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Phytoremediation Technology with Using Water Celery (Oenanthe stolonifer DC.)
to Clean up Heavy Metals in the Contaminated Wastewater

Jong-Sun Park, Joung-Du Shin", Sung-Su Han, and Duck-Joong Yoon (Dept. of Applied Plant Sci, Sangji
University, Wonju 220-130, Korea; "National Institute of Agricultural Science and Technology, RDA, Suwon

441-707, Korea)

ABSTRACT: The removal rate of heavy metals from the wastewater, the accumulation and translocation
of heavy metals in plants after transplanting, and the responses of water celery growth with different
wastewater treatments were investigated to determine the potential ability of green-remediation with
hydroponic culture of water celery. The removal rate and translocation of Cd, Cu, Ni and Pb from
different wastewater to plants were compared with cultivation periods after transplanting. The removal
rate of heavy metals from wastewater was different with each treatment, but increased with growing
periods of water celery plants. The removal rate of Cd, Cu, Ni and Pb in Artificial solution, Artificial
solutiontEDTA, Munmark industrical wastewater, Jungsun minewater is ranged from 22 to 73%, from
28 to 100%, from 13 to 92% and from 41 to 100% at 6 days after transplanting, respectively. The
translocations of Cd, Cu, Ni and Pb from roots to shoots in Artificial solution, Artificial solution+EDTA,
Munmark industrical wastewater, Jungsun minewater are ranged from 14 to 28%, 8 to 30%, from 28 to
45% and from 2 to 15% at 12 days after transplanting, respectively. In plant growth responses, it
appears to be inhibited the plant growth over all treatments excepts for Munmark industrial wastewater
in these growing periods. Therefore the water celery might play a useful role in phytoremediation to
clean up wastewater contaminated with Cd, Cu, Ni or Pb.

Key words: phytoremediation, removal rate, translocation, Qenanthe stolonifer DC, heavy metals.
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Table 1. Heavy metal concentrations in original wastewater
before transplanting (Unit : mg/L)

pH Cd Cu Ni Pb

Treatment

Artificial solution 23 073 525 099 211

Artificial solution
+EDTA 22 068 519 09 237
Munmark Industrical

wastewater 54 048 114 072 011

Jungsun minewater 7.0 006 0.01 001 ND

ND : 0.001 mg/L ©]3}.
AT AldTuiAE YA dukEo R slRe
o, S 523 2 Duncan’s Multiple Range
Test (p005)2 315tk

dut F aF

nuelel E=% Yelad

] A4 & AT EE2 G Fstage] uigh AA
A Wshe Hg 29 24 Hx viyg] AW Artifical
solutions} &2 FHF AT Gl = -t— 7—}74 0.73,

048 mg/Lolom, AAF 6o 9 ﬂﬂ

Aol Aol FHrEo] Urﬁl %‘Ifol *»}7] ik
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Ao AEHA FUch SAF FASARAHA dehd Al
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3). % FHHATE A4 T 6¥ole Cu H3ESAo] A
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Fig. 1. Hydroponic culture system modified for this experi-
ment.
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Fig. 2. Cd concentrations in the wastewaters with a different treatments after hydroponic culture with water celery. Vertical bars

indicated the standard errors.

Concentrations of Cu (mg/L)

—@— Artificial solution

—l— Artificial solution
+EDTA

—O—Munmark Industrial
wastewater

—O—Jungsun minewater

Cultivating periods{days)

Fig. 3. Cu concentrations in the wastewaters with a different treatments after hydroponic culture with water celery. Vertical bars

indicated the standard errors.
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Fig. 4. Ni concentrations in the wastewaters with a different treatments after hydroponic culture with water celery. Vertical bars

indicated the standard errors.
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Fig, 5. Pb concentrations in the wastewaters with a different treatments after hydroponic culture with water celery. Vertical bars

