A J

d' a a d o w 2} =2 a Yy 9 = a
FOULIOIINUTUNUD msihdaindeainmswanladuaiessuuielseavg

EX]

P13 maldruuunauHa U

Y A v 4
R WIBYNTUT 1TWUT
USayan rnTsumansuniagia rnTsuauIadon)
r.’d' = a a d a
210158NU3 1IN HNUE IAATAIA NMUAIUYYI
w \l
UNANLD

E4

Av AaAAov s A IS 9 o 3’ =
N13537e 00 an sz asativeduduuuumsiniaindennnszuiums
a a J a 2’ a H
panlandy oudios 2wz Taeldbalsyavssiati Inaldfwuunaunaiu Alsznon'ly
k% o A :’ Ja A Aa 9 o A g’ Jya
arouuudraesnims lvaveshldmaulunulas awdronuuiraesiiing lvaveuildn
a T Y T Aa A ] = 3
aulunurs aseynsuiu (Tasteniins lvalununauilutensunia vuia 1x1.5%0.8 U
Ugndredunnasm delunssgdiensiaving 1 un. g9 0.6 was uazteniing lnalu
Qv a 3 Yy v o ) )
puutienounIa v 1x2x0.8 1 gnadsdunnssne alunssgdiensiavineg
' Y Y
1 . g9 0.6 was Iagimaindnussydienitauun 3 su. dmsunsznetindite ) ms
1 I 1 o g’ o
naaoutsoendy 2 minaass Taguaazminaassrzimsguiiudszuy 8 $11ue vga
o [ o = | =) = AN 1A
16 %1109 AwanyuzMsuYedlssu msnaassi 1iflumsnfSeuionszuui liding
E 3' = = g; J <3 Jd o [
nyudsnihlussuy  sazinmsvnyunemiluszuy 100 Wesidud MmuadnIsTININI
J @ qa}l Y 1 ' { a A o v
FARANT 5.3 BI./TU N9 2 4A HAININAALINUN Tudegan 1 Nilszaninmmamin 5lo
a A 2 < o =~ A
A 1Tod vowdavivaos Woawoid wamalulasou wazuouTuile lulasiou @i 87, 84,
0o o 1 [ ~ = Aa a o w = a A =) <3
97, 91, 75 18z 80 % Mud1ey drulueyahn 2 Nilszansnmmstiia &loa 11ed VoL
uvrvasy earesa wamalulasu uazuouTudelulaswu 7193, 91, 95, 92, 84 uag 92
zﬂ' a a A o w J 1 d' = a A d‘d 1 =
% WeNasanszansmumsmaavaas lagsaununluten 2 Nilszaniamnanii a9
A Ao ~ g’ A = = o
APNTTVUNUMIHYUABUN 100 % Tuminaassn 2 Tasnlseumeusasiussnnniaya
oA o o o £ " A o 7
AEATN 10.7 B1./IUUAT 16 BV HAITUZANINATOINYIN TATIVITNANNFAMTATN
o a A a o w =\ a A = < o
10.7 w3 Nlszansmmmsman &led Uled wvewvawwiuass Weawesa waaia

TuTasnu vazuenTwidieluTasu 1 88, 86, 98, 92, 72 1AL 81 % MUAGY AIUMNINAAD



Ao P o = a a o w = = =1 = [
NoaIIINANNTamann 16 wu/du Ddszaniammaiide Fled Ulod Vol
[ = d'
wvruaee Weanesa wamalulasou uazueuludelulasou 7 88, 85,97, 93, 75 uay 88
o W 4 oa.l} 1 lu/ 4 [
% Mud1AY WonlSeuiouny 2 ganINAaININOATIVITNINNFAMAAT 20 w1/ TU
= g’ A o o w Y = o w ~ a A
msryuBenihluszy 100 % Joasimstivavams lagega Tasiioasimasidn 31od
< [
Tod waaaluTasnu weuTuiie luTasnu veawdawiuass tazveawesa'ld 71.60, 16.83,
Y [
15.46, 11.66, 24.34 wag 23.71 5w/’ Ju awdey uazindenmumsiiaudidediaieglu
s Jd 2 iAo
NUNUIATFIUAUNNINNINTTIIUGAT NN T JUAPNIZUVNUBATIVITNINIYA
oA o = ~ g} [ )
maain 16 wu/Au Imsnyuiewiluszuy 100 % Husumelumsesnuuniirly

