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':_national beach resorts in South East Asia although it was
a small fishlnq village of | ten years ago. = In contrast to its
hrapld development, the infrastructures, such as the water

=Intfdducticn

Now, Pattaya has become oné of the most famous inter- -

only-

supply
and séwage systems,'are still’ 1agging behlnd and then the waste

*fwatensare directly dlSCharged into the ravers and ‘the sea. Thé
nwatéf quéllty of the swimmlng area, whlch is an rmportant factor
1?Eor a’ béach resort, 18 deteraoratlng progre551vely. and therefore

the cduntérmeasures are urgently needed For the Tourlsm '
Development Plan, we have the oprnion that a specral attentlon'
shall be paid £or this deter10rat1on of the waters. . BaSed on

thlS Judgement, ve. have conductéd a survey on the water guality

and the currents cond1t1ons in the subject waters. The basic

‘data obtained in thlS survey was submltted as’ Appendlx to the
Master Plan for Pattaya TOurrsm DeVelopment in DECGKbEI, 197?

In thlS Appendlx, we wlll summat:ze and dlSCGSS the
results ‘of ‘our Water quallty sufvey. It 15 sxncerely hoped that

lrthese results would becOme uséful 1n rea1121ng the Thal Govern~

 ment s ‘efforts for conservlng ‘the marine env1ronment at Pattaya.

As a matter of fact NEB is conductnng the water qual1ty survey

on a cont1nuou5 basis along Pattaya Beach' and conductlng _
. reséarches: for The Environmental ‘Guidelinés for Coastal Zone -

1)2
-Managemene._ Wée hope that these results ‘of the water quallty

survey wrll be used and follow- ~ups w111 be made.

The present water quallty survey was almlng to 3udge

:,the present levels OF the water quality and to offer the basic
_data for future monltorlngs. We had encountered considerabtle
'dszlcult;es in: selectlng the items of neasurements ‘and the

statlon p051t10n of 1nvestlgat10ns because of the limited length

of tlme for the 5urvey, but we have done 0ur best to obtaln as

many 1ntegrated data as poss:ole. Con31der1ng the various:

-development plans are oelng formed for the area north of Pattaya
'(Laem Chabung and its’ peripheral area),'and the d1scharge from

Na Klua Rlver, the current ‘and the water: quality 'in the offshore

- area as well as those 1n front of Pattaya’ Beach were’ investigated.

Pnnally, we wish téd: express ot whblehearted thanks to

‘*3Tha1 Covérnment fér thelr various a551stanCe offered ro us. f'

e dar m ey e e m



2, Water Quality

2.1, General Condltions in the Upper Gulf of Thailand

2.1.1. Geoqraphlcal Characteristics of the Upper Gulf of Thailand

The upper Gulf of Thailand extends about 100 km from
south to north and about 100 km ErOm east to west and has an
area of about 10 000 km2 with a shapé simllar to, rectangle with '

an open mOuth at its southern boundary. The depth IS rather
shallow w1thin a range of 15 to 20 my and it is deeper along the
east’ coast than along the west coast. Four blg rivers flow
1nto the Gulf at the northern end d1scharglng water ot about
4.3 x 1010 m’/year into the Gulfl) |

2.1.2. Existing Current Conditions -

1) Clrculatlon Pattern' o

el

. There are some avallable records of the current o
observatlons made in the Gulf of 1ha11and A number of reports S

_ made by’ Hydrographlc Department, etc.,ton the clrculatlon pattern
are sunmarlzed below. '

The Flows in the- Upper Gulf have the: complex conditions
of tidal currents, d[lft currents and den51ty currents._ Roughly
. speaking, there is a weak" ciockw1se £1ow From ﬂay to Septembér,
while a counter clockw:se flow: from Vovemoer to: March._ o

The weak clockwlse flow from May to September 15 caused
nalnly by the southwest MONSOONS ;- and the floa becomes stronger
as the southwest monsoons bec0me powerful 1n August.

"‘The counter CIOCKWISe ElOd fr01 October to March 15
malnly caused by the northeast monsoons.: As the northéast

monsoons bec0me strong 1n December, thlS countef ClOCleSe fioa
- also becomes strohger._” - ‘ SR :

322)' T1de ‘and Tldal Current at the Upper Gulf of Thalland

. The sea. level varles greatly -at - the Upper Gulf of _
Thalland due to the t;dei max.>of  3:in and meanuxalue of. abOut 2 m.
The Tldal pattern is the mixed type (anure 2.1), the floa becomlng
northward durlnq the flood tlde whrle 1t becomes southward durrng
the ‘ebb tide. The Elow is unstable and rather weak . “The annual
méan valueés for’ the range of variatron is 0 5 m/sec.-l 5 m/sec.

-2 -
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3) Tide and Tidal Current at Pattaya Coast

The tide near Pattaya is semidiurnal tide represehted
by the high and low- tldos twice a day) The annual” mean value for
the tidal level ariation is about 2 m._ The eurrent fiow follows
a similar pattern as ‘the general flew observed thtoughout the
Upper Gulf of Thailand.‘ The flou becomes northward ‘
during the £lood tide and $outhward durin@ the ebb tide,‘its
velocnty being about 0 80 m/sec.

2.1.3. Water Quality

1) Water Quality: in the Upper Gulf of Thailand

The water quality surVey in the Upper Gulf of Thailand
have been conducted in several occaeions: i.e;, in 1963 1966 by
Fxshery Department during Marine Fishery Surveys, in 1967 by
HydrOgraphlc Department of . Royal Thai Navy, An" 1973 by
Hydrographie Department in collaboration with the Fishery
Départment,_ln 1973-1975 by Subcommittee fer Pollution Survey in
the Gulf of Tnalland (SPSGT), in 19?4 by Marine Fisheries :
Laboratory (HFL) and Départment of Fisheries.j The' result of
these surveys are summarlzed iﬁjﬂnvfronmental Guideline Eor _
Coastal ‘gone Managementslf Thailand, published by ‘NEB and also :
repérted by AIT and SPSGT. The outline of thls report is

‘ summarized as ﬁollow. I

Temperature

| . Monthly mean values of the watet temperature on: Lhe

surface are*" | | - S '

| January - Februafy .....;.....1526§Cﬁ¢5??56

'fMarch ‘.................;.....r'ﬁﬂéc *3?9°C ]
April - June Nvesteasieidiana 566:4“36%356?:_ -

JUly = OCEOBEr iiie..ieaiaiis agec o 30%¢
November - December '.....;l}. f28°c - 30°C

A rather high temperature distrlbutes throughbut the -
year, and the temperature 1ncreases at the inner part from the
mouth ‘of theé Upper Gulf Because ‘of the southwest monsoons
durzng the period of April to June, the température dietribution
along the castern coast is somewhat higher than that along the ..
western coast Hardly any changes are seen throughout the year



along ‘the vertical direction, the maximum range being less than
1.0°C. This is due to the shallow depth of the Upper Gulf.

