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Abstract

This study focuses on the role of the lake dredging, the effect of seasonal changes and distribution of
total suspended solids, changesin light levels, lake water quality and phytoplankton biomass in Kwan Phayao
between November 2004 and October 2005. A water quality monitoring program was carried out in Kwan Phayao
Lake, aninternationally recognized wetland in the upper north region of Thailand, to determinetheimpact of lake
dredging. Water samples were collected monthly from November 2004 to October 2005 at 10 stations. Results
indicated extraordinary high total suspended solid (TSS) concentrations at the upper end of the lake during
March and April 2005 when the inflow channel was being dredged. These high concentrations of TSS limited
photosynthetic active radiation (PAR) light penetrating into the lake at depths of 60 cm and 40 cm in March and
April, respectively. During July to October there were high water inflowsinto thelakewith moderate TSS. During
these months surface water was also partly covered by floating macrophytes, especially water hyacinth,
resulting in low phytoplankton standing stock. Mean phytoplankton standing stocks, expressed as chlorophyll
a, were higher than 100 mg m-3between March and May 2005 dueto algal blooms. Among 10 stationswhere data
were collected, the lowest chlorophyll a recordings were concurrently observed at the most turbid site.
Dissolved oxygen (DO) concentrations near lake bottom of this sampling site were also usually lower than DO
criteria for the survival of aguatic animals. No correlation between rainfall and TSS was found in this study.
Resultsindicated that the dredging activity had aminor effect on surface water pH, DO, and water temperature.
However, the impact on PAR, phytoplankton standing stock, and dissolved inorganic materials were locally
prominent.
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Introduction

Kwan Phayao Lakeisoneof themost important international recognition wetlandssituated
intheupper north of Thailand. Itisasemi-natura wetlandsincluding apermanent freshwater lake
covering an areaof approximately 1,980 hectars. At thenorthernend of thewetlandisfed by the
Nam Maelng river whileat the southern end inflow is from the Nam Mae Tum channedl. Tensmall
channelsfeed thewestern part of thewetland. Phayao city issituated on the south eastern fringe of
thelake. Thelake emptiestothe east, viathe Nam Maeng river which emptiesinto the Mekong
riverin Chiang Ral Province. Thewater level of thelakeiscontrolled by aduice gateand aspillway
at the Phayao Freshwater Fishery Research Station. Kwan Phayao Lakeisahabitat for diverse
aquatic living groups and services asacommunity source of freshwater fish, water supply, fresh
water irrigation, and isalso used for recreation. Thereare 13 1ocal fishery communitiesaround
thelakewhich use primarily gill-nets. The standing crop of fish has been estimated at 159 kg/ha.
Twenty-two species have been recorded, but just five species make up over 90% of the
fish biomass. Chief among these are Tilapia nilolica (productivity 21.9 kg/halyear) and
Anabastestudineus (2.19 kg/halyear) (Jintanugool & Round, 2005). It wasreported that total fish
catchin 2003 was 339.97 tones. (Kasetsart University, 2004)

Recently, Kwan Phayao L ake has experienced water quality problemsdueto population
expansioninand around Phayao municipality. Moreover, many cultivationssurrounding thelake,
mainly ricecrop, are also sources of agricultural pollutants. Thelakeitself isgradually becoming
shallower asaresult of high particul ate deposition from inflow streams and the accumul ation of
aquatic detritus. In some places, poor water quality, particularly low dissolved oxygen, isnear



2 Naresuan University Journal 2007; 15(1)

acritical level for thesurviva of fish (Phayao Freshwater Fishery Research Station, 2004).

Apart from water quality degradation, Kwan Phayao L ake has been subject to sediment
infilling, whichisthreatening the habitat diversity and recrestional opportunities. The Department of
Fishery hasapproved alake restoration plan which includesdredging thel ake to remove sediment
which had accumulated since 1984. This plan has been adopted by 3 principal natural water
resources including Bung Borapet in Nakorn Sawan Province, Nong Harn in Sakon Nakorn
Province, and Kwan Phayao in Phayao Province. Asaresult of budget limitations, spot dredging,
instead of entirelake dredging, hasbeen performed on an annual basisin 1-2 sitesin each year.

