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Abstract - This syudy focused on relationships between Pb and Cd concentrations and
the difference of success reproductive progress in urban (Seoul) and industrial complex
(Ansan) areas. Results of the Pb analysis for the feral pigeons from Seoul (egg contents:
1.64 ug wet g1, adults in bones: 29.5 pg wet g') and the Ansan industrial complex (egg
contents: 1.13 ug wet g, adults in bones: 10.5 pg wet g-') showed that the Pb level of
eggs and adults is significantly different between the two colonies (p<0.05). Cd concen-
trations in liver and kidneys of adult pigeons were also significantly different between
Seoul (liver: 0.24 ug wet g1, kidney: 1.05 pg wet g') and the Ansan (liver: 0.14 pg wet g%,
kidney: 0.43 pg wet g!) colonies (p<0.05). Clutch size of Feral pigeons living in Seoul
was similar between the two colonies, 1.9+0.3 in Seoul and 2.0+0.0 in Ansan. The
length, breadth, and thickness of eggs were not significantly different between the two
colonies (p>>0.05). Incubation period in Seoul (17.8 days) did not differ from the Ansan
(17.4 days). No difference in growth rate (body weight, wing length, and tarsus length)
was found between the two test groups (p>>0.05). In Seoul, 65.2% were hatching, and
42.1% fledging. The proportion of hatching and fledging in the Ansan was 60.7% and
45.0%, respectively, The significant differences between the two colonies for reproduc-
tive success were not found (p>-0.05). With regard to the reproductive effects to the
heavy metals, the Pb and Cd concentrations found in the two colonies were not as high
as those considered in results of foxic effects in other species.
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MA e Aol ZFAITL et whepa] AeA 2] w3
o} BA9) Ax 28 BIFEHY] MM A T A
Ao AefA =79 AAQ Jrrt a7HY 53] F
W Ao veokgt A o 2 9§ IS £
oz Hud £ g AEY HAd Qi st
AE3 9l dgkez AAHFE 4 9lv} (Furness and
Greenwood 1993; Hoffman et al. 1995).

T84 9% FAREAME 3 F k=Ee] £V
o A&Hor r2HAH WA 7|F A}, AAE A
3, wal 20, Fue A Apkg F) o] AT
4 ¢) o (Firmreite 1971; Peakall et al. 1972; Heinz et
al. 1983; Blakley 1985; Peakall 1985; Donald et ol. 1986;
Grue et al. 1986; Custer et al. 1986; Gochfeld and Bur-
ger 1988; Elliott et al. 1989), ]2t YE&= el F32
A A9 od Az} ARAA FH FAH {3
Aed G4 2 e 2712 48 5+ UE el

AZ7A 2] AFeMe P 379 FI34 xdd o
2 o ®¥UEHe FF o|Fo] gtow (Huton and
Goodman 1980; Lee 1989; Janiga et al. 1990; Saeki et al.
2000; Tkeda et al. 2000; Yasunaga et al. 2000; Dip et al.
2001) o]# 8t FF4 kel wE AW &4 et
WA R A 5o AZHN 954 Aol s
AN A4 Sl FEFH B oA v} (Hutton 1980;
Kendall and Scanlon 1981; Grue et al. 1984; Grue ef al.
1986; Custer et al. 1986; Friend 1989).

2 AFAE Az 9 F1 #AE 2 29 A
sk 24 AgolA AN 2k WEE
A Fa 249 Aot aAAS 0 A7e) AR
o Fol@ GPe mAT glmAdl dake) zAjsle
W, % A9 24 wE o JEIH da Ax
o M= A woket

Lo

Mz g Ay

AFA & =AAHQ] A &A] FF HA5t UE
AN 325k B Ae HE BUTDATRH) A
o} We) Argd Ao, Hed AeE AL A%
AE SANA, ke ALmFA BTeA EAF HIFE
2o} WE7) WA WRE Ao AAAY U S
24 =g DA P IRAGS FA wEY
o] 19,000~ 35,000 vehicles day-'e]™ (Ansan 2001),
el 714, 98, A7), F4 5 =] A
o} MEA A BT F9 wESe] 43,000~113,000
vehicles day1(Seoul 2000)8] =4 FA1x] ¥ o]t}

