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ABSTRACT

It is very abundant in coal in China.The production and utilization of coke will

take an important role in the development of social economy in China. However, it's
easy to bring about second contaminants from the period of coking plant such as
PM10 especially in the coke pushing process. Aerosol is not only to the function of
the visibility and weather, but also contain great influence to human body health. At
the same time aerosol may be attached by PAHs (polycyclic aromatic hydrocarbons),
which have strong carcinogenesis,

So it is very important to control the emission of coke pushing. In this paper
combining dust removal item for coke pushing of No. 4 & 5 coke oven at coking plant
of capital iron & steel company the physical chemistry character and organic
constitutes of coaling emission, the effect of bag type dust removal technology are
studied.

The mass concentration of PM10 can be distinctly reduced by using off-line bag
type dust catcher for coke pushing. The collection efficiency of coke pushing can
reach very high.

Size distribution of dust removal ash particulates was analyzed with LS laser
granularity instrument, which is normal school. PM10 accounts for 0.26% in the dust
removal ash.

The study of SEM showed that the primary contaminants which comes from
coke pushing consists of flying ash melting ball, grime, coal particle or mineral
particle, soot aggregation. Soot aggregation mostly comes from coke pushing outlet.

The study of trace elements attached on the PM10 in the coaling process showed
that the absolute concentration of trace elements is clearly reduced and the deleterious
trace elements of dust removal ash are clearly enriched than former coal.

The study of organic contaminants attached on PM10 showed that PAHs is the
main contaminant, non-hydrocarbon and blacktop are secondary contaminants,
saturated hydrocarbon is tiny in the organic contaminants in the air at coking plant.

The mass concentration of organic compound can be distinctly reduced by using dust



catcher for coke oven coaling. This showed that the effect of dust removal for No 4 &

5 coke pushing is all-right.

Key words: Dust removal for coke pushing PMI10 Size distributing PAHs
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ST FA RARERENTE. KIGE- TR N S A BE BT R KGR
FAAHTL, EEZER 20~30°C, HXREE<65%MENT, FMAEHN 2000mL/min,
S84 160~180mL/min, FAHHEE R 30s/iK. 255/K.

2.3.3 ASHEE G0 Fikaminige

S HE S BRI 38 . ThermoQuest / Trace 2000<UHHE . HIMERER: —1
ZESBEHMELTEREHTHE, HBE&R—HME AR RE N RS
—ER AR, SR EEEHEAKIERERNE. RER AT KAEES SR,
P T A R, TR I SRR R B

 FGCXLEFE NEHSE WA, 4551 - A BR R BT & A w5 F T8
Ei. EXHO, €O, CSETHPARERH, MNAERE. EHMRERELAER.
TSR, SaER. BEFE. ENESBILENE, TEEHETERMRE.
GC ST &M B OV-1 BHH (25X0.25mm); BEEFM 60CHEE 320C, FHR
HEN 6C/min, HERTEHTE, FRX4, SHEEE 3200, BRUFTHEEN 330TC:
SRS EMEDKEEN | ml /min, FSHRE 300 mL /min, ZSHE 30 mL /min;
IR AFES 5 mL /min.,

2.3.4 REREH(GC/MS) FEELSFE
£ FE BT A SEE MD8000 B GOMS 24 A%, R ITIFRE X,

REWRETHS GC BROE, EEAHITREARE, RIESTHEEELR
EAIN THAEXRSEP LSRR AT AN ERESRBM R, RIASRLEYE
FAHARRENER, ERAENBIHNERTEREYIEANRRAGALS, &%
FAERETRE. BOREHQBERLY—KATH I BASHRERAR TS
(100~0.1Pa) HI4EHS, BURTRENRECRMENREREIEIEANINE
W B LN E I (BT, EETROERESY, RESESNANS T
SHEE, SIMMEE, RARESET (133X10°~10" Pa) A A RFBEE-FAMN
BTHR, REFAFTHATETHARMTBRNEFRRAR (WRRESTBESH TR

