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CHAPTER 1 INTRODUCTIOW

Tourism development at Pattaya, Thailand which is one of the most
popular beaches for the tourists, has been planned, and a detaileéd feasi-
‘biilty study 1s underway by Pacific Consultants International (Japan)

. This report is the result of the agreement between Pacific International
Consultants and the consulting group for the survey of water and waste-

- water quality yelated to Pattaya Tourisnm Devélopment Project, Thailand,

within thé terms and conditions laid -out and agreed at the tlEe of exe-
cution of the worky

* SCOPE OF THE WORK

L ;Snmpiihg'Stéiiohs

The wastewater ‘survey covered the leading hotels, tapioca starch o
factOries and water quality in water supply wells,’ public water supply taps,
stagnant bodies of water,' rivers and sea. ' Twenty eight sanpling stations
shown in Fig. 1.1 were 1nvest1gatcd in the study. The list of sampling
locatfons and the nunber of samplés collected at each location is given

in Table 1.1. - The sampling scheme and locations were fixed by the person-
" nel of Pacific Consultants Interaational (Japan).

Table 1.1 List of Sampling Stations

Earﬂplir‘lg - . Ro.ofSanpling R | Ro.
Station ‘ - Location 53;;:_-,-'. Si.;atrion . Loecation , sgf‘}-
Yo, ) jpling No. _ s ‘ biing
1 Orchid Lodge I 2] 15 |Water supply well 1
2 Weekender Hotel 1] 16 Hater supply well 1
3 Holiday Inn - : 2} 17  [Naklua River {Nearby 1
- Nang Nual Restaurant ' 11 ' }Tapioca Industry) o
5. | Siam Bayshore 1| 18 i |2nd Grade Tapioca Fac— | 2
6 | Pattaya Canal S U R tory ;
- 17 | rRoyal Cliff 2] 19 |2ud Grade Tapicca Fae- | 3
8 Asla Pattaya 21 tory .
9 - { Nachom Tiem River 1| 20 NaKlua River (under- 1
' (underneath the bridge ' reath the bridge on
o _on Sukumvit Highway . :Sukumvit Highway)
10 Wachém Tiea River . ~1 | 21 -|NaKlua River (River 1
© ' F(River Modth) - - | Mouth) ' .
“11 | 1st'Grade Tapioca Fac- 5 22 | water supply well (Na 1
. Jtoxry’ (Cho Chaiwat) ' "I Klua Residential Axea) :
12 | Hater supply well i 23, | Public Water supply Tap| 1
- 113 | water supply well 1 24 1 Swapp 1
ilﬁ‘; lst Grade Tapiéca Pac- 3 25 Sea (Offshore of Na i
tory (Koh Chang Fah) _ Kiva)
26 Sea (Offéhore of Nang i
| Rual Restaurant)
27 | Sea (0ffshoxe of South 1
) ' Pattayé)

Cont'd.



Table 1.1 cont'd.

Sanpling P : - '
Station Location : g Nos. of Samples
Hotel Regent Pattaya : SR 9 samples (2[. ht‘ sampling, oncel -
every 3 hr) o

b

2. Hater and Hastewater S pling

Hastewater grab samples were collected every three hours inter-'“
val over twenty four hours at Hotel Regent Pattaya for both ‘the influent’
and the effluent from the waste treatment plant.  One influent and oéne .
effluent wastewater. grab samples were collected at each hOtel whero the
treatment facility was located and working. Obviously only one wastewater
grab sample could be takén at hotels which’ did not have treatwént facili-
tiés. One grab sanple for water quality analysis was collected ‘at eaeh .
well, river station; canal, swanp and sea,. ment foned in’ Section 1. Ade— .,
quate grab samples. were. collected at’ the tapioca starch factories to assess N
wastewater characteristles from various stream sSOUrCes., B

3. éHater-and Wastewater Parameters Analzse .

The grab samples of watér and wastewater were analysed uhere |
appropriate, for: : ; ‘

(a) pH - ‘Glass’ Electrode Methad.
(b) Air Temperature = Alcoholic’ Thermoneter ‘ ; _
(c) Water Temperature < Percury Thermometer S
(d) EBODg (at 20°C) - | I
(e} Suspended Solids .- - Glass Fiber Filter Hethod
{f) coD. - chhromate Hethod
{g). Total Vitrogen = Kjehldahl ?ethod _ :
(h) ‘Lotal.Phosphorous - Ascorblc Acid Hethod after Het
L ‘ _ Digestion _ .
(i)  Dissolved Oxygen ;- Winkler uetbod -~ hodified
: {j)_ Chlorldes -, Silver Nitrate Hethod'

(k) Coliforn bacteria - HPH Count

Ambient temperature, uater and wastewater temperatures and dissolved
oxygen deterainatlons were cariied out at the site, Samples werée fixed where’
appropriate,’ kept ‘in fce box-and then transported to Envifonmental Engineering
Division Laboratory of the Asian Institute of Technology for other ‘deterninations.

All analyses were carried out according to Standard l*!et!’u)ds—lj.:i

4. Hater and Rasteuater Q_allty Studles

Aftet the analysis, ‘the results were discussed and aporopriate re-
_cornendations uhen applicable were made.

LY APRA, AWA, and HPCP (19?5), Stafxdards }»'ethod for the Exaination of h'ater
and Hastewater, lﬁth Edicion.
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CHAPTFR II CHARACTFRISTICS OF WASTEHATBR DISCHAPGES FRO% HOTFL
AND RESTAURANTS -

_ Wastewater characteristics ot the discharges from seven leadlng hotels
and ‘one restaurant wete studied. - Almost "all the hotels under investigation
have some sort of treatment facilities. VWherever treatment facilities were
located, samples were c011ected at both influent and effluent from the treat-
- ment plant. HoueVer. if the hotel or restaurant had no treatuent device,
only oné’ sample, that {s the wastewater discharge, was collected and analy-
sed. Iofluént and effluent. of the treatment plant; at one of the hotels
(i.e. Hotel Repent Pattaya) were collected every thrée hours for 24 hours
to study the variation in the characteristics of the wastewater and the

performance of the treatcent plant, . The study of the wastewater character-

istics of the discharges from all the hotels is presented in the following
: ”sections. _ : .

1. HotéliRegeht.ﬁattafa'

The hotel has an activated sludge systea foliohed by an up- flow sand
”filter for’ effluent polishing.: It is the best systea observed aEong the
hotels ia Pattaya. The wastewater. discharged from the’ hotel is ‘received
$n a: ‘pond aad then pusped to the activatéd sludge plant and settled in a
clarifier and the effluent from the clacifier is further taken to the sand
'fllter. Sludge dewatering is carried out by sand bed drying system.

Hastewater grab samples collected at three-hour” intervals over twenty-
four hours (January 8-9, '1978) were analysed for the important wastewvater
-‘paramet,rs.- At éach’ tice, ‘sanmples -were taken at the: 1nf1uent and effluent
of the treatment plant.' A sumgary of the ﬁastewater charaéteristics of the
influent and effluent is glven ia Table 2.1, The, actlvated sludge plant
and the: sampling locations are “shown in Fig. 2.1. The variation of the
_ uastewater charactéristics of all the paranmeters over the twenty four hour-
- period is plotted in Fig. 2.2




Fig. 2.1(b) - ¥low Measurezent (V-Rotéh Weir)

Fig 2 1 ((:om: d) Sewage Ac'_ wated ; ludge Plant ‘at
Regent Pattaya Hotel '

L



AL RTINS

-"%ig.‘ﬁ,l(é)g— Sluagé:§and ﬁéd_ijiﬁg

Fig. 2.1 (Cont’d) - Sewage Activated Sludge Plant at
‘ - Regent Pattaya Hotel



Fig. 2 l(f) - DlSSOlVEd Oxygen Detetminafion Ongt_e Site

Flg. 2.1 (Cont'd)'- Sewage Activated Sludge Plant at Regent Pattaya Hotel
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From Table 2.1, it ¢an be observed that there was no fofluent from 10 p.m,

10 4,00 aim, and at 4.00 a,n. no efflucnt was observed. At 7.00 a.;. 1a

~ the moraing thé {nfluent pump worked énly for two minutes and stopped,
Due to the variation of influent vastewater characteristics of some para-

~meters, it was thought useful to present the results of those parameters

- in the form of ¢umulative relative frequency diagram as shown in Fig. 2.3.
‘The 50,70, 80 and 90 percentileés of the wastewater characteristics of the
influent to the activatéd sludge plant is givén inm Table 2.2. Table 2.3

givés the minfmum and maxinum values of the wastewater characteristics for
the 24 hour study period. : '

S . N ; .

