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Effect of Sulfur Powder and Citric Acid on Arsenic
Phytoremediation Using Pteris multifida in Forest Soil

Hyuk Joon Kwon * Ju Sung Cho and Cheol Hee Lee

Dept. of Horticultural Science, Chungbuk Nat’l Univ., Cheongju 361-763, Korea.

ABSTRACT

This study was carried out not only to identify the optimum concentrations of sulfur powder and
citric acid treated for improving arsenic absorption of Pteris multifuda known as hyperaccumulator of
arsenic, but also to develop arsenic purification model in the forest soil. After applying sulfur powder
(0, 30, 45, 60g-m™?) and citric acid (0, 200, 400, 800g-m™) in the forest soil contaminated with heavy
metals, P. multifuda was planted and cultivated for 16 weeks. And then the growth and arsenic contents
of plants were analyzed. In the result of research, the growth of P. mulifuda, except plant width,
cultivated in soils treated with sulfur powder and citric acid was relatively lower than control. The
accumulated amount of arsenic in aerial parts of P. multifuda (1822.2 mg-kg) cultivated in soils treated
with 200g-m™ citric acid was improved 62.5% against the control. And the accumulated amount of
arsenic per 1 m? (20.Img-m?) was the greatest in 200g-m citric acid treatment. Translocation rate
(TR) was higher in all acid treatment compare to control, and was the best in 200g-m? citric acid
treatment (0.95) especially. It showed that the arsenic absorbed in underground parts was transferred
fast to aerial parts. Therefore, 200g - m? citric acid treatment in the soil is recommended for arsenic

purification using P. multifuda.
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Table 1. Growth state of Pteris multifida used for this study.

Plant height Plant width ~ No. of leaves/plant ~ Root length Leaf length Leaf width
(cm) (cm) (ea) (cm) (cm) (cm)
53+1.17" 5.3+2.30 2.8+1.03 5.8+2.16 6.2£1.96 2.3+1.43

“Values are mean+SE (n=10).

Table 2. Fresh and dry weight of Pteris multifida used for this study.

Fresh weight (g) Dry weight (g)

Aerial part Underground part Aerial part Underground part

0.2+0.09" 0.2£0.15 0.1£0.03 0.1+0.05

“Values are mean+SE (n=10).

Table 3. Arsenic accumulation of Pteris multifida used for this study.

Arsenic accumulation (mg-kg™)

Aerial part Underground part

1.60.72" 21.3+1.34

“Values are meant+SE (n=3).



Figure 1. Place of this study.

Table 4. Arsenic concentrations of each soils used for this study.

Treatment (g-m™)

Arsenic concentrations (mg-kg™)

0 132.0 £ 7.63"
30 154.5 £29.43
Sulfur Powder 45 173.0 £9.43
60 169.7 +29.60
Citric acid 200 162.9 £ 17.61
400 183.2 +11.75
800 1733 £7.85
*Values are meantSE (n=3).
7t Aejate] Astdch A FFE 196m> T A|FHEE o] 60°Ce] 2137 (Hanbaek Scientific

4974 20x20cme] 7HA 2 2 2010 69 5L 9
A8t 1657t Aufasd

BolmalE 20109 109 3401]
b= wjAlst] flsted 71 Ak
Aelstar, 7k AAE AES
AN = 307WAE $8ete] ASA
28 Alesan

Tomee] AHEFEE B8] st 2
Al Aol A& Frl29) LA A E &

A% 335 29 167 5 AT 4E

F

=
r o oy

oz R
L g 2

_I.4
x5 > o

Co., Korea)ol|Al 72417t A=A vh5 w33
o] AR W oz Ax et B o
st A = 248t 0.15mm(100mesh) 2
AA 5 & A 85 7 2004 #Hote] AHEH
of o ddstA £Fete] ST EFA
TRAI @A Fate] AT

AAe7F 59 ey EGS AEATE
22 v 3 =4 (Perkin Elmer Optima 5300DV
ICP-AES, Perkin Elmer)E ©|-&3lo] f=4%=
ghan A gEgyor Fu ety 944
AEAAE 0| A 33] 3RHE0 & H]4x(As)9] T

7 A ARE Ikg
A2 F42(495/1.96m?)
slo] RS E3 42



$9) melE o8 £94 Bl v2gs oL fIEEs A 9P 5

So] Al ARHR o5

H+e o5 —r(translocatlon rate, TR)Z o}z 2|
A& o]gste] Ttk
0] %A 4=(Translocation rate, TR)
A5 Tu5 58%
Aok Aetite] Fad FAE

A% 2]+ SAS version 9.1(SAS Institute Inc.,
Cary, NC, USA)E o]&at3len, z} A2
B FFAE Tota, 9 v
H(Duncan’s multiple range test)S ©]-&-3Fo] A

g 3tel FoldE AT < 0.09).
I &3 3 o

|02(9]