Light and nutrient status are the major growth-limiting factorsfor phytoplankton (Wetzel,
2001). Light levelsininland shallow lakes such as Kwan Phayao that have inflows from many
streamsmay a so be affected by particulate matter from water inflows. Thisisparticularly trueinthe
rainy season. Light limitation for the photosynthesis of primary producersmay also be caused by
human activities, such as dredging. Maintenance dredging in Kwan Phayao Lake has been
undertaken throughout the year by 2 hydraulic dredging vesselsusing 8- and 12-inch diameter
pipes. Dredging activitiesarefocuses on removing accumul ated sediment and agueatic plantsdebris,
especialy at the north end of thelakewhere Mae Ing river emptiesinto thelake. Thusthisstudy
focuseson therole of thelake dredging, the effect of seasonal changes and distribution of total
suspended solid, changesinlight levels, lakewater quality and phytoplankton biomassin Kwan
Phayao between November 2004 and October 2005.

Materials and M ethods

Collection of water sasmplesand field survey were conducted monthly from November
2004 to October 2005 at 10 sampling stationsaround the Kwan Phayao Lake (Figure 1). Sampling
stationswere accessed using aGPS (Garmin M ap 76s) and the landmarks with minor adjustments
to improve sampling. Sampling stations names and UTM grids are shown in Table 1. Water
temperature, dissolved oxygen (DO), pH, conductivity and total dissolved solid (TDS) were
measured in situ at 30 cm below the surface and 30 cm from the bottom of the lake using
amulti-probeswater analyzer (Y Sl 556 Mps). Water surface and underwater solar radiationswere
measured using aLi-cor underwater quantum sensor in every 20 cm through 1 meter depth. Water
samplesfor total suspended solid (TSS) and phytoplankton biomass expressed as chlorophy!ll
awerecollected usingal.5liter standard water sampler at adepth of 30 cmand werekeptinan
ice-box during transportation. TSS sampleswere analyzed by filtering an diquot of water samples
using pre-combusted pre-weighted Whatman GF/C filters. Samplesweredried at 103-105 °C to
obtain TSSweight (APHA, AWWA & WEF, 1995). Phytopl ankton biomasswas determined using
pigment analysis (chlorophyll @) by Lorenzen's spectrophotometric method (Lorenzen, 1967) as
describedin Parson et a. (1984). Rainfall datawas obtained from Phayao meteorol ogical weather
detion.

Results

Dredging activities

According tothefisca year 2005 |ake dredging plan, two siteswere sel ected for dredging.
Thefirst dredging spot wasMae |ng water channel |ocated at the north end of the lake near station
6 where water from Mae Ing channel empties into the lake. This site was selected because
sediment had clogged the water channels and obstructed water flow into the lake, resulting in
flooding of the northward basin. Dredging activitiesat thissitewere carried out from November
2004 to May 2005. The second dredging point was located at the south end of the lake near
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Rong Hai village where dredging took place from Juneto September 2005. The Department of
Fishery planned to removeabout 200,000 m* of sediment in each location.

Figure 1. Sampling locationsin Kwan Phayao Lake. The solid arrow indicates adredging spot during November
2004 - May 2005. The dashed arrow indicates a dredging spot during June - September 2005.

Table 1. Stations names and geographic co-ordinations

Co-ordinations

Station L ocation

X Y
1 In front of fishery research station (southeast-ended) 0596391 2118475
2 Behind Phayao municipal office 0595505 2118830
3 In front of King Ngam Muang statute 0594421 2119460
4 Phayao water supply pumping station 0593791 2119968
5 Behind Phayao hospital 0592361 2121776
6 Rong Havvillage - Khun Degj bridge (north-ended) 0591564 2123226
7 San Wieng Mai village 0590717 2119444
8 San Chang Hin village 0591715 2117756
9 Lake center 0592385 2118782
10 Rong Hai village 0593907 2118054

