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Message from

the Director General, Coast
Conservation & Coastal
Resource Management
Department

Coastal water quality monitoring is extremely important to us as island nation with the
World Water Assessment Programme reporting that every day a staggering two million tons
of human waste is disposed into water courses. In Sri Lanka having 103 waterways

connected to the sea, these wastes are the main source of coastal water pollution.

Regularly monitoring water quality is a crucial part of identifying any existing problems, or
any issues that could emerge in the future. For example, data has been used to reveal that

over the past few years, increase in fecal pollution in our coastal waters.

When designing and developing pollution prevention and management strategies data
collected from water quality monitoring efforts is hugely helpful. With the increase of
untreated industrial waste discharge straight into inland water systems, pollution

management is a must to safe guard our coastal waters.

Mr. B.K. Prabath Chandrakeerthi
Director General

Coast Conservation and Coastal Resource Management Department
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Message from

the Additional Director
General (Coastal Engineering),
Coast Conservation & Coastal
Resource Management
Department

Water quality monitoring data is incredibly useful however; it is not always easy to gather.
Specialists use a range of different techniques to put together results, including taking
samples of chemical conditions, analyzing sediments, using tissue extracts to find traces of
metals, oils, pesticides, dissolved oxygen and nutrients. Physical conditions such as
temperature, erosion and flow offer valuable insight while biological measurements

regarding plant and animal life indicate the health of aquatic ecosystems.

At the end of the day, water quality monitoring is an essential part of keeping the planet
healthy and sustainable. As we continue to build cities, clear land for farming and make other
man-made changes to the natural environment, water quality monitoring becomes

increasingly important.

Land based activities can have a huge impact on water systems and it’s critical that we realize

how these affect waterbodies, both above and below ground.

[ am glad that Coast Conservation & CRM, R&D section has taken initiatives from 2009 to
fulfill the task.

Mrs. LM. Wickramanayake
Additional Director General (Coastal Engineering)

Coast Conservation and Coastal Resource Management Department
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Executive Summary

The coastal area is important because of economic activities therein such as tourism, fishing,
aquaculture and industrial activities. This, however, is also an environmentally sensitive
area because of the existence of delicate ecology. Such areas with anthropogenic impact are
often subject, in addition to hazards arising from natural phenomena, to human activities.
While natural disasters such as tsunamis can cause severe impact over a short period,
anthropogenic activities can disturb these areas significantly over much longer periods.
These activities can include the inappropriate disposal of wastewater and solid waste,
destruction of coral reefs, unsustainable fishing practices, and inadequately planned
constructions and human settlements. For example, disposal of wastewater containing toxic
chemicals, oxygen-depleting organics, nutrients, and pathogens have adversely impacted the
quality of marine water, the health of communities living near such waters, and disruption
of the whole coastal ecosystem. Consequently, policy formulation and implementation to
curtail marine water pollution is necessary and scientific evidences based. Sri Lanka has
developed policies, rules and regulations to prevent coastal pollution since the 1980s.
However, with economic and societal development over the last decades, there is need for
policy reviews and modified or new rules and regulations may be necessary. This has
become especially urgent since following the end of the 30-years civil war there has been
rapid economic development in sectors such as tourism, industries and resettlements along

the coast.

As an initial step, the Coast Conservation and Coastal Resources Management Department
(CC&CRMD) of Sri Lanka conducted a monitoring programme for assessing the status of
coastal water quality from 2009 to 2011 and 2014 to 2016 at six popular recreational sites
(Arugambay, Hikkaduwa, Mount Lavinia, Nilaweli, Polhena, and Unawatuna). The
programme monitored water quality parameters such as pH, dissolved oxygen (DO), salinity,
electrical conductivity (EC), temperature, turbidity, faecal coliform and total dissolved solids

(TDS).
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A key objective of the study was to determine if there are trends in the measured parameters,
and, if there are, how these compared with national and relevant international standards.
Seasonal weather such as impact of the monsoons was considered. Currently, Sri Lanka does
not have a national marine water quality standard although the Central Environmental
Authority (CEA) has introduce limits on wastewater discharges into marine water. Due to
the absence of national marine water quality standards, the ASEAN Marine Quality Standard
was used. This is in recognition of the similar challenges faced by ASEAN member countries
and Sri Lanka. However, of the 17 parameters in the ASEAN standards, only DO, temperature

and faecal coliform had been measured in the CC& CRMD monitoring programme.

While DO and temperature were within the ASEAN standards, faecal coliform was not.
Average coliform concentrations over the monitoring period were from 105 MPN/100 ml to
1,640 MPN/100 ml. The ASEAN standard for faecal coliform is 100 MPN/100 ml. pH had
varied from 6.5 to 8.1; DO from 6.1 to 8.5 mg/L; electrical conductivity from 3.6 to 57.6
mS/cm; salinity from 2.1 to 36.0 PSU; temperature from 28 to 29 °C; and TDS from 42 to 55
g/L. The high coliform concentrations was attributable to factors such as sampling close to
outfalls, sampling method (grab), haphazard discharge of faecal wastewater, overflowing of
faecal sludge during rainy seasons, and the absence of sanitary facilities. Owing to the
difficulty of getting rainfall data at the monitoring sites, it was not established if there was
significant relationship between faecal coliform increase and rainfall. The weather data
made available to the study was some 10 km from the monitoring sites. Irrespective of the
monitoring site and monsoon season, pH, DO, EC, salinity and TDS had remained largely
unchanged. However, turbidity had varied from 4 NTU to 198 NTU. This was attributable to

sudden discharges containing suspended materials or algal blooms on the day of sampling.

When assessing the CC&CRMD data and making comparisons, it is necessary the data
acquisition practices be comparable with those used to develop the regional and/or global
benchmarks. These practises may be placed in a framework which includes the objectives of
coastal water quality monitoring, selection of parameters (chemical, physical and biological),
sampling protocols (spot, composite) and frequency (real-time, daily, weekly, monthly,
annually), duration, locations (distance and depth from the MSL, impact of low/high tides,
coastal morphology), land use and patterns at and close to the sampling locations (pollutant

XVii
COAST CONSERVATION AND COASTAL RESOURCES MANAGEMENT DEPARTMENT



sources and transport), sample storage and preservation, equipment used and their
calibration procedures, and data handling and interpretation (compilation, analysis and
presentation). Inadequate information on this framework would lead to difficulties when
analysing and interpreting the collected data and making comparisons. Constrained
resources (manpower and relevant expertise, equipment and operational budget) at the
CC&CRMD and absence of marine water quality standards/guidelines in Sri Lanka would
have hindered implementation of an effective monitoring programme. Notwithstanding this
and given the presence of other relevant regulatory frameworks (e.g. National
Environmental Act, Marine Pollution Prevention Act and Coast Conservation Act) and
international conventions (e.g. London Convention, MARPOL 73/78), the effort made

recognised the importance of assessing marine water quality.

Given the web of requirements by various regulatory agencies such as the CEA, National
Aquatic Resources Research and Development Agency (NARA), Marine Environmental
Protection Agency (MEPA) and the CC&CRMD, there is argument for avoidance of
unnecessary work replication. Setting up a multi-agency steering committee to develop
scope, objectives, coastal water quality standards, a monitoring plan and its execution, and
agreement on equitable sharing of resources and data sharing shall be helpful. The
composition of such a steering committee may include a water quality expert or an
environmental engineer, a civil engineer, a marine biologist, an analytical chemist, a costal
morphologist, a GIS specialist, a sociologist, an urban planner, an economist, a legal expert,
and a policy and planning expert. Further, consultation and consensus building among the
various stakeholders to determine the scope of the monitoring programme and

implementation of its outcomes shall be necessary.

The development of an Operational Protocol Manual to inform on standard operating
procedures for sampling, sample storage, transportation and analyses will be required to
ensure consistency in actions. This manual should be easy for the field officers and analysts
to use. The standard practices used by organizations such as the USEPA/ISO/BS for the
selected water quality parameters are recommended to be followed as this would facilitate
comparison of datasets within Sri Lanka and with benchmarks used in other countries.
Involvement of existing set ups and resource centers such as universities can help reduce
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the cost of man-power, sample storage time, sample transportation due to the geographical
distribution of monitoring locations, and logistics required for transporting them to a central
lab. However, an appropriate mechanism is needed to coordinate and quality check the work
of these outsourced units. The activities articulated above can be encapsulated in a roadmap
which can then serve to guide the programme over a considerable period of time while
ensuring the work meets with national and international standards for monitoring coastal

water quality.
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24238125 29@28005 3O &k

&)1 R2SEISBS 3@re%0s 839 P e053Ds ASEAN 30853 DEO 4mmE DO O 2435
3@r8%05 Deed 6N . BRRBEH 213 B@1D BHEE OE BB 231BIEEHGHH 2IDIENS
&#®cs 105 - 1640 MPN/100ml &) &#2y8 ASEAN 838853665 6@® 2kcs 100 MPN/100m| 6328
ezs3ed. pH &®cs 6.5 830 8.1 e23Daz3 &1 D2hEdes s 9@remcs 6.1-8.5 mg/l 6Ee85S ey’
2353 BNBZEBIDG 3.6- 57.6 MS/cm 6385 DD 2.1 PSU 0O 36.0 PSU 239155
cEe053Ds ©23FE3csed Aoz 28-29 GEWBY DD BB DB JDrewcs 42g/l O 55g/l
22301553 62 Bd). ARz O BB 2312535 eHO EIS) 83N G3ES MWIDBN WEB 3BE
B5186® )@ 23 Drm, 2IROB3 O 2BBRB VS BE®, D3 3O6EE O 23S
QS BBe® 3B cBSr 5@ 3% 232533152582 2320832 6250 BI® KBNS
DS s, pRBen Dim D@ DEBBI® BB FDIGEED $B3%HD O5)
DE8185)75)63753 D€, 438D 231558005 DEDOBS S 23OV BIN K2 BB dOE%5ICS
24230588 DS, PRSCBICS 8EI BRIGHT WIEH R 55D IBen 29125 DE O 10km
B0 6RB & 8901 DRO #er3 IS, pH IWS, 10D RzvE3SxsT 9@rencs, Deyss
2853250205225, GDEHINDE 3% DB BB $S3EDB B@reHcs I BED 2IDIBIS 23
6®7F23® 28O @) 6B 250 3K, HH@5S OEJNS #®es 4 NTU 80 198 NTU ez5d-
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@228 & a5 3518 E;ESE £328) ADEORV ) D55 8381 42383 cs DB T eSS
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CC&CRMD e85 dulecBencs 3% 51288 &g 36m IO, D@ 535 M@ Hed
2)®6den s 916883 835/ 62T 6®HIBB DKEHHS 6651EINSS 2)@6Deci 5! BO® AHWE IS
3B, BASEDD) Y@ HBBD IR Bens BB 4S@em, B3SHOBE IS EE®
(6281055329, @983z 2525 8D Jewrs3IDm), Besi€ 8O@B33, 36518 IS “Ew (852370,
2325323252, 1832900, DEB2D), B3651€ 23 B2, 53651€ 2§D (29 ®DDE® 8O &8, ¢e®
5668 DEB1®), RS 195 BB D5, B85 “RY BB %) 3oSziBencs,
GC5ICINBS EB2E &% 2525 25)@102) 8% 3323305 8325 21555 MBSO 8325 BEIZHAIBICS (52507
68 28o®) GIYDWO 9B @D 3OBI s §BS. GO $r@D BE BB 6T
CoBmBNDB A28y eB’n) deFBens, BEIWMIBG 3% 830e3BIEBmS S DB WD
CC&CRMD &8 4128 23023253 (825328 95, D6 EHRER 2115)®, 38256 232 BB 2328329)
COBBNDS 232 6§ Go21d BE 2INES HE HBIBD 3OBBY B3 e0105%) 625I19BDI %388
cO® BBBew DRBONES DB 638 B)HH15iO% BEOD DI BO6EHE) D).
62 6EIDSS, BBWBI 352105 $r@) (5r53%) 3188382 BHB), 8@E SBEHS DERSIES
BHB) 3% BASE 80523 B8EH 831)5)) 23 BIDESHBZ B8ORS (BN B8OGBIGS,
MARPOL 73/78) 23iGBER0 OB 8956 $E 553530 Isle TBen6csed D1e®msS O
BEIR 6.

O8O 2888 R8s, HBw H¥EYH 8935 BedBen %1 808N HFesr3Ecs
(NARA), 238¢ 282838 2308525885 21652)5)65 (MEPA) 232 CC&CRMD & 330 K50
ASB) DE ADGBDI 93e5 BD 2B@BS AWAKS 638 BNAB OB BBE®
eSO 2312DDDD RDES 6. DB B3I, @ em, AN HUE DBIBID 9928,
325880 2813830 232 el B3O BO esen 2392323 282 EBIB) e8@IFIBIOND GREI
53O BERed DWM@®DNDGE #BWEEBO e ¥ BewIB® 8E® HSYDS
85930 ¢x3mnd 5 . DO mSYed 8owBB BE mBIBD BERe Jouinwenzy,
38236 90865361692, B 986536160z, 23110 3S BD Jersreeewnsn), GL8IBHELREEE), GIS
JeE KL 6z, 28@128 Jewr1ee 6052, HINOER 231383018, P8I Dewsrer ez, 535
J518e602) 232 BEBBBIE 2898185 DEUIKREHEE) (51 FBEHLS LBOBIDD) S §BYGS.
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Executive Summary — Tamil

apmleoTHSHIemB,  Werdllg,  eeuenyli]  OBBID  OBHTNOHIMB  BLeNQHMBHeT  CUTEIB
QUITBETTSTID FMIHES BLAIQHMBHT &IJenions  &LGTT uGH WEHERWSSI6ID
QAUMUBSHTEH HMHSLILGRMS. aailanid Hiewenil  @Pe06SHTE S UITEDSUITED @60 ULI6L
fHwres WHsan WHEHWSSID auTllhsd @LITS aleThGHaTms. Bbs LNCHameaig
QUEGBLUTID  BUIBMGSH HToshHMaTe 2 HamssluGL LUTHLILGHHM6ET ol 065

BL6ULY &6 HEBONMT60 JBLBLD HTHHmIEaMNBE 2 6TenTdalilbasimse.

genmilsen  Cureiy GuiBend  Gupleysenmsd LmTflwenelleonen HTHHHMS GHNBISUISTEOSHIHBE
IBUGSHHHBIgUl  CUTHeud el BLOIGHMBHT BbHL  LIFCHFRIGMET  HeWIL HT60HIHBE
SHMFIONS  UTHSSHIBL. BbdH  BLOUQSMHSWTRISH, (PoBWBB  Hfe) BT LOBHID
Hewiossfamellen  QeueflGWUMMLD,  usuenlLTeBHeMe Py,  BeveowBs ey
BLONYSHMSBH6T, Bmid  Curdlwers  HULOLUULTEH S BLIOMIGST  LOBBID  LoeH
GYOWDBDBRIGEET  PHWIBHB 2 6N SHWLSTGHWD. 2 HTI6WIOTH, BFSH  SQIFTUICTHISHE,
QL Agmenr  HoHauTbGHl  CFHamIEeT, 2l L FFHHIHHT  BpId  CrTuISS mLGmen
o gitenLébaw sifley Bflenss SBBHBIUS cpevld Sieneu &LV BIflelT HI&5m& L (HLD6V6VTS),
SLAGHEG ienienouievisiien D&HEHEHEHEG LTHSLON  alenena|dssmsl  gBLBHS  (LPIQEmLDWLITS

&L Gy GHIBOSTGHmUW SifleuenLw CFUISBSHI.

Qpe  lemenoutd, HL6O B LOTHFUGEUMS GHOBLUUSBSETEO  SSlisd  HTTHISEDENT
SIYLILIDOL TS CBTemiL. © (HeUTHSD BB CFWBLGHHD DUFWILDTRISHTGLD. eomiendullemsd
&L By  LTFTHESHMS SHOUUSBHTH  QBT6MNBH6T, 6lFHH6T  OBMBILD  QIDHIG(PDBHEI
1980&611l60 @HbHH 2 HeUTHSILIL (heTenen. 6IamilD, HLhH SHFTUSHBIGT60 gBULL CQUTHETTSHTY
OBOID Fepd AINBHHHWTEL  COBmeTend LTHHSHHID, OBBID GCHTETENS  OTBBLD  DIGLVS)
UsHw eNFHeiT oBHBILD QUOmIE (PeBEeT CHmeumansT@Gn. GuBluuTs, 30 auwmLETe 2 6HTL (B
WHBID (Paledl b HTeullLiGaHulsd Rmbadl HmyCuny Lysamiseflsy sFBmieoTHaHiemns, GHTev,
wBuId  WeTGYCwmm pESw  HempHellsy  gBULL  elengeutest  QUTHAMTHTY  LISHHSH
BHTTNIOTH Q&S R HUFTH CHMEUWITEH  OTASUl6TengI.

