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Abstract

The abnomal responseses on growth and morphology of attached diatoms by various heavy metals were studied.
Ulnaria ulna (Nitzsch) Compeére was employed as experimental species and exposed to the five heavy metals such as
Cu, Zn, Pb, Cd, and As with four concentrations (0, 0.01, 0.1, and 2 mg LY, respectively. The samples of Ulnaria
ulna were examined on the changes of cell growth and teratological forms on the 7th, 14th, 21th, and 28th day,
respectively, after exposure to the heavy metals. The samples exposed to the highest concentration, 2.0 mg L™, of all
the heavy metals showed the most obvious decreases of growth. The samples exposed to Cd (11=0.049day ") and As (11
=0.048day") showed the highest decreasing rate of growth (p=0.021(Cd), p=0.002(As)) and the highest
morphological changes of diatom valves were also samples exposed to Cd (10.41%) and As (10.13%) (p=0.009 (Cd),
p=0.005(As)). In contrast, Pb induced the lowest decreasing rate (1=0.090 day™') and the least change in valve
morphology (3.31%). The Cd and As showed relatively stronger effects on growth rates compared to Cu, Zn, and Pb.
For the percentage of emergence of morphological species by the type, the highest percentage were observed in
sampled exposed to type 1 (43.4%) and followed by type 2 (29.1%). The type 2 and 4 were most abundant in samples
exposed to Zn and Pb while the type 3 was most abundant in Cd and As. The Cu induced only type 1, suggesting that
the frequency of emergence of each type varied among hevay metals. This research suggests that the degrees of
abnomal changes on growth rate and valve morphology of Ulnaria ulna can be used as a bioindicater species for
heavy metal contamination in freshwater.
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1. Introduction

ol

EAg 2 A 2eE Qe FAE FYH

o F& HA Frret em, o= Qs

HY 9 a4 b 3d

(Panday et al., 2014; Woo et al., 2012). U]l A]

g2 gFE olgarEel BA

A - AFH BAS AAISHL T (R, 2000). 2=k

ol gt BA WHE AFAA ol wEt FAM EAS

B, AESA Xote HAVE doH, FHFY FE5&

o g3t AEES 7hed 2 AHA €T g 5 glvt
(Woo et al., 2012).

FaAgxE ARF 4 ANFHFFE § B AEEFTH
Hlwste] A&F7]17F gL, A oWl ,

ol Hol A AL B¢ F7IZ AR FAY WG
Z gt ool o] FAHAE Brtete MEARR
E2 A 87 9o (Choi et al., 2015; Larned, 2010). 3t

E7o vl TFE 296 Uik Aol Fof HF9
Tox 9Zte] P Hol7t A LA AeE EHA
o] (Cantonati et al, 2014; Falasco et al., 2009) < &
Lol dsf) AEEFTS ol &SF AENH RUHD
ol AEHI Q2™ (Kim and Yun, 2010; Lee and Ko,
2001; Panday et al., 2014; Zhou et al., 2008), = & 2t
z9] P4 HolE ol &3t Fetol MEA A7IHL At
(Morin et al., 2012).

2 Ao AVEH Ularia % (Genus Ulnaria (Kutzing)
Compere)Z Fu AN 7} WWsHA Edste d& &
Freg, Fadd il 52 UHAEE AL s B
ol 2} (Duong et al., 2008; Lavoie et al., 2012; Morin et
al,, 2008), 53] 5% 559 F7td wet I ®olvt F
oA F7tste Aeg2 EuEI Utk (Jonge et al, 2008;
Shin et al., 2017; Silva et al., 2009).
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2. Material and Methods

