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Toxicity results of metals, nanoparticles (NPs), and soils contaminated with metals were introduced on this
review. Following methods were used: seed germination, bioluminescence, enzyme activity, and mutation. In gen-
eral, different sensitivities were observed, depending on types of bioassays and pollutants. Among tested seeds, sen-
sitivities of Lactucus and Raphanus were greater than others. Of single metal exposure, effect by As(Ill) was
greater than others, and high revertant mutation ratio (5.1) was observed at 1 mg/L arsenite, indicating high
mutagenicity. No general pattern was observed on the effect of metal mixture, but synergistic effect was observed
with seeds. In case of soils, no correlation was observed between total metal contents and toxicity. Toxicity of NPs
was observed as follows: CuO > ZnO > NiO > TiO,, Fe,0;, Co03;0,4. Especially, no considerable effects were
observed by TiO,, Fe,O; and Co;0, under tested concentration (max. 1,000 mg/L). The evaluation results of inter-
active toxic effects using various bioassays may comprise a useful tool for the bioassessment of various environ-
mental pollutants.

Key words : bioassay, bioluminescence, mutation, seed germination
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Aot ol Ao ARE-EE Aok Ank ARG 2
E ZollA US. EPA (1996) 2 OECD 59 3% 7]
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), Cucumis sativus L(2-°), Cardamine yezoensis
Maxim(&EA). Aok A3 Ao 3% Islraz &£
WS A5l THRTE ¢ ¥ o A HER]
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Fig. 1. Pictures of orignal seeds arrayed on Petri-dish and germinated seeds.
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As(V) > Cu >> Cr(VI), At&4 As(Il) > Cr(VI) >
Cu> Cd > As(V) (Table 1). 3] Cr(VDe] 73-3ol=
et AL A FE9 50 mg/lold ECyel &
ZE| A EIATE A otHol= 1.33 mg/LAlA 50% 3
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Zhzt BT} AsDEF As(V)2] ECy= 114084~
1.54) mg/LQ} 2.05(1.47~2.86) mg/LE 77} A=
oh B2 A7 AxEd sk RuAoa As(7t
As(VET 2 548 Uehlie 2102 d84 e
H, A5 g Al 2% 2 ATl E YA
st A3 ZAFEAT AsdIDe] 542 glutathione
F} lipoictk} 722 AJEAH(biomolecules)?t B2 a4
o] AlZH|Ql A&l -SH7]e gt ke wj&3l A
o2 <4#A JtHAposhian and Aposhian, 2006).
Ase} 8+ 23S glutathione reductase, glutathione
peroxidases 59| Tt &40 A8 AAlsk= Fo
2 924 UrKChang et al, 2003). As(V)2] 735l
= Felraasd A7 A 8 AeE dEA
ATHSuzuki ef al, 2008).
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3.2. MotE0 ME QIZE ZA}

A F8 FH= zHHH%Ol HA US. EPA %
OECDe] 3d9olx A3l A& Aot sidste
$0)(Cucumis), %E}E]T(Rapbanus), %3 (Cardamine),
FF(Lactucaye AH&31e] Aot wolol] ZA3 v]49]

Table 1. ECss of various pollutants based on bioluminescence and seed germination (Lactuca) activity (95% confidence

level) (¥4, o] &g}, 2012)
Metals Bioluminescence (ECs, mg/L) Seed germination (ECs, mg/L)
As(I11) 1.1 (0.84~1.54) 1.02 (0.87 ~ 1.20)*
As(V) 2.1 (1.47~2.86) 3.00 (2.53 ~ 3.56)
Cr(VI) >[50 1.33 (1.19 ~ 1.49)
Cu 6.0 (5.21~6.78) 226 (1.88 ~ 2.73)
Cd 1.34 (1.03~1.75) 2.61 (223 ~ 3.04)

*Value is the range of the 95% confidence level (low limit~high limit)
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Table 2. Summary of the effects of arsenic compounds on various test organisms (3-S1°@ ] 2, 2010)

Methods

ECsy or mutation level (mg/L)