-18-



# 2 ﬁ #rﬁ:ﬂ‘]%ﬁ*ﬂ%#ﬁ

ARER-TEZRE, WEMNLTR-EZD), BFEREMTRPRTRES =,
RERETRME CEENRTEER RESEFREMALRN. WFHESTEE
—IR RN, TRNEETRBXERERECE -KAEE, R T
BREIH - ABTHEYRALEENEE, ABSASZ LT X %Eh
BELBEET - MSETHEALZATHE. GCOMS BRI FEMA 2-4 Fiox.

x5
HE A%
SHEER P go BT [P Rithas P iR
I v v I
v
AL

Bl 2-4 GC/MS BRE{MFER

2.4 AT

BRI SIFERAARHRFTH, T REKRERERN /10, AXER
D EBRRe RO EREM, ATELSREM TN N TR LT SR
BE. B/E, SERES. B, SBRNTHTHEMT, BENTREBRHAVE
RR%. o FRER, MAEEDBmmREE L3 LR, StFEE L, AEBOFRH
THEMESHKR L, BERARATERINZHE.

ARFAFEHAERBAT AT DFESEMIPRRMX E® . LEH T PRIBRRE
SUMARMMH AN EE (FESEMBATHAME T HERRA . XPHHTE BRE
=R TR

2.5 ZEFHIBFEE (ICP-NS) 247

LM ETEMEURAFA T AE RIS EETHT, AREER SN T
BEAES, REEBNEE RASRTTHENENS. EXHERAEFEN, £HF
HKEE, REBMAGEREFERTTelonBR BE, MEFHEEEMR. AERE

«19-



AR TR TR LA 3L

BRBIMELHETRERATHT. EMARHRE —TERE, L. fiE%
BT i Uik L1 7R 8 Tl AR TR OB S A
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3% MEUTGARRYGAERETLE

F3F HAMLRERETURNESHHHFR
3.1 REBRENELER

RHATSP-PMI0-PM2.5- 2R R (U 1T RIIFAE, FEREDREEME
HAT T WK AR, BShETE L AE AT TIE — AR R, RERTS
BEREZ ZRAHH 2 SR B a[ W A B R R . B0 RBKE
mE3-1. 32077

#3-1 AT EHE PMI10 KARIRE

HR B PRE (ugm’Y BE%
1325 3344 2002-7-17 13250
EHEBAD 2002-7-17 3854 2
HEBBR AT 2002-7-17 51416 2

£32 45P. 2 5PRIENRD PMI0 FRERE

%z E TR (1 g/ mOfE R
4SIPHETEE RS | 2002-8-12~13 239 1
ASHPHER RS | 2002-8-13~14 398 1
A5 HATER R RS | 2002-8-14~15 369 1
AGIFIEF R RS | 2002-8-15~16 154 1
28 4P HHEFRF RS | 2002-8-12~13 298 1
2EWPERE RS | 2002-8-13~14 405 1
28 P IHERBERS | 2002-8-14~15 554 1
25 IIE RS | 2002-8-15~16 342 1

FEMHEE DR LSRR YRR L. 45 P RS PR RS
fry B I A B ) B R A BRI AT i

21-



JE Tk A% THEMEA 0 L

3.2 EENRENRAATRABNYREREMEL

60000
- R
50000 !
'; 40000
"1
]
€ 30000
-
-
20000
13250
10000
3854
e .3
nERL (RAE) AXENL numE (D

B 3-1 B A B o A OO B IEC RTR N\ S Y B S 9 B % L B
FER DO TR AL 2-. h FREBNEPHEORATENE, 7

AL TEY ST, B MR A O TR R BTLL, AU
TR A T4 R BN TTLLE N, HIRERIA S1416mgm’. B
R, XE—ERELRETRESHFE-EHRE, BEHFRLFREER
SRR . X — 5 BN RERIE AR 2 (RAAEHL) LREUIH AT B
e AR 20 B AT AR A RS A R AL b BT LA, BRZeBL
EERYNKRERETSBES. HEIHY. FARERLSRETIHCH A
HMEZ 18,108 ©.

