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272 (82)9) 3R (S3)YE 42 Nidt As, 4792 (S4)= Cr, Cu, Pb ® Hgo] Hls s Yehfa Qlo] =
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A9 ol 3FE Cr, Ni, Cu, Zn % Pbe] 85%7}F PELS 238k 218 & 4= 2SItk mPELQS} SQIE E3te] ¥4
E U 950 T8 9% W 8 S vEst Ay AR ] s EHES 54 o] 2+ Wi
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Abstract — Heavy metals in the stream sediments around Shihwa Lake were studied not only to investigate the
characteristics of spacio-temporal distribution but also to assess the pollution degree and ecological risk using various
pollution indices. Among metals, Zn had the highest values (1,311 mg/kg) and Hg showed the lowest value (0.261
mg/kg). The order of mean concentrations (mg/kg) of metals was Zn>Cu>Pb>Cr>Ni>Co>As>Cd>Hg in stream sedi-
ments around Shihwa Lake. Metal concentrations showed different pollution pattern with industrial region, indicat-
ing that these metals originated from different sources and industrial region had higher metal concentration than
rural/urban regions. The results of geoaccumulation index (Igeo) showed that the stream sediments were signifi-
cantly polluted with Cd, Cu, Zn and Pb, indicating moderately to highly polluted by these metals. According to PLI
consideration, industrial region was more seriously polluted by metals whereas an rural/urban region was not pol-
luted. About 85% of sampling site for Cr, Ni, Cu, Zn and Pb from industrial regions were exceeded the PEL values.
The mPELQ and SQI values derived from PEL of industrial region were classified as ‘highly toxic’ and ‘very poor’
and metal pollution level tend to be worse in wet season. This indicates that the industrial activities and stromwater run-
off represents an important sources of heavy metals around Shihwa Lake.

Keywords: Heavy metal(% &%), Pollution(.2-%3), Stream sediment(3}3 ¥ 4 &), geo-accumulation index(-5 %
Z]47), Pollution load index(2.3F-3F4]<F)
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= rE T TR AR 719 2 RI91ARI 7 el] Sfalo] SR
% ¥ th(Dawson and Macklin[1998]; Demirak et al.[2006]). &=
F S 3 UlellA] 54, A4 9 EellEA] ok BA0R
1 A2kt @ iE2l e FEE 3 QJrh(Fang and Hong[1999]; Klavins
al[2000]; Tam and Wong[2000]; Yuan et al[2004]; Pekey[2006]).
u|= 8747 (US EPAYS H| A9} A8-2 1k5+ A, 71=F3 g2
ks BE AUV edEAR FHEske] skl gtk
(US EPA[1999)). Ta52 87 UlelA] §-&748 2 A=
A, &S] TS Ak sEde FAslo] AFow
A =lo] AAE H4E U a5 T8 vl 57t =
ou] Al-F7be) tigh ¥igkr} 27) wite] A7AY ] LS
Hr7Veh=d T8 98-S SHlHillier e al.[2001]; Ettler ef al.
[2006]; Pekey[2006]). 5ol 29 EHES E2lgtet4] &
ZArsle) osf FFo R ALEE] witel Tl thigh ARl
QAP0 Z QA E a1 §JtHAdams ef al[1992]; Soares et al[1999];
Mucha ef al.[2003]).

A W AR 9] Fade AR 7R, AR, 34
ARE E ARGA 9] F-2)o) o)sto] s )5, E' Yl A
FA5 ] Q= LAEHL Al AAE ] g 2
740 2 FZ% HBrown and Peake[2006]; Wang et al.[2 )
FAETE TS T TS 9B 9% glon, Zo]
S Blo] T 3ol edEH % FEdew A
ElAlel] Azel ofeJakE WX 1 QITHUSEPA[1983]; Sansalone and
Buchberger[1997]; Smullen et al.[1999]; Buffleben et al[2002]).
Schiff er al. [20001= 1= ] EUo} TR A A 7=
o] e wiEEE nH e EF skl Al ElEe]
Aedenc) =rka Hyskgich

