per
,

w e w illPr e se n t so m e m ea s u r ed a n d sim u la te d re s u lt s
.

11
.

E X PE R IM E N 丁

T h e m e a s u rem e n t site w a s lo e a ted in a m o u n t a in o u s a re a (3 0
U

2 5
‘

N
,

1 1 9
U

7 0
‘

E
,

1 32 m a b o ve

th e se a lev el) in L in
’ a n C o u n ty

,

Z h ej ia n g Pr o v in e e w h ie h 15 o n the e o a s t o f the C h in ese M ain
-

la n d
.

T he site 15 a w e a th er s ta tio n
, a n d 15 lo e a ted 10 km e a s t o f th e L in

’a n T o w n th a t ha s a Po P
-

u la tio n o f a b o u t 50 0 0 0
,

5 3 km w e s t o f H a n g z ho u ,

th e Pr o v in c ia l ea Pita l th a t h a s a Po Pu la tio n

o f 1 m illio n
.

A b o u t 2 10 km to the n o r th e a s t o f H a n g z ho u
,

is C h in a
’ s la r g e s t a n d m o s t im P o r

-

ta n t in d u s tr ia l eity
,

S ha n g ha i
.

T o th e w e st o f th e m o n ito rin g site 15 m o u n ta in o u s , u su a lly less

d ev e lo Ped a n d le s s Po Pu la ted r e g io n s
.

T he re a re se v e r a l sm a ll v illa g e s a r o u n d the m o n ito r in g

site w ith in 2 km ra n g e
.

T he m e a su re m en t site w a s lo c a te d o n a sm a llh ill w ith a m ea n elev a tio n

o f 132 m
.

Su r r o u n d in g a r ea s a r e m o d e r a te ly e o ve r ed w ith n ew ly Pla n ted Pin e tr e es
.

T he a r e a 15

fa r w a y o ff a hig hw a y a n d th u s the r e w a s n o a u to m o b ile a c tiv ity in the lm m e d ia te vic in ity o f the

S lte
.

川
.

A N A L Y T IC A L T E C H N IQ U E

O z o n e w a s m e a su r ed w ith a Ph o t o m e tr ie o z o n e a n a lyz e r (T h e r m o E n v ir o n m e n t In c
.

M o d el

4 9 ) w ith th e m e a s u r in g P re c isio n b ein g o f 1 PPb v
.

5 0 2 w a s d e te r m in e d w ith a Pu lse d

fl u o r e s c e n c e 5 0 : a n a lyz e r (T he r m o E n v ir o n m e n t
,

In e
.

M o d el4 3A )
.

T h e m e a s u r em e n t Pr e e isio n

15 0
.

1 PPb
.

Su lfa te s w e re e o lle c t ed by a fi lte r in a h ig h一v o lu m e sa m Ple r
.

T he e o lle e ted sa m Ples

w er e e x t ra e ted in t o a b u
ffe

r so lu tio n a n d th en a n a lyz e d w ith a n io n eh r o m a to g r a Ph y
.

T h e fl o w

r a te o f a ir s a m Ple w a s m e a s u r ed u sin g a m a s s flo w m e te r
.

A e r o s o l Pa r tie le siz e w a s m e a su r ed b y th e Pa r tic le siz e In s tr u m e n t (m o d e l C S A SP一 10 0 )

m a d e b y PM S c o m Pa n y o f U SA
.

IV R E S U L T S A N D D ISC U SS IO N S

Ch
a r a e re r is tie s 可

,

S u
rf(

zc e 5 0 :

Va
r ia zio n

Fig u r e 1 sh o w s the d a ily a v e ra g e v a r ia tio n o f the su rfa ee 5 0 2 m ea su r ed in L in
’ a n d u r in g

A u g u st一N o v e m b er ,

19 9 1
.

It e a n b e se e n th a t the d a ily a v e r a g e SO 2 eo n c en tr a tio n w a s a b o u t s

PPb b efo r e O c t o be r
, a n d 10 PPb a ft e r O eto be r

.

B e ea u se a t Lin
’ a n sta tio n

, n ea rb y b io m a ss b u r n
-

in g e o u ld b e v isu a lly see n d u r in g th e Pe r io d o f m e a s u re m e n a ft e r O c to b e r
,
th e in e r e a se o f

5 0 2 a ft e r O c t o b e r m a y b e c a u s e d by bio m a s s b u r n in g
.

T h e 5 0 2 c o n e e n tr a tio n in th e L in
’ a n

b a e k g ro u n d s ta tio n w a s hig he r tha n in o the r re m o te a r e a s s u e h a s L u sh a n M o u n t ain o f Jia n g x i

Pr o vin e e (a b o u t 0
.

1 5 PPb)
, a n d B a iyu n M o u n ta in o f G u a n g d o n g Pro v in c e (a b o u t l

.

1 5 PPb )
,

a n d a n n u a la v e r a g e 5 0 : in the e a s te r n e o a s t o f U SA (ab o u t 4一6 PPb)
.

