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Abstract

In Thailand, surface water and groundwater are the main water sources for tap water and drinking water production,
Thirty-six different samples from surface waters from Chao Praya and Mae Klong rivers, tap waters, bottled drinking waters,
groundwaters and commercial ice cubes from around the Bangkok area were collected. Water samples were also taken from
two waterworks in the Chonburi province. The extensive survey showed that, overall i all water samples investigated, there
was oaly a minor pollution which conld be traced back to the analyses performed including amongst others total organic
carbon, inorganics and heavy metals, pesticides, organochiorine compounds, volatile organic cempounds, surfactants,
pharmaceuticals and disinfection by-products. However, whenever organic micropollutants could be detected in surface
water, such as, e.g. the herbicide atrazine, they were alse present in the tap water preduced thersof proving that the present
treatment steps are not sufficient for remaval of such pollutants. The concentration of disinfection by-preducts was higher in
tap water produced from Chao Praya river than from Mae Klong river. Disinfection by-products were also found in bottled
drinking water. Commercial ice cubes contained anionic surfactants and their metabolites at elevated concentrations. The data
of this study constitute the first set of homogenous data for the chemical water quality and also aid development of new
water quality criteria in Thailand,
© 2004 Hisevier B.V. Al rights reserved.

Keywords: Thatland; Micropollutants; Drinking waler; GC/MS and LC/MS analyses
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sequences of this arc causing concern about the
impacts of pollution. Water pollution is one the most
serious environmental problems in Thailand. Waste-
water discharges emit various kind of poliutants.
These substances include househoid chemicals, such
as surfactants, pharmaceuticals and insect repellents,
agricultural chemicals, such as pesticides as well as
industrial chemicals, inorganics and heavy metals
(Knepper et ab, 1999). Due to their environmental
persistence, these pollutants can cause contamination
of surface water and groundwater which are the main
water resources for drinking water production in
Thailand. Transport over relative long distances has
been reporied for those pollutants exhibiting high
water solubility {Eichhorn et al.,, 2002). In addition,
inadequate wastewater treatment facilities can fait to
remove recalcitrant pollutants and therefore their
levels can be considerably high in receiving water
{Bichhorn et al, 2001). The remocval of these
pollutants, even present at low concentrations, is an
established challenge in the production of tap water
and drinking water from surface water and ground-
water. Furthermore, due to the use of clevated levels
of disinfectants, the formation of disinfection by-
products has to be taken into account when assessing
the quality of drinking water.

Thailand has become one of the biggest users of
pesticides in the South Asia region. Pesticides that are
mostly used inciude 2,4-D, monocrotophos, metami-
dophos, atrazine, endosulfen, methyl parathion, and
paraquat (Jungbluth, 1997). Overuse of pesticides is
causing in increasing enviromwmental contamination.
Boonyatumanond et al. (2001) monitored the residues
of organochlorine pesticides in four main rivers (Chao
Praya, Mze Klong, Bang Pakong and Tha Chin) and
coastal areas of Thailand. DDT and metabolites were
found in the range of 18-20 ng/L at Krabi province
{West Coast). Aldrin (5 ng/L) was detected at the
lower part of Chao Praya river. The concentration of
HCH and its isomers ranged from 10 to 17 ng/L in
three provinces in the south of Thailand.

The surfactant consumption has rapidly increased
in Thailand, the household and laundry sectors being
the major markets (Colin, 1996). Hence surfactants
may be considered as major contaminants in the
environment of Thailand, especially in surface waters.
Branched alkylbenzenesuifonates (ABS) were widely
used in both domestic and commercial detergents.

Due to the very poor biodegradability of ABS, they
were banned in Euwrope and withdrawn from the
market in the US since the mid-1960s (Knepper and
Bema, 2003). However, ABS are still in extensive use
in developing countries, such as Thailand (Colin,
1996). Nowadays, linear alkylbenzene sulfonates
(LAS) have mostly substituted ABS. LAS are
biodegradable and their main aerobic degradation
products are sulfophenyl carboxylates (SPC).

At present, the crisis surrounding raw water supply
becomes more and more serious due to the disposal of
domestic, agriculture runoff, and industrial waste-
waters into rivers, A monitoring of three indicators,
biochemical oxygen demand (BOD), dissolved oxy-
gen (DO) and total coliform bacteria (TCB), revealed
that the water quality of Chao Praya river has
decreased severely, cspecially at the lower part of
the river. DO, BOD and TCB did not meet the
standard of water quality of Thailand (Haapala, 2002;
Simachaya et al., 2000).

Moreover, there are many studies on the water
quality of the main rivers in Thailand, such as
Chao Praya, Tha Chin, Bang Prakong and Mae
Klong river {Simachaya et al, 2000; Kwanyuen et
al., 1999; Molie, 2002); however, none of these
studies address the fate and behavior of pollutants
in raw water, groundwater and drinking water in
Thailand.

Groundwater, the other water supply for the
Bangkok area, is atready over-utilized. More than 2
million eubic meters per year of groundwater is used
for the industrial sector (65%) and households (25%)
in Bangkok and seven adjoining provinces (World
Bank, 2000). The liquid effluents from septic tanks
can percolate into the ground and lead to an increasing
probability of groundwater contamination. The
groundwater guality was also affected from agricui-
tural runoft, pesticide residues, coastal aguaculture,
and industrial effivents (Molle, 2002). Intensive
pumping of groundwater can cause not only land
subsidence but also saltwater intrusion.

Although the Metropolitan Waterworks Authority
(MWA) has recommended that tap water in some
Bangkok arcas is hygienic and suitable for drinking,
most Thai people do not drink tap water, mainly due
to their concern about high chlorine residuals and
aesthetics, such as taste, smell and discoloration,
Nowadays, bottled water is becoming more and more
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popular in Thailand. In Bangkok and the surrounding
area, consumption of bottled drinking water increased
from 23% in 1995 to 40% in 2000. Therefore, the
quality of bottled water also necds to be monitored
and standardized carefully.

Chiorination is widely used at waterworks in
Thailand. Chlorine can react with organic matter
naturally present in raw waters and form disinfection
by-products (DBPs), such as trihalomethanes {chloro-
form, bromodichloromethane, dibromochlorome-
thane, bromoform) Thus DBPs may be present in
tap water in Thailand. DBPs are of concern because
some are suspected carcinogens and attributed to
reproductive/developmental effects in human (US
Environmental Protection Agency, 2002).

Thus, the purpose of this study was to analyze
the water quality, especially on the presence of

o Prayu river

slae Klong
river

P
Dam B&EE & """""""""" %

West raw water canal

emerging contaminants from surface water and
groundwater used as the source for tap water
production in Bangkok and close by areas and to
investigate their impact on tap water, bottled
drinking water and commercial ice cubes produced
thereof.

2, Materials and methods
2.1, Area description

Samples from Chao Praya (CP) and Mae Klong
(MK} rivers were taken before the entry point into the
raw water canal and also before drain the outlet into

Gulf of Thailand (Fig. ). Samples from of the
beginning, middle and the end of the raw water canal

Chae Praya

Acr-cl

fiast Raw water canal

Fig. 1. The sampling sites used in this sampling campaign: &= surface walter,

Gulf of Thailand

=1tap water, % = groundwater {GW), & = bottled drinking

water (DW), and €= cemmercial ice cube (IC), Mae Klong river (MX); Chao Praya river (CP), canal (C) ; Bang Kean (BK} and Mahasawat

(MS) waterworks,
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Pellutants and parameters investigated in Thai water samples

Compounds/
parameter class

Specific compounds investigated/
methods used

Houschold chemicals
Surfactants =

Acidic
pharmaceuticals

Agricultural chemicals
Neuteal pesticides

Acidic pesticides

Organcchiorine
pesticides

Dhsinfection by
products

Volatile organic
compounds

Linear alkylbenzene sulfonates (LAS),
Sulfopheny| carboxylates (SPC),
Alkylbenzene suifonates (ABS)
Clofribric acid, Diclofenac, Fenofibric
acid, Fenoprofea, Gemfibrozil,
Ibuproten, Ketoprofen, Naproxen

ATPA, Alachlor, Amefryn, Alrazine,
Atrazine-desethyl,
Atrazine-desisopropyl, Azinphos-ethyl,
Chlortenvinphos, Chlorpyrifos,
Desmetryn, Dichlobenil, Bimethoate,
Epoxiconazole, Ethofumesate,
Fenoxaprop-ethyi, Fenpropimorph,
Fluazifop-butyl, Fluchloralin, Furalaxyl,
Hexazinone, Iprodione, Metalaxyl,
Metamitron, Metazachlor, Methidathion,
Metheprotryne, Metolachler,
Metribuzin, n-Chloridazon,
Parathion-ethyl, Pendimethalin,
Prometryn, Propazine, Propham,
Propiconazole, Sebutylazine, Simazine,
Tebuconazole, Terbuthylazine-desethyl,
Terbutryn, Terbutykazine, Trifluralin,
Vinclozolin

2,4,5-T, 2,4-b, 2,4-DP {Dichiorprop},
Bentazone, Bromacil, Dicamba,
Fluazifep, Fluoxypyr, Haloxyfop,
MCPA, MCPB, MCPP {Mecoprop),
Triclopyr

Aldrin, 4,4-DDD, 44-DDT, 2. 4-DDT,
4,4-BDT, Dieldria, a-Endosultan,
p-endosuifan, Eadrin, a-HCH, 3-HCH,
+-HCH, &-FICH, Heptachlor,
[feptachlorepoxid, Hexachlorobenzene,
Methoxychlor

Trichloromethane,
Bromadichloromethane,
Dibromochleromethne,
Tribromomethane,
Trichlaronitromethane
Bichloromethane, Tetrachloromethane,
Trichlaroethylene, Tetrachloroethylene,
1,1,1-Trichioroethans,
cis-1,2-Dichloroethylene,
trans-1,2-Dichloroethylene,

1, -Dichloroethylene,
1,1-Dickloroehtane,
Trichlorotrifluorochtane

Table | (continued)

Compounds/
parameter class

Specific compounds investigated/
methods used

Ca, Mg, Na, K, Fe, Mn, Al, 8i, As, Pb,

[norganics and heavy

metals Cd, Criop Ni, Sb, Se, Ba, B, Cu, Zn, U
GC/MS sereening Unknown pollutants and their
LC/MS sereening metabolites

TOC measurement
o], conductivity, UV absorbance
(254 nm}

Organic carben
Physicat parameters

were also collected in order to investipate the fate of
selected pollutants along the raw water canal. Eleven
tap water and three groundwater samples from the
Bangkok area were taken from east and west side of
Chao Praya river. Bottled drinking water and com-
mercial ice cube samples were also collected to
investigate the removal of selected pollutants in the
praduction process.

Water samples were also taken from Bangpra
and Sri Chang island waterworks i Chonburi
province. These two waterworks use different water
resources for tap water production. Raw water from
Bangpra reservoir and seawater are the raw water
supply at Bangpha and Sri Chang island water-
works, respectively. Al sampling sites are shown in
Fig. 1.

2.2, Selected pollutants

The investigated pollutants were divided into eight
groups: surfactants; pharmaceuticals; neutral pesti-
cides; acidic pesticides; organochiorine pesticides;
volatile organic compounds; inorganics and heavy
metals; disinfection by-products. Gas chromatogra-
phy/mass spectrometry (GC/MS) and liquid chroma-
tography/mass spectrometry (LC/MS) screenings
were also performed in order to identify the unknown
pollutants and their metabolites. Furthermore, sum
parameters such as total organic carbon (TOC) and
physico-chemical parameters were also determined
(Table 1).

2.3, Sampling, sample preparation, and analysis
Most samples were taken in July 2003, only

sampling at two waterworks in Chonburi was done
in October 2002. All samples were kept in 1000-mL
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polypropylene bottles and stored at +4 °C until
shipped to Germany for analyses. Each sample was
filtered through a ghass fiber (0.45 pum) prewashed
with methanol and Milli-Q water.

2.3.1. Neutral pesticides

After solid-phase extraction on Qasis® HLB
cartridges 3cc material (60 mg) {(Waters, USA) pH
7.0, neutral pesticides analysis was done according
to Knepper et al. by ion trap GC/MS (Varian, Walnut
Creek, USA) consisting of an AS 8200 autosampler,
a Varian 340 gas chromatograph and a Saturn I
mass spectrometer. A XTI-5 (Restek, Bellefonate,
PA, USA) column {length 30 m, film thickness 0.25
um, ID 0.25 mm) was used with helium as carrier
gas. Injections (3 pbL) were made in the splitless
mode with the injection port maintained at 50 °C.
This temperature was held for 3.5 min, followed by
a 20 °C/min ramp to 120 °C aad then a 2 *C/min
ramp to 200 °C. The temperature was then increased
to 300 °C with a 6 °C/min ramp, which was held for
10 min. The injector temperature profiles were as
follows: an initial temperature of 50 °C, held for
0.20 min, followed by a 100 *C/min ramp to 300 °C
which was held for 75 min.

