o) 78 5 £ Xt 7K B 7K 4 B OR B =2 i

</ 1,2 N o L % 1,2 3

LR EiEFs w FS OEHkAE

(" P EAFRERAFFLATRFERFAFEREE LI E, T/ 550002; > F BAFRAR AR, L% 100049; 550 97 &
KFFMNELIFEFAZE R GEAASKERP EEEHE, 5T 550001)

f E 2AA201049 A(RE)M2011 £3 A (AF), RIS ITEAE A& & XA
FE ¥ W 46 100 ~200 m B9 3 B X () SRS B A REE A XS HH#ATT AR, U
BRNERERKRERMRMCFATHN R, ZREHA, H}%é%'@ XAHE KRS E
(2.04%0.53) ng - L', XK 48 #(0.146+0.231) ng - L', WX KK & RA&E X
(3.33+2.39) ng - L7, B R4 4 (0.380£0.577) ng - L' ;4 FH 8 K KEEREEN
(3.04£1.53) ng - L', B 3£ 7?/\ #(0.047£0.028) ng - L™, 4 B X KK E KA E R
(3.2421.23) ng - L', K4 F 4 (0.046£0.013) ng - L' ; R K 5 B K L R4 &
(n=35,P=0.875) , F—P%zﬁA (n 35,P=0.09) HERFEZR, et Re R EK
REFHEMESH(LA EE }eﬁ*fiﬁm@fz\ R VRE ABREAF) AN EN, &
317J<)2?7Z7J< 5/&7K7K%3¢7}<}$7}<%9’7%@77&7kﬁ B & ACRH R B AE T BORIE B R AR
A, WA IR L O R F RO 2 R A B3 T KBRS A M4 E 38 R0 AR R 3
%%ﬁﬂmf? WEMEDHAKEFERGERI QAN ETERRTZ —,
K Fisre; Kk, FEX
HESES 8963 XEIRIAFE A XEHS  1000-4890(2012)6-1438-09
Influence of cage culture on methylmercury in water column of reservoir. FENG Cai-
>, YAN Hai-yu'* ", YU Ben'”, LI Qiu-hua’ ('State Key Laboratory of Environmental Geo-
chemistry , Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China;
*Graduate University of Chinese Academy of Sciences, Beijing 100049, China ; *Key Laboratory for
Information System of Mountainous Area and Protection of Ecological Environment of Guizhou
Province, Guizhou Normal University, Guiyang 550001, China). Chinese Journal of Ecology,
2012, 31(6) ; 1438-1446.
Abstract; To understand the influence of cage culture on the methylmercury production and dis-
tribution in water column of reservoir, water samples were collected from four cage culture sites in
Wujiangdu Reservoir in September ( warm season) , 2010 and in March ( cool season), 2011,
taking the sites with a distance of 100-200 m from the culture sites and at the center of the reser-
voir as the reference sites. In warm season, the total mercury ( THg) and methylmercury
(MeHg) concentrations in cage culture sites were 2. 04+0. 53 ng - L™ and 0. 146 +0. 231
ng - L', and those in reference sites were 3.33+2.39 ng -+ L™ and 0.380+0.577 ng - L™
respectively ; in cool season, the corresponding values were 3.04+1.53 ng + L™ and 0. 047 +
0.028 ng - L', and 3.24+1.23 ng - L™ and 0. 046+0. 013 ng + L', respectively. No signifi-
cant differences were observed in the concentrations of THg and MeHg (for THg, n=35, P=
0.875, and for MeHg, n=35, P=0.091) between cage culture sites and corresponding refer-
ence sites. The analysis on the water parameters total phosphorus, total nitrogen, dissolved
organic carbon, temperature, and chlorophyll-a at the cage culture sites and reference sites
showed that the MeHg production and distribution in the water column were affected by the water
discharge and water exchange activities in the reservoir rather than by the cage culture activities,
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whereas the anaerobic condition of bottom water and the variation of water temperature caused by

the seasonal stratification of water column could be the main factors affecting the methylmercury

production and distribution.

Key words: cage culture; total mercury; methylmercury.