As(IIN) As(V)

o-glucosidase activity

45.4 (29.42~70.06) >> 50

Lactuca 0.63 (0.57~0.69) 3.01 (2.53~3.57)
L Raphanus 1.73 (n.d.) 3.94 (3.41~4.55)
Seed germination
Cucumis 3.95 (3.73~4.18) 3.70 (3.10~4.41)
Cardamine 3.74 (2.88~4.85) 10.96 (10.22~11.74)
. TA98 < 1 mg/L < 500 mg/LL
Revertant mutation
TA100 > 500 mg/L. > 500 mg/LL

Values in parenthesis represent 95% confidence level
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EpTh 54 SHE FR tal Adolgt RAES
VFERAIARE, As(el] ok Aote] W7k (ECs, mg/L)
= Lactuca (0.63) > Raphanus (1.73) > Cardamine
(3.74), Cucumis (3.95), Z8]3 As(V)ell that 7=
= Lactuca (3.01), Cucumis (3.70), Raphanus (3.94)
>> Cardamine (10.96)°. 2 ZAF=AcH(Table 2). o
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AR D AR A B4 B4 S tEiiE 2
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2003).

3.3. 57 SoiHo|dMo| 28t v~ SN "I}
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o PXE YIS As(e} As(V) = 0~500 mg/L
ZZ00A AT SAUIERTA] 21~36 (TA9S),
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e Adaitta stk (Mortelmans and Zeiger,
2000). TA9S 45+ ¥4 = Z7k) wel 29 &
Aolof] ot JFFw FUtelal, B &7 &

o7 ok ¥hg-g BT MR @ETo dig 243
o] B e ¥)) Fhol 28 23] AlRteh=s
T As) 1 mgL MR=5.1)¢} As(V) 500 mg/L
MR=2.002 elutth(Table 2). WA AsDE
1mg/L °l3}, As(V)&= 500 mg/L o] sLolla] ok,
= HAA Ho] JFF T I £ ) EF)
As(D] 735 ZAF e ] 5=20 500 mgLe] MR
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2009).
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OEI 21 gt‘ﬂ,o] RESN

K=hal H—1l o iti o O
3= Fg. 200 UJeRASITh F818 43S )= o
2 FHEo] glout, As(loh &9 Ta<e] 745l

= T
= BAH foAel AAE AT @ Y
0.03~0.95) HAAH o= PO)7} PE)ET B2 A%
F= JeRAATHPO) 50~90%, P(E) 46~84%). =5k
Cr(VD)+As(V)$} Cr(VI)+Cu (Fig. 2h, i)9] &3E9]
ZA5-olE PO) (& 35%%} 45%)7F P(E) (ZF 52%%+
52%) Rt} o} EAJo] Thasle Aed=E-S Ueh
Atk &Y FEH0E HAo] 2 As(DZ Cr(VDe
EZolx= PO) 50%)2t PE) (43%)7} BIs=stAl %=
AFEITE WA Hd 542 PO) = 72+28.8%,
PE) = 63+21.5% (p 7 0.0093)% EAZ FoA &

a5t Pl ol2H oy Sgurt e B4, 5 A%
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3.5. Mot ot 278t L=t =4 HI}
A8 Aol FAst A8 e thdst =] el
A V=R A shidote]] mx=
Ko et al, 2013). Z} J=YA ¥ A} 5 HYE
ohk 2tk CuO (0~15 mg/L), NiO (0~30 mg/L),
Zn0 (0~30 mg/L), Fe,03, Co304 TiO, (1,000 mg/L).
7% ZAPIA Fey0s, Cos04 TiO, WedAtel] 23k
FEE HHEI3A71el 1,000 mg/Lell iRt Z2ARSE
ST}, Lactuca, Raphanus Aot B5% F5H0Z U
A2+ CuO, ZnO, NiOo thair< F313 wol oA
°§f¢— eI 28 o2 F62039]' TiOy= A%t
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2y RSt Raphanuset= E2] Lactuca= 1,000 mg/L
Cos04 % =29 °F 63% B7% A2 Tol&S
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A9k CuO, ZnO, Ni0 Y=&Fe] ASt Lactucall Whe+
EC59] W= 0.4~20 myLA o™ Raphanus ¥ St
78+ EC5°] 25~115 mg/L ¥H9 IS HeRiddTh
Lactucadll V13 Raphanus®] =32t thst ECs,
22 CuO 584, ZnO 48], 28132 NiO 78] =2 3,
= w2 Aok o} FFFo] AAEHITE wepr] vhey
AF @ Foll el Lactuca Aot Raphanus A StR.Th
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Fig. 3. Effects of NPs on the relative germination (%) of (a) Lactuca and (b) Raphanus. (T7-2-5-, 503, 2014).
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Table 3. Effects of NPs on the seeds (Lactuca, Raphanus)
germination (79, 3%13,2014)

