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Investigation of Water Quality and Flora in Wangsong Reservoir

JANG, Hee-Seon - Ho-Sik LEE - Jae-Keun RYU

Water Ecological Laboratory, Dept. of Railroad Facility Engineering,
Korea National University of Transportation

ABSTRACT

Wangsong reservoir has a vulnerable structure to water pollution due to eutrophication caused by
resuspension of sediments. The purpose of this study is identifying the pollution state of Wangsong
reservoir by measuring the water quality and looking into the plants and vegetation around the reservoir.
This year, as a result of measuring water quality personally, the average concentration of COD 19.4mg/L,
SS 35mg/L, DO 11.6mg/L, T-P 0.133mg/L, T-N 3.200mg/L was investigated. After a review of the
whole average water quality of 2012-2015, COD 15.5mg/L as VI class, TOC 7.9mg/L as V class, SS
34.2mg/L as VI class, T-N 4.4mg/L as VI class, T-P 0.2mg/L as VI class, Chl-a 91.4mg/m’ as VI class,
total coliforms 11,621 MPN/100mL as VI class, fecal coliforms 44,928MPN/100mL as shown in VI
class. Finding on inquiry of plants, flora consists of total 158 taxa, 52 families, 137 species and 21
varieties. The water trophic state of Wangsong reservoir is shown as "Eutrophic" based on Vollenweider,
"Hypereutrophic" based on USEPA, "Eutrophic and Hypereutrophic" based on OECD. Among the
vegetations found in the reservoir, Nymphaea tetragona, Nelumbo nucifera, Trapa japanica, Oenanthe
Jjavanica, Typha angustata, Hydrilla verticillata, Leersia japonica, Miscanthus sacchariflous, Phragmites
communis, Zizania latifolia and Spirodelapolyrhiza can remove pollutant by absorbing nutrients, but if
you neglect these vegetations, they increase COD concentration in the reservoir by reproducing
nutrients(T-N, T-P) had contained in corrosion process. Therefore, it is thought that aggressive action
is needed to remove the vegetations by using Algae Harvesting Ship and so on.

Key words : Ui-Wang, Wangsong reservoir, water quality, flora, eutrophication
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Table 2. Average and median of water quality items in the reservoir

AP H CODyy SS DO T-P TN
A P (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
12+ 201513 39 28¢ 8.5 10.5 14 11.0 0.105 7.488
22F 20153 649 27¢ 9.1 23.6 iy) 124 0.172 2.016
32k 201549 9¢ 19¢ 93 24.1 48 11.3 0.121 0.096
Average 9.0 19.4 35 11.6 0.133 3.200
Median 9.1 23.6 9 113 0.121 2.016
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Fig. 2. Monthly water quality of the reservoir.

1~32} 24 A3}, JF L& COD 19.4mg/L, SS 35mg/L, DO 11.6mg/L, T-P 0.133mg/L, T-N 3.200
mg/LO 2 ZALE AT,

2) ESAAARAAE(IAAR) 215 T8

FEATA(ZTAH-D] 2012~2015d %= HA S FEER PE) Hd, COD

© 15.5mg/LEA VIGw(-% W), TOCS Hitsre 79mg/LEA Vew(HHE), SS9 3
342mgLEA ISF($ ), TNG HFEEE 44mgLEA VSF($ L), T-P]
= 02mgLEA VISH(H ), Chl-a9l BEETE Oldmgm 24 VSF($ ), =
o] FHEEE 1,I621T5/100mLEA VST V), B gdre] PisEs 44,928
22100 mLEX VISHES$ Ve Yehigich

AAR R B85 e 249 B9} BrPITeze Erlluteld(Vollenweider, 1968), W=

q

Al

oo Ml od

2 oE ol Ml

ol offt i off

SUR= VRN ST I Y

317 5 A(UNEPA), A2 717 5HOECD) so| 7IEst Zo] 9ot Edlnto]rfdl] 2]et Fof s}
NFGEe ZT-P)F FANTN)O|L, v FHARTHLS 29, F22Zq, ¥ FHEE Hrp]
Fg= o7 Ayt gk

