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A study on the practical application of zeolite contained PE

media to water and VOCs treatment processes

Pyung-Tchai Kim
Department of Environmental Engineering, Graduate School,

Pukyong National University

Abstract

Biological treatment process is  widely used to remove organic
compounds and nutrients in wastewater as well as some air contaminants
such as volatile organic compounds (VOCs) and malodorous compounds in
gaseous streams. Suspended-growth systems for the microbial process have
been successfully used to treat various wastewaters. However, they are not
always suitable for a small-scale wastewater treatment plant due to their big
land requircment, high running cost and operational complexity, and for
wastewater having a highly fluctuating water temperature and organic
loading. In contrast, the alternative to suspended-growth process is to place
fixed media in the reactor that is called an attached-growth system. The
attached-growth processes are not washed out of the reactor with the liquid,
so very high sludge age and concentrations of microoganisms can be
achicved in these reactors. Therefore, they can be a compact process due to
the availability of biofilm media with high specific surface area.

The biofilm system as an attached-growth system has been successfully
applied to both the wastewater treatment processes, such as biological
aerated  filters, rolating biological contactor, fluidized bed reactors,
moving-bed reactors, and biofilter or biotrickling filter reactors for VOCs

treatment. However, the operational efficiency of the biofilm system is very



affected by the characteristics of packing media because the media affects
the characteristics of cell immobilization, the detachment of biofilm, and the
clogging on the surface. Therefore, there is a need to manufacture the media
for preventing theses problems.

The objectives of this study are to make zeolite-containing PE media for
improving cell immobilization, reducing biofilm detachment, and preventing
from clogging to apply into the wastewater and gaseous VOCs treatment
processes. In order to evaluate the stability of zeolite-containing PE media,
the removal characteristics of pollutants in wastewater and wastewater
effluent for water reclamation and reuse system are investigated by using
SBR packed with the media. In addition, the removal characteristics of
luene In air are also investigated by using biotrickling filter system packed
with the media.

The PE media used as a packing material in both the sequency batch
reactor (SBR) and the biotrickling filter has a diameter of 252 cm, the
height of 2.3 cm, the surface arca of 74.93 cmz, and the weight of about 1.20
g/cm’. The specific area and void fraction of the PE media in the reactor
were 5.0 cm¥cem® and 0.77~0.82, respectively. The compressive strength of
the media was fairly high at 250 kgy/em”. The initial rate of cell attachment
on the PE media was relatively faster than that on the other commercially
available media. In addition, the initial rate of cell immobilization rate was
significantly affected by the surface characteristics of the PE media. Also the
cell immobilization rate had a maximum at neutral pH range.

When treating wastewater by sequencing batch reactor (ID 150mm=<H 230
mm, acryl) packed with 40 % of PE media, COD removal efficiency shows
very high at above 92~97 % regardless of the changes in operating
conditions. And removal efficiencies of nitrogen and phosphorus are 80 % and

31 96, respectively.
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When applying the PE media intc the water reclamation and reuse
plant{capacity of 300m’/day) operated commercially, the biofiltration system
was very efficient for the removal of organic matters and turbidity, as
consistently maintaining the COD of 3 mg/l and turbidity of 1.0 NTU.

The biotrickling filter system (ID 400amxH 1600mm, stainless steel) packed
with the media to remove toluene in air showed above 98 % of removal
efficiency with for inlet concentration of 200 ppmv, and about 82 2 with inlet
concentration of 530 ppmv at EBCT of 1.0 min. When EBCT increased from
1 min to 2 min at inlet concentration of 200 ppmv, the removal efficiency 1s
also increased from 96 % to 98 2. When increasing EBCT from 1 min to 2
min at 300 ppmv and 400 ppmv, the removal efficiency of toluene increased

from 92 26 to 96 %% and 85 % to 92 %, respectively.
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A Azel e ATIF AYHT GOk o mak wje Aake] o g3 Az
of ozl ol AR Al Fol g vkw @AoR Qal WA WAFIIH ol
= v gaA Aok gAe 22 uFoR s GAsge] Frtete BA
Aol gtk Webd B AT E ALTo|eg PEQ} @@a}cﬁ Az7t gols)
3w F Ao, Aol gold Bk ok} QB RASH 258 AL



chol=9) SAHL AP Pe 5 Q= DB HAS Az nT s
wekA @ el A Algetel Esb #48 PE HAE AZsa, ¥ 949

