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The Chao Phraya River Basin: water quality and
anthropogenic inﬂuences
Nuanchan Singkran, Pitchaya Anantawong, Naree Intharawichian
and Karika Kunta

ABSTRACT
Land use inﬂuences and trends in water quality parameters were determined for the Chao
Phraya River, Thailand. Dissolved oxygen (DO), biochemical oxygen demand (BOD), and nitratenitrogen (NO3-N) showed signiﬁcant trends (R2  0.5) across the year, while total phosphorus (TP)
and faecal coliform bacteria (FCB) showed signiﬁcant trends only in the wet season. DO
increased, but BOD, NO3-N, and TP decreased, from the lower section (river kilometres (rkm)
7–58 from the river mouth) through the middle section (rkm 58–143) to the upper section (rkm
143–379) of the river. Lead and mercury showed weak/no trends (R2 < 0.5). Based on the river
section, major land use groups were a combination of urban and built-up areas (43%) and
aquaculture (21%) in the lower river basin, paddy ﬁelds (56%) and urban and built-up areas (21%)
in the middle river basin, and paddy ﬁelds (44%) and other agricultural areas (34%) in the upper
river basin. Most water quality and land use attributes had signiﬁcantly positive or negative
correlations (at P  0.05) among each other. The river was in crisis because of high FCB
concentrations. Serious measures are suggested to manage FCB and relevant human activities in
the river basin.
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INTRODUCTION
The Chao Phraya River Basin covers most or parts of 19

activities contributed to water quality deterioration in

provinces in central Thailand (Figure 1) and serves

the river (PCD ).

about 13 million inhabitants (DOPA ). The rapid

Although strategic measures have been implemented,

expansion of population settlements, economic growth,

the water quality in the river has not been signiﬁcantly

and land use activities has affected the river basin’s

rehabilitated (PCD ), especially in the downstream

environment (Muttamara & Sales ; Liu et al. ;

section, where crowded provinces, such as Bangkok and

Xu et al. ). In particular, the water quality in the

Samut Prakan, are located (Figure 1). The vast urbaniz-

Chao Phraya River often does not comply with its water

ation and extreme human activities along the lower part

classes assigned by the Pollution Control Department

of the Chao Phraya River have discharged a large

(PCD ). A large amount of untreated wastewater

amount of wastewater into this river section. These some-

from domestic, industrial, aquaculture, and agricultural

times caused eutrophication and have brought about a
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The Chao Phraya River Basin (Department of Water Resources, unpublished data) showing water sampling stations in the lower (1–12), middle (15–20), and upper (21–32)
sections of the Chao Phraya River (PCD, unpublished data) and major land use groups in the river basin (LDD, unpublished data).

deﬁcit of dissolved oxygen (DO) in the lower Chao Phraya

The objectives of this study were thus to (1) determine

River (Muttamara & Sales ). More studies are needed

spatial and temporal trends of important water quality

to explore patterns of water quality in relation to anthro-

parameters along the Chao Phraya River and (2) analyse

pogenic inﬂuences as a result of wastewater and nutrient

inﬂuences of land use activities on water quality in the

loads discharged from land use activities (Liu et al. ).

river.
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Landsat 8 satellite images and ﬁeld observations of the

MATERIALS AND METHODS

LDD and were mapped with a scale of 1:50,000 for produStudy area and data collections

cing the relevant shapeﬁles.