HAE = gRibFa) A-2A]A L] HAR] e gl )
7] FAE QA ez A, 27, o4 A7RA A4 A
AE FAsx 20019 39 39oA 54 30U7A] ekat
2 1454, ME2 2454 & WAAR 1~3Y ez
o A7e A W WA AFE & F AYe
A FLE dste}l pH ez ZARE A3t Aler ¥
&2 & 2, FAE ZARE, 478 AdEs 5
A, 27 (primary wing), A5 & HA4e=z EAd}
o AAEL] AL, 2A T e ol4 A AR 2] A7
2 dd AAE (mm day )& AT, AFE o4
A HAH o] 7] (of 20d)71A9 4d HAE(g
day )& AbAER -

FEE 2L A AdeM AA #7LE Eel vEY]
A AR ddez @k F 39 o), M7 (22~
249) 9 AFRE 20001 11¥9]4] 2001 59 Apeld]
A AAF ARSAT olF AEF2 AH FA] FEel
g4 Ao dol —20°ColA 5 RasiHct 7124
ol #% FAL AUAT F Rt W (femur), A,
Zh 89 5o mAlg HEIn o fEE, A (R
uhd Apd (e FEY) J4EL 2ol 3345 8
AMA7EA] -20°Cell A JE Baside JF rEs &
A A W4EE dEAA FAE & o oF 3~5g%
Al A}, Fdgaatoz 7hd Rafste] 100 mle) s
Aoz IMaqct @3 7}-—%3- Y& DDTC-
MIBKel| 93] & >23% & 99x-5353%4 (atomic
absorption spectrophotometry)g o|fo 2 =23}
(Lee 1989). 3% w< 4 W4 A9 A9zt v|n
T T-testsel] 2)&A #2442 AAsHH-

7 o

AR g2 & HEEe FHRE 9 AT yEE
1.64 ug wet glo® kil A He] 1.13ug wet gl BT} =
A AFANT(<005), 422 7 2Ad A2 3
et dwdes A7le zAd 249 yeug ¥
2 A% Vel o, 4719 A3E T Gz 52
3t 2ol E Helx] ket (p>0.05). LB} AmeAME
AeA o) e HE21Y A7 2 W e 7
7 QW 4.13 pg wet g1, 29.5 ug wet gt ® gRAER] ¢ 2]
2.98 ug wet g1, 10.5 ug wet g 1R} B2 2wyl AEF
At (p<0.05). FI=F == &4 HEEANA F AF
Zhell M %d Tt HEHULE>0.05), 2 7 2
Ao =t A7 24 FeEdg dbfes ¥& 7
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Table 1. Lead concentrations (ug wet g-1) in tissues and each component of feral pigeons

Ansan Seoul
Matrix
N Mean s.D. N Mean 3.D.
Egg Contents* 9 1.13 0.14 9 1.64 0.18
Bone 4,09 1.34 4.80 2.48
22~24 days Kidney 8 3.15 0.79 8 3.22 1.29
Liver 0.88 0.46 0.87 0.09
Bone* 10.5 4.69 295 21.1
Pb Adult Kidney* 10 2.98 1.38 12 4.13 1.31
Liver 1.80 0.46 2.33 0.78
Maize 8 0.41 0.19 12 0.56 0.25
Cro Wheat 1 0.68 3 0.54 0.21
P Bean 3 0.41 0.10 3 0.50 0.13
Rice 2 0.99 0.19
(rizzard Contents™® 10 1.64 0.24 12 3.34 0.93
* Significantly different between the Ansan industrial complex and Seoul at p< 0.05 using T-tests.
N: number of samples.
Table 2. Cadmium concentrations (g wet g-1) in tissues and each component of feral pigeons
Ansan Seoul
Matrix
N Mean 5.D. N Mean 5.D.
Egg Contents 10 0.03 0.02 10 0.03 0.02
Bone* 0.02 0.02 0.09 0.06
22~24 days Kidney 8 0.05 0.02 8 0.06 0.02
Liver 0.02 0.01 0.03 0.01
Bone 0.27 0.08 0.23 0.07
Cd Adult Kidney* 10 0.43 0.28 12 1.05 0.62
Liver* 0.14 0.06 0.24 0.08
Maize 8 0.27 0.07 12 0.20 0.04
Cro Wheat 1 0.33 3 0.25 0.02
P Bean 3 0.30 0.05 3 0.23 0.07
Rice 2 0.23 0.08
Gizzard Contents 10 0.05 12 0.06 0.01

0.01

* Sipnificantly different between the Ansan industrial complex and Secul at p<0.05 using T-tests.

