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Abstract - Kenaf plants were hydroponically grown in reactor containing toxic metals
as Cd, Cu, Cr, Ni and Zn to examine the ability to take up heavy metal. The plants were
fertilized using a nutrient solution, which was appropriately adjusted to optimum pH,
DO and conductivity. For a hydraulic retention time of 8 days, Cr, Cd, Cu, Ni and Zn
were removed up to 90.5, 80.5, 66.1%, 71.1% and 79.4%, and reduced from 2.34 to 0.54 mg
LY 3.37 to 1.07 mg L, 4.92 to 3.19 mg L}, 6.31 to 441 mg L' and 6.27 to 2.09 mg L.
Especially, accumulation rate of Cr, Cd, Cu, Ni and Zn in the plant were measured up
to 347.32, 275.39, 157.52, 50.48 and 211.0lmmg DWkg! d}, respectively. We considered
that Kenaf plants removed Cr, Cd and Zn more effectively than other toxic metals

applied.
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(Baker and Brooks 1989). |7l 2]3}H blue-green
filamentoust} water milfoil & ©] &3}« Cd, Cu, Ni, Pb
2 ZnE &fH o= AAZ v} 9] o (Suthersan 1997),
mesocosm AE}S] FAAAM 55U AFAZEL Cd,
Cu g Znol 3] 99, 98, 97%2] AAELL AAFIT
(Gersberg 1985), 744 A|F-A17H& *L&3}e] Pbe} Zne)
A7 &) 98%, 96% Q& A A& ¥} glt} (Lenehan 1992).
sulel), AR 9 ek 2EAEE olgale] Cu, O,
Cd, Ni, Pb Y Znel Fdee AR 477} Agdend
(Viatcheslav 1995), holly oake]] £J3F AZRH$Y =<
54 AReIA wele] FoAE 2 U ok B AT
o] o] 8% A k= (Hibiscus canabinas)= BI L2 o]
£ 7Fs A8 (29} Tan 19972 & P FHolAlo}
AN ANED i Folth 4t wE B
ohjet zef FolA Hlwd oA AzE Ak
Agols] Fxas Adozs osd 4 e FHe
A3 Ao & ATIAE S 44D Akze
235 Cr,Zn, Cu, Ni 9 Cdol] =&A7& 792 7
xg& P AE QAW FH5HE 73R s
ol-gd 7|7t FF4 xF W 4 AASHEHE A
Z3}24 siich
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2002 A% Shizuoka EH3JAl A F3t Hoke 5
4 57 Wigrt AEe A= sy 6 1A
E o] 64 HAE Wl A U= o)AEig e
Rl A gHEFt A Avkze] AR =
717} 50~60cm (794 %) =& =¥ Cd, Cr, Cu, Niz}
Zn®] E{FFE oEQ00 & A

A77F ST 944 B 29 YL 9A
T 2E FASEA vidEkes el M s e,
olZd 2 Aztd 40519 HAS2E 292 Wi
AAR AvZe ¥ 362FH WA AR Fde=s
A7} 1] o] oA 74 RE 114 WA T4
of xFAZOH F TARS] HEY APE dHHe=
S5} (Table 2). A28 wifde2E o] =A
H A9 TE5E ARYLE ARl FAsEe
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Fig. 1. The schematic representation for the phytoreme-
diation.