The Chao Phraya River Basin (located between 13 280 N,

Data analyses

99 330 E and 16 60 N, 101 50 E) covers a 21,604 km2 area
and has a major river, namely the Chao Phraya, that runs

Linear mixed models in the SPSS program were used to ana-

through it before emptying into the Gulf of Thailand

lyse each water quality parameter across the three river

(Figure 1). The water discharges into the river were 12–500

sections, between the two seasons, and by the interactions

million m3/month in the wet season (May–November) and

between the river sections and seasons. The total observed

0.6–11 million m3/month in the dry season (December–

values (n) over the 28-year period of each parameter for stat-

April) (Royal Irrigation Department, unpublished data).

istical testing in the wet season were 362, 235, and 350 for

The PCD () divided the river into three sections

the lower, middle, and upper sections, respectively. In the

(Figure 1) for the purpose of water quality management.

dry season, they were 284, 186, and 270 for the lower,

The lower section covers the PCD’s water sampling

middle, and upper sections, respectively. The population

stations 1–12 (located between river kilometres (rkm)

sizes varied because of different numbers of sampling

7–58 from the river mouth). The middle section covers

stations among river sections and different frequencies of

stations 15–20 (rkm 58–143). The upper section covers

water sampling between seasons (i.e. twice and three times

stations 21–32 (rkm 143–379). Water classes 4 (poor), 3

in the dry and wet seasons, respectively). The ArcGIS pro-

(fair), and 2 (good) are assigned to the lower, middle, and

gram was used to categorize land use areas across the

upper river sections, respectively (PCD ). The PCD

river basin into eight groups, including urban and built-up

has sampled water 2–3 times a season each year at each

areas, industrial areas, paddy ﬁelds, other agricultural

of the 16 stations since 1990. The water samples were col-

areas, aquaculture, forestry areas, miscellaneous areas, and

lected using the stratiﬁed random sampling method,

water bodies. Kendall correlation analysis was used to deter-

preserved, and sent for laboratory analysis following

mine correlations among water quality parameters and land

Standard Methods for the Examination of Water and

use groups in each season.

Wastewater (APHA et al. ).
The observed data of seven water quality parameters at
the 16 stations of the PCD (unpublished data) over a 28-year

RESULTS AND DISCUSSION

period (1990–2017) were used in this study, including DO,
biochemical

oxygen

demand

(BOD),

nitrate-nitrogen

Trends of water quality and anthropogenic inﬂuences

(NO3-N), total phosphorus (TP), lead (Pb), mercury (Hg),
and faecal coliform bacteria (FCB). The National Environ-

DO, BOD, and NO3-N showed signiﬁcant trends (R2  0.5)

ment Board () speciﬁed that water class 4 should

along the Chao Phraya River in each season, while TP and

contain 2 mg/L DO and 4 mg/L BOD; water class 3

FCB showed signiﬁcant trends only in the wet season. DO

should contain 4 mg/L DO and 2 mg/L BOD, and

increased, but BOD, NO3-N, and TP decreased, from the

water class 2 should contain 6 mg/L DO and 1.5 mg/L

lower section through the middle section to the upper sec-

BOD. The concentrations of NO3-N, Pb, and Hg in these

tion of the river. Pb and Hg showed weak/no trends in

water classes should be 5, 0.05, and 0.002 mg/L,

each season (Figure 2). Each water quality parameter,

respectively. FCB should be 1,000 MPN/100 mL in water

except Hg, was signiﬁcantly different among the three

class 2 and 4,000 MPN/100 mL in water classes 3 and

river sections (P  0.05), but most of them were not signiﬁ-

4. Land use data for the river basin in 2016 of the Land

cantly different between the two seasons and by the

Development Department (LDD, unpublished data) were

interactions between the river sections and seasons

considered. They were obtained from the Theos and

(Table 1). Except DO and FCB, mean concentrations of all
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Linear mixed model results for each water quality parameter observed along the
Chao Phraya River over a 28-year period (1990–2017) among the three river sections (lower, middle, and upper), between the two seasons (wet and dry), and
by the interactions between the river sections and seasons
River section ×
River section

Season

season

Parameter

F-value

P-value

F-value

P-value

F-value

P-value

DO

1,637.5

0.00

14.0

0.00

42.7

0.00

BOD

278.3

0.00

0.2

0.64

1.0

0.39

NO3-N

39.8

0.00

0.4

0.55

0.1

0.87

TP

64.2

0.00

0.0

0.96

1.5

0.21

Pb

5.2

0.01

4.6

0.03

2.4

0.09

Hg

0.6

0.53

0.0

0.98

1.4

0.25

FCB

45.6

0.00

3.9

0.05

4.0

0.02

The signiﬁcant differences of values (P  0.05) are in bold.

