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AN WNMANHIN 1 ﬂ']QiN'ﬂgll ﬂ'ﬂ“ﬂjuﬂiﬂ —1ud (pH) Llﬁgﬂ15u1‘lwﬁ1ﬂl@\iu11uﬂﬁagﬁ1u

N i anil o

Wdine3 ifou Ay
1 2 3 4 5 6 7 8

N.0. 52 oy | 246 (a5 s | 956 a5y psist s | 80253

.. 53 257 | 259 | 254 | 256 | 265 | 267 279 | 295 | 267

il.a. 53 274 | 288 | 289 | 284 | 292 | 292 300 | 340 | 295

g (C) N.A. 53 Rl 317 (8318 323 )| 339w * * ke,

a.n. 53 24. 700000 (%24 | 247 o W 20 BT o ZaFE 247

N.4. 53 29.0 28.1 28.1 27.8 28.6 29.1 30.1 30.2 28.9

Aundy 267 | 273 | 274 | 273 | 280 | 278 b7 |fges | 216

n.0. 52 734 | 770 | 772 | 764 | 819 | 796 746 | 742 | 7.68

.. 53 738 | 741 | 747 | 763 | 840 | 893 858 | 810 | 7.99

ANy =

il.a. 53 800 | 758 | 827 | 883 | 958 | 9.1 9.04 | 744 | 848

nan-d n.A. 53 763 | 714 | 750 | 817 | 9.14 | 8.58 * * 8.03

(pH) a.n. 53 762 | 736 | 774 | 783 | 749 | 744 792 | 821 | 7.70

n.u. 53 7.18 720 | 720 | 732 | 731 | 722 752 | 733 | 729

Aunan 753 | 740 | 765 | 790 | 835 | 821 810 | 770 | 7.86

N.0. 52 774 | 764 | 752 | 624 | 722 710 529 | 751 703

.. 53 930 | 757 | 751 | 685 | 713 682 731 788 755

il.a. 53 910 | 847 | 822 | 762 | 767 808 910 | 1,000 | 853

ﬂ1§ﬁ1llﬂﬁ1 W.A. 53 920 793 758 698 723 970 % % 810

(Wem) a.n. 53 459 | 30 | 208 | 204 | 207 263 1,120 | 306 350

n.u. 53 446 | 182 | 175 | 168 | 171 355 722 | 587 351

Aunan 740 | 562 | 578 | 524 | 551 631 802 | 686 629
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aoil .
miines Hou ANNae
1 2 3 4 5 6 7 8
W.0. 52 0.4 0.4 0.4 0.3 0.4 0.3 0.3 0.4 0.4
1.0, 53 0.4 0.4 0.4 0.3 0.3 0.3 0.3 0.4 0.4
1.0.53 0.4 0.4 0.4 0.3 0.3 0.4 0.4 0.4 0.4
AN W.A. 53 0.4 0.4 0.3 0.3 0.3 0.4 E * 0.4
ot a.a. 53 0.2 0.0 0.1 0.1 0.1 0.1 0.5 0.2 0.2
n.4.53 0.2 0.1 0.1 0.1 0.1 0.2 0.3 0.3 0.2
Aindn 0.3 0.3 0.3 0.2 0.3 0.3 0.4 03 0.3
W.0. 52 1.76 324 | 275 | 349 | 276 1.91 2.79 1.83 2.57
.. 53 1.72 286 | 232 | 287 | 274 1.54 2.60 1.54 227
AWAN (m) 0.0 53 1.13 | 234 19 | 244 | 205 1.36 2.09 1.38 1.84
.M. 53 0.84 2.04 1.4 2.44 1.8 0.75 * * 1.55
a.n.53 4.48 3.00 | 3.44 | 304 | 327 2.29 3.27 3.63 3.30
n.4.53 4.94 1.02 | 3.67 | 412 | 3.82 2.69 3.31 2.59 3.27
Ainay 2.48 242 | 258 | 3.07 | 274 1.76 2.81 2.19 251
W.4. 52 1.76 1.70 1.74 1.06 1.96 1.69 227 1.45 1.70
.0, 53 0.6 ] 0.7 0.6 1.8 1.4 1.6 1.1 1.1
n.n. 53 0.5 0.6 0.6 0.6 1.3 1.0 1.0 0.7 0.8
AIADINIU W.A. 53 0.84 036 | 047 | 055 | 097 0.75 * * 0.66
LA (m) a.n. 53 0.23 0.17 | 0.19 | 0.062 | 0.19 0.21 1.66 0.11 0.35
n.0.53 0.60 0.30 | 030 | 0.10 | 040 0.50 0.70 0.40 0.41
Anay 0.76 0.71 0.67 | 0.50 1.10 0.93 1.45 0.75 0.85
W.Y. 52 2.60 428 | 452 | 837 | 4.04 2.40 1.68 2.07 3.75
