PRENIRSE R AR 2R (250, 123~133, 1993 123

4ol eEH HEx Ky
Tal(Cuel B4
o] 3% - A

Ao dgtn AdnE §38 %
(1993 349 169 A+

Are] Al

Absorption of Copper(Cu) by Vegetation on Reservoir
Sediment Exposed after Drawdown

Choong-Woo Lee and Young-IlI Cha

Department of Environmental Sciences, College of Natural Sciences,
Kyung Hee University
(Manuscript received 16 March 1993)

Abstract

Shingal reservoir is a relatively small (211ha) and shallow impoundment, and
approximately 25 ha of its sediment is exposed after spring drawdown. At least 14
vascular plant species germinate on the exposed sediment, but Persicaria vulgaris
Webb et Moq. quickly dominates the vegetation. In order to estimate the role of the
vegetation in the dynamics of heavy metal pollutants in the reservoir, Cu
concentration of water, fallout particles, exposed sediment, and tissues of P.
vulgaris, was analyzed.

Cu content in reservoir water decreased from 13.10mg/m2 on May 15 (before
drawdown) to 3.08mg/m® in June 1 (after drawdown), mainly due to the lowering of
water level. Average atmospheric deposition of Cu by fallout particles was 10.84 u
g/m®/day. Cu content in the surface 15cm of exposed sediment decreased from
5.094g/m? right after drawdown, to 0.530g/m? in 41 days, which is a 89.6% decrease.
Therefore up to 99.7% of Cu in the reservoir appears to exist in the sediment, only
0.3% in water.

If the rate of atmospheric input by fallout particles is assumed to have been the
same since 1958, when the reservoir was completed, cumulative input of Cu during
the 38 years would have been 150.35mg/m2, which is only 3.0% of Cu content in
sediment right after drawdown. Therefore, most of Cu in the Shingal reservoir must
have been transported by the Shingal-chun flowing into the reservoir.

Standing crop of vegetation on the exposed sediment 41 days after drawdown
was 730.67g/m2, of which 630.91g/m2 was P. vulgaris alone, and Cu content in P.
vulgaris at this time was 6.612mg/m’ This was only 0.13% of Cu in the exposed
sediment, but was 50.5% of Cu in water before drawdown, or 167% of the average
annual input of Cu by atmospheric deposition. If other plants were assumed to
absorb Cu to the same concentration as P. vulgaris, total amount of Cu absorbed in
41 days by vegetation on the exposed sediment is estimated to be 1913.3 g, which is
a considerable contribution to the purification of the reservoir water.

Key Words : Copper, Absorption, Reservoir, Water, Fallout particles, Vegetation,
Exposed sediment, Pollution, Deposition.
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BELHEAC] AFAY IF FoE FYHE
BAEE FE FYT dVIZRESE FeERleld
(Lisk, 1972), o] Ed& &Y F ¥ o HY
2 HAY, A4, £ 599 830 HEE F FF
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W HoldAHo| o FHEH oF, 2F T 4H &
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el (Foerstner and Wittmann, 1981). 849
sl FE(Cule B8 2FqA o7ty 54
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A EFeY, B £9 Cus:Er #F 293428
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gaugeZ W FAsER XFVE dXsu 39
264 ¥ 79 4U7tA AEAE 2HEAEG X
Ay &% 31 Zdr] AZAL 245 cmolReH,
ZEHERY 138 271 A3 mE 8YeA
1997442 - HHTable 2).
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GFAASZ 243 th. =3 membrane filterg 3t
3t o B2 Expapier NF-2 (Sumitomo Chemical,
Japan)el chelateA]#] Expapier operation manual
(Anonymous, 1992)¢] w2} XRF(Xray fluorescence
spectrophotometer, Rigaku 3063, Japan)® Cu &
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& 7102 Fedo 24E F A48 39 4A
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o2 5t

24 =58 MY F29 Cu &%
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Fig. 1. Map of Shingal reservor area, with location of sampling sites :

