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This is the research to prepare a purification program for relatively less polluted stream by using phy-
toremediation. We calculated a treatment amount of nutrients followed by growth of Helianthus annuus (a kind
of sunflower), setting up the plant reactor in the hothouse. Moreover, to investigate a field applicability, we
could find increased contents of nitrogen, carbon and hydrogen in plants by setting up a H. annuus planted arti-
ficial floating island in an irrigation canal. When we changed the dissolved inorganic nitrogen(DIN) con-
centration of the influent from 28.5 to 199.2 mg// and the dissolved inorganic phosphorus(DIP) concentration
of the influent from 13.3 to 25.4 mg/l, growth disorder has not appeared though it is much higher than the cri-
terion of water for irrigation. In this case, the removal rate of DIN was 81.7~98.6%, and that of DIP was
81.9~98.4% in 3 days stay on average. It has appeared that the efficient hydraulic retention time(HRT) was
48 hours. The following contents of nitrogen, carbon and hydrogen of H. annuus appeared in the artificial float-
ing island: nitrogen was 3.2~7.8% in the trunk and 3.0~6.3% in the root. Carbon was 40.1~57.7% in the trunk
and 43.4~53.8% in the root.
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YE3H TCE(trichloroethylene)E A A3H7] 918 B2 A Al &
EZYZ o]gs) #2]e B (Gordon, 1997)7} 121 PCB(poly
chlorobiphenyl)Z A 713+ B % (Donnelly ef al,, 1994) It} =
3] WA 2 AE Egoltt BERE WA FALE 5
s17] Q18] AES o83 vl A AkEl7E UTH(Thiry ef al,
2002a; Victorova et al., 2000b; Zhu and Shaw, 2000c).
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g9 712deH H87FsES BAGAL e dE JAIZE A
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gk Cd, Cr, Cu, Ni B Zn 59| S5 AAN e A+ < ¢,
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T, 2004)7F Ao} S FojENEFAAME AU E o] &3t
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Z1o] 30 cm, & 30 cm, Z°] 400 cme| ¥H3-Z(Fig. 1)5 A|%s}
Atk fFAHE 4 2 L Tl A7 eAE Fola ok =l
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d Azole] 714e) vy old Al 55t FH o8 =
a0 F9 5ol B WSS wAely) Sla) AES A4
Fe oz MexE ePsgon txre tade dd
o AABeA Zaiict.

W52 AT 7l 8] dake] fYFok fEH] THE 1250
o= T Qi B7he] FAA ) WA E FEF Bejol=

ol g3l H annuus?] Y215 SHAZL 2 HYe fsiA
g, SH 92 A2 dAE AR Aol Felgh Aok &
ankgk X EOA Ao o]2% SHO| AR A7 AALH,
Zol7} 15~20 cmdll =S of vEg=0l H. annuusE 20 cmZt
Ao R 1875 A3t ol FYFHE AT THE A%
Aoz FUATNE Aol Be 2 10AHEH &% AR =
FETFS BHrf Bol sl 1 o] %9 dAlRko] A& A7t =

FUFF F2 AA 2. AE WY F A A

siaer Aol Qg gte s BAsle] Aelads AR,
FUFe] §EE T 2H0 55 55 A8 6.5meie

F3INA dezU L] B E 57102 FAAZH T AlsEAlel
FAk) 93] AARE S AL °ol8
A9} Q1e] & ARt
A4} Qo] FEE 2AF]
A FAA A o] 83 = G 2N E ZASIAT &
Ho] EFE]= Aol Aloke] Jdx $4E BAEH] 9
3 A AL} v FY L BEME FE3SIe] Table 13 2+
2 o g Azt AT BEAE 2:19 HERE F s
o H. annuus®) 7373 EAl] Wl 22 e i Qlo] #4

55 FI9& 3 32 HE §lo] s F 930 ml/
tree - dayZ sl oH 3 E9te] Hi FUFEE, FETEE, #
dFetE, AAT € AALEES 2V

SHA 79 33} AYe] B 4Y o5 A TS Yol
3 b A9 71HE A Bgtew 89 12k A%

st

4

QIZH = (Artificial Floating Island) A&

FHEE H annuus®] 2AAE A3 A4k 1§ %9
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S 9l 3l A P40l TR F-X(floating island)©]
AA - A2 AR89 eHFig. 2). Z2°] 1.8m, Z 0.9 m2] ¢l
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Table 1. The composition of synthesized culture solution

Solution Materials Unit (g/l)

NH4NO; 9

A KNOs 68.2

Ca(NO;)-4H,0 56.7

Fe(EDTA) 32

MgSO0;.7H,0 29.4

KH,PO, 24.6

MnSO44H,O 0.72

B ZnSO47H,O 0.52

H;BO; 0.74

CuSO,5H-0 0.075

Na;MoO,-2H,O 0.126

Fig. 2. The artificial floating island in an irrigation canal.
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Table 2. Removal amount and rate of nutrient by Helianthus annuus.