SUIOL LuITaE, 2009 O&TL&SD 2014 euenywimen  STeOLILGE BHID 2014 OHTL&SHD 2016

QIeNTWITEN  HTeVlILGHUTL Qevmiend &L Geomy LTEHISTIL WBDID &L G60Ty 6l6l  (PHTEMIDSHSI0N
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glempuilemsd  <um  Lguey  QuTpEHIGUTSE  Hemmidellsd  sSLeOBfle  HrdHHlensn  LOHULIBLD
SHEMIHBMENLIL] S LTS HeDL (PemBULGHSILL LGl RHFH L SHHen cpeold Hifledr eneihoenta
pH, BiflaveTer g flgen 2leme], 2 aul e, W6 HLHHIEMB, GCeIlILBensD, BHeVHIBED,

faecal coliform w@mib, Grhs WD HMTHMBET UBUINT BH6NTHTERNSHBLILILL 6.

Brflesr 7 emeibhsefler LTMILIGWL SHeotenn, Cxfw WHBMID FTeuBHF  HUIDBIGEIHL 6T
Brfleor srsHer U G FHwmear CeumLm®H&eT eerUalmenm SroraliuCs @)\hs
Spuiefer (pHEBW CHTHHILTE SHHHSH. LM e GUTEIB LIHaISTEY aITallensy  H[hdHd560
QameTemIUl L&l HHUI FBBIFGHIN60 DS BTTFmUUTENT, HL60 BHilenlelm Hifeyny GeuemGuIBBLD
Q& TLTUTe suenTWenB SI(PSUILGSHSUILL L Gurdlsud HBCUTH Revmiensulsd, CHFW HL60BT
&J Bwwd HeOLWemmuiley @eveney. BGsHul SLeVBY &I B G6e060TdH  HIJEmIHHT60,
AW BL6L HJ MWD LWELUGSHSILL LS. EFWTeT (ASEAN) BTHSHEHLD §)6VHi60 & W LD
@65 B UNGLITET FalMeney (P& CHMTEHGRTM6TT. eaflanid, SHUl BuioshHeiemen 17
leraih &erflev, BifleveTer g flgs leTay, GeuliLPens, &evmised, faecal coliform wrggyio

CC & CRMD semismeniliiy $HiLsHen cpsold Siemell LIl L 6.

Gmuuns, Biflalerer gU e 6eTey WwHBEID  OeuliuBmey  Spduien  LFWMET BlWL
AUMTWLOMESHT @hs GumHeunb faecal coliform  Blww  suemFwenmEE 6T
Bmbsalsvanev.  damisTamil] sreoolugGHulso  gyrad  coliform  Gaplley 100 MPN/100ml
w&e01640 MPN /100ml 6wy  smewiul Len. SLEWMET ST BT wWSHHMES 2emowl faecal
coliform @601 9P Fnlq W QFMleumeora 100 MPN/100ml 9y@b. 21685 sFwwid, pH 6.5 wse
8.1 euenpwWlad, Brflaveter @ faar  emey 6.1 wsHev  8.5Mg/l euemgwilawid, e
BLSHHHWBE 3.6 WHeo 57.6mMs/cm euemguleuild , o et seewo 2.1 wpHeo 360 PSU
auemTuied, GaliuPeney 28 1 Hed 29'C auemTuilanid, Gores Semid Hmge| 42 (1WHed 550/

QIEMTUINVID  OTmILIL L 6.

QI EHTVGHG levoreninuievmeor wrafl Caafiy/woredfl Caafing (1pemm, (LPHBWBNB evHB6]
BT OeueMGuIBBLD, wWwempd HTevmIHeTled MLl euP&l6s 1060 HINGYBET DIGVEVEHI  FBTHM]T

aFgSulsieny GUMTETMen6l idsenalsomen coliform GemlelBE sTyemioTs DienLDES EIMB6.

BEUIBIEILIL HeNBIBEM6D mIPeTIPFS QHTLTUTE HBaIcLEmeT GUBIeNs FFIONTES @ IHHS
sryeorgHermey faecal coliform osfliy wBpd wenpelipsFd  eramUeIBBIS S 6m LUl 6V TeoT

Q&ML Blmiar wiguwellsvemey. sauismanliy SensbHelmbgs  awomy  10km G rensvaisd
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SWmfléasliul’ L eureflensy pUIaISlEamed U1edGSTS LWETLBSHSUILLL & HewisTenill]  HeNid
OBOHID  LGHAIDEDIPSTEY ST &HE6&HE LM  pH, BiflaveTer U flgar  jeme], e
BLHBHIFHMWE, 2_IT H6AenD OBWID, GoTHEH SHewID HMFHMeT e GUHLDLITEID  LOTBTLD6D
B mbHe. erelaid, Hevmssosaemo 4 NTU apsed 198 NTU eueny wrmgiul Géb srewiiiul L gl
wrgfl  CFmflb@d  BreMed, HMIWHIIQUI  QUTHL Hemertds  OdmewiL.  Hlfleyserllesr el

CaueMBUIBMBID DieLeVHI VEHT EUETHTFF CuTaBen RBHMBETH HTTNHNTH MO BTN SI.

CC and CRMD gyeysensn @ik wBpid  @uuiGssd GFuud  Qurepad  e»awsIULGEHSH60
QFwWeI(emBEHETTTE  LgmhaAw/ 2 _susenaled  LWSTUGSSILUBGD — HIeysehLel QUL &
FQUIDRIULITE  BHHHe0  SeuFwor@n. 6T FamlUL  SemliUmergl  een] @

&L ewLLILTenI6N 6n6udSLILIL 60TLD.

rmbaw/ 2 sumenelled LWSLGSHSILGLD ST BIFeooTW AeWLILITETS @ &L L 6ol a6
UGS LILGGUSIL 6T HHLLMWLILITENS  SLOBT HJ GH600THTE0TILIL], &ITT600T|Hener
Ofley CFuimen  (@yamwer, Gue®Hs wBmID 2 ulflulsd), wreflunds GsmevsmsT(SPOt, @suliLy),
slemaihHEBHG @emLuileumer SMTlUGSH (2 aveno  Ghyb, &aipd,  eITITHSLD,
THHEHTMID, aIBLBEHTWID), SLID(FITFf HSL60 WL HHNBHHITO SHIJID  OBBID  DIPLD,
GOBhH/  Fmigul  Demevdelan  elleneniaymel, HLGsomy 2 _heueluled), THF GFOy BBID
UTHIBTHSH60, HHellEelled UTousnen OBBID  DeMeYSHHHHH CFWI(PDBE6T,  HT6) BN
MBWTEHHD OBBID DAFH  OBHTLTUTE  eNendbsmEseT(OHT@GIL, UGLIUTUI®| LOBBID HHme

QUPRIGHH6V) GLIMeTM CIHITE & MIH06T 68 M6uoTLq.(HeHdH Geuevor(hLD.

QbH SLLMWDLILN  CuTFHIoTen — HHeULEH6T  GH6L60TeND, LGUUTUIS| LOBBID  DIHBSHTE
olleNdboHRIGMeT gBUBSHSINSID, UG CFueudend dywhisamen gnubGHsSIn. CC and CRMD
60 2 6o SLBUUBSHSILLL aleNmhIFS6T (LoellGHeuemDd LoBmID OHTLIUTE BLeuSHSHIe SHhHalHsl
BB CFWBUTLH  aufe|oFeuabSH LD ) wBBID evmemsulsd SL6OBT HJ B Seneil
@evevmenio  Gumeipen  Lwignieien S B  HLHHewen  CFUBUGHHIUSBEG ~ HEWOLUWITH
BmeapulD. s Haly, LB  CHTLIUMLW  QUpmIGEmIOLL S Lenwlidsst  (CHdw
FBBIFGIE0 FULID- HL6L 1OTFTHS SHOUUF FULID wBmId SLGeomy LTHISTIIFF L ID) DBBID
FreuBmha wyysei (evemier wonpTh MARPOL 73/78) Gumeimen supmisiiul B HLe0Be HIHend
HIINBUSBHTRN  (LPHBUISHBHINHHBHTN DBIBBMTHMSH 2 (HAUTHBHUIG.  DHHUI  SHBBITL 6D
siFsTTFmL, BHAw &HLev Biluied euem ymuiFS wmmId SiTelmHs HBIOISID, &L 6060
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shuy  Boeuend  wwppd CC&CRMD  sydlweuspilenmed  euemeouwlsnioliLimes  GFHeneumsit
aIpHIBLILGaSTY CHemauwmbs Ul LNTH &6 selisasLL Geusvor(h D

Cprdhald, Gevb@der, &LGomy B HI  HWIDD, SEWISHTENIIL] S LD LOBBID  DiHenes
HempCaIBBIHEL OBMID CUETHIGHET LOBBID HEBHAIVH6NET FIOIOTI LB Ta] UBMSIul 2 L eUmBaHemnerT
® HOUTHGHUSBEG LD HIBIOISIHIGT  Qeifensnidsd PSTLBD (1) QDB DIENLDSHFH6D
2 s SHBELID.

b HI BT DleLevdHl Gplpsd Qurpiulweoreny, & &my Gumrpsuiwevreny, &Lev o ulfluieomerni,
ugluTule] Geudlulweoreny, &L Gsory 2 meuslwevreny, GIS @lyewry, Fepsaluisomsn, HHJTHD
S Lblpeny, Gurmeflweoreny, &FLLBLew] LBHBID OFHTeiTend HLLOL60 Hiyewy &Gy
"ouPBTL (B @ (peied 2 6iTem_sbaLLL6vTD. Gedld, SHewidsmewill HLSHHenr CrrobssHams
SortellusBGL  JS@ImLUW  Ceuefuurhsenen  BenL (PpenBLUBSHHINSBGSL  LsLGsuml
URIGSHTITHEHHHmLUTeL o Beorgenst OBMID @HLUISHSH SerbsUUTH  DieuduIoTenC\SHTeBT@LD.

wrgflwunssd, wrdHfl Cssfliy, Cures@ardd LBDID UGLIUTUIS] HESWIEIBBISHTE  HILOT6
CawBUTLG (WenpHemen NleNlILISBETE CFwei(wens mBCUILenL CbUBHSHIH0 OFUwIsLH6T6L
QesEHMS 2 MIHILUGHSH CouswiBlo. R HBHCWILTIZH, HIOBFTT DIEVIAIVTH6T  LOBMILD
u@Lurwieumeniserledl LIWSTUTLI9BE RevGauTansrd  Semwwl GeuewiBd. G fley Gauiwiiii’ L
DIONR|(HHBBEHHBTE  Bmielambisaisnmsd LwWaLGHSILGLD  USEPA/ISO/BS  Gumeiis  Bluiio
CFweii(enmEeT  Qevmensullsniell  HIeyd  OHT@lsvuujld  wBmid  Geuml  BHTHH6ENTED
UWISTLIBSHSLILIBLD CamevamEmeTTULD INNICHIENIG)) OHTLTHSH LNeTUBMIISHTEH

uflib&IenT B ELILL (BeTenl.
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INTRODUCTION




Introduction 1

1.1 Introduction

Coastal area of a country has an important role in its economy as well as in environmental
ecology at the national and possibly international levels. The coastal area can be defined as
the band of dry land adjacent to ocean space (water and submerged land) in which terrestrial
processes and land uses directly affect oceanic processes and uses, and vice versa (Zhang,
2012). A complex ecological system can be identified in this area due to the interaction

between land, ocean and habitats.

Economically, coastal areas are important as many urban centers (e.g. Colombo, Galle,
Matara, and Trincomalee) are located therein. The presence of economic activities and the
consequent interaction between humans and these areas can be high. For example, activities
associated with the tourism industry are often concentrated in the coastal area. To this can
be added various industrial activities, traditional resource-based activities such as fishing

and aquaculture, and higher human habitation densities.

(b)

Figure 1.1: Hotels and restaurants (a) and traditional fishing (b) in the coastal area

Ecologically, a coastal area is very important as it provides a number of environmental

“goods and services”. Coastal areas have high biological diversity and productivity as these
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receive nutrients from the land and freshwater courses. Habitats in the sea can include coral
reefs, mangroves and sea grass beds. These coral reefs and mangrove forests are not only
important fish nurseries but can also help mitigate effects of natural disasters like tsunami

and coastal erosion.

(c)

Figure 1.2: Coral reefs (a), mangroves (b) and sea grass bed (c)

Both economy and ecology are combined and important in coastal areas as the ecology can
directly influence the economy and vice-versa. For example, the ecology and the consequent
aesthetics of a coastal area can support valuable tourism activities, as well as provide
attractive sites for industrial development and human settlements. This can positively

impact the income of a developing country like Sri Lanka.
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Table 1.1: Type of pollution, sources, and adverse impacts

Type of
pollution
Faecal pollution

Visual pollution

Enrichment with
nutrients such
as nitrogen and
phosphorus

Organic (non-
toxic and

toxic) and heavy
metal

pollution

Oil pollution

Thermal
pollution

Key sources

Municipal sewage;
Industries;
Tourist sector;
Aquaculture;
Squatter
settlements.
Industries;
Tourist sector;
Agriculture and
aquaculture;
Squatter
settlements;
Municipal and
domestic solid
waste.
Municipal sewage;
Industries;
Tourist sector;
Agriculture and
aquaculture;
Squatter
settlements;
Municipal and
domestic solid
waste.
Industries;
Tourist sector;
Agriculture and
aquaculture;
Squatter
settlements:

Municipal and
domestic solid

waste.

Industries

Boats, ships, oil
spills and service
stations

Power sector
Industries

Adverse impacts

Water related diseases;

Affects the growth of marine flora and fauna;
Foul odours, spoils scenic value;

May lead to anaerobic environments.

Spoils scenic value;

Affects habitats and breeding grounds of
fauna;

Affects growth of marine vegetation such as
sea grass by reducing light penetration.

Municipal sewage;

Industries;

Tourist sector;

Agriculture and aquaculture;
Squatter settlements;

Municipal and domestic solid waste.

Bio-accumulation of substances that are
carcinogenic or causes health hazards in
marine fauna;

Decline of biodiversity;

Persistence in the marine or coastal
environment for long periods;

Affects growth and reproduction of marine
tauna.

Spoils scenic value;
Destroys marine fauna and flora.

Affects benthic fauna with the formation of oil
slicks and tar balls;

Affects migration patterns of fauna;

Affects the growth of marine flora and fauna;
Causes changes in ecosystems;

Stimulates algal growth.

(Source: Coastal Zone Management Plan (CZMP), 2006)
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Figure 1.3: Beach tourism at a coastal area

Anthropogenic activities can adversely impact coastal areas by inappropriate wastewater

and solid waste disposal, damaging coral reefs, and using unsustainable fishing practices.

Figure 1.4: Coastal pollution from garbage  Figure 1.5: Wastewater discharged into
rivers flows to the ocean finally

A key coastal environmental issue is the littoral zone’s water quality. This is related to coastal
water pollution, destruction of ecological systems, and other environmental issues. The main
contributor to reduced water quality is often wastewater discharges from industries
containing toxic chemicals, oxygen-depleting organics, nutrients, and pathogens (Zhang,
2012). When wastewater is discharged without proper treatment to inland water surfaces

that affects the coastal water quality as such waters flow into the ocean ultimately.
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Table 1.2: Waste loads from industries located in coastal areas with high or medium

pollution
Type of industry = No. of Total Estimated pollution load (kg/day)
Of process units = waste water BODs coD Total toxic
load metals
(m’Iday)

Textiles 41 7,100 4970 11,360 —
Food and 47 4111 6,166 12,333 —
beverages
desiccated 53 1,200 4,200 7.200 —
coconut
Rubber 229 4,840 9670 29,040 —
processing
Tanning 15 750 2,000 5,200 —
Metal finishing 76 6,692 = = 669"
and
preparation
Paints and 33 928 — — 92.8*
chemicals

— Mot measured; * based on assumed average concentraticn of 100 mgf

(Source: CZMP, 2006)

There are concerns from environmental groups that hot water discharged from coal power
plants can damage marine organisms. Cooling water drawn from the sea at an average
temperature of 28°C will be returned to the sea at a higher temperature. This rise in seawater

temperature can impact marine breading grounds.