2.3.2. Acidic pesticides/acidic pharmaceuticals

The water samples were extracted with 0.1 g
Lichrolute® EN (Merck, Germany) and 0.25 g

Table 2

Isolute® C18 EC at pH 2.0 (IS8T, UK) and denivatized
with diazomethane according to Knepper et al. The
analyses were performed using the same column and
GC/MS system as deseribed in Section 2.3.1, but
using different GC temperature profile. Afier injec-
tion, the temperature was held at 50 °C for 1.5 min,
followed by a 20 °C/min ramp to 120 "Cand a 2 °C/
min ramp to 230 °C. This was then increased to 290
“C (10 *C/rain ramp) and held for 10 min. The injector
temperature profiles were as follows: an initial
temperature of 56 °C for 0.2 min, followed by a 100
°C/min ramp to 300 °C, which was held for 70 min.
The MS data were collected in the EI mode (full scan,
m/z 60 to 5350 amu).

2.3.3. Branched allylbenzene sulforates, linear alkyl-
benzene sulfonates and sulfopheny! carboxylates

The analytical method based on solid-phase
extraction on Isolute® C18 material (IST) at pH 2.0
and subsequent reversed-phase liquid chromato-
graphic separation and mass spectrometric detection
is described elsewhere (Eichhora et al., 2001),

2.3.4. Disinfection by-products
Analysis of trihalomethane compounds and other
halogenated hydrocarbons was performed according
. to the international standard procedure EN SO
10301. One miliiliter of r-pentane and 0.5 ug of
bromotrichloromethane as internal standard were

River flow, basin aren, and water quality parameters of Chae Praya and Mae Klong rivers®

River Flow rate  Basin area River  Source of pH  Temperature  Conductivity  Turbidity DO BOD TCHB (MPN/
{m%s) (knm®) reaches pollution” ('C) (uSem) (NTUY  (mgh) (e/l) 100 mly®
Chao Praya 017 20,125 Upper  Industry: M; 731 299 258 54.3 445 09 1300
Agriculture: H;
Domestic: H
Middle Iadustry: L; 7.54 298 237 91.7 334 08 2700
Agricuiture: M;
Domestic: M
Lower Industry: H; 732 278 289 347 130 28 14,500
Agricuiture: T;
[Domestic: H
Mae Klong 550 30,840 Industry: M; 7.98 28.2 204 10 6.08 1.0 798

Agriculture: M;
Domestic: H

* Mean velues, year 2003.
B He=high, M=meditm, L=low.
® Total coliform bacteria.
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added to 100 mL of water sample. After vigorous
shaking for 10 min, the organic layer was removed
and dried by addition of 1 g of sodium suifate. An
aliquot of 1 ul was then injected into the GC
systent.

Analysis of the volatile halogenated compounds
was done by GC/ECD using a PerkinElmer Auto-
system XL. Separation was performed on two
columns, a ZBS5 (60 mx0.32 mmx 1.0 pm) from
Zebron and a VGC columm (75 mx0.45 mmx2.55
um) from Restek. Injection was done via a split/
sphitless injector at 40 °C. Tor GC separation, the
teraperature program started at 40 °C, incremented at
1 °C/min o 55 °C and then increased at 8 “C/min to

a final temperatare of 170 “C which was held for 15
min. For ECD detection, nitrogen was used as the
make-up gas.

2.3.5. Total organic carbon

TOC was analysed according to the European
standard procedure EN 1484 using a TOC-5,000A
Total Organic Carbon Analyser from Shimadzu
(Duisburg, Germany). In this method, the inorganic
carbon present in a water sample is removed by
acidification and subsequent stripping with nitrogen.
The organic compounds then undergo catalytical
oxidation to carbon dioxide which is stripped and
detected by infrared spectroscopy.

| Mae Klong

River water

Chao Praya l

Westeraw water canal

1 Mahasawat waterworks

Aerdtion

CuSy

Pre-lime
{optional)

[’rechlnrimlion

{1.9 mg/l)

AL(SO,),
{30 mg/)

Polymer
(0.02 mg/l}

Activated carbon

(5.0 mg/l)

Potassium permanganate
(1.7 mg/l}

Clarifier

Lillrati(m
sand}

Posichlorination
{2 mg/l}
residual conc.:
1.5 mest

¥

East-raw waler canal

| Bang Kean waterworks l

v
Pre-lime
(0.002 mg/D

Prechlorination
(0.8 mg/t)

Alz( 04)3
(40 mg/M)

Polymer
(0.03 mg/l}

Clarifier

Filtration
{sand/anthracite coal)

Postcidorination
(2.5 mg/h)
residual conc.:
1.2 mg/l

]
| 600,000 m’/day

Tap Water

|
3,600,000 mday

Fig. 2. Scheme of water production process at Bang Kean (BK) and Mahasawat (MS) waterworks in Thailand.
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2.3.6. Inorganics and heavy metals

The inorganic compounds Ca, Mg, Na, K, Fe, Mn,
Al and Si were determined by ICP-OES according to
EN IS0 11853, The compounds B, Ba, Cr, Hg, Se, Sb,
As, Pb, Cd, Cu, Ni, Zn and U were determined by ICP-
MS according to the German standard procedure DIN
38406, Part 29. In all cases, the water samples were
acidified prior to analysis by addition of 1% (viv) of
nitric acid.

3. Results and discussion
3.1. Sampling area and waterworks

The Bang Khen and Mahasawat waterworks are
responsible for water supplies in the Bangkok area.
The Chao Praya river and the Mae Klong river, where
the investigated waterworks withdraw their raw water
from, differ in terms of hydrological conditions, and
physical and chemical parameters of the water. Some

Table 3a

selected data characterizing the two rivers are listed in
Table 2. A scheme of the water production process
which is similar in both waterworks is displayed in
Fig. 2 (MWA, 2003). Unique to the Mahasawat
waterworks are the aeration, copper sulfate, activated
carbont and potassim permanganate treatment steps.
Bangpra waterworks utilizes raw water from Bangpra
reservoir to produce tap water. The production process
is adapted the same as used at Bang Kean waterworks.
Seawater is used as the raw water supply at Sri Chang
waterworks. The raw secawater is mixed with powder
activated carbon before passing through sand fltra-
tion, followed by reverse osmosis and chlorination.

3.2, Inorganics

In Tables 3a-3d, the accumulated heavy metals
and inorganics data are summarized for investigated
raw waters. All obtained wvalues are within the
recommended range for surface water destined for
use in drinking water production. For the inves-

Data analysis for inorganics (mg/l} in the surface water samples from the Chao Praya river (CP), the east raw water canal, tap water produced

from Bang Kean (BK) waterworks, and a bottled drinking water sample

Inorganics Drinking water CPi+canal® Tap water from BK® Bottied drinking Ccp2?
standards {mg/1)* water* (BW-BK)
Ca 75 22,6074 22.44+0.33 <0.5 26.3
Mg 5434022 5.1£0.08 <{0.5 6.9
50
Na - 14.5£1.24 14.34£0.05 1L 18.8
K - 3.754£0.15 3.53+0.05 <f1.3 4.3
Fe 0.5 2114060 0.0067£0.00% Q.01 0.02
Mn 0.3 0.13:4£0.0¢ 6.00240.603 <4).005 0.062
Al - 1.354:0.97 0.03+0.02 <{).02 0.04
Si 8.38+1.00 6.37:40.047 <{.1 8.2
As 0.05 0.002+0.0004 <0.001 <0.001 0.003
Pb 0.05 0.0024:0.0004 <0.001 <0.001 0.003
Cd 0.01 <0.0001 <0.000] <0.000H <0.00G1
Cr 0.05 0.002+0.0007 <0.001 <0.001 0,003
Ni - 0.003+0.0003 (.0003 £0.0005 <0.001 0.004
Sh - <001 <0.001 <0.001 <0.001
Se 0.01 <0.001 <0.001 <0.001 <0.001
Ba 1.0 0.06+0 0.043+0.005 <0.01 0.00
B - 0.03£0.004 0.037£0.005 .02 0.05
Cu 1.0 <(.01 <{).01 <001 <0.01
Zn 5.0 <02 0251036 <0.0G2 <0.02
u - (1.0004 £ 0.00005 0.00014:0.00002 0.00609 0.00048

The abbreviations identify the sampling sites as shown in Fig, 1.
* Drinking water quatity standards of Thailand.
b n=g,
¢ n=3.
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Data analysis for inorganics (mg/l) in the surface water from Mae Klong (MK) river, the west raw water canal, tap water produced from
Mahasawat {MS) waterworks, and bottied drinking water sampies

Inorganics Drinking water ME canal® Tap water Bottled drinking ME2" MK3*
standaeds (mg/1)" from MS® water
Ca 75 294-0.83 30£0.55 0.9+£0.9 332 40.9
Mg 50 7.01+0.24 7.1840.1 <0.5 8.0 36.8
Na - 3.8%1.07 5204024 24421 8.5 243
K - 0.1430.07 1440 0.35£035 21 1.3
Fe 0.5 0.14+0.08 0.018+0.036 <041 0.67 0.60
Mn 0.3 0.02+0.01 <0.0035 <0.005 132 0.125
Al - 0.11£0.10 0.16:£0.04 0.04+0.04 0.68 0.50
Si - 5.37£0.26 4.54:£0.05 5754135 7.8 6.8
As 0.03 0.0040.0005 (.001820.0004 ¢.001:+0.001 (.005 0.007
ri 0.05 (.0007 £0.0009 (+.0006+0.001 0.00£0.001 002 0.002
Cd 0.01 <0001 <0.6061 0.00003 £0.00005 <(.0001 <(.0001
Cr (.05 <0.001 <0.001 <0.001 ¢.001 0.0G2
Ni - <001 <0.601 <(,001 6,001 <0,001
Sk - <0.001 <0,001 <(1,001 <0001 <0.601
Se ¢.01 <0.001 <0.001 <(.,001 <0001 0.006
Ba 1.0 0.03£0.065 0.03+0 <101 0.05 0.04
B - <{.02 <0.02 0.6116.01 <(.02 0.13
Cu 1.0 <0.01 <0.01 <001 <001 <0.01
Zn 5.0 <0.02 0.06210.08 0.035+0.038 <0.02 <0.02
U - 0.0009£0.0003 8.001£0.0001 0.00036-£0.00034 0.06074 0.60078

The abbreviations identify the sampling sites as shown in Fig, 1.
* Drinking water quality standards of Thailand.
P =6,
¢ n=5.
)
® p=l,

tigated rivers and canals, the concentrations do not
differ significantly, except for the high sodium
concentration in samples from the Mae Klong river
taken at the site just proceeding the entry into the
gull of Thailand (MK3). The sodium concentration
in this sample was 243 mg/l, as showed in Table
3b. This can be explained by the seawater inirusion
from the gulf as the sampling site at MK3 is
located about 10 km upstream from the mouth of
Mae Klong river. Other naturally occurring inor-
ganicg, i.e. Ca, Mg, K were also consistently higher
at this last MK site in comparison to the sampling
sites further up the river. Seawater is used as raw
water supply for Sri Chang island waterworks, The
raw water contained high concentrations of Ca, Mg,
Na and K as shown in Tables 3d. However, as
shown by the subsequent tap water figures, the
concentrations of these elements are efficiently
reduced to acceptable values in the purification
process adopted.

The largest source of groundwater in-Thailand is in
Bangkok and surrounding provinees, with the current
levels of groundwater extraction exceeding safe yields
and leading to adverse effects. Six groundwater
samples were collected from around Bangkok area.
Groundwater from sampling sites near Mae Klong
river, in general, confained higher inorganics than
groundwater from sites near Chao Praya river (Table
3c). However, the concentration of sodium in the
groundwater samples collected from the Chao Praya
locality (159 mg/L) are higher than the Mae Klong
river locality. Here, groundwater was found to be
contaminated from saltwater intrusion attributable to
the over-extraction. Moreover, groundwater contained
higher contents of uranium than surface water or tap
water. The concenirations of inorganics in water
samplies can be used as indicator for distinguishing
groundwater from surface water.

