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Abstract: To reveal the main nitrogen and phosphorus removal mechanisms of a natural ditch in a rural township, experiments were conducted in Linshan
Township (area of 2.32 hm”) in the hilly area of Sichuan basin, China. The spatial variance of nitrogen and phosphorus in stormwater runoff, and the
purification capacity of nitrogen and phosphorus at different control sections of the natural ditch were examined from June 2006 to July 2007. The results
showed that concentrations of NO; -N ( Nitrate) tended to decrease first before a flush, then decrease with increasing distance downstream, while
concentrations of other pollutants, such as TN ( Total Nitrogen) , PN ( Particulate nitrogen) , NH," -N ( Ammonia nitrogen) , TP ( Total phosphorus) , PP
(Particulate phosphorus) , and PO; ™ -P (Phosphate) reduced with increasing distance downstream. DN (Dissolved nitrogen) was the primary transport
form of nitrogen with increasing distance downstream in all events. DP ( Dissolved phosphorus) was the primary transport form of phosphorus with
increasing distance downstream during flow-limited events, while PP was the primary form during mass-limited events. Sediment retention and
immobilization was the most important mechanism for removing nitrogen and phosphorus from stormwater runoff in the natural ditch. The key to remove
nitrogen and phosphorus pollution in stormwater runoff was to reduce the concentrations of particulate forms effectively. For each event with an average of
37.85 mm of precipitation, the nitrogen and phosphorus removal capacities averaged 144. 51 g+ m~*and 65.20 g-m 2 by sediment retention and

immobilization in the GS ( Grit removal segment) and the GT ( Grit removal tank ). Plant assimilation was the other pivotal mechanism for removing
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nitrogen and phosphorus in stormwater runoff. In the natural segment (NS), the total assimilated nitrogen and phosphorus amounts were 82.69 g+m ~>

and 12.52 g-m ~? during the rainy season in the natural ditch. Aeration in a waterfall was another pivotal mechanism. However, the nitrification ability

in the falling segment was low as the average removal load for NH," -N was 15.05 g-m ~°.

Keywords: transport; stormwater runoff; non-point pollution; rural township

1 5|5 (Introduction)
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R iR S — 2R3 B AR B AL AL , R AR 0 A IR 3 55 3 3R
KPR BB RY SR EFER, ELZEEHX
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HE 7K ¥ I ( Haggard et al. , 1999; Bruce et al. ,
2001 ; David et al. , 2000; R ¥ % 2004a; Smith
et al. , 2006; TRLLAT, 2007) ,%F R IE s PR T5 Yo 78
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A AE A S R OK B B = HETS A E AL B R
GEM R HER  FEAL R, B FERE TR AR WK 3 F ™
A TR R TS R A (B R IR SR, 20085 K
&5, 2006) . A2 & B, 18 5 6 o B R 4R B TR A2 R
Heme AR R KR (A =K PR ) Z (8] B9 B SR VA 3R,
- 35 7 76 Bl 3 B0 B0 2 B b B R AR IR Y BR
B, WAMAKRRNHRA R A R ok 5 B
UK R H KA K25 R R Y R B
B, HORWUARAE 2 R ax 26 5 SR 1 3R T 5E i YR VD
5 [ R AR U R Y 3R 40, T Ol Ao AR ) RO AR U R A R
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L N EENERRAEGRER —EWN A GE
A B, A BF 50 25 22 5 0 B XN SRR A2 AP
M RBETE B RWRA B = A I IE R K EEE
AR AP, & 758 A 2 B i6 A S R T AR W ¥ e 32
LB ARYE.

2 TR F % (Methods)

2.1 L&A KB

AR A SR A K AL T 10 )1 48 3 o JE 3 A0 2=
BRI S  HuBEA B .105°27'E ,31°16’ N, i3k 400
~600m , B A2 2. 32hm”. B LA LA K X+ 37
PR L RR S T & B4 (2008) — 3. AKX &
R B R 2 XU A RUR 173 C L B AREF

IR TR B 826mm.
2.2 HAUM
2.2.1 BWARWN AWML, ¥ B8R

R 218m, FHFERER 0.5m, H 0. 6m) , #i /KI5
R A 4 FRER B (I 1), 20 B R ULRE BL (GS, Grit
removal segment) | 2k % Bt (FS, Falling segment) . JJT
WK (GT, Grit removal tank ) 548 %% Bt (NS, Natural
segment) , LA T WL 4 F 3R B4k Yk 8B BK T A 2% FA
RIERSE. MEMERRRMNEKXE O (CO) TR,
WG TUREBL . B 28 Bk V& B U 1k FAE 1 B (o
KT ERAEAKITE) R EBNGL(E ).