Table 1. The concentration of nutrients in reactor

Items NH,* NO,- NO,- PO,2 K
Con. (mg L'Y) 10.2 6.8 5.7 57.8 30

Items Cat™ CaO S8?% 80,2 Mg"?
Con. (mg L) 18 258 120 36 123

A HA ¢k dx2Ls 22 Aoz F33gy 2
el &3 AALaTFS Hst Ag, S 2 & *E
o dejgzE M3 on HF L£FEAL (DO 6.2
+02mg L'2 £33tz pHE 7.3+022 £33+t
7R A2 fu]g ¢l VIORYLARS] Auxenold #H7}
3led ofoko] xZ 2ASIYon o] FxE VIORYL
AR ARz wiwA] FA A FH T (Table 1). |A
BlaEE St WA F AEduke o 8dlglen 2
9] AxsX 1,500~1,700 us cm gl 2240
ExX Cd(NO,, - 4H,0, K,Cr,0,, Cu(NO,), - 6H,0,
Ni (NO,), + 6H,0, Zn (NO,), - 6H,0& o] &35le] A3}
Aot FFEEEY 2HL Al Fo] AAg oe} 714
7|9 5= FEE2 ez g4l adEHE S
o] vehd o]Fell= FFES TEE A oJHFT=R
A A F et

3. B4y

AFAIZEE AHT A8 pH E $22 pH #E
(Orion, 290A)E& o] &3l 2Asl9 3, AxxE= Con-
dutivity €] (YSI Model 55)&, 2244 (DO)= DOH|
E] (YSI Model 58)& o]43le ZA3lgch. NH,"-N,
NO, -N, NO,"-N % PO, ?-P¢] EX2 Standard Me-
thod (APHA 1998)e) wlelr E33% 4 (UV1601, Shi-
mazw)2 &A%t

H & AL Slsld Aed ANEE HF T A
2 2g g BAsiom AR QYA s 38 AY
o] Fh: A7lel AT F FA L, 72, €71, 7HA,
UALE, do2 vE 9 $2eA Axsds 4
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71 2 7)o AFAIZ 84S ALt =) A3
T AR ez AT F AP g} A
Aok FF4% AA 2 £X%Y AYL Avizr) g4
3ol A o)F F47t o|FeR F AYI|ZHEL
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olzfj¢] Table 2¢]] A (71ZhH A FA7H, &35
52 %%, 9A AFAZL F wHs YA 8
F 399 AAES VEE AR A AAE
AA A5 oz vepligld o)A AF(Jul 27) FY
4z e Avksz & AZLL 0.633 kgo|od 1, AR o]
H& AY I (Nov. 2ol 3.08kgo 2 vielgr) AlE
71705} AEAA ] Sz UGy 71T o
HAF AAEL 0.05kg d g} A 2o ARES Ve
W A]7]= 324A]17] (Aug. 183~Aug. 20051 0, E3F5H
%2 Fx=rt YA 4%12]7] (Sep. 28)F-El = Al Eo]

Fste SEd gl A9 B ohid 44E =Y

Zo]E57] A1Ebstgie). 43} (Aug. 24~ Aug. 31) Y 5x}A)7)
(Sep. 21~Sep. 28)ol] A &2] AA e e u)F] 242
£ 734l 9% Y2 FRoIAT B A F
49l w2} ¥A 2R il 4E Je
F Aoz A=} 63} (Sep. 29~Oct. 25) & 7x}A]7]
(Oct. 26~Nov. 27)l| AA-Eo] 71 RA| vehd o]
@2 AgF dxFH -5 ADAY 9 d8d A
o2 #Ege

2. AFAE S5 AARE

7Zh A AFAIZ ] g2 AR sEsie) AAEE
o] Wizl =3tk (Fig. 2). A FA17F 89 Eot Mg
x| ¥sls Y¥e maslel R Cro] 994 2.338mg
LtellA 0.536 mg L'2, Cde] 8Ye) 3.375mg LA
1.067mg L'2, Zno] 84l 6.265 mg L teA] 2.092 mg
L2 AF5xrt 34 7348 vbE Cut 84l 4.925
mg L[4 3.189 mg L™'2, Ni-& 994 6.305mg L14]
Al 4.405mg L2 v|A 7rigo] ek (Fig. 2). vH-S-
2 HHAY AAEL Cro] 9¥¢] 0.894g m 22
90.5%2] A|A&E, Cdo] 8ol 1.188g m2=2 80.5%2]
AAEE, Zno] 8¥el 2.176g m™ 22 79.4%2] AALS
Jelfigl e Cul 94 1.2328 g m22. 66.8%2] A A