21 M8 2F 22| ¥ i

F-¥ 45 Ulnaria ulna+= 20173 3€ 2374 Ul
2 A4 AF- (N 35° 5375087, E 128° 48 7 5.6 7)ol A
Agste] e sttt 459 82 Krammer and
Lange-Bertalot (1986; 1988; 1991a; 1991b)$} Lange-Bertalot
and Compére (2001)E °]&3tdth £ FE2 100 mL
°] DM medium (Beakes et al., 1988)°] Z+Z+ &3l 250 mL
Erlenmeyer flaskol Al 2042C¢ %9 120um m? s’
(LI-250 Light MEter, LI-COR. U.S.A)2] Z& 18h":6h"<
B8 AEHHLR fA5M B ¥ (Hanback, HB-
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-
=2
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201SLDll A ¥kA<: 3] wjgddal o2 A (pre-culture)
STk

22 250 WWE Uharia uina® B&E ZAL
2 A FAER T AWoY FAENA A

3 2= 42 A3 9 28F9 &4

& 4 Z (Cu, Cd, Pb, As)& 2% 3}
S Holn QlFtoly FAEofA

O oo Ay o
o o o A )

o

Ao AHEH FF45E F (PbCl, Sigma-Aldrich Co.,
LLC., USA), 7F=¥ (CdCl,, Sigma-Aldrich Co., LLC., USA),
o} (ZnCl,, Sigma-Aldrich Co., LLC., USA), H]4: (AsNaO,,
Sigma-Aldrich Co., LLC., USA), 72| (CuClL.2H,0, Sigma-
Aldrich Co., LLC., USA)°|th. 8% Y 5= 9%
Z A U YA b sk 20169 EF 27 g 1S
o 0 (WZT), 0.01, 0.1, 2mgL'2 HAFsIH (ME, 2017).

M e SHFTA TFEFS &304 EFEY (1,000 ppm)
S FHlgk & gAFA AESIHE. 250 mL Erlenmeyer
flaskoll ¥ DM medium 200 mLE F¥3 & 439 &
T HE 7 FFEE FUHstA 1 AIRE B9 PESA AT
vl o A vl FH AP Z79 Ulnaria ulnaS Z+ flaskol
AE 5% k45 x 10° cell mL'2 FEsIgch 3% & &
A Ae MigEAS A fASH Ad e 1P
om 7 14 ¥, 214,28 < HFoZ | mLA A5
38 AFsAa, Aol mE 4 ADFE Ulnaria ulna®

AZE ()2 olEle] A3 Zo] A4St (APHA, 2005).
b (d") = In Xof/X)(T2-T))

X;: 27] AZLE (cells mL™)
Xo: T, AIZF A & AELE (cells mL™")
(To-Ty): ¥R E A A3¢ (day)

2.3 S250| WWE Uharia ulna2 SEi HO|Z ZA}

Ulnaria ulna®] 38 WolE A= oA A< wigd=xad
S fA5H, 7 9, 14 4, 21 9, 28 A F 7 flask mhTh 40
mLA AFste JdF BES AFSATE A5 AFS
KMnO, ¥ (Hendey, 1974)& AM&319 1, Pleurax2 &3}
At A &E &2ko] =& Nikon Eclipse 80i 35 dnjFo=z
400~1000 Hfatell A #ZSEAIL, 100 ~ 500 7HA] B ST
P HolF & AFsty EANEE FotTh TS Falasco
et al. (2009)%] AT-& Fasty A ) HolTS o

5
I 2L 47 FP2R R O 2 HNES ARG
o, Nikon DS-5M T AE Fvgz 29590

FB1: F4 (valve)] HZFHA ¥

#92 : AFHE (striations)?] BFLe £X 2 B3

: AI2%9Y (longitudinal area)2] o]
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3 4 (5TD) : B A7 (frustules) W 5+ 7 o]g<] &

9 ol tig SAH KNS 4
22X (one-way ANOVA)S A A5
| + Tukey’s HSD test& AH&3te] AMEH
I, FY FEE P05 7|FSRE YT (SPSS
Inc., v. 18.0).

ox
ok,
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3. Results and Discussion