(a) fallout particle sampling

sites (P1 and P2), (b) reservoir water sampling sites (W1~W8), (c) exposed sediment and
vegetation sampling sites after drawdown (S1~S3), (d) cross section of study arealA~B on
(c)], (e) 3D map of the Shingal reservoir area.
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FALNo 2 AXNEYE & F GFAASE Cu ¥EE
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23 A7l 2 AR AeA F 49 Cu ¥%
(Table 1)& 0~17.83ug/I2 & =}olZ Jehligle
4, 69 190 W1, W3, W52 3x3dMEe £4
o] Yol A& A RYPLEZE of 3XFE AT
5ol tidtd &FAA7] £ AFE Cusx 24
W2 BAEAE @& A FHAZE FHA Aol
T oA Aozt glslew (F = 138, df = 2
and 8, p > 0.05), AFAHE HFA Atolo|lx f¢
& apo)7b YITHF=1.52, df=4 and 8, P>0.05). A
7123l AR 2AAY A2 89 HE Cu F&E

Table 1. Acidity, depth(m), Cu concentration(ug/l), and Cu content per unit surface area (mg/m?) of

reservoir water on each samplng date

Samptling May 1 May 15 June 1
pom pH depth  Cu(ug/l) Culmg/m®) pH depth Culug/l) Culmg/m®) pH depth Culug/l) Culmg/m?)
Ww-1 8.1 14 13.19 1847 75 1.1 12.27 13.50 - 02 - -
W-2 8.2 0.7 12.66 8.86 74 0.7 13.64 95 105 05 27.88 13.94
W-3 79 0.6 9.29 557 77 0.9 2.73 2.46 - 02 - -
W-4 78 0.6 12.84 7.70 85 1.0 11.36 11.36 102 05 091 0.46
W-5 79 1.7 11.77 2001 9.1 1.6 1273 20.37 - 02 - -
W-6 8.4 1.2 840 10.08 9.0 1.0 13.18 1318 92 06 0.48 0.29
W-7 9.4 1.0 6.81 6.81 9.2 0.7 14.09 9.86 95 06 116 0.70
W-8 9.3 2.7 624 1685 9.3 1.8 13.64 2455 99 07 ND ND
mean 84 1.2 1015 11.79 85 1.1 11,71 13.10 99 04 6.09 3.08
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AU7t &8 F 2 Yol deEEe Ael AHY
2YREH F4ie Cud ¥E d9HyTEY F4To
2 Jeha o]8 B 49 Cud 43 ¥lusdty] $3
o zt AAFA P A A2 GHFEEAHT £ Cu
3 2(mg/m’) & Al Table 19 7 AA15H%
on, 1 AAAe Cu =g/ x 10%/m®) x &
A(m) X 10°%(mg/ug) ©1Ach
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=]
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2ol Mg EJ7]0 B3] 2
F2 10 um Bk Ze 34 2
, 1990)¢] Hej2 Zetetich(Table 2).
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ZAL717 1209 Ftll 23Hg Cugl 3¢ P2Ro
Pl o gfon, ¥ AH F#L 1301.26 ug/m”°]
vt wekd AR o] FarEA g3 1€
Cu® & 1084 + 253 ug/m*/day Hubn A&
T glen, 449 ¢ 69 Fitd HIAE YehY
AcH(Fig. 2).

33 M F2| Cu #E

28 AU Cu vE(Table 3)= ¥ wz}
Zpol 7t o, AA(S1~S3)ol WE Aol e
2 FYEHF = 5.18, df = 2 and 30, p > 0.05). 28
v Alzhe] A waEbd e @A FAE e
o] (F = 26.23, df = 4 and 30, p<0.05), =& ¥
ol 26.85 = 1.20 ug/g olgleyt oF 409 %9 7€

Table 2. Atmospheric deposition(ug/m?) of Cu by fallout particles near study area during each

sampling period.

Pl

P2

Periods Days Mean
<1.0um >1.0um Total <1.0um >1.0um Total

Mar 26 - Apr 11 16 328.08 221 330.29 288.43 0.19 288.62 309.46
Apr 11 - Apr 30 19 218.46 15.20 233.66 93.96 28.33 122.29 178.02
Apr 30 - May 9 9 74.90 0.42 75.32 13.31 0.72. 14.03 44.68
May 9 - May 17 8 79.67 ND 79.67 57.66 ND 57.66 68.67
May 17 - May 30 13 122.71 19.67 142.38 66.50 10.67 77.17 109.78
May 30 - Jun 13 14 111.68 2054 132.22 6.94 31.89 38.83 85.53
Jun 13 - Jun 27 14 241.56 28.99 270.55 177.35 17.65 195.00 232.78
Jun 27 - Jul 11 14 92.43 59.16 151.59 96.88 62.37 159.25 155.42
Jul 11 - Jul 24 13 61.24 46.31 107.56 70.49 55.94 126.43 116.99