. “‘;": laad: C . _
b la ey | :
el o e o ) 5 .

53
I N
R ATE ]

emr e

L "’“, .
3k 3
Ce-tid 1 | =
=
R & LR SRR (T
2
s & Bl O 1 B
[E R = riNm PR STy
drtatogr™
ot e
SO TR |
Do =1
TN
154
Ty ooy gt
R

T paed  Hae Tt of Watesal Ehianteisties Iy Eud to s Hin

Fig. :2.3 ~ Probability of Hastewé._ter Characteristics at Hotel Regeat Pattaya
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Table 2.2 - Fifty, Seventy, Eighty and Ninety Pércentile
' “Levels of Influent Wastewater Characteristics
at flotel Regent Pattaya._ :

ﬁéétewater o Pe{ffpfile- ‘Yalue,  mg/l-
‘Pavaceter [ 50: 1750 ,'_307:' - 96‘
BoDs- | 132 | 141 wr | rse
coo | 26 | 282 | 300 | 320
ss | 90 96 105 | 12
Total N | 36.5 38.5 a4 | . 41,5
Total P | 20.8 2.2 | oas | nlg

Table 2.3 - HinimUmfanﬁ'Haximum Valies ofith?%ﬁéétehatet
: Chatéctetistitsiaé_ﬁﬁtel Regéﬁt,?attayaé:

Wastewater | = Hinimum, mg/l | Haiiqﬁﬁ, agfl .
Paranete? | rifluent | Effluent | Iafluent | E€fluent

Bops | 1m0 | 10 171 ] 30

cob | a2 e | 3 | w0 |

ss 70 | w7 | ] sl .
¢ ] 26 | o | 4 | 157

P _i | 7.5 4.7 | 10.6 | 7,}?;

PR S T E 2% U I X SO R

Do o | 0. o 1.0

- ‘Effluent Quality - The quality of the efflueént from the activa-
ted sludge system is reasonably good and meéts the effluent standard imposed
by authorities of Thailand, The effluent standard adopted by Ministry of
Public Health and Ministry of Industry in Thailand ‘i$ presented in Table 2.4
and comparing with the effluent characteristics in Table 2.1, f{t pay be-
observed .that the effluent standards are met. Téble'2.l'alsp‘shbwé the cha~

~ racteristics of the effluent from the up-flow Filter which is far better

than the allowable ligit by the standards. It appears that there is noineed
of  up-flow Filter to produce effluent to meet the standard requirecents.

The rémoval efficlency of the activated sludge plant also varied duriaog

- the twenty-four hours of study. Table 2.4 shows the regoval effiéfency of -
the thrée important pavameters,” BODg, COD and $$ by the activated sludge

- system. - Avérage remdval'effi¢iencies of BODg, COD and SS were 85.2%, 62.0%

and 62,4%, respectively, whereas the maximun end mininum values for the same

three parameters wére respectively 92.6%, 76.8% and 84.9% and 75.0%, 47.8%



and 32,4%, IThé fem6va1 e

-2 -

fficienciés of the _activafed sludge .syStem appear

satisfactory.,
: Table 2.4 ~ Effluent Standards ih Thailand‘
| Chatéétéii‘i"srt'icfs* . Retonmended Values of | ré?l?iif;;gnfsf for SSewage
- Hinistry of Public Health | aﬂga.ggggggﬁal
.BO? 1 : 40 1 depend'i:g bn6gi1utic~n
¢op | 100 -
Suspended Solids - 60 30 - 150
Heavy Météls (total)- 50 Lo
Arsente ' 0.1 -
:ii_n‘c 2.0 -
3 Copper ; 2.0 -
. 'I_l‘(‘)n: 5.0 -
Cyanidé 1.0 0.2
Amnonia Hitrégen 5.0 -
 Sulphide 3.0 1.0
011 and Gicase 15.0 nil
tar | none visible nil
Phenols 0.05 - 1.0
Pesticides 0.0% nil
 Petergents 1.5 -
Total dissolved Solids 2000 200
P 5-9 5-9
. Pe‘r_m_ang.féi’t_a_t'é' Values - 60 .
Chiorine 5.0 1.0
Tenperature - 40% 40°¢

% Al values areé -in_ ﬁgll, ekcept pM and tem_pefatui:e.
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Table 2.5 - Reéwmoval Efficienc; of Acthated Sludge System y
- at Hotel Regent Pattaya.

o N ‘Perceet‘age Rem_k_wais:_ : _ﬂ

S| Time b= — s

A BODs COD. 8§

E '10:00 | 91.7 765 8 | 5.9

:, Co '»_.'i-,,"-‘ \ B N

9 1'13:00| 92.6 7150 - 84.9

- : i

— 19:00 86.4 | 61.7 | 55.17 , »
By ?22:001  716.0 51.7 32.4 i ;
= E . ) o ‘ o
o ] 061:00 75.0 - 47.8 32.5. 77

e g : _ - b

'g 04:00_ - = 1 -

3 {o7:00] 80.6 .| 56.7 | 64.9

> |10:00!  88.3 1647 | 75.8
Average | -85.2° | 62.0 | 62,4
H’é'ximu;: : . 92;6-. | 76.8 | 84.9
Minimum | 75.0. 't._?”.s | 32.4

2, Orehld Lbdge - Another activated sludge plant showlng good :

performance is at Orchid. Lodge, as’ shown in Fig. 2.4, Samples at the
influent and the efflueat fron the plant were collected and analysed
- The results are shown in Table 2.6 undey the code 1-1 and 1- 2 ivrespec-—
tively. “The levels of BOD;, COD, SS and pH fn the effluent are within

the allowable standard limits set by the Minlstry of Thailand ‘for séwage
- and 1ndustrlal wastes. The ratio of BODs:N:P of the: influent As e
©-100:0.53:1,07. - Norcally the ratio BODS.H P of 100:5:1 is considered

as the minimum requirement and in’ viéw'of: this, the concéntrat fon of -
nitregen in the wastewater is lo'.'er.E “The performance of the actiVated )
sludge system ‘might be improved if the level of nitrogen could be in— e
creased by adding some nutrients. : - SRR

. 3. Hotel Heekender =, This hotel has an aetivated sludge plant

- which was not operating at  the time of sampling angd’ thus only one sabple
‘was collécted at the dlscharge, as shown in’ Figi 2.5, The' characteris~

. tics of the discharge are shown’ in Tablé 2. 6 under the code 2-1. There

- is a néed that' this waste should be’ treated before discharged fn any a
receiving stream. ‘Thé. ratio ‘of - BOD5‘COD 150,75 and the ' raflo of - S S
' BOD:N:P is 100:17.1:3.4. ‘there is enotigh nutrients in ‘the wasteuater

and the BODS'COD ratio is well within the desired range of 0 6 to 0 8

for bieAOgical treatment of the wastewater: -

S
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Fig. 2. &(b) PCI and AIT Teams at Hork

Fig. 2 4 - Sewage Autivated Sludge Plant at Orchxd Lodge
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' Flg. 2.4(d) L DO Petérninatton

Fig. 2.4 (Cont'd) - Sewage Activited Sludge Plant at Orchid Lodge
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Y ﬁﬁé}iﬁgﬁ:}gﬂ‘.~, There is no treatment facility at this hotel.