The temperature profile (along with that salinity’s) provides information on the circulation
patterns. This affects growth and distribution of the fish population. The turbidity can
adversely impact marine life (e.g. clogging fish gills and reducing photosynthesis) and
aesthetics. The latter is an important feature in the beach tourism industry. The
concentration of pathogens is a concern for humans coming into contact with the water (as

in swimming) as well as for produce from farmed and wild caught marine organisms.

The reasons for the coastal pollution is likely failure in policy formulation and
implementation of laws where such policy and legal frameworks already exist. Lack of factual
and scientific evidences can be a contributory factor for failure of such formulation and
implementation. When there is no properly collected data on coastal pollution and water
quality, it becomes harder to make appropriate policy and policing interventions. In an effort

to assess available data to initiate such action, this study considered the water quality
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parameters - pH, water temperature, DO, EC, TDS, turbidity, salinity and faecal coliform - at
6 coastal areas (Arugambay, Nilaweli, Polhena, Unawatuna, Hikkaduwa, and Mt. Lavinia)
where data from August, 2009 to September, 2011 and March, 2014 to February, 2017 is

available.

It should be noted a number of regulations has already been established in efforts to
safeguard and to prevent coastal pollution such as the National Environmental Act No. 47 of
1980. Under these regulations published under the Gazette Notification No. 1534/18, the
permissible discharge standards for industrial and domestic wastewaters into marine and

coastal areas have been introduced (Table 1.3).
The existing policies concerning coastal and marine pollution are be listed below.
[ National Environment Policy, 2003 by Ministry of Environment
II  National Watershed Management Policy, 2004 by Ministry of Environment
[l National Land Use Policy, 2007 by Ministry of Land and Land development
IV National Policy on Solid Waste Management by Ministry of Environment
V' Cleaner Production Policy 2004, by Ministry of Environment
VI  National Forestry Policy of 1995, by Forest Department

Marine Pollution Prevention Act No. 59 of 1981 and its amendment No.35 of 2008 and Coast
Conservation Act No. 57 of 1981 and amendment of 1988 are the laws passed which directly

concerns marine and coastal pollution.

COAST CONSERVATION AND COASTAL RESOURCES MANAGEMENT DEPARTMENT



Table 1.3: Tolerance limits of wastewater discharged to marine and coastal area

No: Parameter Unit Tolerance Limit Value
Type of limit

1. Total suspended solids mg/l, max. 150
2. Particle size of-

(a) Floatable solids mm, max. 3

(b) Settlable solids m, max. 850
3. pH at ambient temperature - 5.5-9.0
4. Biochemical Oxygen Demand (BODs | mg/l. max. 100

i five days at 20°C or BOD; in three

days at 27°C)
5 Temperature °C. max. 45°C at the point of

discharge
6. Oils and greases mg/l. max 20
T Phenolic compounds (as C;H;OH) mg/l. max 5
8 Chemical Oxygen Demand (COD) mg/l. max 250
9. Total residual chlorine mg/l, max 1.0
10. Ammonical Nitrogen mg/l, max 50
11. Cyanide (as CN) mg/l. max 0.2
12. Sulphides (as $7) mg/l. max 5.0
13. Fluorides (as F mg/l, max 15
14. Arsenic (as As) mg/l, max 0.2
15. Cadmium (as Cd) Mg/l. max 2.0
16. Chromium. total (as Cr) Mg/l max 2.0
17. Chromium. Hexavalent (as Cr™) Mg/l max 1.0
18. Copper (as Cu) Mg/l, max 3.0
19. Lead (as Pb) Mg/l max 1
20. Mercury (as Hg) Mg/l. max 0.01
7. Nickel (as Ni) Mg/l, max 5.0
22. Selenium (as Se) Mg/l max 0.1
23. Zmc (as Zn) Mg/l. max 5.0
24. Pesticides Mg/l. max 0.005
I Organo-Phosphorus compounds Mg/l, max 1.0
26 Chlorinated hydrocarbons (as CI) Mg/l. max 0.02
27. Faecal Coliform MPN/100ml. max. 60
28. Radio Active Material:
(e) Alpha emitters micro curie/ml, max 10°®
(f) Beta emitters micro curie/ml. max 107

But the need for coastal protection and conservation has increased given Sri Lanka’s
economic and societal development and hence the need for review, revision and possibly
new policies and laws on coastal protection and coastal water quality. There is also growing
public awareness on the need to protect the coastal environment and there is need for

government agencies to respond to such interests.
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Figure 1.6: Coastal Protection by general public

In this study, one of the purposes is to identify suitable new policy interventions where they
are applicable and improve/develop a monitoring plan to mitigate coastal environment

pollution.
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1.2 Study Objectives

To analyze and interpret the measured data with consideration of climate and other
environmental conditions.

To evaluate the state of the problem and propose criteria for coastal water quality
standards along the identified coastal stretches.

To prepare guidelines or measures for mitigation.

To propose monitoring plan based on existing technology and resources.

To prepare a report on water quality and contamination of pollutants in coastal waters

including state of the problem in the study area.

1.3 Expected Outcomes

An assessment on the condition of the selected coastal sites based on the water quality
data provided and taking into account their relationship with climate and other
environmental conditions (Chapter 2 and 3).

A set of coastal water quality assessment criteria based on assessment of data
provided and identification of gaps in the former (Chapter 4).

An assessment of the current status of coastal water quality based on the data
provided with comparison with similar situations in the region and the world (Chapter
2 and 4).

Preparation of a set of guidelines for mitigating coastal water pollution based on
practices consistent with those accepted by UNEP/ similar organizations (Chapter 4).
Propose a monitoring plan using the state of the art technologies available in Sri Lanka
(Chapter 4).

Compilation of a report based on the above deliverables.

10
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STATISTICAL
DATA ANALYSIS

Image Source - www:pinterest.com
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Statistical Data Analysis 2

Statistical data analysis was performed the data obtained and bar charts drawn to indicate
year-wise trends over the four main seasons - i.e. first Inter-monsoon, South West monsoon,
second Inter-monsoon and North East monsoon. The Completely Randomized Design (CRD)
method was used to identify if there is significant difference in the water quality
measurement over the year. Subsequently, comparison of means was done for each
parameter. MINITAB 17 software was used for the data analysis. The Completely
Randomized Design low p value (< 0.05) in the One Way ANOVA table suggested significant

differences in the water quality parameters over the year at the 95% significance level.

Pearson Correlation Analysis was performed to determine if significant relationship existed
between faecal coliform and average rainfall during the North East monsoon at all the
stations. Rainfall data came from the nearest rain gauge station. Table 2.1 presents the

rainfall stations used in the study.

Table 2.1: Rainfall stations used in the study

Beach site Nearest Rainfall Station
Arugambay Pottuvil

Mount Lavinia Rathmalana

Nilaweli Trincomalee

Unawatuna Galle

Hikkaduwa Monrovia

Polhena Kekanadura

1. Arugambay

Arugambay is situated in the dry zone of Sri Lanka's South East coast. The bay is located
117 km South of Batticaloa, 320 km East of Colombo and approximately 4 km south of

Pottuvil town. While traditional fishing dominates the local economy, tourism has grown

12
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rapidly in recent years. Tourism in Arugambay is primarily surf tourism due to existence of
quality surf breaks. Although infrastructure was damaged by the 2004 tsunami, the area has
been redeveloped with hotels and other constructions. These can have adverse impact on

the area’s coastal environmental health.

81%°49°20"E 81°500"E

81°45°30°E 81°50°0°E
@  Sampling points before 2011 N
: : e 0 0.25 0.5 1 km
O  Sampling Points after 2014 L L
e“ Sea Outfalls
1:15,000

:l Extent

Figure 2.1: Sampling locations at Arugambay
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pH Profiles

pH variation over time and the impact of monsoons were studied. Table 2.2 shows average

pHs and their standard deviations from 2009 to 2016. It was noted there had been no large

pH variations over the 8 years period. Similarly, impact of monsoons on pH variation at the

various sampling locations may be seen on Figure 2.2.

Table 2.2: Comparison of mean pH values at Arugambay Beach

Year pH

2009 8.01 (+0.26)
2010 7.97 (£0.14)
2011 7.98 (£0.05)
2014 7.82 (£0.33)
2015 7.85 (£0.45)
2016 8.00 (+0.08)

In the absence of a National Marine Water Quality Guideline, the ASEAN and CEA guidelines

for wastewater discharge into marine waterbodies were used to assess existing water

quality. With mean pH values, varying between 7.82 and 8.01 at Arugambay, pH at the

location had been stable and within the CEA limits for wastewater discharge into marine

coastal areas (allowable pH range = 5.5 - 9.0). The monsoons have had little impact on pH.
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Figure 2.2: Seasonal variation of pH at Arugambay

Dissolved Oxygen (DO) Profiles

Table 2.3 shows the mean DO variations at Arugambay (7.48 - 7.64 mg/L). The DO variations
had been small from 2009 to 2016.
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Table 2.3: Comparison of mean DO values at Arugambay Beach

Year DO (mg/L)
2009 7.52 (£0.13)
2010 7.64 (£0.44)
2014 7.64 (£0.61)
2015 7.48 (£0.60)
2016 7.64 (£0.18)
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Figure 2.3: Seasonal variation of DO at Arugambay
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Figure 2.3 illustrates the spatial variation of DO with respect to the monsoons. There was
also little DO variation in terms of location along the beach and the monsoon seasons. DO
values had been from 6.8 mg/L to 8.6 mg/L. The data would suggest DO levels had remained
largely stable over the study period.

The measuring time, wind directions, mixing of sea water and algae concentration can affect

DO data and its interpretation.
Electrical Conductivity (EC) Profiles

The mean values of EC at Arugambay were 46.15 mS/cm to 58.95 mS/cm. No increasing or

decreasing trend can be observed as shown in Table 2.4.

Table 2.4: Comparison of mean EC values at Arugambay Beach

Year EC (mS/cm)

2009 46.15 (+12.97)
2010 51.17 (¢6.89)
2014 52.32 (¢8.29)
2015 49.19 (+7.58)
2016 58.95 (¢6.72)

There was, however, larger EC variation with respect to the monsoons, with values ranging
from 36.9 mS/cm to 60.7 mS/cm - except for the 15t and 5t locations in 2009 in the North
East and 2nd Inter-monsoons, respectively. The lower values may be attributed to the high
rainfall and mixing at the sampling points. The EC values at many locations were less than
50 mS/cm in the 2nd Inter-monsoon but were more than 50 mS/cm in other monsoon
periods. The EC can be lower due to dilution and mixing during high rainfalls and at major

sea outfalls.
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Figure 2.4: Seasonal variation of EC at Arugambay

Generally ambient marine water has an EC of 50 mS/cm (SWRCB, 2002). When considering
the range of EC values at Arugambay, it can be noted Arugambay EC values had been similar

with typical marine water EC values.
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Salinity Profiles

The mean salinity values vary from 24.31 % to 34.98 % as shown in Table 2.5. As a whole,

there was no discernable trend in the changes over the 8 years.

Table 2.5: Comparison of mean salinity values at Arugambay Beach

Year Salinity (%)

2009 24.31 (£10.50)
2010 29.42 (+4.18)
2011 34.98 (+0.62)
2014 33.17 (£5.64)
2015 31.14 (x2.67)
2016 33.89 (+2.83)

The variation in salinity is consistent with the EC variations (Figure 2.5). The highest

obtained salinity value is 35.9 % and the lowest value is 10.6 %. The first five locations during

the North East monsoon in 2009 showed lower values and this is consistent with the EC

values as earlier discussed.
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Figure 2.5: Seasonal variation of salinity at Arugambay

The ASEAN guideline does not introduce salinity as a parameter for marine water.
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Total Dissolved Solids (TDS) Profiles

Mean values of TDS ranged from 42.83 g/L to 52.06 g/L as shown in Table 2.6. The TDS had
increased from 42.83 g/L in 2009 to 52.06 g/L in 2010. Since, the measurements have not

been done for other years, a trend could not be identified.

Table 2.6: Comparison of mean TDS values at Arugambay Beach

Year TDS (g/L)
2009 42.83 (¥19.06)
2010 52.06 (£7.44)
South West monsoon 2nd Inter monsoon
60 60
= 40
B B
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Qo o
" 20 = 20
10 10
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m 2009 w2010 H 2009 ®2010

Figure 2.6: Seasonal variation of TDS at Arugambay
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Turbidity Profiles

Mean turbidity values at Arugambay were 77.66 NTU to 9.84 NTU. It was 77.66 NTU in 2009
but had decreased to 33.55 NTU in 2010 and to 9.84 in 2011 as shown in Table 2.7.

Table 2.7: Comparison of mean turbidity values at Arugambay Beach

Year Turbidity (NTU)
2009 77.66 (¥81.9)
2010 33.55 (£57.56)
2011 9.84 (¥8.23)

With respect to the monsoons, the highest turbidity value of 234 NTU was noted at the 1st
location in the 2nd Inter-monsoon in 2009 (Figure 2.7). Turbidity can be affected by high
rainfalls, topography, land use patterns and sea outfalls. Sediments could also be re-
suspended due to turbulence. The latter may occur due to wind speed and direction, and land
surface morphology near the sampling locations. The most of the locations show a
decreasing trend of turbidity with the time except for 15t and 5th locations during the South
West monsoon. In 2009, high rainfall could have increased turbidity (Appendix I). Since the
CEA and the ASEAN guidelines do not provide standards for turbidity, the values could not

be benchmarked.
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Figure 2.7: Seasonal variation of turbidity at Arugambay

Temperature Profiles

Mean temperature values at Arugambay varied from 24.21 to 28.73 °C as shown in Table 2.8.

The 24.21 °C in 2011 was unusually low compared with all the other years which had

temperatures of more than 28 °C.

Table 2.8: Comparison of mean temperature values at Arugambay Beach

Year Temperature (°C)
2009 28.48 (+0.82)
2010 28.73 (x0.94)
2011 24.21 (+0.80)
2014 28.16 (x0.91)
2015 28.04 (x0.93)
2016 28.06 (x1.03)

The typical temperature range across sampling locations at Arugambay was 27.1 °C to 29.4
°C - except for locations of 1,2,3,4 and 5 during the South West monsoon in 2011 (Figure

2.8). A decreasing trend can be seen in the 2nd Inter-monsoon at every location while it a
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slight temperature increase occurred in North East monsoon at all sampling locations. Water

temperature may vary with rainfall, sea current and the air temperature changes.

When comparing with the international guidelines, the ASEAN guidelines do not provide a
standard for marine water temperature for the purpose of human health and recreational

activities. However, the increase over ambient temperature should be <2 °C when

considering aquatic life.

1st Inter-monsoon South West monsoon

35 35
30 30
| &)
°_ 25 EZS
(]
5 £ 20
© ®
g 15 g1
g— a
0.)10 Elo
= =4
> 5
0 0
23 4 5 67 8 910 1 ¥ Booa 5 8 7 OFE 9w

Sampling Locations

Sampling Locations
® 2010 m2014 m2016

®2009 w2010 w2011 =2014 m2015 m2016

2nd Inter-monsoon North East monsoon
35 35
30 30
i Is —~
O 25 I £ 25
w
S 20 £ 20
- )
: | -
5 15 5 15
Q. (o}
£ 10 €10
[ =
5 5
0 0
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

Sampling Locations Sampling Locations
2009 w2010 m 2014 w2015 H 2009 m2014 ®2015

Figure 2.8: Seasonal variation of temperature at Arugambay
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Faecal Coliforms Profiles

Faecal coliforms count ranged from 13.34 MPN/100 ml and 463.17 MPN/100 ml (Table 2.9).

There is no discernable trend over the years. The highest value obtained was 1256 MPN /100

ml while some locations had no detected coliforms.