£} 1 2] :
Y AHIEH WEIE ol &3l & - Al & ]3, A2l A 5
B A EuA sk :a + AZcelEE §FF PE GA= 3"
biotrickling filter& AF&3te] 7F2d EF9 AA B4 SR o]ujdt AdF
235 T B FAE ol&F METH A Ad g st VOCs A

a
R HE AR AR A ST ol e AT dRE Sjr sl Y3

B ol ek WE Yool ¥ AL EE HR T PE FAS FHTO



o AlE B wr A AAA HAe] £, 27 2 Gel v s AT B4
Ha2e] Asel d%E P UtHYoung and Dahab, 1983). B3 7 @A) =
7, F s, whAle] R W S owhale] g A s g wrgo)e) Ase 2
A ZE dok(Anderson ef al, 1994). 18y Albaganic(1990) #7144 1
& Bhg7lel A nAE AlF SAL AuEte aad O A7 A 209
AZE AR asd 8% %S Frin wusict
211 ttA9] T HET|

Halel m9 AFZIE 271 AE YA 2 g vA e At 2 7%
oA o] Raeke vlnee mdelde] Yater wu mvia el A gl o
nel o) va A xWdAe] g RAEET w2 A2 o

| 4
ToHAE A i S v AEe] Wl e RAR o] waiM A

o] BoE 4 Qe BdAE A Figis Aot Baker, 1984). Costerton %

(1978)F mAleol 98t A9 thd 7 glycocalyx7F vl A2 ol of 3
o o glycocalyxZb vzl RHRYG AW mde] o 42 2] g
of mlAZe] 2k Haevtn skt
212 cHo] ==

Huysman %(1983)7 Murry®} Van der Berg(1981)3& A& wr27]9 7]
AET AT Il gis] o] sbA) d3A mE ugFA gl oiE dF
oA HepEgAd dAlol A e gER g TR By g9l v A 5
Moddeju], Al shAeAE 2 T av|el FE89 Hrol gas

st A #9skgth Murrys (198D &5 A Fo] uAE Az

~odl F oW mAE o) AHow doin st 2w, macro pore® 7HA AL



lvr oA Bde] ek biomassE e ¢ gl A" A A 2e) o
({length of diffusion path)& <18 AAEur Ao A a4

shalc.

TA o] wo] ek

2.1.3 g9l sty MA

Kida $(1992)& #7144 %% 93 71(AFBR: anaerobic fluidized bed
reacton)| A WRMRE < A AR Fo stdd ARG Jdow s
WAl r el gol REAEYeY, Fo A E cristobalitert HEH @A
sew, o shild zedlite?l ¢ WIAlR % FAAUn Rusgu
Eldin 5(1996)2 molybdenumo] 3% Chia
304 steels ofehulopube] ajgol Wolr pl AR 2 492 gapgl=d 12~
159 ol date] FAHHN0Y steel2] ¥ 2ol A it B

skedch.

9] stainless steel®} type

oy
221 0|42 BA U 2ot HA Az

A H(Marshall, 1992). A&Euro §-7) s 2 2 &
E gl Aelgl e mAE §7) nER ArA PEI S5 A cHFlemming,
1993). 2= SHcdA vAE 72 s Iy F42 s 22 a3y

o] 3oz o] F o2tk (Zahid, 1993).
ke

| A
(3) H38 AE oape} m& BT A e Fobsh e 7] A4

.LT:L
)
o
il
7@
2
o
1
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o
_
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o U AlEEste] AEde] ¥4 - 245HE AL Fig 2-101 el

