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� c, �¡_, H£9, 4£I, �D 

(=²�Æ �í�ÆÆ�, [� =² 730000)

Á �: |^ 2002 c=²/«SG�µ�í!!!â�UíG¹e�ííM��¢ÿ]�, ��
ØÓU

íG¹e�ííM�(TSP)��þßÝÚ£�(PM10)�â»©Ù, X­©Û
ØÓUíG¹e�íí

M��©Ù5Æ9ÙÔnA�. ïÄuy: TSP ¥[âf�þßÝâ��Ïm'�â��Ïm�é~

�; �µ�í^�e, £�é<NèxK�'�î­.

'�c: â�Uí; â�íM�; â»©Ù

¥ã©aÒ: P421 ©zI£è: A

2 �!!!� â Ú â � �Ú¡�â �Uí, â �

UíÌ�u)3SG, 3, 4 �°c�î­. U 2000

cSGu)10 õgªÇp!!!��2!!!rÝ��â

�Uí �[1], 2002 c q Ñ y
ê g � ��� â �

Uí. 2002 c 3 � 18∼22F, ��Xrü§Úrü

YL§, [���u
�c1�g���!!!«�5

râ��. àÜÊ½/!!!xÕ!!!=²!!!½Ü!!!�g!!!

² ø � / Ñ y
ØÓ§ Ý � â �Uí, x Õ!!!É

%!!!o=!!!=²�/Ñy
râ��Uí, Ù¥»

#Ú7��Arâ��[2].

�ííM�´dâ»ØÓ�âf|¤�, â

»�u 100 µm � â f ¡�o]2 � â(TSP), â

»�u 10 µm � â f ¡�£ �. ØÓâ » � â f

é <Nè x � K � ØÓ, ® u y ¢ ½ � í ¥�

u 10 µm ��âÔ¥¹kõ���g, Ù¥ 95%�

� JÔÚ Ä Ï Ó5p CÔ, é è x E ¤î­�

³[3, 4] , �u 2 µm �[âf¥L8õ«k³Ô�,

¿ � � ±ÏL �á� ? \ <N, 3 ØÓ� �á

Ü � È, �É� Ú <N| �áÂ, c Ù ´ â »

� 0.10∼0.25 µm �âfé�íU�ÝÚ<Nèx

K���, Ïdé�ííM�âfØÓâ»�ï

Äk­�¿Â.

�©ÏLé 2002 c=²SGâ�UíÏm�

�ííM�?1ëYiÿ, ¦^­þ{ÿ½
�

í¥o]2�âÔ(TSP)Ú£���þßÝ, ¦^

S�Ü©?æ�ìÿ½ØÓâ»��£���þ

ßÝ, ¿éiÿ(J?1
©Û�?Ø, �?�Ú


)â�Uí�¤Ï9ÙÔnA��Jø
�


�â.

1 ]]]���ÚÚÚ���{{{

1.1 æææ���///:::

æ�: u=²�Æ�í�ÆÆ���¢¢

º, å/¡ 9 m.

1.2 æææ������{{{

¦^{I�gÄ Partisol-plus 2025.�U�í

o]2 � âÔæ 8 ì, é 2002 c = ² S G â �

Uí?1iÿ, æ��m� 2002 c 3 � 2 F∼4 � 15

F(3 z g â �Uí Ï m ?1æ �, È� � u ½

~§��¸¥, æ�6þ� 16.7 L/min, z 2 h æ8

1 g � ¬, � � TSP k�� ¬ 63 �). ¦ ^ { I

Anderson úi�E� FA-3.íM�âÝ©Ùæ�

ì ?1æ �, æ � � m� 11 : 00 � 1 2U 9 : 00(Â

8 � k�� ¬72 �), 6þ� 28.3 L/min, � ¬ �

©� 9 ?, l 0∼8 ?â»©Ù�: 10∼9.0, 5.8∼9.0,

4.7∼5.8, 3.3∼4.7, 2.1∼3.3, 1.1∼2.1, 0.65∼1.1, 0.43∼
0.65, 0∼0.43 µm. æ ^ ­ þ { ÿ þ � í TSP �

PM10 ��þßÝ, ^æ�c�È���þ�Ø±

æ�NÈ, =��â�íM���þßÝ. �Ä�

êâm��'5, ��òæ��\ÈNÈz�I

ONÈ

PV/T = P0V0/T0,

Ù¥P0, V0, T0 ©O´IOG¹e�Ør!!!NÈÚ

ÂvFÏ: 2004-12-27. ?UvÂ�FÏ: 2005-11-04.

Ä7�8: I[­�Ä:ïÄuÐ5y�8(2005CB422001, G2000048703)ÚI[g,�ÆÄ7�8(40075025)]Ï.