NP ECsp (mg/L)

Lactuca Raphanus
CuO 0.46 (0.40~0.53) 26.8 (22.84~31.54)
Zn0O 10.8 (8.68~13.54) 46.5 (39.08~55.42)
NiO 17.2 (16.29~18.10)  114.2 (98.87~131.93)
Fe203
Co;0, > 1000 > 1000
TiO,

*Value is the range of the 95% confidence level (low
limit~high limit).

o Jeiglon, o= 54
ZAF Al oM AR & 542 YeRd
ZnO°l W&l CuO F3Fe Lactuca » St 234,
Raphanus= 1.7 W& ECy (B2 2o} IA 93
e VERISITH(Table 3). Laiuh viedAtel thet =
(gL ECsp)e F #Sk F 2% nsdh wMz @
2] T Lactuca® CuO (0.46) >> ZnO
(10.84) > NiO (17.17) > Co304 > TiO, > Fey)04,
Raphanus= CuO (26.84) > ZnO (46.54) > NiO
(114.2) > Co30y4, Fey0s TiO, o2 ZA}EUTE wh
2 F Ao tigk Aol 2AT W), Hd3 o

=

AT

= o1

7S fBIAE ASt Foll ulet Adolet Tizk= 9
A= ol digh slia] & BXo] Jashe & & AUSUTh
Lactuca®t Raphanus®] A St o} &Ao) o
Cu0, ZnO, NiO =Jxpe] Gk zlo] oJF-E ECy,
7v BAZ f2) X (probability value)oll =A3ske] H7}
319t} Lactuc T3k CuO, NiO, ZnO2| ECs, %t
B2 U=dAt 7+ Zpol7t BAASR Wi felCdol

o
C A= -

of
o

AoZ ZAEJT (p < 0.009). Raphanus
A=+ 2+ TAHSE FYF Zol(p < 0.03)
ERSATE. wbA @] 3R] ¥= Ty, Co, Fe
FENSES A9 Y=YAES F RS F 25l
sl V= Rb 7 Aot ol FEigh xjole] FEke
vUehdS & 4 210tk Lin and Xing (2007)8] 9
Aol 9shd Zn0 Y=@Ake] Aot ol ECs
radish 50 mg/L, Z228]3 rape’} ryegrass= 20 mg/L
2 AT B AelA] AR T RS s
o A7E etk Wu et al (2012)0 <5k
Co30,4, Fey0s, Ti0,9] Lettuce A St Eolo] o3k
ECs) %2 5000 mg/L o102 ul-$- A AR AT
AES ol8s OHE I Ukl 2=l gt
54 4z g THE eSS 3 Y 5
S U & 7] el
Age WRoly thst e A3E
et A Sl v Ahg Wyt olFod
ok 53] vyl ogt fxx; Hole
3 oAFe A7 17 2 AElAl flsiA Holel
%23 I o|tkSingh et al, 2009). %Al
M= 53 SA(battery of assay)Zt Aoldt =3
U AAE Bl Adg Hrie ¥ ¢ Qi
ATAEL RIS UtHGonzalez et al, 2008;
Landsiedel et al, 2009).
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U EelM = ¥ mgkge] £ HlA FETF AF
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Table 4. Total heavy metal content of the collected soils (mg/kg) (3212, ©] &2}, 2012)