Table 2.9: Comparison of mean faecal coliform values at Arugambay Beach

Year Coliform (MPN/100ml)
2009 463.17 (£789)
2010 73.31 (¥149.5)
2011 279.11 (+469.7)
2014 13.34 (+8.67)
2015 64.13 (x132.5)
2016 101.52 (x362.2)

Variation of faecal coliform is presented in Figure 2.9. When considering the national and

international standards, the ASEAN guideline has 100 MPN/100 ml and CEA 60 MPN/100ml

(wastewater discharge to marine water bodies). When considering the 1st Inter-monsoon,

all locations had values lower than 100 MPN/100 ml which met the ASEAN limit. The South

West monsoon also had values lower than 100 MPN/100ml, except for 5 locations. Most of

the values which exceeded 100 MPN/100ml were recorded in 2011 in the South West

monsoon. The increase in faecal coliform counts during the second and North East Monsoon

could be attributed to surface runoff and increase in the groundwater table which caused the

sewerage system to overflow into the sea following high rainfall. Lower rainfall could be the

major reason for the lower faecal coliforms count during the 1st Inter-monsoon and South

West monsoon (Appendix I).
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Figure 2.9: Seasonal variation of faecal coliform counts at Arugambay

2. Mount Lavinia

Mount-Lavinia is a suburb in Colombo, Sri Lanka, which is under the administration of
Dehiwala-Mount Lavinia Municipal Council. The area is mostly a residential suburb, known
as Colombo's beach retreat. It is famed for its "Golden Mile" of beaches, and has long been a
hot spot for tourism and nightlife paving the way for higher coastal pollution. It is one of the

most liberal regions in Sri Lanka.
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Figure 2.10: Sampling locations in Mount Lavinia Beach

S

pH Profiles

Variation of pH with time and the monsoons were studied and the summary is shown in
Table 2.10. This shows the mean pH and associated standard deviations from 2009 to 2016.

Similarly as in Arugambay, it can be seen that there is no observable variations in pH
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throughout the monitoring period. Figure 2.11 shows the impact of monsoons with respect

to pH in the given location.

Table 2.10: Comparison of mean pH values at Mt. Lavinia Beach

Year pH

2009 8.12 (20.14)
2010 7.42 (£1.56)
2011 8.03 (+0.03)
2014 7.64 (£0.31)
2015 7.65 (£0.48)
2016 7.76 (£0.27)

Based on the ASEAN and the CEA guidelines for wastewater discharge into marine water
bodies, the mean pH values are within those standards and the variation is between 7.42 and
8.12 at Mt. Lavinia (the allowable range of pH is between 5.5 and 9.0). Additionally, there is

no detectable variation of pH according to monsoon patterns and sampling locations.
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Figure 2.11: Seasonal variation of pH at Mount Lavinia

DO Profiles

The temporal and the monsoon impact on DO variation at Mt. Lavinia was studied and the
Table 2.11 shows the variation of the mean DO values at Mt. Lavinia (between 7.61 mg/L and
8.29 mg/L). Any considerable variation could not be observed, hence the DO has not changed

during the monitoring period from 2009 to 2015.
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Table 2.11: Comparison of mean DO values at Mt. Lavinia Beach

Year DO (mg/L)
2009 7.73 (£0.25)
2010 7.69 (£0.73)
2014 7.61 (£0.59)
2015 8.29 (20.27)
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Figure 2.12: Seasonal variation of DO at Mount Lavinia
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The Figure 2.12 shows the seasonal variation of DO with respect to monsoons at Mt. Lavinia.
The mean DO values obtained are varied between 6.8 mg/L to 8.3 mg/L. Irrespective of the

monsoon season and sampling locations, there is no visible variation of DO.

As mentioned previously, the measuring time, wind directions, mixing of sea water and algae
concentration may have effected on DO. Therefore, these factors should be considered when

sampling.
EC Profiles

Table 2.12 shows the variation of the mean EC values at Mt. Lavinia which varied between
49.50 mS/cm and 55.95 mS/cm. The variation of EC values does not show any trend, hence

the EC has not changed during the monitoring period from 2009 to 2016.

Table 2.12: Comparison of mean EC values at Mt. Lavinia Beach

Year EC (mS/cm)
2009 51.31 (+2.76)
2010 51.88 (+3.14)
2014 49.50 (+0.86)
2015 55.95 (+2.46)
2016 55.83 (¢3.65)

When considering the EC, the values are varied within the range of 49.4 mS/cm and 59.8
mS/cm except for the 13th location during the North East monsoon in 2015 as shown in
Figure 2.13. However, it can be seen that EC have relatively less values in 274 Inter-monsoon
and North East Monsoon in 2009. Dilution and mixing due to the high rainfalls could be a

reason for the observed values.

Generally the ambient marine water has an EC of 50 mS/cm (SWRCB, 2002). When comparing

the EC values at Mt. Lavinia with general sea water EC values, similarity can be observed.
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Figure 2.13: Seasonal variation of EC at Mount Lavinia
Salinity Profiles

The mean values of salinity at Mt. Lavinia are within the range of 29.28 % to 35.76 %. The
salinity has increased from 2009 to 2016. This variation may be attributed to mixing with
outfall discharges or local turbulences at the time of sampling location. But the salinity did

not vary much with the time as shown in Table 2.13.
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Table 2.13: Comparison of mean salinity values at Mt. Lavinia Beach

Year Salinity (%)
2009 29.28 (x1.72)
2010 29.73 (x2.45)
2011 32.82 (+0.90)
2014 35.08 (+1.22)
2015 35.76 (x1.49)
2016 35.70 (+1.05)
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Figure 2.14: Seasonal variation of salinity at Mount Lavinia
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As observed in Arugambay, the variation of EC can be perceived in salinity at Mt. Lavinia also.
Relatively less values are being showed in 2009 as EC (Figure 2.14). This is acceptable since
EC and salinity have a correlation. During the South West monsoon, salinity was decreased
in 2010 and increased in other years for most locations (2 - 10). The salinity is varied

between 27 % and 39.80 % during the monitoring period.
The ASEAN guideline does not introduced salinity as a parameter for marine water.
TDS Profiles

As shown in Table 2.14, the mean TDS values are varied within 51.84 g/L to 52.63 g/L. Since,

the measurements have not done for other years, a trend could not be identified.

Table 2.14: Comparison of mean TDS values at Mt. Lavinia Beach

Year TDS (g/L)
2009 51.84 (¥3.43)
2010 52.63 (£3.96)

When considering the TDS at Mt. Lavinia, it seems to be constant in 2009 in 2nd [nter-
monsoon and North East monsoon. During the 1st Inter-monsoon in 2010, all the locations
show higher values than 50 g/L except for 9th location. No any visible trend could be

observed in salinity at Mt. Lavinia (Figure 2.15).

Neither CEA nor ASEAN provides TDS as a coastal water quality parameter.
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Figure 2.15: Seasonal variation of TDS at Mount Lavinia
Turbidity Profiles

The variation of turbidity with temporal and monsoons was studied in this analysis and the
mean values are within the range of 11.38 NTU and 146.62 NTU as presented in Table 2.15.
The turbidity was increased to 146.62 in 2010 from 110.25 in 2009 and largely decreased to

11.38 NTU in 2011.
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Table 2.15: Comparison of mean turbidity values at Mt. Lavinia Beach

Year Turbidity (NTU)
2009 110.25 (+109.9)
2010 146.62 (£169.6)
2011 11.38 (£6.59)
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Figure 2.16: Seasonal variation of turbidity at Mount Lavinia
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Most of the locations showed high turbidity values in 2009 and 2010 while 2011 has shown
less values (Figure 2.16). High rainfalls and sea outfalls could be the reason for high values
obtained. Since the CEA and the ASEAN guidelines do not provide standards for turbidity,

the values could not be compared.
Temperature Profiles

The mean values of temperature at Mt. Lavinia are within the range of 25.82 °C and 29.44 °C.
It shows relatively high temperatures in 2009 and 2010 when considering the other years.

The mean temperature values are shown in the Table 2.16.

Table 2.16: Comparison of mean temperature values at Mt. Lavinia Beach

Year Temperature (°C)
2009 29.44 (+0.68)
2010 29.07 (¥1.48)
2011 25.82 (x0.77)
2014 28.70 (£3.12)
2015 27.75 (x0.87)
2016 26.64 (x1.07)

Figure 2.17 illustrates the variation of temperature at Mt. Lavinia with monsoons. The
temperature at Mt. Lavinia is varied between 25.5 °C and 32.2 °C during the monitoring
period. A visible trend could not be observed in temperature with respect to monsoons. The

rainfalls, sea currents and the air temperature can effect on marine water temperature.

As mentioned previously, the increase over ambient temperature should be <2 °C when

considering the aquatic lives.
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Figure 2.17: Seasonal variation of temperature at Mount Lavinia

Faecal Coliform Profiles

The mean values are varied between 1009.38 MPN/100 ml and 3143.42 MPN/100 ml (Table
2.17). The faecal coliform concentration was increased moderately from 2009 to 2014,

largely increased in 2015 and decreased in 2016.
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Table 2.17: Comparison of mean faecal coliform values at Mt. Lavinia Beach

Year Coliform (MPN/100ml)
2009 1009.38 (£1285)
2010 1102.98 (x683.7)
2011 1410.12 (£596.3)
2014 1450.77 (£1854)
2015 3143.42 (x4661)
2016 1197.27 (£2964)
19000 1st Inter-monsoon 1000 South West monsoon
E 10000 E 10000
S g
< 8000 < 8000
2 2
S 6000 S 6000
€ 4000 € 4000
S =
8 2000 | g 2000 ‘ |
SO | TR T 1 T . 0k 00 000 k0 L
123456 7 8 9101112131415 123456 7 8 9101112131415
Sampling Locations Sampling Locations
2009 ®m2010 m2011 ®2014 m2015 m2016 2009 ®m2010 m2011 ®2014 m2015 m2016
2nd Inter-monsoon North East monsoon
12000 12000
E 10000 ‘E 10000
S 8
< 8000 S 8000
= [a W
€ 4000 g 4000
£ e
= S 2000
o 2000 ] | |
O
0 ||||.|._I||.|||.|||.|||.|||.||__||__||. . o AL ikdbdhdb Lok ik b L L
L 23456 78 91011121314 15 123456 7 8 9101112131415
Sampling Locations Sampling Locations
2009 ®m2010 m2011 ®2014 m2015 m2016 m2009 ®m2010 m2011 m2014 m2015 m2016

Figure 2.18: Seasonal variation of faecal coliform at Mount Lavinia
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It can be seen that the coliform concentrations are lower in 2nd Inter-monsoon compared to
the other monsoons (Figure 2.18). High coliform concentrations can be observed in North
East monsoon for most of the locations. The variation of coliform concentration is irregular
where a trend could not be identified with respect to monsoon patterns. When considering
the national and international standards, the ASEAN guideline has defined 100 MPN/100 ml
for faecal coliform and CEA as 60 MPN/100ml (wastewater discharge to marine water
bodies). It can be observed that most of the locations have exceeded the standard limits for
faecal coliform at Mt. Lavinia. Therefore, immediate actions should be taken in order to

reduce the coliform concentration at Mt. Lavinia.
3. Nilaweli

Nilaweli is located in Trincomalee District, Sri Lanka. The beach is 16 km North West of
Trincomalee. Pigeon Island National Park, one of the two marine national parks of the region
is situated about 1 km off the coast of Nilaweli. High number of species of vegetation, coral

and reef fish contribute to the richness of Nilaweli's biodiversity.
pH Profiles

In this analysis, variation of pH with time and the monsoons were studied. Table 2.18 shows
the summary of data with associated standard deviations from 2009 to 2016. Consequently,
itcan be seen that there is no visible variations in pH throughout the monitoring period. Also,
the impact of monsoons were studied with respect to pH variation at Nilaweli as shown in

Figure 2.20.

When considering the mean pH values at Nilaweli (6.52-8.02), there is no any large variation
of pH at the location compared to the standards imposed by the CEA for discharging
wastewater into marine coastal areas (the allowable range of pH is between 5.5 and 9.0).
However, a slight decrease can be seen in 2016 compared to previous years. Further, there

is no visible variation of pH with respect to the monsoon season and sampling locations.
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Figure 2.19: Sampling locations at Nilaweli Beach
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Table 2.18: Comparison of mean pH values at Nilaweli Beach

Year pH
2009 8.02 (+0.11)
2010 7.95 (£0.40)
2011 7.80 (£0.38)
2014 7.60 (£0.47)
2015 7.66 (£0.55)
2016 6.52 (£0.51)
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Figure 2.20: Seasonal variation of pH at Nilaweli
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DO Profiles

The mean DO values at Nilaweli are varied within the range of 6.92 mg/L to 8.20 mg/L (Table

2.19). No any visible trend with time could be identified in DO at Nilaweli.

The DO values are varied between 6.2 mg/L and 8.8 mg/L. The variation of DO values does

not show any trend, hence the DO has not changed according to monsoons during the

monitoring period from 2009 to 2016. When comparing with the ASEAN guideline, it was

defined 4 mg/L as the minimum DO value.

Table 2.19: Comparison of mean DO values at Nilaweli Beach

Year DO (mg/L)
2009 7.93 (£0.52)
2010 8.20 (x1.32)
2014 7.16 (x0.48)
2015 7.58 (£0.92)
2016 6.92 (20.62)
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Figure 2.21: Seasonal variation of DO at Nilaweli
EC Profiles

The mean values of EC at Nilaweli are within the range of 48.93 mS/cm to 56.06 mS/cm. A

minor increase can be seen from 2009 to 2015 and decreased in 2016 as shown in Table

2.20.

The EC values are within the range of 46.9 mS/cm to 59.5 mS/cm except for the 5t location
during the 2nd Inter-monsoon in 2014 (Figure 2.22). Furthermore, 2009 and 2010 show
relatively low values during the North East monsoon which may be attributed to high rainfall
and mixing at sampling points. As indicated in previous sections, the EC can be decreased

due to dilution and mixing effect during high rainfalls and at major sea outfalls.
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Table 2.20: Comparison of mean EC values at Nilaweli Beach

Year EC (mS/cm)
2009 51.23 (+4.38)
2010 52.65 (£1.93)
2011 53.12 (+0.95)
2014 55.77 (£9.23)
2015 56.06 (+0.92)
2016 48.93 (+0.59)
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Figure 2.22: Seasonal variation of EC at Nilaweli
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Salinity Profiles

The mean salinity values are within the range of 29.40 % to 35.51 % as shown in Table 2.21.

As a whole, a clear negative or a positive trend cannot be observed in salinity with the time.

Table 2.21: Comparison of mean salinity values at Nilaweli Beach

Year Salinity (%)
2009 29.40 (£2.77)
2010 30.30 (¢1.17)
2011 35.51 (+0.58)
2014 33.60 (£5.62)
2015 34.92 (£1.05)
2016 34.96 (+0.87)

The salinity values are varied within the range of 36.6 % and 26.1 % at Nilaweli. The same
pattern of variation in EC can be seen in salinity also. The salinity values have been increased
with the time during the 15t Inter-monsoon (Figure 2.23). Salinity has been increased until
2014 and slightly decreased in 2015 during the North East monsoon. Salinity seems to be
constant during the 2nd Inter-monsoon except for 5t location in 2014. However, neither

ASEAN nor CEA has presented salinity in marine water quality standards.
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Figure 2.23: Seasonal variation of salinity at Nilaweli
TDS Profiles

The mean TDS values are within the range of 51.88 g/L to 53.66 g/L at Nilaweli as shown in
Table 2.22.