�ö{0: �c(1980-), I, �w�M<, Æ¬ïÄ), ïÄ���íÿCz, e-mail: wangxin03@st.lzu.edu.cn.

�¡_(1960-), å, ­�<, B�Ç, ïÄ����¸�Æ, e-mail: xixiaoxia@lzu.edu.cn, ÏÕéX<.
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1 3 Ï � c�: 2002 c=²½SG�ííM�A�©Û 45

§Ý, P ,V ,T ����Ør!!!\ÈNÈÚ§Ý.

cTSP = (W −W0)/V0,

c�?£� = (W −W0)/V0∆D,

Ù ¥W0, W © O�æ � c �È� � ­ þ, ∆D�

�?¤æ8âf��»m�.

2 iiiÿÿÿ(((JJJ©©©ÛÛÛ���???ØØØ

2.1 2002 ccc===²²²SSSGGG���ííí TSP ���þþþßßßÝÝÝ©©©ÛÛÛ

2002c 3 � 2 F∼4 � 15 F, Ñyâ�Uí 8 g

(â � �Uí 2 g, 2 �Uí 5 g, � âUí 1 g),

� 8U, ÓiÿoUê� 17.8%. éæ8��¬?

1©Û� u y, Ø 3 � 2 F � 3 � 29 F � 2 g 2 �

Uíu)3þÌ	, Ù¦ 6 gâ�UíL§þu)

3eÌ±9�þ, �Ò´`Ø2�±	��º!!!â

��, �â�A«Uíy�FCzÑ'�²w. �

ªõ�[5]���Laq�(Ø.

éz�gâ�UíL§Ñ?1ëYiÿ, r

¤�êâ?1?n, �� 2002 c=²SGâ�U

í TSP � þ ß Ý © Ù(ã 1). 3 � � � k�� ¬

¥, TSP ²þ�þßÝ�2.15 mg/m3, �I[�¸

�í�þIO�', Ù�þßÝ�LI[�¸�

í � þ n ? I O(0.50 mg/m3), ´ n ? I O � þ

ßÝ� 4.20 �, �IÇ� 79.4%. ��F²þ�þ

ß Ý� 2.79 mg/m3, ´ I [ � ¸ � í � þ n ? I

O(1.50 mg/m3)� 1.90 �. iÿ���í�µ!!!2

�!!!�â!!!â��Uíe TSP ²þ�þßÝ�3

���É, ©O� 0.65, 3.33, 2.15, 5.06 mg/m3, þ

�LI[ TSP �þßÝn?IO. =²SGu)

â�Uí�, �í¥ TSP �þßÝ¬²w,p, �

íÀ/4Ùî­, �í¥À/ÔÌ�± TSP�Ì.

2�Uí� TSP �þßÝ´�µ�í�� 5.12 �,

´ � âUí � 1.55 �, â � �Uí � TSP � þ ß

Ý ´ � âUí � �2.35 �, 3 â � �Uí L � =

²=�2�Uí.

ã 1 2002 c=²SG TSP �þßÝ©Ù

Fig. 1 Distribute of mass concentrations of TSP in

2002

E ¤ ÙÀ/î­ � Ì � � Ï � = ² / n �

¸ k '. = ² / ? àÜr I À H �, ¡Ü�èp

�ÚãëìÀ÷{ó�ë�?, �Ü�Cnû3

�â'ÚC�pâ', ±>��à9ÙYX¤ë

�, /¤å$.�Gà��/, ÀÜ� 35 km, H�

� 5 km, äAk��/.÷à�Gíÿ. �âí

�]�w«, =²~cÌ�º��Àº, c²þº

��k 1.6 m/s. =²º��, ·ºÇp, _§�þ,

rÝ�, �í�(­½, ÁSGüY��, íÿZ

H, ��CXÇ$, /Lè�Õt. ��m�ZÂ

��, í§Øä,p, íØØäü$, ��ke�

íL¸, r��íØ��)�ºUí, �â��U

í�)Jø
Äååâ^�[6]. Ïd, ´ÉÜ¡à

Üâ��Ú2�Uí�K�, E¤ TSP ßÝî­

�I.

2.2 ���«««UUUííí^̂̂���eee PM10 ���þþþßßßÝÝÝâââÝÝÝ©©©ÙÙÙ

3 � µUí^� e, = ² / « PM10 � � þ

ß Ý � â Ý © Ù ¥ V ¸., Ì ¸ � 3 1 8 ?,

g ¸ � Ñ y 3 1 3 ?, 
 Ì ¸ � � � p u g

¸ �, Ù ¥ 2.1 µm ± e � â f � þ ß Ý Ó o �

þ ß Ý � 70.2%. Ì � ± [ â f(�u 2.1 µm)�

Ì, 
 [ â f � U Ì � 5 g u Á S G - u � )

� SO2 Ú NOx � k ³Ô�[7], é <Nè x ��³

4�(L 1).