T-P2] 7%, 0.005mg/L ©]at= =<k 0.0Im g/L olgtE WIFgdo 2 g3k, 0.100mgL ©]/d-2
FdF WAl Addor st T-NS Edllute|r|o] ot Frpr|EatEo s A7 w0



TaIN - Ol - BHD / LEHAKIQ 28 L AISA ZA 149

Table 3. Water quality of the reservoir on 2012~2015

ot
o COD  TOC SS TN TP Chla (5/100mL)

(mglL) (mgl) (mgl) (mgl) (mgLl) (mgnr) S Hox

ot gt

Average 111 6.3 425 44 02 61.6 194,500 49,483

20 Median 11.4 6.1 383 42 02 59.2 63,500 17,900

Average 124 7.0 23 45 0.1 812 23,004 6,838

2003 Median 12.1 6.8 19.9 47 0.1 87.8 3,500 320

Average 189 8.9 407 48 02 96.6 4,697 447

201 Median 154 7.8 30.0 4.1 02 59.9 2,100 97

Average 194 9.3 35.6 3.6 0.1 131.1 2,605 1,149

201 Median 19.3 9.1 34.4 3.0 0.1 80.8 1,040 59
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Table 4. Water quality standards for lakes
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Table 5. Average of water quality of the reservoir on 2012~2015

3 2 A7 22

=
S

=
COD 155 mg/L VICH-F- )
TOC 79 mglL V()
SS 342 mgL VIl vHE
T-N 44 mgL VI(ogg- 1
T-P 02 mgL VI
Chl-a 914 mgm’ VI(eh - v
. FU g 11,621 5~100mL VI(u)$- v
A4 g 44,928 T-5/100mL VI(ol 5 e




161

Al JIH2 / SN

=7

&M - 0

| tofstoz | ¢ofstoz | cofstoz A‘hSmSm
| £o/st0z | £o/sT0Z | £0/st0z £0/5T02
[ 5 ” o [
L r — I n
fa]| | BO/¥LOZ = [ so/vtoz I | s0/tToz m._ 60/¥10Z
y C = - 9 i 3 i
2 C 3 r H r e
d [ sbieroz > [ sofvroz o | so/vToz <k sofroz
i i S I i . rH I
H B LH + U o T zZ1/eT0E
4o [ zr/ET0Z Ho + 4o | zt/eToz 0
M Al ZTfET0Z o &
[ L}
e i a [ 5 [ A
= E: ’ 3 F 2 o % s0/£102
20/ET0Z H = B0/ET0T
L 20/ET0T F
= ‘ E i + i i
M.Ann i 40 + M._no i MAT wo/ET0Z
| rO/ETDE + | vofetoe
o0 i =l | t0fET0Z 0 i =
F K r 4o TT/ET0E
| TT/zT0Z Frretos | TT/ZTO0Z 2l
[ F L m fofetoz
252 F = I i | tofetoz
..m_a e : : : HAR ..-.n.._a [HDET02 E choagoaBnena M.u.ﬁm m m m m m m m -
Paggaggeueno e e P883838R8R hs g g8 &
| Lofstoz [ to/stoz [ tofstoz fofstoe
| £0/sT0Z [ £0/stoz | Eofstoz £0/5102
L) Hmc?ﬁcw —_ Hma?ﬁum — Hmo\_ﬁom i &0/FT0E
7 ‘ T ‘ ] B g
o [ a A a L mu
3 L E L E L
o | sofvtoz uﬂ [ sofvroz NH | softoz = S0/$10T
ﬂ H -5 - i - _,m_.ﬂ
N H [ H r
Lhm [ z/EToz o [ zt/EToz 0 [ zT/ET0E ki g/eroz
S - 4 i & i 2
— + e i H= L 20/ET0Z
MAT C=0fetoz “ﬂ [ eo/eToz =3 " sofetoz Ho /
7 . % i i - 3
= r [ - 53 r <F +0/E
MM | bo/ET0z MM | bofetoz o | ro/ET0z o ik
B ‘ & B %
L F r 5l TT/ET0E
[ TT/ztoz | TT/ZTOE | TTfET0T
H F N =
r H r E I £0/ZT0T
W e [ eoferoz w , £0/etoe = £ofzroz M.m m m m o
© [T T T S ¥ O ¥ T T ¥ S R ¥ (i )
.-mn. Aegn g e .-mn. = m = w < M cgogdoge M _mﬁ ~ R