FEEIHGE, ERETEY, T hAMmELER LES, FUEEE
FLERHEARRAERSE. BR, BT REEEMEE, RAERIESENTE
=

3.3 4 SHFMHEREX SRR RABR MR BRHRE

VUREGEA BB RR Y, L) Ry MRS R P AR R ]
R EALER, ASARLE8e g’ (B3 , 2HEEFRAEFRITE
=8 Qs0rgm’) Uk, REME, REP LALESBRTRE. 24+
Kif, EEMTRE A U ERE SRR AMEE, AT R0

<22



SRR Cpm)

12~13 14~15

@32 2002 4 8 AL ARHEE (L) FEASTRABRA SR RREEL R
3.4 2 SLPMHEEREE X & oh B AT IR A\ FORL4 R B K D E AR AR

gl

2SI B R REBRARE, RATE2S i LA AL AT R B 7] RN R
FRIKE 298554 gim®, BBHASPE, MIRKERBE (B3-3) . BE,
X F AL KR AT AR I 2 51 A T B3R K, X ETRER B T AR SRR
BEEHAEW, MRREARRA, £PHRGTRYREET B2 EATL.

[OxEmr] |

342

MBRRE (g w *

B33 2002 8 HEdhS 2 B RIERR AR TRAREY K EEL R

13-



3.5 WERDITNELT

XA LS MBS HEEREKEITREI, HOTERTIR

3-3, HFEafinl WA 34,

LR T KF THE SR

~——— 050404503
:: ﬂm
|
g o
£ .
]
N
N
0 — T T T T T r % T = T T
0.04 0.4 02 04 1 2 4 5.31&9&‘“:;1 40 100 200 400 1000 2000
B34 RERDRORESTE
233 BAEKBESTER
R
45 X 8] ) ?fﬁfj *{;ﬁf KR [E Cum) E‘flé;/ﬁl:t j‘;ﬁf
;
<1.0 0.072 0.072 194.2~213.2 7.9 520
1.0~5.1 0.088 0.16 213.2~234.1 9.1 61.1
5.1~10.0 .10 0.26 234.1~256.9 7.8 68.9
10.0~-20.7 0.22 0.48 256.9~282.1 13 76.2
20.7~39.8 0.57 1.05 282.1~309.6 6.4 82.6
30.8~76.4 241 3.46 309.6~339.9 6.2 §8.8
76.4~101.1 4,72 8.18 339.9~373.1 4.8 93.6
101.1~111.0 6.12 143 373.1~409.6 3.1 96.7
111.0~133.7 7.6 18.5 409.6~449.7 1.0 977
133.7~146.8 52 23.7 449.7~541.9 0.9 98.6
146.8~161.2 6.0 29.7 541.9~594.9 0.8 994
161.2~176.9 6.9 36.6 594 9~653.0 0.5 99.9
176.5~194.2 75 44,1 >653.0 0.1 100.0

24




%38 MEAEARRYER RS L

HEERDCKOHESMERE, BREKGHE S FEMESIH, Tk
K 236.3um, &{EA 223.4um, RRACR AT A FRY (PMI10) & 0.26%, H
£ AAT 10um BIBRA, KT 653.0um FIBRHE 2 H K 0.1%.
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FAE HETRABNYENSEIMSENTR

ST HETREREXSTRA S RFRY . B, XK, —Hik
Be. TR, BOHER, BMHEBSRITEREISGRY. TER, K5
AP RSAKENRBEYR, RANCERANIEYENS, XBIRH
Y. ©IERERE. BE. FHFRLEY (PAHs). K. K. #. B, &
MBI EAYREL YA RRERE, 1993; L%, 2001 #FRX.
R

KRS, BITHEAZKPRMFRETREMRE, REN RIS
HEHE JIGE T SRR, A—FgaH. SHTRENY. K4
5 AR, FREFHIARFIE.