AEtE= 7S] ST T shdelr] QM Bl AlEl e
A E 2 olF FuSH %ol Hak o Azsizlen, v
ol Hl3l & FTH5 29S YRl Qlth(Ra er al[2011];
[2013a]; [2013b]). A Al3ls= 24 7k W Ao dx
FH A=) Al OR Qlate] e AL §lont o]
A I HAE Ul T4 20| HaE 1 JIt(MOF[2014)).
ABtE frell= 10712] ko] EAlEkH, o] F 571 s Ak
9 ABRRIGA S, 27) 31dE QA AR 9E, ) S
AA S tizeta olom Fa egdo] A7k 2o ® B gk vf
SITHKim et al.[2003]). 53] Mt 2 Als)} AldekA])= &4 18,840
M) 71A), A7) AR}, ARslet 52 QAT 7FE Sl e o=
A9 AE3l] 32 Sl SR(1I~RPASE 2 A 3)e] Hol=
oF 182 kmZ SHIE A Bl = e Tugo] HHH 9o,
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(Harrison and Wilson[1985]; Pitt e al.[1995]), 171 91l 2J3PA A]
3} AR o] EABHE 7 SFET F SPE 4279 WEo]
2.94 km*l| £33 3272 A5 13] A9 2= £
FTEE2 0.07(Cd)~58.92(Zn) kgol 5.2, AR E= 0.24(Cd)~
187.33(Cu) kgo] F=5+= 202 YT (Ra ef al[2014]). SHiF
ol A3} A ex] 9] FodH AL 31.9 kmo|H, H]ZF-AJ 8t o2}
A AT R FEEE TuE 292 g A4 o
seke),

uebA 2 AgelME Als WS 79 sk HAE Wl a5
FEO) Al THARI B EA o tiste] Ak, B3 FA 1
(geo-accumulation index) W 2 AF3F<]=(pollution load index)=
gg3to] TS 29 EE H 7832 M, mPELQ(mean PEL
quotient)?} SQI(sediment quality index)E &3l EHE U T+
0] FHARI! e9% W 54YTS BsIGlth

¢

2. M= 3 U

2.1 A|=AHF 2 EAIERY

AEtE R FUEE ANPASER (S, A0SR (S2), A3
FR2(S3), Al4ZHAFR(S4), D H(S5), 3 (S6), A (ST),
A (S8), $HEH(S9), S3F(S10), A3 (S11) 5 1070 3=
- 3l aksli o] dRsle] 2 1] AR skl
201491 3€~10€ F 1030l A* sk didelx] ZFTEAES
A F 3 thFig. 1). AFE A E 4 &S 547X (Labeonco
Freezone 6) W AFs-5-247](Fritsch Corp. Pulverisette 6)% #-2j}
o B4 AR At A2 Zejolddl AlF o] Yol BHytsiic
SHEAE U Fo B4 24 9 wdslkE AR oF 0.1gS H|
X2 AHEE)] 27](digestion bomb) o] Wil 11w BAF AAR Ul
T 2ARe P F stdgtoll A 180°CE 24117t 71dslo] kR
= A A8 THWindom ef al.[1989]). &71H9] A 87} 713
WEE 1% FAe 2 Algs) AlZ F Yol whet A g
235}o] ICP MS(Thermo Elemental X 7)& #43]it}. E&E&E U]
Foo vF G 7125 £ R FoPE(US EPA
Method 7473)& ©]4-3F A5=2547](Hydra O)F ©]431 &
it

A HAE S ARl AgeE 5] st H4E

Y7542l MESS-3(National Research Council, Canada)E A 5 2}
S Aelslo] A3, Co(93.9)%~As(104.4)%Z Hi-¢- k5
sk A7 LATH(Table 1).

22 EXE U 535 285 Y ¢lold Hot

Agts a HAE U Tad 94 A4 e eE Brtel]
931 5319 (geo-accumulation index)5 E-23}5It}. AT
 HAE W 55 2 W7eke she] RIS E Muller[1969]
7t ARSI M, ZF T tigte] T T TEOE Lo E

ARES} SFAAL v 3h2- Ael] eJsto] Akt
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Fig. 1. Location of sampling sites in the stream sediments around Shihwa Lake. The circle and square symbols represent industrial and rural/
urban regions, respectively.