Y
£ ) S

UszgnatiniariudeluTssamdmdui v.uzie vielseammalsglomnsou q 18



Thesis Title Treatment of Wastewater from Fermented Fish Production by

Hybrid Subsurface Flow Constructed Wetland System

Author Mr. Yuttana Worrapan

Degree Master of Engineering (Environmental Engineering)

Thesis Advisor Assoc.Prof. Dr.Suwasa Kantawanichkul
ABSTRACT

The objective of this study was to treat the wastewater from Fermented
Fish Production by using Hybrid Subsurface Flow Constructed Wetland System. The wastewater
was collected from the Fermented Fish Production, located in Phayao Province Thailand. The
Hybrid Subsurface Flow Constructed Wetland System consists of a subsurface vertical flow
concrete tank and a subsurface horizontal flow concrete tank that are in series. The subsurface
vertical flow concrete tanks (1x1.5x0.8 m3) was filled with the gravel ( 1 mm in size) to has the
bed height of about 0.6 m. The Cyperus flabelliformis Rottb was planted in this concrete tank.
Concurrently, the subsurface horizontal flow concrete tanks (1x2x0.8 ms) was filled with the
gravel (1 mm in size) to has the bed height of about 0.6 m in order to plant Canna glauca Lor. In
addition, the gravel ( 3 mm in size) was filled at the inlet so as to spread wastewater to the
horizontal tank. The experimental procedure was divided into two parts. In both two parts, the
wastewater was pumped into the system for 8 hours and stopped for 16 hours. This condition was
set according to the operating condition of Fermented Fish Production factory. The first part was
conducted in order to compare the system without recirculation with the system with 100%
recirculation and the hydraulic loading rate 5.3 cm/day was used. In the first part, two
experiments were performed. In first experiment the wastewater was pumped directly to treat in
vertical tank followed by horizontal tanks with out water recirculation. In the second experiment,
the wastewater was pumped to treat in vertical tank followed by horizontal tanks, which 100% of

effluent water from the horizontal tank was drawn to the vertical tank. The results from the first



part showed that the system in the first experiment could remove COD, BOD, SS, TP, TKN and
NH4+ by 87, 84, 97, 91, 75 and 80 %, respectively. In the cast of the second experiment the
system could remove COD, BOD, SS, TP, TKN and NH4+ by 93, 91, 95, 92, 84 and 92 %,
respectively. On this basis, it can be stated the system with 100% water recirculation has the
higher efficiency than system without recirculation. In the second part, the system with 100%
water recirculation and the hydraulic loading rate of 10.7 and 16 cm/day were utilized to perform
the experiment. The results show that by using the hydraulic loading rate of 10.7 cm/day, the
treatment process could remove COD, BOD, SS, TP, TKN and NH4+ by 88, 86, 98, 92, 72 and
81%, respectively, while by using the hydraulic loading rate of 16 cm/day the treatment process
could remove COD, BOD, SS, TP, TKN and NH4+ by 88, 85, 97, 93, 75 and 88 %, respectively.
When the efficiencies of system with 100% water recirculation at the hydraulic loading rate of
5.3, 10.7 and 16 cm/day were taken into the consideration, the highest removing loading rate was
obtained by using at hydraulic loading rate of 16 cm/day. At this condition, the treatment process
could remove COD, BOD, TKN, NH;, SS and TP by 71.60, 16.83, 15.46, 11.66, 24.34 and 23.71
g/mzd, respectively. In addition, the treated effluent from the treatment process was lower than
industrial effluent standard. The treatment process with hydraulic loading rate of 20 cm/day and
100% water recirculation, therefore, could be utilized as a guideline for design the wastewater

treatment for fermented fish factory as well as other food factories.