4.1 ENBENBETFUIRAZES BRI EKES

4.1.1 SR
SRR A1,
a1 THEHNPLELER Y E P RERAERIRE

Ba | T8 | IBEN | TRENWSEDN T IERECY ﬂmﬁm%&ﬁﬁmlm&<mww)7
4 | HAYE | 9ERE
MR AR | ER b g o ES EHE W R
sy | B
& #
(%) (mg/m’)
SG1 10.8 62 2.73 31.95 | 36.351 | 28.8¢ 1.7 19.8 22.6 179
SG2 | 1143 52.22 3.04 35.87 | 35.25 25.83 1.59 18.7 18.4 13.49
SG3 11.06 1558.19 1.7 324 45.38 20.52 26.49 504.9 707.1 319.7
SGS 19.92 2639.4 3.44 10.41 | 61.62 24.52 90.8 274.77 1626.4 647.18
4.1.2 BRLI

KEBRYPIHEFIRAKERZE R ARZESPHREERNYPRHE IS
MR RO BEIRSBRES 1Y), 1998, & AR, 2001)% A7E20014ERT
AR KSTEIGRMT S RERNE, A E BRI PREILEK

26~




BEA134Tpg/m’, 1995FERHHE BoR, LW HVURER SIRE H48.0pg/m®, M
R4e-1TUEY, BUKIPERBRE A TS0ugm’, X—HEEEZTATF
AR, FAEETERTRmE.

YRR B RETHAR, CKPEYRDKRE H2639.4pg/m’, T RDS
By EKPENRBKEEA S8 ngm’, JLERKERLBMEEG—F, BT
BHUREEGMIEERY LEAE, 1999), TERBEBMNBH, HEBREX
BHBHR, ENRBKEMN TR, RARLBEE TRIFNBEMR,

EEHARUR RS PAFEEIAPEIEL21.9%, BHFEL5.5%,
h31.3%, WHRE41.3%, SREeHERLEETLIES, SRELT AT
MR E159%1.7%, TEPFERURKSTHER, MERFRA
18.7%~19.8%, WEAXTFARUEKSTHERFRASR. KERRROTE
dE, ERETFERENEPANERRESERABRERTE, ERAERK
IREH, EHFERAERETRNTHRNLEX.,

ARA-IPIETTRAEH, AREDCRPFEIMRE, EXARIHLHEK
RRRALBNRAA. KERA: BEONCKEIERBST SR TEE ERN
ERFTER, MESEHRETEE, 0T ARNEREE, ARIMIBHTE
BRI SR b, B2 AR A HORLERY, (EXHE M KSR MR A
H, FTUABMEER T R4, MAERBBHENSHSRAERRD.

4.2 FSEBIE (G0) HiEo g

4.2.1 ISR

HRWE RN R B RIN 2R N EA-1~E4-48l K42,
F42) EHERRGCHHEXRER

Bh | B | 4R Caua | CPL | ZCy / ECy" | Z(Ca1#Cy) / T(CstCuo)
SG1 { nCy3-nCsy | FIE-ERE | Cyy | 1.89 | 015 0.75
$G2 | nCypnCys | AIME-FRA | Co | 154 | 007 0.07
SG3 | nCyynCys | AHE-EME | Cps | 141 | 0.63 0.71 |
SG5 | nCynCyy | AR Cys | 136043 6.67
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ERITEAFTRRL LR

40 "
8 M § 18 i
I ~ o2 - [ ]
£y - il
& 4
o 3 r 4 3 IIII. ]
a aannaasdiiilos. b semenad LIAREE 35
PR R G P S G S R .
SG I W SGe 3.4
w 7 15
§ 8 ] :\:IS
~ & l I v oy .
bt 4 | | L
b | 1l b
&y | & 4
L al 11 | ko
n
S PSP d P b oh o o b ot P
86 1] NGE 1
Bl 41 EMEEREE S HIEgE
4.2.2 RS

Simoneit (1984) A4, CPI~1K, KSIHYHHHENDEERFTILE
MEMREEE =Y CPI1R, MBS EERETHSEDE. AEEH
RAEYEELR. RS RBERE MR LRI T ERY, eI
AP AN DA EERECH R . B RSP ENE BRI BEECY
1.59-1.89, EHHBCACII(LRA-D), RAFML KHBABRAHIRETH
REIY, EWHEESREHFIRZE.