31 S250| wE Uhana ulna2 ME H3}

ZAF 7I13F B¢ RE AZ A Ulnaria ulna® A EEE=
Alzte] ZABste wek 7R, 0 — 144704 A
D=7} 4,500~ F N 17,600 cells mL'e B2 I Z7}Z0]
Y W) 14 — 28Y7HA] = 17,600~ H T 81,700 cells
mL'e] WAZ o)de] uHls] tE FUe Aoz yEhgt
(Fig. D). 7/MA 2Ee T3 g7 AFFE AojdAyE 2
Aol BYed, EZ (355 F9 5= 0 mg L)Y 7
A DEE FF 30,668 cells mL'o|YE vt AFE (FF
&9 F49 BEZ 001, 0.1, 2mg LY AA 2= HF
19,785 cells mL'2 XA} O] R0l vls) 2A #ad A
°2 Yetyth 53] 7t=F (Ch)F vl& (AS)Y ZF, tx
oA A2 F 30,880 cells mL'9 29,640 cells mL'<)

g conitrol

AA A=E 2oy AU 5% 2mg L'dME 42
21,700 cells mL™'¢} 10,680 cells mL'9 7} 2==
B SE&0 vls) 7bg 2 Zog gAY 2% &
&g FYA G2tz vl FFEES FAd LI
o A D=7 IA AR AL F
A& JEH 22 Qo7 Agsta AAZY 4
Fe A Aoz FAGHAT} (Cantonati et al., 2014; Duong
et al., 2010; Luis et al., 2011).

Ulnaria ulna®l 43&E2 5359 S5 wet AkolE B
ol Ao® YElytt (Table 1). H=F (Cd)TF HlZ (As)9
AL AW % 2mg LA 22} 0.049 day' ¢} 0.048 day™!
o HFES EolH B FFEFA HEl AR (u=0.099
day’'(Cd), u=0.097 day”'(As))°l wlsle] 7484 & oz A
otk o] F $FE2 FAMCRE R NAT AEE
7He] Fomgt 2ol & Hole Aoz el (p=0.021(Cd),
p=0.002(As)), AFFEA A7 T 274 2mg L' 5%
Atolo] BAH O FEEA FRAE 53L& Btk 7
(Cwt ot Zn)9 2%, Ad % 2mg L'dA 47
0.073 day, 0.069 day'¢] A%
day)oll ®lsl AZ Fade 2
mg/L9] FE=A 0.090 day'e] HEE
I} HlwEte] R2F (1=0.102 day)el
&< Bt FERFY HZ 27 =
Zn 9 Cuye2 /MA 2%, 3348 € 3§ #F & 8 #=
Fol S A" AT 72/ Thalassiosira

a
4
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90000 - —g=control

=—8=control

20000 | -4+ 0.01 mg/L cd
—a—0.1 mg/L

—8=2 mg/L

Cell humber (cells/ml)
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20000 | **** 0.01 mg/L As
——0.1 mg/L

-a=2mg/L

90000 I emgmcontrol

Fig. 1. Change of the cell growth in the Ulnaria ulna in situ on heavy metal injection
concentrations. Results shown are the means of three replicates.
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Table 1. Cell growth rate (day"') according to injection
concentration the heavy metal

Concentration (mg/L)

0 (control) 0.01 0.1 2
Cu 0.100 0.096 0.083 0.073
Zn 0.100 0.096 0.082 0.069
Pb 0.102 0.099 0.092 0.090
Cd 0.099 0.084 0.068 0.049
As 0.097 0.083 0.070 0.048

weiss flogii7t 0.065 ug L 0] Zn BEAAFE A Gl
g wevls B9 2] (Anderson et al., 1978),
27 43E A 7 535 559 43 H9e gy
2 2t} (Filippis and Pallaghy, 1994; George, 1990; Martin
and Coughtrey, 1982). WetA FE&E F9| PlFIAHE
FATZY EAUALE Bdellstd 4 AHE 2 + A
o, "Z$ FF<E (Hg, Cd, Pb, As 5)°] TF ST
Ha] o 22 sRAAE F3x Jdd 9FS
(Morin, 2003). 53] Cd¥ Ast "FIA = HEA
92 A 02 oHdER vl ¥ ez 70 6z
7FA " (Phillips, 1980; Phillips and Segar, 1986), &2l
23 35 5 U Zeetd 849 &4 As 9 4
A Zs) & FaEt} (Simkiss et al., 1982).