L7128 2absel bulk FA2RH sl RHo 2 o ste], Yirl Hg
of wAdEe] HA FEREg £ 9y “zAs @A #9H(conditioned

substratum)” 2 &4 ehh(Fig. 2-1 a).
2. ete duld ) AE AZ7 bulk FARRE 2A4E 2A Tyoz o
FH} (Fig. 2-1, b).
3"l g AlE F A b He s G Rastoist e

o] A& 7t9 F E(reversible attachment)olgt $tcH(Fig. 2-1, b), &2

>

&R fale] Aol o) MG 02 24, g5 £ Az
4 a45% 9E oA+ Ao(Fig 21, b)
4 7be e abd AE B Ay o= UgvIZ o4 FAl Hele] wA

vt A os 2aREkFig. 2-1, b). B7td A o2 Bad A ¥ e bulk
FAZPE 21 JFDE ol Ete]l Aol Wet QB MEEA F
&

o
& WELY o F ARELE w3

2
e

R

i
i
K3
s
<

wk FA 712 YA E Este v aE aEy
% Satol FHA,
5. M%ﬂ% ThE A Bo) Bl RAATHFg. 21, o).

W o] ol S slof bulk GAo) £ H HFig. 21, ). 971N 2
LN

] (detachment) ¥ &2t o B MEZe] nRA 8- FAL% o,
Y3 {desorption) > S FHo R RE v]AER Rxe] nha T oA
2 oJulghrt. ghelis A A (erosion) o]t B (sloughing)ell 9% 248 )
H, e SARAT BAELE buk AR BEE 5 9ln

0|

e Fig. 2-29F o] 2% Z9 % (surface film)¥ 7] %" base film) %
HEOZ Yoy dh(Peyton, 1992). dAw MEure guigo} 7]zu sy
B oololAY F REe] 2o o]FolAch Fwule AEukhyk oA

0)
A A ol M o] & Hheterogeneous) A& oH oz HolH)

d
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2-1 Characteristic progression
(Park, 1998).

[/

of biofilm accumulation with time

Bulk liquid

Fig. 2-2 Schematic diagram of base and surface film(Park, 1998).



THu AF D Ferd El(visco-elastic)® 7FA ) a9 vl A3
o} el frlE ol Fr)Eo] AdH ) Suschka(1987)= Aol Af FA

ot FAS AEEHE() AT o] EAFM, 7 2] FHE ww
L

223 ME2uto] =2|sbstE A
el BesaA gao gRvte 2y 4B} Axe] nEA E)9)
A ALY DR FAL GTY folBae] oF 500 90% HER T4

vle] QtHBakke et al, 1984).

AS AR 1 E s ] 2habel Wi g Feskn, fA vhRAY Y Qg

Trulear(1983)% Pseudomonas aeruginosas A& Aol Al vjotalz]l s v A&
of A 50mE WA etha R el ol Characklis(1980) = #2
srell A EdviAE R wekatdlg "o AEw T 120mE WA 2ot
A Barskich Bakke(1984)= BT FAE AEY Q3o Faa gl

L}, MEol Axds
e daxdes Qe A BA ARTE WUk Fad adold,
gl SAshe 4% T, FA 4E R 718 Sol AgY FAS Ard
dakrg ook AEY ARYEE 106ke/m'(Hoehn and Ray, 1973)ell4 10ke/m

(Characklis, 1980)7hA] ® 1% 31 dvp(Table 2- 1). McCoy @ Costerton(1982) &
AE oA AR A Ee] $HEY o M2 Axder) gty g e
™, Kormegay 9} Andrews(1967)= roto torque ¥+-&7]0 A Agdo] Z71slo &
AeEet Axges ¥MshA ¢tey 714 fluxs S8t skl



Table 2-1 Reported biofilm thickness and biofilm dry density

Thickness Density

Reference () (ke/mt) Type of bhiofilm
Korneygay and Andrews(1968) 160-210 66-130 a
Hoehn and Ray(1973) 30-1300 20-105 b
Williamson and McCarty(1976) 150-580 42-109 C
Rittman and McCarty(1978) 100 50" a
Rittman and McCarty(1980) 119-126 5 b
Rittman and McCarty(1981) 0-125 5 b
Trulear and Characklis(1982) 0-124 10-65 b
Trulear(1983) 3647 14-47° d
Bakke(1986) 0-60 27 b

a’ steady state, heterotrophic, mixed population; b: heterotrophic, mixed population; ¢ steady state,
nitrifying, mixed population; di steady state, Pseudomonas aeruginosa; 1 calculated assuming
biofilm is 80% volatile solids; 2! calculated assuming biofilm is 50% carbon; 30 calculated from
measured thickness corrected for refractive index of biofilm.