Fig. 3. Changes in water quality of the reservoir.
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Table 6. Trophic levels and evaluation standards
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CECL T-P T-N EWE  Chla Ao gEaka
(mg/L) (mg/L) (m) (xgl) Z8HE(%)
e Vollenweider ~0.005 ~0.20
OECD ~0.004 6~ ~1
Vollenweider 0.005~0.010 0.20~0.40
w1 <F OECD 0.004~0.010 6~3 1~25
USEPA ~0.010 3.7~ ~4 80~
Vollenweider 0.010~0.030 0.30~0.65
TR OECD 0.010~0.035 6~3 2.5~8
USEPA 0.010~0.020 2~37 4~10 10~80
FTHAS Vollenweider 0.030~0.100 0.50~1.50
Vollenweider 0.100~ 1.50~
Fa&F OECD 0.035~0.100 3~15 8~25
USEPA 0.020~ ~2 10~ ~10
G F OECD 0.100~ ~1.5 25~
Vollenweider T-P, T-N
v 3 OECD T-P, Chl-a
USEPA : T-P, ¥, Chl-a
Zt=. @ Vollenweider, USEPA, OECD.
AEH], 020mg/L ©|etE FWPUe g FH31a, 040mgL ©]atE WPUC 2, 1.50mg/L ©]FS H-
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Appendix 1. Flora of the Wangsong reservoir

& 9 = X AggY H] 32
Family Equisetales <543} 2= =2}
Equisetum arvense L. E2hag| G
Family Pinaceae ENBAR
Pinus kodaiensis S. et Z. A M 2]
Pinus densiflora S. et Z. EN A= M
Pinus rigida Mill. 7| gGAaUF M 2]
Family Taxodiaceae 457
Metasequoia glyptostroboides Hu et Cheng | e}A| ] o] o} M 2]
Faily Salicaceae A=A
Populus x tomentiglandulosa T. Lee SN M 2]
Salix koreensis Anderss R=RB A= M
Family Fegaceae Rt
Castanea crenata S. et Z. LlaB M
Quercus serrata Thunb. Zzh M
Family Ulmaceae p=E=aB A=Y
Zelkova serrata Makino L M
Family Moraceae g
Morus alba L. A=Y M 2]
Family Cannabinaseae 3=l
Humulus japonicus S. et Z. gz Th
Family Polygonaceae uit] Z2
Persicaria blumei Gross 7Nl H Th
Persicaria nodosa Opiz EHH Th
Persicaria perfoliata H. Gross ISRt IR Th
Persicaria senticosa Gross T R | Th
Persicaria sieboli Ohki ] 2] yhA] Th
Persicaria thunbergii H. Gross 1A=kl Th
Rumex acetosa L. 9 H
Rumex cruspus L. AE]Ao] H 7
Family Chenopodiaceae ] ol=3}
Chenopodium album var. centrorubrum Makino HolF Th
Family Ameranthaceae EIR=ss
Achyranthes japonica (Miq.) Nakai HFE H
Family Phytolaccaceae 2] F3
Phytolacca americana L. lEPA s Th 7
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Appendix 1. Continued