Debora®% (1999) Af&il, Con=270MAIEEEXE THTEYESENE
WHP, Coun<BMHMZETERATUAERHBEEYFNTTEMBEENN
. ERCHBITER, Bl KIPRRENICy- / TOHMER0.07-0.05,
5 (Ca1+C) / £ (Cas*Cao) {8 %0.07-0.75, HER FRIE-ERE, RUFBRERE
SEHSEREES, Rt REEEMECI2-C34, FHEECT-CHBIT F
BRE. HtEL ASFRNRN EERKE TREHIESHEYRE, I
S FEFRIFEN T TRIRD.

A O B T AR K, R R A8 E (L EY-1. Bd-3F1R4-2),
YRR MAYRR EERBOCS, BAR IR AL BRBER A1 41, TC2Y
Y227 4063, T (C21+C22) /T (C28+C29)%0.71, Tk F AL ARN (HE4-1.
Bd-4fE4-2) , BRYTRIBMN ERRENC2S, R EE, RERBER
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#1.36, LC217LC22 HIME#0.43, T(C21+C22)/ T (C28+C29)IE H6.67. 1XF
B, FETHRARE, BRYPOERNEFEBEESNSEMMEARKRT, Tk
BEEA TERATHABRENAeRE, Bk, RABAHT 28R,

ADIAR A\ %0700

42 LT KRERTERENSAEER (GC) B (SR SGL AFD

FOIAL2-136904.08 Cu

NOXn.
20000
17500
000
12500
1000C
7400
8000
%00

U

T T T T T

0 10 0 0

5 4
8_
i

M 43 S0 RABRARBTHEREARN CRPRAENTHER (GC) B
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R TARE LRSI X

FDIA2-134710.04 r

roo0a | c

sg5

°'.J

B 44 ARARLRETREN CRERABGIREE (GO B
4.3 B-JRiE (GC/NS) FEEM SRR

HHEROTOEAFZTENAGREERA, £ FEL (PAH) #hHY
MRLTENEREGE, FAFARBFETROB YT, ERBBPEEES
¥ ERFRASYRB TR EERALFA U LXK A, RIREH
ZANHHBERFNNENGEY GHREZ, 1995 .

ERFRERNPPNYNEEAR NS, ERETERNRTRX, 855
B—H T PMI0SE BRI10%~40%, TIEML IS HAFRESPMIONEKFAER. X
EZTRGSRENEEL, KERHTAABNY - o6 B mE SR
8. SRMAGEE.

YFEPAHS A= (B, MRE. S8 hih KERHMEFTSHNF
BE@DT0u mf B £ (Caricchia®, 1999) , BAHEANKPRIE, £
R, TEAEEANKAE UBE% 1995 .

B EXERFEOBATUESHTIMEL. REMARUBHFENEL
AZEHESRBURSFEMTTAR, NERRSRBRZEEMNERK. B
SMNFSIHLME S T B S BE T (TEF, Toxic Equivalent Factor) F0EUEARR B
J7 (EOP, Estimated Orders of Potency) . #ttLBEFIEFRARENTH SR
SEERERERSEL, ORAFESEEERESBIEEN (A (BaP)
BTEF A, HAMSHSERAENEN 78RN EY EERE. BUEMY
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BEHEOPH RN ENZHFRRHANBIEMMEES, BERURN (] &

(BaP) HJEOPA1, HARMZHIFIEFRAEFERE /I 8 M R AR RE ST«

ARANRE BRTHRNKLRE. FRAKEEHHETTE, BRAK
B Tk AR =5 B R IR o £ B R M E R MEHRER: 1R & Dm
WA EFYRPLLRE: ST RFAME RS R BRI SRR ERASR
B, RER - UM FERBERENER, AN5HMMARSIHREE, KR
Bl B RE RN ERRE ., MGEELSRESEHFTRNFRETES. BEEX
FE R R E SRR, ARk BN B R A U R RS B Ayt