High As contaminated group

Low As contaminated group

Metal
#2 #3 #4 #5 #6 #7 #8 #9 #10 #11
As 627 566 381 433 169 401 <1 <1 <1 <1 <1
Cu 58 45 32 83 54 47 20 18 95 12 13
Cr 66 59 54 57 56 265 65 45 106 40 102
Pb 55 52 45 48 36 59 37 44 42 32 44
Zn 113 99 79 117 100 54 92 98 77 41 60
Cd <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Co <1 <1 <1 <1 <1 <1 19 10 9 27 15
Sum 921 823 593 740 417 828 235 217 331 154 236
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o, #7~11M+= w9 2 F=(< 1 mgkgt =
AT B3 LES] 9o 2 HATEA
= 92 FE(< 1 mgkgt UEpEoL ©
w2 HAIFdAME e IFEtdE =2 5%
(9~27 mg/kg)’t #z=E| o] 2E o] Rt EYS &
dH EAl HIFo] B w] tke 7] B fUIEEE
o] A8 Ao 7 Aterh(Fairbrother et al, 2007).

Lactuca C3F M S o83l EY FE89d o
ok dS W A, tiE(100%)0 gk AR Al
g9 dolgo] HeE 6~106% (Hd 83+36.5%)=

A AR g Aolg ee UehirkFg 4).
F97 gol B 2o AT W AR A9 el 5
Eed AE, 5 A 20 FAE g} 9F Hol}

=
2% 740 mg/kg, Y14 433 mg/kg)% #6(EFS 25
828 mgkg, HlA 421 mgker> 7F 94% 2 8% =
g eIl #7EFES 235 mgkg Y& <
1mgke)d #11G57 236 mgkg, Y4 < 1mgke)
LEA (olg 106%)S LFERILL :h‘iiﬂr e

robg-S Wel #49h ¥l5d o] FEEOE O
B #1921 mgke), #2921 mgkg) A&7} z}z}
102%(F579), 94%(6% 59)= =2 Tol&-S YEh
7% Sk E}EW B AJge] B3HH Exujite]
7 NEE 099 & T 9 7o) Ao A
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el Al 17%_1 T AE FEE Wk lE BolsAl &
53

nﬂi rlo

O

3k Aske] wol 7l ¢ W AABRAR? =
0.239)7} Vet

TEE 0¥ 540 2Asle] 2w HEe v

to

AT} e H: 04 2F) FTS WrIeIItkFig. 4).
B2 HATE IF#HI~-#6) HE HlavE IF
#T~#11)9] HSttol= 7} 68+44.9% (BT 32%

ek 102+4.7% (F=/)NeH SAE Aozt 2
AR AL Aol #2 vl FHg oY
zlo]E Rl 7 2ge] B 542 & AolE B
v B4 T AR EY #49 #69] FA40] v ot
29 et dolg-S AASH "Hojrmgom FAA
S2% fo gt 0.13)0] ZA sttt HlA: T
ol NE BEY #4ollE 7, ok #6dlle AE, 9

=71 =71 AT T2 B9k A 59} vk 250
oA F8 Oﬂ?’[}?l%%— dS7l= ofHTh e o
TAEE Tu5 0 5S4 93 vAE oF
£, @rfi}@ [R1E o FToEE TEE 8%
Hrtalrlols oEl-go] Yrir B st 9
(Mankiewicz-Boczek et al, 2008). Wb 29 EY
o] —T‘tﬂ ‘551174101] ]Xl“ Bl oigt A 3H/‘4% uj
710gcar & 5 et
oflet EF A4 =7 -
?EV—? 5"‘ (HZ]'EL7] 715 &%, pH, CEC &), &
o odd B9 9%, 29l AEd tig s,
AEol2 7152 (bioavailability), A3 s (binding ability)
5o oFe Ads & & Urh(Fairbrother er al,
2007). & AFodME T AFHES o] &R AT Tk
F AFAH ot AE FFH H 8 T
(endpoint)el] weh Aoldt wizkw=el AgS Yehle
Aoz A4 ArhMankiewicz-Boczek et al, 2008).
wbr] R A-e JF FUHE Qi e v A4
HE olgaly] Hre tieket A8 oF 5% 4
= o]&3l= Zlo] H& AHg Wriel € Aotk
(Kungolos et al, 2009).
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