& o = v L
Family Caryphyllaceae e
Arenaria serpyllifolia L. H So]2}g] H
Cerastium holosteoides var. hallaisanense Muzushima AUYEUE Th
Dianthus sinensis L. 3ol H
Melandryum firmum (s. et Z.) Rohrb. A Th
Sagina japonica Ohwi A Th
Stellaria auatica Scop. Bl R H
Family Nymphaeaceae T
Nymphaea tetragona var. angusta Casp. 4 HH
Nelumbo nucifera Gaertner AE
Family Ranunculaceae 0] v oA H]
Ranunculus chinensis Bunge A=
Ranunculus japonicus Thunb. muz] oA H] H
Family Papaveraceae FHH
Chelidonium mahus var. asiaticum (Hara) Ohwi NN FE Th
Family Cruciferae AA sk}
Capslla bursa-pastoris (L.) Medicus ol Th
Cardamine flexuosa var. fallax O.E. Schulz Fayo] Th
Cardamine leucantha (Tausch) O.E. Schulz njue] ol H
Cardamine lyrata Bunge =4o] H
Draba nemorosa var. hebecarpa Lindbl Z2TA] Th
Lepidium apetalum Willd. gyl Th =
Rorippa indica (L.) Hiern MACE H
Thlaspi arvense L. o] Th 7
Family Crassulaceae U5
Sedum sarmentosun Bunge EUE H
Family Platanaceae WS-
Platanus occidentalis L. FHEUT M 4]
Family Rosaceae Fulk
Agrimonia pilosa Ledeb. A= H
Duchesnea chrysantha (Zoll. ey Morr.) Miquel 7] H
Geum kaponicum Thunb. HREL H
Kerria japonica (L.) DC. ol <} N
Potentilla fragarioides var. major Max. FAE H
Potentilla kleiniana Wight et Armott 7HEAYE H
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Appendix 1. Continued

ER e 4 e
Potentilla paradoxa Nutt. ER L ) H 7]
Prunus leveilleana Koehne TR M

Prunus sargentii Rehder APV M

Rosa multiflora Thunb. A | 4L N

Rubus crataegifolius Bunge g7 N

Rubus crataegifolius L. HAGY N

Sanguisorba officinalis L. QolE J

Spiraea prunifolia var. simplicifoa Nakai 23U N

Family Leguminosae =7

Aeschynomene indica L. A= Th

Amorpha fruticosa L. ZA A N !
Glycine soja S. et Z. =% Th

Indigofera kirilowi Max. il N

Lespedeza bicolor Turcz. A2 N

Pueraria thunbergiana Benth. = M

Robinia peudo-acaia L. ol A - M |
Trifolium repens L. E7E Ch =
Vicia angustifolia var. segetilis K. Koch. Az H

Family Euphorbiaceae =3

Acalypha austrails L. ViES Th

Euphorbia humifusa Willd. gl Th 7
Family Anacardiaceae 2R3

Rhus trichocarpa Miq. VRSB Rs M

Rhus chinensis Mill. U M

Family Aceraceae R e

Acer ginnala Max. AlE M

Acer pseudo-sieboldianum (Paxton) Kom. T M

Family Blalsaminaceae B3tz

Impatiens textori Miq. B84 H

Family Vitaceae =y

Ampelopsis brevipedunculata var. heterophylla Hara 7H = M

Family Violaceae A £}

Viola mandshurica W. Becker A8 H
Hydrocaryaceae EIR=s

Trapa japanica Flerov nl& HH
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Appendix 1. Continued

E = 9 e
Family Onagraceae s
Oenothera odorata Jacq. EisiES H &
Family Umbelliferae ek
Oenanthe javanica (BL) DC. nug] H
Family Primulaceae oy 21}
Androsace umbellata (Lour.) Merr. Botol & H
Family Oleaceae EFY v
Forsythia koreana Nakai 7= N 2], @52
Ligustrum obtusifolium S. et Z. FHEUST N
Family Asclepia daceae w7}
Metaplexis japonica (Thunb.) Makino w71 G
Family Convolvulaceae | 323}
Calystegia japonica (Thunb.) Chois S H
Family Borraginaceae A=) 2
Trigonotis peduncularis Bunge Zulg] H
Family Labiatae BE7
Lamium amplexicaule L. FUUE Th
Leonurus sibiricus L. Az Th
Prunella vulgaris var. lilacina Nakai =E H
Family Solanaceae 7YA]
Solanum nigrum L. il Th
Family Scrophulariaceae A4t
Mazus pumilus (Burm. F.) Vav Steenis T Th
Veronica persica Poir NELE Th 7
Veronica polita var. lilacina (Hara) Yamazaki NedsE Th
Family Acanthaceae Fre) gz}
Justicia procumbens L. HAue gz Th
Family Plantaginaceae 273 o]
Plantago asiatica L. A7 0] H
Family Phrymaceae HFEAYH
Asperula maximowiczii Kom. N2 H
Galium trachyspermum A. Gray v 12 H
Rubia akane Nakai EFAY G
Family Caprifoliaceae A
Lonicera japanica Thunb. AE N
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Appendix 1. Continued