Hwang et al. (2014)+= 34 =27/ (Skeletonema
costatum)®] 4ol FF%& (Cd, Cu, Zn)o] "X &= Gl
da BAAoH, S55 559 F7bl w AZLert
Fu A Z4ads WAt 28U 4 S5 0E =
T A A dF2 2 AT Aol Bylen, E9] Cd
7 Asoll g3 g & & B2 Ulnaria ulna$t 23, S.
costatum= Cu®} Zn°ll 95 7}¢ & dF S @e Fe=E Y
Elgth ole JHATE 559 Soldo % 23R #d
HH, FF F7MATE 3l S5E5E AEES AGste F

2% A57F 2 e A2E AEsEH

_{

l

NS
oo o b LR

b9

32. S350 WE Unaria uina EEY BH0|Z2| &4
I

ZAF A7 Ulnaria ulna®) @8 WHol&S AHE

AlZbe] AT whE e HolE

OS2 Yebgth A A7 FH Hole2 289 7}

1o, O
e
ol
i)
o
o
ojN
N
o

1 E%0 g 2 Ao

B AN FEE

S 2ow ggsgon, 3

wol ol FaF Aol HAT Ed EAHCLE Pbg A

A% 4 FEEAA FH AoFY FEE FANEA #
=k

gt Aol7k Qe Aoz yEhitth 7}

o

S HQ EFEL A Cdojer, tt&o 2 Zn, Cu, Pb
<ol Atk (Table 2). Cd¥ As2] A%, 0.0l mg L9 w0l
A Ulnaria ulna® BE Wol&o] 242} Hi 2.46 %9} 2.16

SIS EEIAES|X| M36H Hl6E, 2020

%ol em, 0.1 mg L'9 FEANME FF 5.11 %% 528 %,
2mg LY BEHE 1041 % 10.13 %2 247 ZAE 0]
FY BE7F 2 E Y wolgol HE FUtske o=
YEFEth (p=0.005(As), p=0.009(Cd)). ZnZ} Cu, Pb- 0.01
mg L9 XX 27 FF 1.74%, 0.62%, 0.15% O 2
VEREO™, 0.1 mg LY FZo0A 3.28%, 1.84%, 0.88% =
oz, A 5= 2mg LA 6.94%, 5.67%, 3.31% =2
2 Yyt ol &8 Cd3 As7l Zn, Cu, Pb3} H| 2L &}o]
FAFx] gy WHolE fEsted o 2 4TS A A
o2 FFH Atk Morin et al. (2008) 0.1 mg L' °]4<]
Cd B=ANAFEH FFxF9 Fg wWolFo] EdsAttL
Baustgoy, B A3 CdF AsY B AFATA
20 8 32 552 00lmg L' BEM 1% 0149 3
g Wolgs EYth Zn¥ Cu HA &4 wet £33 3
B WolFo] Hx F71etE=d (p=0.025(Zn), p=0.016(Cu)),
1% ©]49 ) Wol&L B 5= ZnY F%, 0.0l mg
L'(1.74 %), Cux= 0.1 mg L'(1.84 %)°] 1T}, Cattaneo et al.
(2004)= 2mg L' 0149 Cu B=NX B8 Ulnaria tenera
o] e WHo|Fo] FAHATL AFste] E AF AH a
o] HYth Pbe A% FL =Y 2mg LN BF
331 %9 FE WHolgg Ho|n e TF& vlg] 1 WstE
o] 7bg A2 AL=Z ZALE T Pandey et al. (2014)E
Zytzxe] Pe WHol & Cu ¥ Zn 5% ol BAZHLE &