AEare oz Al dge v

= slom Fig 2-3° /l8 %

r

=
2 vhefdl 2 S Flemming, 1995).
(1) EPS = 2 (capsule}2 3§34
- ofn Gy Tkl Hofl M o] oke]l & 1E(-NH')
- uronic At} @eA ] Lol I H(-COO-, -HPOs)

- OgEe 2o A FaANSe s 28

2) ME 5o A Fd v Flipopolysaccharide) (713 &A1), lipoteichoic

(3) N-acetylglusamine® N-acetylmuramic acid2 FAE M x4

4) 9849 (5) 93 A (cytoplasm)

.10 -



Al 7pA el e 4ol Table 2-200 vhebvt glom], 105T o A
IARE gob dzd A5E 550TAA AarA #71, 571 2% Ade Al
A9l & AEvHAPH-AWWA-WPCE, 1992). 9wt oz g a3y

A
leelal Bleier nYEE Frleont Y ugE Aeyu dxFAe ¢

A wPBE A vE s FogRe] FAH L E=AL L)
(o]
5

MAEY S vEE B&(> 00%) Kok B 2k oAbl Al A o

oAl AlE R S drvh w2 CO/N v A2 gzt BEe] wAy

L Cy

CM

TA

EPS

(0]
/ \\\
Cy CM M oM LPS ¢
Fig. 2-3 Different compartments in a biofilm, including a gram- negative
(left) and a gram-positive micro-organism(right). CY- cytoplasm;

CM-~ cytoplasamic membrane; M-murein; OM-outer membrane;
LPS- lipoploysaccharide; C- capsule; LTA- lipoteichoic acid.

- 11 -



Table 2-2 Reported composition of biofilms as compared with suspended

biomass
Reference % Dry weight 9% Volatile solids
Ash Volatile C H N Type
Biofilms
Turakhia, 13.3 867 531 61 124 a
Kornegay and Andrews, & 92 292 61 9.8 b
Characklis, 20 &80 428 10 C
Characklis, 6-14 0.5-3 c
Suspended biomass

Wang et al, 3 g7 d
Herbert, 3.6 96.4 e

a: laboratory Pseudomonas aeruginosa biofilm, b: laboratory hetrerotrophic, mixed population biofilm,

¢ natural, heterotrephic, mixed population biofilm, ¢: Pseudomonas CizB biofilm, e: Klebsiella aerogenes.

225 MEot2 M3l = O|d=E
1A AR fojEts nAZe A A FHaE AEHE A

SAtateh Table 2-3¢] 2l Biep 2ol

- 12 -



Table 2-3 Comparison of microorganisms appeared biofilm and activated

sludge

Types of microorganism Activated sludge Biofilm
Bacteria CC CcC
Fungi R C
Algae RR +
Protozoa

Peritrichida + C

Hypotrichida CC CC

Suctoria C +

Cihate R R

the others + C
Metazoa

Rotana R C

Nematoda R +

Oligochaeta RR +

the others RR R

CC very frequently appear  C: frequently appear  + generally appear  R: rarely appear
RR: very rarely appear

ahar olth E3%hd] ok (mixed culture)l Z¢= oS a4Ee
J—

Aol rtdlol o} &l WEEhA Al oA ok

of ALgsl= @deAe] Hew A8y Wakel A 84 ekgh(Bitton and
Marshall, 1980; Baker, 1984; Van Loosdrecht et al, 1989; Daniels, 1971). A &
7FA] b2l QAR 8 Table 2-49F o] 34 AR 9 e E4o R s
T At} McEldowney ¢t Fletcher(1986): ®-#&3t &7]8 2217} Hab & T o
VE&Fe M, FA, F71E 5% el T sl wel RaEe o 4E

bdeeh A SR GEEA WS AR Fxo] dPe T

N
1

rie

- 13 -



d vgE Fol mhet QFgE 2= Her)h g2 skl
718 gt /N vl X"“rﬁ}ﬂ WS FAE WA e mdel o
& vl tHZhang and Bishop, 1996). 3 C/N vldl| whe} A 2ok o] =25}
eI FE5 YT (heteroproth) ) F7#9) B¥ % G tHOkabe ef dl,
). Peyton(1996)ell oot 712 K3l o} Zohstwl AAbde) A8t F47)
AA G B st AT Martin (199302 @714 zz6ke] el m ool
Pseudomonas aeruginosa, Citrobacter amalonaticus, Methanosarcina barkeri
dl Mgk 2 AHE kel 71de) i vl A ojaRe] v Ao ¢
oAl AR Al Bl Ela) AEE) el R EE A g ufokelA] do