concentrations of TP for all water classes. DO and FCB
were therefore widely discussed.
In the wet season, mean DO concentration (5.5 mg/L)
was slightly lower than that required for water class 2
(6 mg/L) in the upper river section. In the dry season,
it (1.8 mg/L) was lower than that required for water
class 4 (2 mg/L) in the lower river section. Mean FCB
concentrations were highest in the lower river section
(Table 2); and they were more than the limitations for
water classes 2–4 assigned for the associated river
sections.
Based on the river section, the largest land use groups
were a combination of urban and built-up areas (43%) and
aquaculture (21%) in the lower river basin, paddy ﬁelds
(56%) and urban and built-up areas (21%) in the middle
river basin, and paddy ﬁelds (44%) and other agricultural
areas (34%) in the upper river basin (Appendix, available
with the online version of this paper). Most water quality
parameters and land use groups showed signiﬁcantly posiFigure 2

|

Median values of each water quality parameter observed at each station along

tive or negative correlations (þ/–Tau at P  0.05) among

the Chao Phraya River (PCD, unpublished data) over a 28-year period (1990–

each other. In both seasons, DO had signiﬁcantly negative

2017) are shown by season (wet: grey bars, dry: white bars). Spatial trends
with the associated R2 values are shown for each parameter in the wet

correlations with BOD, NO3-N, TP, FCB, urban and built-

(May–November, thick line) and dry (December–April, dashed line) seasons.

up areas, industrial areas, aquaculture, and miscellaneous
areas, while it had signiﬁcantly positive correlation with

water quality parameters conformed to their values speciﬁed

other agricultural areas (Table 3). Discharge of wastewater

for the water classes in each river sections, whereas the

from land use activities, such as urban and built-up areas,

National Environment Board () did not specify the

industrial areas, and aquaculture into the lower Chao
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Mean concentration ± standard error (SE) for each water quality parameter by season and section of the Chao Phraya River over a 28-year period (1990–2017)
Mean concentration ± SE of water quality parameterb

River sectiona

DO

BOD

NO3-N

TP

Pb

Hg

FCB

3.5 ± 0.09

1.4 ± 0.09

0.2 ± 0.01

8.7 ± 1.65

0.7 ± 0.74

54,281 ± 3,729

Wet season (May–November)
Lower

2.0 ± 0.07

Middle

4.4 ± 0.08

1.5 ± 0.12

0.9 ± 0.11

0.1 ± 0.01

7.1 ± 1.51

0.8 ± 0.72

7,702 ± 4,680

Upper

5.5 ± 0.07

1.5 ± 0.10

0.6 ± 0.09

0.1 ± 0.01

7.3 ± 1.27

2.0 ± 0.57

11,805 ± 3,832

3.7 ± 0.11

1.4 ± 0.10

0.2 ± 0.01

15.8 ± 1.92

2.1 ± 0.93

33,726 ± 4,212

Dry season (December–April)
Lower

1.8 ± 0.08

Middle

4.2 ± 0.09

1.6 ± 0.13

0.9 ± 0.12

0.1 ± 0.02

7.7 ± 1.74

0.5 ± 0.88

8,247 ± 5,131

Upper

6.6 ± 0.08

1.4 ± 0.11

0.5 ± 0.10

0.1 ± 0.01

8.0 ± 1.48

0.9 ± 0.71

10,757 ± 4,281

a

The three river sections divided by the PCD (1994).

b

Concentrations of Pb and Hg were measured in μg/L, of FCB were measured using most probable number (MPN)/100 mL, and of the remaining parameters were measured in mg/L. The

observed values for each parameter in the wet season were 362, 235, and 350 in the lower, middle, and upper sections, respectively. In the dry season, they were 284, 186, and 270 in the
lower, middle, and upper sections, respectively.