Transparencv

Aocordiﬂg to the 17 surveys made by SPSGT, the transparency
of sea watcr Was’ within the range of 10-18 m in average at the
:center of the Upper Gulf, while at’ the vicinity ‘of the river
',mouths e was ‘as low as less than 5 m in average. 1In Figure 2.2,
'the transparency distributidn along the Chonburl coast’ observed

by Hydrographlc Department is. shown: It shows almost same
:_value of - J10m near the' open: mouth, but ‘the transparency _
edeoreases toward the inner part of the' Upper Gulf. HNeéar the l
:estuaries it is as 16w as 'S m, 1nd1cat1ng a similar pattern as
that in SPSGT's 1nvest1gat10hs. This is due to suspended solids
contained in the rlver water. ‘MFL inVestxqatlons observed the
“transparéﬂcy less than 1 m near thé estuaries on the COast. _
During “the period of . April ‘to October when the discharge volume
:iof river water increases, the area of 1o saliné water becones wide
'(the next paragraph), andrthe area of turbid water, having the -

' transparency less than 5 m, widens. Along the Pattaya coast,

' hlgher transparency are observed during the winter ‘than in the
summer.,_‘o' : :

Sallnlty Varlatxons

Honthly horlzontal dlstributlon of salinlty in the
surface léyér observed by NEDECO (1965) are shown in Figure 2.3,
Thls distrlbution showed the 31m11ar pattern as that observed by
Hydrographic Department (1967). ‘It is known from the figure
t that the Upper Gulf of Thalland is subject to the effect of highly
7 saline waters enterlng through the mouth: durlnq the period of

. :January to April, and the sallnlty beconmes considerably higher

except at the area ‘Aeéar the éstuaries. Froi May to July, the
effects of ‘the ‘land watexr gradually increases, and from August

to Octoher, the salinity in the Uppet Gulf becores approx1mate1y

30%0 or less. A remarkable 1ncrease of Sallnitles extendlng from the

' -;estuary is observed. Fron Novemher to December, oceanic water is

: observéd: to enter the Upper Gulf along the Sattahip side, and the
"sallnity in the 1nner part of the Gulf increases gradually.



July-Aug  Aug-Sept  Sept-Oct Nov-Dec

Fig- 2.2 Seawatet Trassparereyli) dong the Chénburl Catst
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Salinity distlibutiOn in the coastal area near Pattaya

shows strong effects of oceanic water from January to Aprii, and
'lower salinity from May to July because of the clockwise flow
within the Gulf and the increased volume Of the riVer discharges.
 Fron August to October, the. effect of the land water fﬂtther
-1ncreases and salinlty decfeases te 25%o or less., Between

‘October ‘and Vovembet, due to the COunter clOcswiSe £rom: in the .
_Gulf “and also the oceanic water enterinq through‘the mouth of the
Gulf, the salin1ty increases. gradually, and reaches to the value

fof 32%, or more 1n Oecenber.

Hardly any chanqes are observed throUghout the year

“as far .as the vertical distrlbutlon is concerned excépt near

 thé estvary. Thls is because of a’ shallow depth.
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Do surveys 1n the Upper Gulf of Thailand were

ponducted by MPL 'in October, 19?4 and SPSGT from 1973 to 19?5.

AcCordang to these surveys, the: DO content 1n the seawater in

che Upper Gulf was 3. 5 4.5 ml/1 in aVerage, whlch is lower than

*ythe saturatlon. Comparinq to the value of the eastern coast

‘matters flowing into thé Upper Gulf tthugh F

to that of ‘the wéstern coast, the lattér was sémewhat léuer by
the SPSGT s report. At the estuary, the DO was lomer than those
in the offshore waters., Thls is COnSidered(due to the organlc

1Vets. In Some

part, it was less than 1 0 ml/l Cfltlcal tO blOIOQiCal

cactivity.

pH - SRR : -
According to ‘the surveys made by SPSGT the nean range
of pH values in the Upper Gulf of! Thailana was 7 t9<g, 3. :It was

'very low: in ‘the estuary and higher toward the center of the Upper
- Gulf.  Except neatthe estuaf1es, the variation is quite small
~ fhe low value At the estuary is clearly due to the fresh water.-‘

No- remarkable Variatxon was seen 1n pH values in the mid layer-
and ‘the values’ iﬁ the'’ bottbm-layer was silghtly higher than those
in ‘the surfaée layer. In the flrst surVey made by SPSGT, they

were rather high in’ qenetally, and a partlcularly high value of

8. 6 was observed at the center of the Gulf.



‘Natficntfsélts'

Ahalysés of NOj-N, N03-N PO4~P, 3102-31 were conducted
SPSGT surveys. The :osults aré shown in the followxng table,

~ NO3-N ﬁoz-u . POy-P 3102-51

-_29 at/1) kBg at/1)  (pg at/l)  (ng at/1)
Surface L s N O nean ;
layer 0.38»9785  0.62-2.32 0.98-10.60 a8 }
| Middle  1,70-2.49 0.53-3,99 0.53-3.65
Bottom o L |
layer = 0.16-5.93 - 5

All the nutrient salts near the estuaries shOwed

: con51derab1y hiqh values.' The overall distribution pattern

| observed in the Gulf was that the contents of nutrient salts were
:1ow in the center of the Gulf than in the éstuaries. Along the

,coast of . Sattahlp, however, al} the nutyient salts values were
very low.

While fhé'pieséﬁt“sdrvéy'wés being carried out, there
- was-a’ report that red tide occurred b; the nultlpllcatlon

Cof cerat1um ) Another reporg showed that the waters near the
east coast was’ eutrOphlc and therefore the phytoplanktons were
abundant. Thls suggests that, althouqh the concentratlon of .
fphytoplanktons may vary seasonally, a part of the waters in the
'Upper Gulf 13 now under thé step of progr9351Ve eutrophicatlon.

. fCollform Bacteria-

- Coliform bacterla 1nVest1gat10ns were carfied out
durlﬁg the sutveys ﬁ9nducted by 1st- 7th SPSGT. According to the
_1st =3rd - SPSGT survey, soméwhat’ hlgh values within the ranqe of
E80 o 350 MPN/IOO ml were obseIVed throughout the Upper Gulf,

 and ‘the’ high ‘values wére observéd {P the tentral part o6f the

.Uppef Gulf In the 4th- 7th. survey, the values were within
20-40 céll/lOO nl, but similar high value of 150 cel1/100 ml
was obseEVed in the center of the Upper Gulf of Thailand.



Heavy Metals

Heavy metal analyses in the sea waters were’ conducted
during the surVeys by SPSGT. These surveys revealed that all the
heavy ietals values showed ‘the values similar to the world '
average values except for Pb.

2) Water Quallty hlong Pattaya Coast

Surveys along the sholeline of Pattaya Coast were
conducted monthly by NBB from Décémbér, 19?6 to March, 1977.
The survey stations are sho'.m in Fiqure 2. 4 and Table 2 l(a) (d)
$hows the results of ‘the surveys,' Théy ‘are summarized below.

'Temperature

The water temperature ranged frém 26°C to 29°c and the

_ _ pH consaderably fluctuated ln spacé and: time but" 1ts
 valués lie generally W1th1n thé range of 7. 8 8.3,° This ‘is cﬁnsxdered
‘due to the effect of the fresh water running’ ‘From the 1n1and '

' area.' The abnormally 1ow value of 6.6 at hlgh tide at Station-

- 3,000 in January, 1977 (the estuary of Na Klua Rlver) may be due '
to’ the effect of domestlc sewage, . etc. ; e SRR 1:,:':

DO

Mean DO content of 4 5 ? S ml/l 1s close to the
saturatlon point or abova. Ho"ever, near the estuary of Na Klua
Rlver, it was considerably 10w. In partlcular at the Statlon -
3,000, it Was often o ml/l, showlng the area Was ot suitable for
any blOlOglcal act1vit1es., This ‘was’ created by. the discharge of
_ﬂdomestlc sewage 1n the neighboring areas and of the waste water
f from the tapxoca plants 1nt0 the Gulf of Thailand via Na KIUa -
'R1Ver.j The organlc matters contalned in: these . waste water” were.
decémoosed and had~ consnmed the d1ssolved oxyqen in the water.