g A - Ay M]3
Family Campanulaceae 2EEY
Platyccodon grandiflorum (Jacq.) A. DC. Z=gA G
Family Compositae =3}
Ambrosia artemisiifolia var. elatior Descourtils A= Th =
Ambrosia capillaris Thunb. AFE& H
Ambrosia keiskeana Miq. s H
Ambrosia princeps Pampan. & H
Bidens bipinnata L. S/ ukE Th
Bidens frondosa L. ul =7}kl Th =
Chrysanthemum coronarium var. spatiosum Bailey %7k Th A
Cirsium japonicum var. ussurience Kitamura 4734 G
Eclipta prostrat L. Ll Th
Erigeron annuas (L.) Pers. M= Th A
Erigeron canadensis L. i Th 7
Galinsoga parviflora Cav. H oAl Th 7
Gnaphalium affine D. DOn W& Th
Ixeris Dentata (Thunb.) Nakai Zul H
Lactuca indica var. laciniata (O. Kuntze) Hara D= Th
Leibnitzia anandria (L.) Nakai SUE H
Solidago cirga-aurea var. asiatica Nakai IR H
Sonchus oleraceus L. WIAE Th 7l
Taraxacum mongolicum H. Mazz. =Y H
Taraxacum officinale Weber A FNEE H =
Xanthium strumarium L. SbTA Th 7
Youngia japonica (L.) DC. wa]yol H
Youngia sonchifolia Max. nA=yibd Th
Family Typhaceae 53
TDypha angustata Bory et Chaub. W55 HH
Family Potamogetonaceae 7he)
Potamogeton crispus L. s HH
Family Hydrocharitaceae AE2
Hydrilla verticillata Casp. Eebrihey HH
Family Gramineae H] 7}
Agorostis clavata var. nukabo Ohwi 7Jol 2t

==

Agropyron ciliare (Trin.) Fr. ==
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Appendix 1. Continued

e B 499 v

Alopecurus aequalis var. amurensis (Kom.) Ohwi A E Th
Becjnabbua syzigachne (Steud.) Fern. 7N =] Th
Calamagrostis arundinacea (L.) Rroth ANE H
Cymbopogon tortilis var. goeringii Hand.-Mazz. NEA H
Digitaria sanguinalis (L.) Scop. ueg o] Th
Echinochloa crus-galli (L.) P. Beauv. =7 Th
Eragrostis multicaulis Steud. H = Th
Eragrostis ferruginea (Thunb.) P. Beauv. i H
Hierochloe odorata (L.) Beauv. Bias H
Imperata cylindrica var. koenigii Durand et Schinz o] H
Leersia japonica Makino Y=AE HH
Miscanthus sacchariflous Benth. EAA) H
Pennisetum alopecurodies (L.) Spreng. T3 H
Phalaris arundinacea L. aE H
Phragmites communis Trin. ) G
Poa sphondylodes Trin. ¥olx H
Setaria viridis (L.) Beauv. ZFolA| & Th
Spodiopogon cotulifer (Thunb.) Hack. 71 H
Spodiopogon sibiricus Trin. 2718 H
Zizania latifolia Turcz. = HH
Family Cyperaceae Arz2}

Cyperus amuricus Max. HWEAR Th
Cyperus iria L. A Th
Fimbristylis dichotoma Vahl. el Th
Family Lemnaceae -] v
Spirodelapolyrhiza (L.) Schleid. 7R gt HH
Family Commelinaceae o gES

Commelina communis L. HoltE Th
Family Juncaceae =E£%

Luzula capitata (Miq.) Miq. Helgt H
Family Liliaceae ekt

Hemerocallis fulva L. A5 G
Liriope platyphylla Wang et Tang =5 G
Scilla scilloides (Lind.) Druce = G

1) M : o}aE(Microphanerophytes), N : Z+-(Nanophanerophytes),
Ch : W] F 2] E(Chamaephytes), H : ¥F*] 52] E(Hemicryptophytes),
G : A5 E(Geophytes), HH : 442 &(Hygrophyte. Hydrophyte),
Th : <A E(Therophytes).
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