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Statement and Significance of the Problem

Algae are significant sources of food for fish production and human consumption, and
can replace other sources of food. A macro freshwater alga, Cladophora (know as “Kai” locally)
is abundant in the Nan and Mae-Kong Rivers of northern Thailand. The local people around
these rivers consume it in both fresh and preserved food. A nutritional value study of “Kai”
reported 28% protein and 340 ]Vlgg>1 carotenoids (dry weight) (Jongkol ef al., 2002). Carotenoid
is an accessory pigment which includes carotenes and xanthophylls. It is confirmed that B—
carotene functions as a precursor of vitamin A and an antioxidant for cancer prevention, and can
reduce cataracts and abnormalities of the retina. At present, carotenoids are used for several
applications, such as fish feed for increasing of nutritional value and also a stimulant of fish’s
color, color development in poultry and yolks, cosmetics, food dyes and etc.

Mae-Kong giant catfish (Pangasianodon gigas, Chevey) is a large freshwater fish found
in the Mae-Kong River. It is a herbivorous fish by nature, consuming plants and macroalgae as
the main food. The Royal Fishery Department produces Mae-Kong giant catfish by artificial
breeding and extends ponds-culture opportunities to farmers. They use commercial fish feed
which mostly contains protein from fish meal, leading to a high cost of culturing this fish. The
research proposed here to culture the alga “Kai”, as the protein and carotenoid sources, both in
the laboratory and mass culture in cement ponds with different concentrations of nutrients from
kitchen wastewater. It will also be applied the use of various amount of “Kai” as substitution for
protein from fish feed and other sources. Investigation on the effects of the carotenoids content of
“Kai” on the amount of carotenoids accumulation in Mae-Kong giant catfish’s meat. Extension
of Kai’s culture, as the main protein source for Mae-Kong giant catfish, to farmers should reduce
the cost of protein feed and provide nutritional value by increasing carotenoids which can

function as antioxidants.

Objectives

The research was divided into three phases. The objectives of the first phase were:

1) Culture of Cladophora (Kai) in different dilutions of kitchen wastewater in
laboratory using glass jars and glass aquarium.

2) Investigation the growth rate, biomass, nutritional values and carotenoids contents of

Cladophora and comparison the collected data among cultures.



These objectives were achieved by

1. Investigation on the chemical and physical quality of kitchen wastewater to find out

the concentrations which suitable for growth of “Kai” in laboratory cultures.

2. Investigation on ecology and biology of “Kai” in laboratory culture using kitchen

wastewater and standard media. The growth, biomass, nutritional values and

carotenoids content of “Kai” were analysed.

Methodology

1. Investigation of the physico-chemical quality of wastewater for the culturing of

“Kai” in the laboratory were conducted by:

Sedimentation of kitchen wastewater in sedimentation tanks

Analyses of the physico-chemical properties of kitchen wastewater after
acclimation for 2 weeks (TSS, hardness, alkalinity, pH, DO, BOD, NH,-N,
NO,-N, TKN, PO,-P and TP) then filtration out suspended solids and fat.
Dilution of the kitchen wastewater by tab water until the concentrations of

nutrients (N,P) are nearly the same as in the Nan and Mae-Kong Rivers

2. Study on the ecology and biology of “Kai” in laboratory cultures using kitchen

wastewater and standard media were involved:

Preparation of inoculum: Primary culture of Kai in 5 litre-glass jars using ten
dilutions of wastewater and one standard media for not less than 3 months,
transfer to culture in glass aquarium.

Culture of “Kai” in glass aquarium 0.38 m’ (0.5%0.5X1.5 m) with
circulating water by the turbines in selected three dilutions of kitchen
wastewater (100, 80 and 60%) as treatments (with 3 replications). Three
types of cultures were performed: Typel. Cultivation of Kai in the culture
media with 100, 80 and 100% of kitchen wastewater without addition of
nutrients for the whole culture period; Type2. Cultivation of Kai in culture
media with 100, 80 and 60% of kitchen wastewater, three concentrations of
ammonium chloride were added to each culture medium by weekly. Type3.
Cultivation of Kai in the culture media with 100, 80 and 60% of kitchen
wastewater with addition of the same volume of kitchen wastewater every

week for the whole culture period.
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e Analyses of physico-chemical water quality (weekly sampling) and
measurement the length and growth of Cladophora (weekly sampling);
harvesting biomass and analyses of the nutritional value and carotenoid
content at the end of culture.

e ANOVA and DMRT were used as the statistical analysis tools.