Table 2. Relative abundance (%) of the abnormal frustules
according to injection concentration the heavy

metal
Concentration (mg/L)
Day
0 (control) 0.01 0.1 2

7 0.00 0.00 0.00 0.00

14 0.00 0.00 0.00 1.90

cu 21 0.00 0.00 0.61 3.78
28 0.00 0.00 138 4.52

7 0.00 0.00 0.00 0.00

14 0.00 0.00 0.83 1.83

Zn 21 0.00 0.00 1.87 4.18
28 0.02 0.09 224 4.56

7 0.00 0.00 0.00 0.00

14 0.00 0.00 0.00 0.43

P 21 0.00 0.00 0.33 1.72
28 0.00 0.08 0.86 335

7 0.00 0.08 1.71 2.40

14 0.00 0.71 3.17 4.63
e 21 0.00 1.53 4.98 11.86
28 0.02 2.09 6.96 13.16

7 0.00 0.00 1.69 2.86

14 0.00 0.64 2.96 5.16
As 21 0.00 1.63 541 10.50
28 0.01 2.03 7.41 12.52
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ogulgt o] FAFE Bl FALY Phell =EH A=
d@gol E2 o2 BASGom, ol Cugt Znol M3
Pbo] 7|A 2R E ule =gA &7 dEd Aol A
o} Rai et al. (1981)%& Cu$t Zno] F2AE FH Fet
FEFE HAAT pb2 2o vl BE £ 540 gt
FaAth B AFNAE Pb TE 4719 SFE H]
1go] 718 GA ZAMEO FA7E9 A4 v
A FFEY Aoz AFHAY (Fig. 2). ©]
o =&7 #H¥d

WHslo]
and Benson-Evans (1984)°] w2
7t 27, #2 £E 9 F20] 727 949 ¥
oF AT FHo] o, F2 uFLAA I
TG AFHE HHS EHTHAL 33 Th Barber and Carter
(19812 rEF7F Jgsted AU £& pH 4] 374
o] el F WHolE FE3H, °ol& Fragilaria virescens (W5
%2 pH %7, 3)9} Nitzschia sinuata (52 pH =7, 8.5)°
A YeElgta 235kl Aleem (1950)2 98 5%7F =
2 A<M Navicula cryptocephala, Synedra tabulate 2 S.
hyperborea® W7 vllE 2 HEHS EATAL FHom,
Stoermer and Andresen (2006)2 o] Z7 A4
Tabularia 49 92 ¥|A3 9 vZFHA JFHE 94,
E7H5 7HgAE S BYtn et Feldt et al. (1973)&
AletstE, T3t e wslea (PAH) ¥ %% 22 =
4 SgEel IF4Y FHF wolE fEddtial o,
Szabo et al. (2005)= F7+2] EJAFZ (Tisza River)oll Al 2000
|29 o] 2 B B2 &Y AIASER S5 gl 4
Al 29 =E A=, o Wl Cyclotella atomus, C. meneghiniana
9} C. pseudostelligeral A H]F4ZA2 7t P& BRI,
FE AFHY 9ol B Axg @Rtk shaith Falasco
et al. 20092 ALY AF 2HdAA FAIL wigd =
A x| FeF HolE 4ol o] FF LAHATY
st A4 v A4 PG 2do] 2R/ A= of
2EH2E Uehd g loH, FE AX JFd 4T
A HeEE FAFS vlA] (Hostetter and Rutherford,
1976; Schmid, 1975, 1979) &&= A%< 2E# 2 (Schmid,
1979, 1980, 1984; Schultz, 1971), ZAIZF =] 2 7
% (McMillan and Johansen, 1988) 5°] @& Ho|E o
T AT ST 2 A7 29 dqE2F A RAAE FH
HolFo] A= ole od ATEdA Exd dx
9 FH Wolg ¥ &St (Arini et al, 2012;
Duong et al., 2008). tHZFolA FZH A X W&
0.01-0.02%% ¥ g HAoH, 4 F9 Al5AAM =2
T ARHAJT dxFol EdS FH WolFo] BF 4 F
o] AlFA FHF of & o ZAIte AR v
o] 9T HH Aoz #HAFHU.
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o S35 U2 FHFY &9
Cu > Pb £22 Ueon, oj=

3.3 Ulnaria ulna HENHO|B2| &
Fe) Holgo] 71 =44 28
3 FE WHolES 4 1A £ ¥

434%%5 AASH Mg &

o
HEYE (striations)oll HolE Ho]

Deformed Cells (%)

Fig.