PRFE FE SR T 20 AF 5 | 2 8 4 R ke o 1) —
TR B K P g e 0 2, K SR A A rh A 2SI
BHEO M S 1) 2 AR R BOKh LLA BT &R
HEMERY R H R, B ERAINE (R
4,2006) , 7K AAE SR AL FO0 3G I K AR FTT R
HA LT, X TCHLOR ) H b B e % T
FAER ., REMEFRY R AKE, K EAY
FEle e K B0, AR, K s 2e i
X 5 4 s A AR 5 A U B ( Radway et al. ,2001)
X E S AT B 23 M B R R T R KA R B —A~
TETERE AR . 3K SR B T K F oK Y 3 25 W] e Bl /K It
A TER BRI, t ] BEUT AR, HEAE DTS
Yrb O AR B e B GRS YL TR, I HLRE S
MIFET RN 25 S BN TG DL i , 7T R 42 4 JC
BURIH AL, IR AP 2 (R R 58 |, W4R
SEOKMGE A T C/NRE (02388 45 Fh A
Yy ey [RAE R I B 3 228 WL BT 1) i 3 R 0
FEAK P R o POV A A, (/KRS i S i 2RI AT
PR A B AT (ph e % ,2004) , 5 BLE AT, K H
()R S 25 | pH A5 7K T S 5000] e o bl 2 AR
b, & P & W O AE AR A TT B A LG T o4 2%, Gn i
G WL A ALYk BE R84, X Se A
FAETCHIR H b EZSZm A b, HATc A
TR S | B N AR SC T R 46 77 6] SR AG 20 52 Wi 1) A
KAGEHE A X R SR i B R RS AR R
M PR BE IR ANVEAE X 2 VTGRS K P R 1) ot P
BRI WA K AL B B AN ], g i 2 0 b 2
5o KPR AR R A, L B e, U R EE A 30
ZAF 1 VT K R I M Ao ) Y SR U o2 L
e RSV, B K R X RN A
W AU & i 3%, Bl /K i — 20 Ak, K PR
P ERSE AN BN, P 2R I B0 T R i 3 BN IR A
BUTTHE I, AT 2 TCHLIR B Y A 5 55— Dt BRI AN
R 2005 AF J5 5 3 A S 0 A I A S T
(Feng et al. ,2009a,2009b) , A SCHE I 1 43 A1 I 3k
L VTR R K AR 57 DX 55 06 BRI B R (THg)
ffR 255K ( DHg) (7% 15K (RHg) |, B 3£ 5K ( MeHg) %
fifr A5 H 35K ( DMeHg ) A B A& (TN) BB (TP) % i

AHLER (DOC) | M58 38 (Chl-a) VIR (T) &
(DO) %528 A1 & S B, SRS A - #1000 7K 3 oK A
MeHgHuER L2170 BRI

1 HARMREHARTE

1.1 WXL

LENAN % L5 XD e BT I W VB & SR E S7AN
9¢,F 1979 4% 11 H R W& K, R Ak s 2B Bk
J o AR VIR A 7K 5 VI K 5 £ 3 By
A ORI R R B ey o VLI K R R 215 TS
IKPE WA FE bR T 1999 4F 2005 4 )5 R s & R
Gk N E N CF eI o i il N7 NS LU R N T g
(), S5 VT8 K A 13 AS 4 B A 7 Ao, D i - 1
PR B IR TR 40, T Ui 28 K IIEE IXN T o 4 % £
B BRI SIS, SVLEKE FiF 2R
WUe 5 SRR B W I, AR 2 R I w3 R
A (Wang et al. ,2008 ; & 1% ,2011) ,

1.2 FEACREE

YT oK R e 2 KB % A % d ok 3k
FEEE e, HR ek moF i, KR —3, BRmeRE e
FRIMNBAE J R ATV I, BB R AR (7 &
YERFEAIK 5 2Z XN 78 [R]— 4 A AT ) 220 8 a5
YENXTRRIX , FRfa 5 5% UG EE B R+ 100 m, F
2010 49 A AI2011 43 H AT IRRE il R AR 2R
FERS AR A ZFR X (FWI  FW2) XF JR X (RWI |
RW2) ; &340 X (FS1 FS2) K HRIX (RS1 RS2)
1.3 HESaHT

fifi H YSI-6600 V2 i 4 27K 1 2 2 500 % AR
T € K U (T) 4% 38 (Chl-a) | pH I fiff %8
(DO),