N: number of samples

g viebdoh 53, Az 23 AAza], 478 w
FA A Mg G| 27t FF 0.24ug wet g4, 1.05 pg
wet g1, 0.09 g wet g7o.2. ekl Teix| 8] HF 0.14
pg wet g™', 0.43 pg wet g1, 0.02 ug wet g 18t} 2 %
x7} A= 9} (Table 1, 2).

Ao & AN Az ad HEES $AHT o)F F
W8S FEote 93 7l=R =8 £4T A9 A
A G A4 g e Wt $45(57.3%,
FH71EeE D (21.9%R JePgen, habA o2 S
£ OLT%)7 F8 Ho|ew AT £ WEE
o Fet MEAYs kabdRelA 0.41~0.99 pg

wet g le 2 F A Gzl F2g Xelrl g Aoz 2
AbF gl o™ (p>0.05) 7l=F F=e AL F A dA
0.20~0.33 ug wet grlo2 F A G v]d3 2wr)
7%= 9} (Table 1, 2).

AP WE-BL F2 HAR] FHA Helet 94 FH
A)8F mel dsfelsh hRE(F 70~95% FHLe R A=
2 AA AP JEES WAeE 9 Jlef ¥xE
A5G T AP WE-BA B e AeA 9 A
Zol|A] 3.34ug wet glo® kAR Ho] 1.64 g wet g!
2o} 22 2wl AEFRAT(p<0.05) Il 2EH T
= 299 Azel|A 0.05~0.06ug wet gloz w|4F
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Table 3. Egg size and thickness, incubation, and growth rates in each colony for feral pigeons

Eggs?t . . Growth ratest
Stud - Incubation period* - .
y area Length Breadth Thickness (days) Weight Tarsus Wing
(mm) (mm) (mm) (g day™1) (mm day-1) (mm day-1)
Ansan 40.51£2.22 2911050 0.30%£0.03 17.4£2.11 16.3+£1.25 1.31£0.33 6.941+0.56
Seoul 38.8+£1.34 2841085 0.30x£0.03 17.8+1.58 16.2+£0.95 1.32£0.26 6.99+£0.79

Values indicate mean+SI). Number of nests: 14 (Ansan), 24 (Seoul).
tDifferences between means not statistically significant, P>>0.05, T-tests.

Table 4. Reproductive data for feral pigeons nesting in the Ansan industrial complex and Seoul city with different traffic

volume
Clutch size Number of young hatched/nest Number of fledglings/mest
Study area  Number of nests
Meant +S.D. Meant £S.D. 92 Meant £S.D. %P
Ansan 14 2.0+£0.0 1.2+0.4 60.7 0.9+0.2 45.0
Seoul 24 1.9+0.3 1.2+0.3 65.2 0.8+0.1 42.1

Each % was calculated as follows: “Hatching (%) = (No. of hatched eggs/No. of eggs) X 100, "Fledging (%) = (No. of fledglings/No. of eges) x
100. * Differences between means not statistically significant, P> 0.05, T—tests.

2257} AEE 9} (Table 1, 2). £ Yo7 Hele] = o]sit}(Dieter and Finley 1979;
Needleman et al. 1979; Cain and Pafford 1981; Stenzel
2. 94 et al. 1988; Oatley ef al. 1992). =g A% 27 &lel|A

o] Qe 712 Al A3 el 75 Fol
el = 77t o] A L} (Grue ef al. 1984; Pattee
1984).
£ Qe B 224 A S WA o

FE 7139 S3% 290 AT MAAHA “‘d’-‘if}
= A edde] Aok Be M99 HEAuS
4 ATE 5o W 24 Aole A seld B
A 29 54 Ggolohe WHAN FLIA 3]
Az s smge seo 14 438 BAE 3
Moz masgeh A, F9 A9 T WEE, A
29 A7, 22, Apg JG-EolA AgxHe] ghalA|
St 2o $o ot AEHUATH<0.05) F
Ao BRellA AFzta, @ F o] vhe] 5 g F
=3 # S5 DAEA] @os B opE &
A H7ke] g Alets, ok =], 23717, A7) 8 A
5,04 4TEIN $AL Holt G Aoz A

20019 39Y 17Ye) Algte] A=y AL, kAl F A
o] HAAlGE dAlen Ihjalstg A A,
PAEE Y] AE 1454 F BE XA A4 27)
o]z, MEA G2 24FR] F 2271 FRo) M= Al
7t 247k 27 e1Q.ent 2709 FRe A= 1] &g Ab
ghste) {4 1902 2AEG e 8] =) A, @
A, T M F AG7k] {2438 2l §l9l
F(p>0.05). =5 EZV| 2 Mg, GAA Gl 24
r—gik 17. 4%_1 17. 8%1 H]A‘-fsl FEO R eI o, A
o] F 2zt
Hl’“‘f& 75.‘*%}-‘1 i°] A_i LJrEJrh;\‘t’r (Table 3).