4

&Y FI|E2(DIN)

DIN®] T&x 795H 997K AR Uro] SAUT
(Table 2, Fig. 3). /3% @A f<9)<* DIN®| $%+= 28.5~199.2 mg/!
7HA] 2A sk e, ARAR Y S 1828.7~12784.3 mg/m’
ATk, ole} o] AFEF FYPS o] 2HE TR A
7Vs3S ANEeb) 918 210 F Haper(1978)7) #33F - %3}
T4 71291 2690 ug/IN ETH 108114 1008] o)+
wol] =E2AIFAT 5 St SAFAIET|FA TE9
mg/l BT}k 2F 28914 2008 A% HL& Fwo|t).

4 AALL 79 HF 97.2%01H, 8YS H 86.4%, 98
Bt 87.6%= HElSTE A2 DINS| dHAAAZTS B
79 12+ Al719)E 809.3 mg/m>day°l™ A AE&-L 32.9%AT}. 22F
A 719 AFFAAZEL 677.9 mg/m>dayol™ AALS 32.8%
o} 3xkA)719] AHFAAZFEE 455.0 mg/m>day ©]H A AL
24.7%A3L, 42X 719] LA AZE 455.0 mg/m*day°]™ A A
£ 31.2%3Att. 8¢ 12} A1719] LA A 3013.6 mg/m*day
o) AAGEE 43.7%310™, 2x}A1719] LFHA| AL 2804.9 mg/
m*day®]™ AAEE 30.0%AT}. 3311712 DH A AT 2434.3
mg/m*day°|™ AALEL 273%ATh 9¥ 12A1719] LA A
2 3735.0 mg/m™day°]|™ AAELE 29.2%3 T},

DIN DIP
Period Influent quantity = Removalquantity ~Removal rate  Influent quantity Removalquantity =~ Removal rate
(mg/m*day) (mg/m*-day) (%) (mg/m*day) (mg/m*day) (%)
9 2461.7 1247.4
10 1452.8 59.0 888.4 71.2
L1 11 757.6 30.7 2473 19.8
12 217.6 8.8 92.8 7.4
Total 2428.0 98.6 1228.5 98.4
Average 809.3 409.5
12 2068.5 862.4
13 900.0 435 572.8 66.4
14 841.2 40.6 157.8 18.2
Jul. I
15 292.5 14.1 106.9 123
Total 2033.7 98.3 837.5 97.1
Average 677.9 279.2
20 1844.0 862.4
21 839.9 455 397.9 46.1
22 493.0 26.7 148.5 17.2
Jul. 111 23 308.9 16.7 105.3 12.2
24 178.0 9.6 193.4 22.4
Total 1819.8 98.6 845.1 97.9
Average 455.0 211.3
25 1828.7 854.7
26 1038.7 56.7 482.8 56.4
27 379.9 20.7 167.2 19.5
Jul. IV
28 290.9 15.9 147.8 17.2
Total 1709.5 93.4 797.8 93.3
Average 569.8 265.9