Tap water produced from Sri Chang waterworks
contained a high concentration of sodium (216 mg/L,



Table 3¢
Data analysis for inorganics (mg/]) in the groundwater, bottled drinking water produced from groundwater, and commercial ice cube samples

K. Kruawal et al. / Science of the Total Environment 340 (2005) 57-70

65

Inorganics Drinking water Groundwater Bottied drinking water Greundwater near Ice cubes samples”
standards (mg/1)" near Mae Klong" produced from groundwater® Chao Praya river
Ca 75 44+9.23 <0.5 410 <0.5
Mg 50 17.742.78 <0.5 6.95+0,55 <0.5
Na - 494177 127 15942 1.07£0.56
K - 431047 54 1.254+0.65 0.130.19
Fe 0.5 0.5£0.85 <0.01 0.035:0.035 <0.01
Mn 0.3 0.066:4:0.07 <0.005 0.062£0.007 <0.005
Al - 0.20:10.34 <0.02 <0.02 <0.02
s - G.15+0.32 8.7 13.440.3 <0.1
As .03 0.001£0.0007 0.601 (.003 10 <0.001
Pl .05 <0.G01 <0.601 <0.001 0.003£0.005
Cd .01 <0.0001 <0.06G1 <0.0001 <0.0061
Cr .05 <0.001 <0.001 <{L001 <0.001
Ni - <0041 <0.001 <0.001 0.6003 40,0005
Sb - <0.001 <(.001 <().001 <0.001
Se (.01 <Q.00! <0.001 <0.001 <0.001
Ba 1.0 0.15x0.09 <Q.01 0.085:£0.005 <{.01
B - G.018£0.011 .02 0.025£0.005 <{).02
Cu 1.0 0.0025£0.005 <0.01 <01 <f.01
Zn 5.0 0.04+6.05 <{1.02 0.0354:0.005 <0062
u - 0.0082:£0.0014 0.00573 0.0051:£0,001 (100001 £0.00002

The abbreviations identify the sampling sites as shown in Fig. 1.
“ Drinking water quality standards of Thailand.
b p=d,
¢ u=l.
4 p=2,
=3

Table 3d) because this tap water was produced from
seawater. Boron was also found at a high concen-
tration {1.09 mg/L)., This is most likely attributed to
industrial and ship transportation sources occurring
around Sri Chang istand.

Heavy metals and inorganics were determined in
the bottled drinking waters produced from tap water in
Bangkok (as shown in Tables 3a-3¢). Bottled drinking
water DW-BK contained again lower concentrations
of heavy metals and inorganics than other bottled
drinking waters resulting from the more extensive
processes applied (see above).

3.3. Organic micropollutants

3.3.1. Pesticides and pharmaceuticals

From all 73 neutral, acidic and organochlorine
pesticides investigated, only atrazine was found in
the range between 58 and 86 ng/L in the samples
from Chao Praya river {CPl and CP2) and east raw

water canal (CP-Cl, CP-C2 and CP-C3) drawn from
Chao Praya river. The c¢oncentration levels of
atrazine are shown in Fig. 3. Chao Praya basin is
an important rice producing agricultural area, espe-
cialty along both river banks. Increasing demand on
agricultural preductivity has resulted in a rapid
increase in the use of pesticides. Subsequent runoff
from agriculturai arcas causes contamination of
pesticides in surface water.

The analyses from GC/MS sereening also showed
that endosulfan sulfate was present in surface waters
from Chao Praya river. Endosulfan sulfate 15 a
breakdown product of endosulfan and is more
pessistent than the corresponding parent compound
{Shetty et al., 2000). Endosulfan is one of the most
important agrieultural pesticides used in Thailand. Its
usage however is restricted and not allowed in rice
fields in Thailand (PANAP, 1996).

Neither neutral nor acidic pesticides were found
above LOD in all six groundwater samples analysed.
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Table 3d

Data analysis for inorganics (mg/l) in raw water and tap water from Bangpra and Sri Chang island waterworks, Chenburi province

fnvestigated Drinking water

Bangpra waterworks

Sri Chang island waterworks

chemicals standards (mg/)* Raw water

Tap water Raw water Tap water

Ca 75 8.7
Mg S0 29
Na 15.9
K - a7
Fe 0.5 0.09
Mn 0.3 0.15
Al - nd.”
Si - 13
Asg 0.05 0.061
b 0.05 <(.002
Cd 0.61 n.d.
Cr 0.05 n.d.
Ni 0,603
Se n.d.
Se .01 n.d.
Ba 1.0 0.08
B - 0.05
Cu 1.0 0.02
Zn 5.0 0.1

3.9 326 9.2
17 1066 58
22.8 8596 216
6.9 309 62
n.d. <0.2 G417
(.007 <0.1 nd.
0407 X4 n.d.
1.1 <2.0 0.1
n.d. <0.02 (.002
n. <0.02 n.d.
n.d. <0002 n.d.
n.d. <(0.02 nd.
n.d. <(.02 n.d.
nd. <().02 n.d.
n.d. <0.02 0.005
0.07 (.2 nd.
0.06 <04 £OY
. <0.2 n.d.
a.d. <0.4 0.09

The abbreviations identify the sampling sites as shown in Fig. 1,
 Drinking water quality standards of Thaijland.
b Not detected.

This might be explained by the fact that all ground-
water samples were collected from the Bangkok area
where less agricultural activities occur.

In the eight tap water samples collected in
Bangkok (Fig. 1), most pesticides were lower than
LOD, except for atrazine. In tap water produced

from Bang Kean waterworks, atrazine was still
detectable in the same concentration range than in
the surface water from Chao Praya river and the
east raw water canal (Fig. 3} from which it was
sourced. Moreover, endosulfan sulfate was detected
in tap water samples from Bang Kean waterworks

146

Concentration (ng/l)

L

CPt Cp-Ct Cp-C2

CP-C3

CP2  BKI  BK2  BK3

Fig. 3. Atrazine in the surface water from Chao Praya river, east raw water canal, and tap water produced from Bang Kean waterwarks (sources

from CP river, see Fig. 1).
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Table 4u
Data analysis for surfactants (pg/l) in the Thai surface water samples

Surfactants LO (ngM CPl+canal cr MK +canal M2 MK3 Banppra Sri Chang

Linear alkylbenzene 16 <LOD <LOD <LOD <LOD <LOD <L.OD <LOD
sulfonates (LAS)

Sulfopheny! 0.5 <LOD 1.7 <.OD 2.9 <LOD <LOD <LOD

carboxylates (SPC)

The abbreviations identify the sampling sites as shown in Fig. |.
<L.OD=below limit of detection.

(no data shown). This means that the tap water
preduction process used at this waterworks is not
capable of removing organic micropollutants from
the water.

All investipated pesticides in bottled drinking
waters were below LOD and thus also atrazine was
effectively removed by the use of activated carbon
filtration in the production process. Bottled drinking
water (DW-BK) produced from tap water from
Bangkean waterworks.

The bottled drinking waters DW-MS3 and DW-
MS5 were produced from the tap waters MS3 and
MS3, respectively, These two bottled drinking water
comained lower SPC concentrations than the tap
water, as shown in Table 4c.

Furthermore, the presence of pharmaceuticals in all
water samples was below detection limit.

3.3.2. Surfactants

Analyses of surface water showed that LAS and
ABS were observed at lower levels than the limit of
detection (LOD) in all surface water samples exam-
ined (Table 4a). Only the aerobic metabolite of LAS,
SPC, showed an increase from below LOD up {0 2.9
pg/L in samples taken from surface waters after their
passage through the Bangkok arca (Table 4a).

Table 4b

These concentrations are still considerably low
despite the discharges from the highly populated areas
in Bangkok where the river water is affected by waste
originating from various human activities. However,
SPC was again below LOD in the sample taken from
the site close to the river mouth (MK3), which can be
explained by dilution through seawater intrusion.
ABS was not detected in any of the samples (no data
shown).

LAS and SPC were also found at concentrations
lower than the LOD in raw water at the two
waterworks in Chonburi (Table 4a). Bangpra water-
works uses rain water collected in a large reservoir as
the raw water supply. There are no domestic or
industrial discharge into the reservoir. Seawater is
used at Sri Chang waterworks.

Low values of LAS and SPC (Table 4b) were
detected in the groundwater samples, except for GW?2
which was collected from a private well. GW2
contained 7.5 and 18 pg/L of LAS and SPC,
respectively, There were various human activities
occurring, including washing and cleaning around
this well, which can be a potential source of the SPC
contamination in groundwater.

The results of the surfactant analysis on different
tap water samples is shown in Table 4c. In tap water

Data analysis for surfactants (jig/1) in the groundwater and conumercial ice cube samples

Surfactants LOD Groundwater near Groundwater near Mae Klong river [ce cube samples
Wgh — ChaoPrayariver Gy Ggwz  gws  Gwa 10l IC2 ICMS3
Linear alkylbeazene 1.6 <LOD <LOD 7.5 <LOD <LOD 1.8 31 130
sulfonates (LAS)
Sulfophenyl 0.5 1.2 <LOD 18 <LOD 1.1 3.6 18 51

carboxylates (SPC)

The abbreviations identify the sampling sites as shown in Fig, 1.
<LOD~below limit of detection.
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Table d¢
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Data analysis for surfactants (ug/l) in the tap water produced from Bang Kean (BK) and Mahasawat {MS) waterworks, and derived botled

drinking water samples

Surfactants LOD Tap water Bottled drinking water
g/l gy MS1 MS2  MS3 MS4 MSS BK MS sites
Linear alkylbenzene 1.6 <LOD 4.3 1.6 <LOD <LOB <L.OD <L.OD <LOD
suifonates (LAS)
Sulfopheny! 0.5 3.1 2.1 3.6 22 0.6 1.4 <LOD 0.8

carboxylates (SPC}

The abbreviations identify the sampling sites as shown in Fig. 1.
<LOD=below limit of detection.

from Bang Kean waterworks collected from private
houses, an average concentration of 3.1 pg/lL of SPC
was found and LAS concentrations were below the
LOD. MS! (from a storage tank in private house)
contained 4.3 pg/l. (LAS) and 2.1 pg/l. {(SPC),
whereas MS2 (from a storage tank in & commercial
ice cube factory) contained 1.6 pg/L (LAS) and 3.6
pg/l. (SPC). The analyses revealed that SPC were
also present in MS3, MS4 and MSS5 (0.6 to 2.2 pg/l.)
while LAS was below LOD. MS3 was coilected
from reservoir tank in the bottled drinking water

factory while MS4 and MS3 were taken directly
from the tap of private houses. Thus, it was not
surprising that both LAS and SPC may mainly
contaminate from cleaning activities in houschold
and factory.

All commercial ice cube samples contained both
LAS and SPC, especially IC-MS2 (as shown in
Table 4b). The concentrations of LAS and SPC in
IC-MS3 were significantly high at 130 and 51 pg/L,
respectively. The source for this poliution of
surfactants, especially in ice cubes, might be traced

100 - o 5
tap water and drinking water produced tap water and drinking water produoced tag waker from 3,3
from raw water of Chao Praya river from caw water of Maa Klong river waterwork in Chonburi

a0

+3

B0 -

701 12,5
s EERNe)
? Bl
~ 56 E
2 2

o S
Q404 Ly =
30 11
20
10,3
10- ]
0- ] o

BK1 BK2 BK3 DW-BK MS2 MBS

MS3

DW-MS2? MS3 DW-MS3 MS4  Bangpra Sri Chang

i 0O Sum of DBPs B TOC

Fig. 4. Disinfection byproducts (DBPs) and total erganic carhon {TOC) in tap water and hollled drinking water in Bangkok and raw water and

tap water in Chonburi.
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back to the cleaning process of the machines with
surfactants.

3.3.3. Disinfection by-products

Disinfection by-products (DBP) were detectable
in almost all tap waters and bottled drinking waters
which were produced from tap waters. In particular,
three disinfection by-products, trichloromethane,
bromodichloromethane and dibromochloromethane,
were found in the samples under investigation. The
levels determined are shown in Fig. 4. The tap
waters produced from raw water of Chao Praya river
{(BK*) contained higher concentrations of disinfec-
tion by-preducts despite the lower concentration of
chlorine used during the prechlorination process
(Fig. 2). However, since the TOC levels were alse
higher in this raw water, the formation of DBPs is
more likely.

Samples from two waterworks in Chonburi
province were also analysed for disinfection by-
products. The tap water from Sri Chang Island
waterworks gave a total of disinfection by-products
concentration level (30 pg/L} similar to the tap water
from Mahasawat waterworks. Surprisingly, DPBs
were not detected in the sample from Bangpra
waterworks although the TOC of tap water from
Bangpra (2.3 mg/L) was equivalently as high as the
tap water from Bangkean.

DBPs and TOC were also found in bottied drinking
water, Bottled drinking waters DW-MS3 and DW-
MS5 were produced by UV disinfection from tap
water MS3 and MSS, respectively (Figs. | and 4). The
UV disinfection process is not to be considered in
removing significantly TOC and DBPs from water. In
contrast, the drinking water DW-BK, which was
produced by activated carbon filtration foliowed by
reverse osmosis and UV disinfection, contained low
amounts of DBPs although it was produced from tap
water that contained high concentrations of DBPs
(BK).