A AFgo] A% ARG 1470 FA)elA] B3}
&3 o]4ge] 77} 60.7, 16.5%2 VIEIGew, &L
24F R A B3}-g o]Age] T2} 65.2%, 63.3%2 F
A Azke] #-213 Aot gy Aoz FAFE T} Table

4 et A FFE<l 2 AETEA AA AR
g 77]7«1— Aoz ofeiA gler BE 100 pg dry

e & g o3t & AAT 2RAME WA A o

gE 7127 = Aoz zAHE YT (Pattee 1984

2gd 242 dubdos dhopdl AaarA, wleldA Grue ef al. 1984). <& E€¢] 50ppm2] g5 AHT 2

vEH
3l AFE 71AE 7;1_1 A slem Adg F7% Egole] Al w3t 2 = 3, 4 4A A Fe
WY, A7G5EH A Wsh Agats, ANH3tE, ¥ Hadk d3E 71AA 4> ALE2 ERG T (Pattee
=19 217 Az &4 AFER R AA7)e At F 1984), 100 ppm?] & 259} 7 HAZ wlE7)el
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A AR ot RERAle] of 1 Mg 7)Aot
o1} ¥z 2FAMRS ok AR A hehie
Ae=z FAME ¢t (Kendall and Scanlon 1981). Gullvag
T (1975)2 ®elg} FmSol 453t 270 ppme]| Lead
acetated AJH I w79 it 2 Mz F 3
HAd A & e AGAA FAHA A JI¢FE
713 4 gt Rudget =3 1157F 100 ppme)
lead acetate® AT v]F7|NME A4 FALG AR
7} ZrAaspg A e, 1A Adagelts ddE 71XA o
Aoz =i ¢} (Kendall and Scanlon 1981). 2]
e gAI7)7)E Bkl =59 wlole] AHo]Ee]A
WL v AABA el eFol AEE] wIZEHA
ojgke wle Aoz zaAbE ¢t (Hirano and Kochen
1973; Birge et al. 1974; Gullvag et al. 1975). W F&}7| =
H3l o] F 125 F<gt B olo] %ETH lead acetate 1 ppm
& AHT 79l At 74, 100 ppmol A K-3-E
o] 2+43F 3, 1,000 ppmoll A= o Z A EA7}
A= Aoz FAlE <} (Edens ef al. 1976). =3+ 45
T F F=7t 289ppme] Heol: AHIT HxFol
2} (Hoffman et al. 1985a), 125 S<¢F 500 ppm2] lead
acetateZ A F gt v]$e}7] (Edens et al. 1976), 457 4t
1,000 mg kg! lead acetateE A7 3+ wlola]oa] W-8-A)
Zol & vty 9= Aoz FAE ¢t (Damron et al.
1969). A2 o a5FE 73 TE&=R S A
s A=asle ANs TN ANT Do)
W =57} 90ug dry g o| 3} (Grue et al. 1986), n]=-2]
Rhodo islandellA] ®lA)shs A wjd=7]2] Aol #
A8 ge)] Y H%7} 10 ug dry g-! o] 3} (Custer et al,
1986)2 A AR W4 B AR 3 71AAE
Fe Aoz A BE S49HA 42 AYez
A 7 %X background $X= AE 2F2] 5l
W FA oA ef 2~15pug dry gt A ZA ML o
10pg dry gt |3}, 3+ &AM <F sugdry g! o] 512
od# A qlv} (Conners et al. 1975; Kendall and Scanlon
1981; Custer et al. 1984; Hoffman ef al. 1995). 2% T
Al F 53] 248 AHe 7%l background FEH
o} 509 o)A} EAEHE A$E 9low (Hutton and
Goodman 1980), o] 3 &2 pFore 41475 #3}
W GATA SN, A FA L, AFEA W 9 3YA
AE, v g el T2HY W 715A3E, g9, 7+
2172 248 @ FAAaAL] BAH AF & Uy
A7e Aoz By =gtk (Hutton 1980; Swiergosz
and Kowalska 2000). =3 Z=F3X AAdA ¢F 200~
500 ug dry g1, Ztell A= 100~200 pg dry g '] X %7}
21 ApellE F $Fo= APl ez dvir