% R AR
——— GS e S
W B Bt (FS)
o HEBEBE (NS) YLLK (GT)

EH1 BAORENERZAAETER
Fig. 1 Sketch of stormwater runoff in the natural ditch

in LinshanTownship

UIFEB(GS) &K 110m, V¥ 554 0. 6m, [
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A i TE BB ULV ik 2 AT 4. 2 S UL IR
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R B (FS) K 32m, V5% 0. 6m, I H ¥ 2 5
26. 8m, AN 19.2m* , B YA /K B ph s tH BB A K
RER. BREEBJEHR HRA R bR XA B~
HU, BVZRLTF UL ik (GT) |, HR By 8 7K P ) 22 19
MEBAA, HRK/NA K 8m x1.5m x 0. 5m. 5 #% B
(NS) K 67m,F¥FE K 0.6m, [ F N 40.2 m* KB
WA KL HE Y F 2B K ZE (Polygonum
hydropiper L. ) M43 Ff i) 0 Bl K 48 4= (Alternanthera
philoxeroides (Mart+)) ,2 FhEYH W ZEFTHEHEY),
AERPEATE-FHNE(EEN 3 ABKER9
) (AERE, 1990).

W RERTAR WK W J7 M 1E B R W IR REM AL
HK AAEBCE 5 A RAE R, 0 S 8 UTRE BRI A B AR
(RPRH SRR X A ) (CO) (TR B i 1 (GSO) L Bk
B O (FSO) (i ik s A (GTO) (fE i B il 0
(NSO) (R 1), Hrp Ui B B ¥ B ULV i A iy O
S RIRT —IRBA A O 7E 2006 455 A % 2007 49
JBF[R] A, % B TR A2 O 2o AT K R L K & [R5 R
T, FELI 16 YR RETR 7 W5 BP I 46 R A, BT 15min
4 3min FFE—¥K,15 ~30min A4 Smin R H—IK,
30 ~ 60min B} % 10min RAE— K, LG R B 5] 6]
P L L B A2 4K 7E 10 ~30 min NRAL, B ZREF ™ W
SETR. SR I [F] 2510 AR Ui B R R A (]

G5 — FRPRNE B0 IC & AR T i 72 R T B
REERT 2, H 1 R R AR B 18] N B R B R R R N
7K BEIR A 157, BL 500mL K AF F B Z B, I
F2FF 3BTRS, B B 1] 3 2 2 o B A R R A
LA T 4 COKAE R

F1 BRAREWERKRRER

Table 1 Sampling sites for runoff and water quality in the natural ditch

AN EE R AR

P FRAE R AR P m
1 co FEKK O 0 33.3
2 GSO PUREB 1 110 28.3
3 FSO Bk B b 142 1.7
4 GTO Yk o 151 0.5
5 NSO BB O 218 0

MR B A L AR BE B A R AR LA S
A SRAE A O FE 5 AH X BE

2.2.2 RIVEBBEFAN EEWNFAERE, B
Xt LR BE LUk #EAT 98 U0 1K B L SR AR BL B9 R &,
HXT LR 2 AR R RIRE RE 2 B — B R
F 0°C kA H i 42 BUJR U W B B9 ROBE TS Be 05 o —
i B 2R E KB T, 3 2mm fii, S0 A IR U479 2 R

L.

2.2.3 HREMEHEAN B2 AXRMAET
(1x0.5 m®) Wil — RAE B RO KEROK A, &
ARG RA (9 H ) 45 LWL 32 3¢ B LI A=
YR )& R BT Ok R S TAL B, 2 AT AR 1 R
WA 3R 2. LI B[R] A 2005 4R 89 7 A iy EA)IF LR,
LW 4 K.