Sewage was simply retained in pond and then used for plants and grass

wateidng through taps and hoses. At night, bad odor could be snalled

in thé'hdtel ‘compound,’ as the result of prevailing anierobic conditions

in th¥ holdfng pond (zero dissolved oxygen), The BODg and COD values

of the sewage are respectively 175 ug/l, and 352 mg/3 higher than . .

the allowable limits set by the Kinistry of Industry, too high to be dis-

charged in any veceiving body. The hotel needs to have a better waste
treatment facility for meeting effluent standards. '

V- - S

l.ﬁig; 2;6(b5L;'ﬁffluent_Disboéai:by L§ Sptayiﬁg' | o
Fig. 2.6 - Sewage Holding Pond ‘and Effluent Discharge at Holiday Inn



=19 -

5. Hotel Siam Bayshoke = This hotel has a septic tank for thé
treateent of the wastewater. Samples were ¢ollected from the’ septic tank
and analysed. - The results of the: wastewater characteristlf“‘j“ :
in Table 2.6 (station No. 5) ‘and reveal that the sép ank A i
properiy.  Added to this, the septie 'tank effluent'i djr'ptly _i$charged
fnto a nearby canal, the Pattayé Canal, | which turns blacl due to th
vailing anaerobic conditions in the ¢anal, The concentration of BODg . »
(257 mgll) is higher cobpared to Asia’ Pattaya. The zero concentration of
PO confirms existence of anaerobic conditions. . . , L

6;_ Royal Cl1ff Hotel ?7
'plant, as shavnrip Fxg. 2 8

of 100 mgfl and 144‘5311 in’ the efflaent” \
by the’ Ministry of In&ustry. A betté[ effluent, ps"meet A
standards,’ could be: achieved by improving the settling'conditions in the

clarifier. 5 ; : '




-20 -

Q:Covgiedkhé{ivéked Si&dge Pléﬁt'

 §1§§‘2'8(3)

Ef f huen

Fig.

£ Saspling

1}

.8(b)

3

Fig. 2.8 - Activated Sludge Plant at Royal Cliff Motel

et
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7. HNotel Asfa Pattaya ~ This hotel has an aerated: Iagoon system
as shown in Fig. 2.9. 0a the day of sampling, it was repotted that’ gome
KHMnQy, was added ia the lagoon to prevent the development of odor, The
lagoon looked pink and all. the biological system was disturbed due! to the
addition of KHn0, which could be toxic¢ to the micrOorganisms;a The in-
fluent and efflient wastewater characteristics are town 1n Table 2, 6
" under the code 7-1'and 7-2." The BODg and €OD values ‘of 85 mgll and .
236 mg/l 1n the effluent do not meet the standards set’ by Ministiy of
Thailand, With the better operation of the lagoon system, better effluent

could be produced.

”Aerated Lago{ sia Pattaya Hotellf

‘ C 8. Vang hual Restaurant 54 This is one of the best sea’ food fes-
taurant in Pattaya and at present discharges all th aetewater directly
into the sea.’ Samples neat the’ outfall ‘could not ‘beé taken due’to high
tide period, Samples were, however, takea from’ ‘the’ kitchen.~<The charac-
teristics of the wastewater from the kitchen is: pre‘en' 17in Table 2, .6
~under station 4. 1€ may be observed that the levels of BODs;: €op, s8,

" Hoand P (20?0 2280 1360, 62. 7 and- 44, mgll, res ebtiv ly) we 11
quite hlgh This was expected as the. waste consfst £ mostly.uaste
meat pieces. : Due ko the presence of high BODs, ' COD” and ‘suspended solids
it is unacceptable to discharge this waste directly into the séa, and
some form of treatment seems necessary. A
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Flg.' 2.10(!)) - DO Determination

Fig. 2.10 - Nang Nual Restaurant
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CHAPTER 111  WATER QUALITY IN WELLS, WATER SUPPLY TAPS AND SWAMPS

Samples from five wells, one public water supply tap and one swamp were
aﬁélysed’in‘viéﬁ_tb:assessing the quality of water. All the four wells were
shallow and presently used for domestic water uses ih¢luding drinking. The
photograph of one of the wells fn the Naklua Residentfal ‘area (station 22)
fs_shown in Fig. '3.1. Table 3.1 presents the results of the analysis which
will be compared with the standards adopted for drinking water. ‘World Health
thahizatidn (WHO) has proposed such standards which are presented in Table
.3. . . X .

 Exception to sope situatfons, most of the water quality parameters arve
within the allowable limits. . The concentration of iten (Fe), ranges from
0.08 to 3.36 mg/l with the highest concentration in the water sample from
- publie water supply tap (station 23). ' Iren in excess of 1.0 mg/l will cause
unpleasant taste and reddish brown colour which produces staining of laundry,

" Fig. 3.1 Rell in the Naklua Residential
B ‘ Area (Station 22) i

fountains and plumbing fixtures. The 1evel of iron (Fe) should normally
be kept at about 0,3 wg/l. -~ In view'of this, it appears that thé water
from all the wells and the publie water supply tap except at stations
15 and 16 need some foin of aeration which will convert irvon into its
fnsoluble forms. 3 ' ' :
- Thé level of suspénded solids is quite low with the highest con-
‘centration of, 175 ngfl at station 23°f.e.' the public tap watér. Manga-
iese (Mn) is also quite léw and 'in many samples Ma is not présent. Nitro-
gén concentratfon as nitrate is high at' station 15 haviag a coaceatration
of 28,4 wg/l which may be!due to'the presence of organic matter: of animal
- Ox vegetable origin, -The preseace of more than 45 mgfl 4s aitrates (or
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0 mgli N):-is- repotted to be the, cause of . methemqglobinemia or. “blue
bables't.. - With this regard, the nitrate concentrations at all the sta-

tions are.within the acceptable level,- except: at statfon 15 which shows 5; ;
comparatively: high concentration of nitrates (28.4 mg/1) ‘

Table 3 2 - WHO Standards Eor Potable Water

' COnstitueﬁt fi L Ctité?idn -
_Lead (a5, by '_ 1 T et |
Selenium (as Se) 1. . 0.05.mgfl MHaxisom .
. Arsenlc (as As). - . 0,02 mgli' : Allowable )
';Chromium {as Cr*ﬁ) LL; .. 0.05mg/1 concenttation '
‘Cyanide (as cu) _ N 0.01 sg/t '
et oew oo - b - Permissible’ . | . Excessive
| Total’sodids:: - - o L - 500 mgfl - | 1,500 mg/l
colo¥ ' s Towicvilt L 5 units 50 units .
Turbidity' 5 v C .15 - units - | 25 units
 Taste Unobjectionable | - - - - - -
Odor , : Unobjectlonable ——————
Ifoh (¥e) - - .| ~ 03 mg/t | 1.0 mght
Mangancse (Hn) oo s 06l cmefle 0.5 gl
**| Copper (Cu) s 01,0 L mglh b 1.5 mgfl
Zine (2n) - S ',5 0 ngfl -15 . mgfl
*| caletim: (Ca) v e s mgfl s 200 agfl
Magnesium (Mg). - | -S5O omg/l | 150 mgll
b Sulphate (sgq) ol 200 mgfloc o 400 0 mgll
ot Chléride (cl) e i 200 mel/l 600 - mg/1
- {en e il e 0= 805 . ). (6.5 or) 9.2
(Mg v Ha) 304 et e et s o500 cegfl . ] 1,000 mgfl
Phenolics S T e 60,0000 mgfl ' 0.002 ng/l

: 1n general hardness in the water samples from the uells and the
'public tap was ‘found to be 'satisfactory. Normally water softer than

50 ng/l, as CaCO3, is corresive rand samples at stations 16 and 22 showed
respectiVely 18 and 32 mg/1l as-CaC03. * This is however ¢onsidered not

a serious pfoblem because ‘there -aké o watér -supply distribution lines:
and "the residents ‘in the ‘areas’ normally store -the water: fa earthen bins.
Thé hardnéds values Ha station 12,13 and 23 are within the desirable
values which are generally taken betueen 50 to 80.mg/l as CaCQy. - Water

' with havdness of 80 to 150 mgll as CaCQ3 1is considered moderately hard
=and the‘value Of 110 mgll in station lS falls in this: category.

urbidity valués taﬁged Efom 3 to 161 FTU with the highest unit at - .
public water tapi-‘It’ canbé.said that- all ‘these waters, except at station
15, are considereéd inacceptable as far as turbidity is concerned. . Nor-
maily, -the permissible level of turbidity is 5 upits and more than 25
units would’ justify the treatmeat of water.,,



s -

The pH values of the watér sanplés’ ranged from 5. 6 at’ statiOn 16 to N
8.0 at ‘'station 23 and 1§ within the: acceptable level,” from 5.0 to: 8.5,
when viewed from the standpoint of ¢orroston. HoweVer in comparlson to
the WHO standards, pil values at station 13,15 and 16 are slightly on the . .
lower side.