Table 1. Analytical results for Certified Reference Material MESS-3
(n=9) from National Research Council of Canada

Metals MESS-3 (mg/ke)
Certified value ~ Measured value ~ Recoveries

Al (%) 8.59+0.23 8.70 £ 0.41 101.2
Cr (mg/kg) 105+4 104+2 99.2
Co (mg/kg) 14.4+£2.0 13.5+0.5 93.9
Ni (mg/kg) 46.9+22 453+1.6 96.7
Cu (mg/kg) 33.9+1.6 344+£2.5 101.4
Zn (mg/kg) 159+8 154+3 97.0
As (mg/kg) 212+1.1 22.1+£0.9 104.4
Cd (mg/kg) 0.24+0.01 0.24 +0.01 101.7
Pb (mg/kg) 21.1+£0.7 21.7+0.5 102.3
Hg (mg/kg)  0.091 =+ 0.009 0.090 + 0.001 99.3

G,
Igeo = Logz(l.5 ¥B.

o7IM, 3 B> 47 T 54 W s iolr 1.5% A
717190l oJgt YIS EZJE‘P | f18te] AREE ST, 2 Aol
W s *17e] HesEE o831t (Rudnick and Gao[2003]).
Igeo %] 0K.T} 2Fom background concentration, 0-1°]% unpolluted,
1-2% moderately to unpolluted, 2-3¢] % moderately polluted, 3-4%4
moderately to highly polluted, 4-5% highly polluted, 5 ]’ very
highly polluted®] L A=E 2|w] gt}

FAATE TSl /M e E Bk vkl HA =
AL Qe ] TR 29 2 SlsidE Bk 4
3}e], pollution load index(PLI), mean PEL quotient(mPELQ),
sediment quality index(SQIE ©|-&-3}3itt.

2 AH-5}X]4=(Pollution load index; PLI)= 5242 3491
29 Fets Hrehot] AR L Aol ol SRS 9AE

Eol|Me] T LAk Gl Tt A 27

51'
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o] g3ty A tHTomlinson ef al.[1980]).

PLI="J(C\/B))x(Cy/B,)x(C,/B,)

C~Ci2 7t 949 5, B~B2 g4 vidsrz vehd
Tk PLI gko] 1 oe] Z-p-oll= Q19141Q1 2.5lo] EAfskA|Rt PLI
flol 18T} 2o @ §o] EABHA] b= A1e Gu]dith Wi s =
T AT} 2ol A7te] HitsEE o8-8kl th(Rudnick and
Gao[2003]).

S AT ERA T (Igeo) B L AHF-SAF(PLIRE N F2
A T=5Y 2 AeE Fleles Zow H8=w i S50
gzl 9131 AL vlAlE ol wekalA) Fahs wio) 9l
o} whebA B2 ) SR SEE] ST 9 Alsd Bk
£3 mPELQ(mean PEL quotient)S ¢85} o]= tha3} 122
2]of| 2J5}o] Ak th(Fairy ef al.[2001]; Hwang et al.[2008]). 3F
A BAE U 542 PEL 32 Smith ef al[1996]9] 3 o4
ST

Mean PEL Quotient = (3. C/PEL)/n

o714, C¢ PEL= 2t T559] S8 PEL k& AME-31o] n
ARG plES Al Tgrelr, & ATtellAl= PEL 7)ol &
Ask= 87 Y4 (Cr, Ni, Cu, Zn, As, Cd, Pb, Hg)Z ©o]-&3}51t}.
mPELQgte] 0.1018F= 549 &] §loH, 0.1~1.02 59 3o]
22k EASEAL 1 0)de] Aoz HAGTo] vlg-  Ho=

F-HH(Fairy et al.[2001]).
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PR Zol7] well HAE iEAe] 1wl BB
H] 1 58 ¥3F5h= 7iUt} CCME(Canada Council of Ministers
of the Environment)ol|4] #|QFsH 4= £ gg3to] BRES] 24
B7Fe AAE M, mPELQSH 5UsH CoE Al9let PEL 7]%
o] EASH= 87 o] &3} tHCCME[2001]; Grapentine
et al.[2002]).

2=2] z]

_':L)\O

J=ha] {_J—f—a‘

_ (Numnber of failedvariables) %100 = Scope
' Total Number of variables p

_ mdnc ): .
£ (0.0lmdnc+0.01 Amplitude

zf: ,non—compliance;

mdnc =
Number of tests

. B (failed test valuei)
non—compliance;= | ————— |-
guideline;
mdnc = Mean degree of non compliance
i = Individual guideline

P = Total number of guideline used

P+ F
SQI=100-| ¥——=2
Q ( 7 ]

AAFE CCME_SQI k0] 0-44% w9~ L (very poor), 45-59% L}
2 (poor), 60-79 X% (fair), 80-94H E-2(good), 95-100°] |

hese g olsg

% E5(excellent)®] 5705H 22 U tH(Grapentine er al.[2002];

