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Characterization of Water Pollution Load in an Artificial Lake Irregularly
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Abstract : The first objective of this study was to investigate water pollution status of Meejac Reservoir, Kunsan, irregularly
receiving river water for agricultural and recreational purposes. The second objective of the study was to compare nutrient pollution
loads of three nutrient sources: sediment leaching, non-point sources and the receiving water. Water analysis results showed that
eutrophication was a concern especially in summer and the calculated TSI (secchi depth), TSI (chlorophyll-a), and TSI (TP) were
53.6, 57.7 and 56.7, respectively. Although there was no significant difference in seasonal mean values of sediment T-N, sediment
T-P and sediment organic content, mean differences were found for sampling points. However, T-N and T-P sediment release flux
showed seasonal mean differences, while showing no mean difference for sampling points. Water T-N data proportionally corre-
lated with sediment T-N and sediment organic content data, while no statistical correlation was found for water T-P data. Com-
parison of nutrient loads calculated from three sources showed that the highest T-N load was occurred from the receiving (pum-
ped) water while T-P loads of the receiving water and sediment release flux were similar. The first solution would be considered
for the receiving water to improve the water quality of Meejac Reservoir. Reduction of nutrient flux from the sediment would be
then tried as the second alternative solution.
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Fig. 1. Fight sampling points of Meejae Reservoir (@ indicates
the discharging/ pumping station).
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9%% = Release rate of nutrient (mg/m’-day)

C; = Concentration in reactor at time = t (mg/L)
Co = Concentration in reactor at time = 0 (mg/L)
t = Elapsed time (day)

A = Surface area of sediment (mz)

V = Volume of overlaying water above the sediment (L)

FRAXAE F COD, TN, TP £4dolejet Hagz
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2 d|o]E]= Origin 8.0 43 E ¢]o](OriginLab Corp., USA)E
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Table 1, Estimated amounts of T-N and T-P generated from the non-point sources of Meejae Reservoir, Kunsan, Korea

Area Drainage Runoff Rainfall Discharge ~ Estimated T-N (g/month) Estimated T-P (g/month)
sections area (m?) coefficient Land use (mm/month) (m®/month) Low? High® Low® High®
1 122,060 08 Parking lots 100.1 9,775 32,256 93,836 977 4887
2 86,308 08 Commercial 100.1 6,912 22,808 66,351 691 3,456
3 131,952 02 Forest 1001 2,642 8,718 25,360 264 1,321
4 126,213 0.1 Agricultural 1001 1,263 4,169 12,129 126 632
5 150,135 0.1 Agricultural 1001 1,503 4,959 14,427 150 751
6 101,707 02 Forest 1001 2,036 6,719 19,547 204 1,018
7 198,504 0.65 Public use 1001 12,916 42,622 123,990 1,292 6,458
Sum 916,879 37,046 122,251 355,640 3,705 18,523
@T-N concentration (3,3~9.6 mg/L), ® T-P concentration (0,1~0.5 mg/L)
Table 2. Keumkang water amounts provided through the pumping station to Meejae Reservoir (Year 2007)"
Month 1 2 3 4 5 7 8 9 10 11 12 Sum
( f?&%”ngs) 0 185 491 0 619 320 151 80 0 0 0 1,846

" Data obtained from Korea Rural Community Corporation
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Table 3., Water analysis results for Meejae Reservoir, Kunsan, Korea

2 APl

“EA) ] O] CSOs} 0237 922 v zAATP'Y TN
HsE W9 33~9.6 mgL, TPHHEE ¥ 0.1~0.5 mgL
£ Agsto] vy v ed o] &3t TN, T-P £<]
F RS Askitk(Table 1).