Although nany attractive Hell waters ¢ould be devoid 6f ‘oxygen, the
dissolved oxygen (D0) levels.in the wells varied from 1,9 o 4.1 mg/l
whereas thé po level of 5.9 mgll was observed at - the publié tap vater, -
In genéral, {t is preferablé for the DO level to exceed 2,5 to 3.0 mg/l
to avoid secondary tastes and odor frOm developing. The low DO level of
1.9 mg/1 at station 13 1s counter supported by: high leﬁel ‘of nitrates and

could be due to presence of organie matter of animal or vegetable origin.
In general,’the DO lévels in all thé wells and the publie tap Hater are
satisfactory. -

" The alkalinxty of wateér in the wells and tap water varied from 20 ‘to
72 mg/t as CaC03. Normally, alkallnity value upté 500 wz/l is acceptable
although this factor tust be ‘appraised from the standpoint ‘of other. para-
meters’ like pH, hardness, ¢arbon: dfoxide and dissolved Oxygen contént, © In
view of all the above’ parameters, the alkalinity levels are well accepta~
ble. :

To detect an 1ndication of faecal pollution, HPN values per 100 Bl
were determined.” Dué té the llmiting sterilized bottles at site, samplés
could be taken only at station 22 i,e. the well located offshore of Na Xlua
River and at station 23 i.éi the tap for public wateér. supply, . The HPN
value of 1100 at the well at station 22 is very high and should be consi- .
dered as a sure indlcation of faecal poliution. The tap water sample :
showed MPN value of 28 per 100 w1 which '{s 'still’ highe¥ than the standard
set by WHO which states’ that no sample ‘should’ ¢ontain nore than 10 coliform
organisnm per 100 il for water in the distribution systen, ‘Although not
analysed, the MPN values for water in- the wells at stations 12 and 13
could be expected quite hxgh due to the activities of the people living
atound the area. ‘The’ wastewaters are not properly disPOSed off and thas
get into the wells. :

‘ Summary. In general except for the HPV values, turbidity and the'
. - concentration of ivon (Fe) in the water’ samples, the watex ¢onstituents . -
" are within the satlsfactory ‘levels, " I 1s récomménded that thé water in
the wells and the public:tap water shouid be filtered and disinfeeted }
properly so that the water . quality is’ acceptable for drinking and before¢ _
dislnfecting, ivon’ (Pe) levél will be reduﬁed to a lower- level making it;
satisfactory for domestic uses. o L | s SR

- As per the ranges ‘of proeolgated standards for water séorces of doE?s~
tic water. supply, shown in Table 3.3, reported by McKée and Wolf (1971)1 :
. thé wells may, in. general be classified as’ good source of watér supply re-

i quiring usual treatment such as filtration and disinfeetiOn.,. L

r

'll HcKee ‘and Hbif (1971) Hater Quality Criteria, California Rater Re-' o
sources Control Board Second Edition.’”“~' . RN
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- CHAPER 1V WATER QUALITY IN RIVERS AND CANALS

Hater quality conditions in two rivers, Na Chon Tiem and Na Klua,
and oné canal were studied.  Two grab samples, ene’ at ‘the river mouth
and the otheér down' belou the river underneath the bridge of Sukhumvit
‘Bighuay, for each river and one grab sasple for the ¢anal were collected
and analysed for the ‘various water quality parametets,one additional
__sample on Na Klua River near the tapioca factory was also collected.:

Table 4.1 present the results of the water quality analysxs. The re-
.sults are briefly explained below. '

1+ : Na Choq Tiea River - The dissolVed oxygen levels, at the river
mouth and down below the Sukhumvit Highqay underneath the bridge i.e. at
stations 10 and 9 respectively, were 8.5 mg/l and 7.2 mgfl which denote
the healthy ¢ondition of the river. The BODs, $S, N, P and pH are all
within the allowable 1fmits stated if streanm standards. As expected, the
¢hloride: concentration at the river mouth (to the sea) is quite high and
is" 17, 150 mgll slightly lower -than the chloride concentratfon at . sea.

o However, the HPN values of 940 and 2400 per 100 ml at stations 9 and 10

fndfcate the presence of Eecal pollution. Comparing with the stream stan-’
dards based on stream classification and wastewater treatient given in
Table 4.2, the river could be classxiied as B ¢lass and thus suitable for
Eishing but nét ‘suitable for bathing and drinking due’ to the presence of
high density of coliform bacteria.

o 2. ha Klua River -~ Three samples collected at the river wouth,
underneath the Sukhumvit Highway bridge and near a taploca starch factory :
d.e, at stations 21 20 and 17 respectively,-were analysed for water
'quality paraeeters and the résults aré presented in Table 4.1. The dis-
‘solved oxygeén level at station 20 underneath the brldge is 0 mgll and
was in séptie¢ condition. - The hydrogen sulphide gas could bé smelled during
sampling.- The BOD5 concentration at station 20 is too high for-a river
and is of the order of 1620 ﬂgfl indicating high concentration of organic
natter.. Due to the fact that’ this river is ia the vicinity of a number of
'tapioca starch factories, it is to be expected that some wastewater dis-
. charges’ into the water course take place. ‘pH being near 4.3 is the sage

as pH in tapioca starch uastewater, as will be discussed later in chapter
- VI, The: coliform level of 1,100 HMPN per 100 nl is also bigh. Again com-
- paring with the stream standards in Table 4.2, the rivexr portion near
station 20 could be considered as worse and’ lower than the quality of water
specified for ¢lass D streams. '

The watEI quality at the mouth of the Na Klua River i.e. at statlon
21 is better than the water quallty at station 20. The BODg level is- less
than 5 mgll and pH value of -7.0 is acceptable. The’ dissolved oxygen level
{8 3.2 Gg/1 which s just about sufficient for fishes. This is due to
strean self-purification and aigal growth.  However, the coliform bac-
teria is 1, 400 HEN/100 ni and is quite high makiag it unsuitable for bath-
ing and vecreational uses. As pex the classification in Table 4.2, the
river portion near station 21 pay be considered as elass C. - -
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Fig. 4.1(a) - Undefneath the Bridge on’ Sukhuvit Highvay (Statton No. 9)

Ri\?er_"}_-['bﬂrt’h': (Statién No. 10) g ;

Fig. 4.1 - Na Chom Tien River.
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The water quality‘at station 17 1.e. near the tapioca factory showed
lower . levéls of BOD5, COD, N and P, indicating less organiic poltution.
MPN values ¢ould not be measured due to limited sterflized bottles at site.
It is, however expected that MPN values night be high also making it un-
suftable For bathing and recreational uses because of thé expected fecal
‘pollution the resident living near the saﬁpling station.