Results

The physico-chemical water quality of kitchen wastewater after acclimation for 2 weeks
and filtration showed high value of hardness and alkalinity. Nitrogen mostly presented as organic
nitrogen form, whereas the inorganic nitrogen composed of ammonia nitrogen with higher
concentration than nitrate nitrogen. The N : P ratio was approximately 4 : 1.

Cladophora cultivated in glass jars contained culture media with 10, 20, 30, 40, 50, 60,
70, 80, 90 and 100% of kitchen wastewater for four weeks. The water quality were as follows:
suspended solids 1.67-6.67 mg/L, pH 7.07-10.63, hardness 48.99-121.04 mg/L as CaCO,,
alkalinity 30.00-162.00 mg/L as CaCO,, DO 4.25-7.29 mg/L, BOD 0.06-6.53 mg/L, NH,-N Non
detectable limit (ND-0.476 mg/L, NO,-N ND-0.613 mg/L, TKN 0.001-3.200 mg/L, PO,-P ND-
0.720 mg/L and TP ND-1.822 mg/L. Cladophora cultured in 100% kitchen wastewater showed
the highest growth rate, followed by 80, 70 and 60%, respectively.

The results and statistical analysis (significance level 0.05) of Cladophora cultivated in
glass aquarium by three culture-types showed that Cladophora possessed the highest growth rate
in type 3 culture, follow by type 2 and type 1, respectively. Biomass of Cladophora which
cultured in type 1, type 2 and type 3 were 38.00-376.00, 90.00-123.33 and 70.00-150.00 g/m2 (wet
weight) and 2.66-26.32, 6.30-10.03 and 4.90-10.50 g/m2 (dry weight), respectively. Statistical
analysis showed that biomass was not significantly different among culture types. Concerning
nutritional values (as percent dry weight) of Cladophora which cultured by type 1, type 2 and
type 3 were as follow: carotenoid 215.47-247.07, 430.86-820.49 and 620.62-720.42 ng/g; protein
28.98-31.49, 29.64-30.75 and 29.17-29.87%; carbohydrate 10.24-18.17, 16.42-19.03 and 19.34-
20.78%; fat 2.36-3.35, 2.03-4.17 and 2.20-3.55%; fiber 16.99-19.20, 16.42-17.07 and 16.29-
16.53%; moisture 7.12-8.71, 6.93-7.39 and 7.31-7.60%; ash 25.58-27.02, 23.16-27.33 and 22.52-
24.34%, respectively. Statistical analysis showed that carotenoid, carbohydrate, ash, fiber and
moisture values were significantly different among culture types, whereas protein and fat values

were not significantly different among type of culture.
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The data gained from the study can be used as primary information for mass culture of
“Kai” in big cement culture ponds. The researches aim to supply “Kai” from mass culture as feed
for Mae-Kong giant catfish. Lastly an extension of the cement pond model of “Kai” to farmers

and interested persons must be performed.
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ABSTRACT

Cultivation of a green alga genus Cladophora (Kai) in the canteen wastewater was
divided into two parts. Part 1: Cladophora was cultured in glass jars contained culture media
with 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100% kitchen wastewater for four weeks. Water
quality and algal growth rate were analysed. The water quality showed the range of suspended
solids 1.67-6.67 mg/L, pH 7.07-10.63, hardness 48.99-121.04 mg/L as CaCO,, alkalinity 30.00-
162.00 mg/L as CaCO,, DO 4.25-7.29 mg/L, BOD 0.06-6.53 mg/L, NH,-N ND-0.476 mg/L,
NO,-N ND-0.613 mg/L, TKN 0.001-3.200 mg/L, PO,-P ND-0.720 mg/L and TP ND-1.822 mg/L.
Cladophora cultured in 100% kitchen wastewater showed the highest growth rate., followed by
the cultures in 80 , 70 and 60% dilutions, respectively.

