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Study on the Relationships among Water Quality
Parameters in Agricultural Reservoirs
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Abstract

Monitoring data from agricultural reservoirs throughout the country were analyzed to evaluate the limiting
factor for algal growth and relationships between Chl-a, total phosphorus (TP), and total nitrogen (TN). Total
394 reservoirs ranging from below 500 m’ to over 50 million m’ in storage volume were monitored from
1990 to 2000 with respect to TP, TN, Chl-a, and their annual mean values were used for the analysis. Based
on N/P ratio, the dominant limiting factor for algal growth was turned out to be phosphorus in agricultural
reservoirs (about 83%). Therefore, the proper managements of phosphorus in the agricultural watershed
appear to be crucial to prevent excessive on algal growth. The effects of phosphorus and nitrogen ware most
eminent during the summer period. And the effect of nutrients on the algal biomass (Chl-a@) development
appeared to be greater in smaller the reservoirs than in larger ones. Generally, Chl-a and TP demonstrated
a close relationship while that of Chl-a and TN showed less correlationship. Chl-a and chemical oxygen
demand (COD) also showed a good relationship. Both ratios of Chl-a/TP and Chl-a/COD relationships
were within the range of literature values. Quantitative analysis of TP and COD is relatively convenient
compared to that of Chl-a, and the relationship between TP and COD and Chl-a from this study could be
used beneficially for water quality management of agricultural reservoirs and related water quality modeling.

Keywords : Agricultural reservoir, Water quality management, Relationship, Regression analysis, Chi-a, TP, TN
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Table 1 Classification of agricultural reservoir with respect to stroage volume

(Unit : 1,000m®)

Province <500 ~510(;) 0 15088 0 Nsl‘g,oooo 0 5(5)8)880 250,000 Total
Gyonggi-do 1 16 23 - 5 L 46
Gangwon-do 2 4 19 - 1 - 26
Chungcheong-do 5 13 52 5 9 1 85
Jeolla-do 3 12 g 10 7 5 120
Gyeongsang-do 1 23 82 6 2 3 117

Total 12 68 261 19 24 10 3%
(3%) (17%) (66%) (5%) (6%) (3%) (100%)

Journal of the Korean Society of Agricultural Engineers, 44 (3), 2002.5 137



598 A5 $4Y

. TASAYEL 2%, pH, EC, DO, BOD,
CODy, TN, TP, SS, Chl—q 50]%t). & At
olgd® A fFarsH
Table 1:‘4 Q_E}.IO),II),IZJISJ

274 AYUEAS gotaby) Yate] A
29 QA#e] HlEE ARSIt BN EYaE
Al C:N:P H&2 dutdoz 100:20:1
oty wek C:N:PY o232l Enj:= 100:
16:1 AolBg, N:P ZH])7} 168t} 39 P
7b 2579 A%l Ag QA 1 168 &AL
Aol Nel Alste we Aog A3t
Sakamoto$} Forsbergell oJst stA|darEAe] o
¢ N PO Hl&E Table 27 Zow, & oo
ME 3947149 FAS3ERY] FFgs KT
N : Pulgs AAoto] Forsberg®] E#7ol <8
HAGFEAE gpetapginy )9

T3 39470429 4 EYAEE ARY, AF
3, A9ER 253319 Chl-ad A& 9
&S A 7bsAo) e F%EAA TP TN
9 FARHe ot gA4E £EQoen, 17
1 Chl-a} WfF-A34kef oJg CODY F718 73t
3fo] Chi=a$} CODSHY] SAEA ) 93t A4S
etk SARGE 7129 dabE 7)xE
dto A1), A(@), 4@ 2t AR ¥
AZZ IR SPSS 10.091 d8) 3AFHH 24
A% RY), p-value & A4 skt

Table 2 Forsherg and Sakameotos’s N/P ratios for
assessing the limiting nutrient for algal

growth

Forsberg Sakamoto

Limiting nutriens  (weight  (mole {weight

ratio)  ratio) ratio)

Nitrogen 10 22 {9~10
Nitrogen or Phosphorus ~ 10~17 - (9~10)~(15~17)

Phosphorus )17 376 )15~17
Log(Chl-a) = AXLog(TP) + Bewrererrrereeernoenns (1)
Log(Chl-@) = A XLog(TN) + Beereererrersrrerens (2)
Log(Chl-a) = AXLog{(COD) + Bereeorrrrenens (3)
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Table 3 Limiting factor in Korean agricultural re-

servoirs

Phosphorus gﬁ;:iggrg Nitrogen ~ Total
Gyonggi-do 38 7 1 46
Gangwon-do 2 3 1 2
Chungcheong-do 68 15 2 85
Jeolla-do 97 2 1 120
Gyeongsang-do 104 11 2 17

Total 329(83%)  58(15%)  7(2%) 394(100%)