Total 120 1330.73 192.50 1523.23 871.61 207.76 1079.28 1301.26

25 7 16Y9lE 280 = 079 ug/gl 2 °F 90%7F 743

Cu

0
3/26 4/15 5/5 5/25 6/14 7/4
Date

Average daily deposition(ug/m%day) of
Cu by fallout particles on the two sam-—
pling points. &, pl ; N, P2.

Fig. 2.

7/24

Aok 22y 648 256UA 79 6Y AtojdlE 238
ot FHE JERRI

AY 2k Fad glojA e AN mE BYd
HAF Cu &F (g/mH)E Table 30 A JeEhiRL
t} 1 AL Cu BE (ug/g) x 10 (g/ug) X
@944 (0.15m% x HY ulF x 10° (g/m®) ol
ow, AY H|F L S13} S20AE 1.3, S3oA = 1.2
oldth Ay dHAAG Cu &3S AY =2 %
o 69 599 5094g/m’lA 79 16YoE
0.530g/m’2.2 89.6% 7+ A3t
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34 MU el Ao MY

w&d AU S1, S2, S3 A ARAN zAE 4 Ao o aree
2o BE 14% o2 EARHANTable 4). #48 3 area
AE Woluxl ot FRHA ¥ ¥ AL RN
Bz JEigey o EE of 14Fe &3 Ao s

2 AZdc 4" 14F9 dFEL 1494, =2 2
dA Agojon, thdddES izt (Kyll-

inga brevifolia var. leiolepis Hara)$} A2 Aol 5
(Rumex crispus L.) & 2% #o]3ith o ‘ , ‘

O]EE_ %_ ‘%011?] (Persicaria Uulgaris Webb et 920605 920616 920625 920706 920716
Moa)7t A 4% MAF F Aslel ug 681~ oo
86.4% 5 AR st A ZAP|ZH AX @A A Fig. 3. Temporal change of Cu concentration
=2 Yz ggen I $AEE AL Fad o (ug/g) in the exposed sediment.

2t 4z 271319 H(Fig. 4a). B9 # olgje R ¥

Table 3. Change in concentration (ug/g) and content per unit surface area (g/m? of Cu in the
surface 0.15 m of exposed sediment.

Site Cu concentration, ug/g Cu content per unit surface area, g/m"
Jun 5 Jun 16 Jun 25 Jul 6 Jul 16 Jun 6 Jun 16 Jun 25 Jul 6 Jul 16
27.46 25.50 2.01 5.37 2.17
Si 26.79 5.43 553 2.83 3.14 5.200 2.558 0.578 2.207 0.420
25.75 8.42 1.35 25.75 1.14
2848 14.04 2.12 443 2.36
S2 24.85 6.56 3.65 512 470 5.031 1.754 0.600 1.044 0572
24.08 6.34 3.46 5.52 1.75
2824 17.52 10.26 9.42 3.76
S3 28.82 3.22 6.98 10.50 3.42 5.052 2915 1.579 1.759 0.597
2715 27.85 9,08 9.39 2.76
Mean 26.85 1277 494 8382 2.80 5.094 2409 0919 1.670 0.530
1000052
3 Cu contents
1000
1000 (b) Date Shoot r‘
Per. Biomass — 100
10002) = 100 g., 10 ﬂ ]
Biomass r . Shoot
100 3 ) 100
;Bo v/ /” Per. 0 [_l Root L
10f - ; i 1000
V695 7/6  1/16 100 10000

Fig. 4 (a) (J, total biomass(g/m?) of vegetation excluding Persicaria vulgaris, 72, total biomass of Persicaria
vulgaris ; (b) shoot and root biomass(g/m?) of P. vulgaris ; (c) Cu content (#&/g) in shoot and root of
P. vulgaris, on the exposed sediment.
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Table 4. Plant species on the exposed sediments of Shingal reservoir, and their biomass
(g/mz) on successive sampling dates. Mean of 9 replicate samples.