Part 2: Cladophora was cultured in glass cabinets (0.5x1.5x0.5 m) with water
movement by the turbines with the approximate water velocity of 0.30 m/sec.. Three types of
cultivation were performed as: Type 1: Cladophora was cultured in the 60, 80 and 100% of
kitchen wastewater. Type 2: Cladophora was cultured in 60, 80 and 100% of kitchen wastewater
with addition of NH,Cl every week. Type 3: Cladophora was cultured in 60, 80 and 100% of
kitchen wastewater with addition of canteen wastewater every week. Water quality, algal growth
rate, biomass nutritional values and carotenoids were analyzed.

The results and statistical analysis at level of significance 0.05 showed that Cladophora
cultured in type 3 possed the highest growth rate, follow by type 2 and type 1, respectively.
Biomass of Cladophora (wet weight) from type 1, type 2 and type 3 cultures was 38.00-376.00,
90.00-123.33 and 70.00-150.00 g/m2 (wet weight); and 2.66-26.32, 6.30-10.03 and 4.90-10.50
g/m2 (dry weigh)t, respectively. Statistical analysis showed that biomass was not significantly
different among culture types. Concerning nutritional values (percent dry weight) of Cladophora
from type 1, type 2 and type 3 cultures were as follow: carotenoid 215.47-247.07, 430.86-820.49
and 620.62-720.42 png/g; protein 28.98-31.49, 29.64-30.75 and 29.17-29.87%; carbohydrate
10.24-18.17, 16.42-19.03 and 19.34-20.78%; fat 2.36-3.35, 2.03-4.17 and 2.20-3.55%; fiber
16.99-19.20, 16.42-17.07 and 16.29-16.53%; moisture 7.12-8.71, 6.93-7.39 and 7.31-7.60%; ash
25.58-27.02, 23.16-27.33 and 22.52-24.34%, respectively. Statistical analysis showed that
carotenoid, carbohydrate, ash, fiber and moisture values were significantly different among types

of culture, whereas protein and fat values were not significantly different among culture types.
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wesadsndlesiumsia lsanarewtia Tag i Isfiu (B-carotene) giiu (lutien) wag Jo1a1u
a . . [ a 3 Ao = = = a
#U (viaxanthin) awsatlesiumsinalsauzise wazauisulszniu gty sziidasudeslumaina
Y A a v A o ~ J Y o (094
ApnszanuazMI@eNvausamana  dagrulimstha lsnussam lswanonisdanimazeims
v I A Y a A T = ] A ) 9 ~
daitlmionszdqumanadluliuazdvolinas gaamnssmaiosdions wazliludnauoinis
S o 4 9y 9 1 s A a a = o [ Y 9 [
unuadunsizy 1ausisanumslsainiiedne 2 sieauwaaa lsivesaluszaunisan laun
I U a I~ v
Haematococcus  pluvialis Wuuvas ueadisiun (astaxanthin) 8% Dunaliella salina Wuviag
9 =~ =~ I v =S A 9 ~ )=}
WA 159U (Del Campo e al., 2000) M IsAiueea luamemIerznuAnIsiu giu 1ale
2 . . = a2 . < g . ) @
ABIUNY (violaxanthin)  wazH To¥1UNY (neoxanthin) 1 UNan (Goodwin, 1980)  dwmsulu
Cladophora spp. W5180UNNVA0 159 UNY (loroxanthin) 195 ITW U514 N (siphonaxanthin) L@
Ty Teliu (siphonein) (Aitzetmuller et al., 1969)
4
151891UM5ANEIAT 15N UDIAUB Cladophora spp., Spirogyra spp. W& Spirulina platensis
a =} 4 o 1 o g’ o 4
3519 1) wulSuamlsiivess 339.68, 13929 uay 187.89 lulasasudensuGimviinmia)
o o a L g a v A 4
AWAIRY (29na uazAny, 2545) Usua Tsiiuess ludelariauas (amunn) ideslaeldgas
2
9113 3 gas ag 2 Tu 3 gasliaIuNauY0Id I Spirulina W8z Cladophora WU NIRRT
a d'dy A a A = 4 ~ Y] oaj o
Hauaanaea lnegnse11sNUNSHaY Cladophora nsuamlsnussdaganga AU
I 1 Y a ] 09/’
Cladophora M Miludrunauemsidesanasugnavesszma Inaullariin sausdaraaea
] A 1% A -4 I { [ { a
g dduveslar i arsnussrunazilundoamsvesnara diuludarnldlumsusinag