‘SS o _ oL C B . _:_; . Ly

_ _ SS has a remarkably Varlatlon ranglng from 5 ppm to
200 ppm, “with ‘oneé’ extraordlnary value of more than 1,500 ppn.
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BOD S
‘According to the surveySlbf BOD in Fébruary and Hatch
of 1977, the most patrt of the coastal area showed the low v&ers
of below 3 ppm, except at some stations in February, i ey the
water near the estuary of Na Klua River was polluted in February
and the BOD was, as nuch as above 10 ppnt, and also at Pattaya
Bea¢h BOD exeeeding 5 ppm where observed at Stations 10= 12 5,
This must be due to the temporary. effeots of the waste watef
discharged from restaurants, etc,, in downtown of Pattaya. g_

Coliform Bacteria

' Coliform Bacteria in ‘the human exOreta are a good
indicator for the contamination orlginated from the domestio
sewaqe. Since the human excéreta contain, in some dases’ other
harmful enterobacterceacae, they are used as a standard for;.
showing the contamination of bathing beaches, in the Unlted

States and Japan. '

In Chonburi Coastal areas and Pattaya Beach collform
bacteria surveys wére conducted in’ 1970 and 19?1 by Chulalon&korn
Unlversxty ]oxntly with Department of Mar1ne Sclence, in 1972 and
1973 by AIT, and in March ‘1973 and January and February, 19?7 by
‘the' National Environmental Board

4

‘ Tables 2 2and 2. 3snow the results of the survey : i
conducted by AIT and National BnVLronmental Board resPectively
Accordlng to the former, 29% of the samples 1nVestiqated in July,
1972 at Pattaya Beach exceeded the U.S. Standafd ‘of 1,000 HPH/
100 ml, ind1cat1ng that the water was not suitable for sw1mm1ng/

bathidg. However, the samples 1nvest1gated in January, 1973
were ail below u. S Standards.

7 NEB's surveys in March, 1976 and Jaﬁuary February,;
1977, ‘also detected the Values exoeedlng 100 HPN/IOO ml 1ﬁ same
p01nts. This high value varaed according to the days of the
week and the timé of ‘the day at” the same station, itds
con51dered that the contam1nati0n occurs locally and perlodically
by the domestlc sewage and the waste water dlscharged from the
‘restaurants, etc., through recreatiénal actlvities._

e 16 -



:Table.2{2 Colifofm Analysis of Bang Saen and
: Pattaya Beach Waters

Sa&ﬁles

Bang Saen | Pattaya
a0 2 S
- greater thaa 1,000/100 ml - 59 29
less than  1,000/100 ml 29 - 36
spoiled samples ! 12 35
C18/1/13 : T
greatér than 1,000/100 ol 656 -0
. less than  1,000/100 ul 33 100
spoiled samples _ 0 o

T
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2.1.4. Bxiéﬁlﬁq SédiMQnt Conditions

Sediments can be used as an effective indicator of the
contamination of the marine environwent since sediments are
subject to ‘the influence of contamination of the water lying
above ‘them, and change much more gradually than the water

_'quality, and - also ‘the pollutants accumulatée on the sediments.
It is also an exeellent element for learning the ecology of the
mafihé'lives represented by benthés through food chains. No
surVey of a con31derab1e scale on the sediments in the Upper
Gulf of Tha11and has been conducted in the past. ‘Howiever, SPSGT
(Subcommlttee for Pollution Survey in the Gulf of Thailand), and
MFL - (The Marine_?;sher1es Laboratory) had conducted résearches

. ! - N i T : i - . ]-4
on heavy metals.and benthos in a limited area!)

Sedlment D1str1hut10n

: quure:zhjshows the sedlment dlstrlbutlon in the Uppeér
Gulf of Thalland . Most of ‘the bottom of the Upper Gulf is
_covered with mad and sand ‘and the major part on the northern side
with mud alone. This' is probably caused by the suspended soils
'dlscharged fron the rlvers, which flows toward the western coast
rather than toward the ecastern coast reflecting the current
patterns within the Gulf. Sediments found along the Pattaya
:coast are mixture of mud, sand, gravel and rock.

Heavy'Météls‘

According to the first investigatién conducted by SPSG%E
rather high concentratlon of heavy metals were detected 1n the
-v101n1ty near ‘the estuaries of major rivers. In the second 1nvest1—
gatlon, concentratxon of 311ver, cadmium and mercury were found to be
somewhat hlgher than the gene1a1 average of oceanic sediments.
However, those and 21nc and chromium were not considered
significantly hlqh According to the investigations carried out
by SPSGT, the earller 1nvest1qat10ns discovered considerably higher

~ values of Hg and Cd compared to the world average. They gradually
decllned'and became approxlmately the same or lower than the world
.-'aVeraqe in their Sth and 6th investigations.

- 19 -
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Grease and oils

Concentratlon of Grease and. 0113 detected at the
estuaries of the major rivérs were somewhat high, but those in
the Upper Gulf, as a whole, were not sxgniflcant.

2.2 Pattaya Hater Quality Surqﬁx

_i Data given abéve serve its purpose as the basic
mater1a1 for’ understanding the marinée enVLronment in the Upper
Gulf of Thailand and the area around Pattaya Beach, Japanese
Team had- conducted surveys on the water qualxty, sed1ments and:
currents in the Pattaya. area (Figure 2.6) from August 10, 1977 to
September g, 1977 so as to supplement the above data and also to
prepare the fundamental materials for reviewing the marine

environment_of the study area for ‘the Pattaya Tourism Devélopment -
Plan.

2 2 l.' Current Conditions
- Ty
}.g -f The current survéey in Pattaya area was conducted during
the perlod of August ‘14 to 31, 1977 at Station B for continuous

15 days and at Statlons A, C, D and F for continuous

25 hours measurenents as shown in Fidqure 2.7. -Based on

the result obtained from observatlons at these stations and the
tlde observatlon at Ko Slchang, the statlonary and

t1da1 currents at the spring tlde and the tropical tide based on

the hloh tlde at Ko Si Chang ﬁere calculated ~ The results are,
sho&n 1n Flgure 2. 8 - 2.12.

_The predominatxng tidal current in the waters in front
of Péttaya Beach is semidiurnal, while the current in the offing
?’13 theﬂmiked typeé as it received the effect of the current from
the Gﬂlf of "thailand. The current flows toward the north during ~
the flood tide ‘and to the south during the ebb tide. ‘The maximum
{current ve1001ty at the spring tide is 0.4 m/sec. and no | -
5319n1flcant varxatxons were observed at each station,’

.'-q

During the survey period, the direction of statlonary
_ urrent was southward, and the velocity was as. slow as 0.03 -
0.04 m/sec. at Statlon B. This results agree hell with the
':past reports made on the current condltions in the Upper Gulf of
Thalland, and at the time of the 1nvestigat10n (August), a weak
clockwise current exists in the Upper Gulf,
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The diffueion coefficients obtained through the current
measurements ‘had relatively' large orders for a coastal area

(Table 2.4y suggesting a con81derab1e aitfusion of’ pollutants in
the study area.

. Tabla 2.4 Diffusion coefficient

o . Main-Conp .x-f:mp
: St. Iﬂye‘r nu'mbér Véria.ncg K Variance K
' cgnz/sec cmzfsec._ ' c_mzjseéz cmzfseo.-
B 10n 2286 29.9 . 1.188 x 10°  20.1 3.150 x 10°

21?.2. Tldal Current Slmulatlon

Through the results of the current measurement, we ¢an
‘tget A rouqh picture ©of the current in the Pattaya sea area, but
-fthey are’ not sufflcxent to understand ‘the c¢oastal currents in
"detail which are strongly influenced by the topography. Based
- on the results of the current measurement and the submarine -
topography, the study area was covered by grrd points of 1, 000 m
' mesh and the nathenatxcal sirulation of tidal current was carcied
out.f Tne outl1ne is dlScussed below.