TG 5K (RHg) (A A5 5K ( DHg) LK (THg)
PR 45K 5518 TR T2 6 1% 1 (CVAFS) (IE
45,2003 ), Bt FHASCES S & R AR 7 i ok AR
( Tekranmodel 2500 ), % J7 ¥ # ik & B K
0.10 ng - L™,

VRS T 0K (DMeHg) | s F 565K (TMeHg)
ZEN- AL EEA GC-CVAFS #: (540 /55,2004 ) |
It FAASGES oA 9% B A 7= (R 5K A ( Brooks rand TI1) | 1%
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R B3 E el

J5 AR B4 0. 023 ng « L',

VA LB (DOC) - i IR BABE s, T FHAL 3%
P A= 7 19 A BILBK 23 BT A ( Elementar, HighTO-
CI) ,Z 5 kM FR 47 0.2 mg - L',

SA(TN) BB (TP) 2 B E 52 Hh 3 /K B b
D5 5E (GB 11894-89; GB 11893-89 [F 5% R 4% {4
PR ,2002)

1.4 Hd i 4 il

SO SIS R T SR R B R T
S A FH K R Atk (Milli-Q18. 2M Q) |, # & B 4k
%5 :MeHg 5 0.02 ng « L™' , THg 5 1.30 ng - L',
JKEE TR B3 THe A 110% ~ 121% , MeHg K
98% ~116% ; AN[FIZERIFE ity 1 S 30 I o e Fd o, 43
ST R — b 24T 2 0 E 0, KA THg Al
MeHg P77 HE I 22 B A X FR i 2234 <8. 5%

1.5 sk

SEI BT Microsoft Excel 2007 A & 311

SPSS 11. 5 #4758t 50#r .

2 HRE5HMH

2.1 FRAA XN IR X KR AL 2 BURRAE

ARSI 5 ORI FR XK IR I E I B 25 5, &
& OKIEARERE 10 ~ 11 C A TFIRAPRE, BEF h
FIRRIREAL AN 5] 5 S BOK IR 22 5,
MAFZ L, 10 m LU L3k 24 °C,10 ~60 m
21 CHEHIRZE,60 m LI TR, K% 13 C, Kik
ARSI, & ZE KR pH Ol 7. 84, 2 pH
H 7.6, TEIRIZABEIRR SR FARH 7, 37 X 5%
XA ZS, mE AT, &2 DO WA
7.87 ~13.10 mg - L™ P& 10.55 mg - L', A
RIZBIRZEWMEL, B30 ~5 m FHAX DO ¥
JE FE X RRIXAIG 5 ~ 60 m 37 X 5% IR IX 25 55 R K,

SEYIME K 6. 35 mg - L, HZ= 60 m LI'F DO #e ¥
DER%E 4 0.07 mg - L', 2 REIRES,

M & 2 A4, & 2= TP HE 9 0.02 ~ 0.03
mg + L' TN ¥ % 4 3.30 ~3.65 mg - L', HZF,
60 mbA_FIKAAR TP ¥4 0.05 ~0.12 mg - L™ TN ¥
FEH}3.31 ~4.63 mg + L' ;60 m [0 F TP JIHS &
i50.49 mg - L7' 1 TN A2 fK%E0.83 mg - L™,
X XX B 2R, miE 3 Al i, 2230 ~
7 mIFA X XTI X Chla &0 %8 1.2 ~23.8 #l
2.8~63.4 mg - m’, X RIX L FRMIKE 2.7 ~
39.6 mg + m’,7 m LU /KR Chla & 2 1RML, &2,
0 ~25 mFE Al [X FI X} HE X Chla 7 43510 1.8 ~
21.5 M3.4~21.5 mg - m*, X JRIX Chla & & I 37
X 55 ~13.3 mg - m’, HE 4 A0, 0T 3 K A
BZEDOCWEN1.15~1.90 mg - L', &ZFHO0 ~
2.1 mg - L™, FJZ/K DOC HER R, 5B B,
SR E g TINZK, R 5 RIX DOC 434
AT B 25 FET 2003 F14 R 0. 28 ~
0.75 mg - L' AIE 219 0.47 ~2.97 mg - L™ (FHLL
#§,2005) ,DOC 7 - TC . EH
2.2 SR IR XOR R 25K 19 43 A0 FRAE