Spatia and temporal variation intotal suspended solidsand light penetration

Significantincreasesof TSSwererecorded inthewater column during dredging. TSSdata
ranged between 0-106 mg/l. The maximum TSS data (106 mg/l) was observed at station 6 inApril
(Figure 2). At that time high TSS decreased photosynthetically active radiation (PAR) from
203.6 LE cm?s™ at thewater surfaceto 0.41 and 0.01 LE cm™@ s at the depth of 20 cm and 40
cm, respectively. Againin July, after dredging that occurred near station 6inMay 2005, therewas
apeak of TSS. Thiswascoincided withincreasing monthly rainfall (Figure 2). Thedredging of the
second spot (station 10) began in June 2005. At thissite, anon-significant increasein TSSwas
observed. Theaverage TSSlevelsat the other sampling Siteswereat or just abovethe TSSlevels
measured at thelake center (station 9).

Phytoplankton standing stocks

Significant difference in chlorophyll a concentrations among sampling stations were
particularly observed during adry season. Chlorophyll a concentration of station 9, thereference
siteat the center of thelake, showed asingletemporary peak of phytoplankton standing stock in
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April 2004, while that of station 10 showed double peaks in March and May. Chlorophyll a
concentration of station 10 dropped immediately after dredging activity wasmoved from station 6
tothisste. Ontheother hand, Chlorophyll a concentration of station 6 wass gnificantly ow throughout
thestudy period (Figure 3).

Apart from dredging activities, therewere high water inflowsinto thelakewith moderate
TSSduring the months of July to October 2004. During this period surface water wasalso partly
covered by floating macrophytes, mainly water hyacinth. Thesefloating aquatic plantsobstructed
light penetrationinto thewater column, resulting inlow phytoplankton standing stock aswell. Mean
phytoplankton standing stocks, expressed as chlorophyll a, were higher than 100 mg m™ between
March and May 2005 dueto the algal blooms. Among 10 stationswhere datawere collected, the
lowest chlorophyll a recordingswere concurrently observed at themost turbid site (Figure 3).
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Figure 2. Changesin TSS at the first dredging site station 6 (north-end of the lake); at the middle of the lake

station 9 (reference site); at the second dredging site station 10 (south-end of the lake) and monthly
precipitation during the study period. Solid arrows indicate the beginning of dredging and the dashed arrows

indicate the end of dredging.
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Figure 3. Seasonal changes in phytoplankton standing stocks expressed as chlorophyll a concentration at the
dredging site station 6, station 10, and at the reference site station 9 during the study period. Solid arrows

indicate the beginning of dredging and the dashed arrows indicate the end of dredging.
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Seasonal changesin major water quality

During the study period, DO concentrationsvaried greetly. Critical DO concentrationsnear
lake bottom in the dry season were observed at stations 1, 2, 3, and 6. DO degradation during
the rainy season was recorded at station 5 since April 2005 and at station 6 since June 2005
(Figure4A). It wasalso found that station 5 and station 6 were characterized by the poorest water
qudity intermsof DO concentration (Figure4B).
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Figured4. A) Changesin DO concentration at 10 sampling points during November 2004 to October 2005. B) DO
concentrations at 20%ile during November 2004 to October 2005.

Water conductivity at station 6 during dredging activity was higher than other stations
particularly between November 2004 to February 2005. Conductivity dropped from 128 uS/cm
in May 2005 to 81 uS/cm in June 2005 immediately after dredging was stopped (Figure 5).
Conductivity at station 9 and station 10 showed increasing trend coinciding withincreasing rainfall.
Maximum conductivity was observed at station 10in September 2005.