Marvin et al.[2004]).
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Table 2. Mean and range of heavy metal concentrations (mg/kg) in the stream sediments around Shihwa Lake

TOC Al Cr Co Ni Cu Zn As cd Pb Hg

% % mg/kg mgkg  mgkg  mgkg mg/kg mg/kg mg/kg mg/kg mg/kg

o1 4.86 8.1 243 102.7 88 1,468 5,580 20.8 12.12 956 0.787
(0.24-11.54) (5.4-10.9) (46-398) (13.0-167.2) (18-123) (98-7,697) (477-12,348) (4.9-35.9) (1.84-17.94) (66-2,834) (0.032-3.126)

© 430 73 838 17.1 201 2,823 1,341 17.1 141 274 0.157
(0.46-9.55) (4.7-9.0) (146-1,882) (9.0-25.6) (56-464) (319-7,651) (555-2,669) (10.1-23.1) (0.60-4.14) (63-509) (0.019-0.278)

3 1.79 74 290 16.0 93 1,115 1,816 414 2.07 952 0.084
(0.56-6.19) (4.9-8.7) (180-545) (7.2-24.8) (62-229) (100-6,652) (500-8,689) (10.0-265.7) (0.57-8.00) (88-6,324) (0.041-0.203)

" 1.70 72 1144 19.4 174 2,831 4,635 16.6 9.11 2,522 1.670
(0.39-4.82) (5.4-14.0) (131-3,313) (10.2-35.8) (38-401) (201-9,891) (469-15,674) (6.5-43.6) (2.37-24.87)(107-9,246) (0.132-5.300)

o 1.13 6.8 274 252 188 721 446 6.9 1.85 118 0.090
(033-3.13) (5.6-7.8)  (95-692) (20.4-34.3) (131-280)(211-1,848) (217-867) (2.7-10.1) (0.63-4.15) (45-277) (0.021-0.190)

S6 0.53 6.2 39 113 20 24 133 5.6 0.24 36 0.014
(022-098) (54-7.7) (32-47) (87-147) (16-24) (1835)  (99-202)  (3.2-8.1) (0.18-0.35) (29-48) (0.008-0.025)

<7 0.27 6.3 48 75 20 16 79 3.3 0.14 35 0.007
(0.06-0.74) (5.9-6.8) (33-105) (6.5-8.8) (13-45) (13-23)  (56-104)  (0.6-7.0) (0.08-024) (28-50) (0.003-0.011)

<8 0.14 4.6 22 3.9 9 9 59 1.7 0.05 24 0.005
0.06-036) (3.9-6.1) (15-35) (2.8-6.8) (7-15)  (5-15) (33-110)  (0.1-42) (0.01-0.08) (16-30) (0.003-0.007)

S9 0.68 9.5 81 14.6 34 26 101 9.1 0.10 31 0.018
(0.50-0.85) (8.3-14.3) (68-101) (12.2-15.9) (28-37) (21-39)  (85-126)  (6.4-13.2) (0.08-0.13) (28-38) (0.012-0.033)

s10 0.54 8.3 73 132 29 19 116 74 0.15 30 0.011
(0.34-0.61) (74-96) (49-83) (9.3-14.6) (20-33) (16-23)  (84-207)  (5.3-11.8) (0.08-0.38) (25-44) (0.009-0.017)

s11 0.73 8.8 84 14.6 35 36 121 9.9 0.18 39 0.024
(0.46-0.87) (6.9-10.1) (48-106) (8.5-17.2) (23-42) (21-67)  (92-156)  (7.7-11.9) (0.10-0.31) (31-54) (0.013-0.040)

Industrial ~ 2.76 7.4 558 36.1 149 1,791 2,764 20.5 531 964 0.558
Mean  (0.24-11.54) (4.7-14.0) (46-3,313) (7.2-167.2) (18-464) (98-9,891) (217-15,674) (2.7-265.7) (0.57-24.87) (45-9,246) (0.019-5.300)