4. Conclusion

One of Thailand’s most critical environmental
problems is water pollution. Moreover, Thailand has
the lowest volume of surface water per person,
compared fo other Asian countries (World Bank,

2000). This study covered the selected micropollu-
tants that might be relevant for drinking water
production. Ali analyses performed in this study
showed that the overall pollution of the investigated
surface waters in Thailand is quite low compared to
other recent data available from literature for other
regions with similar infrastructure and population. For
exampie, the anionic surfactant concentration is much
lower than data reported for, e.g. the Philippines,
Brazil and Taiwan, where values up to 155 pg/l were
reported (Eichhorn et al,, 2001, 2002). However,
several compounds which have already been banned
in Europe and US such as some halogenated
pesticides are still used in Thailand. These pesticides
shouid also be replaced by environment-{riendly
chemicals or biological/environmental control.

However, even if at present, the pesticide residues
in surface water are detected in a relatively lower
range, the treatment processes for tap water and
bottled drinking water production have been shown
here to be madequate for completely removing
micropoflutants. It can be recommended that other
additional water treatment steps, such as active
charcoat {iltration and subsoil passage, complemented
by laboratory experiments on the elimination of
pollutants at low concentration, be investigated to
further improve Thailand’s chemical water quality.
The finding of this study has made it possible to
propose new water quality and guidelines for these
micropoliutants.

To date, National Environment Board has pre-
scribed drinking water qoality including bottied
drinking water quality standards and groundwater
guality standards for drinking purposes (PCD, 2002).
These water quality standards set limits for only 30
parameters and 1nicropollutants such as pesticides
are not included. The Thai Government should
upgrade the water guality standards in an effort to
reduce water pollution and also assure safe drinking
water supply. Additionally, there is a need for
monitoring program. The assessment of water
quality based on the evaluation of BOD, DO, TCB
and other parameters in present regulation is not
enough. Widening the quality assessment to micro-
pollutants is desirable. To address this problem,
Thailand need to develop a regulation and an
integrated approach for management of drinking
water resources,
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However, one has to keep in mind that only the
chemical water quality in Thailand has been addressed
here, whereas the micrebial and much more important
parameters regarding drinking water safety were not
investigated at all.
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Gppiineiy : (Max;mum Acceptable | (Maximum Allowable

______ S :_'_'::;cdhééhtrat'ip'n)_"_f'_' Concentratmn)
L o _ ator
namean | iladny-Tavoaa
1.9 (Colour) 5 15
{Platinum-Cobalt)
[~ o r 1o
2.5€ (Taste) 5 Tulufsafes Tudlufsudos
= v o tw [] o
3.n8% (Odour) L Tuitlufsafes Tiflufisudon

. Fam ana gis
4.0 UH (Turbidity) 5 20
(Silica scale unit)

s auilunga-a1a(pH) - 6.5-8.5 9.2
maell BalSumasnavee

un./a. 500 1,500
{Total Solids)
71980 (Fe) un./a. 0.5 1.0
8. antie (Mn) wna, 0.3 0.5
9. MANUAZIIMTIE (Fe& Mn) n./a. 05 1.0
10.199L89 {(cu) 1un./a. 1.0 1.5
11.5402F (Zn) HA/a. 5.0 15.0
12. /2 (Ca) 1n./2., 75° 200
13.undEon (Mg) Nf/A, 50 150
14.4aHn (SO,) URL/A 200 250°

2

15080 158 (CD) UN./a. 250 600
16.vgee 134 (F) un./a. 0.7 1.0
17.luasa (NO,) un./a. 45 45
18.0afaUUEaTa 1Wiue

NA/A. 0.5 1.0
(Alkylbenzy! Sulfonate, ABS)
EQ.WI‘Haﬂ"ffummu“g(l’hcnolic

uAL/a. 0.001 0.002
substances as phenol)
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/8. 0.05 -
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25 Taren lug (CN) UN./A. 02 -
26 nAAY (Cd) un/A. 0.01 -
27.401383 (Ba) uf./a. 1.0 -
=) P | o
M990 TNE , . lalafieeginen
D8 LAAUATT AIHARIATULA 1
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NUMBNH |18 (Colour) susUyiin(Hazen) 20
. lutingu
2.naU{Odour) - } 2 -
(asaunaunaniy)
‘ FAMTNAYUN
3.ANYU(Turbidity) 5
{silica scale unit)
4 AA T URTA-A1 (pH) - 6.5-8.5
MauAl 5.3J5 U I aNIA( Total Soilds) na./a. 500
6. ANUNTEA1N I UA(Total Hardness)
. . . , un/a. 100
(FuauTuaaien 1 LoIUn)
70154y (As) N/, 0.05
S el (Ba) Un/a. 1.0
0 ARl (Cd) 3n./0. 0.005
4
10.999 b56
. X y un./a. 250
(1, MuniiiuaaoTu)
11 Tas o (Cr) 1A./A, 0.05
12.11836A {cu) WAL/ 1.0
131180 (Fe) un/a. 0.3
14,027 (Pb) wa./a. 0.03
1540758 (Mn) un./a. 0.05
16.U59% (Hg) . un./a. 0.002
7. lwase
. . Un./a. 4.0
(NO,-N, Araaudlu TuTasmu)
18.51198 (Phenols) uA./a, 0.001
19. Fadlow (Se) un./a. 0.01
D0.4U (Ag) un./a. 0.05
21.49fue (SO, un./a. 250
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22,5402 (Zn) un./a. 5.0
23 Wapol3a (F)
. B . N/, 1.5

(Muouilugesiv)

24 il un./a, 0.2

2510818 (Alkylbenzene Sulfonate) un./a, 0.2

26 lyen lud un./a. 0.1
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yatimes  27.1aanesu (Coliform) 193.3W.181/100 1441, 2.2
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1 e o
aaneaw |1 8(Colour) oty Tnveoad 5 15
2 ALYH(Turbidity) iAWY 5 20
s.anuilunsa-an (pH) - 7.0-8.5 6.5:9.2
IR 449150 (Fe) un./a. laifiuni 0.5 1.0
s amila (Mn) UN/A. Taifundi 0.3 0.5
6.n91A4 (cu) yn./a. lsiifiund 1.0 1.5
7. 8aneH (Zn) UR/A. Taiifunn 5.0 15.0
g i (SO,) AR/ Tuifumd 200 250
o aae'lsd (C) un./a. TiiiRundn 250 600
10.Mgee lsd (F) uA./a. Tiiundr0.7 1.0
11 umsa (NO,) un/a. hiBundn 4 45
12.ANUNTERIVAHUA L
LA, Tfiuen 300 500
(Total Hardness as CaCQ,
13.07UN32AN013 e
10./8. Jaifiun 200 250
(Non carbonate hardness as CaCo,
a E o '
145 mnmmsNavuafagans 14 y .
YR/a. LR 600 1,200
Total disslved solids)
GREAYY 15.815MY (As) UR./a. doa liflian 0.03
16. Taren Tud (oN) un/a. do4liae 0.1
17.02A7 (Pb) un./a. daahifay 0.05
181501 (Hg) un/a. aeshifiae 0.001
19.unmilng (Cd) UR.a. gos hiflae 0.01
20 F a1 (Se) /A foslutine 0.01
natines  21LdnwE Rasanulaels . e
Talatiae sy, liifuna 500 -
Standard plate count
22 dfneiNnsaany Taeds Hu.f.du .
, Teuni 2.2 -
Most Probable Number (MPN) 719 100 L9,
23.8.Ia la (E.coli) . doalifiae -
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Wasgrunumwhlday

Coariiquaimiy HUW CAWWTEH | Bmsasinda
A5 Purge and Trap Gas
1.3 Duns fszved o (Volatile Organic o Chromatography ELB): Purge and
Tulasnsw | , . ..
Compound) - Aoq it s Trap Gas Chromatography/Mass
- ang actd d
1) 1UHTH (Benzene) Spectrometry ﬂ‘%‘mﬁﬂuﬁﬂmmua&;
e uyen
Y o B v ra
2) A usunaszAas 134 (Carbon Tetrachloride) " dolnu 3 "
3) 1,2 - pa® 158U (1,2-Dichloroethane) y foalilifu s "
1) 1,1-1anas Tsienga (3,1-Dichloroethylene) " foqluiin 7 ¥
5) e 1,2 - lanan Isl@nFau (cis-1,2- v e
" Ao liinu 70 "
Dichloroethylene)
6) nIud -1,2-lanae T51onTEuU (trans-1,2- . A\
: Ana haitAv 100 "
Dichloraethylene)
7 a X ¥y a
7) laman Tsiinm {Dichioromethane) " Ana luinu 5 "
) 10T AU UEY (Ethylbenzene) . anqhifiu 700 "
9) a'lo3u (Styrene) X Foaliiiu 100 "
10) IATLAAD 1518M5 AU (Tetrachorocthylene) L foalifu s "
11) Tng8u (Toluene) " e i 1,000 "
12} Tnsnas Tsieniau (Trichloroethylene) P doaluiu s "
13} I,I,quﬂiﬂaaiiamu (1,1,1-Trichloroethane) " é’fﬁ]\‘l"fﬁiﬁu 200 "
14} 1,1,2»~“1@13ﬂna'h‘é’mu (1,1,2-Trichforoethane) " dod iy 5 "
W
15} TaAuvianum {Total Xylenes) " daalaiin 10,000 "
% Direct Aspiration/Atomic
o Absorption Spectrornetry n707%
2. Tavigniin (Heavy metals)
- S Inductively Coupled Plasma/Plasma
1) unailgi (Cadmium) LUATNIN/ONF| @193 lﬂﬁﬂu 0.003 :

=S

L A aa A
Emission Spectroscopy HIDI1T8U

ATUALANNATHITT UYBLY

2) Tﬂilgﬂn‘ﬁﬁﬂlgﬂ“]ﬁﬂuﬁuﬁ {Hexavalent

doalsidu 0.05

1

T O e e
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Chromium)

3) NOLA (Copper) " Ao iy 1.0 "

1) az i (Lead) " ava A 0.01 "

sy uuapia (Manganese) " doalsiiu 0.5 "

6) fimfa (Nickel) " deallifu 0.02 "

7) danzd (Zinc) " doabiifiv 5.0 "
& Hydride Generation/Afomic
Absorption Spectrometry Hiolt

8) 717HY (Arsenic) " foalalifu 0.01 Inductively Coupled Plasma/Plasma
Emission Spectroscopy w%‘a%ﬁé‘ué
nsuR LAY UYL

0) Fatiew (Selenium) ! foa T3l 0.01 "
i3 Cold-Vapor Atomic Absorption
Spectrometry/Plasma Emission

10) 389 (Mereury) " goalshiu 0.001

Spectroscopy #3035 OUANTHATLAL

TSR ATE oY

% Liquid ~ Liguid Extraction Gas

e oo oo w . . - . 1, Chromitography/Mass Spectrometry
3. mstleaduidadagfvuazdad (Pesticides) lulnsnsy | , ... o
Aoalitiu 02 33D Liquid - Liquid Extraction Gas

1) aaaeai (Chlordane) foaAnNT R
Chromatography (Method [} H3 83501
hnTHALRUUATHHUDY

2) AnaT1 (Dieldrin) " Aoa s 0,03 -

3) 1@1)nAaed (Heptachlor) " Ao luif 0.4 4

4) tgdanaes dven’lud {Heptachlor Epoxide) " Aa v 0.2 .