Discussion

Maintenance dredging refersto theroutineremoval of accumulated sediment from channel
bedsto maintain the design depthsof navigation channels, harbors, marinas, boat launches, and port
facilities. Dredging a soisdoneto remove nutrient-rich sediments, removetoxic substances, reduce
rooted aguatic plant growth, lessen sediment resuspension by windsand waves, and improvefish
habitat (1llinois Environmental Protection Agency, 2006). Dredging istypically conducted by
mechanical methods such as clam buckets, draglines or backhoes (Fisheries and Oceans Canada,
2005). Apart from mechanical methods, hydraulic dredging is an aternative way to remove
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sediment. Dredging machinery isgenerally incorporated onto afloating hull. A cutter with steel
blades didlodgesthe sediment, and aslurry ispiped to adisposa basin onland wherethewater is
drained off and the sediment isleft to dry. Thismethod isfaster than other mechanical methodsand
creates|essturbidity than wet mechanica dredging (IllinoisEnvironmental Protection Agency, 2006).
However, improper use of the equipment can result in excessively high levels of turbidity
(Cooke et a., 1986). From afisheries perspective, the largest threat to fish habitat from these
activitiesistheincreased amount of suspended sedimentsintroduced to thewater column during the
dredging process (Burnaby City Hall, 2002).
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Figure5. Changesin water conductivity at the first dredging site (station 6) at the middle of the lake (station 9)
at the second dredging site (station 10) and monthly precipitation during the study period. Solid arrows indicate

the beginning of dredging and the dashed arrows indicate the end of dredging.

TSS concentrationsand turbidity bothindicatethe amount of solidssuspended inthewater,
whether minerals(e.g., soil particles) or organics(e.g., algae). High concentrations of particulate
matter affect light penetration and productivity, and recreational values, reduce habitat quality,
and may cause lakesto fill in faster (Gijjapinun & Meksumpun, 2004). Particles aso provide
attachment placesfor other pollutants, notably metalsand bacteria (Michaud, 1994). Increased
turbidity can changean ecosystem significantly. Themost obviouseffect of increased turbidity isa
reductionin PAR availablefor photosynthesis. Resultsfrom this study supportsresultsfound by
Lewiset d. (2001) who studied the hydraulic dredging impact on benthosand algd periphytoninan
urbani zed Floridabayou. They found that dredging significantly reduced PAR at several stations.

Itisnatura for chlorophyll alevelstofluctuate over time. Chlorophyll a concentrationsare
often higher after rainfall, particularly if therain hasflushed nutrientsinto thewater (Mosset dl.,
2006). Changes to systems which decrease (e.g. construction of canal estates) or increase
(e.g. breakwaters, training water and dredging) flushing ratesinfluence chlorophyll a concentrations
because flushing dilutes nutrients and movesthem away from plants, making them lessavailable.
In this study, the suppression of phytoplankton standing stock in the north part of the lake could
definitely bearesult of increased TSSfrom dredging (Figure 3 and Figure4). However, theimpact
of dredging events in Kwan Phayao Lake, based on the selected parameters, are likely to be
localized.

Elevated chlorophyll alevelsin other sampling sitesduring the summer timeindicated high
numbersof phytoplankton. Excessivewater column productivity, expressed by high chlorophyll
aconcentrations, can a so contribute to high amounts of easily decomposed (i.e. labile) organic
matter to the sediments (Michaud, 1994). Moreover, oxygen depleting substances could be
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released during dredging, which could lower dissolved levelsinthewater column. However, no
specific relationship between phytopl ankton bloom, DO depl etion and dredging event wasfoundin
thisstudy. It appeared that low levels of DO were naturally found near the bottom of the water
column. Theeffectson surfacewater pH, DO, and temperature were negligible but the effectson
PAR and dissolved inorganic materialsas shown in conductivity datawere prominent.

Conclusion

It can be concluded from this study that the current spot hydraulic dredging maintenance
programin Kwan Phayao L ake hasnegatively affected somewater quality parameters, particularly
TSSand PAR at the Siteswhere dredging has been undertaken. Theimpact of dredging eventsin
Kwan Phayao L ake, based on the sel ected parameters, arelikely to belocalized. The effectson
surfacewater pH, DO, and temperature were negligible but the effects on PAR, phytoplankton
standing stock, and dissolved inorganic material swere prominent. It issuggested that measuresto
reducetheimpact of dredging on changesin biotic community composition should becarried out.
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