.M. 53 0.86 299 | 6.6l 870 | 2.12 1.24 0.79 1.04 3.04
n.A.53 309 | 10.19 | 724 | 855 | 2.12 2.09 2.09 2.47 4.73
ANWYU (NTU) W.A. 53 351 | 3140 | 16.50 | 16.70 | 5.00 4.70 * * 12.97
a.n.53 61.40 | 100.00 | 94.60 | 130.05 | 87.40 | 66.35 3.55 99.40 | 80.34
n.8.53 9.33 41.46 | 54.56 | 130.56 | 55.01 22.61 7.06 82.26 50.36
ﬂ'nﬂétl 1347 | 31.72 | 30.67 | 5049 | 2595 16.57 3.03 3745 26.43
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MINMANKIN 3 ADDNTIUALAB (DO) mmé’fmmiaaﬂm%umwamu (BOD) won Tatlo -

v
Tulasiou (NHN) vz Tulasy - Tulasiou (No -N) vesrhludlsagniu

anil .
mnines 1Aou Aunde
1 2 3 4 5 6 7 8
N0, 52 955 | 875 | 845 | 860 | 755 | 7.85 565 | 635 | 7.84
u.A. 53 570 | 535 | 515 | 565 | 520 | 5.05 525 | 520 | 532
in. 53 535 | 670 | 620 | 680 | 725 | 6.65 720 | 855 | 6.84
DO (mg/L) n.A. 53 460 | 885 | 835 | 885 | 725 | 7.80 * * 7.62
a.9.53 670 | 840 | 840 | 808 | 9.05 | 805 S5 SR BoON 775
.. 53 8.60 8.80 8.35 9.00 8.95 10.05 8.75 10.10 9.08
Ainas 575 % 7.81 1 Tet8m Ui0g 7" 7.50 1S se 644 | 7.64 | 740
.o, 52 170 | 140 | 130 | 220 | 1.90 1.00 700 | 1.10 | 220
0. 53 150 | 1.00 | 230 | 200 | 1.10 1.30 140 | 1.20 1.48
i.n.53 210 | 240 | 200 | 190 | 230 1.60 170 | 1.40 1.93
BOD (mg/L) W.A. 53 1.80 3.80 6.60 1.90 2.80 1.60 ¥ 3 3.08
... 53 6.10 3.00 3.60 2.50 3.00 4.80 3.40 7.80 428
n.0. 53 002 | 006 | 002 | 004 | 002 | Tiwy | Tiwn | liny | 003
Ainan 220 | 194 | 264 | 176 | 185 | 2.06 338 | 288 | 212
0. 52 Tiwy | Taiwo | Tawo | Taiwo | Tiwo | Tiwy | Two | Tldwo | liww
1.0, 53 Ty | Tiwo | Tiwy | Tdwo | Tiwo | Tdwy | Tiwe | Tdwo | Tdwe
1A 53 Tuiww | Tawo | Tdwo | Tadwo | ldwo | Two | Tdwo | Tdwo | lawe
NH.-N (mg/L) W.A. 53 Tiwy | Tiwy | Tiwo | Two | liwo | Tiwo | Tuww | Tdww | liwo
' a.9. 53 Taiwy | Taiwo | Tdwo | Two | ldwo | Tiwo | Tdwo | Tdwo | liww
n.0. 53 Tuwy | Tiwa | Tawo | Tdwo | Tiwo | Tiwo | Tiwe | Tdwo | Tiwe
Aunay Tawy | laiwo | Two | Tadwo | Tdwo | Two | Tdwo | Tdwo | liwo
N.0. 52 200 | 200 | 200 | 300 | 1.00 | 3.00 1.00 | 1.00 1.88
u.A. 53 0.007 | 0.007 | 0.006 | 0.009 | 0.006 | 0.005 | 0.005 | 0.006 | 0.006
NO.-N 1.9.53 0.009 0.007 | 0.008 0.007 | 0.009 0.009 0.008 0.009 0.008
(mg'/L) WA, 53 0.003 | 0.002 | 0.001 | 0.001 | 0.001 | ‘laiwy * * 0.001
a.n.53 0.027 | 0.009 | 0.008 | 0.008 | 0.005 | 0.003 | 0.003 | 0.045 | 0.014
n.. 53 3.600 | 1500 | 2.700 | 1.500 | 1.800 | 2.600 | 2.400 | 3.800 | 2.488
Fhméﬂ 0.941 0.588 | 0.787 | 0.754 | 0.470 1.123 0.683 0.972 0.764
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NI NMANHIN 4 Vlukﬂi‘ﬂ - Vluiﬂﬁlﬂu (NO}'N) ﬂﬂﬁﬂaﬁﬁmwuﬂ (TP) V93 18NIHUA (TDS) E. coli 11ag coliform