Basic Equatlon:

The equatlon of momentum for the unit mass oOf the

seawater is’ represented in the following manner assuming the
:incomnré391bllity of the seawater.

ot Tt Vgradv + 2o V K - » grad p fy AV

Hhereln,

_<-'

velocity vector of the scawater (erir s )
@ * rotational vector of coordinates (awes g s @z )
X

“external force per unit mass working on the
=sub$tant1a1 portlon of the seawater (o, 0:3]
'g,.acceleratxon of gravity"

-8 -



A total pressure at points (x.,y ,z]
Py density of seawater

Yoo jkinematic viscosity coefficient of the seawater
t time

_ The equation of continuity to represent the continuity
of the fluid and the conservation of thé masss

7 div V=20

Conditlons for Calculation

1. 'Distance betWeen grid points' ceove 1, 000:m:
2. Water depth }.a..... to be read from the' chart .
3. T}-dal level nl-q'ét‘ H.W._L.__ - 0-’!00:7:_ : .
4. Boundary CODdlthﬂS S
(Amolltudes of tldal current an& lag time)

: : . RS PR i at the nérth end* 0 ?82 l'"l

e i b R R (134 246)
. _ u ‘ s . o t . at thé SOUth éﬂd! 0 615 m
- _ L : L (125 926)
Results of Caleulation

quure 2,14 shows the tldal current at the max1mum fleod
tide (2- hour Hfter low tlde- éﬁ-hour), and Flgure 2 15 shows

those at the maximum ébb’ tide (2—hour after high tide* 332 hour)

. Thesé figqures- represent suffxclently the - actual current o ,
condxtlons ]udglng from the results of the Observatlon. ‘Both at
the flood t1de ‘and the ebb tlde, sim11ar reverse. patterns are

noted, and the maX1mum veloc1ty in both cases is abOut 0 é m/sec.
between Laem Pattaya and Ko Lan.__

7 The current 1n the area in front of Pattaya Beach
generally flow in parallel té the shorellne both at the flood ;

tide and the ebb tlde and the ve10c1ty becomes small as it approaches
the beach Rear the shote, the ve16c1ty 1n both cases 15 0 1 _/sec.

2.2.3. Water Quallty

| . Figure 2, 16 1s ‘the: statién map for the water quality
'survey and theé analytical results are: shOwn in Table 2 5

~ 30,-._.
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Fig.2.16  Location of Survey for
Water and Sediment

S_ampli_ng

- Byat pIC2iey g2l

a T§8 v aarv I;H.‘.f;’na pueats

|

- 2En P

-

- sss'/é:b.b’éo' |

EQ‘(,“M“.;' "

o;z L

oll

A _‘; S

, \ : _31 7'




Perap éfat\jre
The temperature distribution was within 29,0~ 30, 5°C,
"substantially the same value as the results of the sUrveys

_conducted in the pasL (MPL s lst and 2nd pollution surveys) .

EVariation along the horizontal and vertical directions were
“hardly observed

fTransparency

Except for the Offshorée waters near Ko Lan, the
:tranSParency w%slgew compared to the other 1nternat1ona1 resorts
='facing the OCean. The Waters along Pattaya Beach whlch is

lparticularly popular wzth bathers showed a low value of less
thanSOm._. :

- Salinu-:!

“The' comparat1Ve1y low value of 28-31%, was observed
'throughout the survay area, hich may ‘be considered as the
;characterlstlc feature 6f the Upper Gulf of Thalland and this is
understandable fron the past surveys. A very low value of
t'sallnity was observed neaf Na Klua coast although there was a

,,,,,,,

During the observatlon perlod there was a small volume
"of river waters rand because of a mild slone of the river bed,
in flow: of the seaWater, ‘going uostream at the bottom to a
'conSLderaple distance was observed..

pH t o i
. _ l ; pH was withln the range of 8 20-8. 47. No abnormal
values were observed in the sea nor in the river waters. Houevet,

Stations 7 9 along ‘the Pattaya Beach 1nd1¢ated somewhat hlqh
:values of more than 8 40._

DO
| , The saturatlon rate of d1ssolved oxygen 1n seawater is
‘.:the functxon of water temperature ang - salxnlty, the lower oxygen
-saturation for the h1gher temperature and salinity. The oxygén
content was, withxn the range of 5;5 to 6.5 nml/1 and high oxygen
satutation values tere observed 1n the present survey throughout
~ the whole ' area, exceptlng the estuaries. At the estuary of Na
Klua River, the arca becomes anaerobic condition during the low
txde and it is consideréd hazardous for the biological activitles.

- 35 =



cob

. COD value was 10w 1} the study ‘arvea’ except fdr the~
'Pattaya Beach ‘coastal waters durinq the' hiqh tide.: Extremoly ’
‘high values were detected in the rivers, particularly in the
upstrean-of -Na ‘Klua ‘Rivér at Station ‘R2; ‘thé valde“as high as’
91.8 ppmn. The hlgh values in the rlvers are obviously dde té the
‘waste waters discharged from tapiOCa plants and due to the domestlc
sewage from areas along the rlvers. Values exceedlng tne S
basic Japanese Standard less than é ppm for bathing beaches Q,,k
during the flood tide, were observed 1n the coastal watsrs of
Pattaya Beach, and they are assumed to have Orlglnated from s
phytoplankton blooms or ' waste water d:scharged into the sea, :

]udglng from theé 'similarly high values of - 1norqanic nitrogen and
phosPhate. ' '

§£ - S :._: P .;‘ oo s b

: SS values were low w1th1n the whole study area:fjln.d'é
'the r1Ver areas,'no extremely hlgh SS content was detec?ed exéept'
-at Statlon R2 1n the upstream of Ha Klua Rlver 592 pom'obserVed o
at Station RZ 1s con31dered to have orzglnated from the waste fu,
water dlscharged from the taploca plants durinq the survey period.

2

Nltrogen Compounds (orq H, N03-N, NOz N, NH4-N) 11 ,;, urzgz;%_

, ‘EXcept: in - Na Klua RlVer, the" values of total H were

_ not remarkably ‘high compared to the values ‘Observed generally in-

the coastal waters. Hoaever, ammonia nltrogen (HH4—R) exceeded

- 80% of total n1trogen concentrat1on, an exce551vely high value _
compared to the ord1nary seaWater and 1t 1s assumed that the‘wqr_
seawater 1s 1n anaeroblc condltlon.g Hoﬁever,,a con31derably B
j_hlgh value of d1ssolVed oxygen suggests that recycling of o
'n1trogen is distuirbead by some reason which was not determined by

f'the present survey. K B | | b

“Statisn: Rl at ‘thée estuary during the lou tide showed
710_»@ at/l ‘and’ Statlon R2 in the’ upstream’ l 200 pg at/l
“i suggestlng eXcessive' contaminatlon of ‘the’ Waters by ‘the domestic
| sewaye and’the waste' water: from tapioca plants._ Thé’ waters alon97;
fpattaya Bedch: showed somewhat hlgh inOrqanlc hitrogén.

Cer v .
H PR
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R PhosphOrus Compeunds

Phosphdrus compound distribﬂtlon is somewhat similar to
ths distribution pattern of nitrogen cOmpounds, and their values
fé are not remarkably h{gh for ‘those found ‘along the coastal aréas.
e HoWevar, the. waters in the rivers are. excessiVely contaminated
by phosphorus cémpounds ofiginatiﬁg from the domestic sewage and
7'% tapiocé;plants, 1n the Case of nltrogen. In the waters along
| “deach, P04-P showed somewhat high values. |

TOC (T6ta1 Organic Carbon)

5 mg/l in the coastal water;? Throughout the present survey, the

values-were quite high' 3 mg/i 10 mg/l inc the séa area.. ,

Thé values 1n the coastal waters of Pattaya Beaéh were somewhat
“.on the hlqher side as ih thé case of COD.