&, Ni-& 99l 1.8948g m™22 71.1%9] AAHE&L 1}
e gt (Fig. 2).
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Table 2. Operation condition and growth rate of Hibiscus conabinas during experiment (area of reactor was 2.7 m? and 36

trees were transplanted)

Order . HRT Inﬂow(;:r(l)nclizg‘gratlon Total Growth
Period g biomass rate
number (d) k kgd?
Cr cd Cu Ni Zn kg)  (kgd™)
1 (Jul. 28~ Aug. 04) 8 0.32 0.76 0.68 1.58 2.47 0.90 0.030
2 (Aug. 05~Aug. 12) 8 1.13 1.12 1.48 2.35 3.27 1.19 0.035
3 (Aug. 13~ Aug. 20) 8 2.18 2.15 2.40 3.53 4.42 3.25 0.172
4 (Aug. 24~ Aug. 31) 8 4.64 3.37 4.93 6.17 6.27 3.51 0.118
5 (Sep. 21~ Sep. 28) 8 2.12 2.28 2.69 3.31 4.95 3.74 0.055
6 (Sep. 29~Oct. 25) 27 2.34 3.06 4.36 6.31 6.96 4.'75 0.011
7 (Oct. 26~Nov. 27) 27 2.26 3.36 4.25 6.54 6.51 3.08 -0.062
Mean - 2.14 2.30 2.97 4.26 4.98 - 0.050

HRT: hydraulic retention time
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Fig. 2. Removal of heavy metals from aqueous solution by Hibiscus canabinas.
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o] Fo ARG o= A& AR FLpchs P 2y
ol F3d Aoz FA g} (Viatcheslay et al. 1995).
AB Y b A FE4 AAAFE Db
7] §igte] S5 £H 5 AFENT 294E =4
sloir}(Table 3, Fig. 3). 25 F34-2 AlB9 N4
ZAZeke] e 0.104kg7bA] NS o 7P w@L 4
g Vel e awe] A A2 Cr, Cd, Cu, Ni, Zn 5
7z Az 0.802g DW kg d7Y, 0.690 g DW kgt a7,
0.745¢ DW kg™ d°%, 0.901 g DW kg d 28} 1.450g DW
kgtdlga &4z Cr,Cd, Cu, Ni, Zn ¥ 7 943
2 0.348gDWkeg ' d, 0.275gDW kgt dt, 0.158g DW
kgtd% 005gDWkg1d? 0211gDWkg ' d & e}

Wt

AREL] FFgo) 8Y TRE] 99 LAtolo] HFA
A2} EA o] o]foiHch HIF of AlAe) B}t W
dx AA R FAHE FF5Y ol Aoz wsh
A7zt F 71 2 Alxdga
£ Jedlie 713dE o 5 Al

ZA%geFo] 0.104kgd W AAF du] HHu|LL Cr,
Cd, Cu, Niz#} Znol| th5}ed 43.4%, 39.9%, 21.4%, 5.6% 2
14.5%% viEpigich &9 70953t A9 FHa £4
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Fig. 3. The amount of heavy metals removed and accumulated by Hibiscus canabinas.
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Table 3. Metals removed in reactor and accumulated by
Hibiscus canabinas

Amount

(A/R) x 100°

Max.
Metal (g DW kg™* day

Re- Accumu- Re- Accumu-
moved lated moved lated

Cr 0.802 0.348 1065 245 434 232
Cd 0.690 0.275 8.75 1.54 400 176
Cu 0.745 0.158 11.00 0.86 214 7.8
Ni 0.901 0.051 15.10 0.87 5.6 5.8
Zn 1.450 0.211 20.76 1.92 14.5 9.3

A: A point of time when the amount of metals accumulation was
maximum (Sep. 2~ Sep. 28, phytomass: 0.104 kg lunit™), B: Total
amount of metals removed and accumulated in reactor of 2.7 m?
during 70 days, C: A/R is amount of metal accumulated by
phytomass/amount of metal removed in reactor.

1A Total (g)B
Max  Total

2
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