anil .
a d v =
NINUINDI aﬁau ANNQLY
1 2 3 4 5 6 7 8
WY, 52 Taiwu | 020 | 030 | 020 | 020 0.20 0.30 0.10 0.19
.. 53 004 | 003 | 004 | 005 | 002 0.02 0.03 0.03 0.03
NON §.a.53 002 | 001 | 001 | 001 | 001 0.02 0.02 002 | 0015
WA 53 001 | 002 | lwy | 001 | Tuwy | ldwy * * 0.007
(mg/L)
a.n. 53 006 | 004 | 004 | 010 | 002 | Tdwu | Niwu | 005 0.04
n.4. 53 0.005 | 0.005 | 0.002 | 0.009 | 0.006 | Tuwu | 0002 | liwu | 0.005
ANy 0.027 | 0.051 | 0.078 | 0.063 | 0.051 | 0080 | 0088 | 0050 | 0.049
WY 52 002 | 002 | 004 | 004 | 002 0.02 0.03 | liwu | 0.02
W.A. 53 003 | 002 | 006 | 004 | 002 0.02 0.02 0.04 0.03
1A 53 Taiwn | 008 | 002 | 003 | 003 | Tuwu | Tuwy | luwu | 0.02
TP (mg/L)
WA, 53 007 | 008 | 014 | 007 | 004 0.03 * * 0.07
.9, 53 006 | 006 | 004 | 006 | 007 0.07 005 | liwu | 0.5
n.0. 53 009 | 014 | 028 | 012 | 007 0.09 0.06 0.38 0.15
ANy 005 | 007 | 010 | 006 | 0.04 0.05 0.04 0.21 0.06
WY, 52 413 410 | 401 333 | 384 379 279 406 376
A, 53 500 | 404 | 399 | 372 | 384 368 390 1 405
1.a.53 473 456 | 431 410 | 413 433 488 580 461
TDS (mg/L)
W.A. 53 490 | 421 405 | 375 | 390 439 * * 420
.0, 53 224 167 112 108 112 144 610 162 205
n.u.53 237 97 92 90 90 190 372 310 185
ANy 390 | 326 | 307 | 281 296 326 428 376 338
.9, 53 = = + =t =~ = = = <
1.n.53 2 + + i . = - + +
E. coli 18, 58 N = N ] R R N & i
a.9a.53 - + + - L + + - +
N.Y. 53 - + + + + e - + +
3.0, 53 1,600 | 540 | 2300 | 23 79 240 170 540 687
coliform 1A 53 49 130 110 130 4 2 5 350 98
. W.A. 53 540 | 1,600 | 920 | 4900 | 38 84 * * 1,347
bacteria
a.n. 53 45500 | 920 | 1,600 | 6,800 | 240 540 49 7,800 | 2,806
(MPN/100
n.4. 53 430 | 1,600 | 350 | 1,600 | 350 350 350 920 744
AunaY 1424 | 958 | 1,056 | 2.691 | 142 243 144 | 2403 | 1,125
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Abstract