In th e n o r thw e s t Pa rt o f

C h in a (W
a lig u a n M o u n ta in )

,

the 5 0 : eo n e en tr a tio n w a s be lo w 0
.

1 PPb
.

T h e a tm o sPhe r ie

b a e k g r o u n d lev e ls o f so m e sPe eies in d ev elo Ped r eg lo n o f the e a ste r n C h in a a r e m u eh hig he r

th a n tha t in r em o te ele a n a re a s o f th e n o r th e a ste r n C h in a
.

It m e a n s th a t the s o eia l d e v elo Pm e n t

a n d h u m a n a etiv ities str o n g ly In fl u e n e e the a tm o sPhe r ie b a ek g r o u n d le ve l
.

T h e d iu r n a l v a r ia tio n o f 5 0 2 a v e r a ge d fr o m a ll the s u n n y a n d o v er e a st d a ys w a s sho w n in

Fig
.

2
.

F r o m Fig
.

2 it ea n be se en tha t 5 0 2 15 h ig h e r in th e d ay tim e a n d lo w e r in the n ig h ttim e
.

T h e lo w e st e o n e e n tr a tio n o f 5 0 2 o c e u r s in the a ft e r n o o n
.

W ith the su n se t it b e g in s to in c r e a se
.

T h is 15 b eea u se 5 0 2 15 m a in ly o x ld iz e d by th e 5 0 : + o H一 50 ;
一 , a n d 5 0 2 + R o Z

~ 50 ;
-
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一
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一 O V e lt 二{只t

F 一9 2
.

1
’

}1 已 d lt一r n a l v a r 一之一t lo n s o f SO Z lxz s u n n y a ll d o v e r e a s t d a ys

re a e tio n s
.

I n t h e s u n n y d a y a ft e rn o o n ,

O H
一 a n d R O Z e o n c e n t r a tio n s a r e the hig he s t

.

W ith

s u n s e t the Ph o to e h e m i e a l r e a e tio n s c e a s e ,

O H
一 a n d R O Z c o n e e n tr a tio n s sh a rPly d e e r e a s e

.

T h e r e fo r e 5 0 2 15 hig h e r in the d a ytim e a n d lo w e r in the n ig h ttim e
.

F ig u r e 2 a ls o sh o w s th a t

t h e re 15 n o 5 0 2 d iu r n a l v a r ia tio n in th e o v e r c a s t d a y s
.

I n su n n y d a ys th e v e r t ie a l d iffu
s io n 15

5 tr o n g e r 主n 之h e d a y tim e
.

I t a ls o e a n e a u s e 5 0 2 c o n e e n tr a tio n t o d e c r e a s e in the d a y tim e
.

2
.

c ha ,
·

a 。‘e r zs ‘ic s ‘丫
、

5 0 ;
a , , d TS p (To la lS u切 e n de d p a r fi e le s ) 吻

r ia tio n

T h e v a ,
‘

, a tio n s O f d a ily a V e ra g e 5 0 二
a n d T Sp a r e sh o w n in Fig

.

3
·

T he a v e r a g e c o n c e n
-

tr a t lo , 15 o f 5 0 ;
一 a n d 丁sP a r e 巧

.

0 8 ;‘: m
一 , a n d 2 4 1

.

4 0 。; m
一 , r e sp e c tiv e ly

.

T he e o n e e n tr a
-

tiO ll O f 5 0
、

15 hlg he r in Lin
’ a n th a n in o th e r re m o te c le a n a r e a s ,

su e h a s L u sha n M o u n t a in

(a b o u t 6
.

x l 尽g m
一 1 )

,

a n d a一5 0 15 h lg h e r tha n the a n n u al a v e ra g e 5 0 e o n c e n tr a tio n (10 拜g

m
一 ,

) (N A PA P 19 8 7 )
.

T h e o r ig in a l n a tu r a l b a e k g r o u n d 5 0 15 a b o u t Z 拜g m
一 3

.

N o w the



2 6 6 A C T A M E T E O R O LO G IC A S IN IC A V o l
.

8

5 0
、 c o n c e n tr a tio n in th e a tm o sph e r e 15 a b o u t fi v e tim e s a s m u c h a s th e ll a tu r a lb a e k g r o u n d

le v e l d u e to h u m a n a e tiv itle s
.

T he r a tio o f 5 0 互 to T Sp 15 a b o u t lo %
.

T he s , z e s o f m o st

5 0 ; p a rtic le s a r e le s s tha n Z 尽m T he 5 0
4 p o llu ta n t 15 h a r m fu l to hu m a n he a lth a n d the

e e o sys te m
, a n d a ls o a

ffe
ets the g lo b a l c lim a te c h a n g e

.

E n e r g y in o u r e o u n try m a in ly e o n le s fr o m

fo s silfu e lb u r n in g
.

