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Water quality and Assessment of Trophic State Using Chlorophyll a
as Indicator: A Case Study of Upper and Middle Ing River
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ABSTRACT: The current research was aimed to study water quality and assess trophic
state using chlorophyll a as indicator in the upper and middle Ing River. Water quality
surveys were carried out every 2 months during January to December 2017. Data were
collected from 10 stations in the middle zone of upper and middle Ing River as well as
from branch creek in 10 lines that carry pollution loads from the upper and middle Ing
River watershed communities. Data for types of stationary sources that generate routine
release of pollutants were collected at 12 water quality sampling stations. The results
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showed that all sampling sites were shown to standard for surface water quality CLASS
2. Assessment of chlorophyll a trophic state of Ing River was in oligotrophic status and
municipality sources were the predominant cause of high level of NH,-N (33.90 mg/l)
PO,*-P (16.77 mg/l). Total Maximum Daily Loads (TMDL) was emanating discharged
from most communities. Nutrient pollution was high during dry season. The Multivariate
Analysis (MVA) was used to determine the aquatic environmental factors in response to
factor influencing water quality. The results revealed that pH were apparently affected the
levels of chlorophyll a. The study showed clearly that the importance of understanding of
the impact of seasons affect nutrient loading was met. They are particularly useful in for-
mulating and implementing effectiveness management plans for the conservation of the
aquatic environmental monitoring in the area of upper and middle Ing River.
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Map show sampling points of Upper and Middle Ing River
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Figure 1 The survey area covered 12 stations of point source 10 stations in the Ing River and 10 canals

that received pollution loads from the Ing River
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Table 1 Utilization area of branch creek in the upper and middle Ing River watershed
Total
Area (Rai) Percent
) area

Station Resi- Aqua Live Water

(Rai) Farming Forest  Industry Others (%)

dence culture stock source
C1 46,102 2,349 25,375 153 - 212 17,150 219 644 15.18
C2 42,021 2,315 16,883 567 74 229 21,644 14 295 13.84
C3 70,179 2,993 63,074 627 14 262 1,716 634 858 23.11
C4 43,891 2,761 27,791 236 882 11,801 27 393 14.45
C5 17,311 292 6,878 25 68 10,032 15 5.70
C6 9,198 568 3,234 22 63 5,228 25 69 3.03
Cc7 2,224 3 1,189 2 8 100 899 22 0.73
C8 46,744 1,529 25,539 874 586 18,085 52 79 15.39
C9 7,645 1,245 4,989 82 152 1,176 2.52
c10 18,330 982 9,263 48 87 7,950 6.04
303,646 15,027 184,215 2,637 96 2,642 95,681 971 2,375

Total 100.0

100.0 4.95 60.67 0.87 0.03 0.87 31.51 0.32 0.78 ’

Table 2 Water quality in the in the branch creek of upper and middle Ing River

Parameter MIN MAX Average SD Standard Reference
Transparency (cm) 5.00 87.00 26.85 17.93 30-60 Santiwat (2013)
o 22.02  31.80 26.50 22.02 Pollution Control Department
Temperature (°C) natural (2019)
- 6.00 81.00 19.31 12.66 Pollution Control Department
Conductivity (uS/cm) 150-300
(2019)
Total dissolved solids 40.0 730.0 140.0 110.0 <500 Pollution Control Department
(mg/) (2019)

. 3.50 10.00 6.45 1.51 Pollution Control Department
Dissolved Oxygen (mg/l) 6 (2019)

H 6.05 9.67 7.94 1.14 5_9 Pollution Control Department
p (2019)
Chlorophyll a (mg/|) 0.0 8.0 2.2 1.5 4.7-14.3 Ryding and Rast (1989)

0.01 4.03 1.17 1.95 Pollution Control Department
NH_-N (mg/l) <0.5
3 (2019)
0.01 2.93 0.29 0.57 Pollution Control Department
NO2 + NO3 (mg/l) <03,<5 (2019)
0.01 0.05 0.02 0.01 Pollution Control Department
PO,” -P (mg/l) <06

(2019)
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Table 3 Comparison of seasonal average water quality in the branch creek of upperand middle Ing River