Table 2.22: Comparison of mean TDS values at Nilaweli Beach

Year TDS (g/L)
2009 51.88 (£5.53)
2010 53.66 (£2.40)
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It can be observed a decreasing variation of TDS with time during the South West monsoon

while an increasing variation during the North East monsoon (Figure 2.24).
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Figure 2.24: Seasonal variation of TDS at Nilaweli
Turbidity Profiles

Mean turbidity values at Nilaweli are varied between 19.35 NTU and 122.38 NTU (Table
2.23).In 2009, it showed a value of 122.38 NTU, decreased to 77.26 NTU in 2010 and further
decreased to 19.35 NTU in 2011. Here, a decreasing trend can be identified with the time.
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Table 2.23: Comparison of mean turbidity values at Nilaweli Beach

Year Turbidity (NTU)
2009 122.38 (x178.6)
2010 77.26 (£102.3)
2011 19.35 (¥12.10)

Turbidity has shown a low value in 2010 during the 1st Inter-monsoon (Figure 2.25). It can
be seen that comparatively high values for turbidity have obtained during the South West
monsoon in 2009 while the locations show lower values during the 21d Inter-monsoon and

North East monsoon.
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Figure 2.25: Seasonal variation of turbidity at Nilaweli

49
COAST CONSERVATION AND COASTAL RESOURCES MANAGEMENT DEPARTMENT



Temperature Profiles

Mean temperature values at Nilaweli are varied between 25.40 °C and 29.70 °C as shown in
Table 2.24. A regular pattern in temperature variation with time could not be observed at

Nilaweli.

The temperature values are varied between 25.2 °C and 30.7 °C at Nilaweli. A visible
variation with respect to monsoons could not be observed as shown in figure 2.26. Relatively

lower values of temperature could be seen in 2011 during the South West monsoon.
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Figure 2.26: Seasonal variation of temperature at Nilaweli
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Table 2.24: Comparison of mean temperature values at Nilaweli Beach

Year Temperature (°C)
2009 28.63 (+1.23)
2010 29.30 (+1.89)
2011 25.40 (+¥1.30)
2014 29.70 (¢1.16)
2015 29.06 (x0.92)
2016 26.53 (x0.35)

Faecal Coliform Profiles

The mean value for faecal coliform is within the range between 9.88 MPN/100 ml and 721.48
MPN/100 ml as shown in Table 2.25. There is no any visible trend with the time in faecal
coliform concentration. However, the faecal coliform concentrations are within the limits
defined by ASEAN guideline except for 2015 and 2016. The concentrations have increased
to 721.48 MPN/100 ml in 2015 and decreased to 221.45 MPN/100 ml in 2016.

Table 2.25: Comparison of mean faecal coliform values at Nilaweli Beach

Year Coliform (MPN/100ml)
2009 22.35 (+60.6)
2010 44.63 (x80.2)
2011 11.35 (+24.28)
2014 9.88 (¥10.06)
2015 721.48 (x2352)
2016 221.45 (x753)

It can be observed that coliform concentrations are lower during the 1st Inter-monsoon. The
reason could be the low rainfall during that monsoon (Appendix I). An irregular variation
could be observed in coliform concentration with respect to monsoons as illustrated in

Figure 2.27.
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Figure 2.27: Seasonal variation of faecal coliform at Nilaweli

4. Unawatuna

Unawatuna is a coastal suburb in Galle about 5 km South East to the city center and
approximately 108 km South of Colombo. This town is a major tourist attraction in the

country and famous for its beautiful beach and corals.
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Figure 2.28: Sampling locations in Unawatuna Beach

pH Profiles

In this analysis, variation of pH with time and the impact of monsoons were studied for
Unawatuna. Table 2.26 shows the summary of data with associated standard deviations from
2009 to 2016. Accordingly, it can be observed that there is no large variations in pH
throughout the monitoring period. Similarly, the impact of monsoons were studied with

respect to pH variation in the given location as shown in Figure 2.29.

Table 2.26: Comparison of mean pH values at Unawatuna Beach

Year pH

2009 8.13 (x0.11)
2010 6.95 (+2.22)
2011 7.89 (+0.08)
2014 7.53 (x0.24)
2015 7.62 (+x0.49)
2016 7.91 (£0.11)
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The mean pH values are varied between 6.95 and 8.13. When considering the pH with
respect to monsoons, a visible variation could not be seen (Figure 2.29). However, it can be
observed that unusual values were recorded during the 2nd Inter-monsoon in 2010 except
for 1st and 9th locations. The very low pH measurements could be due to a calibration error
or equipment fault as it is quite unusual to have lower pH of 2. Nevertheless, the values are
within the range imposed by the CEA standards for wastewater discharge to marine water

bodies except for mentioned locations.
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Figure 2.29: Seasonal variation of pH at Unawatuna
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DO Profiles

[t was studied the temporal and the monsoon impact on DO variation at Unawatuna similarly
to pH. Table 2.27 shows the variation of the mean DO values at Unawatuna (between 7.41
mg/L and 8.44 mg/L). The variation of DO values does not show any variation, hence the DO

has not changed during the monitoring period from 2009 to 2016.

Table 2.27: Comparison of mean DO values at Unawatuna Beach

Year DO (mg/L)
2009 8.44 (x0.32)
2010 7.67 (£0.57)
2014 7.48 (x0.50)
2015 7.62 (+x0.49)
2016 7.41 (£0.72)

The DO values are varied within the range of 6.65 mg/L to 9.0 mg/L. A visible trend could
not be identified with respect to monsoons (Figure 2.30). However, all the locations have

exceeded the minimum value (4 mg/L) imposed by the ASEAN guideline for DO.
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Figure 2.30: Seasonal variation of DO at Unawatuna
EC Profiles

The mean values of EC at Unawatuna are within the range of 52.21 mS/cm to 56.75 mS/cm.

Neither increase nor decrease trend can be observed. Hence, the EC did not vary much with

the time as shown in Table 2.28.

The EC values are varied within the range of 50.50 mS/cm to 59.20 mS/cm except for 12th
and 13t Jocations during the South West monsoon in 2009. It can be observed that EC has
increased slightly during the 1st Inter-monsoon in 2010 and 2014. However, a variation of

EC with respect to monsoons could not be seen at Unawatuna (Figure 2.31).
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Table 2.28: Comparison of mean EC values at Unawatuna Beach

Year EC (mS/cm)
2009 53.77 (£5.0)
2010 52.86 (+1.16)
2011 52.21 (#1.10)
2014 56.25 (+2.19)
2015 55.55 (+4.42)
2016 56.75 (+4.80)
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Figure 2.31: Seasonal variation of EC at Unawatuna
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Salinity Profiles

The mean salinity values are varied within the range of 30.25 % to 36.16 % at Unawatuna. A

noticeable trend of salinity could not be seen during the monitoring period as shown in Table

2.29.

Table 2.29: Comparison of mean salinity values at Unawatuna Beach

Year Salinity (%)
2009 31.29 (+4.63)
2010 30.35 (+x0.99)
2011 34.61 (+0.79)
2014 34.59 (£1.14)
2015 36.16 (+2.89)
2016 34.94 (+£3.17)

It can be observed that the salinity has increased with the time during the 1st Inter-monsoon

(Figure 2.32). Fairly high values were recorded in 2014 compared to other years during the

2nd [nter-monsoon. The same pattern of change with time can be observed in every locations

during the South West monsoon. The variations of salinity are consistent with the EC

variations as observed in other locations also.
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Figure 2.32: Seasonal variation of salinity at Unawatuna
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TDS Profiles

Mean TDS values are varied between 53.88 g/L and 54.05 g/L during the monitoring period

at Unawatuna (Table 2.30).

Table 2.30: Comparison of mean TDS values at Unawatuna Beach

Year TDS (g/L)
2009 54.05 (£2.48)
2010 53.88 (£1.80)
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No any variation could be observed with respect to monsoons and sampling locations at

Unawatuna as shown in Figure 2.33.
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Figure 2.33: Seasonal variation of TDS at Unawatuna
Turbidity Profiles

The mean turbidity values at Unawatuna are within the range of 13.72 NTU to 21.43 NTU. A

regular pattern of varying could not be observed with the time as shown in Table 2.31.
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Table 2.31: Comparison of mean turbidity values at Unawatuna Beach

Year Turbidity (NTU)
2009 21.43 (¥44.03)
2010 13.72 (243.08)
2011 15.97 (+6.63)

Both 1st and 2nd Inter-monsoons showed turbidity values lower than 50 NTU (Figure 2.34).
It can be seen that even North East monsoon showed lower values except for 10t location.
During the South West monsoon, few locations have exceeded 50 NTU in 2009. As previously

stated, high rainfall could be a major reason for high turbidity values.

1st Inter-monsoon South West monsoon
200 200
= 150 = 150
= =
=z <
Z 100 Z 100
S S
X £
P 50 P 50 ‘
o * 1 = ,-I|II Lo . OII al ol oL ||| I|I I III Al Il
12 3 456 7 8 9101112131415 1 2 3 4 56 7 8 9 101112 13 14 15
Sampling Locations Sampling Locations
= 2010 m 2009 m2010 m2011
2nd Inter-monsoon North East monsoon
200 200
= 150 S 150
[ =
=3 =3
2 100 2 100
S S
£ 5
2 50 2 50
0 = == = & I, || | II .| I A _« m || o * ! P | | I | P S |
12 3 45 6 7 8 9 101112131415 1 23 4 5 6 7 8 9 101112 13 14 15
Sampling Locations Sampling Locations
m 2009 m2010 m 2009

Figure 2.34: Seasonal variation of turbidity at Unawatuna
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Temperature Profiles

Mean temperature values at Arugambay varied from 24.31 to 29.34 °C as shown in Table
2.32.The 24.31 °Cin 2011 was remarkably low compared with all the other years which had

temperatures of more than 28 °C.

Table 2.32: Comparison of mean temperature values at Unawatuna Beach

Year Temperature (°C)
2009 28.13 (+x1.49)
2010 28.66 (+1.04)
2011 24.31 (+0.57)
2014 29.34 (+1.06)
2015 28.38 (+1.14)
2016 28.70 (x0.17)

The typical temperature range across sampling locations at Unawatuna was 26.9 °C to 30.9
°C except for all the locations during the South West monsoon in 2011 (Figure 2.35). It can
be perceived that temperature values are relatively constant in 1st and 2n4 [nter-monsoons

while it showed a decreasing variation during the North East monsoon with time.

As mentioned, when comparing with the international guidelines, the ASEAN guidelines do
not provide a standard for marine water temperature for the purpose of human health and
recreational activities. However, the increase over ambient temperature should be <2 °C

when considering aquatic life.
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Figure 2.35: Seasonal variation of temperature at Unawatuna

Faecal Coliform Profiles

Faecal coliforms count ranged from 49.90 MPN/100 ml to 3306.63 MPN/100 ml as shown
in Table 2.33. There is no apparent trend over the years. When considering the ASEAN

standards for faecal coliform, all the mean values have exceeded except for 2014.

Variation of faecal coliform concentrations is illustrated in Figure 2.36. The values lower
than 2000 MPN /100 ml were recorded for all the sampling locations during 1stand 274 Inter-
monsoons. Also the values obtained were lower than 2000 MPN/100 ml during the North
East monsoon except for 2n location in 2009. Locations 1, 2, 3, 5, 7 and 8 showed higher

values in 2015 during the South West monsoon.
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Table 2.33: Comparison of mean faecal coliform values at Unawatuna Beach

Year Coliform (MPN/100ml)
2009 155.12 (321.5)
2010 554.24 (x1327.9)
2011 566.78 (x687.2)
2014 49.90 (+x125.4)
2015 2287.18 (¥8523)
2016 3306.63 (x6766)
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Figure 2.36: Seasonal variation of faecal coliform at Unawatuna
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5. Polhena

Polhena beach is located in Matara District and contains a 4 km long coral reef about 200 m
(660 feet) off the shore. Because of this, the water near the shore is relatively calm and is a
common spot for tourists to swim. Numerous people can be seen in action with scuba diving,

surfing and sunbathing along Polhena Beach.
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Figure 2.37: Sampling locations in Polhena Beach

pH Profiles

The variation of pH with time and the impact of monsoons were studied for Polhena in this
analysis. The summary of data with associated standard deviations from 2009 to 2015 are
presented in Table 2.34. Accordingly, it can be observed that there is no large variations in
pH throughout the monitoring period. The impact of monsoons were studied with respect to

pH variation in the given location as shown in Figure 2.38.
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Table 2.34: Comparison of mean pH values at Polhena Beach

Year pH
2009 7.97 (£0.21)
2010 7.85 (£0.32)
2011 7.93 (£0.13)
2014 7.73 (£0.52)
2015 7.59 (£0.41)
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Figure 2.38: Seasonal variation of pH at Polhena
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The mean pH values are varied from 7.59 to 7.97. When comparing with the standards
imposed by the CEA for discharging wastewater into marine coastal areas (the allowable
range of pH is between 5.5 and 9.0), pH values are within the limits at Polhena. Additionally,

there is no detectable variation of pH according to monsoon patterns and sampling locations.
DO Profiles

The temporal and the monsoon impact on DO variation at Polhena was studied and the Table
2.35 shows the variation of the mean DO values at Polhena (between 7.76 mg/L and 8.54
mg/L). Any considerable variation could not be observed, hence the DO has not changed

during the monitoring period from 2009 to 2015.

Table 2.35: Comparison of mean DO values at Polhena Beach

Year DO (mg/L)
2009 8.54 (x1.27)
2010 7.89 (£1.61)
2014 7.76 (£0.65)
2015 7.96 (x0.71)

No clear variation can be observed in DO with respect to monsoons (Figure 2.39). It has been
recorded that 1st, 2nd and 34 locations showed higher DO values than 10 mg/L in 2010
during the 1st Inter-monsoon. As stated, the minimum value for DO is defined as 4 mg/L by

the ASEAN guideline. All the locations have exceeded the ASEAN limit for DO.
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Figure 2.39: Seasonal variation of DO at Polhena
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EC Profiles

Table 2.36 shows the variation of the mean EC values at Polhena which varied between 49.01

mS/cm and 53.32 mS/cm. The variation of EC values does not show any trend, hence the EC

has not changed during the monitoring period from 2009 to 2015.
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Table 2.36: Comparison of mean EC values at Polhena Beach

Year EC (mS/cm)
2009 49.01 (¥8.13)
2010 52.36 (¥3.36)
2011 53.32 (%0.29)
2014 51.83 (¥11.92)
2015 52.27 (+x4.76)
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Figure 2.40: Seasonal variation of EC at Polhena
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The variation of EC with respect to monsoons is presented in Figure 2.40. The EC has
increased with the time during the 1st Inter-monsoon. Other monsoons did not show any
visible trend of EC variation. However, the lower values were recorded in 2009 during the
South West monsoon at 5t location and at the 9t and 10t locations in 2014 during the 2nd

Inter-monsoon and North East monsoon.

Salinity Profiles

The mean salinity values are varied between 28.41 % and 35.50 % (Table 2.37). The Salinity
has increased until 2011 and decreased in 2014. It has slightly increased in 2015 to 33.73 %.

A noticeable trend could not be observed during the monitoring period.

Table 2.37: Comparison of mean salinity values at Polhena Beach

Year Salinity (%)
2009 28.41 (+3.40)
2010 30.22 (£2.60)
2011 35.50 (20.23)
2014 31.99 (£7.04)
2015 33.73 (¢4.28)

When considering the salinity at Polhena, the variation is consistent with the EC variations
at Polhena. This is quite acceptable since salinity has a correlation with EC. Salinity has
increased with the time during the 1st Inter-monsoon (Figure 2.41). The salinity variation
with the time during the other monsoons were not clear. 9t and 10t locations showed lower

values in 2014 during the 2nd [nter-monsoon and North East monsoon similar to the EC.
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Figure 2.41: Seasonal variation of salinity at Polhena
TDS Profiles

The mean TDS values are varied within the range of 50.01 g/L to 53.11 g/L as presented in

Table 2.38. The variation of TDS with monsoons and sampling locations are illustrated in

Figure 2.42.
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Table 2.38: Comparison of mean TDS values at Polhena Beach

Year TDS (g/L)
2009 50.01 (¢7.87)
2010 53.11 (+4.58)

1st Inter-monsoon

50

40

20

10

0
2 3 4

Sampling Locations
m 2010

TDS (g/L)

2nd Inter-monsoon

TDS (g/L)
N W R U @
© © ©o o© o

=
o

0

TDS (g/L)
P N T N =)
o o © o o o

o

South West monsoon

1 2 3

Sampling Locations
m 2009 m 2010

4 5
North East monsoon

1 2 3

Sampling Locations
| 2009

4 5

Figure 2.42: Seasonal variation of TDS at Polhena
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Turbidity Profiles

Mean turbidity values are varied between 10.85 NTU and 15.39 NTU as shown in Table 2.39.
Turbidity has decreased to 10.85 NTU in 2010 and increased to 15.39 NTU in 2011.
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Table 2.39: Comparison of mean turbidity values at Polhena Beach

Year Turbidity (NTU)
2009 15.03 (£27.32)
2010 10.85 (+20.66)
2011 15.39 (+8.98)
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Figure 2.43: Seasonal variation of turbidity at Polhena
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The measurements were not continued after 2014. However, highest turbidity value (>100

NTU) was recorded at 5t location in 2009 during the South West monsoon. All the other

locations showed turbidity values less than 100 NTU.
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Turbidity is not imposed by the ASEAN guideline as a marine water quality parameter.
Temperature Profiles

Mean temperature values at Polhena are varied within the range of 25.23 °C to 28.73 °C as
shown in Table 2.40. A visible trend during the monitoring period could not be observed.