5) @d#l (DDT) " Aodlulifiu 2 -

Nt Liquid-Liquid Extraction Gas
=t 9 | A ot A

6) 2,4-9 (2,4-D) " doalaitiu 30 Chromatography HI81M8UNNT
AIuRuUNaRuAL oL

7) 02N 151 (Atrazine) " foeluiiin 3 "

- Y woem 35 Liguid-Liquid Extraction Gas

8) fHIAY (Lindane) " @B 1A 0.2

Chromatography (Method 1} 1383381
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A% Liquid - Liquid Extraction
Chromatography #5033 Liquid ~

) wunzaas IsHuea (Pentachlorophenol) " dealafu | Liquid Extraction Gas
Chromatography/Mass Spectrometry

A el A o o
NIDITOUNOTUA TV HLAWEIHUYDU

7% Liquid - Liquid Extraction

e A . .
- & y o Chromatography Y3913 Liquid-Liquid
4, AN 9 lulpsndu | , ..
0 . - Ameliifn 0.2 [Extraction Gas Chromatography/Mass
1) 1111 T (19) IW5U (Benzo (2) pyrene) donns ek
Spectrometry HIDFTOUVIATUAIUAY

= =
NAWEITETAL

AT Pyridine Barbituric Acid wialh
. A A

. e ' 2 . Colorimetry #3873 lon

2) Tasen Tud (Cyanide) ) fee 1A 200 it oed A

Chromatography HI8180UNNTY

nuguuanisiurey

A5 Liguid ~ Liquid Extraction Gas
3) Wt (PCBs) " doaluiiu 0.5 Chromatography (Method 11) 3875

Sufinsusuguuaiuiuyey

% Purge and Trap Gas
Chromatography #3075 Purge and
4) latianan 15 {Vinyl Chloride) I Ao liinu 2 Trap Gas Chromatography Mass
Spectrometry H30350UANTIA AL

Han YL

WY

¥ ¥ v .
1. minsnasugunmahtdauldiSmanas pudmfumsinnziinnesihide (Standard Methods for the Examination of
Water and Wastewater) i American Public Health Association, American Water Works Association

® »
a 1

une Water Environment Federation sosmnfgomnimsmiusmua wiomugiiodnszhinesinfovesanauimasfanadon

uralssmerlne
A o w ur ' e ¥y o ~ S
2. Fmatueesimndetialldau iy hisahasunuguuarilszmalusafemguamn

unaai: semmmnznssumsdaaademniand aiun 20 (w.a. 2543) senmunimlurszswliydidaaduuasd nmsunm
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mmmieawes R e BT B TGRS
1. UANYIZWINI0ATH
- & (Colour) ,Pt-Co unit 300
2. gauansnemuaddanniu/ang)

- ‘d?mm’dﬁﬁ&mﬂ%ﬂﬂuﬂ(i’otal Dissolved Solids) 1,500
L MAn(Fe) 50

- 9 fia(Mn) 5

- MDA Cu) 1.5
- Fanzf(Zn) 1.5
- 4] mmé&mimﬁEJaJc?f’awl@(MgSC)4+Naso4) 1,000
- 6afa LUUDa 9a Iua(Alky] Benzyl Sulfonates) 0.5
- TUmSANO JasNO, 45
-genlsdr) 1.5

3. qudnungnnasiiuiiy (ladnfubdes)
- W Tudn dunaaud 0.002
L N imiin(As) 0.05
 Saidion(cd) 0.01
- Iﬂ‘ilﬁﬂh(Cr hexavalent) 0.05
L Taren lud(cn) 0.2
L azia(pb) 0.05
= Lcmm‘fi g1(Se) 0.01
- £‘§mﬂﬁ’.}uiﬂﬂﬁ(gross beta activity) 1,000
4. puanyuzneAmNanz(@ainiu/bas)

-4 Tl A(COD) 10
-1 Te &(B O D) 6

- ‘luimswﬁnjwmmol) 1

- uau Tudia(NH,) 0.5
- @ 8(Carbon Chioroform Extract) 0.5

- ﬂ%clf(Grease)
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MP/100 ml: coliform bacteria”

3. c!: T g)d”. o d L] a1 ;@J .”.,gg ydoy .
BUN 1 UHAIHTHRHANHUZINEIHIUNTINIT Wualsn %ﬂmﬂum‘ﬂﬁsﬂ"&

e 8 E A ' A ¥
WAL Lllﬂulll'ﬂﬁ]'ﬁﬁﬂﬂﬁﬂqulﬂ

0-50

14
oaj c:{ 1 r_,ycs al @ c.‘.::;y ] P}
uh 2 unashiinudnyuemalnwiidserunssniimsannsneu ms

& o 2 50 - 5000
Ay04 uazmIange 13a 39 M winlszh 14
& A | o et pe = 4 4 a ﬁ o @ N P [aAn ¢
¥ 3 urasaihiuTnauanumuduiludsddns s duEn i 18

s - 5000 - 50000

sey ludud 2 Telddhndnlsahld
ugf { T :’ = =y ] =t t éu 4
WU 4 urauniuS ey ew ldduaevaslniemsl sz 14
TR R A a &y P Vg oy ¥
AuPBua Iaduns syt $9ldoonuuu I3dlumsmwizur 1914 >50000

» w Y 1 H K4
uvastiniveg lusuigeinld (fo Tanuandsnuiniy

T o . . i 1 o - ) ) ' éu o
MINYIRE BINUTT 40% 10981194 coliform bacteria Furanalua1 pH 1111 Faccal coliform Tunwasshla 1#4a

INTERNATIONAL STANDARDS FOR DRINKING - WATER

~ 1.Compounds Affecting the potability of water

Substance Maximum allowable limit

- Total dissolved solids 1500 mg/l

- Iron 50 mg/l

- Manganese(assuming that the ammonia content is less than 0.5 mg/1) 5 mg/

- Copper 1.5 mg/l

- Zine 1.5 mg/l

- Magnesium plus sodium sulfate 1000 mg/l

- Alkyl benzyl sulfonates (ABS : surfactants) 0.5 mg/l

2. Corﬁpé)rien’tf_é _hdz'ardous to health-,

Substance Maximum allowable limit
- Nitrate as NO, 454 mg/l
- Fluoride £.5 mg/l

3. Toxic substances -

a

dnindanunneenadas uvInedumalu Tabgsus
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Substance Maximum allowable limit

- Phenolic substances 0.002 mg/l
- Arsenic 0.05 mg/l
~ Cadmium (.01 mg/l
-~ Chromium 0.05 mg/l
- Cyanide 0.2 mg/l

- Lead 0.05 mg/l
- Selenium (.01 mg/l

- Radionuclides{gross beta activity) 1000 mg/l

Indicator Maximum limit of pollution

- Chemical oxygen demand (COD) 10 mg/l
- Biochemical oxygen demand (BOD} 6 mg/l
- Total nitrogen exclusive of NO, 1 mg/l
- NH, 0.5 mg/l
- Carbon chloroform (CCE : organic pollutants) 0.5 mg/l

- Grease I mg/l

5. Bactenological Stéﬁdards’ :

Classification MPN/ 100 ml coliform bacteria

- Bacterial quality applicable to disinfection treatinent only G-50

- Bacterial quality requiring conventional methods of
50-5000
treatment(coagulation,Filiretion, disinfection)

- Heavy pollution requiring extensive types of treatment 5000-50000

- Very heavy pollution, unacceptable unless special treatment designed for such
greater than 50000
water are used ; source to be used only when unavoidable
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wasginanwihdszihvsamsilszahunsvai

EuAnzIives WHO 1 2536)

el | whewe | dwen
LgaaiAnmauuaiiis e (Bacteriological quality)
Tﬂaﬂﬂgmmﬂﬁﬁﬂ { Total coliform bacteria ) MPN/100 ml Tiwy
wuniiFowtia 81ala (B coli) MPN/100 ml Taiwu
2. ammniantaadl-Adnd

&g 19§ (Apperance colour) True colour unit 15
AN (Turbidity) NTU 5
360 4B NAY (Taste and odour) - Tl safion
7139y (Arsenic) ' mg/l 0.01
Llﬂﬂiﬁ‘ﬁm {Cadmium) mg/l 0.003
Tmzﬁsm {(Chromium) mg/] 0.05
larolua {Cyanide) mg/l 0.07
mf‘%’a {Lead) mg/l 0.01
1l5en {(Mercury) mg/l 0.001
E“h’im‘ﬁﬁlii (Selentum) mg/l 0.01
ﬂgﬂ@%‘iﬁ (Fluoride) mg/l 1.5
A8 157 (Chloride) mg/l 250
NoaLad {Copper) mg/l 1
1Wan (Iron) mg/l 0.3
e {(Manganese) mg/l 0.1
ﬂQﬁL‘ﬁUN {(Aluminium} mg/i 0.2
Tosifen (Sodium) mg/l 200
Fan (Sulfate) mg/l 250
Fan2d (Zinc) mg/l 3
Telasmuda’lWd (Hydrogen sulfide) mg/1 0.05
ﬂ?mmmamiﬁagmﬂﬁmm (Total dissolved solids) mg/1 1,000
Tumsnlugd T Tasiou Nitrate as N) me/l 10
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wouTandielugi TuTasmu (Ammonia as N) mg/! 1.5

(UUTY (Benzene) mg/] 10
Mivoumns 10D 139 (Carbon Tetrachioride) mg/] 2
TaTasTsiimu (Dichloromethane) mg/l 20
wits, apa-lalns 1s8mu (1,2-Dichloroethane) mefl 30
i Tos TwSu {Benzofalpyrene) mg/l 0.7

ar =)

3. @513 4 o afuuazidadnsia (Pesticides)

a

SaaIUASAATU (Aldrin/Dieldrin) mg/l 0.03
A89iAY (Chlordane) mg/l 0.2
aan {DDT) mg/] 2
704,87 (2,4-D) mg] 30
wwmsasuazislainaedweonlad {Heptachlor and Heptachlor mg/1 0.03
epoxide)

1ENYERAD 15IUUTU (Hexachlorobenzene) mg/l 1
AuLAU (Lindane) mg/l 2
lwnnen¥aas (Methoxychlor) mg/l 20
iwumnas 1sWuesa (Pentachlorophenol) mg/} 9

4 lasenTafimu (Tribalomethanes)

aae 13nesy (Chloroform , CHCL,) mg/! 200
Tus irlenae Tsfimu (Bromodichloromethane , CHBrCL) mg/t 60
”1@1‘11;3’1;5?1@@13 T {Dibromochloromethane , CHBr,CDH mg/i 100
TusTuwedy (Bromoform , CHBr,) mg/l 100

3. AulURATNT I8 (Radioactive)

AU TN sTuea (Gross alpha activity) Ba/l 0.1
ANULTITINTITIUA (Gross beta activity) Bo/l i
L Y
HHaIDNBY

httpe/iwww.mwa.co.th/~ppgedept/waterg/waterstd.hfml

http://www.ped.go.th/Information/Regulations/WaterQuality/ WaterQualityStandards Thai.c fm

http:/rwww pwa.co.th/

e e NN TRV OV gttt

LY
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1) maanaznouuuulaa (Discrete Settling)
2) MIANAZNDUIINAGN(flocculent Settling)

3) NIARAYNOUNVLUUITY (zone Settling)

4) m‘iﬂﬂﬂsﬂ@ussﬂﬂﬁﬂﬁ’a(Compression
Settling)
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Transition Zone
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1. @ausi lviad (Inlet Zone)
2. @IUANAZNOH (Setting Zone)
3. FINAZNBUNUGN (Sludge Zone)

4, @3 |1a090 (Outlet Zone)
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Filtration

|

Surface Filtration | |In-Depth Filtration

mMenTsuuAaNa ! | mInseanuufang]
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Surface Filtration (MINIBIUVVAAN)

| ]
Bar Filter Porous Media Pre-coated
Filter Filter
-Microscreen l
-Filter Press -Cartridge Type
i -Diatomaceous
~Vacuum Filter Filter
Earth Filter

In-Depth Filtration J

Classification of In-Depth Filtration
(1) Classify to Filtration Rate
(A) Rapid Sand Filter
{B) Slow Sand Filter
{2) Classify to Types of Filter Media
(A) Sand Filter
(B) Carbon Filter

In-Depth Filtration (Cont)

{C) Dual Media Filter
(B) Mixed Media Filter
{3) Classify to Flow Direction of Water
{A) Downflow Filter
(B) Upflow Filter
(C) Biflow Filter




In-Depth Filtration (Cont) J

(4) Classify to Alignment of Filter Media

Types of Filtration

!

