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ABSTRACT Arsenic (As) is nonessential element toxic to 3 BAR HEE 2 et oo wel ZA 7| FoAE =

plants. In Korea little is not only known about the extent of T2 FFFS 7155 AR O] ol A Ao B 7k o PE

acu’lal anthropogeni'c sources anq inputs of arsenic to the Aol gi5t A2 kel 9t ogubate] Ao AR

agricultural land which plays a active role as a sink, but also 224 0olo ujalWA| o] o3t ti7]o.elmu} of el Akl
i

systematic research on arsenic as an toxic element entering )
x| olo] BAF W A1e] o] theksl, 1@|al

the food chain via the soil-plant pathway has not been investigated ol whe =
in the fields and greenhouses besides in few places of abandoned S Sl rEse 4% e, wle | dE Sl
mining sites. Therefore, it is important to focus on the effect ~ &J3fl A3} Ql= AR B E| 1 Qti(Kim ef al., 2012).
of As-contaminated soils on As uptake and biomass production o]#3t 7] E(Kim ef al., 2012)°0] R 13} vfof w2 A9
of lettuce plants. In this study, As concentrations in the soil 2o ol Eoko|ul AR T} AL 89 B =
;rnd acc.lllmulatic?n oft'Ast i(111 lrle“:tu;ce t}t]rjansfelliredhibif1 As upFak::1 Tx02 00lE FHEE =085 T AR 2 Slof A
om soils were investigated. To do this, soil which was mixe
with various rates of grsenopyrite gravels containing arsenic suded S fUoR w94 Tad 29U wHE
from 0 to 100% was packed into a round plastic pot. Then, o Asmaier ePdde] Azt S vlAl= AR UE
10 days old vegetable crops of chinese cabbage and lettuce YL Uth B W S35 A&3ko vk AleAdz A

after germination were transplanted into a pot. Growth of o|E] ofe o1} AL HIE Gulst= v A St =
lettuce wa}s observed for four we'eks with one week interval. T2:0] T2 vho] 7| 2bo| RS WhR] 9kl AEo] Ao|E=
All experiments were done by triplicate. The results showed Fl=B So] ot A Qltk(Jung ef dl., 2011) o] 5 Ex O

that the growth rates for number of leaves, width and length

o . B U S5 FaEY AERY T409
of the crop plants were retarded with increasing amount of o] =gl ok _m =
. . o E SIHE
gravel mixed due to increasing bioavailable amount of arsenate sAEe] 543 B ]g}ﬁ A5del et

with increasing rate of gravel in soils. With these results, we JoletA YebdTtHJung et al., 2006).

conclude that the bioavailable amount of arsenate can influence Pyrite®] 7§~ H|AE SHlel= FEZ A o,

the growth of lettuce. A Y v ATEFS 2|2 oF 43% A% 881 Q=
. Ao R ZALERIT) Asta ef al. (2010) 2HESH Ao o=
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A](Arsenopyrite) © 2 X E] B4 &S Al
a012)0] 243 ool B2 el BH02 )
/\01:0 Olﬁo] 71-/\61-01] tr,}a]- Es]— Z:
el et §olsio] 484 A2 EASHE vkl oo
Z7el= Ao R BRuEQtHKim et al., 2012; Williams, 2001;
Lazareva et al., 2002; Smedley and Kinniburgh, 2002; Casiot
et al., 2003; Frau and Ardau, 2003; Welch and Stollenwerk,
2003; Lee et al., 2005; Pfeifer et al., 2007).

ESHolA v2o] Fei= B pH 24 of whe} geba]H
A ol2|et H]AFH Y o]Fo] JFS A= 8US EF
pH, Ak} Qlito] 28] EA o, A3 9] fitof upe}
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Gl =eE vuste] B E9F pH7} F7ghol et Ca
FEHE ALt o] B9 &8s SRt Breed ef
al., 1997; Ruitenberg et al., 1999; McGuire ef al., 2001; Craw
et al., 2003; Yu et al., 2004, 2007; Tallant and McKibben,
2005; Walker et al., 2006; McKibben et al., 2008).
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ORION 3STAR): Eof} Z82:0] H]&L 1 : 58 3}o]
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Table 1. Physical and chemical properties of upland soils and gravel used in the experiment.

pH EC oM CEC

Category (1:5) ds m™ %) (cmol kg') Remarks
Upland soil 6.23 0.29 0.98 6.21 Sandy loam (Clay : 13.8%)

Gravel 9.61 0.63 < 0.01 2.95 Particle size : 0.6 ~ 3.35mm

Table 2. Concentrations (mg kg') of heavy metals in arsenopyrite and soils used in the experiment.

Samples As Cd Cu Pb Zn
Upland soils ND ND 7.13 £ 0.54 6.67 + 3.41 37.41 £ 24.02
Arsenopyrite 95.28 + 88.05 2.32 + 0.25 8.19 £ 13.52 3298 + 8.95 134.34 + 50.70

ND : Not detected; SD : Standard deviation

Table 3. Treatments of mixing ratios between upland soils and gravel as dry weigh basis for uptake of As by vegetable crops

used in the experiment.

Treatments (Upland soil :

Gravel, wt wt"l)

Catego
oty 1 2 3

4 5 6 7

Ratio Control(100:0) 90:10 70:30

50:50 30:70 10:90 0:100
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Fig. 1. Pictures of lettuce growing in the wagner pot packed with mixture of upland soils and various rates of arsenopyrite

gravel (left to right :

after transplant to 3 weeks grown).

Table 4. Amount of total and bioavailable arsenic in soils and the relative concentration of arsenic in lettuce leaves uptaken.

Treatments ; SOI'I 3 Lettuce (C) (B:,/A) (CO/A) (CO/B)
Total (A) Bioavailable (B) (mg kg™) (%) (%) (%)

100 : 0 ND ND ND 0 0 0
90 : 10 8.093 0.178 0.009 2.20 0.11 5.06
70 : 30 39.524 1.057 0.021 2.67 0.05 1.99
50 : 50 46.367 1.306 0.045 2.82 0.10 3.45
30 : 70 67.431 1.485 0.083 2.20 0.12 5.59
10 : 90 81.630 2.705 0.130 3.31 0.16 4.81
0 : 100 96.218 2.868 0.155 2.98 0.16 5.40
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Fig. 2. Changes in maximum leaf lengths of the lettuce grown

in soils mixed with different rates of arsenopyrite gravel.
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Fig. 3. Changes in maximum leaf widths of the lettuce grown
in soils mixed with different rates of arsenopyrite gravel.
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Fig. 4. Changes in average number of lettuce leaves grown
in soils mixed with different rates of arsenopyrite gravel.
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Fig. 5. Changes of average fresh weight of the lettuce leaves
grown in soils mixed with different rates of arsenopyrite
gravel.
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Fig. 6. Changes of average leaf dry weight of the lettuce grown
in soils mixed with different rates of arsenopyrite gravel.
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Fig. 7. Comparison of relative growth indexes of the lettuces
and As as bioavailable in soils and recovered from the
lettuces. The relative growth index and the relative As
index were calculated by the maximum values of the
40 days old lettuce and As in a given condition.
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