2.3 H&HME

23.1 AfFEa2H WEHHAELHEAR
(NH,-N) A (NO, -N) Al i #: B & (DN) | &
R (TN) AT PEBE R 38 (PO -P) , 7T ¥ 5. 8% (DP) |
BB (TP) 4. TN TP 43 51| >R F 91 4o %k BR 5 VK £k %€
A0 4360 B 1o A R B T A% BE BB DL 4 D Ol B YR U
FE T ¥ %E . DN\ DP R 0. 45 wm {4 L8 B 1 98 /5
W , J5 ¥ [ TN, TP. Uk 25 & (PN) F1BURL 25 B
(PP) 43513 TN 55 DN TP 5 DP {2 f&. NH,' -N
FAZR By- RBR h b & 2 %€ , NO, -N R %451 0
BRI € , T PO, -P SR FI4H BE BL 4 6
WM. B A W s J7 v ¥ BB bs WE 7 ¥ #£ 17 (APHA
et al. , 1995).

2.3.2 RV EEMFL HMBEHEHE2A. L2
B LEESAHESA. 2ARMEHMEIT REN
R, 2R S A AL (S 86 L @RI E (X8 FE,
1996) . Je vb BT W Bt 82 25 A A A& A LA KCL i i (2
mol-L™") AR, 7 1:10 MK L AHTRE
Th 4R B V6 W, B o #2 BRKRE oA L 00 E A9 A6 T
77 B 5E (KGR ,1996) .
2.4 BEHNEIHET
2.4.1 K #EEXAX 4
(2004 ) 4 475 Fée TR A2 9k DA B2 B9 /DN, K o T 8 £ ) 4
B2 Fh RS R, 2 5 O B RR ] B S 1 (Flow-
limited events) F1 4 i FR il & ( Mass-limited events)
FF, LME TR R B AL R 2 AR & B9 ST R TR
PR W5 YRR AE . B PR B S Rl R A TERE T &
BUNB BB, 2 B R 0 R R T B WK
1R, T J R A 2 4 & A T o T R AR Y
15, B S B 2 42 P 95 B W vk B AR AR
FE VLI 5 VR A 2ok AR o & B, i ORI Y 16 37 %R
F AR P B A K/, AT R 4 AR 2 RS A
45 Ui B PR 1 2 3 1 (R TR & < 1S mm ) 14 J5 PR 7
BIRMF(FEMRE > 1Smm) , HFEFRHE ISR 2 Fis.
ViR PR B S MR R SE AT R RS R ) B K, P ik
14. 67, T ) J5 BR ] B 24 1Y ST i K B I [R) 5,

Sansalone and Cristina
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IR 3.47d; 55 51, i R 2L 2 1R 9 H B R A
AIE (PR B 7™ i A ] ) 347 B 4 J5R R ] B 5 4 A9 /1
(£ 2). ABFEEBURT Y 7825 .7716 1, 7 52
T B PR B 51 L R FR LAY SR R LT
FRAEINER 3 Bis.

®2 BHAREHRBAETRE

Table 2  Rainfall characteristics for 2 different event types in the natural

ditch
2K I%/Fﬁ% i“‘:ﬁﬂ.ﬂ‘lﬁl VPN
mm /min /d
Vit IR B FH A (n =9) 4.87 55.22 14.67
YIRBH B (n=7)  41.23 315.00 3.47
F3 FEIAEBEGHETRIE
Table 3 Rainfall characteristics for 2 typical events in the natural
ditch
1 X M = dES R SERTR A '
PR3 I /mm /min A RS
7825  2007-8-25 3.7 45 3 Ui 42k R 7
7716 2007-7-16 111.7 530 14 Wy 5 B ] 24

242 HREHEERIT AN RAEFFHRE
( EMCs , Event Mean Concentrations ) 3k ¥ #} [& 1 12

or —e— NHj-N

N --¥-- PN
—gm TN

30 - "\,

Concentrations/(mg-L™")