T h e r efo r e 5 0 2 a n d 5 0
4 p o llu tio n 15 the m a in e n V ir o n m e n t a lp r o blem

·

3
.

Tll
e o r e tie a lA n a l下5 15

In o r d e r to u n d e r sta n d th e v a r ia tio n a n d d is tr ib u tio n o f 5 0 : a n d 5 0 ;
,

w e u sed the th re e

d im en sio n a l E u le r ia n re g io n a l a ir q u a lity m o d e l to sim u la te the situ a tio n o n O e to b e r Z一 5
,

19 9 1
.

T h e m o d el sys te m c o n ta in s tw o m aj o r c o m P o n e n ts : the d yn a m ie a n d a ir q u a ll ty m o d els
.

Fo llo w in g C ha n g e t a l
.

(19 8 7 ) the d yn a m ic m o d e l 15 r u n o

ff-- lin e u sin g the In e so s c a le m ete o r o
-

lo g le a lm o d e l(M M 4 )a n d g e n e r a te s m e te o r o lo g le a l a n d p h ysie a lv a r ia b le s tha t a r e u s e d a s in p u t

fo r the a ir q u a lity rn o d el
.

T he e h em re a l m e e h a n ism o f Sto ek w e ll (19 86 ) w a s u s ed a n d m o d ifi ed
.

T he d eP o sitio n ra t e a n d Ph o to lysis r a te e o n s ta n ts w e re e a le u la ted b y the m e th o d s g ive n by

C h a n g et a l
.

(19 8 7)
.

T h e m o d el w a s d iv id ed in to 15 u n e q u a lly sp a ee d v e r tic a l la ye r s
, a n d ha s a

h o r iz o n ta l r eso lu tio n o f 6 0 x 60 k m 2
.

T he e m is sio n d a ta u s e d in the m o d e l w er e e a le u la ted a e
-

e o r d in g to th e am o u n ts o f e o n s u m ed e n e r g y u sin g the m e th o d o f K a to (19 9 2 )
.

T h e s c e n a r io o f

5 0 2 e m is sio n u sed in th e m o d e l w a s sh o w n in F ig
.

4
.

Fig u r e s 5 a n d 6 a r e the s u rfa c e d is tr ib u
-

tio n s o f 5 0 : a n d 5 0 ;
sim u la te d b y u sin g a b o v e d e sc r ib ed m o d e l

·

C o m p a r in g Fig s
·

5 a n d 6

w ith Fig
.

4
,

w e e a n se e tha t d istr ib u tio n s o f 5 0 : a n d 5 0 二
c o n c e n tra tjo n s a r e c o jn c id ed

ba sic a lly W ith 5 0 2 e m is sio n
,

It m e a n s th a t s u rfa c e 5 0 2 a n d 5 0
4 a r e d e te rm in e d by th e 10

-

c a l e m is sio n s o u rc e s
.

5 0 : a n d 5 0 ;
a re h ig h e r in th e e a ste r n C hin a th a n , n a r em o te c le a n

a re a su e h a s th e
W

a lig u a n M o u n ta in
.

It m e a n s th a t h u m a n a etiv itie s a n d In d u s tr ia l d ev elo P
-

m e n t a r e the d o m in a ted fa c t o r th a t In fl u e n c e s the e n vir o n m e n t
.

T h e r e sid e n c e tim e O f 5 0
。 15

lo n g e r th a n th a t o f 5 0 2 , 50 the 5 0
、 p o llu tio n r a n g e 15 la r g e r

·

�内日\妙必-x。。uo。d卜的

45040035030025020()l50刁!!!|!洲
川
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2 8 9 30 0

巨明之
~

竺工亚

F 19
.

3 T h e v a r ia t一o n s o f d a 一ly m e a n SO a fl d T SP



N o
.

3 5 0
,

& A E R O SO L PA R T IC L E BA C K G R O U N D C O N C E N T R A T IO N S 2 6 7

尹 产

、

下

。

协仁

、 2

J。尸

经氮
厂 、 少

1 ‘

J 户

颐
_

Fig
.

4
.

T he 5 0 : em issl o n u s ed in rhe m o d el
.

Fig
.

5
.

T h e d istrib u tio n o f 5 0 : (PPb v )
,
a v er a g e d o v e r l一 9

(G M T )
o n o e t

.

5
,

19 9 1 o n the su rfa c e la yer
·

-、月4r,

,
心、,一、J、份

、

‘护 一 , {口
-尸-。�户刀一己,勺

2 l

2日 声9只�
,.J,..

�叭写工尸��
广no二1�

�uq~尸工-�尸11��刀�尸J。一�

[l月勺口一

7‘UlI

2 34 2 4 0 2 4 6 2 5 2 2 5 8 2 6 4 2 70 2 7 6 2 8 2 2 5 8 2 9 4 30 0

J u lla n d 之飞、

F lg
.

6
.

T h e d l str lb u t io n o f SO (p p b v )
, a v e r a g e d o v e r ] Fig

.

7
.
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