3. Pattaxa Cana = Previously flowing towards the sea, the canal

- 18 now blocked at both {ts ends making it a stagnant body of water and making
"eanal™ as’an unsuitablé name at present. - The water quality characteristics
of the ¢anal is shown in Table 4.1. Signxficantly noted is the value of
coliform bacterta which 240 x 10 MPR per 100 ml and is very high, This is
dué: to the fact that the canal receives the effluent from the septic tank
16cated at” siam Bayshore Hotel and the canal has no exit. Also seen is the
dissolved: Oxygen level of © mgfl indilcating anaerobic condition in the canal
'producing “odo¥ arOund the area.; The canal at present is just like a stag-

" nant seuer.- : :

‘fiig; ﬁ.é(;) - Vieﬁ.oféPéttajﬁECénal:-"'

Fig. 4,2 - Thé Pattaya Canal
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o Fig. . 2{b) 2 Samplé Cotjec i&ﬁf;fﬁ-ti'”

_Fig 4 2 (Cont d) = The Pattaya Canal o
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. CHAPTER V QUALITY OF SPA WATER

R Th?ee sampling 19C3t1¢ﬁ$;236h about 200 metres offshore from the beach
were chosen and the water quality analysed. Table 5.1 shows the parameters
- analysed for the sea water samples, . :

O e P S R v !
. As the s¢a water arvound the beéach is principally used for swimming':
boating and other recreational uses, it is‘thetefore'iogiCal'tb‘interpféte
‘the sea water quality fn térms of its uses. To be acceptable to the public
and the fégbla@bty[;ﬂthﬁtities,“waté;s_that;are used for swimming and bath-
ing mpgtftonform,§Qﬂthtegigeﬁerél toﬁdi;ibhs:’(a)'théy must be acsthetically
eajoyable f.e. free ftpm'pbnokiQuS'floating or suspended substances, object-
fonable color, and foul odors. (b) they must coatain ro substances that are
toxic upon ingestion or irritating to the skin of human being; (c) they must
be reasonably free from pathogenic organisms.

fhailand does not have standards for recreational uses and therefore

it night be worthwhile to compare with the standards guidelines available

- {n other countiies.

. ‘_1?3£hi68 b§3¢h yatet qﬂélity_standa%ds in U.S.A. vary thyoughout the

~-¢°9“FF¥!. TheY'f3ng¢ from nostandard 'to a perpissible total coliform count

of 50/100'nl to 2400/100 wl or higher. ‘A recornended Standayd for water
used fér”wgdingj'swim@ing;'vater skiing and surfing states:L .

o “Pé?gifc@lifbfm‘shﬁﬁldrbc'usﬁd as jndicator organism for evaluating
. the aicfobiologiQal?SUitability.pf‘recteafion watgts._3A$'determined by -
the multiple-tube fermentation ox membrane filter procedures, the fecal

cdliiofg'ééntehtféf1f¢¢reati6n;w§fer‘Shéll_no;'éxéged;é_ldg zean of 200/100 ml,

and "...i . the pH should be within the range of 6.5-8.3 except when due
" ‘to natural causés and in no case shall be less than 5.0 nor more than 9.0.
Hcﬁee-éﬂé:ﬂﬁlff(197l)%!,hasfptééenﬁédlQ‘pGESible'éeries'df standards

“for recreational waters and " fs given in Table 5.2, The wide range specified
put emphasis on the uncértainty ¢oncerning jiniting factors. -

" ¢onsidering the above standards and guidelines, it may be obsérved fron
. Table 5.1 that the sea water: quality at statioss 26 and 27 are quite good.
The avea betgqéﬁ;sééiiﬁﬁ526’éhd‘Station 97 is ‘the most érowded portion and
pbpular'amdﬁgfthe beach bathers. No objectionablé and undesirable objects

or o6dor were observed in the seéa water between these two stations. The DO

levels of 3.8 and 6.1 mg/l, MPN counts of 460 and <3 per 100 ml, ph values

of 7.6 and 7.1 and suspended solid concentratioas at ‘statioas 26 and 27,
respectively, are quite low, therefore indicating acceptable areas for re-

.ll“ggpbrc‘éffthe CQm@ittgg_on Water Quality Criteria (1968), Federal HWater
5_.Pollutioﬁ'Contrél'Adm{histration, U.S. Dept. of Interjor, Rashington,
b.C. .

Ef”kéxée'ahd R61E'ilQ?i), Hater Quality Criteria, California Water Resources
 Control Board, Second Pdicion. ' :
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creation. However, the SGa'water'quajity.at,stétidn_ZS_thch:is7ldcated
offshore of Na Klua pier is not acceptable for sea switming or bathing
purposes, as far as coliform content is conceined, Sorie unde¢sirable and
 ¢objectionable bbjects_wcrgiséen”f}oatingférpund th¢ area_and 'bad odor

- could be smelled. ' The DO tevel of 1.7 ng/1 fs quite low and MPN count
of 7,500 per 100 ml indicatés the presence of ‘fecal ‘contamination. = In
this present condition, the area arovnd station 25 should be avotded for.
recréational purposes, In general, the BODs concentration in sea water’
is low at three stations. - SRR SR

'3726_énd 27'i§'at‘bré$éﬁt’ih[éi;élléht’ébhditidﬁ and should be protected from
future pollution hazavds. The area aroéund’’station 25 should be improved .
~and cave should be takén to stop organic fecal pollution around the area.

- Summary:’ Sea water quality in the popular avea ii¢. between statfon

Lanle Cllection (¢ l‘?fa(ié,{ e, 76 >

fﬂfﬁn’G a!{ : «r'l Hua l;"’(.'f}”{
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Table 5.2 - Tentative Guidcérfdr'ﬂvaiuafing Rectbétioﬁalgwaters.

Watet contaét

* Bodting and aesthetic

S

Determination Not iceable Limit ing Notiéeable | Limiting
B threstiold | chreshold | thieshold | theeshold
Coliforms, MPN per 100 nl 1000% k. .
Visible solids of sewage origin Kone None | ‘ None None
ABS (detergent), mg/liter I C A -2 S L
Suspended solidd, ag/liter 20% 100 - 20% 100{';
Plotable 0il and grease, mglliter 0 5 e 10
Emulisified oil and grease, nmg/l - 10 20 20k 50
Turbidity, silica scale units 10% 50 L 20% i
Color, standard cobalt scale units 15% 300 5% 100
“Threshold odor number - 32x - 256 324 256
Range of plf - 6. 5-9 0 6 0-10.0 6.5-9.0 . 6.0-10. 0
Tempeérature, maximum % 30 S50 30 50
Transparency, Secchi disk, ft ek _ 7_... - 20% k
‘ o N .

. . ‘
Value not to be exceeded in more than 20 percent of 20 conseCUtive samples, nor

in any 3 cénsecutive samples.

f\o limltlug concentratlon can be specified on the basis of - epidemiologlcal -

evidence, provided no fécat pollution is ‘evident. .

(Note: Noticéable threshold

represents the level at whiéh’ pedple begin to notfce and perhaps to conplain.
- Limiting threshold i$ the level at which tecreational use o[ water is prohi-

tlted or seriously i-palred

No concentratlons likely to be found in surface waters would impede use.
SOURCE: McKee and Holf(pé{».REprOduced by permission of the California State

Hater Quality Controi Board,
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| CHAPTER VL A SURVEY_ OF WASTEWATER FROM TAPIOCA STARCH INDUSTRY

-v :1v Tapfoea Plant - - Tapioca, Manihot esculenta crantz, also ¢alled
cassava or manioc, is'a starch—producing troplcal shrubby perennial ‘voot
crop.  The plant propagates vegétatively by means of stem cuttings and ad-
:ventitiOUS roots, or. tubers,’ radiate from the base of these cuttings. Op-
tinim yleld can be achieved by haviag 3,000 ~ 10,000 plants per hectare
The~ yield varies from region to reglon and strain to strain, with 2-3 kg
. of ‘root pér. plant being common, but: improved ‘strains now yield more than
10 kg ‘of ‘root per plant. As a crop, tapioca's popularity with farmers is
due to several attributes: it is easily planted and requires little atten-
_’tion‘ it ¢an stand- drought and short periods of flood fairly well; it grows
An relatiVely'poot Soils, and it is high ylelding conpared wlth many other
Crops;- i

ey Pollution from Taploca Starch Industrz ~ - Tapioca starch produc-
tion is a significant agro~industry in Thailand. In areas where tapioca
is grown and processed, tapioca starch wastes coantribute significantly to
streéan pollution.i The process to extract starch fronm tapioca roots (or
tubers) requires. large quantities of. water, both for reot washing and for
the extraction of starch fronm. rasped roots, and significant amounts of
wastewaters are releaséd. Heavy pollution of land and streams by these
© wastes gives vise to'obndéxious odours in the. neighbournood of factories and
-aquatic flora and fauna are serfdusly affected. In Thailand, tapioca starch
" factory wastewaters ate, ‘and will continue to be, a serious threat to the
.. eavironment : and quality of life in rural areas. As an example of the mag-
‘ nitude of the problem in- comparison’ with other waste scurces, it was esti-
mated that in 1972 noré than 80 pérceat’ of the suspended solids and more
than 95 percent of BOD¢ flnding their way into the Gulf of Thailand from
. the Province of Cholburi were from taploca starch processlngl (McGARRY, "
et al. 1973) | \