(¢[¢] GSO FSO
Sampling sites

Ui R WE W B9 = 18] 28 5 %F B ( Sansalone and
Buchbergerl, 1997 ; Lee and Bang, 2000). EMCs S} 75
EYEBSRREBELE, THR(DIHE:

Y C.Q.4,
EMCs = ——— (1)

TZOQTAT
Keft,Q YR (mmin) ;€ HHIE (mg-L )54,
9 BURE B 18] [ B (min ) .
KA BAEA K-S K575 YR IES 0. 3
{H H. %% B Duncan’s post hoc #: 56 545, H F {H B
FEGITKFR p <0.05. FdE g it o #r 5 4 & 43 51
¥ A SPSS11.5 #11 Sigmaplot 8. 0 % {4 #17.

3 Z R (Results)

3.1 BWERABEIRARNZEERHA
3.1.1 AWRFRHAE B2 22 MMEIHEMH 7825

(i B PR B ) Fn 7716 (Y R PR wl BU 514 ) AR
WEETE BRI IR Y =S [ AR AR k. ANET 2 AT AL, 2 A
T EFE) TN PN NH,' -N 9% BE7E 25 (6] E#RE B
BB E, T NO, -N ¥k 52 I R 2 S vell J5 4 T POk A9
.

r —e— NH;-N
12 % 7716 O NO3-N
P —— - ~¥--- PN
2 lof S T N
g S
A s
2 S
g 6 T
g AN v
| Y o
S o & szl CE— °
2+ \\‘V~\-_
.\-0\ ---- -v
0 L I T * ®
(¢0) GSO FSO GTO NSO

Sampling sites

E2 BAARERRENZEEWL (7825 Jy ik FRH RIS 4E,7716 g9y KR i B e 44 )

Fig. 2 Spatial variance of nitrogen concentrations during two different rainfall events in the natural ditch (7825 event for Flow-limited event; 7716

event for Mass-limited event)

£ 7825 i B PRI R op  UTMEBLH O (GSO)
A9 PN YRR 11.73 mg-L ™" (& 2), 5 TN [ H 4 L
HAT.62% AT IEMESREVIREIBNEER
A UTHEBH 058K K H 0 (CO) Hudk, TN J b
WeE A 10.37 mg-L™' (& 2) ,PN BULFE B AR W
B E BB (PN EBA T 6.21 mg-L™") . BB
(NSO) Y PN ¥ JF -~ 2.78 mg-L“, 5 TN B E 4 b

7 30.28% , 7] WL, DN 2B B FHE I BIL A HE
WBEH OS5 E O (GTO) &, TN 38 /b i) #
BEH2.25 mg-L' PN BH BB ARB N EER
A,HWAOWER0.74 mg- L7 Hoop, UTFE B X
TN.PN {EE R EE R THEEE.

£ 7716 Yy BR i B 0 b, GLRE B M DAY PN
WREEHR4.55 mg-L™" 5 TN B H 4R 42.01% , 7]
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WEBSARHRUIEERNEBERS. BRSO
KX H HE, TN 8 f W4 2. 90 mg-L™
(& 2),PN [ R TIREBR AR B EBZEE (W
YRR 1.81 mg-L7") . MW BEAY PN YR Ry 1.27
mg-L™", &5 TN B4t 23.09% , A] VLU R 25 R 2
HEBRMFEIBRES HERE O 5HYPKEG 0
H %, PNL TN 3 2> #9 ¥ B 4 7 B 1. 39, 0. 46
mg-L~" HA VIR B TN PN B B LB & T
BB

e 7825 i 2 BRI S F0 7716 ) o FR ] B =5 4
o, Bk R BLRY NO, -N YR 2 i, NH," -N
EWOBEH(E2), vl Bk E B AR R i#FERAMNE
WA E M SRR

LEER, TR W MRS B E A, R YR
PR 8 5 4, TN NH," -N PN #F & 3} 23 &) Y5 72 32 Uk
M BAREACERBERENERZIBES,
PN EREZEMEELRES. PN 55 [0 W5 72 b B 8
DI Z R B A UIRE BTk (& 2). 2 FEE 4
RKAIBRTE IR BER 2 B NO, -N ¥ B 5 P8 fn j#a 3,
NH," -N 2/ d.
3.1.2 Bk RAEAE B 322 AR 7825
(MERFIFREL) M 7716 (WRBH RELSF) BER
WEEBRWERENE EEREL. 2 MPARF ML
TR 0 ol A B 2 V) Y R VR AL