Scientific Name Jun 25 Jul 6 Jul 16
Persicaria vulgaris Webb et Moq.
Fimbristylis dichotoma for. depauperata Ohwi 18.26 203,04 63091
1.28 13.69 23.13
Panicum bisulcatum Thunb. B 1765 55.99
Barbarea orthoceras Ledeb. 457 2085 _
Gnaphalium gffine D.Don 0.63 5.41 201
Portulaca oleracea L. 0.27 2.36. 3.44
Amaranthus lividus L. - 471 391
Rorippa cantoniensis Ohwi - 3.24 0.18
Kyllinga brevifolia var. leiolepis Hara - 128 0.93
Alopecurus aequalis var. amurensis Ohwi - 281 0.89
Lindernia procumbens Borbas 2.66 -
Chenopodium bryoniaefolium Bunge - 2.64 113
- 2.37 2.59
Rumex crispus L. _ 0.16 0.23
Agrostis clavata var. nukabo Ohwi 179 6.38 468
Total 26.82 290.11 730.67

Table. 5. Biomass(g/m? and Cu concentration(ug/g) of Persicaria vulgaris Webb et Moq. on the
exposed sediment.

Orea, Sampling Biomass, g/m’ Cu concentration, ug/g
an
& site Jun 25 Jul 6 Jul 16 Jun 25 Jul 6 Jul 16
37.69 650.37 417.10 4.06 4.86 9.01
Sl 21.37 62.49 792.12 5.60 9.21 10.46
11.46 135.38 1007.31 348 3.08 6.12
27.35 317.63 859.36 1.37 4.69 7.57
Shoot S2 9.76 89.93 180.38 5.98 12.27 6.99
19.28 87.16 659.63 9.44 469 13.07
15.82 71.46 275.31 2.33 2.44 10.46
S3 6.30 96.29 821.86 1.63 2.60 1365
15.33 188.43 162.93 1.37 13.57 11.91
Mean 18.26 188.79 575.11 392 6.38 9.92
- 53.04 40.28 - 11.03 20.82
S1 - 6.61 71.06 - 0.87 1752
- 8.17 140.59 - 5.87 18.29
- 22.56 77.42 - 37.10 1771
Root S2 - 7.02 23.84 - 34.02 17.71
- 7.31 55.08 - 6.21 18.87
- 4.23 23.70 - 8.48 18.49
S3 - 8.28 50.47 - 22.94 6.64
- 11.04 19.72 - 3.17 30.68
Mean - 14.25 55.80 - 14.41 18.52
Total 18.26 203.04 63091
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o] 28& BAHRG A FA7 dopsidn, /A7
A (Panicum bisulcatum Thunb.) °|&jdl& o] &%t
F58 QAP ZA FUHEA R eH, dxyol
(Barbarea orthoceras Ledeb.) % 9% & $A7t
wha) o} whE A HEH-E A3 TAFEIUT

A gEet By AHFE TR EAR
e AS, R A7l E Hele] A Fol
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(Table 5 and Fig. 4b).
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NEAZA ZAAS W x2AY A9 44 F
$7%q 2eiWel AW Cu ¥E (Table 5k A4
ok gelold ¥al ol SAY A 79
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g 4 & Zelth

A ZA7)ZH AR RAIA G
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I, pHZb S/t uwa gd=st 343 fa
(Miller and Donahue, 1990)8}7] W& Heo|th =
Bl 69 2590l 79 6Y Atold= 23]8] 2zt
Z717F dehda glon, ojA2 AU EHAAMY &
9] ZFurol uizl A FHEA] 28 7184 Cu7t 15
cm o2 RE HFOZ A5% Aoz Bt A
Y %9 Cu 559 ojg} & 79 Ao #3jA
= BT AAZE AL o] FojAol # Aoz A7
t}.
ZalEglel g AAAFAR FYEHE Cud ¥
19 ¥ 1084ug/m”dayol o, 1692 /9€ Curt
Ay Agae Azdod 2 $%E 3957mg/m’
ojt, A 2l 19540 FF(EAT, 1990)= %
omz oF 3RWZF wid & ko] Curt ZsHElel
o8 SUEATHH 1 FFL 150.Bmg/m’E, FF
A3 w27t M & @Y AY F9 Cu T2
30%°l &3ttt metd AZAFA Wl Cux A
o Aa Add F sH o8 FYd Aolzgtn &
T Ut