2 �Uí^� e, = ² / « PM10 � � þ ß

Ý�âÝ©Ù¥ 3 ¸., 0 ?� 8 ?� ¸� '� ²

L 1 �aâ�UíÚ�µ�í�£��þßÝ�âÝ©Ù

Table 1 Segregated mass concentration with size of PM10 dust and sand aerosol under

different weather conditions and background atmosphere mg/m3

0 ? 1 ? 2 ? 3 ? 4 ? 5 ? 6 ? 7 ? 8 ?

�µ(4�5F) 0.028 6 0.019 1 0.038 2 0.047 7 0.028 6 0.019 1 0.047 7 0.105 0 0.210 1

��(3�19F) 0.717 1 0.543 9 0.173 2 0.214 8 0.128 2 0.083 1 0.010 4 0.006 9 0.003 5

��(4�3F) 1.004 3 0.595 1 0.297 6 0.297 6 0.260 4 0.372 0 1.041 5 0.483 5 1.227 5

2�(3�2F) 0.273 8 0.300 3 0.159 0 0.150 2 0.141 3 0.097 2 0.026 5 0.008 8 0.017 7

2�(3�17F) 0.147 2 0.265 0 0.294 5 0.618 4 0.471 1 0.353 4 0.029 4 0.088 3 0.058 9

2�(3�26F) 0.279 7 0.242 9 0.132 5 0.139 9 0.058 9 0.022 1 0.007 4 0.007 4 0.022 1

2�(3�29F) 0.528 2 0.211 3 0.083 8 0.109 3 0.105 6 0.120 2 0.276 9 0.207 6 0.510 0

2�(3�30F) 0.591 2 0.292 2 0.074 7 0.156 3 0.135 9 0.108 7 0.197 1 0.135 9 0.251 4
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46 =²�ÆÆ�£g,�Æ�¤ 1 42 ò

w, ¥ m � g ¸ � K © Ù Ø þ, Ì � © Ù 3 4 ?

� m, o � þ ß Ý� 0.912 8∼2.3263 mg/m3, ² þ

� þ ß Ý� 1.702 0 mg/m3, 0 ? Ú 8 ? � ² þ �

þ ß Ý © O� 0.364 0 mg/m3 Ú 0.1720 mg/m3, ©

O Ó PM10 o � þ ß Ý � 21.4%Ú 13.0%, Ù ¥ 2.1

µm ±e�âf�þßÝÓo�þßÝ� 25.9%,

Ó £ � o � þ ß Ý � 1/4. ` ² 3 2 �Uí^�

e, [�â�k¤O\, ù�U´du3�)â�

�Ïmdu5guâ�
«���ââf3DÑ

L§¥Øä�ü, [�â��ºNå�p�¥, �

Ùei�)â��/«�ü�(J.

â��Uí^�e, =²/« PM10 ��þß

Ý�âÝ©Ù´V¸., 4 � 3 F�â��Uí¥

y 3 ¸., Ù¥[�â�þßÝ�~p, â��Ï

m� PM10 o�þßÝ� 1.881 1∼5.5793 mg/m3, Ù

²þ�� 3.7402 mg/m3, 2.1 µm ±eâfÓ PM10

o�þßÝ� 5.5%. 2 gâ��Ïm�[âf�

þ��é�, 3 � 19 Frâ��� 0 ?oâf�þ

�~p(ã 2), ù´Ï�dgâ���â �
 gâ

ã 2 =² 2002 cØÓUíe�PM10 �þßÝâ

Ý©ÙA�

Fig. 2 Segregated mass concentration with size of

PM10 under different weather conditions

'/«, Ì�¤©´âz, íM�âf�Ñ�u9

µm[8], Ï d, r â � � � f â � � � þ ß Ý O \

Ü©Ì�´ 10 µm±þ�âf. r 3 � 19 F�â�

�Uí� 4 � 5 F��µ�í'�, �±²wwÑ,

â��Ïm�í¥� TSP Ì�±oâf�Ì, 2.1

µm ±e�âfÓ PM10 o�þßÝ� 5.5%, 
�

µ�í^�eK±[âf�Ì, 2.1 µm ±e�â

f Ó PM10 o � þ ß Ý � 70.2%. â � ï à �[9]ï

Äuy, â��Ïm TSP ¥[âf�þßÝ'�

â��Ïm��þßÝ�é~�.