M S Al 0L, 4280 ~65 m 3510 IX 5% IR X
THg WRIEZFA K, TE 1. 65 ~5.44 ng - L5, F
Y30 2.91 ng « L7, KRR IXJEEHB 80 m b & H 4 £
6.11 ng - L™, F2 X 5XFHRIX DHg & RHg & it 2%
SR, A K R )1 DHg W h 1.59 ~5.74
ng - L CEY R 2.7 ng * L_I;RHg W~ 0. 10 ~
0.35ng - L7 P20 0.23 ng - L', 2 0~65m
Feth X 5 XHRIX THg W22 AR, M 1.49 ~2. 66
ng * L™ S48 2,02 ng * L7 % BR X B 80 m 4k
THg MRFEERE S 7.59 ng - L7 F#AIX 5% IR X DHg
K RHg % 25 5% AN K, DHg ¥ &£ R 1.07 ~1.72

DO (mg * L) DO (mg* L) DO (mg* L) DO (mg * L)
8 13 18 7.2 12.2 17.2 0 5 10 0 5 10 15

! 0 A 1 0 0

10 10 [ 10 10
20 20 20 20
g 307 g 30r g 30 g 30
i 40 40 f B 40 40

¥ 50t 5 50t ¥ 50 ¥ ot

60 - e RWI 60 I e w2 60 —e_rsl 604
70 + —A—FW1 70 + —A—FW2 70 —a—FS1 70
so L go L 80 80

1 FEXEXNRXASERRETNLER

Fig.1 Spatial distribution of DO in the fish culture sites and reference sites
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Fig.2 Spatial distribution of TP, TN in the fish culture sites and reference sites
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Fig.3 Spatial distribution of chlorophyll a in the fish culture sites and reference sites
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Fig.4 Spatial distribution of DOC in the fish culture sites and reference sites
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0.01 ~0.09 ng - L™ P-4 0.04 ng - L', HEFF
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Fig.5 Spatial distribution of species Hg in the fish culture sites and reference sites

10
20
30
40
50
60
70
80

10
20
30
40
50
60
70
80

10
20
30
40
50
60
70
80

0
10
20
30
40
50
60
70
80

10
20
30
40
50
60
70
80

RHg (ng - L™
0.2 0.6

0.4
r —e— RS2
L —&—FS2

THg (ng * L™)

2 4 6
i —e—RS2
L —&—FS2

DHg (ng - L)

—

=

1.9

1.3 1.6
{ Q&RSZ

—&—FS2

MeHg (ng - L™)
0 0.5 1.0 1.5

—e— RS2
—A&—FS2

DMeHg (ng * L™)
0.3 0.6 0.9

e

—e—RS2

{x\

—

(=}




T REHE A AR 7% X 7K R 7K A P 55 1 52 1)

1443

0.026 ng - L™, 75 m X} HE X H & 51 2 0.84
ng - L',

3 4 it

3.1 PR E KR SR A BRAL S 000 52 il

ok o A R MR AR P O T AT S i A
YIR R =R — 32 CIf MeHg 7= R &, KT
10 CHE T 90 °C IR iy H B I il R AR Bl o8 42 45
1E( Kotnik et al. ,2002) , AR PEZE T K
TRIABEAL AT 2] 51 Ve FROK 149 32 22 5 ) AR
EBG  X RS IUE T IOKIEN KA 28 1E )
T IR 2R ER 7K A A 1) %) 5 25 4 A 4
2¢5:0 #2 ( Dynesius & Nisson, 1994 ; Chacon-Torres &
Rosas-Monge , 1998 ; TR & 55,2005) , H# 1 A %1,
IR 5 MeHg, DMeHg . TP i A&, 5 TN W3
TEAHSE, AT DR R X 5R 1 M R AL 2= PR 1 i 1 52 il
A PR A % A R T ok 1y T AR B AT
DMeHg FYTE L, pH AN 42 52 1 o 119 345 A B2, T EL
A3 o 5 0 A B B 2 S T o R IS A (Jackson et
al. ,1992;Kuo et al. ,2006) , YT 7K J2E 7K A 8 {4