Phraya River (Singkran ) mainly contributed to the

from the farms into the river seemed to be low. That is,

lowest mean concentration of DO observed in this river sec-

the farther the distance from the river, the greater the

tion as reﬂected by their signiﬁcantly negative correlations

amount of residual pollutant degradation (Lv et al. ).

with DO.

Paddy ﬁelds and other agricultural areas might have

FCB showed a strong trend only in the wet season and

been non-point sources of FCB contamination (Ramos

its concentrations were more than the speciﬁed amounts

et al. ; Fumiko ) in the Chao Phraya River Basin

for the relevant water classes across the three river sections.

in the old days when cattle labour and manure were

This indicates that the river is contaminated with human or

employed for farming. However, nowadays, the traditional

animal faecal materials (Singkran ). FCB had signiﬁ-

farming in the river basin has been replaced by intensive

cantly positive correlations with BOD, NO3-N, TP, urban

farming that relies on mechanical engines and chemical fer-

and built-up areas, industrial areas, aquaculture, miscella-

tilizers for mass production. As a result, paddy ﬁelds and

neous areas, and water bodies, but negative correlations

other agricultural areas are currently not a major source of

with DO, paddy ﬁelds, and other agricultural areas. These

FCB in the river basin. Their high negative correlation

correlation patterns were strongly detected in the wet

with FCB implied that the larger the agricultural areas

season (Table 3) when surface runoffs into the Chao

observed, the smaller were the urban and built-up areas,

Phraya River were more than that in the dry season.

which are major sources of FCB.

The highest concentrations of all water quality parameters (except DO) were detected in the lower river

Critical management suggestions

section, where various sources of wastewater containing
these contaminants are densely located along the river-

There is no regulation to enforce residential area, small-scale

banks, such as residential areas, municipalities, business

farming, and aquaculture to treat their wastewater before

centres, hotels, restaurants, etc. (Singkran ). Although

discharging it into the environment. Unless effective man-

faecal matter from certain agricultural activities, such as

agement is undertaken to reduce the FCB concentrations

livestock and poultry, were another major source of FCB

in the Chao Phraya River Basin, this growing problem will

(Sullivan et al. ; Jayakody et al. ), these farms

tend to affect not only water quality, but also the public

were located in higher elevated areas, far from the riparian

health of communities living along the river edges. High

zone, to avoid ﬂooding. Thus, runoffs containing FCB

FCB concentrations in the river indicate disease-causing
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Kendall correlation coefﬁcients (Tau) among mean water quality parameters by station along the Chao Phraya River over a 28-year period (1990–2017) in the wet and dry (in brackets if the values are different) seasons,
areas of eight land use groups observed in 2016 (L1 ¼ urban and built-up areas, L2 ¼ industrial areas, L3 ¼ paddy ﬁelds, L4 ¼ other agricultural areas, L5 ¼ aquaculture, L6 ¼ forestry areas, L7 ¼ miscellaneous areas, and
L8 ¼ water bodies), and parameters from both sets
Water quality parameters
DO

BOD

DO

1

BOD

0.6**(0.7**) 1

NO3-N 0.4*(0.8**) 0.4* (0.6**)

Land use groups
NO3-N

TP

Pb

Hg

FCB

L1

L2

L3

L4

L5

L6

L7

L8

Water quality and anthropogenic inﬂuences

Table 3

1

TP

0.6**

0.9** (0.7**)

0.3 (0.6**)

1

Pb

0.2 (0.3)

0.2 (0.4*)

0.1 (0.5**)

0.1 (0.5**)

1

Hg

0.2 (0.0)

0.2 (0.1)

0.4* (0.0)

0.1 (0.1)

0.2 (0.0)

1

FCB

0.4*

0.6** (0.5**)

0.5** (0.3)

0.6** (0.4*)

0.0 (0.2)

0.2 (0.3) 1

L1

0.8**

0.6** (0.8**)