5.0 1

50 o

50 1

0.0

g AsPe AN

€2 Cd > As > Zn >
Cd¥ As7} Cu, Zn, Pboll

JGL NN FIE
w2tze] Fe wol

H29 3% 5=
gl

Fa& A EF valve
S Ze= 79 19 BH
ZAE AT oz
& 27 B+ 29.1%

BControl Cu
00.01 mg/L

0.1 mg/L

12 mg/L

£ Control Zn
20.01 mg/L

W01 mg/L

B2 ma/L

2

7 14

B Control Pb
D0.01 mg/L

0.1 mg/L

82 mg/L

[ R

7 14

mcontrol cd
00.01 mg/L

0.1 mg/L

@2 mg/L

.

7 4

E Control
0.01 mg/L
0.4 mg/L

As

1
B2 mg/L
I% ‘ WI% ‘
1

7 4

Day

2. Percentage of defromed cells in the Ulnaria ulna

exposured to heavy metal stress during 28 days.
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OType1 FEType2 MType3 EHTyped
Cu
Zn SIS SIS SIS B
Pb SIS SSISSSSY, |
Cd /A S A
As A S SIS SIS,
0.0 zul;u aml;u aul;u aul;u 100.0
Deformed cells (%)

Fig. 3. Percentage of four different types of deformities in the Ulnaria wulna. The
counting was performed 28 days after the heavy metal injection. (Type 1) :
deformed valve outline; (Type 2) : defromed striations; (Type 3) : deformed
longitudinal area; (Type 4) : mixed deformities (more than one type of
deformity in the same frustules).

(A)

(Type 1)

e

ul:a_u el '|1'.'d_j:ﬂ¢:i‘-y|!;llu.’

SR e T R W AT

10m

Type3)  (Type )

(Type 2)

Fig. 4. Normal and abnormal frustules accoding to four types of the Ulnaria ulna. (A) :
normal type; (B) : abnormal type; (Type 1) : deformed valve outline; (Type 2) :
defromed striations; (Type 3) : deformed longitudinal area; (Type 4) : mixed
deformities (more than one type of deformity in the same frustules); scale bar

= 10gm.

£ At gtk +9 1
AR (wavy)§ ol F7,
FHA+= (bent) FHE
(striations)©] E-F2 3
Ad, 27 B71AY (forked), &2

FH 4 9" (wavy striation patterns)©] @V 4 &

B2Yew, /¥ 2+

HAarh S5 EE A¥E 23, CdF AsY B, #

SIS EEIAES|X| M36H Hl6E, 2020

T2 F74 (valve) 9] &

o
grro] FHAL (incised), T-

B X (irregularly distributed)S 2¢

BARGS olFE 4

o] AA e WolE9 47.7 %%} 43.9 %S 44 AAT}IL
W, 5o 2 §9 27F AA Y 22.6 % (Cd), 26.2% (As), Al
2Z9 (longitudinal area)®] H]Z Y42 FHE ZE 79 3
°] 19.5% (Cd), 16.8 % (As), &L 72 (valve) ] F 7 ©]
A9 0] EAdts 73 4 (5EFE)7F 103 % (Cd)F 13.2