Lahan Swamp is important as a national wetland of Thailand, providing water for nearby agriculture, fisheries and
even people in Chaiyaphum municipality. Water samples from eight monitoring sites in Lahan Swamp were
collected in November 2009, January, March, May and August, 2010 and analyzed for temperature, pH, salinity,
Dissolved Oxygen (DO), turbidity, transparency, Total Dissolved Solids (TDS), Biochemical Oxygen Demand
(BOD), ammonia-nitrogen (NH;-N), nitrite-nitrogen (NO,-N), nitrate-nitrogen (NO:-N), Total Phosphorus (TP),
Coliform bacteria and E. coli. Then all data were used to produce water quality maps with the ArcGIS program.
The results classified water quality of Lahan Swamp at class 2, as described by The Pollution Control Department
of Thailand, suitable for consumption but requiring special water treatment. However, the water can be used for
fishing, swimming, and water sports. Yet, in some months, water qualities at Lam Kunchoo, Klong Sansab,
Shrine-pump station, and Don Lanam village were poor with BOD values at 6.1, 6.6, 7.0, and 7.8 mg/L,
respectively. They were categorized as class 5 thus should only be used for navigation. Since the human
community and industrial areas are growing around Lahan swamp, wastewater treatment regulation and fishery
restriction will be needed to protect water quality in this swamp.

© 2011 Published by Elsevier Ltd.

Keywords: GIS; wetland; water pollution; BOD; E. coli

1. Introduction
Water resources have been crucial for human life since prehistory. Currently this resource is used for

agriculture, fishery, transportation and within the household. These activities produce waste that
deteriorates water quality in many reservoirs and wetlands around the world. Regular water quality
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assessment is essential in water quality management, demonstrating water quality status and assisting to
find the sources of water contamination [1].

Lahan swamp is the fourth largest national wetland of Thailand. Unfortunately, there are many
problems in the swamp, for example, the expansion of residential and industrial areas, alkaline soil
from rock salt, decomposition of dead plants especially algae, pesticide and herbicide contamination
from agriculture, and biodiversity reduction such as in fish likely due to overfishing and unsustainable
fishing methods, the reduction in bird population because of roadway construction, levee construction
and fishery, invasive plant species and the extinction of native aquatic plants [2]. Meanwhile,
management and monitoring of this area is still limited. Thus this study is aimed at evaluating physical,
chemical and biological qualities of Lahan swamp and to give suggestions for future management of
this valuable wetland.

2. Materials and methods
2.1. Site

Lahan swamp is located in Chatturat district, Chaiyaphum province (Fig. 1). It is 10 km from
downtown Chatturat district. Its area covers 29.09 km’ [3]. It is surrounded by the Chi River, Nong Bua
Hai and Ban Kok subdistrict, Lahan subdistrict and Nong Bua Ban subdistrict in the North, South, East
and West, respectively. Lahan swamp is approximately 190 m above sea level and receives much of its
water from Lam Chanchoo in the southwest while the water outflow occurs within the Chi River in the
North [2]. The water depth in the rainy season ranges from 2-3 m but it declines to approximately 1-2 m
in the dry season. The soil base is salt rock; therefore, water salinity may increase in summer.
Moreover, this area has been used for salt mining, giving further evidence for previous disturbance.
Currently, this practice has been discontinued by the Royal Irrigation Department [4].
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Fig. 1 Lahan Swamp and water sampling station locations in Chaiyaphum province, Thailand