Oilé(NAhexane Extracts)

. : ‘N- hexane extfact was analyzed at Stat1ons 4-9 along
Pattaya Beach.‘ It was detected ‘only, at Statien 7 during the
103 tide.- Slnee Japanesé bathlng beach staﬁdard provxdes that no

: N héxane extract should beé- c0htalﬂed in the water, hlS may

_ cause a dlfflculty as a bathlng resort under the Japanese
Standard N hexane extracts are consxdered to have orgnnated
from the waste oil, etc., of the excur31on boats and f:sh:ng boats.

COlifOI‘m Bacterla .
. 1 ] -

Coliform bacterla surve{ were conducted (qui2 17)two times
18th (Thursday) and 29th {Fondayl of August and’ the résults are
shown 1n Lable 2 6, g The second survey. shoﬁed somewhat hlgh values
becéUSe thé prebedlnq day was a Sunday. 'All these stations,
however, Were IOCated about 200 w offshore from the shorellne.
These stations here selected in order to supplement the NEB data
which were obsetVed along the shorellne._ The values in the near
shofe atea would be higher than these data because the sources

of coliform bactefna exist aIOng the shoreliné?l

2 2 4 Sediment Conditlohs

: 5.,Ana1ytical results Of the sed1ment survey are shown
in Table 2,70 S | S
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Fig 2 17 Locauon of Survw IOr |
Coliform Bactena '

Sampfmg C - - - team Chabang U

—{

8=1,/210000

i o



Table 2.6

Thé_ﬁeéulfs'of Céliformfﬁaéﬁéffa Sp%§éy

itens

Sample._

_ No.'f\g\

Depth 1

‘ hater Tenperature Lo

Q)

Colifdrm Bacterla |

(WPWIIOOBl)

(I_‘!) | .

Fifst'Timé

Second Tire

First Time 'Secahd Time

St

N 1‘1 N

30,7

;.. 30.8

1.4

30.5

] 3o

—

o

toa,600 |

09 i

oo s

30.8.

' 'jji.o

170

5640

3.6

. 30.8

30,7

. ??‘i

30.8

o302

<2

49

1.0

302

5 30;._'2

R

33 .:%".'

0.9

300

RRC

%40

1
2
3
4
T
6
7
8
9

0.9 |

30.4°

30,3 L

<2

10

.7

"30.6

30.3 .

<z

> 2,400,

&9

w0 |,

T

< 2

IS VI

30,2

._:? —

“ 13

2.9

303

30.0

33

iRLS

'30.7

3041 L

. 280

o

3.5

130.4

~30.0

‘Sampliné Date :

~First Time

. Second Ttée
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'Loss on Ignition

'.Ignition loss is used as an indicator to show the
organic substance in sediments. Values exceeding 108 is
generally considered o indicate that the sample has been

16) _
contaminated by organic 'substances,

_ The present survey discovered;lo%“valnes-excépt at
-stations 4, 10 and 16 which' showed values higher than 10%.

TOC

_ Both the sea and ‘the river waters showed low values
‘of TOC. At the upstream stations, the values were sémewhat _
 hi§hef} The increase toward ‘the offshore waters was observed
cOmparing to the deteriorated quality of the water in the

upstream ‘of the fivers, the contaminatlon at the estuaries is
not so advancing. S '

COD

: COD showed generally 10w values with a dlstribution
'pattern similar to’ that ot Toc.f The stations 1n "the offshore

| areas and in the’ upstreams of “the rivers shoWed somewhat higher
Values than in the coastal areas and in the estuaries.

Total Sulfides

 It'is the Qenerallykaccentéd:standérd:that sulfides in
“the- sediments in soneé. ways ‘effect the blOlOglcal activities at -
the level of 0.2 mg S/g, and are detrimental at the level

312)
exceeding l 0 ngs S/g. In the present survey, no stations showed
the values higher than 0. 2 g . S/g i

_‘Grain Size Distributlon

f Samples of sediments were dr1ed and passed

_'thrbugh standard 51eves to determxne the grain: size :
Ldistribution.' At all the stations except thOSe located at the
'estuaries, about 10% of 511ts,:elays and colloids were found in
the sediments. “As’ it has beén’ discussed prév;ously, these
originate from ‘the inland and “the rivers, ‘d6 not settle at the
estuafies oF near the shores because of 'the effects of the river
tiows, tide ‘and ‘waves, but’ are transported and 6lspef56d

*into the offshOre avédas before settling finally.

- 41 -
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- Table 2.7

1)’ Sea

_gnéiysi;éi'oéta.fbr Sedinent Sutvey

Jdtens

Sahbielf

No.

Ignltton
loss (%)

Total~ -
‘Sulfide
(og/g)

(oglg)

¢op
(og/g)

" s€.

4.6

. 0_03 -:.

Cos |

RE

‘ =‘ St-

L. '5‘.3 .-

"ok

=11;5i:ﬁ

St.

1006

0.02"

st.

5.7

' 0.06

'éfff

413

0404

?1 sﬁf

st.

'66

- 0.02.

St.

2.9

- 0.04

O.Qi”

1

- St.

V- = R A L I

_5 6.'

._iO 06“;

:ﬁ'zfjiz.

2,0

_,$¢'199j

245

| 0.06 1}

",2 6

St.14

?‘9, :

. 05}:

22

St.15

-__o 03 ﬁ »

1.8

) 1 S .':.,

'St 16

0,02

6.7

2)5‘ngef :

18,5

2.5

Samp_e‘
j“O

Igattion.
loss: (2) ©

Fotal-
Sulfide

(mglg).__ ;, _(mgghl;)‘_,_ :

‘ S_taR.J.]_ (O

SE.R.2

3.1

’[fo_osi

‘Tﬁ 7_'r

,"' : O.bﬁ i

- :“;2:;;5" E.:l, EE

“71 1 -
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3, Estimating Pollutants Loads 1n Pattaya Sea Area'

3 l. Sources of Pollution

“Souteds of polluted waters flowinq into’ Chonburi
coastal sea area are the various’ industrlal plants such as oil
refineties, slaughtéer hWouses, sugat refineries, tapioca '
refineries, fish prbcessinq and’ ‘Wwood processing plants and the
domestic sewage from’ the: local-inhabitants._-

. | Most of the ma;or factories are located in ‘the coastal
area and . the sea’ arca’ near the Chonburi coast are loaded with
pollutants from these factories' 88 ca, 6 % 103 ton/year,

- BOD‘ca. 13 X 103 ton/year, N ca. 2 x 103 ton/year, P ca. 3 x 103
ton/yeaé? : - : :

- Table 3.1 shows' SS and BOD 1oads orlglnatinq from
'factOrles broken down by the types of factorxes. Accordlng to
tne Table, most (nore ‘than’ 97%) of the pollutants dlscharged frOm
the factorles of191naté fron taploca plénts, and they may be

flqhtly called the ma)or ‘source of pollutlon for the Chonbur1
coast. ' : '

i The domestlc sewage origlnatlng fron coastal urban area
d1rect1y flow 1nto the sea V1a orooks and dltCheS, and: are l;kely
causes for publlc health hazard as they  contain _
enterobacterceaeae, representat1ve of which is collform bacterla,
and for the seaWater loaded by S8S; BOD and nutrient salts.