The variation with respect to monsoons is presented in the Figure 2.44.

Table 2.40: Comparison of mean temperature values at Polhena Beach

Year Temperature (°C)
2009 27.52 (+1.68)
2010 28.73 (x1.14)
2011 25.23 (+1.04)
2014 28.58 (+1.25)
2015 27.32 (x0.51)

No any clear trend could be observed with respect to monsoons. However, the relatively

higher values for temperature were observed during the 1st Inter-monsoon.
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Figure 2.44: Seasonal variation of temperature at Polhena

Faecal Coliform Profiles

The mean values are varied between 32.62 MPN/100 ml and 1949.75 MPN/100 ml as shown
in Table 2.41. The faecal coliform concentration was decreased from 2009 to 2014, largely
increased in 2015 and decreased in 2016. When considering the annual rainfall, Polhena
received a high rainfall in 2015 compared to other years (Appendix I). This could be a major

reason for increase in coliform concentrations in 2015 at Polhena.
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Table 2.41: Comparison of mean faecal coliform values at Polhena Beach

Year Coliform (MPN/100ml)
2009 1949.75 (+x4059)
2010 729.17 (¥2149)
2011 622.31 (+687)
2014 32.62 (+47.06)
2015 1369.44 (¥3500)
2016 287.79 (£604.4)
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Figure 2.45: Seasonal variation of faecal coliform at Polhena
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A trend could not be seen in faecal coliform concentrations at Polhena with respect to
monsoons. However, lower values were recorded during the 1st Inter-monsoon. Few locations

have shown higher values during the other monsoons.

6. Hikkaduwa

Hikkaduwa beach is located in the South coast of Sri Lanka, about 17 km North West of Galle
and 98 km South of Colombo. It is a well-known international recreational and holiday
destination for board-surfing. Hikkaduwa coral reef is one the most beautiful coral reefs
found in Sri Lanka and the first coral reef to be declared as a marine national park in the
country. Coral Reefs plays an important role in protecting the beach. Because of the coral
reef the Hikkaduwa area was one of the least affected areas when tsunami waves hit the
country though some of the reef was destroyed due to tsunami hit. But the biggest threat to
the reef is from humans who collect corals and capture various fish types to be sold in the
commercial market. Hikkaduwa is one of two marine reserves in Sri Lanka and one that is
constantly under threat due to human activities. Undoubtedly water quality would have a
great impact on the livelihood of coral reef. Monitoring of water quality parameters such as
pH, DO, and temperature would be required to safeguard and assess the status of this natural

habitat.
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Figure 2.46: Sampling locations at Hikkaduwa Beach
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pH Profiles

In this analysis, the variation of pH with time and the monsoons were studied. Table 2.42

shows the summary of mean pH data with associated standard deviations from 2009 to

2016. The mean pH values are within the range of 7.36 to 8.07. Figure 2.47 shows the impact

of monsoons with respect to pH in the given location

Table 2.42: Comparison of mean pH values at Hikkaduwa Beach

Year pH

2009 8.07 (x0.17)
2010 7.36 (£1.44)
2014 7.59 (£0.42)
2015 7.92 (£0.49)
2016 7.94 (£0.09)

It was noted that pH had not been varied throughout the monitoring period with time. When

considering the variation with monsoons, a visible variation could not observed with respect

to monsoons. However, unusual values were obtained for pH in 2010 during the 2nd Inter-

monsoon except at 7th, 12th, 13th, 14th and 15t locations.
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Figure 2.47: Seasonal variation of pH at Hikkaduwa
DO Profiles

Mean DO values are varied between 6.67 mg/L and 8.06 mg/L as shown in Table 2.43. A clear
trend could not be seen during the monitoring period from 2009 to 2016. The variation of

DO with respect to monsoons are illustrated in Figure 2.48.

No visible trend in DO could be seen with respect to monsoons. The higher values were
recorded at 12th location during the 1st and 2»d [nter-monsoons in 2010 and 2014
respectively. However, relatively lower values were observed at first six locations (1-6)

during the 2nd Inter-monsoon in 2015 and 8t location in 2010.
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Table 2.43: Comparison of mean DO values at Hikkaduwa Beach

Year DO (mg/L)
2009 8.06 (x0.32)
2010 7.54 (£1.04)
2014 7.52 (£0.71)
2015 6.67 (£0.43)
2016 7.72 (£0.26)
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Figure 2.48: Seasonal variation of DO at Hikkaduwa
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EC Profiles

Mean EC values are within the range of 50.83 mS/cm to 57.55 mS/cm as shown in Table 2.44.

A large variation of EC could not be seen from 2009 to 2016. Figure 2.49 shows the impact

of monsoons with respect to EC in the given location.

Table 2.44: Comparison of mean EC values at Hikkaduwa Beach

Year EC (mS/cm)
2009 50.83 (+8.84)
2010 52.72 (x1.49)
2014 54.51 (¢7.33)
2015 53.88 (¥2.09)
2016 57.55 (¥4.96)

EC has increased with respect to time during the 1st Inter-monsoon and North East monsoon.

A clear trend could not be seen during the South West monsoon and 24 Inter-monsoon.

Nevertheless, large decrease of EC could be seen at first two locations (1-2) during the 2nd

Inter-monsoon in 2014.
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Figure 2.49: Seasonal variation of EC at Hikkaduwa
Salinity Profiles

Mean salinity values are varied within the range of 29.15 % to 35.29 % as shown in Table

2.45. It can be seen a slight increase of temperature from 2009 to 2016.

The variation with respect to monsoons are presented in Figure 2.50. Salinity has increased
with the time during the 1st Inter-monsoon and North East monsoon as observed in EC at
Hikkaduwa. This variation can be accepted since salinity has a correlation with EC. And also
this could be identified as a common fact which applied for all the locations (i.e. - Arugambay,

Mt. Lavinia etc.). No trends could be clearly identified during the South West and 2nd Inter-
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monsoon. The lowest salinity values were recorded at 1st and 2nd locations during the 2nd

Inter-monsoon.

Table 2.45: Comparison of mean salinity values at Hikkaduwa Beach

Year Salinity (%)
2009 29.15 (+4.28)
2010 31.84 (x22.94)
2014 33.18 (¢5.19)
2015 34.09 (+4.61)
2016 35.29 (+3.26)
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Figure 2.50: Seasonal variation of salinity at Hikkaduwa
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TDS Profiles

Mean TDS values are presented in Table 2.46. It varied between 51.98 g/L and 52.88 g/L.

The variation respect to monsoons are illustrated in Figure 2.51.

Table 2.46: Comparison of mean TDS values at Hikkaduwa Beach

Year TDS (g/L)
2009 51.98 (+7.13)
2010 52.88 (x6.05)
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Figure 2.51: Seasonal variation of TDS at Hikkaduwa
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Turbidity Profiles

Mean turbidity values are varied between 24.33 NTU and 28.99 NTU from 2009 to 2010 as

shown in Table 2.47.

Table 2.47: Comparison of mean turbidity values at Hikkaduwa Beach

Year Turbidity (NTU)
2009 24.33 (+46.60)
2010 28.99 (+54.69)
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Figure 2.52: Seasonal variation of turbidity at Hikkaduwa
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All the locations showed lower turbidity values than 150 NTU during all the monsoons

except for 12th and 15t locations during the 1st Inter-monsoon in 2010.
Temperature Profiles

Mean temperature values varied from 28.54 °C to 29.06 °C where a trend could not be seen
with respect to time. The mean temperature values with their standard deviations are

presented in Table 2.48.

Table 2.48: Comparison of mean temperature values at Hikkaduwa Beach

Year Temperature (°C)
2009 28.54 (+1.00)
2010 28.74 (+1.15)
2014 29.03 (x0.50)
2015 28.71 (x2.31)
2016 29.06 (+1.78)

The variation of temperature with respect to monsoons are illustrated in Figure 2.53. A clear

trend could not be perceived with monsoons and it seemed to be constant.
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Figure 2.53: Seasonal variation of temperature at Hikkaduwa

Faecal Coliform Profiles

Mean faecal coliform concentration values are varied within the range from 50.26 MPN/100
ml to 943.21 MPN/100 ml as shown in Table 2.49. A regular pattern of varying could not be

observed in coliform count with respect to time. The variation of coliform count with respect

to monsoons are presented in Figure 2.54.
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Table 2.49: Comparison of mean faecal coliform values at Hikkaduwa Beach

Year Coliform (MPN/100ml)
2009 607.12 (x2390)
2010 172.90 (+426.1)
2011 188.90 (+430)
2014 50.26 (x73.76)
2015 943.21 (¥5017)
2016 112.58 (+451.9)
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Figure 2.54: Seasonal variation of faecal coliform at Hikkaduwa
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When considering the 1st Inter-monsoon, all the locations had lower values than 2500
MPN/100 ml. The highest coliform count was recorded at 1st location in 2015 during the
South West monsoon. All the locations except for 1st, 9th and 10t locations, have showed

lower values during the 2nd [nter-monsoon. A visible trend with respect to monsoons could

not be seen at Hikkaduwa.
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GIS Data Analysis 3

3.1 Introduction

Geographic Information Systems (GIS) are increasingly used as a support tool that allows
accessing data, generating thematic cartography, and performing spatial and geostatistical
analysis. In this project different maps can be prepared for various analyses for the
parameters measured depending upon the level of difference between measured parameter

of the points.

3.2 Methodology

The maps were created for each location using coordinates of the data collection points.
However, GIS is not a good tool to show the variation of parameters with time since it will
create countless maps. It can be proposed that the statistical details such as mean and trends
at a point be mapped. After mapping these details, they had to be distributed spatially using
interpolation techniques available in GIS applications. Several methods are available in GIS
environment to distribute the parameters spatially, such as Kriging, Inverse Distance Weight

(IDW), Spline and Trend.

The most adopted method of interpolation in coastal water quality parameters is Kriging

according to Sahlin et al, (2016), Huang et al,, (2016) and Elumalai et al., (2017).

Kriging, is used to distribute the data spatially considering the range of data sets and the
shape of the area concerned. However, there are several approaches involved in Kriging
method such as the ordinary/ universal and search radius, which need to be investigated and
calibrate. In the present analysis the ordinary method with linear semivariogram model is
used with search radius of 3 points. Note that, validation is not conducted due to lack of
points available. Note that, validation has not been conducted as the number of points

available is inadequate.
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3.3 Results

Figure 3.1 shows the location map of all the sites where the various parameters were
measured. The details of each site such as locations of sampling points, locations of sea
outfalls (including locations where streams and rivers entered the sea), and the area

considered for the analysis were presented in the previous chapter.

Maps were created for the various parameters and for the various seasons in the years
investigated. The seasons considered were the 1st Inter-monsoon (March/April), South West
monsoon (May to September), 274 Inter-monsoon (October/November), and North East
monsoon (December to February). Depending upon data availability, the distribution of
measured parameters in each season of a year would then be presented in the maps. Figures
3.2 to 3.6 show the maps of spatial data distribution of coliform at Arugambay beach for the
seasons in the years investigated. Maps of spatial data distribution of coliform at the other

five locations are attached in Appendix II.

The difference between the other measured parameters at sampling points are not
significant enough to present the variations on a map and most of them are within the limits
(NHMRC, 2008). The Coliform presence is categories according to the NHMRC, (2008) in the

maps as presented in Table 3.1.

Table 3.1: Sanitary Inspection Microbial Assessment Category

Coliform Count/100 mL <40 41-200 201-500 >500
Sanitary Inspection Good Fair Poor Very Poor
Microbial Assessment

Category

3.4 Future directions

The locations at a given area are not sufficient to represent the distribution of a given
parameter sufficiently. Some of the points are too close while some are further apart.

Therefore, the number of locations should be increased at the sites with regular intervals.
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Two or more sets of sites further away from the beach also should be included to study the

variation of parameter towards the sea.

During the Site visits it was noted that pollution is related to the sea outfalls whether it is a
stream or a canal. At Some places local vendors of the area used to block them during the dry
season. However, during the rainy season all these canals and streams are used to open up
polluting the beach. Figure 3.7 shows the blocked canal at Unawatuna. Figure 3.8 shows

some of the canals which are not flowing to the sea during the dry season.
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Figure 3.1: Map of the monitoring locations
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Figure 3.2: Faecal Coliform distribution at
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Figure 3.3: Faecal Coliform distribution at
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Figure 3.5: Faecal Coliform distribution at
Arugambay-South West monsoon (2009, 2010, 2011, 2014)
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3.5 Effect of Morphology and Hydrodynamics on Water Quality

3.5.1 Arugambay

Literature has reported disturbed water can have higher total faecal coliform and E. coli
counts compared to samples taken from the overlying water column. This would then
suggest where there is anthropogenic activity which disturbed the water, higher values of
faecal coliform can be expected compared to undisturbed waters which may show relatively
low faecal coliform counts. At the Arugambay site a similar phenomenon could be observed
where the narrow stretch between the two land masses in which waves could be subjected
to local acceleration and so facilitating substantial mixing than at the other locations.
Sampling locations such as 8, 9, and 10 show lower coliform counts because the land
morphology did not enhance mixing. This suggested the importance of understanding the

wave regime at a particular location so that data could be better understood.

The regions with higher coliforms also showed higher turbidity. The latter would be an
indication of the dynamic movement of sediments and could have included resuspension.
Such sediment movement could also lead to sediment accumulation on the sea side and/or
land side. A consequence of such accumulation may be increased incidence and severity of

floods and ebb tidal deltas.

DO values were higher at locations 8, 9, and 10 compared to the other sampling points.
Water absorbs oxygen and other gasses from the atmosphere until it reaches equilibrium at
complete saturation. This process is accelerated by turbulence and wave action (Miller et al,
1988). Though information on the wave regime in the region was not gathered, visual
observation onsite would suggest significant wave action. The solubility of oxygen decreases
as temperature increases (Wetzel, 2001). This implies the regions with higher temperatures
could have lower DO values, all other factors being equal. Assessment of temperature
variations in the region indicate the contrary - i.e. sites with higher temperature showed
higher DO values. This would indicate other factors have impacted on the DO. These factors
could have included benthic vegetation (either photosynthetic or respiratory) and sediment
movement releasing oxygen-demanding substances. Salinity affects oxygen solubility. The

higher the salinity, the lower the dissolved oxygen concentration though this did not follow
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with the data - again suggesting other factors have influenced the DO. Sampling locations 7,
8,9,and 10 showed the highest salinity (and hence the highest conductivity values) and it
was noted these locations had calmer waters and were less exposed incoming freshwater

streams.
3.5.2 Hikkaduwa

The unique land form at Hikkaduwa is the barrier islands. These islands can potentially
influence the circulation patterns and consequently sediment movement as the impact of

ocean swells and other extreme coastal events would be reduced.

The region behind the barrier islands show low coliform counts due to the reduced
turbulence and hence lower mixing compared with the other regions. The lowest observed
coliform counts were noted on the sheltered side behind the barrier islands. Where higher
coliform counts occurred, these regions were associated with higher turbidities - similar to
most other beaches. Thus turbidity can be a quick indicator of possible issues with coliform

counts.

Further that should be noted the barrier islands are facilitating accumulation and settlement
of salt particles compared to other regions and lower mixing in the area has caused this

observed higher salinities and corresponding conductivities.