Rural/Urban  0.48 73 58 10.9 25 22 102 6.2 0.14 32 0.013
Mean  (0.06-0.98) (3.9-143) (15-106) (2.8-17.2) (7-45)  (5-67) (33207)  (0.1-132) (0.01-0.38) (16-54) (0.003-0.040)
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Fig. 2. Comparison of mean concentrations for total organic carbon and heavy metals in the creek sediments around Shihwa Lake. Dashed
and solid lines indicate the TEL (threshold effect level) and PEL (probable effect level) of sediment quality guideline by Smith et al. (1996),

respectively.
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A A7} QLA X o] 242 7.4%8) 7.3%2] BitsLE A6
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TEEE AR 90] 2.76% %2 FA/=30A41912] 0.48%1 BI3) 5.8ul
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UGk HAE U Fu% 55 AR A9 BE T el
2o E A e vlE) 52 A3 BT Co, As, Ni
ol Cre /K]—ﬁx]oﬂoﬂ/q 9] HHE7) = eAR| Ao 1] 3.3~9.74)

2 A3HE BPOP Cu ARG B A
Wl 830 & AE o), FE% U F K A% 29e

3 Qe A
R o] 27.2~42. IHH

T4 94 (Zn, Cd, Pb 2 Hg) 9] AR
@uﬁ K tH(Table 2). 23407 Ak
= SFREEE el A3 5% 2

el nal %%%01] UHT o4 ﬂoi e 719& LFERstTE, BE5 A
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Table 3. Comparison of metal concentrations (mg/kg) in stream sediments around Shihwa Lake and other regions in the literature

Cr Co Ni Cu Zn As Cd Pb Hg Reference
Shihwa stream 285.1 223 81.0 826.1 1,311.6 12.7 2.5 456.0 0.261  This study
Busan stream - - 10.7 56.6 199.6 - 1.2 35.7 - Lee et al.[2010]
Kumho River 76.3 18.9 112.8 183.3 365.8 - 4.0 243.0 - Kim et al.[2006]
Geum River 46.4 - 13.6 16.2 81.4 3.8 0.2 14.8 0.058 Lee et al.[2014]
Alabama stream 15.8 - 8.0 10.5 25.3 5.6 0.1 20.6 0.151  Lafabrie ef al.[2013]
Day River 102.3 - - 108.6 100.1 - 1.3 109.0 - Barakat et al.[2012]
Huaihe River - - 32.8 31.3 183.6 - - 53.4 - Wang et al.[2015]
Ogunpa River 429 16.0 14.5 72.14 274.0 - 1.7 133.0 - Ladigbolu et al.[2011]
Tigris River 84.8 - 145.6 344.6 203.1 4.6 1.8 265.3 - Memet Varol [2011]
Shihwa Lake 86.8 13.2 38.4 91.2 233.0 9.5 0.4 54.3 0.064 Raetal[2013]

Table 4. Pearson’s correlation (r) between TOC and metals in the stream sediments around Shihwa Lake. Bold indicates that correlation is

significant at the 0.01 level (2-tailed)

TOC Al Cr Co Ni Cu Zn As Cd Pb Hg

TOC -

Al 0.270 -

Cr 0.555 0.308 -

Co 0.669 0.217 0.120 -

Ni 0.646 0.249 0.792 0.219 -

Cu 0.642 0.336 0.870 0.152 0.766 -

Zn 0.692 0.324 0.700 0.635 0.585 0.715 -

As 0.241 0.139 0.216 0.139 0.208 0.233 0.254 -

Cd 0.655 0.280 0.624 0.726 0.538 0.619 0.936 0.217 -

Pb 0.426 0.338 0.792 0.199 0.604 0.810 0.853 0.243 0.739 -

Hg 0.363 0.371 0.802 0.238 0.561 0.779 0.813 0.193 0.794 0.881 -
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Table 5. Mean values of geo-accumulation index (Igeo), pollution load index (PLI), mPELQ (mean-PEL-Quotient) and Sediment quality
index (SQI) for metals in the stream sediments around Shihwa Lake