3.2;' Effects of Industr1a1 Waste Waters on ‘the Sea

Major oortlon of pollutant 1oads in the Chonbur1
coastal sea area is: the waste water dlscharged from taploca
refinerles and tney can roughly be cla531f1ed 1nto tWO types,

‘namely those dlscharged from outlets of the flumes in the slurrlng
and washing system for raw materlals, and those discharged from
outlets ‘of tne separator 1n “the separatxon ‘and reflnlnq system for
the starch.. Those out of the' flumes contaln 8011, chlps of
tapioca: and other partlcles, and . thelr BOD concentration is
c0nparatively low. ~ On - the ‘othex’ hand, “the waste water from’ the
separatot contalns a’ qreat deal of dissolved’ proteln and sugax,
and consequently is of a high BOD concentration. At the
Yofineries the waste water from the flume and the separator are
admixed and processed. Approiimste concentrations of the raw
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1*7Ta§i6ca B f'rznd grade stareh, produced by se1V1ng,j

Table 3 1

Total Annual BOD and suspended Soiids Loads
Discharged hy Chonburi's cOastal Industries
' ko the Marine Environment

e

:éﬁnﬁﬁiékg % of Annual kg % of .

Dried fish + squid 20,652 047 74280055
Slaughter h0uses o 5#  g ??;ii_150;6i* .5f €ii;3$%, N 6;01 
Suqer refihery - *'=-35563316}i.'§i234}5ﬁ%ﬁ '7i313if;_5*0?53‘
oil reflnerles f  ;il  1'5 ”.Hif } jﬂfi'i7;f( 1L$;:§9§“’i2ib;ai

Hardboard and L L S ;_ “- SRS
Shaving Board L 22 344 . _0.35:,_MA: 12 912* - 0. 09*"

- Tapioca A : 545 169“ B OB 027 706 LT 73;"
" Tapioca B . ;_ '5 571 7123,%'33;5?73112 070,132 90, 59

oL 6,276,041 100,60 13322395 160.00

iin.tgfmg.dfgcdb:_-

" Tapioca® A féi'First grade starch, produced by centrlfuqe,

1”5e1V1ng and spray drying.

settllng -
‘,and flat plate drying._;ﬁi‘_ T

© Seurce JfﬁCoaétal water pollution surVQy of Chonburi

__.PrOV1nce July 10, 1973 by AIT.

B LR



. waste Waters are 80913‘000 ppm, SS 2 000 ppm, N 140 ppm “and
P 60 ppm respectiVer._ SRS

B Tho processing method used for the industrial waste
wator in Pattaya area is anaerobxo pond . Most of soil, chips
from the raw materials and other particles ate: removable by this
method, thé’ removal ‘ratios' for BOD and- ss being as 1ow as 25-35%

,-and’ 30 40% reSpect1Ve1y and hardly any N or P removéJ' As the

i"--l.-r«s\s!:e water: flows into thé riVer, these COncentrations dim1nlsh
by dllution and regeneratlon of the river water and also as they
are trapped by the river.s However', ‘excessive amount of the waste

- water deqrade environmentéi condition, gréatly affecting the
river ecology. ; ; : ;-5

“fhen the polluted river water flows - lnto the sea, it is
gradually diluted throhgh dlffus;On and advectiOn; Orqahlc ;
matters (dissOlved orghnlc matters- DOH, and particulated -
orgahlc mattérs‘ PGM), 1f abundant in the water,are decomposed
by bacteria,and cénsume a great ‘déal of dissolved oxygen in the
scawater’ and thus deqrade' “the seawater. The partlculated
organxc matters precipitatlng on the sea bottom would then
decompose and consume the d1ssolved oxygen at the bottom layer,
_1end then further decompose anaeroblcly and form such harmful
::substances as sulfide (HQS, ete. ) and ba51c nxtrogen compound§”14)

(ptomaine, etc;). This will 1ead to the environméntal
deterioration in the sea and botton.

On the Other hand, the nutrlent salts hould accelerate
eutrophlcatlon and %ﬁgrease phyto-jand zoo—planktons, one of the
causes for red tldes. o ' ;

Pigure 3 1 shows the hehav1or of organlc matters after
they enter the sea via rivers while Figuré 3.2 shows process of
eutrophxcation thh waste water at the estuaries. '

-3.3.' Pollutant ‘Loads in the’ Study Area

“otai pollutant loads frém the inland area {the
industrial waste water ‘+. domestlc sewage) were. est1mated in
‘respect of the coastal’ waters frOm Lem Kra ‘Bang to Ban Sare with
Pattaya Beach located in the center.

- 45 =



Domestic Industrial Waste Water | .

B Nutrient |2 [ OO0 M +—~—: POM

' g: : p O M I’///////////f///// Sedl W en t

Bo,;{.y\lq

H?S GH‘

& A Absérmlon
By Dogrudqlion ;
T Death
"F Food
P Premp:lotmn

‘Fiq.?’ilﬁ 'Woste water behavnor ln the Sea

phytéptankien .

it .. : Lo
it .-..?:::---.--.&._.-..m-.o-.—-_'..‘..‘ ER

currenl —

fig. 3.2 Piocess of ‘eutrophkation with wast woter
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Industrial Waste Watex

Monthly loads of SS and BOD originating from the
iﬁthtfial'wasté”watéfs'in Chonburi coastal arca ‘are shown in
Table 3.2 while Figures 3.2 and 3. %”show ‘the annual loads of
pollutants broken down by the areas. Table 3.3 shows the
-monthly pollutant loads’ originatlng from the industrial waste
waters 4n ‘the: study area calculated ‘from Table 3.2, Here N and
‘P values were respectively éstimated based on an assumption that
all the . pollutant ‘loads '’ origlnate from tapioca starch reflnery
plants,

- Table 3.2 qonthly stcharge of Industtlal Haste Waters
: ’ along ‘the Ch(mburi ‘Coast by ‘I‘api_oca Facto:les

_-Suspendgd Solids : 36D
Month | iapiaca gTapioca l.  Taptoca ! Tapioca
.. A ¢ B A 1 B
~Jan t 86203 763232 . 186390 1739328
Feb . | 64768 381616 ; 140029 869664
- Mar - 72323 - i 156634 -
. Apr. 27387 - _l _ 59211‘; -
- May 12403 ' i 26825 :
June : 52222 45?939 : 112904 31043596
July {28796 457939 . 62264 11043596
Aug .} " 18847 © 610585 40757 11391462
" Sept 128285 '} 610585 v 61196 7 1391462
-Oct. - 50292 163232 T 105746 1739328 .
- Nov 392172 163232 . 84978 - 1739328 o
‘Be¢c . 65371 | 763232 v 141340 L_?39328 kg/month
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Table 3.3

Monthly Total Waste Water Dlscharge:
: Along the Coast of | Study Area

e (ton}
L “Ytom”
T OMAT N . . .
January . _ : 340 _ 720 ‘110: ‘ ~55':
February 210 430 64 32
March 3 s34
April 27 28 2 1
May 23 28 1 1.5
June 230 :4?0 68 34
July 2200 a0 66 33
August 2% - 6lo 90 a5
September 270 570 84 42
October 360 10 iéO 59
November 350 730 110 56
' Decembér 370 780 120 60
Total 2,700 5,650 -840 470

Donestic Seﬁage

_ The domestlc seWage are excreta and mlscellaneous
waste water such as - €rom cooklng and washlng, the" dlscharge
amount of whlch does not fluctuate durlng the year.'”