2.2. Water sampling and analysis

Water samples from eight monitoring stations (Table 1) in Lahan Swamp were collected during
November 2009; January, March, May, August and September 2010. The two liters of water samples
were collected in polyethylene bottles and fixed at 4 °C before being sent to The Center for Scientific
and Technological Equipment (CSTE), at Suranaree University of Technology, Nakhon Ratchasima,
Thailand. Water parameters including Biochemical Oxygen Demand (BOD), ammonia-nitrogen (NH;-
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N), nitrite-nitrogen (NO,-N), nitrate-nitrogen (NO3-N), Total Phosphorus (TP), coliform bacteria and
E. coli were measured and analyzed according to American Public Health Association (APHA) [5]. On
the other hand, temperature, pH, salinity, Dissolved Oxygen (DO), and Total Dissolved Solids (TDS)
were measured using a YSI-85 Multi-Probe in the field. The water quality results were compared with
surface water quality standards of Thailand. In addition, the geographic information system (ARCGIS)
was used to show spatial differences of water quality at each station.

Table 1 Water sampling station coordinates of Lahan Swamp, Chaiyaphum province

Code Stations Coordinate

1 Lam Kunchoo 47P 0812443, 1731747

Klong Maklua

Klong Sansab

Klong yaykaeo

Middle of Lahan swamp

Huay Kok

The Shrine-pump station

Don Lanam village

47P 0812886, 1732888

47P 0812773, 1733256

47pP 0810192, 1734532

47P 0810595, 1731963

47P 0808620, 1729959

47P 0810813, 1726745

47P 0811150, 1729489

3. Results and Discussion

We found that water quality in Lahan Swamp was in class 2 (good) according to the
surface water quality standards of Thailand. It was suitable for consumption with some
special water treatment processes before use, fishery, swimming and water sport were also
acceptable in this area. Thus we demonstrate that Lahan Swamp is more satisfactory class
than other lake in the area, such as, Bueng Thung Sang [6] and East Si-Tan Lake [7] where
were class 2 of the surface water quality standard in Thailand. However, high salinity and
conductivity were found in summer because of salt rock [2]. On the other hand, the high
turbidity and coliform bacteria were found in the rainy season likely from erosion and
pathogen contamination from the outer to inner swamp. Furthermore, a detention project
has now commenced in the area [8]. Therefore, salinity, conductivity, turbidity and coliform
bacteria will likely be influenced, precautions should be taken. Moreover, BOD from dead
plants especially algae and water hyacinth as well as E.coli from fishing and community
wastes were the most noted pollution in Lahan Swamp. The results of this study concur with
studies on Chilika Lake, the Orissa coast of India and Yeongrang lake in Sokcho. The high BOD
value was found at the stations where the decomposition of the weeds occur which is
indicative of assimilation of organic load [7, 9, 10] and rainfall runoff [11].

When considering each water station, the Shrine-pump station and Klong Sansab should be carefully

monitored in summer because BOD values were highest 7.0 mg/L in November 2009 and 6.6 mg/L in
May 2010, respectively for both locations (Fig. 2a and 2b). On the other hand, Lam Kunchoo and Don
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Lanam village should be closely monitored in the rainy season due to high BOD value of 6.1 mg/L and

7.8 mg/L, respectively in August 2010 (Fig. 2c¢).

One possible solution for remediation is swamp dredging to reduce BOD from dead plants;
however, this activity must reach a depth no more than 1.5 m depth to prevent rock salt contamination.
Furthermore, giving knowledge is one of solution for fishing and community wastes, such as teaching
sustainable fishing methods, devices and equipment. Restrictions of zone and time for fishing should
be set. Further study may implicate other anthropogenic sources in the future.
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Fig. 2 BOD map of Lahan Swamp in (a) November

2009, (b) May 2010, (c) August 2010
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