[ ] A a =} 79 Yo &y [} o o &
gvisieuzinlsnam Isiveea lnnuieansunuy (q5f”fﬂﬂ, 2544)

a =\ I dal’ a ~ dy 9 [
MIN 1 ﬂiNWﬂ!ﬂﬂiﬂu@ﬂﬂﬁlumﬂﬂa1uﬁLLﬂQWﬁEN@’JEJEﬂWﬁQ’GIW]NG]

q03 dunauluerns (%) UsinaimTsfivesdluileran
Tasau Spirulina Cladophora (Ullliﬂiﬂglm"ﬂﬂgll)
1 25 - - 5.927
2 25 15 - 17.568
3 25 - 15 18.553

4 o
nu: g3ANA, 2544



2.4 de1mﬂﬂw1mﬁ (Nutritional Value)

v A ] = ' I Aq Y d 2 A
Tuilagiiuinislvanuauladinmaaaimealnsuimsvesavsien s ue1isnnyume

munasomsfinguamalannmsge sazdunwamalumsihmldnaumuensdaiitsan
unaiteeanduny amsiei ldsuanuaulaazinsdnmaasmelannmsluilogiu 18ud
Cladophora Gawnn TSuaTisan 28.22%, luiu  6.81%, §ule (Neutral detergent fiber)
19.29%, 1&ule (Acid detergent fiber) 19.06%, (81 20.80%, AMUTL 13.19%. unaLEon 1.20%
way Woavloda 036% sauaaslumsadi 2 (@sie, 2543) AUAMN InFUINMIVOIEIMs 10 Inand
v (Tﬂﬂﬁymﬂ’ﬂuﬁ’q)ﬁ"lmﬁu 3.12%, 11s@u 19.3%, mn (leoms) 21.9%, 1 19.6% uag
mslulamsa 3034%  TIanduswmaniaduduas luesdu 6.78 1az 420 mg100 ¢ Indud 1
169.50, IAUL 2 541.10, nsalWan 136.30 waznsaunuInFin 263.20 pg/100 ¢ AABLIIININ
NOULAY 310.00 LASTAHON 460.40 pg/100 g LADLEEN 943.90, Loy 716.90, uunilisen 170.5,
uaMia 5.36, wman 162.0 azdanzd 0.65mg/100 g IwunaiFeon uazaae 5@ MY 4.62% uaz

1.56% adauaadluaisian 2

M504 2 AUAIMNIAFUINIVOIANIY Cladophora

AUAINMALNBUINS U3 (%)

T1lsau 28.22
st 6.81
i&uly - Neutral detergent fiber 9.29

- Acid detergent fiber 19.06
1 20.80
AT 13.19
AT 1.20
Woavleda 0.36

NW1: @59, 2543



Y
M3 3 AUAIMNINFUINTVOIANIY Cladophora MNENINUIY

mTimesfnN IEFRLY
mimmiﬁyugm (NF1/100 NFY WULUHS)
st 3.12
Tis@u 19.30
looms 21.90
1 19.60
ms Tu'lamsa (Tasmsdiuin) 30.34

iy (luTAsASU/100n5U W.ALHT)
INAUD 0.00678
Aiud 1 169.50
Iniul 2 541.10
nya lnan 136.30
nsaunu Ingin 263.20
Tuezdu 0.0042
inaous (HadnTU/100nT1 W.1LUHT)
UAQLT L 943.90
Tande 716.90
Tnunade 4,000.62
aanlsd 1,000.56
UUNHULT L 170.50
el 5.36
iman 162.00
NoILAY 310.00%
danzd 0.65
Farloy 460.40*