Heilianthus annuus®ll 213+ 2GE 3Edol42] Phytoremediationl] 3+ A+ 169
Table 2. (continued)
DIN DIP
Period Influent quantity Removalquantity = Removal rate  Influent quantity Removalquantity = Removal rate
(mg/m*day) (mg/m*day) (%) (mg/m’-day) (mg/m*day) (%)
6 6893.0 1124.2
7 4929.7 71.5 754.5 67.1
Aug. 1 8 1097.5 15.9 204.3 18.1
Total 6027.2 87.4 958.8 85.2
Average 3013.6 479.4
10 9337.0 1501.5
11 4239.8 45.4 570.7 38.0
Aug. 11 12 2317.2 24.8 550.2 36.6
13 1857.7 19.8 252.1 16.7
Total 8414.7 90.1 1373.0 914
Average 2804.9 457.7
15 8930.3 1626.5
16 2344.1 26.2 246.9 15.1
Aug 111 17 2411.9 27.0 674.7 414
18 2546.9 28.5 411.2 252
Total 7302.9 81.7 1332.8 81.9
Average 24343 4443
7 12784.3 1481.5
8 4884.1 38.2 566.9 38.2
Sep. 1 9 3560.3 27.8 328.0 22.1
10 2760.7 21.5 375.4 253
Total 11205.1 87.6 1270.3 85.7
Average 3735.0 423.4
@000 o 877} o) o e Aeladke Zsiiont 234 %3k
B Second day —Q—U:] 8% 1;'(}-9] 73“01"011_] H]’% % %]_7] %f—fg& 3?——_17&94 @@7]71}
el (3 o s
(\g 4000.0
£ EEM 27(21(DIP)
g 0o 4 T/ AP §54 1840 4P 2 I
% oo | A53te] FAle APk AP2NRE 7)o o]27)7}
e A A GAME §9%5 DIPY] BEE 13.3-254mgl 7 %
“ w00 | A e, ol mE A FALS 854.7~1626.5 mg/m’
& [I_I m I_Lj I ATH(Table 2, Fig. 4). ©]9} 7o] TEER F3k o] f= o.d%
0 Julo 1 dul I | Jul. | Jul, IV | Aug. | Aug.ll Aug.ll Sep. | %ZO]-OHQ] &']%7}%}6]—% }\]@8}7] -?’]?l— 7)19& Haper(1978)7]- T
e SR e woggrs) sadpe) 7129 77 pgip 2t 1720004 32400

Fig. 3. Monthly removal amount of DIN by Helianthus annuus.

H annuus®] DIN dREAAES B 79 AA o=
43.5~59.0%°] AAES BAoH, =4 doll= 20.7~40.6%, A A
o= 8.8~15.9%% HATH 84 A Lol 26.2~71.5%, EX
o E 15.9~27.0%, A ol 19.8~28.5% T} 98 A ol
= 382%, EA GollEe 27.8%, AA Zole 21.5%= YERt
AF A} v-S 2979 AALo] 72lE 72.2-89.7%, 8L
53.2~87.4%, 98l= 66.0%= UER, 340 AAES 3
o] £ o HRTO| 2 AXrF 932 Aoz 391 =S o}

3 79 3x1e] G- A8 FAS kel g A7k

o1 EE FEo =E3AAT ol EIUE S A5 7 F
A 55¢1 0.1 mg/l BTk 2F 13004 250) A% H& Eolt),
4 AALS 79 HF 96.72%°11 8YS HHE 86.2%, 9
4o Ha 85.7%=2 UERTE < DIPS dHAAAHZS
B 79 13 A7]9E 409.5 mg/m?-dayol™ A|ALE 32.8%
Atk 2232 719] AHFAAZFL 279.2 mg/m*-day°]H A AL
2 32.4%Ath 321719 dHFAAFS 211.3 mg/m*day ©]
H AAEL 24.5%A3L, 434X 719] D FAAZFS 265.9 mg/
m*day°]™ AALL 31.1%ATE 8E 13+ A17]9] LBHA|A
F 479.4 mg/m*day°l™ AAEE 42.6%°™, 2244719
QG FAAFEL 457.7 mg/m>dayel™ A AES 30.5%3 T}
33N 71 9] ABFAAZE 444.3 mg/m>dayo]™ AAEE 27.3%
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Table 3. Watertreatment capacity in artificial floating island by Helianthus annuus.

Artificial floating island
Item
Plant dry weight(g/m?) 683.5 681.6 802.3 580.9 559.3
. Stem 4.1 7.8 5.6 5.6 3.2
Nitrogen
Root 5.4 6.4 3.8 6.3 3.0
Stem 46.3 57.7 46.6 42.8 40.1
Content(%) Carbon
Root 434 53.8 49.6 47.7 46.7
Stem 32 6.0 5.0 5.8 4.6
Hydrogen .
Root 6.1 5.5 52 52 5.6
1000.0 i) AAR|(CNE)E 21 E7)00AM A 74, AL 1252
w00 folgfreten At 9.49) HE Kl om, walolAel] HA 8.0, AT 15.60%
800.0 +[]DO Third day -+ 10.7= L}-E]-";)\LE]—
= O Fourth da M)
g 7000
g‘ 600.0 4 %
£
T 5000 r =
: B ATE AuE 99 32 FHoR Fsh] SAstel
s 0 S0 WS B8 #lshe T wds 2 A
g 00T o5 el $99 ST E A8 2dEH T35S o
® o §9 Gre] AEPPrS vhskuA S Y HEFORE
1000 r ket dEA H ammuuss o83t AAT 7 = Fae}
o0 U Qle] B g ¥ At
Julo 1 Julo 10 Jul. e Jull IV Aug. | Aug. il Aug.dil Sep. | @@3—7]}?‘3 ?_:1.7]0]] 0]E7]77]-7<] _ﬁ_%}gﬁ DIN-O/] %‘—L:_LC: 28 .5~
Month/Period