1. w22 7idel Xz2|of mE =2
H

=
0
0

Bojmele] A& 2EE A9stue FH
gl ol A ENEAIRD FETY AN A
gl e AWt oz 3% th(Table 5).
ol AAl 2719 o|2] oot FA L
T A2l =2 Q13 BEe] pH 2 3lehE 54
o] Wglr} gojmele] 2EHAE F7HA(Um

and Kim, 2003), 53523} A A
A i FEe Eolue] AR stEE F
27} A7) WEo g Azt %B]Jla
27 FA TN 1Llemz 71 31 om, o
SO 2 FEY 302 45¢-m? xﬁa?(s 7em) 2
ot 2FL FHE LS 30g-m2E Aot
Al A2 (15.4em)ll A 7 WA A
Ak Beojmelel e FA A 8.270
2 7P 29kar, 7AAF 200g-m29k 3T 30,
45g'm?9] FEE F7HS w AT vl
2 B Yo] WA Bomele] 2L
A4 12.7em=Z 7HE Alon, d47 4
Z% AT 7P st
TEECRE 29" FHEAAA FEEE
TFA Ao wE A FH AEFS Table 6
I} 2t %ﬂ‘d Bap LA HrekA] @ ol

B

o K

o 8 Mo

(]

)

2o A T FR EIAFA A2l Tl v
Bojmel Mﬂ AzFol wolth f4E
F3h FA el AR AAFe KT
307} 45g-m? A2 el A 2t 09, 08g0.2 7}
% wgkor, AR FERT 305 m? A

TolA 04go 2 7HF S-Fatsinh FreEE A
2] AT FA AT vl RE

Table 5. Effect of soil conditioner on growth of Pteris multifida cultivated in forest soil contaminated with heavy

metals for 16 weeks.

. of
Treatment Plant height  Plant width No. o Root length  Leaf length  Leaf width
5 leaves/plant
(g'm?) (cm) (cm) (cm) (cm) (cm)
(ea)

0 11.1a° 13.2b 8.2a 12.7a 12.4a 7.3a

30 8.7b 15.4a 6.1bc 10.8b 12.4a 7.2a

Sulfur 45 8.7 14.3ab 6.2bc 10.2b 10.8b 6.4a
powder

60 6.4c 13.3b 5.3cd 9.7b 9.6¢ 5.1b

200 6.7¢c 11.0c 6.7b 9.9b 9.3¢ 4.9b

Citrie 400 4.8d 7.9d 5.3cd 8.2c 7.4d 4.6b

acid
800 4.8d 6.0e 4.5d 6.6d 5.3e 3.3¢c

“Mean separation within columns by Duncan’s multiple range test, p < 0.05.
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Table 6. Effect of soil conditioners on fresh and dry weight of Pteris multifida cultivated in forest soil contaminated

with heavy metals for 16 weeks.

Treatment Fresh weight (g) Dry weight (g)

(g'm?) Aerial part Underground part  Total Aerial part Underground part Total

0 1.3a" 0.4a 1.8a 0.4a 0.2ab 0.6a
30 0.9b 0.4a 1.4b 0.3ab 0.2a 0.5ab

psolif(;:r 45 0.8bc 0.2b 1.0c 0.3bc 0.1bc 0.4c
60 0.8bc 0.2b 1.0c 0.3cd 0.1bc 0.3cd
200 0.7¢c 0.2b 0.9¢ 0.3bc 0.1bc 0.4bc
C;g(iic 400 0.4d 0.1b 0.4d 0.2de 0.1c 0.2de

800 0.3d 0.1b 0.4d 0.le 0.0c 0.2e

“Mean separation within columns by Duncan’s multiple range test, p < 0.05.
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Table 7. Effect of soil conditioners on arsenic accumulation of Pteris multifida cultivated in forest soil contaminated

with heavy metals for 16 weeks.

Arsenic accumulation (mg-kg™)

Treatment (g-m?) TR*
Aerial part Underground part

0 1,121.5d" 204.1b 0.85d

30 1,433.6¢ 208.2b 0.87cd

Sulfur powder 45 1,429.5¢ 189.1b 0.88cd

60 1,619.1b 248.5a 0.87d

200 1,822.2a 103.5¢ 0.95a

Citric acid 400 1,586.8b 108.3¢ 0.94b

800 1,013.0d 109.9¢ 0.90c

“TR: Translocation rate (ratio of arsenic in aerial parts to underground parts).
¥ Mean separation within columns by Duncan’s multiple range test, p < 0.05.
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Table 8. Effect of soil conditioners on arsenic absorption of Pteris multifida from forest soil contaminated with

heavy metals for 16 weeks.

Arsenic absorption from soil (mg:m™)

Treatment (g-m?)

Aerial part Underground part Total
0 16.3ab” 1.2a 17.5ab
30 17.2ab 1.5a 18.7ab
Sulfur powder 45 15.4ab 0.7b 16.1ab
60 13.6bc 0.9b 14.5b

Citric acid 200 19.7a 0.4c 20.1a
400 9.5¢ 0.3¢ 9.8¢

800 3.6d 0.3¢c 3.9d

"Mean separation within columns by Duncan’s multiple range test, p < 0.05.
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