0.7** (0.8**)

0.6** (0.7**)

0.2 (0.5*)

0.3 (0.1) 0.6** (0.4)

1

L2

0.8**

0.6** (0.8**)

0.7** (0.8**)

0.6** (0.7**)

0.2 (0.5*)

0.3 (0.1) 0.6** (0.4)

1.0**

1

L3

0.3

0.6** (  0.5*) 0.4** (  0.3)

0.6**

0.3 (  0.6**) 0.3 (  0.4) 0.6**

0.4

0.4

L4

0.8**

0.6** (  0.8**) 0.7** (  0.8**) 0.6** (  0.7**) 0.2 (  0.5*) 0.3 (  0.1) 0.6** (  0.4) 1.0** 1.0** 0.4

1
1

L5

0.8**

0.6** (0.8**)

0.7** (0.8**)

0.6** (0.7**)

0.2 (0.5*)

0.3 (0.1) 0.6** (0.4)

1.0**

1.0**

0.4

1.0** 1

L6

0.3

0.1 ( 0.3)

0.3

0.1 (  0.2)

0.0

0.1 (0.2)

0.1 (0.0)

0.4

0.4

0.1

0.4

L7

0.8**

0.6** (0.8**)

0.7** (0.8**)

0.6** (0.7**)

0.2 (0.5*)

0.3 (0.1) 0.6** (0.4)

1.0*

1.0**

0.4

1.0** 1.0** 0.4 1

L8

0.3

0.6** (0.5*)

0.4* (0.3)

0.6**

0.3 (0.6*)

0.3 (0.4) 0.6**

0.4

0.4

1.0** 0.4

0.4 1
0.4

0.1

0.4 1

Signiﬁcant Tau values at P  0.01 and 0.05 are indicated by ** and *, respectively.
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pathogens, such as Escherichia coli and Salmonella sp.,

to pay for wastewater bills or for the installation of onsite

which can increase human health risks of relevant diseases

wastewater treatment systems for their wastewater-related

(DeLorenzo et al. ).

activities.

In the lower river basin, where urban and built-up areas
dominated, the discharge of untreated domestic wastewater
into water sources was apparently a major cause of FCB

ACKNOWLEDGEMENTS

contamination in the lower Chao Phraya River. Similarly,
in the middle river basin, although paddy ﬁelds were dominant, most of the urban and built-up areas (21%) were
densely located along the river banks; and they were the
major point source of wastewater discharged into this river
section (PCD ). Sufﬁcient onsite wastewater systems

We thank the Land Development Department and Pollution
Control Department for providing the relevant data. This
study was part of the research project supported by
Mahidol University (Contract No. Ngor-Po.33/2560).

should be installed in all municipalities and crowded
areas, and they should be maintained in good working
order. Urban planning and building zoning should be considered for re-zoning, re-locating, or forbidding new
development in the riparian zones that are currently
crowded

and

generate

large

amounts

of

domestic

wastewater.
In the upper river basin, while paddy ﬁelds and other
agricultural areas were dominant, swine and poultry farms
were also most observed among the three sections of the
river basin. Faecal matter from all farm sizes should be managed using proper methods and onsite wastewater treatment
systems. For pasturelands that are scattered in the middle
and upper river basins, installation of vegetated buffers
and the planting or the protection of vegetation nearby
water sources are suggested to reduce FCB contamination
in runoffs (Sullivan et al. ; Lewis et al. ).

CONCLUSIONS
Overall, the water quality in the Chao Phraya River was
inﬂuenced by the dominant groups of land use in the river
basin. The river will tend to have low DO concentrations
at certain river sections and high FCB concentrations
throughout the river gradient. Speciﬁc measures and
action plans are need to increase DO in the upper river section in the wet season and in the lower river section in the
dry season. FCB-related human activities, such as urban
and built-up areas and swine and poultry farms, should be
managed using both law enforcement and urban planning
and zoning. It may be about time for wastewater polluters
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