GRSk

¢

3l & % (As)S 27t A8k th Znd Pbe) A%, 73 10] AA
£ e HolF9] 41.9%9} 404 %S 27t AR, FF 2
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7} 33.7% (Zn), 33.9% (Pb), %3 3°] 3.5% (Zn), 6.4%
(Pb), 48 47} 21.0% (Zn), 19.3 % (Pb)Z 27+ 2pA8kgich
(Fig. 3-4). Zn¥ Pb2 E} S35 Hl&] 78 29 §F 49
Hlgo] HlIH 2 AL Yebd v, §3F 32 ZnF Pb
o Hl&] Cd# Asdl =" A5 o o] dhsdom,
F2 FEHAAY (curved), HHF (displaced) AZFY
(longitudinal area)®] FEIS EI I, Cut EF F3 194
o AZEHAT ol Zndl =&2FE FATEY B #3829
8 4 (FFD) Hgst= I Welrt g SaFl vl
o ®Zo] WA THE Pandey et al. (2014)9] A7 A9}
g en, A9E &3 Cudl =59 2%
7 (valve)9 WF FXH (ornamentations)} ¥ &2
<= A &9 (outline)oll ¥+ F& WHol7} {5k th= Falasco
et al. (2009)2] AT AFHAE LA 5= ALZ YENT
T3 ALY 2FE Cd, Cu, Fe 2 Zno] 7% 719
T AAAE HAFHTE McFarland et al. (1997)%%
Morin et al. (2008)2 Cd¥} Zn 59 &3 237x @
g HolE Atold] Fon|gt o FHBAE HHoH, 57
Fragilaria ulna® 37t (frustules)ol A HlthAF oz FH
AAY Aol 27 valve (F£74)9 937 vg44Q AF
=g A9, ¥4 (displaced)® AZ2%9 (longitudinal area)©]
2ol YAl AF3skAth Ruggiu et al. (1998) o€ ok
9 Orta T4 1920 olH=E Cuwt EFolA F8 =
4 Ld E2E JAHYeH, ol& Q& FFAFEY F X
2 A E A (biovolume)d] W3t = Synedra tenera
P WHol7}k RIWg] LSt Aeg Hiski, 1

]

FYorE valve (F2)9 A1y 5 HEZHA 9B
tach 2 A7 23 94 99 A7 fAe 23
o= Aoz yehgth

ogl

ol
v

M ¢ do 19 ox
o]

o

rir

4. Conclusion

-9 (Cu), o} (Zn), & (Pb), 7I=F (Cd), Hl& (As) &
o] 57k FE&d gt Ao v& 23 (0, 0.01, 0.1, 2
mg L") StollX FFF Ulnaria ulna® 8735 2 J8) Hol
T 23 V=S XAsk, ®lo] fPEE JH ®HolEFY &
A FEE Fotatd e 22 28 Z3tA

) 58559 528 FAFE AT 43E 2 Fd
o] Edu] gl Tt fouS FAJAE B FF

A=t SUtstel wWet Unaria uina® MA 2=
-~

[*]
=

S ©
= -
=

e b

2) Ulnaria ulna®] MAT 3ZES 5559 7 o=t
ol & BYth 20mg L's=AA CdZ As7t ZH2F 0.049
day'<} 0.048 day'9) AFES 2IoH, ZnF Cu, Pb2 24
Z+ 0.069 day™, 0.073 day™, 0.090 day'9] AFES Kol Cd
I As7F FEAFERY HFE Asfsted o 2 9FE vA
' Aoz #GHUT

3) TEFl T 9449 FHF WHolE oprlste 4]l
2 Agstden, 3559 TF wet 2 P wHolgol
T3S Aols Bk 7 2 FH Wolgs B FF

& CdF AsE, 2.0mg L'EXZdA 22 1041 %, 10.13 %=
Uetgon, &2 2 zZnd Cu, Pbol &7 6.94%, 5.67%,
331% <22 Yely, Cd3t As7F F37xe g Hol &
fsted o 2 93 A+ Aoz dgEHITh

4) 2 A7 2FHE &5t FAHAY T35 2P =
St AESHA mUEHY AF2H FEFRe AGF 2 7
Ao Wl o] f85A E8E F UASE T
o

AT

v ottt &
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