FlERARE

Eik, HHREL HENSRYEEREHFRAFT —EH LR XX
e HEEERARERE, M ERPEVIETRYNZMHLT T 4T, I
BA A SRR FHAT T34, R SRR T KA KA ST Y ¥ in 24T

T4, LU &) IR R — R R

4.3.1 DR
SEVES TG R L E4-5~E4-8.

10 a0
a3 o -
; " ;; 18
. n w2
£ £,
o | o
LN NN NI Y A Y L R R,
VOESARES Y EEENTER
b X u
il ##.,’F*# s ﬁﬁ,;ﬁ#
10 A
;2‘ ’;'_'
AL IR S
o
:-” gh
e * E
P | e
(BN Y- !
¥OFTEESS R RN -5
e TESE £ dFTEL
it ¥ & LR S

B 4.5 Ak R R E B IR R A AR

4.3.2 RS
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B 4.8 FFIHRL BB THENLD PAHs HURERRELETH (TIO &
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B AR PRE N TIHE, B PREE, o83, THEE, BE,
B, EH[a) 7. PEE, FEHE. EFHCE. Fifla) . B+=HHE. %
FFL1ZE[2, 1-d)EWy . I [b]2E[l, 2-d)WEm;. EIF[b]ZE[2, 3-dIHEWY. F (K]
HE. File] 8. Fif[a] B, LEEHEFHE, Kd, HIOMPAHsRT X
[ 5 {R R (U.S.EPA)R H R BN S BRI S B, X10MWSRERESE, 1999)
RN EE AR REEN, B, BH[CE. BAFRENE, . HE, XK
HEZ LA FRICERATEN, EARFSUES.

REFERTFRUNSE AFBUBENEHKEE S ERS, 725.72%-2945%,
Boh, REBBBM A E (2] tE(3.87%4.78%) HIEEH I HEAEH (&
(8.13%-8.56%) A R AREE BB BUB A H H (2.48%-2.98%) 1 & Iy LB &, Adl
ZEE, H(2.08%-2.17%). FH[e](13.04%-14.76%). Jb(1.04%-1.15%)HFH %
FMER, XFERHBTEL GENFREIRSF ORI,

ARARLBETREN, CRPHERFTREUREAFTREENEES
BB, #13.18%, ABBERMAEMEI(a]th2.29%). AFBRHNEMEH,(a]
. (6.47%) 0L B AREE A BB R H K HE(9.7%). ARBUBEMKME(01.16%).
# e (6.38%) M F BWER,BRAUSTRYP RN ERFTREET &%k,
TRUSEEBBERFKHESERRN, #29.69%, KK, REBFREHN
[ HC8T%). FEREMMBHEN(QEGC.12%). FEEHBHENEE
(3.43%)FIZEQ2.13%) B R S A BB EE(2.43%) R H[e]FE(16.62%). JE(3%)AY
SEEHLE, HRAFERERALK, Bk, XRATRLEE, BRIEAR
SHKTRYHRET, BHTERFRERKTABNY L, SH SRy
MESHIRE R TN, MARBRENEH (. RAEBREEAE. AR
RN EEMIE, B, LEERFRNHSTREMT .

=33



IEIW AR TEELSIRY

4.4 hER

(D B KAHEIMREIRE K TFEFENARIK, JFHEMK
FEERUFEAE, RARELMFEETR, EOENEENRD, XTEZHT
ST GETERARNTETE, FELmBERRE, FETHEEIGR
4, RPEZMNERAAHBENSHTE.