Season
Parameter Average Average Standard Reference
dry +SD high load +SD
Transparency (cm) 35.23+21.26° 21.36+13.05° 30-60 Santiwat (2013)
b Pollution Control Department
Temperature (°C) 25.47+2.41° 27.21+£1.59 natural (2019)
b Pollution Control Department
Conduct (uS/cm) 25.00+9.00° 0.16+0.13 150-300 (2019)
Pollution Control Department
Total dissolved solids (mg/l) 16.00+7.00° 0.12+0.12° <500 (2019)
) . Pollution Control Department
Dissolved Oxygen (mg/l) 7.47+0.91° 5.77+1.45 6 (2019)
b Pollution Control Department
pH 9.12+0.27° 7.14+0.72 5-9 (2019)
Chlorophyll a (mg/l) 3.00+1.00° 2.00£2.00° 47-143 Ryding and Rast (1989)
. Pollution Control Department
NH_-N (mg/l) 1.68+2.37 0.42+0.51° <0.5
3 (2019)
b Pollution Control Department
NO_~+ NO_~ (mg/l) 0.03+0.03° 0.47+0.68 <0.3,<5
2 3 (2019)
5 Pollution Control Department
PO * -P (mg/l) 0.03+0.01° 0.02+0.01° <0.6
., (2019)
Table 4 Water quality in the in the upper and middle Ing River
Parameter MIN — MAX Average SD Standard Reference
Transparency (cm) 5.00 78.80 27.87 16.73 30-60 Santiwat (2013)
o Pollution Control Department
Temperature (°C) 2225  30.65 26.51 1.77 21-32 (2019)
Pollution Control Department
Conduct (uS/cm) 7.00 28.00 16.00 5.00 150-300 (2019)
Total dissolved solids Pollution Control Department
5.00 18.00 11.00 3.00 <500
(mg/l) (2019)
. Pollution Control Department
Dissolved Oxygen (mg/l) 5.00 11.50 7.38 1.28 >3 (2019)
Pollution Control Department
pH 4.53 9.47 7.86 1.26 6.5-8.5 (2019)
Chlorophyll a (mg/l) 0.00 11.0 2.22 1.16 4.7-14.3 Ryding and Rast (1989)
Pollution Control Department
NH_-N (mg/l) 0.07 8.63 1.14 1.95 <0.5
3 (2019)
Pollution Control Department
NO_~+ NO_~ (mg/l) 0.00 1.00 0.19 0.57 <0.3,<5 P
2 3 (2019)
5 Pollution Control Department
PO, -P (mg/l) 0.01 0.05 0.02 0.01 <0.6

(2019)
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Table 5 Comparison of seasonal average water quality in the upper and middle Ing River

Season
Parameter Average Average Standard Reference
dry +SD high load +SD
Transparency (cm) 38.10+19.52° 20.8149.73° 30-60 Santiwat (2013)
o R R Pollution Control Department
Temperature (°C) 25.87+2.33 26.95+1.10 21-32 (2019)
R . Pollution Control Department
Conduct (uS/cm) 20.98+3.75 13.16+3.69 150-300 (2019)
. ) . b Pollution Control Department
Total dissolved solids (mg/l)  13.83+2.42 9.33+2.63 <500 (2019)
) R R Pollution Control Department
Dissolved Oxygen (mg/l) 7.23+0.81 7.48+1.52 >3 (2019)
R b Pollution Control Department
pH 9.15+0.20 6.97+0.83 6.5-8.5 (2019)
Chlorophyll a (mg/l) 2.44+0.09° 2.10+1.94° 4.7-14.3 Ryding and Rast (1989)
2 b Pollution Control Department
NH_-N (mg/l) 2.56+2.95 2.46+3.14 <0.5
3 (2019)
. . R 5 Pollution Control Department
NO "+ NO " (mg/l) 0.02+0.01 0.30£0.37 <0.3,<5
2 3 (2019)
3 R R Pollution Control Department
PO, -P (ma/l) 0.02+0.01 0.02+0.01 <0.6 (2019)

Table 6 Level of nutrients and total maximum pollution loads into the upper and middle Ing River

Level of nutrients (mg/l) Total pollution load ( x 10° mg) ,
Activity Area (km?)
NH_-N PO *-P NH_-N PO *-P

Domestic 33.90 16.77
Market 30.03 20.63 67.68 35.16 24.04
Rice paddy 0.81 0.86
Garden fruit 1.3 0.74 0.27 0.15 294.74
Aquaculture 2.08 2.80 0.11 0.07 4.22
Chicken farm 3.44 9.19
Livestock 4.74 2.72 0.02 0.02 0.15
Pig farm 13.04 15.81

Total - - 68.08 35.39 323.15
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Figure 2 Chlorophyll a concentration in the upper and middle Ing River (T1-T10) and branch creek

of upper and middle Ing River (C1-C10)
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