FEUURE B it O (GSO) , 7825 it 2 KR i 2L 5 4 Y
TP.PP, PO, -P By ¥k BE 4> %]k 2. 81.1. 18.0. 82

50

Y TP

g @ by
o o o

Concentrations /(mg-L™")

=)

H%g ~zN|

FSO GTO NSO
Sampling sites

[}

mg-L™" , DP ¥ JEH T PP, E TP M EBEEBEE; X
J2 it B PR AL A AR T B B, TR B TR VD Y
BB B BT ER. T 7716 ) R PR 1 Y = 14
4 S I3 e BE 4351 A 1. 46.0.76.0.39 mg-L~", PP ¥k
EHETDOP,ETP MEEIBES X FEELEHT
W) 5 R R SRR 0 22 O B K, R BLIR YD UL R A
PR YERE 55 B 3L

[FI#F , 7EAE % BL (NSO) , 7825 Vi & FR i 24 = {4
TP.PP. PO, -P Hy ¥k B 4> % & 0. 37.0. 18.0. 07
mg- L' T 7716 ¥ 5 BR i 7Y 25 12 %oF 17 ok B 4 1 ok
0.99.0.50.0.23 mg-L"". A UL, % & BR il B 5 {4 o
DP YRERG = T PP, 2 TP W EBEIEBIES, MY R
PRI 2 S {4 o PP W FERE = T DP, & TP ) £ &
B,

[FAT, Toie 7825 MR MR HI B, 8 2 7716 ¥
JRBR G B, AR E PP IR R B B H & T
TP ¥R W /DB R —2 (& 3). B, BAWERETE 2
Pk 28 AL ef XF PP Y 8K B ¥ A0 85 N B 4, TR X U
FRASHER B R G AL AN A 59, N B AT DL, & PR
HEHMHEEGREIBESUBERSNE, Y
FRRFI B F GBS RGREEIB S BRES R
. BARWEKTAZF TP.PP Ml PO; -P ¥k ¥ £ 3
R BB EH PP EARWEBN EEL
BRIEAS , HWRk B> R B P AETIRE B ULY K.

— Poi‘_p wzzzza PP sssSsSs TP

7716

Concentrations /(mg-L™")

Sampling sites

B3 BAHREBRRENZEEWL (7825 Jy ik RE RIS 4E,7716 g9y KR i B Ge 1)

Fig.3 Spatial variance of phosphorus concentrations during two different rainfall events in the natural ditch (7825 event for Flow-limited event; 7716

event for Mass-limited event)

3.2 BARWRA FEERALE XA B8 SR
3.2.1 RYREEFE F4 2006 4E6 H ZE 2007
48 H WL A B 2R T8 IR UTRE B U0 U ek U U Xt RO Bk

BIEE R 2T HE. R 4 75, IR EERY
#((690.66 £359.11) kg) BEAR T U110 vk I8 V> BL4E
B((844.19 £404.30) kg) ,(HE A .28 NH, -N,
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NO, -N.PO; -P & B R T UL Vb k. BRI , YT M B
BIERY FHTEBRRBES BN 72.78.37.95
gm GRE TR (ABEREFEYS R
71.73.27.29 gom *). A EAT WL, ZE P X BETHEN

37. 85mm By Z WM F-B7KF E(n=5), BAWE
T UTRE B 5 U1V vk A U8 D R [, T R BR AL
BE4r 5% 144,51 .65.20 gom 2.