At the present tice, few factories have any control over their waste
_“discharges and those do attempt an) forn of treatpent are guided by expe-
ffdiency alone’ and have usually lisited their wastewater processing to inade-

“quate holding in’ pbnds. Few studies have been carried out to arrive at
‘rational and effective waste treatment process.

. 3. Eibca Starch Pioduction - In Thaxland tapioca starch is produced
taitwd grades by two types of processes, aithough the quality of final pro-
duct is similar in both ¢casésy Initially, the tapioea roots pass through
thé same processing {n both grades of- factbry,‘namely dry repoval of sand
and ‘clay, rook washing and rasping. Thereaiter, first-grade starch is pro-
duced using centrifugation filtration, and spray drying as the basic unit
processes;‘this process is capital intensive and usés less labour and wore
water than the other process. By contrast, very little mechanization is

“f

L HccARRY M.G., stiuto, N,, HHITAKER T, and CHAVANICH L. (1913), Coastal

Watex Pollution Survey of Cholburi Province, Research Report, AIT, Bangkok.
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utilized by second-grade starch factories, which are’ u$ually small private-~
enterpirse plantsj these installations are not capital intensiv¢ but use
very simple methods of separation by cloth filtration, gravlty settling,
decanting and dryfng on heated conc¢rete slabs, - Flow diagrams for both typcs
of process are given in Fig., 6.1 and wastewater streams are shown
4. Hastewater Emission Rates - The combined wastewater from tapioca
starch production is ainly conposed of two kinds ‘of Hastes, ‘the root wash-
water and either the stavch. supernatant “décanted fron sedimentatton basing
or the separator wastewater, dcpendxng upon whether a ‘setond-grade or first-
grade starch factory is being considered. First-grade factories process in
the order of 200 metric tons of tapioca root per day while’ second-grade o
factories comzonly ‘process about 30 tons per day, - Unit. enission rates (U%ER
Valées) for the characteristics of wastewater from‘first and second-grade -
factories are shown in Table 6.1. Designatlons A, B, C and D refer to waste
sourees shown in Fig. _6 1.
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Table 6.1 - UMER Values of Tapioca Starch Wastewaters in k/kg Root

Chérééééris@ic i ~ - - ;:l?§3t??at?5 ‘

. L A | L N Combined
S o 1 1 lgg}cfade'Factdrg _ :
cop: " . ) 0,69 | 352 | 60 | | 62.0
BoDg .. © o o] -0.33 ] 26,5 | 2.9 29.8
Suspended Solids_ 0,54 -1 1005 3.7 : 15.7
Dissolved_Solids’P?V 4:91 -1 . 46.3 96 - o 60.8

. - an—crade ictory (Ayerage of 2 Planté): :
BODS s e ]oals ] 30.4
Total: Solids N B 2y R ALY S 1.9, : : 9.5
Suspended Sollds| (0.8 IR L3 134

7 L QEJ—érade Factory (One Piant) :
BODs - . | 1.8 44.8 2.1 48.7
. | Total Sollds - 3.1 w028 | o 2.2 109.2°
Suspended Solids | . 301 835 | 1 0.6 87.2.
5. Present Survey of Hasteuater from Tapioca Starch ‘Factory. = 1In

this survey, wastewaler. samples at various. process points from a f1rst—grade
mills, nanely CHO CHAIWAT mill and KOH CHANG HEA nill, and from a second-
grade mill, CHAROEN ROONG RUENG and TONG HEXG, were collected and their
characterics analyzed : The results of analyses are prexented in Thble 6.2

The tapioca mlll‘CHD CHAIHAT (Fig 6 2}, de31gnated as statlon No. 11

' does not’ possess’ any wastewater treatment device. Hastewater is directly

'discharged into the field behind the factury ‘without any treatment Root

wash wastewater and separator . wastewater aré channelled into two separate
streams,'as indiédted in Fig. 6. 3. Sampllng was carried out on va¥ious

points deaignatéd as: 111, 11-2, 11 3,°11-4 and 13- 5. Sampllng points 11-%

and 11-2 represent root wash and sepafator wastewaters, respectively. These

two wastewater streams were then combined in proportlon of 50:50, which is

at 11:3.° The combined wastewater is then 2llowed (Lo’ flow freely in the back-
yard field whevée' buffaloes are living {ssupling point 11-4). The marked

_di[fetence in BODs and .COD concéntrations betweén the 50:50 combined waste

and the total. conbined ‘waste" is due to the fact that.the 50 50 combination

é¢id not respect ‘the flﬁw proportionality of the Ewo! waste streams. Point

11-5 repreSents wastewater emanating from jet extraction processﬁ

The second fifst grade tapxoCa starch Eactory inVEstagated is the

KHOW CHANG BAM LIHIIED . PARTNERSHIP, statfon No. 14 (Fig. 6.4). This plant

1s c¢haracterizeéd by an  fremense waste treatnent systém consisted of a series

of statilization ponds - §6imé of wh1ch were untiecessarily designed. Root

wash wastewater “and seﬁarator ‘wastewater are conducted in two séparate

streams’ channelling Eo 2 séries of holdlng ponds ‘as indicated in Fig. 6.5, :
and fiﬂally combined in one’ channel (Fig. 6.6) to bé further treated in ;

' statilization ponds. “The arrangement of poands and sampling poiats is '

ad
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Fig. 6.3 - Streams of Root
Kash HWastewater (Right) and
‘Supernatant Wastewater (Left)
at CHO CHAIWAT.
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Flg. 6.6 - Combined Hastewater Stream at Khow Chang Eah Hill

represented in Fig4 6. S 6 7, and 6.8. It is noted ‘that the concentrations,:

of BOPg and COD of the combined ‘wastewater arg particularly high, 4 +300 and
8,036 ng/l, respectively. thh the ‘concurrencde of nunerous ponds, the Tinal .

effluent ‘of 400 mgll is coﬂsidered acceptahle in the present: circunstanée.

o
PR
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Fig. 6.8 = Final Effluent Saapling at Khéw Chéng Eah Hill

Both second= “prade’ taploca ‘stavéh mills undéf survey,fCHAROEN ROO\G :
RUENG and TONG HEhG _have bakch processes, There is o wastewater tieat-.
rent plant. 1In the case of CHAROEN ROONG - RUEhG, wastewatef is’ directly
discharged into the backyard field. TUNG HENG mill dischafges vastewatey - -
into a. large pond from whi¢h it i allowed to flow_into a dearbyicanal- -
It is of cox fmOn practice at second—grade tapiééa stavch mills to Yelease
the wastewater jato the field éatly in the norning and to kéep it fa hold-
ing ponds at other tiwes of: the day. : ‘ '’

In general, land fs available at all factories visited ‘aad could be :
partlally put aside for wastewater treatment purpose. :