K1 EZFaXE5WREXZSHH Pearson HXZRH

SRR AR ZE D 7, 8T MeHg BUIE AL

RS A TR r B AL, H MeHg 7E
R SF B F2 % (Olson & Cooper, 1976 ; Callister &
Winfrey,1986 ; Jackson et al. ,1992 ;Matilainen et al. ,
2001) . KJz= DO Fr A DXART X B X B B A 2200
AHAE T X0 BRI 5 00 DX 5 003 2l 77 26 1Y IR 52800 )
[ %, AH T RAARE R, HIZEETRIAOL
R BHAS A PR, AN FIE IR A 1 R PR A )
SeEAERD AR, Ty H AR X 2R A
WAE S S A 7 5 BT HE S 1 0 b A AL T 1) i
FEAA, WA XA DO IRT X IRIX, figk 1 n L,
DO 5 AE 52 i 2 EAR G, AT WK AR A 53 2 B T
2 RZIKIRBRR , I8 2K AR AT AR B A
RO, ALK | TURR W) 51 5 A i2F — 2 m
T KRS FE, KR 2K K DO BRFE
3.2 PIFESR X KA TR fRIE S E ) 5 R

R E IR AR A R G LT Py T A fE ok
U8, 78 TR AR R 4 52 i W AR W) A 7 ) R
o BRGNS VT K B A6 7 0 R AR Y
THEH) 9409 t, MR/ MR R LY 15% |, SRR R

Table 1 Matrix of Pearson correlation coefficients for physico-chemical parameters in summer

RHg DHg THg DMeHg TN TP DOC T DO
DHg 0.299

THg -0. 095 -0.135

DMeHg 0. 506 0.126  0.735*

MeHg 0.368 0.054  0.835°° 0.985""

TN -0. 565 -0.168  -0.674° -0.985°* —0.953* "

TP 0. 667" 0.093  0.590 0.961**  0.920"* -0.965""

DOC -0.524 0.007  0.163  —0.029 0.059 0.198 -0.168

T -0. 608 -0.261 -0.473  —0.881** —0.824* 0.922**  -0.899°* 0.264

DO ~0.750*  -0.197 -0.387  -0.776*  -0.702 0.797**  -0.815°* 0.477* 0.894" "

Depth 0.416 0.378  0.376 0.711" 0. 644 -0.751, , 0.713** -0.201  -0.916** —0.757""

* % P<0.01, * P<0.05,

K2 ZFHERSWBRXEZSHA Pearson 15X RE]

Table 2 Matrix of Pearson correlation coefficients for physico-chemical parameters in winter

RHg DHg THg DMeHg MeHg ™ ™ DOC T DO
DHg 0.153

THg 0.054 -0.013

DMeHg -0.267 0.342  -0.202

MeHg 0.269 0.139  -0.167 0.416

™ -0.266 -0.069  -0.293 0.206 -0.204

™ 0.207 0.092 0.157  -0.036 -0.075 0.219

DOC 0. 454 ~0.126  -0.470 0.193 0.105  -0.039 -0.186

T -0.270 -0.149  -0.029  -0.211 -0.375 0. 161 0.044 0. 469

DO -0.352 -0.267  -0.134  -0.163 -0.343 0.220 -0.183 0.382  0.807°"

Depth 0.384" 0.047 0.199 0.039 0.301  -0.377° 0.131  -0.541* -0.765"* -0.910""
% % P<0.01, * P<0.05,
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$31% ol

AR
/:_Enlk%%%/b\

R R TH AL R ISR 2 40% (32 K e, 2000 ; 4 ¢ 45 |
2004 ; a4 2005 ) . #RZE H AT, AR ok 3
IKEEH @ RE (L HEEY) ) 2900 68400 t (T,
2011), MO, BORHE R RV A S R 4.5% B
TN 2. 3% , HET P AR 77 B 5 VT K Y
TN F1 TP 43 %5535 3078 t Al 1573.2 t( #h 3 o %%,
2005 ; AEA I 55 ,2006)

HHXTF 2006 4 8 H Y TP & 0.013 mg « L™
59 J TP & 0.006 mg - L™ (BEMR Il 55,
2006) , AHFSE TP & A B, 1 TN AXF
2006 48 H(2.53 mg - L' )A19 H(2.55 mg + L")
BN A 22 AN, AT UL, 77 £ 8 S0 R R il
FREROYIG I, TP U HK PEK A B B (1584
MR G MR B miER, HF TP
60 m HH BIGEFL DU 00 A U0 AR ) ) L K A
TETICHE J, FH O A AT 4 DB 5% 40 77 SR () TP KR4 &
MTFURY, AR, 8 e 7K I R R A
BRI T OO W R (2258 2% 2007 ), 7R 571
PEAK R 2 K AR 4 F DR IR A, 42 B R
T 325 TN (1R R ALK DU 0 78 DR S SR 2 1 T & AR
A AER , —3 R/ A N, I 2R, i A% TN AR
%, 1 Al%, TP 5 MeHg & B8 EA G, Al WL
JIJZKAR TP B3I R AR P i sh ARt 5t 2 1 o
YT, AR R i H A