F4 BHABARTBER.DNREDEBEZEERE(FYHE,n=5)
Table 4 Nitrogen and phosphorus retention of the Grit removal Section ( GS) and the Grit removal Tank (GT) during the observation period (2005.5 ~

2007.9) (Mean, n=5) in the natural ditch

R RYTE 2R =X NH," -N NO; -N PO}~ -P WA i i
/kg /(mg-kg™") /(mg-kg™") /(mg-kg™") /(mg-kg™") /(mg-kg™") /mm
VLR B 690.66 +359.11 442.42 +46.14  233.77 £206. 19 3.74 £1.39 1.70 £0.26 0.54 £0.46 37 85
YLV K 844.19 £404.30 358.75 +72.14 137.34 +166. 66 1.56 £0.80 0.79 £0.24 0.39 +£0.13 '
3.2.2 BKEBRE MWERRNAEKREBRNAAQ KB4 SR E R BE R IR (2327, 2004b) . /K

(GSO) JT4 , 16 i AL Bk AR AL 1 i 72, 42 T AN
METRES A, EREREFTROERY S SR
G RYET AP RBEIM R EALR
BL. NH,-N J&#EE 153, 78 2 Bk g BL i 6 K AR
EBEE WERER. £S5 REEBEAHORN
WBEAR SRR AE. AFR 5 AT, NH,' -N 7 i & PR i 2
H YRR E B E AR T A, W NOy -N
T 2 B A B TR SRR, Bk Bt NH,-N
(9734 25 BR 6 4 15. 05 g-m ™. T L, RV B A Bk
V& R AT R AR A — & B9 VE RIORE.
R5 BEBRANHORTERAZMNRE

Table 5 Concentrations for nitrogen in inflow and outflow of the
Falling Segment

NH,; -N/(mg-L7")

NO; -N/(mg-L~")

H R
GSO FSO GSO  FSO
L 1.33*  0.89°  4.97°  6.65°
(n=9)
IR 0.69"  0.68°  3.44>  4.16"
(n=7)

I EARAR TR R R A G it B 3 2 57 ¥ (p <0.05) (Note: The

different superscripts in each column indicate significant differences at

p<0.05)

3.2.3 #EMEKk BEEAEKEEBRR-HEMAEY
RGN BEBE BT YR REER, R
B ARV IR M B B s R O T B LB M R
WRERBHBEARERNEERR. EWE (4 ~9
A ) M B A 7K 78 A 3 AT % i BB 4 B R 15,05,
2.06 g-m~*, i 7K 24 3L 7] 0 e AL BE 4> B 6. 97,
1.31 g-m ™, /K25 i 2L 0] R YT U 43 99 4 60. 67
9.15 g-m (3 6). A B i ¥ 75 FH 2 3t 0% 0k A
SR ik 82.69.12.52 g-m 1 ARG IR KB, K
SRR B A R AR R, SRR
5ok 38 AR 2, T 7K RS X B 1 e B /N F A BF 5

EE RSN R A, 20 A TRENFZWE
H, RERBOE. AT I B BB R AR KK AE
AR LTI FF o SR IR AL L L AT RS B 0 A
ORISR B8 B (A HAERE R KA
RAFEARE K RA SRR w5 & AR
20 A= BB ) A5 S IR A

R6 HERABEWERZT(4~9A)EHRKUENENE

Table 6  Assimilated nitrogen and phosphorus and the biomass of
dominant plants for the Natural Segment during the rainy

season (Apr. ~ Sep. )

N R Wi P g i Y
L /(gm™?) /(gm™?)  /(kgm™?)
KA 15.05 2.06 0.34
KB 6.97 1.31 1.07
e =S 60.67 9.15 1.70

4 1118 ( Discussion)

4.1 HAWEBHBETARTIWARNEIEHRHA
AL
MNABZSETIBIFEE, e ERERM M E
T, 36 2 R PR B, RS AR 7E &5 R IS R
A T U Ve R AR 5 0 I B R U R B A
VLY pk . An7E 7825 Wi B PR I B O o, BB AE
UURE B Fn UL V> ik A 3 A Wk B 4 Bl R 6. 21.5. 17
mg-L ™", i TN £ UT B A UL v vkl A4 06k 20 e 43
H10.37.9.05 mg-L~"; W0 7E 7716 ¥ i BR i 4
1, JURLAS i 7E DT R BN U0 VP i A Wk 2 Wk BE 4 1 R
0.16.0.17 mg-L™", i TP 7 X J§ 5% B ) i 20 ¥ i 4
B4 0.29.0.27 mg-L™". [ 4R ¥ 3238 1 VT [ B A Ut
ik i R VD 3 [ S VR R, B0 S0URE V5 e )
SrE TRV BRI RS TS Y Y18 B0 B 2 R
AW, BREERYEBRBEABRERNEER