A M. barkeriyz A3 A= erekvla a9l

Table 2-4 Variables affecting the attachment of microorganisms by solid
surface

1) pH
2) temperature
, 3) ion strength
Environment ) o
4) hydraulic characteristic

(feed rate, agilator, shear stress)
5) contact time
1) species

2) cell age

. . 3} concentration
Microorganism )
4) culture medium

5) suspension medium

6) chemical properties of surface
1) species

2) chemical properties of surface -
. 3) particle size

Support media ]
4) concentration

5) roughness and porosity

6) surface area

- 14 -



227 OJME H& WD
7l AEI| ASER

7S e d7)e A S obul b aminol$b ZFE B3 7] (carbooxyl), Q1A
(phosphate)2} 22 ehvizbel A7) sy o5 A7|v), #7|etd Aels &
A2] pHel o3 5 wh=ch vl QE wde] W7d o7 sAEA 4% u
o] pH# (G A 914 isoelecteric point) Bt &ohe] pH7F Yrow okAstS H )
U, Fod SHEE A ¥ HRouxhet and Mozes, 1990). n| A& Fuio %
A zel AR S pHA-5)e 7] wWEol gl gl Ao nE ngy
Aol eFo 2 sl E dxiu} A oo A A ?%%i(electrostatic drag force)

of #&ste] 1A A & ol gl oz sl R b} R ngE

L. ofoj20| Hst

Marshall(1974) C Mg“'s} 2o <folee u %ol Fw
BEE Fiw, ol B ArlelFe AL A B
7]

Atolel ghubE o] FolEwWAl Kito]l ZFrha)

of FaE e
A

Harris(1953)+%= Bentic cyancbacteriaZ ©| 43 A dollA FolLe Ay gy
= 8Al 7151 Fol28 A #H(masking) A7tk &),

Huang 7 Pinder(1995)7 ¥ 7]4 A2 9o A2 w2 Zo Ca” %7} 0~
120mg/ 2 ¥ 2lell Qs W A4 Sxe & Fdifo] ety o =& Ca¥
R AEur o] gastglon, 71EA Ln&Ee PEU oo

| =
e HAA Ca” %= 100mg/ £ A 120mg/ £ o] ek ¥ 15 Aok,

howE BW o uAE kAT 88 dste 4de Y@t Mozes and
Rouxhet, 1987). =olA 24 54 Atolo] ek 9lH & 44 dadgor

Fel3 Van Der Waals force Bt} @A 2 3 9loh,



1960t ol & whale) 39 EA AETe e BAZ psie s g
A4t7E A HPowl and Jeffrey, 1985; Stenstrom, 1989; Wiencek et al., 1990;
Sorongon, 19915 Reid et al, 1992; Daffonchio et al, 1995). Weiss(1968) = % &
B, HE dARAGE A3e AR ¥R mojsigh ol F HEde

S vhgat Zrp
1) Young equation
9 @Y WA DAEYel Fow Y WA B HAEA 1%
A ow JEd %2 (contact angle)Z 717 A e JA ©oH(Fig.
2-4). ol Ao Wiyl o ddshar Hgl Fwel A A H(liquid droplet)ol] o
)2 e Young A3 22 ofg] sh4) Al AEe) ¥
Axs= glow FHETHo] 5, 1981).

l:izm

=]

TL\/COSH: TSV — TSL (2“1)
AZIAM, Tuy @ 23579 FEell 9l Ao Ty
Toy - o] E3Eo)9 Bl Qi wAle) wRFY