() B HENR, RATRESRE, WKFREEFGNEIHTE, I
HEFECAHBENNERFENE LS R, RMERRABRESRNK, XF
ERNAKBI ST FRERHEATRY b, MERREN ARR Y EAR

A, FUSBEHTREMT.
(3) A&, EEHSEYS, BRE. ER. FERMETHAS. BFEIHH,
FETRRENURHRR S 2.084 1. B2, BRAEFTRET THRIFMREER.
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B 5 AT AR L ELBE RS T

H5E HEHMEN YA B R RNEE S 27

FLE % B 8 R L B Rl B A A 3 AT BRI A R T B -
(K, 1994, EREE, Katrinak®1995; Kasparian®, 1998; Pooley®,
1999; BeuB&é%, 1999; Jones®, 2001; AfR#, BFHX %, 2002: Whiiaker et
al) . XEBRNBEAMFRMSREHGR RIS HETREEROAR
8. LBAHM SR ET L E RSN BTN SHE. RN, SRR
B ) RAE R (), 1R /D R GO BRI AT CLRRSR A4, I A 18 0 1 RORL R S Y
A4 AT B TR . ER AR, BaVERH A a2
SRTITT T . 2RISR B 4 R A1 R ST R S(FESEM) SR R AL
160 TR AL -

5.1 ORI AT RABR MR RAN ST L

BAERLIEAEILD, LEEBAEEREEKES-1-1-4). dTRRYK
BEEK, BEREEAEBRERETES, RV 18E LESEHEE.
BT YR EEE. RECAER. BS-12BRUEEHEFALE, MR
TREMER, BRIKEERAS, XTRSSREMHFX. HENEITE
—BRE 5504, MBRERLAHARAEERALE, WRERERGEN
. HREHLARGHERE.

HERLBEAEN LD, FRYAHEAZHLWAES2-1-4). HERSHN
BERLER, WLEAKEEIOL m¥FH . TR IREHARS. BRE
EETRAERARER, BEKERE. RN CRER, RAEEOSRUES
MR, R GRET SRS KB D, XTRFRRARE —EXE.

BhAh, FENTREEIE B A IR0 B SR AR FT R N JBURL D i ) AL T HE £R
LREEREN LRENER. B8, LHER LRHREARES-3-1-4). WHIH
b IR TR TRAE AR AP0 TR 88 5 A CURYI & TR B 77, ATLLR
EHERTAREME.
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B 51 REABERHEREN LSRR RPREYN PMI0 EBER. (D RBCAR

T SEM BEHARK. BRERENBLESHFLBIE, EFAR: 100m: (20 KK

KT SEM BEE. EXEIRTFAMEDS. BEIERS20. W TR R
TkB et WwER: 10um.
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5 ¥ RAHRRRYSRH LR RBE RS

B 5-1 8 RERBRLBEAREN LR ETRERN PMI0 HEMER. (3) KK
KEE¥ TR FESEM EMEK, tHHR: 100 m;: (4) BEKEHTH PESEM BHER,
A A TR S AR (<1000m),  EEEIR: Sum.



ERTiAFTRREELS X

52 {HARRASATA AN F— i E B P RERM PMIO MERES. (1) EAEKE
¥TFH SEM BEEE. TENELESE, GREDS: HBR: 10um: () RACKHER
TH SEM EHER, HEFIR: 10em.



55 & HAHNBRMNR NS MK R

52 & FRRLHBFHITREN L -AEETEVFFREN PMI0 BE2ZER. (3) ARX
{2% K FESEM BMEBME, WEIR. sum; (4) REKEH T FESEM BEMME%E, i
R: Sum.
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it ?Iﬂk?liﬁﬁﬁiiﬁﬁi

TR w 3 u;}f}

[ S

| *“ﬂ‘ ,

W 5.3 —dHaTED OPT, WEEDS) REH PMI0 HERER. (1) ERAEET
¥ SEM BMES., BN EHELERENREHNE. HEK: 10um; () EHEXE
¥F6 SEM EWE®, HHAR. 10um.

_40-



H 5 E RAREREHREEERRE RS I

W 53 4f —kEaEES GPTA, R F20 PMI0 S EMER. (D BEKRF
¥ FESEM BEER, HFIR. 4um: (4 BHKENFF FESEM BHEE, HLHR.

2u M.
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R I RETEEEEEY

5.2 IEAXTHATMNFR ORI HHHE

AL B FERDR EERAE. CRER, HLEEE. 7Y
Bk, AR KB MERA (R, B X%, 2002; Whittaker®%) . M54
FRE, CHBRMLEEEE D, BESERFE %,
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