NW1: §29 (2547)

NH8LYIA

* =Ty TAsnsu/100n5Y WU, 1379

2.5 QUMW (Water Quality)
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AN AUIAY ‘]Jiiﬂmia”ﬂ%’ﬂuﬂ i]%flWﬁiﬂﬁl@]ﬁ\W]E]‘ljiJ‘]fL!LLaﬁaﬂﬂm$m®ﬂﬁ1ﬁi1ﬁl§ﬂlﬂ1$ EEREN NP
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H Yy 9 1 1
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vz nuameiiaesssiavulzduny Jedenumenmuaziaiiluuivhlvalimsnasuuas

Y
a o

' ] @ Y 1 < 31
oglur19Aedl qungini1 21.8-26.8 °C ANMWYN 14-134 NTU anuiGanseuaiin 0.22-0.96 a3/
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F o @ o = < 1 ~ 1 T
18.553 £ 1.431° Ug/g mud1au (q3fna, 2544) miulai1emsilid umauves Cladophora 1A

= o zﬂy = Y 1 Aa
Tsueea o larluud TUNZINNNMONIHENNT  Spirulina



I A5auiumMIIdY

4 Y 2
T o A 1 I
MR8 1318 1n (Cladophora) TasldiinaninTseenns utamsnaasaiv 2

£
v A

aIu a9l
aun 1 manzesavseglnlulaudinanSnas 5 aas

v o 2 ! o Y v
® Tag191119910 15991115 NTLAUANMINIY 10%, 20%, 30%, 40%, 50%, 60%,
Y
Y o
70%, 80%, 90% wag 100% (Wauale1i11l5z11)
a 4 3’ =1
® JnszhguMINIINNMen LAzl U sEg
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1. ANl gavnieIne tag pH

U L] U

2. ANTIZYA1 TSS, Hardness, Alkalinity, DO, BOD, NH,-N, NO,-N,
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lade 3% 91404
o a 4
Temperature Mo Iuinos
TSS Oven dried APHA et al., 1998
pH pH meter A3y, 2543; APHA et al.,1998
Hardness EDTA titrimetric "

Alkalinity Phenolphthalein methy orange indicator

DO Azide modification "
BOD Azide modification "
NH,-N Nesslerization "
NO;-N Phenoldisulfonic acid "
TKN Macro Kjeldahl Nitrogen follow by Nesslerization "
PO,-P Stannous chloride "

TP Persulfate Digestion followed by Stannous Chloride
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mIsfiueed fafl
ilade i} 81994
Protein Macro Kjeldahl method ﬁ’g@? nasg i]‘l/l%i 2543;
Follow by titration APHA et al., 1998
Fat Soxlet extraction "

Carbohydrate  Nitrogen free extract "

Ash Muffle furnace "
Fiber Sulfuric acid & Sodium

Hydroxide digestion "
Moisture Oven dried "

Carotenoid Spectrophotometric method 95% ethanol "
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of Variance (ANOVA) 182 Duncan Multiple Range Test (DMRT)
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lade HAMIANY flade HAMSANH

TSS (mg/L) 3.00 NH,-N (mg/L) 0.580
pH 9.05 TKN (mg/L) 3.500
Hardness (mg/L as CaCO,) 167.16 Organic-N (mg/L) 2.920
Alkalinity (mg/L) 157.00 TN (mg/L) 4.080
DO (mg/L) 4.40 PO,-P (mg/L) 0.930
BOD (mg/L) 1.60 TP (mg/L) 1.080
NO,-N (mg/L) ND N:P 4:1
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2 , v v 22 A o Y 9
mymz@eaanse lnluTaudadreiinan 15901 NseaUANUTUTY 10, 20, 30, 40,
I [ 4 dl g’ = 2
50, 60, 70, 80, 90 tiaz 100% Wuszeziial 4 dilani masnasulasvesgunimii Usivazioon