Too © aLAjep efAAtele] 7w e

Aol apele] qleo] - Apolo) @1¥sh LAt uch # B9 HEAE
OD7} E]—E O—H- 7]'!9—1 g— ]:,ll'.]- _]_,(]Oﬂ Hﬁ]’o}ﬂ C"*E‘}t:, ILH OO ] —/] /};}%7—}% 7}_
A el 0991 A mA AR ekl 6] A)q |5 dz7te] §at
of @9l A peAer AN AL ovlahe, Aol oa) HA A
Ao ool AE42 1807t

A mHel 98] S1S o uA mwe] AV TG TR A

3 }
7] 2AA Aol g HE ZEA A(EH O peakdt valleyE meldh T A):

o
e
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cos 8= rcos 6° (2-2)

o] /1M, 8 ¢ Wenzel H572}, 0° @ " (intrinsic) H &7

|

|

Salid Yo

Fig. 2-4 Contact angle equilibrium on a smooth, homogeneous and rigid
surfaces.

N
/?//\%///N//N//P\

Soiid

6. : true contact angle
8 : superficial contact angle

Fig. 2-5 Wetness of rough surface.
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¢ & Wenzel equation®]e}il &1, o] Aozl thgw e A4S o
AT (1) B2 grel 0 <90 W F, 27 A 5uE s YA M= g9
S AZA G A4S0 <0 sk Hol ¢ 28] A "o (2) 89 grel 0 > 909
w5 A7) ol 2SS A JAe M TWe ARA T A0 >80 )

ol 238zl o 47 = B}

HH52E 5%, A Asad4 AEnE 83 (hydrophobic  interaction
chromatography), ¥talE4o] v A& RA(MATH: microbial adhesion to
i

hydrocarbons), % #¥i(phase distribution), 4 &4 ®) A~ E(salt aggregation

d

test) 59 g viEe] g Al A54E A ALY
(Rosenberg, 1980; Rosenberg ef al, 1980; Mozes and Rouxhet, 1987; Van Der
Mei et al, 1987, Limdahl, 1981). =t <A E¢) HFHE FA8= 21 v
4T AdiEel AeAS o) 98 AF Al S JL"HChaudhury, 1992).

4) &l ~4M
Dexter - (1975)&

Ol: HLH] ]o}_e ‘Hr?‘]'}‘]

=4S, PP, PVF) Y2, ol &
F71 = > U ASPS>PP>PVE>T 2] 9] &
U gEa we 54
kA e el HAE = e} i pREy) ol it B1sly
oo e B00AT T - &3S A el TWe 3 oevA, REA S 1d
bowlnigh wf ke apel] FAE go] 15% AX gastdun 8%
2k Loeh(1979)= t9o] b=l A ekt A2 dtd e oo HHe 7ha 4af

4 22229 (teflon, polyethylene, polyethylene terephthalate)ol] thakel shg &

) :%0
\LLO

oX

-

SRR

=
)
N
il
-~
s

_‘
&=
o
2

iy
T
it
ok
ks
Mo
2
i)

o}7b Fatetel o ofe] g RSk (platinum) F= £4 1WA (germanium) &
PR FEel T Ax FAEew, AsAoln o sdy ®Y

- 18 -



(glass, mica, oxidized plastics)oll = Whe|e]ol7} Ao P as] = gr=ths B
St Prigle¥} Marshall->(1986)2 hydrogels A& 892 42 hydrogel®
FrAkfrEel FrbstH wbeelobel @Al Fwialelo] AEA4s S3ld B o2

of Wafatz] wEol Fzte] 7HAasHA ®Woin ) Doss 5(1993)e e el

P

13l polvethylene 5o Botrveis cinerea Conidig2 ¥ 3A]7) = A

deE s
At F22 Botrytis cinerea ConidiaSt T4 Abole] Adea) A& akgo) o3k
= ¥ F8E Dimethyldichlorosiline© & A @lsl91& w] H&zlo] A5 of A]
1725 gdasted A&z 2 o vjEo] wo] Lasglctn 2wy},

2t MZ2] 12X} ZZ!(Extraceilular polymer substances: EPS)
dee) PSS Rad48s sy ABaels] A u e mE A
=]

wAE MAETa del A vl Wilkinson(1958)8 S S ey A R ELE] Ho) =

e urE ezt AL ;A BAS AAEe o] ukx Zaae 78‘:‘—12-49]
el Al o] FAEo] B0 e 290 2HE H¥E KHEa= V)