6. Characterfstics of Tapioca Starch Hastéhatcr : ?rom Téblé 6.2
it can be seén that toot wash wastéwatér contains a latge Aount: of settlea
able solids which are maialy sand and clay partidles fvom the Eaw roéts.
The BODg and: COD concentrations of the wastewatér at different procésé
poiats vary éver a wide vange: The combined vaste 18 acidie in nature and
the pH is about 4.3, This ¢ould be expected due to the addition of sul="
phuric and in the extraction: process and also from the release of some
prussic acid hy the tapioca roots. ' The ratfo of BODg to ¢OD of: the éo@biﬁéd
waste, separator or supernatant and root vash wastewatér ére fespQCtiVély
1 0.53-0.56; 0.48-0.6'and 0,4-0.57, indicating that the waste is blologiéal
degradable.: Thanh and Hu (1975)i also repotted that thei¥atie BODs to _
soluble COD fn the settled separator wasté is 0.6-0.8, : The ¢ombined waste-
water showed 3.6-4.4 mgll of nitrogen and ahout 10. S mgli of phcsphorOUQ

U Thanh N.C. and Ku, J;s. (1975), Treatment of 'rapioca starch Hasteuaté‘rs
by Torula Yeast, Canadian Jourﬁal of Food Sciéﬁcé Te¢hnology.
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thus givlng the ratio of BOD5.N P as 100:0,12:0.35 Fot CHAD CHAIVAT
factory waste and 100:0.10:0,23: for XHOW CHANG EAH factory. Normally
thé ratio BOD:N: P of the order of 100:5:1 is considered as the minloum
;requiremént for blological waste treatment. There[ore, addftional nu-
trlénts, i.e._nitrogen and phosphorous, would be added for biological
;treatment; The temperature of the wastewater was found € range from
28 to 33 C, which is close to the. ambient air temperature in Thailand,
"and this high temperatute will be advantageous for biological waste
treatment process, ‘ Due to~ the high BQDg and COD concentrations, it may
be suggested that anaerobic biolOgical processes would be effective.

‘ The' characteristics Ti tapioca starch was euaters have also been

‘_repdrted by CHARIN (1965) 2 and YOTHIN (1975) and are suomarized in
‘Table 6.3,  Comparison of their results with the results in . Table 6.2

: shdws that the BODg and COD values for ¢émbined waste of first- ~grade fac-
‘tory are’ lightly lower than those reported by YOTHIN and CHARIN. Mowever,

_the. concentrations of suspended solids and pH fall within the reported

ranges. .

Y N Recommended A Eroach to Treatment - Although tapioca starch is
.-préduéed in two grades by two different types 6f processes, both First
and second grade factories’ discharge two major wastewaters. These are
_ washwater, from root uashing (wasteuater A in Flgure 6.1), and separator

" wasté, fronm: Jet extraction and channel separatxon in first-grade factories

' ﬁ(wastewaters B and ¢ in Fig. 6.1, lst. grade factory), or starch supernatant
: decanted feot’ sedimentation b331ns in second- grade factories (wastewaters
B, ¢, D in Fig. 6 1, 2nd grade factory)

, Di[térent factoriés use dlfferent avounts of water dependlng on plant
capac1ty and type and on the availability of water. In general, however,
second—grade factories use less water and release less wastewater than
fixst-grade factoriés, 6.3 l]kg robt processed compared with 7.6 1/kg
(¥cGARRY et al., 1973}_!, and process less root each day. Washwater makes
up- fron 7 to 16 percentof the total combined waste fluw in both types of
tapioca starch plant. - :

in terms Df quality, there is 11ttle dxfference between wastes from
the tvo types "0f factory bot theré is a signlflcant difference in quality
between wastes from the different sources within a factory. Washwater
‘uswally contains easfly settleable so611ds and much lover BODg and COP levels
' -than separator waste. Because of its lcwer organ1e strength and flow rate,

‘ 1’ CHARIN, T.: (1965), Anaerobic Treatueat of Tapioca Starch Haste, M. Eng.,
. Thesis No. 1228, AlLT, Bangkok.

2’ YOTHI& U. (1975), Evaluation and Treatment of Wastés from the Tapioca
N Stareh Industry, M. Eng. Thesis No. 836, AIT, Bangkok.

3’ HCGARRY H.G., SHUTO N., HHITAKER T. and CHAVANICH L. (19?3) Coastal
Water' Pollution Survey of Chonburi Province Research Report, Asian
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supexrnatant waste froma tapioca starch factory. It may, of course, be

- treated in combinatfon with the separator of starch supernatant waste but

- normally it will be advantagedus to treat them separately. If the com-

) bin_ed’_ factory waste 15 to be ‘treated, the processes outlined herein for
separator or starch supérnatant wasté will apply equally Lo the combined waste.

washwater. 18 muth léss a problem in treatment than separator or starch

- .. .. Root Washwater. contains mainly cork cells, sand and clay particles
which-are derived from washing of the raw voots in the wash tank. During

- the dvy: season; whén washwater BODs values from a first-grade factory were
~ Eound by Jesuitas (1966)1/ o range from 200-500 mg/l, plain sedimentation
‘was-sufficient to produce an effluent suitabie For reuse in root washing.
However, during the wet season when the organic load of the waste increased
- £6 about 1700 mg/l BOBj; fn the same first-grade plant, Jeswitas suggested
;hat:chéq1631 éQagu1atiQn foilowed by seditentation was a possible method
of treatment which hmlght produce a treated waste suitable for veécycling fin

- the process. . If chemical treatment studies in any particular fnstance prove
that ‘an acéeptable effluent cannot be produced using this treatcent method,
~ then the washwarer must bé treated im combination with separator twaste,

The sane récommendations will be applicable to washwater from second-grade
tapioca starch plants. Recycling of treated washwater is a desirable
objective in any tapioca staréh factory. -

Separator Waste or Starch Supermatant, which are véry similay in Gua-
lity, pose the greatest problem in treatwent. Plain s¢dimentation of these
~ wastes ¢an be used to remove gross suspended solids and reduce the levels
'Of -BODg ‘and COD.  Settled separator or starch supernatant wastes, although
high in BODg and COD concentrations, are readily degradable using biologi~
cal means, It is anticipated that the high BOD; and COD concentrations
will resuvlt’ in anaerobic biological processes being effective. MHowever,

" the effluent from anaérobic treatuwent will require aerobic biclegical treat-
ment to produc¢e an efflueat of acceptable quality for discharge to a sur-
facé water.. The need for simplée low-cost treatwment processes suggests that
‘anaerobic ponds followed by facultative oxidation ponds will be appropriate -
for handling this waste in developing countries. Use of anaerobic ponds
may elininaté the necéssity for construéting priwary sedicéntation tanks,
although the latter might well be economic if the settléed solids are sale-

able for animal feed.

' © 8.. Primavy Sedimentation -~ Separator wastewater from tapioca starch
production centains large amounts of solids, of which over 80 perceat will
. gettle; as reported in previous works. This iadicates that a large portion
" of the solids and sigaificant asounts of organic amatter present in the waste
could be rewoved by primary sedimentation. Jesuftas (1966) carried out
sedimentation studies on separator waste and reported that the solids in
separator waste readily settle, with 91 and 96 percent of the suspended
solids being deposited in 15 minutes and 1 hour respectively.. Likéwise-
after 15 wminutes, considerable reductions in BODs of 74 percent and in COD
- of 80 percent were obsérved. These removals were further increased to

1fhﬁésﬁ1§é§;hﬁ}P.=21966);“Ah"IhvéStigatiqh:of Tapioca Rastes; M. Eng.
. ‘'Thesis Ro.fl36,'ASian'In5fitute of Technology, Bangkek, Thailand.
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- 83 percent for BODS and 85 percent for COD after one hour of sedimentation.-
Insignificant additional removals of BODg, COD and §S resultéd, when the -
detention time was prolonged to 2 hours under the' conditions of this test, !
These resultsxndicate that plaia’ sedimentation fs an essential’ fi¥st-grade -
process’ in treatment of this waste and will be highly efficiént not only

7 fn s0lids vemoval but also in’ removing organi¢ material, thereby reducing
the load of an subsequent biological treatment process. ‘

9. Biological Treatment - The efflueﬁt fr0m primary sedimentation
of tapioca starch wastewaters will atfll contatn teiatively high COncentra-_
" ‘tions of BODZ and COD and soié suspended ‘solids. Xts direct discharge to -
a stréam Would ¢extainly give ride to pollutfon problems and. some. Bydm of
secOndary treatment of the waste 1is necessary : )

As a first—stage requiremént, anaerobic ponds appear to be the bést -
chdice. ' These anaerobic ponds are most. apprOpriate in view of ‘the very. -
high BODs and GOD concentrations, low coats of tteatment and general avai—
lability of land‘ ' ‘ : o | ‘

-As a second stage requirement, sevetal biological nethods could be s
adopted and are: uentioned belov'- H.:" : ) < , . . ,

.{i) Facultative Pond where land in latge areas are aVailable and :
Cos Chéap. ) . I - ",: '_‘.': S -

U(ii); Aetated Lagoon where land is available to a’ limited degree and

.- .