indicated the standard errors.
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Table 2. Concentration of heavy metals in shoot and roots of water celery after transplanting (Unit : mg/(keDM))
Days after transplanting
Heavy Treatments Shoot Roots
metals
2 4 6 8 10 12 2 4 6 8 10 12
Artificial
solution 0b la la 2a 7a 8a 20a 23b 20b 26b 26b 22¢
Artificial
solution Ob Oa Oa Ob Ob 4b Oc 15¢ 13c 3la 22¢ 24b
+EDTA
Cd
Munmark
Industrical Ob Oa Oa 0b Ob 1c 17b 62a 49a 27b 53a 0d
wastewater
Jungsun
mineoater 52 0a 0a Ob Ob Oc 0c 14c  0d Oc 0d 98a
Artificial 452 4la 39a 46a  60a 63 319 353 367b 426c S5la  723a
Artificial
solution 35b 33b 39a 41b 53¢ 43b 223¢ 382b 278¢ 448b 512b 483b
+EDTA
Cu
Munmark
Industrical 22¢ 19d 21c 19¢  57b  19% 744a  952a  630a  549a 350c 48d
wastewater
Jungsun
minewater 20d 21c 25b 17d 134  44b 33d 35d 38d 29d 28d 112¢
Artificial % 9% 10b 16a 152 22a  36b 3% 39 45  38b  50a
Artificial
solution Ob 7a 18a 13b  13b 1% 19%¢ 33¢ 43b 47b 38b 49a
) +EDTA
Ni
Munmark
Industrical 0b 2b 4c 5¢ 9c 10c¢ 53a 84a 71a 64a 55a 12b
wastewater
Jungsun
mincwater Ob 1b 1d 0d 1d 1d 5d 14d 20d 2d 6¢ 50a
Artificial
solution 9 8a 6¢c 16¢  11d 21b 128d  128d 71d 170c  145d  175c¢
Artificial
solution Oc 3b 10b 22a 14c 4d 365a  179b 83c 145d  439a  194b
+EDTA
Pb
Munmark
Industrical Oc Oc 19a 2006 3la 33a 243b  139c¢  156b  175b  178c¢ 223a
wastewater
Jungsun
mine%v ater 3b 2b 9%b 5d 21b  19c 153¢  255a 37la 340a 401b 110d

a-d : Within each cultivating periods, means followed by the same letter are not significantly different at the 0.05 probability level.

AMEHUY 352 =X

Artificial solution 27}, S &HF 2 FANET T ) AF Fas FEo] S/ A%S BEok G4, Ni € Pb
AEdol] vvelE A% = AEAF Cd, Cu, Ni 2 Pb T e AAGt viuy ANE L@AEsY S v
= Table 29} 2t} Artificial solutiono] A Cu w52} 7 of vlsl AEA AAH FEE T B 90, i 1504)
§ A 29 A ol 45 mg/kgeldla, 12 = 7] E9kth olfdt e Yang and Lee” 9 A7olAE
&= 630 mg/kgo = yehgth Bajorle 29, 1299 77} FF FAARA 5 ?rloﬂ’ﬂ‘ﬁ Fado] 5~10d] AEA
3186 mg/kg, 7229 mg/kgO & A57|70] ALBLE AE of HHerhs Hargh dXsstk
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Cd, Cu, Ni and Pb from the roots to the shoots in water celery at different waste waters after

transplanting into hydroponic system. Vertical bars indicated the standard errors.
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Table 3. Growth responses of water celery growth at different wastewater contaminated with heavy metals

Days after transplanting

Treatment
2 4 6 8 10 12
Artificial solution 261434 26.7+2.3 23430 21412 24.7+24 16.5+2.2
Artifical solution 47,1 %8134 %3150 240443 157433 212421
+EDTA
Plant
height
(cm) Munmark
Industrical 244419 321428 24.3+2.2 253411 24.5+34 30.7+4.5
wastewater
Jungsun
ineoater 16.6+2.9 26439 18.7+24 23435 19.8+25 204449
Artificial solution 23.8+2.2 295445 29.0+33 276164 257441 19.7+24
Artificial solution !
Root +EDTA 47423 19.7421 21.0445 16.7+34 178414 208434
length
(cm) Munmark
Industrical 11.645.5 14.844.5 93423 114423 12.5+1.2 14.8+1.8
wastewater
Jungsun
minewater 6134 119433 9341.1 102446 83121 133421
Artificial solution 04+0.21 050.10 1.0+0.01 04201 0.3£0.09 0.30.19
Aifical solution 1404 04101 09404 04:018 01:012 16109
Dry weight
(g/plant)
Munmark
Industrical 0.2+0.09 0.2£0.01 0.3+0.09 0.3+0.12 0.2+0.11 0.2+£0.09
wastewater
Jungsun
minewater 04+0.08 02+04 0.1+0.05 03+0.08 0.10.01 01+0.02

" means * standard error.
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