9
v A

AU (MW 16-19 1A AITNNARNUIN 6-9)

1113910399111 5ANMTHVY 10%

0
De

HW]\1ﬂ1ﬂ15\1@1ﬁ1§ﬁ535ﬂﬂ’)1ﬂl%ﬂ6{l]u 10% WUN ﬁﬂ?u1mmmu%ﬁumuaaaim§% 1.67-
3.33 mg/L pH 7.95-10.60 hardness 48.99-57.64 mg/L as CaCO,, alkalinity 30.00-49.00 mg/L as
CaCoO,, DO 5.22-6.64 mg/L, BOD 0.25-6.53 mg/L, NH,-N @li?%llijwu(ND)-O.476 mg/L, NO,-N
0.034-0.613 mg/L, TKN 0.001-3.200 mg/L, PO,-P ND-0.299 mg/L {tag TP 0.004-1.248 mg/L

[4
a Yy 9

MINIANIVNUY 20%

139"117;'\1%Tﬂjﬁﬂi’JWﬁWiﬁi%ﬁUﬂ’ﬂﬁJlﬁfl}N%’M 20% WUN ﬁﬂ?mmmam%a‘ﬁumuaaﬂuﬁ’w 1.67-
3.33 mg/L, pH 8.08-10.63, hardness 57.64-63.40 mg/L as CaCO,, alkalinity 43.00-58.00 mg/L as
CaCO,, DO 4.25-6.60 mg/L, BOD 0.09-6.23 mg/L, NH;-N ND-0.404 mg/L, NO,-N A5 liwy

nadUa¥, TKN 0.003-2.890 mg/L, PO,-P ND-0.067 mg/L a2 TP ND-1.180 mg/L

WNIATVNVY 30%

°
De

Wnenn Tssemsnseaua M udu 30% wun JUsuavewdsiuviuacsluiii 1.67-
6.67 mg/L, pH 8.05-10.60, hardness 66.29-74.93 mg/L as CaCO,, alkalinity 34.00-76.00 mg/L as
CaCO,, DO 4.30-6.55 mg/L, BOD 0.10-4.34 mg/L, NH-N ND-0.222 mg/L, NO,-N 323 laiw

nadUa¥, TKN 0.002-1.760 mg/L, PO,-P ND-0.057 mg/L g TP 0.022-0.852 mg/L

WNIANTVNVY 40%

0
De

HW]\1ﬂ1ﬂ15\1@1ﬁ1§ﬁ335ﬂﬂ’)1ﬂl%ﬂ%}u 40% WUN ﬁﬂ?u1mmam%ﬁumuaaaim§‘1 1.67-
5.00 mg/L, pH 8.05-10.54, hardness 77.81-86.46 mg/L as CaCO,, alkalinity 41.00-87.00 mg/L as
CaCO,, DO 5.10-6.96 mg/L, BOD 0.69-5.80 mg/L, NH,-N ND-0.358 mg/L, NO,-N A5 liwu
nﬂﬁ’ﬂmﬁ, TKN 0.001-2.230 mg/L, PO,-P ND-0.720 mg/L 4ag TP 0.022-1.008 mg/L
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MNIANIVNUY 50%

De
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° A Y Yy 9 1A A 2 A g’
mmmfﬂ‘immﬁmz@mmmmmu 50% NUN llﬂ‘i3J1i1161J’E'J\1LL61J\1‘VILL"IJ’Jua’E]chlHu1 1.67-

De

3.33 mg/L, pH 7.07-10.34, hardness 89.34-115.28 mg/L as CaCO,, alkalinity 84.00-90.00 mg/L as
CaCO,, DO 4.36-7.06 mg/L, BOD 1.15-5.31 mg/L, NH,-N ND-0.266 mg/L, NO,-N ND-0.016

mg/L, TKN 0.003-1.860 mg/L, PO,-P ND-0.103 mg/L ttag TP ND-0.836 mg/L
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v @
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UIMNANIUVNVY 60%