FHF 2AYS 749 169 B9HY CusEE AA
29 BgolA Zhzt 992 ¥ 1852u/gl 2 A #e
A7l AW F9 Cu FEo H|gte e Cu &
£ 668, 459 Cu s=& 359 AT 28t o
9} e BoHe Cu $3EL metallophyte (Lar-
cher, 1980)2 4&1d 45 A& H5H 3] 2L
gtolth, o] E8 Fo wWg ieolgt ALY, olF
EoHe B AF7|he] oF 40 dolgtE FHL 7
g™ Ax dhihe] YUY Aelth =& 79 16¢
) AU Cu $59 HAHY Cu % Aleolde&
doaATE EAEA] Foh(¥e 1 r = -020], n =
9, p>005; A4F :r=008,n=9 p> 005
ol A% 9 (1980)¢+ ¥ 3 (1986)e] B¢t
T dxEe Aoz, o9 AHY Cust ded] A

o

U2 RE 5o 92 Aol ofyx F9HIT Cu
o AWz olFe tste] MEHHoz LIS
€ dEdE Ao AZdd @38 22 A7y A
Yyl Cuszst B Hale] g Alelde r =
-06%0 (n = 9, p < 005)9] FABAZN EAIIL
o, AYUel Cu =9 Bo9H AR AAF Aol
de #93A FFAAZ BAHA LY =
0584, n =9, p > 005). o]AL NARKET Cusx
F2 By 7S CuE 9T A% gAY 7t
< Yeidie AR AZE.
Fojye Bel A Fo] A4 AA el vls) o)
22 AL AYd 2 JUYEFI FHEI
Aoz AZEY. e AN4E H2 B4
o dYuHAY AAMZ(g/mI)F AW Cu F=(ug/g)
H8t E9H7F 949 AUdEF F5¢ Cu F
Z(mg/m?)E Table 691 Yehiich 69 2549 A
Y gAY E9HY F Cu 98 1 o & o,
119 5¢ 79 699 F Cu F& 185 tiA 10 ¢
32 79 16¥elE 9042 Z7MedvhFig. 4o).
xZ2dE AY Y4 e B9H7E 49 59
F5E Cu 9 %L 6612mg/miEA =2AUY 3
) Cu &#9 0130%, =t =&" Ayl 4047
of #Aa3te Cud %9 0.145%0] s, 35 3
Aol 29 Cu¥® (13.10mg/mAe 505%, #sHEA
of 98 1del #YHE F(3.9%mg/m’)e] 167%0]
galich ey o) RE BdHo g F5ue 1
#He Ao g JEE BF4Hd 2L ¥EE Cu
g Fodvtn 7HAEE A8 9% Cud FF5F
& 7663mg/m’e] E Aelm, o]AL =& AY U
A Cu #3F9 0150%, =% AU 40Y 3t
ZastE Cud %9 0168%Y #olut ZstiEd
os) 199 FUHE %9 193% @k a8y Az
Ao A =% AHY 25 haollA AA AEEH ]

N

Table 6. Biomass (g/m?), Cu concentrations (ug/gbiomass) and contents per unit sediment surface area
(mg/m? in Persicaria vulgaris Webb et Moq. on the exposed sediment of Shingal reservoir.

Mean of 9 replicate samples.