I ko

81t} (Longcore et al. 1974; Benson et al. 1976). ¥ A
AME ML AHe v)gr] Az W 24 F ¢ F=
= 29.5 ug wet g1 (2F 100 ug dry g-%; Dry-weight basis
= about 3~ 3.5 X wet—weight basis), 4%+l 4 4.13 pg
wet g-1(2F 13 pg dry g-1), ZhellA] 2.33 pg wet g1 (2} 8
ug dry g ez ZAREglem <hb A2 W 105ug
wet g1 (2} 35ug dry g-1), 41} 2.98 ug wet g *(2f 10pug
dry g-1), 2t 1.80 pug wet g1 (¢F 6ug dry g He s AN
et msk He] o) @ pEE AL A FeAM 0.50~
0.99 ug wet gL, gkAF A HollA] 0.41~0.68 pg wet g1
vebgenm o2k ekabst A-&A Y7o e B 23
9 @ FEE BE FAAAT ST % A"
2 R, A "4 HAAFe AR 3L 71E
Axe st ohgin wHch AFAR &7 4
w2 2 y=e g AlEE 2E HE A9
79 oF 100pgdry gtez AR A He] 108~669 g
dry g-! (Hutton and Goodman 1980), Pe}@ ] o} =)&)
90~480 ug dry g (Tansy and Roth 1970)2] xR rli=
W 25 Beli gtk ZEvk MR el A5
v E7] Az ¢ Ut kA dun of 3] Ax ¥
a1 w3 o LB AR MgxHe] ek ¥
2 550t AEE AL Az AAZY ze|r) & WE
Eollx Iz Ho|HT vte A& viehiv, & ¥4
717b Fekel wiolel] Aolgl F Fx Aolo] s
v ZA A7 folE kg 71A A M s
ol & Aoz Aladoh 3, BT ATFH I
A XA e AMB 4 A7 @ 58] Aol
Y 54 skt @3] ol el deA AL,
q-E xF o AW 239 BE SelA, B4 Hd
A=, F FolA B FUT AF 2382 J8 A
23 2 e g A= 249 dATEE 2A
B7)¢) olel-go] ) 53], ofAA] A s ¥ &
Z % 33 94 <] fAe A d- 4
F7F A9 flem B Q7MY A= E £88
Hol= v]E7|e] AEHA s A=F A=) A3
M gF A 478 5228 A9 AAY ¥ 5&
v)2g Ay 3 o] o7see Abagch

=g 9A] Hol|dHAE Bl 2Rl FEFH A,
AEAYAA B4 L 7|Ax Aoz d¥A AR
(Sakai ef al. 1995; Swiergosz and Kowalska 2000). ¥
2~3%7 40ppme] Fh=Fo] TFH HolE AHE A
Soff AAFEo] WAE] W] T Swiergosz and Kowals-
ka 2000), 357t 75 ppm- F A3 H@H 6577 FUFE
AT AN Taol AskEE Aew ekt
(Freeland and Cursins 1973; Richardson et al. 1974). o]
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2% W4 Ashe shmgel o5 299 wolst Ao
FrEE AAANA AW ARG Z4E e En
U AT #e] gl BE Algg HEsd 4,
ZF7 ol Aol 100~200ppme] FL=H &F FE
* AgsEqd gsE dede fAw=eln Al
Mg Axe] k=g FHe A dgzX2vql
%, proximal tubular A 3Z2] Algel] 23 A1Ad =), &
¥ %= (proteinuria), B, ¥ =7\ e] 7log &4 Fol
BHA 5 o] 2} (Goyer et al. 1984). 200 ppme] F}=E-o]
Z3g HelE AFAT AT e Amt 855 W A
Aglg doFal, 20ppme] Fh=Re] Y =elE
AR A5ee) A7E A 2 0Y Fol Al
23 ¥ o] Z v} (White et al. 1978; Cain et al. 1983). =&
Zt=d 243 F9% yde 13, 25 I 44,
AR W, N AL AR P JF AR T B
£ 4 9)oh(Scheuhammer 1987). 71 s}z Jl=f &
Aol oA W 2Rl FAH JIFE NAE Ao
= od=A vk 42 AAAN HYEwE ofufo]e]
utol (tai-itai) He) Z-$olMxE Jhefe] o9d 25
Aexe Zgst veElml DE A4Hes AT 4%
w F2e)| A7l WA (degeneration) @ F ThE:=o)
el ed, AW st=g &35 A Ze T
£ dAste Aoz 2AHE v (Ishizake 1971). 772
2 Ade sted F42 w 249 Z4s A
s, ol@lgt A Bl 279 At F9 Azl
b 2eg AdA W =23 5 "Ae A "edol 2
722 shef 4R Be B4 prol Ade 25
2] WHale] wAAq Jike 7)Ae Aez dwA g
o} (Simkiss 1961; Scheuhammer 1987). Laskowski and
Hoplein (1996) @7 ¢[7} 120 ppm 9] 71=§-& A FH st
A3 g #23 GFE 7AE= Aoz Busliy,
600~1200 ppm¢] FhEfel FHR Eokl A AAse
A olell M WA oW d JEkw 7)R)A] g2 Ao
= 2AEUY. 283 TRAS TR Adse g
A X E o 40ppm A= Fh=Ho] WM HEHE A
o] RuH o)A gt} (Kucharski et al. 1994). 221} AlA)
9 AQPANAE ol2F Ty=) FhuF e x
22 dH ey, & driMAYH A2 &2 U &
AR e WA WD GFe AA2 Al
dall M= 8 A=) Bdol] of=ige] wEot kit
AER A7l AR FhF TR AEX]YGe] 1.05pg
wet g1 (2F 3.6 ug dry g-2), 3kAL A H o] 0.43 pg wet gt
(eF 1.2pgdry g HE AL AYelM Fo3 2 5=
7 AEHgen 3 2NN AgAde] A dn
ot A AEARAT & WEEME F RE7h]