3 B L BE  BRWIE LG FE TR R T RBES J 80 EZAERLE 567

A UL B ALY ik G U8 v B 1 R 2 B R
IR T AR TS Y ) 5 R 9 BB AL WL TR BEAD
VLUK E A VD AR I R PR Y B R M
Y, AT 84 b 5 BR A B PR TR A2 R BURL S 15 e ),
EBRE BT 34> 5 144.51.65.20 g-m * (73
i 37.85mm) . [FIEFE 45, B 4R ¥ IR A A
5 YT B YT V0 ik — R X A TR 42 U 19 JB0RL 4 B A AR
PR R, BT MR T AR R E 20 B R W IE R
BRI S 4 A B AR B 9 URR 2 DA B R 0y R 4R
FRAYEOWRD 15 B 1 79T B A A5 DA AR T AL,
7 A0 AR K 8 TR 42 U P G UL 0 e B R 2 AR VD 2
P e TR A2 5 e 0 S 4

HYAEKRERR-TEMEY R RO ER
BVEALE R AR R R SRR, R AR W IRME
e B R Bl 22 I 0 2 4 P WL R R R A
AP LR EERR, 76 T 2 2 0% W R B 2 51 7 35
82.69.12.52 g-m .

4R Vi) 3 Bk VR B IR T A% RN R AL 1 T B R
KRS SR KEE G R BHE#E NH, -N
BB AL. Bk Bouh NH, -N 9353 £ B 1 5 8 15. 05
gom VR B BRVE IR AN R I EA —
SE VR FR R (B, Bk V% B G T AL BE R A, B R
PRI T B B VS B A 4 B I ) AR 4, T T R Y R
At ]
4.2 HHAWEHESHRW

24 R KRB A B R R /INVINE BRI,
U BB B X I T 42 3 SR v ALV LA 2
B i A0 R, BT AR A 0B A R T AR R R B
PR ) B L B IR R O A Rt . MR TR AR W ZE B R
Y 3 45 B ) A, X R R T AR R R Y
RBE. T, A H B RWE, WERA N BRI
W B b 5 45 4 2 0 A 7S R 4 RS N, 4R 7 R TR
WAL B RIS 45 B i ) R P RS R
U BB R BV B BB VD TE B R IR I
TP BTSSRl B L DA R BE AR
AL, BE— B R B R WIEX MR AR+
RBEROE I8 J1. 226 7 BR X 4 Hb ¥ U5 A Gk (2= fib
B, 1991) , B AR EE & AT+ o ¥E U8 20, PRl ol B 0
A EMAE, R EEARG Y, B — MR
1 B 19 8 30T 1.

5 4518 ( Conclusions)

DEMESRAREWNRARARESRER LK

FEIBEA BMABERERA B EFENRZ
RBEESANENEIEIRES, MPRSHEY
FRARNEFENERBE S AEEN EETS
T35, B NO, -N e i 1625 [0 W5 78 b 22 S 085 33 T 08k
/b R B, HE B IS Y 3 B B2 6] U R G 5 U
.

DRVBEFEFEARBWERFETRRR
BE5 Y 9 T EAE FIALA , 7 R AR A2 R 30k 4
FE 2 RV U 4 e T R R R VS e B . L
R B RN T U 1 T 488 4 M 2 R A 4L R T AR O JBURL S
B, AR5 5% 144,51 65.20 gom ™’
(P37 & 37. 85mm ) . 44y W% e 2 A0 B Bl 2
9 B A 1R R Wl B ) 7 T B 2 0 M R Bl 4 B T
£82.69.12.52 g-m . BIFBABLEBRWAERA
B RER N EZEERANG Z —. XS, Bk
B AL BE 7 RS, Fx NH, -N #9339 3 B i
H15.05 gom . F A, TR RIS B W B
BB O RENARWERMIBENESER
R

REEEHN AR (196—) , B, FRA. TENEHTRS
% B % %5 . E-mail; bzhu@ imde. ac. cn.
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