223. 225 4+ TN, TP R
A M GRS FREE] et HAr|HoR
5] BS gpste] BHEska 9ok 2007 w]A| A4

—

) 2 1,846,000 m’(YH 230,750
m’)o]QJtk(Table 2)." 273 9 TN, T-P 3-H(kg/Y)
= =9 TN, T-P 45 =(mg/L)ol 3=

& FpEE F4E

g SFm/DE FI AT FeEE FHE B
TN, T-P B+ S 5E= ZF ZF 2.675 mg/L, 0.168 mg/Lo]
giek

19717 ALz 87 Aol

Time Temp. oH DO SS COD T-N T-P Chl-a SD
() (mg/L) (mg/L) (mg/L) (mg/y) (mg/y) (mg/L) (m)
May* 20.7 7.56 7.2 9.7 6.2 1.465 0.029 39 16
July® 249 8.13 8.0 8.0 9.1 2.003 0.043 30.5 1.1
Sep? 26.1 8.15 10.3 96 54 1.148 0.035 358 10
Nov.? 13.9 718 9.6 7.7 55 1.689 0.052 49 18
Jan® 3.6 7.71 9.1 36 47 1.250 0.032 43 23
Mean 17.8 7.7 6.2 1.5611 0.038 15.88 1.56

% Year 2007, ° Year 2008
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Fig. 2. Box plots of water, sediment and nutrient-flux analysis results for Mesjae Reservoir, Kunsan, Korea (Sampling events were

from May 2007 to January 2008).
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Table 4, One-way ANOVA summary for data of five sampling events (May, July, Sep., Nov. & Jan)

COD TN-Water TP-Water  TN-Sediment TP-Sediment TN-Release TP-Release Organic Matter
F value 54 7911 9.2493 7.5558 0.3676 0.3863 8.4039 41393 0.8734
Prob, 1.37E-14* 329E-5* 1.69E-4* 0.83 0.8168 7 .32E-5* 0.0075* 0.4896
July-May 0.0000* 0.0153* 0.0360* 0.9902 0.8321 0.0019* 0.1529 0.9760
Sep-May 01384 0.2994 0.7214 0.9887 0.8167 0.9215 0.3593 0.7151
Sep-July 0.0000* 0.0001* 04105 1.0000 1.0000 0.0179* 0.9872 0.9606
Nov-May 0.2282 0.6339 0.0002* 0.8688 0.9603 0.8391 0.6163 0.9942
p-value Nov-July 0.0000* 0.3054 0.3819 0.9865 0.,9958 0.0001* 0.8843 0.8575
Nov-Sep 0.9988 0.0148* 0.0086* 0.9882 0.9943 0.3596 0.9925 0.4672
Jan-May 0.0004* 0.6699 0.9385 1.0000 0.,9821 0.9790 0.7832 1.0000
Jan-July 0.0000* 0.0004* 0.1862 0.9792 0.9865 0.0004* 0.0108 0.9586
Jan-Sep 0.1856 0.9681 0.9882 0.9767 0,9831 0.6375 0.0374 0.6571
Jan-Nov 0.1098 0.0688 0.0023* 0.8212 0.9999 0.9900 0.0989 0.9980

" Tukey test for means comparisons
* At the 0,05 level, the population means are significantly different

TN-Release, TP-Release, Organic matter T o] €] o] o3&t One-
way ANOVA FAE4 235 A2|stlaL, Table 5= 2t
AEAQF AHE2 One-way ANOVA EAEA AnE v}