gt zpel7t sl Aoz velde v]E7]e 47 =3
F 7k e o2 e 2ad = sERv
T A3 @ SR FAAYS H$= 1.5~50.7
ug dry g1 (Hutton and Goodman 1980), Y 2= 6.5
~20.6 ug wet g1 (KI et al. 1985)2 2 v}ebydc} Fh=
F FEE 53] AR A A A3 A A& D
& HEEA HAS 2 HxE By oe A
F= dukEql s 274 AgAx dXFz givh
dntxles st A7 2A Fo Jt=F FEE AW
&4 e Noguied £ Amsl 2 4 9tk &,
Scheuhammer (1987)7} g3t A" 7kt A= =2
7 ulEE A 7l=g AW &3 Aske sjobd
¢ dow, 7h:417e] nlge] 1 elateld FA xFdl
23] o3& e Ao|w, HbA 1Hc} zhom whA A
X 3o o3 of3kg W2 Floz » waElgv) wels 2
AFNAM Jteg w2 &F e BE 7h: 23
Hgo] 1¥e} 23 Ao Jl=g kZo we 27
e &4 Az #d=eglvh Jehvt B |7 =99
Ftel ¥ £F5S A4S 2 A 9 7R A
2§23 ¥ yE oheia sdd.

HE £ d7lMe F A S35 £49 #)e]
7 R R ARE T WA e Guke
7NAAE g Aoz 2AFEYAT, F AGelA #9
g 4Fe] 3o sl=ge e Aolr)l AEHG B
3], &AL b I RAGEY 52 29 ¢
3 7l=Ho| AEFH o it FRA YR Hexd
oA w3 Fle=fel oS xEHo| vk AL Yu)E
ol BF, AEwl] FE4 &9 AW X5 fLg
& o MRAq A=Erd 8 g F Sl A =AW}
4 asleE]w} Als sl

TEE HoE WA JFE - P Y 29le=
= ol vho], A, A" AW, A4 =), A w4
2} Wo], XA ql o], Al HAIGE WA B4, 3
A& A L] g)em™ (Johnston and Janiga 1995) Al
A BN M= ole gt AjEtEel 27 2 37 24
T ST aQlEo] ARE] L 7)Y Wl F
5% WAL Q) FAZ FEs=H o8 Fde)
A8 AT 2ale] asch

&,

E 2

I IR E L E B P )
334 F2 Aol7l A A wA: Jeg o}
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st pAElge 24 A, LA 9] vET|Y @
W88 9 Az v =3 F ¢ e=0) 7 YF 1.64
pg wet g1, 29.5 ug wet gte® obAl ThR] 9] 1.13pg
wet g1, 10.5 ug wet g 1R} FA AEHH T (p<0.05),
HER FEE AeAde Azd 23 A 250N
247y T 1.05 ug wet g, 0.24 pg wet g-lo 2 oRi}l
2] 2] 0.43 ug wet g-1, 0.14 pg wet g-lof] 8]} £
=7t AEHAUT (p<0.05). Al A g
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