(A) Coarse to Fine Filter Slow Sand Filter Multi-Mediza Filter
(B) Fine to Coarse Filter
(5) Classify to Flow of Water
(A) Pressure Filter Rapid Sand Filter
(B) Gravity Filter
) STow Savd FilTaton
Slow Sand Filter '
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Slow Sand Filter
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Rapid Sand Filtration
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Media Specific Gravity | Effective Size
Silica Sand 2.65 0.5mm
Anthracite Coal 1.5 0.7mm (~1 mm)
Garnat Sand 4.2 04-0.6
lImetite 4.5 0.3mm
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Grain Size
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{Flocculation & Coagulation)
AMINNALHOU (Sedimentation)

N1373794 (Filtration)
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» Coagulation and Flocculation
+ Colloidal
* Coagulant, Jar Test

* Rapid Sand Filtration

* Rapid Mixing

Coagulation and Flocculation

« Colioidal Particle 3u41@ 10° mm - 10°
mm Hansaanazne laaeivyn

aadlunading
+ msaansasluszuvilszalimdala luvua

o o
* Floc M3dunguvesnsanssaailufiow
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Coagulation and Flocculation

. o 34
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« Flocculation M3l#syninnoaases
mamsaudatazmzaafiuily Floc
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« AYNIAFIN]AB Dispersed Phase @19
AANanaAa Dispersed Medium
R = = ol
. Hyophobic ussEmtiatainpanaend
flauamaal Hyophilic -agaE1a

NORANTTHUDIABRRALR (D)

Manssifinslifaeseynanaasasd

finflutlszaau Hyophobic YNl ARs AN
szudeayma hisousadlungudau

wr & o o
Uszqlidniuiledeivinlinanaaand
LEnRs NN

+» Electric Double Layer Theory

"

Electric Double Layer Theory
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AMNAIATUAAS Coagulation

To distnfaction

ASEUIUNNT Coagulation ANNNSDANAREIS: '

Back wash warer
- ~ o s Chermical — Filter
. @gn‘aﬂﬁ@ﬂ@'ﬂﬂﬁﬁﬁ’ﬂﬂ‘t&ﬂiﬂ Direct Filtration |
| S B I
E 1
. E |
AS bEStOS Raw Water Rapid : . . :
. . ¢ i Slow Mixing . "
» Color, Humic Acid Mixing Clearifier
tank
- Algae, Bacteria and other microorganism, .. Tank —
« Toxic synthetic Organic substance Coagulation Siudge
il ARSI (Aa)
A5LANT L

1. M EEEANSIHTUL U
+ Coagulant, Floccuient, Coagulant aid

o ¥ e 1 3
et 8em « wnnzduiuinaiaonatuaaen
- #siaiininealiae AlL(SO0,),14.3H,0 - Y .
- flwiinAIuNIEAM9AN9T (CaS0o,)

- Coagulant aid: Polyelectrolyte£z w
, y Y 2. grefnTannulgauat
+ LNBLAN Coagulant DEWANGD (+i

Ufn3ennu OH iiasnsisznaulans
OH(+) T ldaazu-dwnats

s = & ' '
- T fAaeunsz AR N LA LWENTT

3.FeSO, uaziluua

- AaepndFannaluanadlignaas

#5LANNLT (Bia) A5LANNME (AR)
4. melE FeCl, 6. MgCO, uaz Yuu3
. wanzdwiuihdeunndduy Fe(OH), - lanAnuas Mg(OH), Asnalauns A(OH),

o ¥ ales o o
« @514 Coagulation LN AR H,S - anflgymartiamaznau la MgCo,

5. Fe,(SO,) il Chilorine 7. Coagulant aid

+ FeCl,, FaZ(SOtIL)3 Chlorinated Coppe » Activated silica, Polymer, Clay

» Coagulation A9 pH A919nd" » Cationic, Anionic, Non-ionic Polymer




Coagulant

Seurce: behameyetkimiaindonetwork.net/../eoagulant, htm
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mMIaana1? Coagulant

Eo 123
- myduuazaslszneuman
Lenanddmuidanmyu
- dMhnnuaza1aga: m3du waddl pH 6-7
FeCl, wan pH 5-7 Coagulant aid Ily
polymer Ny miinTluanagy
: T 11 :: 8/, 2
« 1 uga uAAIRY: Polymer 19 148 ansduuas
& o g vy o .
asieInld 199833z pH aad1as

A31aena1s Coagulant (,19)

- hjutioanazeaisga: Hin “ihdnde newds
Coagulant ‘H%‘?)polymer nagly msdang
wasmlosaludTnaga

- hguiion a1aiies: Coagulation B10TA AITIAN
L3 T é'l ‘; L) = oF  ar

duwnvsemiuiioniiu Buffer izaifumihduia

1%% Kaolin H50m 3t

n15189na15 Coagulant (¢10)

2.Coagulation & wiuidag

« Humic and Fulvic acid: 81583 Hafi pHs
FeS0O, Han pH4 Coagulant aid A3 le polymer
A
nflsyguan

- psmifiinawazyiia Coagulant Atvinzaum

Tz Jar Test

A '
NsiaenNa1s Coagulant (98)

N o o = 1 4 [
3. Coagulation NIATEALANHYUNWIBUDY

ﬁmﬂm sﬁmmﬂﬁmn Humic and Fulvic acid:

S AU nAMutEd dodld polymer in

. msduuazmslsznevman

* Cationic polymer

CpH

MIATVANNTZUIUNTS Coagulation

USnauazyHaUaa1s Coagulant
+ 5261 pH Y931

» Gradient Velocity

» Mixing time
Coagulation 184AIURH pH 112z Coagulant
fitnanzes Iael Jar Test and Zeta

potential measurement
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Rapid Sand Filtration
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A13HES 3 Rapid Mixing

. PV ERUNAUNY Coagulant (819N Conc:
120 g/l, FeCl, Conc: 600 g/l 3-4 §4) HaAN
F9ME RSN

*

-, od ¥ a o
Coagulant isaaihaudinasinase
m"lm";"z@x‘i (Hydraulic jump, Baffles)
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Rapid sand filtration

Source: water.me.vees.edu/concepts/filters.hml
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HantnaUmMnIaaniiuy

1
kd

Fafidoansiv

1) dasmsiginaeauae iy, Liter per

day

@) snulszannsluiuhiiy, au

Tond anudeanisrii 200 fpd 3.3 Judiud 25,000 Ay

Q average = Smmalsznins x danmislfin

= 25,000 person x 200 liter E

é}son.day

= 500,000 )é x1m !

day 1,000 yt’e‘

= 5,000 m°/day

Safety Factor Q Max = 1.5Q average

= 1.5 x 5,000 m’/day

= 7,500 m*/day

WENSI Q U7 1EININEBNUINA Pump
¢ dedeansrunlzalszlvihnunyalug
o T

msihavveslsedszih
(1) 24 %.3./3%
(2) 12 %.3./74

- (3) 8U.M/TU

b7z

0 auuAnTsadssthiduihinu 129,054
FEDREE - Rt o 1 W

afueamenihiiannsoguinla (m'/ar)
=17,500 m¥/day — 625 m°/ hr.

20 12 hrJ/day

M5iaen Mixing Tank....3 Uy

1 uuuh 1 Hydraulic Jump

2) WU 2 Mechanical Mixer

3) HUUN 3 In-Line Blender




(1) HUBN 1 Hydraulic Jump

=

3]

JsidiedlHtnseadngle
-natlumsnIufienz @) ~ 2 sec
-A71571818 (G) ~ 800 sec™

ATBIFEATNH(E) > /=1 ft

(2) UUUN 2 Mechanical Mixer

JfinTesniuuuy Paddie,

Turbine, Propeller

-atumsmuiwInza()
~ 30-60 sec

A5 (G) ~ 700-1,000 sec™

~YonuzHiin1sesntuy Mechanical Mixer :
-faginsedasalanannnnanszuen
Juiamndddratnnluiinaunseiase
-mssanuuumgeenuuuihuy 1 69138
waEHa

w1 oA
~HATEENANINAUAYA

=, : 24 4 =
-M3tANmICoagulant Muinazlvinannga

3) {UUT 3 In-Line Blender

“Hlunsuadailuaune
s IURRINZTH(T) ~ 0.5 sec
A5 INA (G) ~ 3,000-5,000 sec”

o o a ¥ Ve
- WRINURdeIms Iy (P) ~0.5 HPRROAT
M7 ivwavesii 1 med

-ATIIEEANIUCED 1-3 fit

AIAUIN Hydraulic Jump
auuA Q = 625 m¥hr Time 2se

- indaanig Q m¥mr W fusee

(A Q = 625 pfx 3528816 x 1

}r/ 1 91;” 3,600 sec

= 6.13 {t’ /sec

(1) w5asueeaniy  : Time 2 sec

Q = VIT V = QT

1
= 6131x 2 s9c/;

SR

=12.26 £t




(2) MNAINUNGIn IS IF HMSAIU (P)
gaansnIHIn

} G=(P
, uVv

G = anusiaa, sec’

P

MBINUNLA, ft-lb/sec

u = ANUNHA, Ib-sec/ft

Vv = Jsunag, i

A5 3819 (G) ~ 800 sec™
-ANNHIA () AT 8 °C
1Ja 9% 18 1 910 CentipoisetIlu Ih-sec/ft?

1 Centipoise = 2.088 x 10 Ib-sec/ft?
#N8  =1.387 Centipoise

=1.387 x 2.088 x 10™ Ib-sec/ft’

=29 x 107 Ib-sec/ft*

EAUAIYAT

12 i

P
uv (

= 8002x2.9x 1077 x12.26

G =

= 2277.54 ft-lb/sec

2) mﬁﬁfaﬁwmmma‘f (HP) 1t HP = 550 ft-Ib/sec
§1iFaRly 227.54 fi-Ih/sec =
227.54 ft-Ib/sec

550 HP

=(0.413 HP

wamesmansanuld so%

=0.413 HP*0.8 = 0,33 HP

deiudonyames 0.5 w39 1 HP

N15A114388 Mechanical Mixer

FUNA Q = 625 m*/hr

uaandae Q m¥hr i fisec ‘

!'sﬁ.mﬁQ = 625’ x 352881t x 1 hr”
)r” 1 91;’ 3,600 sec
e
[=6.13 ft’ /sec

(1) valumsauimanzay (1)
gATNIIMUIN

auuffSinamsld Alum fanzau = 31 me/

= 59x10° = 39,200
311.46




AATUMIMIUTIHINEAN(T) ~ 30-60 sec

-39 (G) ~ 700-1,000 sec’!

Ti{sec)| 20 30 40 >40)

G{Sec-1) 1,000 | 900 790 700

ot
MGxT,, | & G =1,000 = 306.5 {¢°
= 39,200 G=T00.ccccneeneren }e/c
b= e/
l’aBﬂchf 'I’Opt‘ 56 sec........

(2) MYUSINATUI99 (V)

T=50, Q=6.13 ft’ /sec o, .8
za’a’n

BHEEBRAE

V = QT SR

= 613 x 50 ;éc‘

(3) MANALNUANBINNIITIUMINIUP)
gATNIATHIN

p 2
uV]

ANUEIAIA, sec’

= Masn uﬁ‘lﬁ, ft-lb/sec

AINNILA, Ih-sec/fC

e
@% v = U3mnas, it°

Ii

G =700 sec P = MU, f-Ib/sec

w#i8e =29x10 3lb-sec/fit V =306.5 ft°

UNUAGHS R —
u‘l
_ 2
P=GuV  — 790°x2.9x10x306

=4,355.37 fit-lb/sec

(4) mmdaThuademes (HP)

C1HP = 550 fe-lbisec

8 o wr

| SmEailY 4,355.37 ft-lb/sec
| 1= 4,355.37 ft-lb/sec =7.92 HP
| ssome

] 7 "
. wm@sia a1l 80%

=7.92 HP*0.8 = 634 HP

(5) MFIHIUTOVURINIINIM (HP),

FATNITAIUIN

P = Mmidsndedns, ft-lb/sec

K = mAaf, mumsN g =322 17 see

@ < ar
D = Whushigudnavedduiia, ya
n =HIUIBBABIHIN
p = ANUWWIMHUYRIVBUHA, I/EE = 62.4

- fahudenuenes 10 HP



Impeller Turbulent Range
Propeller,Square Pitch, 3 blades 0.32
Propeller, Pitch of Two, 3 blades 1

Turbine, 6 {lat Biades 6.3

Turbine, 6 Curved Blades 4.8

Fan Turbine, 6 Blades 1.65
Turbine,6Arrowhead Biades 4
Flat,6 Paddles 1.7

Shrouded Twhbing, 2 Curved Blades 1.08

Shrouded Turbine with Stator 1.12

UNUAIEAT P =k p.n’D°

g
P =4,355.37 lb-ft/sec

FuNAI U TR, 2 ft

FuMRluANALD Propeller Pitch of Two

B

AaUY k=1

435537 = 1x624xn°x2°

32.2
3 =
n = 70.24
) =%
I =413 =4 58UAIUMN

|
|
|

= 240 rpm

- flumsvadariludune
- AAUAIAIUARINZAN(T) ~ 0.5 sec

- A5 9@ (G) ~ 3,000-5,000 sec’

- NEENUNADIMSTIT (P) ~0.5 HPABAT &

M3 Inavesrh 1 mgd

SANABATIU(H) 1-3 ft

l(l) w1131A3U94 in-line : Time 0.5 sec

V = QT

= 6.13 f€ x 0.5 sec
set

=3.065 ft’ /
Yt

2) mndsnundediflumsuasa ()

1 galion = 3.7854 x 107 m’

#1lad Qmax 910 m¥hr 11 med
Qmax = 625/m3 X 1gal x12 h,r/

/" hr 3.7854x 107p° 1 day

= 1,981,296.56 gal/day

= 1.98 mgd
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y !