Chl-a ¥ E7EREX X & TR X, R i
W R 7 £ X SR 00 Bl 7 A R S B TR R %, 1B
FER R, T AR ) A K 32 00 BRBR ), DA T 5 X
Chla X X RE X, AXF T 2006 4 8.9 H Chl-a 7%
H13.9.4.7 mg - m’ (REML AR T ,2006) , Chl-a 7
HEERON, AT LSRR S v R K S SR Y
WA, 3 TR IAAR D) R o B, B2 SR T R e
SEOKE IR LTI, AR E T TSR 1
FeAb, I HooK Hh e 28 0 ot B X OR A R R AR
(Radway et al. ,2001) , i A] 68 B A A4 H 5K 1 — A~
TETEREAEIE . BRI B T R oK Y 3 25 T BR Rl /K It
A& EBRKIRR T e, BT REUTA K, AR DT
P, R KR B A Y R OR TS LR

PR 48 75 471 37 2 2 /K J2E Fh 24 68400 t( 1 ,2011)
PR (R ) R T AR RS, A
ARSI LA 3 )38 S S A A %) 8 T SR ) R 4k
SRANN, JE FE R o8 E LR ] BRI R R AR i
f£ (Olson & Cooper, 1976 ; Furutani & Rudd, 1980
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T, KIRAKAE R4S DOC #2755 T MeHg 767K IT
TR R (e BT DT MeHg 72 3R 3%
AHR A, 24 DOC W EE L s i, ik B A L
WS THRE A, il e i MeHg 7= 3R /)> ( Barkay
et al. ,1997), Y DOC T 5 mg - L' Af, MeHg
Pkt DOC B4, He' B DOC $ i s 2>,
Hi® DOC B pH AN AR A H A2 AN [\, K DOC
8% pH B B8 A F 5K B9 UL ( Watras et al. ,1995)
FHXTF 2003 4F R4 Z 09 0. 28 ~0.75 mg « L7 fIE
ZE[90.47 ~2.97 mg - L™ (¥ £0HF,2005) , DOC 7%
EIFTC W ER I, nT L, AR SR o R 1 A AL
TR ISR A DO, R rh MK AR F5K 5 DOC i 4%
G, AT REFEAR MeHg 197738, (HZ IS )2 A HL 5T 1Y B
fife At B DO R, B IMTR] T oR 1 H 564k, HAT
BILJTTIA S 57 Tl 2 0 0 3 et 2 (1 OR ig FE JE f 6
.,
3.3 FRAXARFEIEARK SR 1 0m0 R R
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ti#¢ 1 n] WL, 2 MeHg M DMeHg 11 THg £ 5
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JIGER THg BY3E N BOR H AR P 52 5, A ITTHS
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Table 3 Comparison of levels of species Hg during 2003—-2011 in the Wujiangdu Reservoir
st i) RHg DHg THg DMeHg MeHg EEPUN
2003 0.2~0.7 7.1~8.4 8.5~9.7 0.43 ~0.79 0.58 ~1.08 VEL1LH,2005
2004-04 0.7~1.8 5.5~14.1 12.0 ~25.8 0.45 ~0.69 0.78 ~1.37 LT H,2005
2004-07 0.3~1.3 1.8~5.1 6.1~11.9 0.12 ~0.67 0.47 ~1.67 P4 L1 ,2005
2007 - 0.42 ~2.02 0.44 ~3.1 0.03~1.5 0.06 ~2.4 T, 2011
2010-09 0.16 ~0.35 1.59 ~5.74 1.65 ~6.11 0.05~0.24 0.01 ~1.3 ARG
2011-03 0.13 ~0.48 1.07 ~1.72 1.49 ~7.59 0.02 ~0. 84 0.02 ~1.36 ENIEN
FEAaIR T 1999 4, 78 2005 4R TR 4R B, & 2010 4F PRTENN
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