When it comes to the temperature variation it is worth to note that barrier islands are ideal
locations for the development of coastal vegetation. The temperature of coastal vegetation
is highly variable. Since they are generally shallow, particularly at low tide, water
temperature varies mainly with air temperature. Hence monitoring the air temperature in
an adjacent site would be beneficial to get an insight over the marine temperature
fluctuations. Tidal measurements would be supportive further for the decision making.
Average temperature resulted in the region is about 28 °C and higher temperature regions

are observed to carry lower DO as expected (DiPietro, 2013).

TDS are higher sampling locations 11-15 and it supports to predict a dominant alongshore
drift directing towards that direction, which is one of the key attributes that alters the TDS
in the coastal regions. Yet there aren’t any provided documents to prove such details, it is

recommended to monitor the directional currents and in these sites of interests to get a clear

102
COAST CONSERVATION AND COASTAL RESOURCES MANAGEMENT DEPARTMENT



picture about the setup. Further anthropogenic influences magnify the TDS counts and such

inputs should also be monitored to get a vivid insight about such sensitive parameters.
3.5.3 Mount Lavinia

At the Mount Lavinia site unique morphological feature to be observed is an extruded spit
though it is difficult to verify whether its composition is entirely fluvial sediment. The
significance of this bed form would be its influence for altering the current pattern in the
vicinity compared to the adjacent ocean stretch. This bed form then would directly influence
the circulation pattern of the region which affects the measured water quality parameters at
the site. Additionally, being densely populated coastal belt in the country the significance of
anthropogenic activities should be high compared to other sites. But the non- availability of
such pertinent data drags it out of making firm conclusions. Lowest coliform count and TDS,
highest EC, temperature variation, salinity, pH and turbidity values are resulted near this

sand spit.

As this region doesn’t entertain much mixing and inherently adjusted for the water
accumulation and instantaneous stagnations, it could be verified the observations related
with lowest coliform counts, high salinity and related conductivity and the turbidity. pH

values mostly resembles neutral nature with a resulted growing trends towards basis region.

Higher the TDS, higher the conductivity and lower the pH leading towards the acidity, though
such trend could not be observed in the vicinity of this spit. This may be caused due to
alongshore currents (those are not traced in the study) that could have locally governed the

mixing and particle movements.

Though it is expected a lower DO levels at the places near the sand spit where it records
highest temperature values, DO claim to have intermediate figures, which is difficult to
elaborate with the established knowledge. It is noted that none of these parameters and
processes are solely depend on a single process and govern by few factors, as pelagic
environments are inherently complex and maintained with the support of numerous

hydrodynamic, morphodynamics and anthropogenic processes.
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3.5.4 Nilaweli

In the context of dispersion of the sampling points Nilaweli shows the highest dispersion that
made it difficult to capture the variation of parameters compared to the other sites. At
Nilaweli site that has been noted lagoon type morphology with a narrow opening to the
ocean making this site unique compared to the other sites. Along with the seaward capturing
of the parameters that could have been focused on monitoring the in lagoon parameters as
well since mixing of two distinct water body takes place at the opening, which significantly

alters the monitored parameters at this environment.

Abiding the observed correlation, mouth of the lagoon observed to have the highest resulted
temperature and lowest DO, even though it is expected much disturbances at the mouth

compared to the surrounding.

Usually at the mouth of the lagoons waves may subject to local acceleration that disturbs the
deposited sediments at the mouth. Naturally this morphology facilitates for the evolution of
flood and ebb tidal deltas due to the sand accumulation at the mount during flooding and
ebbing cycles. This should be leading to higher turbidity, TDS, salinity and resulted
conductivity. But in the particular site mouth of the lagoon claims to have the lowest
turbidity and an average salinity. This might be due to the untraced phenomenon such as
current movements and influence from the anthropogenic activities those are not properly

observed and recorded in this process.

Considering the uniqueness of this site monitoring the parameters within the lagoon itself
also would have been important to trap the real variations of the parameters and the
correlation between lagoon and coastal water qualities since both are interdependent.
Further that could have been placed additional sampling points at this site since the
morphology of this site may trigger fluctuations in the water quality parameters compared

to the other sites.
3.5.5 Polhena

Inadequacy of the sampling points could be noted in this site as well. That has not been
observed any unique morphology in this site other than an extrusion of the land towards the

ocean at one point between sampling points 1 and 2. This point may be important in the
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context of current movement and the sediment transport. Hence that would have been
located a sampling point right in front of this particular point to trace any variations in the

parameters.

Further an existence of such morphology may lead to create an instantaneous stagnation of
the waves, which might facilitate an accumulation of TDS. Further, undisturbed water is an
indication of lower level of coliform, which is evident with the observed results at this site as

well.

Unlike the other sites the region with the highest temperature doesn’t claim for the lowest
DO in this site. Lowest EC coincides with the sites shows the lowest salinity though it doesn’t
obey for the vice versa. There is a contradictory in the behaviors of turbidity, salinity and
TDS. Regions resemble the higher turbidity show a lower salinity and TDS. This might be
resulted due to the current movement in this site, which should be critically considered in

the future monitoring processes.
3.5.6 Unawatuna

The average pH levels in Unawatuna beach have shown fluctuations in seasonal and inter
annual time scales as it is observed in Coastal environments under the influence of tidal
fluctuations and having bay type coastal morphologies in the world (Baumann et al., 2015)
These fluctuations could have been triggered due to the acidic and hypoxic conditions
occurred during the low tide periods (Baumann et al.,2015), anthropogenic activities
originated waste, mixed and modulated by the bay and spit type morphologies observed in
this coastal site.

Temperature in this region has been fluctuated in the range of 26-32 °C and this would have
been resulted due to the wind effect as large open water bodies have a fast cooling rate with
respect to wind direction and this results in colder water during the rainy season, and
warmer water during dry periods (Theeuwes et al,2013).

Conductivity and salinity values for sea water are 55 mS/cm, 35000-40000 mg/L
(Malmberg, 1965). Salinity and conductivity values observed in this site are apparently abide
by the standard figures, though there are sudden deviated observations at some instances.

This would have been resulted due to the sea-surface slope and input of freshwater and
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mixing due to strong wind greatly disturbed the circulation inside and outside of the bay,
making the salt exchange between the land and coastal ocean very different from that under
normal conditions (Du & Park, 2019).

DO fluctuates due to the temperature, altitude of the sea level and influence of marine
ecology. For an instance sea level (1 atm or 760 mmHg) and 4°C (39°F), 100% air-saturated
water would hold 10.92 mg/L of dissolved oxygen. But if the temperature were raised to
room temperature, 21°C (70°F), there would only be 8.68 mg/L DO at 100% air saturation.
At Unawatuna site, resulted DO levels are in acceptable range, even though the measured
temperature is in high side. This would have been supported by the marine ecology in the
region and the suspended sediment movement triggered by wave, current actions that has

positively affected the turbidity thereby the DO levels (You & Chen, 2019).
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Figure 3.8: Some of the sea out falls
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Conclusions & Recommendations 4

4.1 Background

Coastal water quality plays an important role not only for human habitats along the coastal
stretch around Sri Lanka, but also for protection of the rich biodiversity (flora and fauna) in
the marine eco-system. Deterioration of this ecosystem can lead to both direct (e.g. loss of
breeding grounds, coral reefs) and indirect consequences (e.g. tourism industry). Therefore,
the Government of Sri Lanka has developed a number of mechanisms to safeguard human
habitats, and flora and fauna on the coastal belt via policy interventions, acts, and laws
related to these areas since the introduction of the Coast Conservation Act, No 57 of 1981.
However, the importance of evidence-based policy formulations and interventions, and
subsequent enforcement of the regulatory frameworks/laws cannot be overstated and this
has to be coupled with periodic reviews. This is because the coastal belt is a dynamic system
impacted by anthropogenic activities (e.g. constructions, discharge of waste and
wastewater) and natural events (changing sea level, tsunamis) leading to changes in the
coastal morphology and land use patterns, and thereby sediment transport and coastal water
quality.

Sri Lanka has a coastal belt of 1,600 km (Senevirathna et al., 2018) comprising natural and
man-made harbours, environmentally sensitive areas such as coral reefs and marine parks
(Hikkaduwa and Pigeon Island), recreational beaches (Arugambay, Mount Lavinia, Nilaweli,
Polhena, Unawatuna), and highly congested areas with hotels and tourism industry related
establishments in addition to the local human settlements. The coastal area is densely
populated with more than 65 per cent of the country’s total population and urban centres
such as the capital city of Colombo and several other large cities. The total population in this
area was estimated at 8.4 million (about 38 % of the total population) in 2010 (Senevirathna
et al,2018). Therefore, socio-economic activities in these areas are very high and

anthropogenic influence on coastal water quality significant.
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According to the ASEAN (Association of South-East Asian Nations) Environmental
Monitoring Recommendations, long-term monitoring is essential to determine baselines,
measure change and assess overall ecosystem health. Effective monitoring programmes will
improve the management and protection of marine resources. Development of an integrated
coastal water quality monitoring framework that encompasses estuarine, coastal (including
river mouths, bays and lagoons) and offshore waters allow documentation of status change,
and allow for informed management decisions for sustainable coastal resource utilization
and management. The elements in a coastal inventory can include environmentally highly
sensitive areas (e.g. coral reefs, mangroves, and coastal wetlands), pollutants (solid and
liquids including hazardous waste) and their sources, industrial activities (e.g. power
generation, salterns, fishing and commercial harbors), commercial activities (e.g. tourism

and hotels) and human settlements.
4.2 Indications on the Current Status based on Data Collected

A summary of the coastal water quality monitored at the 5 sites monitored by the Coast
Conservation and Coastal Resource Management Department of Sri Lanka (CC&CRMD) from

2011 - 2016, is shown in Table 4.1 below.

Table 4.1: Salient Features of Data Collected from 6 Sites

No. | Site/Descriptio | pH DO Electrical Salinity Faecal Coli Form
n Min/Max Min/Max Conductivity Min/Max Min/Max
g/l Min/Max . (MPN/100ml)
(mS/cm)

1 | Arugambay 7.8/8.1 6.1/7.9 3.6/56.2 2.1/35.2 71.8/463.5

2 | Hikkaduwa 7.4/8.1 6.7/8.1 50.8/57.6 29.2/35.3 50.3/943.2

3 | Mount Lavinia 7.4/8.1 7.6/8.3 49.5/57.4 29.3/36.5 202.7/3143.4

4 | Nilaweli 6.5/8.0 6.9/8.2 48.9/56.1 29.4/35.5 9.9/721.5

5 | Polhena 7.6/8.0 7.8/8.5 49.0/53.3 28.4/35.5 32.6/1949.8

6 | Unawatuna 7.0/8.1 7.4/8.4 52.2/56.8 30.4/36.2 49.9/3306.6

7 | CEA Limit 5.5/9.0

8 | ASEAN 4 100
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The data shows water quality has largely met with the compliance limits during the
monitoring period except for faecal coliform counts at all sites. These values exceeded the
standard set by ASEAN (100 MPN/ 100ml) by a large margin. Thus, it is clear human faecal
contamination was an issue in coastal waters. This can have a significant impact on human
health and hence the tourism industry since these areas are used for recreational purposes.
Given the importance of the tourism industry and its sensitivity to public health issues, the
indicator of human waste pollution must be taken to signal need for regular monitoring and

implementation of upstream mitigation measures.
4.3 The Way Forward

Inadequate information on the execution of the monitoring programme by the CC&RMD has
resulted in difficulty in interpreting the data provided and in attempts to compare the data
and interpretations with international standards. The gaps in the data provided may suggest
constraints in resource availability (manpower, equipment and operational budget) at the

CC&RMD for implementation of a more comprehensive monitoring programme.

The Coast Conservation Act (Amendment) No 49 of 2011 requires developing a Coastal Zone
and Coastal Resource Management Plan, in which coastal water quality is considered as one
of the key aspects. Therefore, data collection, analysis and interpretation of coastal water
quality should have support from other government agencies and institutions. These can
include regulatory bodies (e.g. CEA, MEPA), R&D institutions (e.g. NARA, ITI) and
universities, to supplement the CC&RMD’s resources. Box 4.1 shows some of the activities
that can be carried out for creating clean and safe coastal zones and sustainable coastal

resource management in Sri Lanka.

Box 4.1: Some interventions for developing National Coastal Water Quality

Monitoring Programme (NCWQMP).

e (Calling for a multi-stakeholder meeting/forum/workshop for selection of
appropriate coastal water quality parameters and development of monitoring
programme in accordance with the government regulations and international

signatory agreements, where these are applicable.
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e Carrying out a baseline survey in accordance with internationally accepted
norms/standards and leveraging on resources from among the relevant
stakeholders (e.g. Consortium of public institutions such as CEA, MEPA, NARA, and
universities, headed and coordinated by the CC&RMD).

e Conducting an Annual National Expert Panel Conference on Coast Conservation and
Costal Resource Management (ANC3&CRM) by inviting researchers from regulatory
agencies, R&D institutions, universities and other public/private institutions to
present their research findings and discuss future policy directions for sustainable
coast conservation and resource management coordinated and chaired by the
CC&RMD.

e Executing a public awareness campaign on the importance of protecting coastal
recreational areas with the help of public and private media institutions.

e Empowering local communities for Citizen-based Environmental Monitoring
targeting schools (e.g. selected technology laboratories located along the coastal
line) /technical colleges using open-source hardware/software to monitor and
report status of coastal water quality on a public web portal apart from the main
monitoring programme of the CC&RMD.

¢ Introducing suitable recognition scheme (e.g. Annual National Best Beach Award) to
encourage public/private stakeholders (LGs bodies, hotels and other service
providers, community-based organisations, NGOs ) for active participation in
keeping clean and safe recreational areas and branding such places amonglocals and
internationals (e.g. Trip Advisor, Lonely Planet, Booking.com ).

e Developing National Coastal Water Quality Index (CWQI), National Beach Grading
Scheme (NBGS) and displaying the prevailing status, and encouraging all
stakeholders to contribute to reaching the target status (e.g. Blue Flag Beaches) at

prominent places (e.g. recreational areas).
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4.3.1Coastal Water Quality Parameter Selection for Monitoring

STEP 1: Define the purpose and the scope for Coastal Water Quality Monitoring Plan
The basis and purpose of coastal water quality monitoring can be categorized into the
following:

= assessment of status or condition, often across a specified spatial area;

= assessment of temporal trends;

= assessment of the impact of legislation and implemented measures; and

= compliance with various national regulatory requirements and/or international

agreements

The following general definitions were proposed by Quevauviller (2016) for various
monitoring requirements and substances of concern related to different regulatory

frameworks (e.g. The Coast Conservation Act) and/or international conventions.

Monitoring: Long-term, standardized measurement, observation, evaluation and reporting

of the coastal environment in order to define status and trends.

Survey: A finite duration, intensive program to measure, evaluate and report the quality of

the coastal environment for a specific purpose.

Surveillance: Continuous, specific measurement, observation and reporting for the purpose

of water quality management and operational activities.

Apart from the above, the following definitions can also be used to define the scope of the

monitoring and measurement plans.

Trend monitoring: Measurements are made at regular, well-spaced time intervals in order

to determine the long-term measurement in a particular parameter.

Baseline monitoring: Used to characterize existing water quality conditions and establish

a database for planning or future comparisons.
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Implementation monitoring: Used to assess whether activities have been carried out as

per the plan.

Effectiveness monitoring: Used to evaluate whether the specified activities had the desired

effect.

Project monitoring: Assesses the impact of a particular activity or project.

Validation monitoring: Deals with the quantitative evaluation of a proposed water quality

model to predict a particular water quality parameter.

Compliance monitoring: Used to determine whether specified water quality criteria are

met.

It can be concluded that any methodology adopted must be “fit for the purpose”. This means
providing data that are interpretable such that it helps to conclude the status and trends of

the coastal water quality of Sri Lanka (See Box 4.2: Case Study of WFD of EU).

Box 4.2: Case Study of Water Framework Directive (WFD) of EU (Quevauviller, 2016)

According to Water Framework Directive (WFD) of EU, the member states are
mandatory to implement surveillance monitoring, operational monitoring and
investigative monitoring. The objective of the surveillance monitoring is to provide
information on long-term changes in natural conditions and those resulting from
widespread anthropogenic activity as well as providing information on the design of

future monitoring programs.