- fdansee (HP) = Water HP x Q

=0.5x198mgd =099HP

P fnvamily ft-lb/sec| |1 HP = 550 ft-lb/sec

M99 P = 0.99 HP x 550 ft-lb/sec
1HP

= 544.5 ft-Ib/sec

o o ¢
(3) ﬁ1ﬂ3ﬁﬂﬁ1“‘]@ﬁ?&@!ﬂ@i (HP)J = .99 HP

watmasansamanula 80%

=(.99%0.8 = 0.79 HP

o
o/ L7

wiwmanuawmas 1 HP

(3) manusaa (6) lumseenuuy
MMZANTIO 14

P = 544.5, ft-Ib/sec

ufl 8 ¢ =2.9x 107 Ib-sec/ft’

V = 3.065 ft°

BNUMGAS

G
il

544.5 ft-lh/sec 12
2.9 10°° Ib-sec/ft x 3.065 ¥

=2,499.9 sec ™’

M G 7le laing 1145233,000-5,000 sec ' ma
o 3 as ::v == W [¥)
ﬂ’l‘i’ﬁ&ﬂuh ﬂ&’i—!ﬂﬁ]\iﬂ@ﬁﬂ‘iﬁnﬁﬂﬁﬂ1iﬂ’3u

Punamsnaudhe (m 0.3 3wk

Q=VT V=

= 6131 x 0.3 yfé
i d

=1.84 1

UNHAIGAS G=(P )"
uvy
= 544.5 fi-Ib/sec 1/2
2.9 10 Ib-sec/ft* x 1.84 ft’

=3,194.4 sec !

G #ildoe 143349 3,000-5,000 sec ~ muditmuall

i1



Conclusion

« Coagulation and Flocculation
» Colloidal

+ Coagulant, Jar Test

» Rapid Sand Filtration

+ Rapid Mixing
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“Reaction |
Initial Adsorption at the Optimum Polymer Dosage )

At O = O£
. Destabilized -
Polymer Particle ‘ |Particle

Reaction 2
Floc Formation
Flocculation

{perikinetic or
orthokinetic)

Destabilized Particles - Floc Particle

Reaction 3
Secondary Adsorption of Polymer

e

No contact with vacant sites

Destabilized Particle YN AR Restabilized particle

Resction 4

Initial Adsorption Excess
‘ Polymer Bosage
TLvA + O ;
Stable Particle

Excess Polymers Particle {no vacant sites)

Reaction 5

Rupture of Floc $\Q

Secondary Adsorption of Polymer

Restabilized Floc

Floc Fragment Fragment

=2,
_Intense or Floe
Prolonged F ¢
Floc Particle Agitation _ ragments
Reaction 6

. ¢ A a ¢
gﬂﬂﬁulﬂﬂ'l‘iﬂ'mimﬁaﬂiﬂ'lW‘U'ENﬂE]EmBEIﬂ Lmuﬁias‘mm’fmiwamm (Polymer Bridging)

k¥AY
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Chemical

Diffuser

sumanauilngly Hydraulic Jump

/“ Drive Mechanism

N a

3'1_! In-line Biender
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Baffies Baffles a
W ]

Side Yiew
N> )
Bottom View Bottom View Bottom View

(m ' (z) (a)

sillusiailFludanasuduwueie () meslud () luiiaiSe (Propeller) () nuvlue

(Paddle)

(™

(%)

o oy |73 o L iy <
sPludaildludnnuswuuaieg () ludaise (Propeller (v) maslua () uulug

(Paddle)
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Water Softening

A

\
s
Mt

as.seviant Wuaum

a1 iEeu R wInaa

wninndamalilafigsu’

Fagilszasn

RANMNTIIIae s Na D UNANMS
fhaueeszuuNamiazeafe il

Water Softening
* Lime and Soda ash process

* Ton Exchange

e

QOutline

-

C

Hlszianveiingza1a (Hardness)
3%&5?1’131?}535‘!\1 (Seftening)

Lime and Soda ash process 4

Ion Exchange

521N U99111n526149 (Hardness)

Elihnszeneians1s §l 1ndo bicarbonate

Caleinm/Magnesium (carbonate

hardness) i ¥ .
Elinazinantas findeves A
Calcium/Magnesium suifate, Chloride

i@z Nitrate (Non-carbonate hardness)

L

MIUDMINIZA1G (Softening)

Jagiszaas

ElaniRane Ca, Mg 1fdasaylums
Favlon $132819

Eluliifanznn 11 Boiler

Y

FRuAnszA 1 (Softening)

&
Q

Lime and Soda ash process
Ion Exchange




1. Lime and Soda ash process

1. Lime and Soda ash process

Elnszuaumsn aidesmslannunszag
=] ¢ e ¥ s
maagud (fansengillnzal
Elihnszdrudnilos sau1fa
Elanunssasvesiunae syann 75-85
mg/l as CaCO, , Mg <406 mg/l N%\

N\

1. Lime and Soda ash process (Cont)

Elcaon), d ey uunilidasuas
upardenlunisueiuadianznou CaCo, uaz
Mg(OH), Ilaza15axa1e CaSO, #10 CaCl,

Na,CO, #il§d3e10 CaS0, 38 CaCl,
(i CaCO, 1ABNIZUIUMS Flocculation,

Sedimentatien, pH adjustment (CO,),

Filtration

1. Lime and Soda ash process (Cont)

Lime-Suda ash process nénIndy Rapid
Sand Filtration U3l Reaction time #1071
MsMda Ca, Mg Militanunszdeansan

Tugiluea CaCo, uaz Mg(OH), ualaimanse
ugnaanainiitla '

Elnalamsiia finnwan (Precipitation Uaz
Coagulation M51U3Y pH fianudfignn

&’umummﬁﬁmﬁzﬁgﬁa

1. MIMURNANMINVRNIAY

- M13f1da CO,
« A NYY

o
L

Yo Y T
BUADUNTIUDNHINIZ AN (ﬂ?))

2. AIHTHIIIAZNITIINASNOY
- Ca(OH), was AN AN TEHS 5 -10 105
- ensdluianiu 0.5 - 1.0 w30

e enuialumalraveaii 0.2 - 0.4 1
T (Rangnen CaCO, Mg(OH),

- M3530aznu 114 Floc udI0n Axnev

(5381 40 - 60 11D ®




d

o o 5 y Y
HADUNTIHDHINTEA N (ﬂ@)

3. NIANAZNDY

<1301 2 - 3 BN ANHFIATNIU 1-2 m

- azneUIR N (Mg(OH)) uaziithiida

< sihazneulidiinliusie wn'la cao
hnausn i ing

<

5 3 o b4 1
VUAD UM IUAUINIZEI N (D)

Excess Lime Treatment

N

L

B 613l Mg(OH), > 40 mg/l Azn3uniio

fﬁmmms Excess lime and Recarbonation
anlalae Split treatment

ﬁli?lﬁ By pass H&tl 2 treatment 1% pH a9

F and Silica’ gﬂﬁ‘ﬁﬂ uaz §A3 Soda ash

2-:‘ kg : o T
YHUADUNTIUNHINTZA (D)

4. F2UUNINTaI

ATINYY > STUUNTBINTIENT)
AzneUazIden CaCO3 B1UNINTN
aINT1enI09 1A uAB1YnIB9gY

Sand Incrustation tflagly
Polyphosphate > 0.5 mg/1

{JadaAiBnEHademMINIIAA1IUNIZAS

K o, a% =
AIIENITANHAD

1) sasuilumsazawveaa1sind

ar 23 i =] ] :
2) Snsudlumsaiananve ainii s
& \‘#
uaz Mg(OH), %ﬂ;
-~
1

7y
X

c

3) dasusalumsasrevidenarnwan

4 aasusalumannnzneuaneviden

d 1
asiAnanHUANNNY IS Floceulation
=1 =t o=
voaudnunaFasmazusmn g

1) huvansydsznevetiunds ;

- asda lanfenesgiiig (Na,0.AL0)
wlasindawla iedsadanln  Wesinnae
156 unniidaumivenia

- padaimeasedusie a3 co, aniu
Na,0.ALO, indeirlos3n Afi pH 4-11

I d
2) a3duNIaINAeS ;

< Wluszuuidanunssdagigasail
A e dam - EY . T

* HARAVUNAVHLDY Dewatering 318
- Y

- fiervasth lunlasuulag




o ot Yer & T
msaraaassmwlvpuhisums
F19anNUNTZA D

+ yhphumshidannunszaseziiiiorgs

A

1
3]
=4 ¥ o y:’i = 1
sditunanig Mldunnamefauni

2 = g =t
* A UFDAIMNA WM IAATIDT :
CO,, ninf i, nsanae

Recarbonation

1. mdSudlevae CO, HULEeITH

5 4 - -
T 1; MIRnHENUB LA
Ca(OH), + CO, —— CaCO, +H,0

T 2 : hlEdunaa A En1ToNM
CaCo0, + CO, + H,0 Ca(HCO,),
Mg(OH), +CO,  —— MgCO,+H,0

2. msiSudiesdienskiy Co,

=4 o
INEINTIALA ng

LT ] 1 1 A =5 o
YFutitoraensiotiiaaudasz Al

ﬁ§ﬂ Lime and Soda ash process

Introduction
4

o
Sldunounsuftiingzdia

FiprHideIms , )
= w s & T ¥ o Y
CaCo, + CO, + H,0 Ca(HCO,), Slilviennoninadomanniingzas
Mg(OH)._ + CO g
g(OH), 5 MgCO, +H,0 Coagulant
Ca(OH), +2C0, Ca(HCO)),
Recarbonation
Ton Exchange
o « lunszuaumasmaadinnavlian
msuanii/asuleson B . ,
Fauanlaelessusznhansazane
(ION EXCHANGE) fiu ensuanifaglesay (Resin)

d’l El a; k= °
wehmsuanasuruauas N

117 Regenerate

+ Zeolite and Resin




o -
r ‘l’ﬁvﬂﬂﬂl@qﬂigﬂquﬂ"lﬂlﬁﬂﬁjﬂﬂiﬂ@@ﬂu

A199 jon M9l 19 Ca®*
Mg*, S0, CT a1 819f1dnlangiuniag

) - ) 1 ¥
€] ¥ Ton MaqiadNIUENNY
Madundinlfiazoiauds

The Ton Exchange Process

SJoftening Process Recharge Process
Hard Watsr Waste Watar
cantaining Calsium Caloitm
3 Magnestum & Magrazium

ton

ton . .
Exchange Resln Exchange Resin

{urated with
wilh Sodium o | o
Cafchum &
atizched 1 Magnesiim
#
oL
-
» Dek e
Softened Watzr * P Brna Solution
coninlning Sadism containing Scdivm

Hupihwww.extiodak edw/exipibs T aquativatsysiae [83 1w.liim
. P q L

HARD WATER

Softener
« Flosin Tank

Zepiatod
Rusin Beads s e

Eartially Depleted
A Resin Boads
Charged
Resin Beads.‘
-

% ion Exchange
Re

4~ EF  megnesiumions
-«I——'— g Galolur s

4 4 socwmieas

SOFT WATER

IsFusanlasvlesau (Resin)

sztnnsau

(1) 15T 553880 J e TounIafing

A o Q'J ) ¥ :
naeanInaseeni laglnd luazaeiih
WU U A5

Dam =
5 4 vl

Uszinnisdu (nv)

) sHUTUANEH

HuTaadunsiesd sdnlaanszuiums

polymerization




Tns9a3 190U TY |

@) Tasesuihifidszglvih

1sznoude

» HC compound ﬁﬁﬁlﬂ’j‘l“l’oiystyrene”

ﬂé T oar 3 & T Qo) 1 Y] T
ganemuiluduens Tuazaesi Tiunnsinde
« HC dniiafi3en”DVB?