1{1‘1/{1i]Wﬂjiﬂ@'lﬂ'liﬁigﬁﬂﬂ'ﬂul%}uéﬁu 60% WUN ﬁﬂ?u1mmmuﬁdﬁ!,!,muaaaslm§’1 1.67-
3.33 mg/L, pH 7.97-10.53, hardness 100.87-113.84 mg/L as CaCO,, alkalinity 79.00-103.00 mg/L
as CaCO,, DO 5.20-7.02 mg/L, BOD 0.21-5.60 mg/L, NH,-N ND-0.098 mg/L, NO,-N a5 13
Wunﬂﬁﬂmﬁ, TKN 0.002-0.870 mg/L, PO,-P ND-0.039 mg/L uag TP ND-1.284 mg/L

Y 9

MINIANIVNUY 70%

De

Y

° A Y Yy 9 1A A 2 A g’
mmmfﬂﬁmmﬁmz@mmmmmu 70% NUN llﬂ‘i3J1i1mJ’fNLHNVILHJ’Juﬁ’E]EﬂHu1 1.67-

De

3.33 mg/L, pH 8.02-10.55, hardness 82.14-121.04 mg/L as CaCO,, alkalinity 89.00-115.00 mg/L as
CaCO,, DO 5.10-6.88 mg/L, BOD 0.94-5.60 mg/L, NH,-N ND-0.120 mg/L, NO,-N A5 liwu

nAFUAM, TKN 0.001-0.930 mg/L, PO,-P 0.024-0.124 mg/L 11ag TP 0.068-0.838 mg/L

q

Y v
o A Yy 9

HIMIANIUVNVY 80%

ThitnTseems iszduamududu 80% wuh Tusmavews dinuuaseluni 1.67-
5.00 mg/L, pH 8.08-10.32, hardness 125.37-144.10 mg/L as CaCO,, alkalinity 98.00-109.00 mg/L
as CaCO,, DO 5.30-6.74 mg/L, BOD 0.07-5.18 mg/L, NH,-N ND-0.248 mg/L, NO,-N @529 li
wunﬂﬁﬂmﬁ, TKN 0.012-1.840 mg/L, PO,-P ND-0.082 mg/L 1ag TP ND-1.498 mg/L
vhmsnnduth 00%
511%\1%1ﬂ150@”|ﬂ15ﬁigﬁﬂﬂ’ﬂﬂl"fljh%u 90% WU ﬁﬂ?mmmmu%aﬁumma@a“lm%
3.33-5.00 mg/L, pH 8.04-10.06, hardness 134.45-158.51 mg/L as CaCO,, alkalinity 85.00-150.00
mg/L as CaCO,, DO 5.20-7.29 mg/L, BOD 0.06-4.90 mg/L, NH,-N ND-0.378 mg/L, NO,-N ND-
0.113 mg/L, TKN 0.001-2.320 mg/L, PO,-P 0.033-0.090 mg/L ttag TP 0.059-1.822 mg/L
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a Yy 9

MTIANVNUY 100%

e

v
a

v 1 Y
1119910 1590115 NszauaNUTUTY 100% WU TUSuave s snuvruassluiii
1.67-3.33 mg/L, pH 8.04-10.44, hardness 132.57-158.51 mg/L as CaCO,, alkalinity 90.00-162.00
mg/L as CaCO,, DO 5.20-7.07 mg/L, BOD 0.08-4.33 mg/L, NH,-N ND-0.298 mg/L, NO,-N ND-

0.004 mg/L, TKN 0.002-1.740 mg/L, PO,-P ND-0.069 mg/L iag TP ND-0.826 mg/L
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WNIANANTY 30%
a a v [ L =1 dl [ o’d'
mssadvlavesmnsgln  wuh amselnianueraindsludlamii 1
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WNIANANTY 70%
a a ] [ L = d' [ o’d'
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91 2.5 cm @4 2 1M10U 3.8 cm @UMHN 3 MDY 6.3 cm uazdla¥in 4 M10U 9.4 cm
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