Operational monitoring is undertaken to establish the status of water bodies that
have been identified as being at risk of failing to meet their environmental objectives
and to assess the changes in status of those water bodies as a result of programs and

measures.
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accidental pollution is unknown.

Finally, investigative monitoring is carried out to ascertain the cause and effects of a

failure when either the reason for exceedance is unknown or the magnitude of

Therefore, future monitoring programs will be a mixture of classical chemical monitoring, in

situ monitoring and biological effect determinations in coastal waters. However, the

challenge will be integrating those different methodologies to provide truly holistic

assessments, and allocate and manage resources demand for the collection of data as shown

in Table 4.2 below.

Table 4.2: Various Methodologies and Their Attributes for Developing Coastal Water Quality

Monitoring Plan (Source: Quevauviller, 2016).

Characteristic | Classical chemical In-situ chemical Biological effects
Monitoring monitoring monitoring

Type of Spot sampling, often Single site using Spot sampling, often from a

Sampling from a ship Smart Buoy ship or 30 min trawl

Frequency of Medium (weekly) or Very high (15 min) | Low (monthly or annual)

Sampling low (monthly or or high (hourly)

annual)
Spatial Good Limited by the Good
Coverage availability of in
situ
monitoring devices

Temporal Limited Good Limited

Resolution

Components Water, sediment, biota | Water Biota

Analytes Hazardous substances, | Nutrients, salinity, | Indicators of exposure to

nutrients, salinity, chlorophyll hazardous substances, e.g.
chlorophyll, biotoxins tributyltin (TBT)

Benefit = Large number of | High frequency of | = Can provide information
analytes in water, | monitoring giving on exposure to a specific
sediment and biota excellent temporal contaminant (e.g. TBT)

= Technical guidelines | resolution Provides information on
available the impact of exposure to
= Well established the environment in which
methodologies and the animal lives
quality assurance Takes account of what is
= Assessment criteria bioavailable
available for many
analytes
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Limitation = Single compound or | = Analytes = Many techniques still

/problems group of compounds currently limited being developed
= Limited temporal to nutrients, = Limited number of
resolution salinity and assessment criteria
= Requires a sampling chlorophyll available
platform, often a = Subject to = Cause and effect can be
ship biofouling that unclear

limits operation
» Limited spatial
resolution

RECOMMENDATION 1: Set up a Multidisciplinary Steering Committee

Due to the complexity of requirements by various regulatory agencies such as CEA,
NARA, MEPA and CC&RMD and to avoid the repetitive work by these agencies, it is
proposed a multidisciplinary and multi-agency steering committee comprising
authorized representatives from the above agencies be set up to define the scope and
objectives of a coastal water quality monitoring plan. This shall be contingent on
agreeing to the principle of resource and data sharing. This steering committee may
include a water quality expert, a marine biologist, an analytical chemist, a sociologist,

and a policy and planning expert from national R&D intuitions and universities.

STEP 2: Identify National Coastal Water Quality Criteria

Identification of necessary coastal water quality parameters, and prioritizing them if
required based on technological and economical capabilities, is very critical for its success in
implementation of the National Coastal Water Quality Plan (NCWQP). However, in order to
compare the current status of coastal water quality related standards of Sri Lanka with
international standards, it is imperative to consider the local regulatory provisions along
with the international conventions. Therefore, Table 4.3 shows some of the local and
international legal frameworks, which will be appropriate to consider developing the
National Coastal Water Quality Criteria. The list is not exhaustive but the authors of this
report would argue these frameworks make appropriate starting points based on their

scopes and purposes.
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Table 4.3: National and International Regulatory Requirements/Frameworks Associated

with setting up of Coastal/Marine Water Quality Standards/Criteria

Local Acts and Regulations

International Conventions

The National Environmental Act
No. 47 of 1980 and subsequent
amendments

Convention on the Prevention of Marine
Pollution by Dumping of Wastes and
Other Matter (LC), 1972 (and the 1996
London Protocol)

The Marine Pollution Prevention
Act No. 59 of 1981 and subsequent
amendments

International  Convention for the
Prevention of Pollution from Ships, 1973,
as modified by the Protocol of 1978
relating thereto and by the Protocol of
1997

The Coast Conservation Act No. 57
of 1981 and subsequent
amendments

International Convention on Oil Pollution
Preparedness, Response and Co-
operation (OPRC), 1990

The Fisheries and Aquatic
Resources Act No. 2 of 1996

Protocol on Preparedness, Response and
Co-operation to pollution Incidents by
Hazardous and Noxious Substances, 2000
(OPRC-HNS Protocol)

The National Aquaculture
Development Authority of Sri
Lanka Act. No.53 of 1998

International Convention on the Control
of Harmful Anti-fouling Systems on Ships
(AFS), 2001

The Fauna and Flora Protection
Ordinance No. 2 of 1937 and
subsequent amendments

International Convention for the Control
and Management of Ships' Ballast Water
and Sediments, 2004

Table 4.3: National and International Regulatory Requirements/Frameworks Associated

with setting up of Coastal/Marine Water Quality Standards/Criteria (Cont'd)

Local Acts and Regulations

International Conventions

The Industry Development Act
1969 and subsequent amendments

International Convention on Civil
Liability for Oil Pollution Damage (CLC),
1969

The Control of Pesticides Act 1980
and subsequent amendments

1992 Protocol to the International
Convention on the Establishment of

an International Fund for Compensation
for Oil Pollution Damage (FUND 1992)

The National Environment
Conservation Act 1989

Convention relating to Civil Liability in
the Field of Maritime Carriage of Nuclear
Material(NUCLEAR), 1971
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*» The Chemical Weapons Convention
Act 2007

International Convention on Liability and
Compensation for Damage in Connection
with the Carriage of Hazardous and
Noxious Substances by Sea (HNS), 1996
(and its 2010 Protocol)

* The Factory Ordinance 1942 and International Convention on Civil

subsequent amendments Liability  for Bunker Qil Pollution
Damage, 2001

. Nairobi International Convention on

the Removal of Wrecks, 2007

The Basel Convention on the Control of
Transboundary Movements of Hazardous
Wastes and Their Disposal

Apart from the above regulatory requirements, it is needed to consider similar practices

around the world (ASEAN, UNEP) for setting up the criteria for coastal/marine water quality,

which can be used as templates by revising them appropriately.

A study done by AusAID (2008) identified seventeen (17) parameters related to marine

water quality as agreed by ASEAN Ministerial Meeting on 20th November 2002 in Vietnam.

Considering the similarities in the challenges faced in coastal water quality in ASEAN

countries and Sri Lanka (e.g. protecting marine life, harvesting of seafood, high tourism

activities) appropriateness of these parameters is strongly likely. These are:

e Sixteen parameters for aquatic life protection (ammonia, cadmium, hexavalent

chromium, copper, lead, mercury, cyanide, total phenol, tributyltin, nitrate, nitrite,

phosphate, temperature, dissolved oxygen, oil and grease, and total suspended

solids); and

¢ One parameter for human health protection (i.e. bacteria)

Table 4.4 shows the ASEAN marine water quality criteria for protection of aquatic life and

human health.
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Table 4.4: ASEAN Marine Water Quality Criteria for Protection of Aquatic Life and Human
Health (Source: AMWQC, 2008)

Parameter Criterion for Protection Criteria for Protection of Human Health
of Aquatic Life Seafood Recreational Activities
Consumption
Ammoma (nnionized) | 70 pg/L NH -N Not applicable Mot applicable
Arsenic 120 ug/L As 3.0 pg/L As 60 pg/L As
Bacteria’ Not applicable 70 FC/100 mL 100 FC/100 mL;
35 enterococct/100 mL
Cadmium 10.0 pg/L. Cd 23uglCd 357 ugLCd
Chromium (VT) 48 ng/L Cr Not derived Not derived
Copper 2.9 ug/L Cu Not applicable 500 pg/L Cu
Cyamde 7.0 ng/L 32 mg/L 1.5 mg/L
Dissolved Oxygen 4.0 mg/L Not applicable Not applicable
Lead 8.5 ug/L Pb Not derived Not applicable
Mercury 0.16 ug/. Hg 0.04 ng/L. He 21 pgL Hg
Witrite/Nitrate 55 pg/L NO:-N Not applicable Mot applicable
60 ng/L NOs-N
O1l and Grease 0.14 mg/L (WSF)" Not denived Not derived
Phenaol 0.12 mg/L 23 8 mg/L 30 mg/L
Phosphate 45 ug/L (estuaries) Not applicable Not applicable
15 ng/L (coastal)
Temperature =2°C increase over Not applicable Mot applicable
maximum ambient
Tributyltin (TBT) 0.010 pg/L TBT Not derived Not dertved
TS5 =10% increase over Not applicable <10% increase over
seasonal average seasonal average
Zinc 50 pg/L Zn Not applicable 1.250 pg/L Zn

These 17 parameters are known as the ASEAN Marine Water Quality Criteria (AMWQC) and

set values to guide concerted national level action to protect the shared marine waters of

ASEAN. However, the monitoring programme in this study had focused only on pH, DO,

Salinity, Electrical Conductivity and Faecal Coliform, and TDS at some places. Therefore,

there is need to review the monitoring parameters according to internationally accepted

standards.

RECOMMENDATION 2: Identify National Coastal Water Quality Criteria

It would be appropriate to consult various stakeholders involved in water quality
monitoring, policy planning and implementation in government agencies to reach

consensus on the water quality parameters required by the various regulatory
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frameworks, in accordance with prevailing and anticipated future legal scenarios, by
considering both local and international conventions. The following short, medium and
long term monitoring parameters can be considered. These are based on ASEAN
standards and may require review and appropriate modification during formulation of

the National Coastal water Quality Criteria.

Short-term: A subset of the ASEAN guidelines can be used to establish the status of
coastal water quality with minimum resources. This can include parameters such as
BOD, COD, Ammonia, Nitrate, Phosphate, DO, Oil & Grease, Total Suspended Solids (TSS),

Fecal Coliform, DO and Temperature.

Medium-term: This can include metals as indicated in the ASAEN guidelines such as Cd,

Cr¢+, Cu, Pb, Hg, and Tributyltin (anti-fouling agent) in addition to the short-term list.

Long-term: Real-time monitoring coupled to GIS based system can be developed. This
will require considerable investment. However, limitations of reliable sensing systems
for parameters listed in short and medium terms should be considered carefully. Remote
sensing and image analysis techniques may be an alternative approach instead of
expensive instrumentation systems for various water quality parameters (Chang et al.,

2015).

Other Supporting Infrastructure: Low-cost, yet reliable weather stations can be set up
close to monitoring stations in order to capture micro-climatic conditions. This will be
useful when interpreting the data with respect to rainfall and changes in the water

quality parameters close to sea outfalls.

STEP 3: Setting up of Infrastructure and Execution of Monitoring Plan

Based on the agreed National Coastal Water Quality Parameters, setting up of infrastructure
and monitoring plan execution should be carried out. Initially offline analyses of selected

parameters would be appropriate due to the high initial cost for real-time monitoring
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infrastructure. However, a conceptual framework can be set up as shown in Figure 4.1 in
anticipation of development of new technologies and improved affordability. These
automated systems may improve monitoring consistency, help developing predictive
models using the recorded data for easier and quicker decision making, support for policy

formulation and implementation.

Sampling, sample storage, transportation, and onsite/offsite analyses of water quality
parameters (chemical/physical/biological) should be carried out in consistent manner
irrespective of the person, location, equipment and laboratory in which required analyses

are done to avoid random and systematic biases.
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Figure 4.1: Digital Remote Wireless Monitoring System (Mukhopadhyay et al., 2013)

RECOMMENDATION 3: Develop a Protocol Manual based on Standard Operating

Procedures for Sampling, Sample Storage, Transportation and Analyses

A protocol manual which is easy to refer to and yet information rich can be developed
and provided for the field officers and analysts to maintain consistency from sampling

to results interpretation. The manual can be based the standards practices used by

organizations such as the USEPA/ISO/BS for the selected water quality parameters. This
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will be very useful for interpreting the data obtained from the field work by
various/changing field officers. It would be appropriate to set up/use regional resource
centers/universities to reduce the cost of manpower, sample storage time, sample
transportation due to the geographical distribution of monitoring locations, and logistics

required for transporting them to a central lab. However, an appropriate mechanism is

needed to coordinate with local /regional resource centers.

4.3.2 Data Collection, Analysis and Result Interpretation
The AMWQC (2008) stated that the correct statistical analysis of the data collected in a
monitoring program is essential to fully utilise all available information and to provide
adequate, confident direction in the outcomes of the program. Further it need be mentioned
that before starting any monitoring program, the following decisions are required:

=  Whether data is collected for estimates or comparisons

» The desired precision for estimates

= The specifications of direction of change for comparisons

= The probability of acceptance of a difference

= The probability that the test will detect a difference

These decisions will have been a consideration when designing the monitoring program, in

the context of the system model (AMWAQC, 2008).

A Road Map for Developing National Coastal Water Quality Monitoring Framework

Table 4.5 shows a tentative roadmap to match the international requirements for monitoring
coastal water quality. This can be implemented phase-wise as it needs significant resources
to realise set objectives. In developing this, it can be used the current monitoring

infrastructure and identify gaps required to match the international standards.
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Table 4.5: Development of National Coastal Water Quality Monitoring Programme

quality
¢ Identification potential
root-causes

Goal 1.2: [dentification of
Future Directions and
Strategies for Sustainable
Coastal Water Quality
Monitoring Programme

e Legal framework and
analysis of current
recommendations on
coastal water quality

e Comparison of similar
exercise used regionally
and internationally

¢ Identification of
international compliance,
bilateral and multilateral
agreements on marine
water pollution
considering global trends

agencies from
various sources
e Potential
partner
institutions
from public and
private sectors

Key Players:
CC&CRMD,
CEA, MEPA,
NARA,
Planning
Ministry,
National R&D
Institutions/
Universities

Phase Goals/Activities Resources KPIs and Time
Required/Key Frame
Players
Phase 1 | Goal 1.1: Critical Review of | Resources: KPlIs:
Current Status of Coastal | e Existing e Declared current
Water Quality in Sri Lanka laboratory coastal water

e Analysis of data collected facilities quality status as
from 2009 to 2016 e Technical safe (Green),

e Trends analysis and personnel gradual
comparison with other within deteriorating
sources on current CC&CRMD ( ),
standards measurements | e Compiled dangerous (Red)
to evaluate the true status collected data or no sufficient
of the coastal water by various data/information

to make a decision

(Black)

e Identified

measurement gaps
and improvement

requirements

e Benchmarked
coastal water

quality considering

environmental,
economic and
social aspects

e Identified future
directions and
strategies for

sustainable coastal

water quality
monitoring

Time Frame: 6
Months
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Table 4.5: Development of National Coastal Water Quality Monitoring Programme (Cont’d)

procedures/protocols for
monitoring of coastal water
quality

e [dentification technical
specifications for
measurement instruments
and technologies

e Proposal development for
potential funding agencies

e Procurement of necessary
equipment and setting
infrastructure in-place.

Goal 2.2: Implementation of
National Coastal Water
Quality Monitoring
Programme

e Identification of vulnerable
locations in terms of the
highest impact on coastal
water quality

e Mobilization of resources
in identified monitoring
sites

Phase Goals/Activities Resources KPIs and Time
Required/Key Frame
Players
Phase II | Goal 2.1: Planning and Resources: KPIs:
Development of e Literature e [Implementable
Sustainable Coastal Water survey plan with identified
Quality Monitoring e Local acts, laws resources and
Programme and other budget
e Consultation with related e Availability of
public/private organization information finance and
for developing coastal sources implementation
water quality monitoring infrastructure
¢ Identification minimum Key Players: o Well-defined
criteria required for CC&CRMD, monitoring
national /regional and MEPA, CEA, protocols
international compliance NARA, R&D
e Extraction/modification of Institutions/ Time Frame: 12
standards Universities Months
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Appendix I

1. Graphs of Arugambay
2. Graphs of Mt. Lavinia
3. Graphs of Polhena
4. Graphs of Hikkaduwa
5. Graphs of Nilaweli

6. Graphs of Unawatuna
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Appendix II

1. Maps of Mt. Lavinia
2. Maps of Polhena
3. Maps of Hikkaduwa
4. Maps of Nilaweli

5. Maps of Unawatuna
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