(Divinylbenzene) mndludadssmudm
Tethemadia fdnnaldsangu

) TaseheithifivszgTvih @e)

- amalddensy Tuedfunminunuues
anlszau {(Degree of Crosslinkage)

-f1 DVB 110 1594 azude Ay

-1 DVB Ho# (38U azeeu 1ilss
Jagdnfaxlvn degree of Crosslinkage 8-12%
DVB fof DVB ~ 8-12%¥84 HC ¥enun
(fl polystyrene ~ 88-92%)

o« 1

Elanmlss-nnliansdayasn

£

mselunmsuanitaelesau

Eldnrmuwguwen Ton aaquanyag
qza3n

Féheammgannly azaeslirhsnn
ue axEaE e uazdile ionvinalviey
rinlflulasesrs AldsFudalunm
AN

(i) Iﬂﬁ%ﬁﬁ"laiﬁﬂ'mﬂw% (#19)

Eléarmwnguddoglil= azvildsduiu
uAn¥ndIY

ElonmsnuusTuiiil DVB %ga azil
anuannsalumuanilaeslssey
= T = ﬂ‘(:l \;
AnTuITutii DVB%H

@) ﬁgﬂaaauﬁﬁﬂizﬁlﬂ%

ElazihudimmuangAnssusdu saunil
dazgay () Yszdrén i5an
“Cation Resin”

Els@Bunfivszquan ) dszdei Gen

“Anion Resin”

Farfulassdenianysaluiypveusdu

Elv/sznoudie In59919 Hydrocarbon -+y
Tovauniitlszgludh -Free 1on Sudiaiy
ﬂid ﬁll o W o~ ¥
wyflosauiildszgieilvisdudunag
(H" or, Na* or, OH or,CI')

“Cation Resin” 93 Free Ion 11l Na™ #i30
H" “Anion Resin” Sﬁ Free Ton (1w OF
%8 CI




ﬁ}é"ummweummﬁfﬁu
aendnd sAuezuanalfevuivlosewdii
Valency amzﬁmﬁﬂﬂzmauq&
El+ 30 Fe®, AP, pb*”

Yiog  Na*, HVLi"

#es  HSIO, ,OH,F

msdwunisznnveausdu

(1) ISBUBDUNTOLUR (Strong Acidic Cationic
Resin)
(2) 13FUUVVNTADBY (Weak Acidic Cationic
Resin)

3) ﬁ%‘l-&&!‘l.f‘ﬁﬁ]"!\?lﬁf{ (Streng Basic Anionic Resin)

(4) 13BUILVAIDDH (Wack Basic Anionic Resin)

(1) 1FFUIUVATALA

(Strong Acidic Cationic Resin)

EN% ion v3nvesIUMaNTU TaRUA
Aeamsftidnesnainil 11U Ca®* , Mg™*
Free Ton A8 Na+ %3 H+

ElsBunuunsaun : Sulfonic Groups |\

(SO, H' #38 SO, Na*)

Hydrogen Cycle : SO,-H"

a4 | 2HCO, Ca
Mg 50, + e ZR-80, | Mg
2Na 2C1 2Na

2H,CO,
+ H,50,
2HCI

HDAANNNITZON

Sodium Cycle: SO,-Na*

2Na | 2NaCl

ARANNHNITZA I

Ca | 2NaHCO3
ZR-50, Mg |+ Na,SO,

¥

VOAUDATTHIUVNTALD

IFlaanuhad pa ynsziy
Bl mwnsananaedlessu]dsimia
El fimmunany 1¥laumae 209

vV

nM33IvedleneuinnineIns

o W oo rjll £
MIANAYHLBDE




YoIduVUTTUDUN AL

Hulszanimwlumaregenerate i
(25-40%)

ildulassmanilums

Regenerate

119 Regenerate U89 SAR Resin

(1} Hydrogen Cycle ; Regenerate el

nsAUn (H)

R-80,Ca + 2H — R-SO/H" + Ca™

(2) Sodium Cycle:Regenerate @8 NaCl

R-80,Ca + 2NaCt — RmSOS'Na+ +CaC12E

(2) HFUIULATADON
(Weak Acidic Cationic Resin)

ENN4 Ton wanuessadiusannulossud
fpIN1IRIABNAINT (31 Ca, Mg?”

ElFuuUnsAseu: Carboxylic Groups

. (-COOH %38 -COONa)

Hydrogen Cycle : COOH

Ca
Mg
2Na

2HCO, Ca 2H,CO,

S0, +(2R-COOH | . 2R-COOMg  + HSO,

21 2Na 2HCI
Srdamnaiiuse —

= a A or B = ° b
S UTHAHUANRIHBE A Tﬂﬂl‘ﬂ‘l"ﬂé‘ﬁﬂﬂ Tizidlunsa il

Tsimansauannlaslesausmnaevesnsaunly
(NaCl, CaCl, )

& = . ¥
VaA483 Resin HUUNTADDU
Eluszansmwlunisregenerate gagia 90%
Elanuminselunisuaniden Ton g
31 SC Resin 2 191 asnuARaIUN N
L . T

YoIFEUBI Resin HUUNSADOY

ElMsieansauan/denlessufiundovoq
PIAUATA (NaCl , CaCl,)

119 Regenerate UBIResinduUUNTADOU

(1) Hydrogen Cycle : Regenerate A

aIaUn (0O

R-CQOCa + 2H'— R-COOH" + Ca**

(2) Sodium Cycle:Regenerate A28l NaCl

R-COOCa + 2NaCl — R-COONa" +CaCl,




(3) BIFHBUVAIMN

(Strong Basic Cationic Resin)

)91 Ton auveItiUu (OH, CT)
wanfiulesufisieanisiidavenainiil

T - 2- - .
WU HCO, SO CI CO, SiO,

2-
1,50, so,
2HCI cr + H,0
2H,8i0, 2HSIO,
2H,CO, 2HCO,

Jofuna Resin LLUA U

o W&y prypIzdy mansauennio

@) sunsauanlaey sitica 1Az Co,

Yordeues Resin LUUA19LA TaiFeU09 SBsin

{1) sz ENEN N Regenerate F;n (18-33%)

wilsinlaesmslumaregencrate

@ fanuamud swgmsldnudesnd 31

115 Regenerate Y94 SBR Resin
NaCl, HCl vi38 NaOH 4 %

(3) 15FUVUAIIBOY

(Weak Basie Cationic Resin)

"lu"ié’ﬁmmnmﬂ?;w‘laa@u

Efdaldinvmnynsausinihe W HC,
H,S0,, HNO,

Hhiznnsesansasenld wusio,,
Co,

P15 Regenerate ¥4 Resin HUUA 980U

NaOH 4-6 %
Na,CO, 0.1 %

!
RHCI + NaOH— R + Na(Cl + HEOi

Tnenln@WB sinl¥daa CI uaz SO”

Yonund Resin HUUAI00U
(1) UsaNEMNMS regenerate
1oy 100 %

2) dazansmulumsmda ion g9




v

Jedalunslisau

Faseiiluveana uazdinannu
¥
RETE ALY LG

Hasesmsdvlosou lilsmanses

aaantan llve us gy

8/

r o & =
Eliazaeniy nsemsazargnaedns
¥l

Elasiigdnaumsvinalndines uas
minaye

Eld4i Free ionfidnsaliuan/asu

v ion Tusin

‘oandang llveusdu (de)

(4) Faairaanamealulnsesna HC sy
- 9 L] T L 94
worfigal# Jon msgeudnaenlaazadn
(5) manfasuaeiuzyeamsiignuan
waguleseu dedlinelviinauaduna
v =
Tassadisvesasuaniaalesou

TINTNMIMNNUVBY

4
szvanilasuloasu
@) manandaeuleeay (Service)

(2) M3sanefion (Backwash)
3) S19tUBITTH (Regeneration)

(4) M3BLA19 (Rinse)

(1) msuaniasuloaau (Service)

+ Free Ton Yaat9duaszuaniaauny

Ao %a &

ion 9ulWYAY 2140529 Free Ion
(=Y 2 1

yausFunuall nSeaulaanse
d oy

wanulasla

Eny
- ogUuegiuiBinallosauuaza

$

e lunsuanaeu

v W 2t
?)1&1maaqgammiummﬂasju‘laew

EJaf3anasion lusihdy

Eliannumnsalunmsuanaaey

lovau
Elasmvahfidoans

Eldnaims mave @ ur s B
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(2) M3a1EaY (Backwash)

FoatradonlaglfisBunenada it :
ElhanamIdufve ussu
é’Nﬂmm}umm:ﬂamw’maaﬂ'ﬁﬁﬂ
f‘h%’m\laqmﬂmﬁs‘ﬁﬂ%ﬁlu%"’mﬁu

ElmiviRamassarulnave usBu

(3) 5101181551 (Regeneration)

Elmsildsduinuadnaly udnduits

r 5 - o g @:.
fdnasnalunsuani s leesu
Tnuon
EY -
(4) 7M3¥a19 (Rinse)
A ' o M =
it lamsiadilvieansInduesdu
(4.1) NHIFZAIH
(4.2) M5¥za 5

anlsznauvesduanaslessy

(1) MIHIUITYITY

@) Fusesiuisau

() STUUNSENET VTN TY nazIEUL
SN

@ foindh uazerieon

(5) Y namitesaus u

faaniaguleoau

SOURSE: Kyam, 3. "0 Innance for e Matel Proddin Fimbwd, 13 ot} Smcuees
Fiwebiryd, A My Fona 1955

nanmssenuuUssuuuaniagyleeau

(1) MIIABNISTY
5 *] ': o~y a'u d'.y o W
Vuiunammihiay yazdandenisnan
(2) MsPenaA1IZAISHIN
- Batch Flow
= Continuous Flow

(3) MIPDAUVUDUTTH

Tantsead tsznmsty Hiregeneration
A Hardness $AR NaCl
aRang WAR Hel

s SARCrWAR 181 | HCl or HSO4

$BRor WBR 2 faken | ag NaoH or NH3

¥99ENY
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iselamiveanszurumsuaniasuleseu

1) Mdamunszma

o @ o 1 d
2) Maannuduanlumsveun

ar d4
3) panamhsgNENYNa0INIIE1Y

Operation and Maintenance a3 1 lon Exchange
b E@&;W Eﬁ%‘%‘”ﬂ Ian Exchange Process
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compounds, no disinfection
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little infection
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Osmosis and Reverse Osmosis

.Semi-PermeabEe Membrane

Osmotic Pressure ——
Vapor Pressure UII0H
R TH

ATTNETINTTIOUE] Reverse Osmosis

1. annssaad3namsazaeluii (TDS)
2. aatfS A NUnIZRg
¢
3. anfSsnamesvlgeslse
o _ & = s d T
4. MIATIBUNITAAILY

5. maalanznindhdivsazadinnus g

o s = ¢ g s
6. MdagaunIdenyg s lda

AN NTBVDE Reverse Osmosis (A8)

WTAY RO azanlumssinielandoe Cl,

o_w = = o R
E——EI Ro #MANION19ARTADHNIELAY Amines,
Humic and Fulvic acid, MBAS

EIro limunisafmaa Phenol, Chlorinated HC,
Pesticides, Low Mol.wt. Alc

W 3
£) RO wEA1W3gNE59.M8081, Electronic A3

) 24 =l = i d
g Uv HIDIATBINTBIVAUTSEY

HANNISIIIHYDI Reverse Osmosis

1. nalaflslumsmaande

Pressure
Solution
Flow

4 | '] P4 i
| t
Dense microporous é Spongy suppert

layer of membrane

layer of membrane

2. nalnnlFluntsmdaaisaunse

Pressure

Solution g

Flow

$
1
Dense microporeus C) Spongy support

layer of membrane

layer of membrane

W d‘ﬁé < 1 .
adanNdNIWane Reverse Osmosis

1. Concentration Polarization
aussouzlumsMdnasazaie mazansia
= L) Uy & 1
naeus MFNanaEaaa RO
o - X
1) useaueseludgagaun
2) 1ims57 vavesesasaas 53
3) T EeNa M
4) mIsnnanueImslsznay CaCo,, CaS0,

w



2. gaunnitas ey

- sasudrves e milsnugamad
(15-36°C)

- szduTiteYeYluY 193 - 7

3. U596Y

usadfiann svuY RO Berdmi
Tgazem

- Compaction

!
-]

4, AN AL

- $n3MIHAMN (Water Flux) Sisnanas

MuANMINTUVBITITAZAY

- madiumnstutuvenimuas % recovery|

lFanNssousves RO anad

-Banaensazmeluifung Build
YszANnEmmved 531U RO anas &%}%ﬁﬁ

v z

Gy

il
i

a4 3 NaVUDIIZ UL Reverse Osmosis

Raw Water .. ...

&

T wlembrane i

Clean Water Rejected water

Reverse Osmosis System

tf’mﬂizﬂé}‘iﬂl@dﬁznﬂ Reverse Osmosis

EJls¥ 1y Pretreatment

- fidnnoaneanuaza s IHTRY
- 5unazAIugu pH and Temp
- floshusazaugumsiianzniu

P& =, = o ot (¥
- HNyBFaUNIE ummﬁm‘lwu

111528 VUD 9521 Reverse Osmosis

@Cartridge Filter

- MdaasuINaslinNa AISHUHIA 5-
25 lunseu

k4 kJ

Gszvunuaudanlvaveuiududuiiie
srehi




tfmﬂszn@nmaaiguﬁ Reverse Osmosis

RO Membrane
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1. HUUUANA

MIATHINNIAT Ka leoededinuilszeinsnint] 2525-2535 uaze1nil 2515-2525

Kal = (39418 ~ 19351/10 = 2007
Ka2 = (19351 - 6629)/10 = 1272
ANRAY Ka= (2007-+1272)12 = 1640

P2550 = P2525 + Ka(2550-2535)
= 39418 + 1640(15)
P2550 = 64,018
2. HUUENIAN
Kg = (1n39418 -1n19351)/10
e 0.072
In P2550 = In 39418 + Kg(2550 - 2535)
= 10.58 +0.072(15)
P2550 = 116,000
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191 Kd 910152951051 2535 1ay 2525

Kd = (-1/10) In[(S0000 - 39418)/(50000 - 19315)]
= 0.106

P25S0 = 39418 - (50000 -39418)e "
= 39418 -2152

P2550 = 37266
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