2 A Qdn selck w9 Axs nyd zde dATzel we

ECM (bacterial exlracellular matrix), Glycocalyx, EPC(extracellular

polysaccharide) 5 ¢ 2 2o}

AEEAe] A Mre] aRd 242 A4 vk F(lipopolysacchride),
PHeapsule)# A Swlel ohebsl ARas O GRde guas T4 6o
Atk 2] ASs O9R, vt 9o lipoteichoic acid7b A ko

M DA 2l G de] et RRe AL Fao|tt

Al dEA =de BAEYAY Sy A, 25 ZY e pe
FoAe 2ty 546 9gs Fou oA gle
k1

A U (Morgan et al,
1990), dSEHE F=3t

HdE AL AAEAA,

- 19 -



bacteriophage¢t @A Al o3 FHRoERY uAES RIsrsnT o}
(Geesey et al, 1977, Costerton et al, 1981).

WESA ALAR A velelohs E2 AR 9 granules WA of
A T e weEobh el del AR el A &3 welEol e Foli

AT wBA B0 AR GTL doa HA AAD ABHH £F 3

O 1ol (54 H [a)
Aol Wit &g v S gl Jia et al, 1996). AlE 8] BH 2 222 out
HO R 1-2%(w/w)e] izl BAw 089 olate] 22 o 9ol 23 Haha

& s o) s

o
flo

biomass®] UFEE 93 carboxyl, phosphoryl 2
sulphate®t & Sol& groupE 7FA7] wfiEe] o] w3=o] 9l

{Christensen and Characklis, 1990).

3) Mxze| nEA SAl9 A

g e Aol tiek MEe] e B Aate s B =o)rk gl
gttt Marshall(1971)3 Fletcher®t Floodgate(1973)7F S u) A @b aboll Al A £ 9
ARAR = de] B E Babe] tfidl 919)o] wlar A& wko A vy e} M EE &
Al AT = Sy Eekal &9 2] Flemming(1995)& Al %9 182 & 4o 0
HE T2k ABET ] cohesionel #Holdli=d Van Der Waals force, 2 A 7} A
SR FAEG) 42 ok st go] o) ARG )

1oy Katilaimen 5(1975)2 v 48 Zwe) 439 o uiart gug x
A 717] wi el sAbe] o] s ghRrEe] Al7) = 1A Fel(steric exclusion)
el v E F e et B sl ol Rouxhet$t Mozes(1990)i= A %
sb Al Zoie] Axe] IEAT 2T A DB 25 A Aol af Fo
Fejo] WA F3o] Zhastxnh a2 wivk A E] nEAR Yo gAY =
o] #EAew do glowl AKRo]l g0 1A} ALo] vyl g

A A A Abolel] S HAste] ¥Aeol Zrbecla shch

u}

ﬂJ

=)
g

- 20 -



23 Mg9} 2y

231 §7|=2 MH 2]

2, AW EE, &7 59 e FA e Slime(%z‘—ﬂ AET S Z Yo
A4 dow, shae] AgdsEe ol d slimeol] &gt} o9 e A Fute)] ¢
& At s deauelA g er g A7 Aol AEo)

AT RS ol &T 7% AAs FaseAHel 4 24 o3 Azt

7. 824 S&9| HHI|F
zol Lisk L2 7Pdstol +RHA), AE7HB
Crez vyo] 2984y §E420D0)9e vy FiE5EES
G FEEAY AA7IT B2 E Fig 2 69 HERAI SR 5, 1999). %7)
MEvhe]l #Ad & seedingol]l 2l shAL HEFwe] dav]e] Aaz S F4H o
] o]

AR A ofde] B AA=Atst VT g e 3 E LR V4%
=]

z M
2
Iy
;
rE

B AbaAe] 74 E(Lo)e) HAAY. 45§74 22A(BOD)
(O22] o]z} &3} 2HFol ste] AL {7189 3 2aE(CO, H0)7F o
fupiz el @1 AT @ Hoﬂ 28] HzS, CHy, COz, No7t WE, 4
=ue] ZReAM e fdrzt vrola A H g FAaAA AEete] ges £33
cf, AEafe o] {72 MrRe AA HAYES Fig 2-77 2o}
- _ _dsc .
dt - ACDC dZ (2 3)