2.3 âââ������UUUííí TSP ���þþþßßßÝÝÝ©©©ÛÛÛ

æ 8
 3∼4 � � â � � � �, K � ' � � �

k 4 g, Ù¥± 2002 c 3 � 19∼20 FÑy�â��

Uí��;., ùgL§±Y�m�, K���2,

A�CX
����/«. ùgâ���)�Ì

��Ï´duÉre�íÚÖ¿Hee�íK�,

¿�k��í^��), 3â�Uíu)c, $�

í§�þ,¤���9åØ­½N´E¤Û/þ

,$Ä, r¦
ùgâ�Uí�u)�uÐ.

dã 3 � �, l 19 F 15 : 30 m ©, = ² þ �

� TSP � þ ß Ý×� , p, � 17 : 00 � m � þ ß

Ý � � � � �, � 6.74 mg/m3, ´ I [ � ¸ � í

�þn?IO� 13.5 �. dp¸�´ùgâ��

UíL§¥iÿ���$�� 42 �, `²3â�

� � 5 �, � íÀ/ 4 Ùî­. ] � º å � � �

� 50 m/s, ®���Lrâ��IOº��. ��

Xí§�×�eü, 3 16 : 00 m©eÈ, å�
�

½ � À z�J. 3 19 F æ 8 � 10 � � ¬ � ¥, �

¬¥yè�Ú, L²dgâ�Ì�5g=²½«

9Ù±���èp�, Ì�¤©�o�â��è,

Ù ² þ � þ ß Ý � �2.79 mg/m3, þ � L I [ �

¸�í�þn?IO, �IÇ� 100%. 20 F'�

i ÿ � 8 � � ¬ ¥, ² þ � þ ß Ý� 0.44 mg/m3,

$uI[�¸�í�þn?IO, â��L�, �

ã 3 2002 c 3 � 19 Fâ��UíL§

Fig. 3 The process of dust strom on March 19, 2002
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1 5：00～1 7：00 1 9：00～1 9：5 5 22"1 0～22：5 5

时刻

1 3 Ï � c�: 2002 c=²½SG�ííM�A�©Û 47

í¥��ííM�âf²weü, dgâ��L

§� 20 F'� 7 : 00 �mÅì��. â��L§k

�gg¸�3 19 F 19 : 55 �m/¤(ã 3), ù�U

Ì�����Û/�ºUík'(ã 4), rºò=

²Û/â�Nå�\�¥, ¦�í¥� TSP �þ

ßÝO\, /¤
q�g¸�.

ã 4 2002 c 3 � 19 Fâ��L§º�ã

Fig. 4 The wind speed of dust storm on March 19, 2002

3 ���(((

i ÿ � � � µ � í!!!2 �!!!� â!!!â � �U

í ² þ � þ ß Ý � 3 � � � É, 3 � µ � í!!!2

�!!!� â Ú â � �Uí e, â � í M � ² þ �

TSP �þßÝ©O� 0.65, 3.33, 2.15, 5.06 mg/m3.

2 �Uí � TSP � þ ß Ý ´ � µ � í � 5.12 �,

´ � âUí � 1.55 �, â � �Uí � TSP � þ ß

Ý´�âUí�� 2.35 �.

=²�í PM10 âÝ©Ù3�µ�í!!!â��

Uíþ�V¸., 
2�UíK¥ 3 ¸.©Ù, �

µ�í¸�Ñy33 ?Ú 8 ?, â��Uí�Ñy

3 0 ?Ú 3 ?, 2�Uí��¸�Ì�Ñy30 ?

½ 1 ?Ú 8 ?, g¸�Ì�Ñy3 4 ?. =²�µ�

í!!!2�!!!â��¥, [âf(<2.1 µm)¤Ó PM10 �

'­©O� 70.2%, 25.9%, 30.8%.

=²SGu)â�Uí�, �í¥ TSP �þ

ßÝ¬²w,p, �íÀ/4î­, �í¥À/Ô

Ì � ± TSP�Ì. â � � Ï m, � í ¥ TSP � �

� � þ ß Ý ��6.74 mg/m3, � L I [ � ¸ � í

�þn?IO, ´n?IO(0.50 mg/m3)� 13.5 �,

L²3â��Ïm, =²�í¥�TSPÀ/�~

î­, 3â��UíL�=²=�2�Uí.
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Analysis of the sand-stormy weather in Lanzhou

during the spring of 2002

WANG Xin, XI Xiao-xia, GUO Zhi-long§LIU Zhi-guo, CHEN Xiu-ling

(College of Atmospheric Sciences, Lanzhou University, Lanzhou 730000, China)

Abstract: Asian dust storms carry a large amount of particles from desert areas. The aim of this study

is to retrieve data by sampling under different atmospheric conditions such as sand-blowing and dust storm

in Lanzhou. The rules of particle size distribution under different conditions were also obtained, with the

conclusion that PM10 can be inhaled into the lung of people and other animals, doing harm to their health.

Key words: sand-stormy weather; sand aerosol; particle size distribution
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