Biomass

Cu concentrationug/g

Cu concentrationyg/g

Jun 25 Jul 6 Jul 16 Jun 25

Jul 6 Jul 16 Jun 25 Jul 6 Jul 16

Shoot 18.26 188.79 575.11 3.92 6.38 9.92 0.073 1.126 5.627
Root - 14.25 55.80 - 1441 18.52 - 0.225 0.985
Total 18.26 203.04 630.91 0.073 1.351 6.612
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Idel % 19133 g9 Cug F@da & 4 Ayt
Aok7h wold mEAY el 48 o 2d 7|3
A F de Hele o] ¥=E ¢ I Roln.
AW el Aol A E2FEH AYH Cug &
e AL ofuAR, AURFE o ¥4 Cu
Frstd AUzt B &9 Cug {F/se 80l
hE F7HE Aolmz ol AFA FF A
Z7] g2 714 T F e Aotk
E HEL Auiz A FH7F wolAWE EF
A 2eEHEM AN Cu & FF22 UE
Hoz2, AYd FHHAE Cust 48 F
HAE Al #Fo2 BEH 59 Cusk
Z7tN71e 9ol 2 X Ut a2y olF 4
B9 iz dsl B4 A 59 /718 #FF
o] Z7t5o], EaHE HEAZRYH T&EHE Cust
A%, AAHE olg e Frhe dojuA ¥E
= At
mEtd NZAFR ] AAHA Cu FHE &7 4
AiME wEE AYdA Azte HEd 9% A
F9 Cudl &4 o] ofue} &9 Fo W=
42 2 0 Fo FHY K3 & 2F AY &
o v BE, 287, AF 5 e AEEY A¥ F5
ase ¥, BFF & Tl B F7t 2 A
ook & Zoln, old #F ALHA A7t WB=
g AFAdMe Cud EXEES $8T A
A 2" ALz & 7|48 & 5 Ag Aotk

2

T

=
=

4

=

o]
o]
A

o

My

5 4 &

ABA A= A4EA 211hag] F40] vlny &
& AFARZA ZAPEEQY 199239 ZS 54 204
ARE RU7E 9t Bol WFEHI] At 6
2 297 o 25hacl g5t AUt 225U ©f
»ZE AUde 194 A8E F2 e F 14F9
BL&A B2 o|Fo HEFHel wFIHFEH, 1
z= 2o 3 (Persicaria vulgaris Webb et Moq.)7} Al
710 wte} AT 68.1~864%F AA T 3
Zolrt.

A ZAZ|ZES AR 2ARAY AFA] E59 Cu
BEE 977 * 296 ug/lRA ZAA7e mE Aol
2 Jehuia) gsten oze dRtAEd § %9 Cu

SEXRE LD

¥ % 5ug/l (Foerstner and Wittmann, 1981; H&¥%,
1983; &g 9, 1989 ETg= 433 ¥ou I
34 87471F 10mg/l (£33, 199D v =
FAE FL goldth 28y @B F 9 Cu
e 49 TAE A wF A 549 1549
13.10mg/m?el A HF 32 649 1delE 3.08mg/m’2
ZAasg

B9 WHE 93 =FE AU ¥3 015me Cu
FrEE =% A% 649 599 2685 £1.20ug/goNAl
409 9 79 1699E 280 * 084ug/goZ A
stgch wakd =28 AY D Hy e CugHe
5094g/m? A 0530g/m’S.2 4564g/m*7t #AH
Zolt}, o9} 7 AAFLE AY Y WEIE AE
20 9% F5F6612mg/mHBRT 9538 & AR
oz F2 Ago] ARy A 9 At AS
FoE Q3 FENM HER 20EAY F £F
o2 FEHE AR AgEdt B AVt &5
7] A" B9 CusES AUst x&d FAF9 A
Yo Cus R vFo A2 ddRzdHT A%
= Cud 39 997%7F Adel, 0.3%7F &4
Aste Aoz FAHA

ZAM|ZE & FelERe R A% Cud FYFS =
AR Y Q1o 1084 + 253 pg/m’/dayRoem, o
A AZAFEA 7} SFE 19549 o) 3BT F
F9%L 150.35mg/m’e & & Ut o|RAE x=2H
AU @sjddg A Cu % 5.094g/m’9] 3.0%°l
B3g ot wald AZAEA e EAsE
Cue A HF ol o8 fdd Aoz Bt

A B MHE =3 AY Ao dEdte 4
EFY F $3FQ BAdHEe AT 419 ¢
o} AYZ2E 6612mg/m°e] Cug FF3eH, o
ENER B 2L Ax e F4&E VENGR
AR Ay e A A2FHL 7.653mg/m’
CuZ F58dx & £ ok g A2 FA 9 A
A =&2AY 25 hadllA HEFF 0] & AZ7|% &
19133g¢l Cug FF8te Aoz 3% + Uk 21
B HF 2AMYQ 74 1699 AYY Cu s=s B
o7 ®ale] AAF Aleloe r =~0.6909) 4EHA
7t EAE, Bele 3¢ AY 59 CuE 4% 4%
A ¢} 7HeAeS HERAAT

=
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