(i) Rotating B1ological Drum ?iltet where JAnd use must be miniglzed :
~_ due to the high cost and’ availahility;_' R
(iv)' Actlvated Sludge Process where limited iand fs' available and is
very costly. . : e :
‘ Of the four appropriate technologies, the best “eholce fo: the taploca '
 starch 1ndustry ia. Thalland appears to be aerated lagoons. Survey of ‘the =
industry indicates that land is relatively available, particularly to first
grade mills, and is relatiVely inexpensive. Thus utilization of a totating
biological dyun filter, which fs a éapital’ iﬁtensive trEatment system, 1s
~not necessary to nininize laﬂd uge. - The estimated cost’ of activated sludge
is too high. The work of: Yothin (1915) coepared the capital -,: operatioh
and maintensfice costs for a facultatiVe oxidatioh pond and ‘an’ aérated lagoon
and found that Both types of eosts were' greater for a facultativé oxidation
pond given 1and césts 1n thé Sopth of Thailand. The higher operation and
waintenguce ~costs were “attriboted: vé the montbfy 1ahd reéntal, which acéounted
for 75 percent of these ¢ostss " Ia additiOn 1t 1a doubitul’ that ponds tould:
achieve the sase reroval efficiencies as aerated: lagodns, ~ Thus utilization
of ‘an aerated " lagoon rathex than‘a facultative.oxldatioa pond as the second
stage requirement is preferable on the basis\of_cost minimization.- e

Removal Efficiencies ;i} w“q_;;— 5 -‘f‘ -

&

_ The recommended biological nethods are capahle.of reducing the physi- :
eal, chemlcal and biological parameters of tapioea starch wastes.‘ Some ‘of
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" the more significant parameters affected are. BODs, COD .SS,'pH.

In ordcr to simplify this presentation, the removal efficiencies
assoclated oniy with BOD and SS are given in Table 6.4. The remoyal eff-
ictendy ‘of the first: stagé for BOD ig 60 percent; which gives an effluent
‘:discharge from first ‘grade plant of 1800 wg/l and from a second grade plant

~of 1460 ig/l. The removal efffciency of the second stage for BOD is 85
:petCent, which gives an effluent discharge from a first grade plant of
270 g/l and from a second grade plant of 210 mg/l.  The total removal
efflciency 1s 94 percent, The removal effiéiency of the first stage of SS
- 1882 percent, which givés an effluent discharge from a first grade plant
“of 360 mg/l and from a second grade plant of 180 mg/l. There is no addi-

: tiénal rémoval of - S$S for the seéond stage. Thus, the total removal efficiency
’ 18 82 percent. :

? Table 6. 4 -~ Raw Haste Load (RHL) Removal Eff1c1encies and Bffluent

Concentrations. .
‘ : T EfIIGeat |~ T -
o ____;.w.g_.Pirst StEQECdncentta~' Second .FinaL Total Z
Type of @ill | RWL . tion from|' Stage Efflvent |~ -~ -1~
: . S % Removal Ist-stage [ v rexoval | Concen~ | Removal
- . treatment tration _
BODsg BODs BODg
_ (mgll): : (og/1) C(mgf1)
| Ftese crade (4,500 | 60 1,800 85 210 - | 94
'] second Grade (3,500 | = 60 1,400 85 | 210 9%
ss
First Grade . |2,000 82 | - 360 o 360 - 82
Second Grade {1,000 | 82 80 9 o180 | 82
"Sovrce ! YﬁthinJ(19?5)
10. Economics of Pollution Control ‘_ fable 6.5, 6.6, and 6.7 sum-

marize ‘the ¢ost for représentative plants reported by Luken (1976)1- based
: On the cost of opetations obtained fron the industry survey and past works.
‘Tablé 6.8 presents ‘the anaval treatment costs for the first- stage and '

| gecond-stage treatments requirements which clearly show the econdmics of

scale available to larger plants for the same type of treatment facilities.

1 should be realized that treatment costs vary from plant to plait,

: from opératien to operation, fronm one loc¢ation to another. Nevertheless
the costs data presented here should give suffxcient 1nforﬁations for pre-

liminary planning. :

—j Luken, RoAs- (19?6), Fconomic Analysis of Alternative Efflueat Guidelines
Report for NEB, Ihaiiand.
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Table 6.5 ~ Current Costs fof'ﬁébréséntativé ?lahté .

Ségment'

fLand -
n’

CQstfof
“Land’
- g;_~

Excavation

b

Opertat L6n

B/

o ::-E‘::-':',. ;!-:"
Electricity

B me -

Chentcdls

B/ mo

First Cra&éi
60 T/day
Secﬁhd;Gradé
8.4 T/day

Second Grade

136,000

3,200

1,600

467,000

3b;bob

15,000

76,000

nene

400,000 |

800
" nons

. none:

" none
‘fone -

" none

" none "
o l‘l(’)né .‘;

- - none .

2 T/day |

Soirce ¢ Fleld. Investigations, April 1976 (Luken, 1976)

Table 6.6 - Surmary df'Firsi;sfégefhbétsgééf'Répieseﬁthtivé7Plaﬁt'{‘

s

'Segmeht.;

Land

Cost of

Land -

Excavat ion

'

Oﬁérétioh‘

Electricity

Chenicals

First Grade
60 T/day
Secbﬁducréde

© B.4"T/day

Second Grédel

7_.§,Tfaayi

|

3,800
530

‘15?:

B

13,000

5,000

125,000;

17,500

1,500 |

4,200

Souf@é:f-Yé;ﬁiﬁ:t1§?5)“‘

iﬂ { o .

800
- 400

B[ mo-

B/ v,

< o
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‘Table 6.7 - Surmary of Second Stage Costs (Incremental) Per Representative Plant

2 T/day

- Cost o . T - :
Segment Laﬂd Land |Excavation|Aerators|Concrete|Operation tfiﬁity Chemical
| B L 3 2 __b BV B/mo |p/wo| B[ rwo

First Grade |3,800|13,000 3 84,000 600,000] 50,000 300 25,000} 27,000
60 T/day|
Setbnd:GfaBé 530} 5,000 12,000 110,000] 20,000 800 2,700| 2,800
8.4 T/day
Second Crade| 152| 1,500] 3,400 | s0,000| 10,000 | 800 900| 880
2 T/day : ' :
Source 3 Yothin (1975)
Table 6.8 - Annuwal Treatrent Costs Per Representative Plants
Potential Ineremental Increméntal Pollution'Contr01,Cost
: Annuyal. | Pollution Control |As percent of Year End 1975 Starch
Segméent Production 27 ton ' Price
Starch S R : .
1977 - 1979 19177 1979
First Grade | 18,000 T | 2 40 <l % 1.5 %
60 T/day |
Second Grade| 2,250 T 3 42 <1 1.7
8.4 T/day
Second Grade 600 T 5 66 <1 2.8

Tacludes capital recﬁ&ery and opevation and maintenance

costs.

Assumes no pollution comtrol facilities are im place.

Assumes ‘a 20 year life of facilities, 12 % interest rate and
12 gonth operation. '
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