Loads per person per day of excreta are estlmated to be
85 10 g/person day, BOD 13 g/person’ day, N 9 g/person day,
P 0.6 g/person day. ° ‘Since the popnlatlon of the inland areas
from which the pollutants orlglnate is about 43, 000, the load per

persbn is multlplied by thlS flgure to obtain the followlng total;
loads on the study area- ss - 13 ton/month, BOD 16 ton/month,
N 12 ‘ton/month, and P 0.8 tOn/month

- 48 -
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Annuol totar  6:311,900 KQ- sospended solids/yr.
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Basing the estinate on the corresponding loads in Japan
1and the 1iving standard in the study arca, the loads from the
miscellaneous waste water were calcutated and the following

: results obtaincd-  SS 5 Q/Person day, BOD 5 g/person.day,

N o, 5 g/person day,,and P 0.1 g/pérson dafﬁ” As descr1bed above,
the . total load in’the subject waters arée calculated in the above
descr1bed ftdnner and the results ares 88 6.5 ton/month,

' BOD 6. 5 ton/month, N 0. ? ton/mOnth and P 0.1 ton/month.

‘ Accordingly, the total loads origlnatinq from the
domestlc sewaqge (excreta + miscellaneous waste water) 1n the
study area are: 88 20 tOn/month, BOD :23 ton/month,

N 13 ton/month .and P 1 ton/month

| When these pollutants flow 1nto the sea area via rivers,
" the loads entering the rlvers do not: necessarlly become the loads
' enter1ng these sea area. The rivers have their own ,
characteristlé dxscharge rates and -those: flow1ng througn the dry
aréa have lower rate whxle those' flowing through the wet area a
hlgher rate. Assumlng from the dlscharge rate of the rivers in
Japan (N 0 4 and PO, 26), “the” dlSChane rate of the rivers in
the study area are assumed to be N is 0. 5 and P 16 0. 32}

The loads of the domestlc sewage flow1ng into the study area are

26 ton/month for SS 23 ton/month for BOD, 6.5 ton/month for N,
and 0. 5 ton/month for' P.

Table 3.4 shows the total monthly loads in study area.
“It is known from the Tablé that the figures for December
{SS 305 ton/month, BOD 770 ton/month N 120 ton/month,
. P 60 ton/month) are hlghest whlle those for the three months from
March to May were negliglbly 'small. This has to do with the
harvesting season of taploca._t '
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Tabl

o 34

>”0"th1Y“Indu9ttial'Nhs£e%waterfbiéchafqe"~ o

_'-Along”the'ééaSt'0f §tu&y”Area~.

L {ton) . -

Month i

Ttem

Suspended

Sélids

BOD

January

‘February

March

' Apiii
May

June
July

_Aﬁgqét
~ Séptember
‘October

Novenber

Décember -

Potal -

320
190
10
7

210 .

200

2170

340
330
350

2,500

.;700,_

. 410
20
5
)
450
436
590
550
750
710
110
5,400

?ilo

- 64

2

L1
e
66
90
84
‘119
112
120

340

55 -
35 .
: é;: 
N T
0.5
s
33
45
42
59
56
60
420
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4, Conclusion

4.1, Scasonal Cnanges in Hater: Quality

As has been discussed above, the‘currents‘in the Upper
-Gulf of Thalland have two patterns depending on the season,

Thus, the water quality 1n Pattaya is expected to change
‘correspondlngly._ ' ' '

Durrng thé perlod from December to Aprll, ‘the waters
_of Pattaya area 13 under the 1nfluence of the high saline waters
?Elowing from the Gulf of Thailand ThlS 13 caused by the counter
clockw1se current dUr1ng the nortneast monsoon’ and also by the

smaller dlscharge ‘From” the riverslj(Table 4.1) durlng the dry
season. ' : -

On the contrary, durxng the perlod Erom June to September
of the southwest monsoon season, the Pattaya area is under the
strong ihfluence of the fresh waters from northérn end of the

upper Gulf of Tna11and. Thls 1nfluence 13 stréssed by the clock-
‘w15e current durlng the ralny season.

Tne total pollutant loads, orlglnatlng from the domestlc
*sesage and ‘the waste water d1scharged from tap1oca plants, are -
b1gger during the perlod fron June to next February and are very
small: from March to May., The load durlng ‘the months of August
‘and September 15 somewhat smallet than that of December when the
load is. at maXLmum.t Loaer sallnlty 13 one of the condgtlons
_favorable Eor 1ncrease of phytoplanktons and a hlqher potentlal
Eor eutr0ph1cat10n beﬂome higher durxng the’ summer, and thus thlS
mlght generate red tldes. o

Judglng from the abOVe,flt is concluded that during the
perlod of Auqust and September wheéen the Japanese Tean surveyed,
‘the influence’ of tne rnvers discharge “and the pollutant loads are

' qu1te exce351ve, and 1t 1s also the perlod when phytoplanktons-

_ are most actlve._ Thus, the water quallty in this period is
__con51dered to be’ the worst throughout year. On the contrary,

the perxod of December to ﬁarch is consxdered to be most’ favorable

as they areé under the 1nf1uencé of oceanic water caused by counter
cloésw1se current. ' ’
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4-.2l.

Contamination of Water Quality

T s N 5) C At 1 s . =.r _., ; :
‘Both AIT and Dr. *Lu‘dwiq')have studied respectively, on
the water pollution in the Upper Gulf of Thailand and estimated

‘the mean’ BOD value in the Upper Gulf based oﬁ‘the'fluéhinq‘time.
 which was calculated from thé sa11n1ty, yood 1nd1eator for’

mixture of the scawatér and fresh water

According to their studies, BOD value was about 2 ppm.

The Japanese Team's survey observed about 1 ppn COD value in the
sea area off Pattaya Beach includlng Ko Lan. Correlatlon between.

‘BOD and’ COD is hot cléarly known, but it may’ be sald that the

contam1nat10n of the Upper Gulf is not advancnng,

The eéntamlnation by 'the pollutant loads comlng from the
inland area near Pattaya is cons1dered t6 come from the domestic

isewage such as excrete and the waste waters dlseharged from

tapioca plants. Accordlng to the analytlcal results of the water

'quallty performed by the Japanese Team, CoD wnlch is an

excellent 1nd10ator for orqanlc pollutant,'ls low while TOC

- which is also a ‘good indicator- for the same purpose is high.

8S 'is also 1low. . These;reSUlts squest that colloidal, suspended

" or dissolved organlc matters, ‘which are hard to decompose,

orlglnat1ng from taploca plants, are found present in a con51derab1e
amount, and they have dlspersed 1nto a wrde area exten51ve1y

-because of 'théeir smhll’ falllng VeIOCLt,y. The rivers through

whlch these pollutants enter the sea are highly polluted Among

them, Na Klua Rlver 1s in such a’ state that dlssolved oxygen

‘“content 1s 0 ppm and all the pollutants sho# abnormally

hlqh index values. There is an apprehensxon that this river is

7_becom1ng “death river“ rapldly . However, the phenomenon was
Jobserved partlcularly at the river mouth, and no dlrect effects

were seen on the sea. ThlS is con51dered to be due to the faet

that the r1Ver discharqe during the survey perlod was very small

'$6 that’ most of pollutants were carried away by the tldes ‘and

d1spersed very qulekly "inté the sea. ‘Sediménts’ 1n the' Pattaya

Jsea area wére in good COhdlthnS, because the water: undergoes

_actlvely the regeneratLOn as the température of "theé ‘water is

high and the dissolved oxygen is at’ nigh saturation rate.
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' HOWGVer they consist of mostly Sand, contalﬁed Sile, clay
and colloid. Most of 061101d$ are considéred to orfiginate from
the su3pended material dxscharged from tapioca plants.:,L‘.,‘ _
Pollutants in: the sea’ bottom: sedlments were somewhat hiqher than
those in the rivers. Thosé | at the estuaries were lowest and they
increased toward offshore.f The possible cause for this o
phenomenon are; . _,spf R R P —g P ;:Lfgf@‘g

2-1]' Suspended matters discharged ftom the taploca
plants are very f1ne and. difficult to’ decémpose and dlfflbult to
pfecipltate near’ the estuaries and the - shérelines by the ‘river
flows and waves, and “theén’ they are carriéd aWay 1nto the offshore
and they gradually prec1p1tatéd on’ the seabottom._~

rivers 1n the Upper Gulf and other artlfiilal péllutants tend to
‘be carr;ed by the clockwxse current when the Uppe1 Gulf Ls '
Sub)ect to the southWest monsoOn.