Fig. 4. Monthly removal amount of DIP by Helianthus annuus.

Atk 99 12A719] AHFAAFE 423.4 mg/m*daye|™ A

&2 28.6%AT}.

H. annuus®) DIP DEAAES B 79 A Doll= 46.1~71.2%
) AAEE BYoH, EA) Eols 17.2~19.8%, A Eoll= 7.4~17.2%
Atk 88 A GollE 15.1~67.1%, SA) 2olle 18.1~41.4%, A
Holli= 16.7~252%AT} 98 AA| Foll= 38.2%, 4 doll= 22.1%,
AR ol 25.3%=E UERSTH A8 A7 9k 2dA19] Al AEo]
7LolE 63.3~91.0%, 8LlE 56.5~85.2%, 9¥E 60.3%=E L+
e, E34< AAES IEEle] £ o 82248 vy R
HRTE 2¢ A=r €9t Aoz gl= o)

Etaol HA R

Bhash AASHEe 279} Be) HEoE \Pro] Bhi, S,
A4 TS AT Ho annuus®] YAEA AIE Table
39 YeRSIT). 13- R=olX Aol H annuus®] A5 HE 2
A 559.259 g/m*e} 3L 802.279 g/m? ] AT},

A Z71904 FATFHS 3.2%0)3L HATHHFS 7.8%=
Bt 5.2%= ettt o] HATFEFS 3.0%0] L HL
S 6.3%A M, Bt 5.0%= HEFST

i 27004 AR 40.1%0)3 HALTFHFE 57.7%
2 B3t 46.7%= ERTE el A HA RS 43.4%0] 3L
TFHHEFL 538%™, Bt 48.2%= e

1992 mg/l 7FA] WEAIZ o™, A &A1 -Fr -2 1828.7~12784.3 mg/
m* 7EA Atk AA AL A AL 81.7~98.6%A T

AHA AL 79 A DolE 43.5~59.0%2] AAEE IO
W, E4) ol 20.7~40.6%, A oll 8.8~14.1%= UERITH 84 A
A ollE 26.2~71.5%, 4 EollE 15.9~27.0%, AA o=
19.8~28.5%% UERJTH AAH oz 2 uf vkS 2dx]o] 79dl=
72.5~89.7%%, 8YolE 53.2~87.4%A L, 99oll= 66.0%= LIEt
e
Y44 DIP F5+= 133 mg/ellA 254 mg/7HA] WsiA A o H, 4
ol FYPYS 854.7~1626.5 mg/m?*ATE A A A|AL&L
81.9~98.4%%= LJEFITH.

dEAALES BA 78 3A 2ol 46.1~71.2%2] AALES B
Aom, S5 dol| 172~19.8%, AR Fol| 7.4~172%3c}. 82 A
o]l 15.1~67.1%, B4 2ol 18.1~41.4%, AA ol 16.7~25.2%
o] dHAAES Btk DINY DIPS] A A&o] w3 2dA o) &
FZel AALES BodFo] HRTE 29 A7) ggke Aow g
<l =3

ol9} 1o AFAFAZE PR B W H annuusE ©| &S
phytoremediation 7'-& EA| &} 2] ot 3739 =4 2] 74<]
HiEFRth 84 B e 0dyogle ok, 7 2 545
o] Q¥ A& A EE&S Szt & F Jo, nHodds] &
Az o] AAA, 844 axd= AL F IS Aolgh. =
gt phytoremediation”|'& ©]&% A9 719 Fx8 W
Hlal Al fAH7F AEstar 2 9] ol the ARERgo R
g orjdo] obd 3 GHE s BF oz o]g & & gl
< Aol
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