Igeo value

Sit PLI PEL SQI
es Cr Co Ni Cu Zn As cd Pb He mPELQ  SQ
S1 1.6 1.7 0.2 4.3 5.4 1.4 6.3 4.7 2.7 14.6 5.9 20.1
S2 2.1 -0.7 1.3 5.3 3.5 1.2 3.0 3.1 0.6 7.9 4.8 314
S3 1.0 -0.8 0.3 3.8 3.6 1.5 3.5 4.1 0.0 6.7 3.9 36.5
S4 1.9 -0.6 0.8 4.5 4.2 0.8 5.6 4.6 33 19.0 10.2 27.4
S5 0.7 -0.1 1.4 3.8 2.0 -0.1 3.6 2.0 0.0 4.6 2.0 46.7
S6 -1.8 -1.2 -1.8 -0.9 0.4 -0.4 0.8 0.5 -2.5 0.9 0.3 100.0
S7 -1.6 -1.8 -2.0 -1.4 -0.4 -1.4 0.0 0.4 -3.5 0.6 0.3 98.2
S8 -2.7 -2.8 -3.0 2.4 -0.9 -2.9 -1.6 -0.1 -4.0 0.3 0.1 100.0
S9 -0.8 -0.8 -1.1 -0.7 0.0 0.3 -0.5 0.3 -2.1 1.0 0.6 92.2
S10 -0.9 -1.0 -1.3 -1.2 0.2 0.0 0.0 0.2 -2.8 0.9 0.4 100.0
S11 -0.8 -0.9 -1.0 -0.4 0.2 0.4 0.3 0.6 -1.7 1.2 0.4 91.0
Industrial Mean 1.3 -0.1 0.8 4.3 3.8 0.9 4.4 3.7 1.3 10.5 53 324
Rural/Urban Mean  -1.4 -1.4 -1.7 -1.1 -0.1 -0.7 -0.2 0.3 -2.8 0.8 0.3 96.9
3 3 2
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Fig. 3. Comparison of geo-accumulation index (Igeo) for heavy metals in this study.
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Fig. 4. Spatial distribution of pollution load index (PLI), mean PEL quotient (mMPELQ) and sediment quality index (SQI) by CCME (2000)

in the stream sediments around Shihwa Lake.
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Fig. 5. Temporal distribution of pollution load index (PLI), mean PEL quotient (mPELQ) and sediment quality index (SQI) by CCME (2000)
in the stream sediments from industrial region (left side) and rural/urban region (right side).
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Table 6. Assessment of sediment quality toxicity with ranges of metals concentrations in the stream sediments defined by the sediment quality

guidelines (SQGs), especially TEL and PEL by Smith ef al.[1996]

Site Cr Ni Cu Zn As Pb Cd Hg

_ <TEL 18 20 56 50 32 41 62 84

éif‘fg; TEL-PEL 37 31 6 13 57 25 29 15
>PEL 55 59 48 47 21 44 19 11

. <TEL 0 0 0 0 4 0 2 24
I“dus(t;fslg)egm TEL-PEL 1 1 2 3 25 7 29 15
>PEL 49 49 48 47 21 43 19 11

. <TEL 18 20 56 60 28 41 60 60
R“ral/f‘;'igg)reg“’n TEL-PEL 36 30 4 0 32 18 0 0
>PEL 6 10 0 0 0 1 0 0

/FARD ] A9 Ni(1070)3 Cr(671)°] PELS Z3}sh= Zlo 7
Heptow, SAA o Hth= vH Y AkEd T o o)F Alggt
E]"C =4 94 4 250 HFA] g2 A Yolgitt, o]= :LLMh

T HA = 7] TAEHA] ol 9158 PEL 7155 At
%—*}3171 u:HT':—i A o] wh2 vFFE Zfole|] 71k @MU%
Alghs 999 sAedA Ao = Nidh Cre] 292 Sl 5oz
geben)

HAE7IFS 7 ol 7l el digk FEA Qlade
B7kel7] $18te] ARSEmPELQS] H KEAGE(S4)7}F 10.2%
S go] vll$- Z A (highly toxic) 2. = WEFTHTable 5, Fig. 4).
FRAFR ] AS- 628 AQ)F BE A7)0 mPELQ7) 1%
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T AT} AIH 9 9] oA mPELQ2] B gk 2.0XZHH;
$5)~5.9(17H142; SHE SA G To] 2 A (highly toxic) 0=
Bttt /=AY BE S mPELQ# 0.1 R,
S8)~0.6(RFAH; S9)°= X9k =AJEo] EAISHE Sl (marginally
toxicys & T AT ZARZE mPELQ#EES] -2 AFIA| 9] <]
4%, 78 2199 89 27U AR ZH2) 13413 9.229] 3ES 1o
SHAl A7} A 02 5P go] & AR ofiE gl o,
LA ZARAZ] 9A] mPELQ o] 15 Z39sto] 5439 3ko] ::L
Z(highly toxic)= & <+ A3 THFig. 5). EQ/=AA 2] F
0.28(8¥ 279)~0.35(102 79)2] WS YeRH L 3lo, D}
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