"”hese two reasons are concelvable but not’ sufflclent
to. eluc;date the phenomenon fully

4.3, quu:ab:.llty as! the Ocean Resékt

_; Récently. there are many ptoblens of the marlne e
env1ronmental pollutlon 1n the world and the oceanlc _
recreat10nal actlvltzes cannot escape from the 1mpact of the
poilutlon._ In many countrles, the crlteria for ocean resort have
been’ éstabllshed for the purpose Of. preserv1ng the water quallty
and var1ous measures are being taken for thls purpose.

Tnalland.-

in other countrles and On the su1tability of Pattaya as an
oceanlc resort area._s ;.7; - R

: _ Pattaya 13 ea51ly aCCe551b1e from Bangkok, the cllmate
is troplcal and’ the sconery is beautiful.; Por’its futuxe gaen?
development as’ an 1nternat10na1 beach resort, 1t is’ necesSary to
preserVe its marlne env1fonment. o
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: ater quallty criteria for. dcean resort in Hawali,)Rio
de Janeiro, Australia, USA’and Japaﬁgége shown' in Table 4,2~ 4, 6.
In: mostzof thegse COuntries, the standard for coliform counts is
-1 000, MPN/IOO m! while at Pattaya Beach many of the past

feinvestigations observed values excesding this value ‘at a number
}of locations. :

Quite often values exeeeding 10 000 MPN/IOO ml Were
'observed ‘in the watersiin frént of Pattaya ‘downtown., This area
is’ clearly unsaitable’ fox recreational activities such as
'_bathinq, becausé the water qﬁality and the sedlments are clearly
to be” polluted. It is urgént that some kind’ of measures are

o taken to cope with- this partlcular area.

- DO in the study drea is close to saturation. _
But Na Rlue Rlver, partleularly at its estuary, is anaerobic
‘ condition and reéquires some kind of urgent measures,_even though
.the river ié nok used for recreatlonal purposes presently.

, Accordxng to Japanes0 crxterra, the sea area where

n- Hexane is detected 13 not suitable for water contact
jrecreatlon. In the sea water in front of - Pattaya Beach, however,
1 ppm of n-Hexane was detected, which is supposedly a result of
oil dlseharge_from ekcur31on ‘boats ‘and flshery boats.

In immedieﬁe'future some measurés might be necessary for

controlling oil discharge ‘in this area.

in respect of other matters, the water in the
study area contalnarather hlgh amount of nutrient salts.
Partlcularly in the sea area in ‘front of Pattaya Beach

"eutrophLCatlon is 1n progress and a careful monitorlng will be
'required for ' the future.

_ AR overall réview of the various subjects discussed
: aboveazndlcates ‘that the qualxty in the waters in front of

Pattaya Beach and in the vic1n1ty of Ko Lan, which are now being
_utlllzed for recreatlonal act1v1t1es, is somewhat 1nfer10r comparing
; wlth, the quality of the water in other resorts such as Hawaii,
'3Hed1terrahean Sea, etc. %hls is partly due’ to the unprocessed
Asmestic sewage. ‘the waste’ water dlscharge from tapioca plants,
- and partly due to the fact that the Upper Gulf of Thalland is' an

e



- inland type bé?‘%ifﬁ'léW'Saliﬁlty.a When ‘the _seawater e‘
characterietiesjare compared with: the oceanio type* 1esofts, 'the
séaweter“itseif may be inhetently inferior, Howevet, this is"

not necessarily a’ negatiVe factor for recreatiohal activities.
Therée is a need to start. countermeasures £OrT preserving ‘the -
_water Quallty and sediments, because there ave sone part iﬁ’ffont
" of Pattaya Beach where: pollutlon is advaneing. Selid Wastes
(such as plastlcs, polyethylene bags, papers) which necessarlly
'accompany the recreatlonal activitles would harm’, the aesthetic

beauty of the beach and therefore requ1re measures for cleanxng
and . d159051ﬁg then, ' : ‘



fable 4.2

Water Quallty Standakds in Hawail

10}

' Special Standard
o — - ' S T
121 . Total~ .| Total- . |Dissolved Coliform
3 Purpose . Phosphorus Hitrogen | Oxygen pH (Cell/
of utiiization _ {ug, at/f) [ug.at/L) | (ng./4) 100 mf)
Oceanographio T
{research propagation _ o .
é‘ of ‘shell fish and 6.65 Cay 6.0 8.0 < B.5 Bedian 70
rarine iife T : : . *7 ] 230 anytime
conséxvation :
iesthetic. enjoymcnt:f o
Recreational, Median 1,000
inclﬁdlng e S10% 2,400
., |tishing, swimming ‘ Lo : . | Fecal Coliform
< bathing and other - 0.80 . 10.7 5.0 7_"-0--8‘5 200 for 30 day
 leontract sports and period L
B aesthetic enjoyment | 10% 400)
< |Small boat harbours_% Coob Fecal Coliform
commétclal Shlpplng,; D P : | 406 for 30 4
| |and industrial bait | 0.e7 14.3 4.5 [7.0-8.5 |90 ror 30 day
flshing aesthetic ' B .53:; 1.000!
en]Oyﬁent -’

 Water Quality

Réctééiidnai-ZOHé:

rable 4.4

Col

1form

ST e Sy 9
Table 4,3 Water Quality Standard in Rio de Janeiro

Extendlng 300 neters offshore from the
~ beaches,

Collform less than -1, 000 MPN/IOD mf

'No ob]ectlonai floatlng matérial

8)

Recreatlonal

Australlan Hater Quallty Cr;teria

Pecal Coliform 1&sS than 2007100 mf

'ﬁﬂ

-

o 59 o

6.5 -'.3'.3



Table 4 5

U, S Water Quality Crlter{a

Recreational Zone ¢

Temperature

p" tnodlsnllt!l

; Table 1.6

Japanese Standard of Coastal Water Quality

 44f Catogorf

oliéol’-n.&o

26.0 ~ 3570
6.5 = 8.3

)165

Standard Values

Hith regard to the quallty of flshery,
‘the number of coliform groups shall bé

-—60 -

, Chemical Numbér ofjk“ S
‘H=4- Oxygen DiSSOIVed 0011form “j~‘jﬂﬁfh?ﬁaﬁ€"
PUI'POSE Of p o Deraand Oxygen _‘: GfOUPS - - _Ex‘:?a:ctis -
.Ut11izat10n :{COD) (DO) Bacteria et
Fishery, class 1z _ o : L R - :
bathing conservation: : 2 ppm [ 7.5 ppm" 1,000MpN/100my =ﬁ6t
Meavizonront and wses | 1 E TSI or e | T e
environtent and uses : less moYe less p
‘[listed iﬁ'B}C_. : :
Fishery, class 2: ‘ B ‘féﬂ e S
8 industrial water 7.8 2 8.3 ;?‘ﬁfmt :§0:; B “Not -
and uses listed ' ot or 7] e . detectable
léess |7 ‘more .
1n C k - o
' P Sl T Ao [ S
Conservation of S 3_P?9 2 P
¢ environment 7.0 = 8.3 ; or,, SN - B
P ' less - more
*.

class 1 fér planting oysters,
less than 70 MPH/IOO mg
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_ [Appendix 3.3 Suwvey on Composition Analysis of Solid Wasté
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