2. Chi-a2t SEESZ10| 3|7 2A 23}

7h AEO| OE Chi-e2t TREE?I0| 37 EA
pEin

FEYet sUEATAY AHY Chl-ad 54
FES ARBAE Fig. 13 Table 49 7t}
Chl-a%} ABEZL ARAE 5N 713
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Log(chl—a) = 0.81 X Log(TP) + 0.1124 4
AT 0.50& YERASIA Bartsch and Gakstatter
(1978)7} &3Est Jog(Chi—a) =0.807log(TP) —0.194
s} FARIE o™ Chl-a9} TNE Log(chl—a) =
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Fig. 1 Log-Log plot of Chl-a and other constituents in agricultural reservoirs according to season
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Table 4 Relationships between Chl-a and other constituents in agricultural reservoirs according to season

Season™ Equation** R? I\ p-value
Spring Log{chl-a) = 0.65 X Log(TP) + 0.11 0.36 852 <0.0001

TP Summer Log(chl-a) = 081 x Log(TP) + 0.11 0.50 781 <0.0001
Fall Log(chl-a) = 058 x Log(TP) + 0.18 0.34 1017 <0.0001

Spring Log(chl-a) = 0.66 X Log(TN) + 111 0.18 852 €0.0001

TN Summer Log(chl-a) = 072 x Log(TN) + 118 0.22 781 €0.0001
Fall Log(chl-a) = 051 X Log(TN) + 101 0.13 1017 £0.0001

Spring Log(chl-a) = 144 X Log(COD) + 001 0.46 852 00001

COD Summer Log(chl-a) = 154 x Log(COD) - 0,03 0.56 781 <0.0001
Fall Log{chl-a) = 1.28 x Log(COD) + 0.14 045 1017 €0.0001

* Spring : March~May, summer :

June~ August

, Fall © September ~November
** Unit : Chl-a(ue/1 ), TP(we/1) . TN(mg/1), COD(mg/1)
***N : Number of data set
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Fig. 2 Log-Log plot of Chl-a and other constituents in agricultural reservoirs according to volume
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Table 5 Relationships between Chl-a and other constituents in agricultural reservoirs according to volume

RZ

Reservoir volume Equation N p-value

A x10°m® Log(chl-a) = 073 x Log(TP) + 0.01 0.50 535 €0.0001
1~2x10°m* Log(chl-a) = 074 x Log(TP) - 0.04 043 789 <0.0001

" 2~10x10°m’* Log(chl-a) = 061 x Log(TP) + 0.11 0.32 937 <0.0001
»10x10°m’ Log(chl-a) = 050 x Log(TP) + 034 0.33 389 <0.0001
Ax10°m’ Log(chl-a) = 078 x Log(TN) + 0.06 0.27 535 <0.0001
1~2x10°m? Log(chl-a) = 068 x Log(TN) + 1.08 0.20 789 {0.0001

™ 2~10x10°m® Log(chl-a) = 050 x Log(TN) + 1.04 012 937 <0.0001
$10%10°m* Log(chl-a) = 050 X Log(TN) + 112 0.16 389 <0.0001

A x10°m’ Log(chl-a) = 145 x Log(COD) + 0.06 053 535 {0.0001
1~2x10°m® Log{chl-a) = 145 x Log(COD) + 0.04 0.53 789 {0.0001

cov 2~10x10°m* Log(chl-a) = 1.25 x Log(COD) + 0.13 041 937 <0.0001
»10x10°m’ Log(chl-a) = 146 x Log(COD) + 0.02 051 389 <0.0001
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Fig. 3 Log-Log plot of Chl-a and other constituents in agricultural reservoirs with respect to province

Table 6 Relationships between Chl-a and other constituents in agricultural reservoirs according to province

Province Equation R? N p-value
Gyonggi-do Log(chl-a) = 065 X Log(TP) + 0.19 0.34 37 <0.0001
Gagwon-do Log(chl-a) = 053 X Log(TP) + 0.15 0.23 172 <0.0001
TP Chungcheong-do Log(chl-a) = 065 X Log(TP) + 0.17 043 646 €0.0001
Jeolla-do Log(chl-a) = 062 x Log(TP) + 0.09 0.36 751 <0.0001
Gyeongsang-do Log(chl-a) = 063 x Log(TP) + 0.09 0.34 710 €0.0001
Gyonggi-do Log(chl-a) = 065 X Log(TN) + 1.21 0.19 371 <0.0001
Gagwon-do Log(chl-a) = 028 X Log(TN) + 093 0.05 172 €0.0001
TN Chungcheong-do Log(chl-a) = 0.71 X Log(TN) + 1.19 0.23 646 <0.0001
Jeolla~do Log(chl-a) = 042 X Log(TN) + 1.00 0.08 751 <0.0001
Gyeongsang-do Log(chl-a) = 0.61 X Log(TN) + 1.05 0.20 710 €0.0001
Gyonggi-do Log(chl-a) = 158 x Log(COD) - 0.03 0.52 37 <0.0001
Gagwon-do Log(chl-a) = 138 x Log{(COD) + 0.05 0.40 172 <0.0001
COD  Chungcheong-do Log(chl-a) = 149 X Log(COD) + 0.06 0.50 646 <0.0001
Jeolla-do Log(chl-a) = 137 X Log(COD) + 0.04 051 751 <0.0001
Gyeongsang-do Log(chl-a) = 110 X Log(COD) + 022 0.38 710 <0.0001
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