A A Aole.
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Fig. 3. Box plots of sediment and nutrient-flux analysis results for 8 sampling points of Meejae Reservoir, Kunsan, Korea,
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Table 5, One-way ANOVA summary for data of 8-different 900 ~
sampling sites 800
c 4
N- TP- N- TP-  Organic = Zgg
Sediment Sediment Release  Release Matter g 500' J
Fvalue 8682 9.751 0.281 0.590 8.023 :02 400
Prob, 60E-6* 1.89E-6* 0.956 0.758 127E-5* - 300 [ I
* At the 0,05 level, the population means are significantly different E 200 + J
100 4 J
= 0
oA el 27t = ACR dERTh o= HAHE Sedirlnent- Non-poinlt source Pumlped
o) P H71BEHS BE Abol FHTHA Lol reieased input
oH A& AARRITh Bl Table 5, 2 4% ANOVAEA TiiSotingss
Ao M HHE TNTS, TPEF R 47120 B 801
2 0=0.05 fol5EolA foldt Ho|7} ol o e Ly
gk whebd, BB gk W 7B AHa £ 1
Qe FrrAacle] olst Wep} FuskA ebgch 1 € L) T
AU TN 9 TP §58 450 w2 37Hy ik A 2 50 |
72 aglof o3t Wskr} FSiskA Hitk(Table 4} Table E 20
59] TN-Release W TP Release ANOVAREA AT} 2H%). =, 10 ~ |——|
‘N 2 T-Pa&=89° Al7y W37l 9) oS A AL} 0
TN 5 TPEEEE A719) et Bt deS AR Sedirlnent— Non-point source Purrllped
released input
3.3. E[XMZ 0t +=Z=ZHTN, T-P &2ty TP sources
Table 62 2= TN 4 TP glo]g], E§4E TN, T-P 1 Fig. 4, Comparison of nutrient loads generated from three nu-
T = ’ - b =

_ - trient sources
F7188%F dolE, E8E TN ¥ TP §&& dolelzt '

Pearson AHHAE EA43 Zdilojrt. B2y} Table 69

o , ped)7t Y53 B AOT Uehiith TP F9 HARE
7] ¥ TN-Water®} TN-Sediment (r=0.4015), TN-Water2} ZHglel 275 of2 90Halsl 9AlshT u]d9.0lHat
TP-Wat =0.4598), TN-Sedi t2} TP-Wat =0.3697),
ater (r= ) ediment2} ater (1= ) 7} Aoz HA et

OM1} TN-Sediment (1=0.4482)7F Ho|E]= 95% Al=]F7H
oAl AHIAT Y= AR YEh &, 3 TN g

1=]
= T
) i 8 FFEE fA85l g edrerl 958 B4
x—iﬁ T.N‘?j—%k ‘;% E‘@E %715?\5::]'%]:1]' Z—P\{j@ %3"11'3":]'7""7]' EH{}:_Q_EE O]oﬂ EH?} _/’\_;é]jy‘__}_al q_];-(_]'_]o] %_9_5]'\:]' 3_11]_1"]_
1 L 2~Z T-P- 3
A e T e o ore BARIE Y AA nagsel 99 9%e oA TPedRa
AL ol ol|A] <14e] Z] ¢oFo}o =9 O A7 _ _ N B
WG el W SUH GUEN SEHEETER 4o mam gao) o Adwapt o 65 kedel o=
o] HYH Aol A o vyt © oz sl e o] sk dizlo] Sellolol sl ofe
= ug AR HH R gg o] s Eofof s ok
oro O otiat Hin 2 oRERY FFEE fAE5R0 gF TPA o]
34. 3EE 287t i Qlojof HIAIAGA] 2 AMAe] M Ao weket,
Fig. 4= HA2RRE §2H: 9y 556 nHe
Ao B fUEE JPARIE BT G Farol
olg A fUReE 2 2 AMgelel Masldt TN 4 A=
9] AL EZXE-ZEH5KSediment released)= H] -G K35}
(Non-point input)} -F-ASFA O 4% Q4 13l (Pum- B Ao e AL vl AR gek 48 L HHEe

Table 6. Pearson correlation analysis for water and sediment data

TN-Water TP-Water TN-Sediment ~ TP-Sediment TN-Release TP-Release  Organic Matter
TN-Water 1
TP-Water 0.45984* 1
TN-Sediment 0.40151* 0.36976* 1
TP-Sediment 0.10882 0.15442 0.00441 1
TN-Release 021743 -0.0414 -0.16127 0.07368 1
TP-Release -0,13271 -0.15769 -0.11443 0.09521 -0.24451 1
Organic Matter 0.15193 0.04883 0.44821* 0.25616 017754 0.16911 1

* The Pearson correlation coefficient critical values for 95% Confidence, 0.312 (No of pairs = 40)‘6’
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