A7A, dsp/dt - B A o] FET Ac: AIET WA Do SAET dse/dz @ £

R A AR 5ol

297 -



(Water film) B (Biofilm} C (Contact)

Y -3

Crganic

\materiai

™,

IR

i o

< e
+ Lol ]

L, L, L. (Aerobiclayer) L, {Anaerobic layer)

Fig. 2-6 Schematic diagram of organic matters removal in surface of water
film and bioftlm.

o L—\\\\// It
.

i (aerobic layer) L, (anaerobic layer)

Fig. 2-7 Schematic diagram of dissolved corganic matters removal in
biofilm.
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(2-4)

A7, dsm/dt: B ols & k BFY Ade]®4x, Ks: Monode] ubs
Ak=1/2), Xc: "y A

=]
=
we &5 EHe ol &4 5o tldtoE Monod A2 243w

as . AcKxScx Xe
at Sc+ Ks

Hel Eq. 2-3)7 (2-4) ez EAAZHES Eq (2-59 2} 9 2o
A AETHE AL Dedl MIIVISS % 2(Xe)7b g2 uleel gug
kg B A A e AngE AL ek

= D¢ (2-5)

Y. A A ARG
devholsel B4 BAe AT DS TU 2 0 B
o|g BOD A7l 714k A w7k gleh
o A FReh Qoo gl WEAEs AT St Aol 87
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Fig. 2-8 Nitrogen transformation in biological treatment processes(EPA, 1993).
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A e gre dete] 2 7prbel SRel gL B Fiely AMS T
el ol Fane Yok s tEEE ARG BUES So

fr A= oo} ot Table 2-5¢ A

Table 2-5 Standard of water quality according to use for various purposes

[tem Purpose Lavatory water Spray water Garden water
E. Coli under 10/md nol detected not detected
Residual chlorine not detected over 0.2mg/ ¢ not detected
Appearance not discomfort not discomfort not discomfort
Turbidity under 5 under 5 under 5
BOD(mg/D under 10 under 10 under 10
Small not detected not detected not detected
pH 9.8-85 H8-85 h8-85
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ok BAwe) mAs ArLAs 2o ANl wol He wael qeh 4l
T WHe W 4R W e o) YAD B Y S oz
TE7E o B fEl e Aele) Agke] wEul AebE o F biofilters}
P AAd oz Ha= dzm.e 1000 ~ 50,000 m¥%hr, £ 952 =x
g/m’ o] gFolth(Kok, 1992). Table 2-691 Z+ VOCs el = e] 2. G o s)
A HER Sl
Table 2-6 Compartson of waste gas control technologies

Control .

. Advantage Disadvantage
technologies £ g
. . - Large foolprint requirement
- Low operating and capital costs ) . . .
Lo . ] - Medium deterioration will occur
Biofilter |- Effective removal of compounds . _ .
- Less suitable for high concentrations
- No further waste streams produced s

77777777777 re and pH difficult t¢ control

Blologlcal - E\Iedmm operating and capital costs - Clogging by biomass

trickling |~ Effective removal of compounds - More complex to construct and operate

filter - Treats acid-producing contaminants - Further wasle streams produced

Bioscrubber

Low capital costs

Effective removal of odors

No medium disposal required

Can handle high flow rates

Can operate with a moist gas stream

Ability to handle varlablL loads

Effective removal of C()mpounds

- High operating costs
= Need for complex chemical feed system
- Does not remove all VOCs

— Nozzle maintenance often required

- High operating costs

Carbon |- Short retention time/small unit .
q ) Suitable for low/moderate load - Moderate capital costs
adsorption |- Suitable for low/moderate loads i )
P ) ] ) - Carbon life reduced by moist gas stream
- Consistent, reliable operation
- Effective removal of compounds . . .
. L. - High operating and capital costs
- Dystem is simple . .
. . . . - High flow/low concentrations not cost
Incineration |- Small area required

Suitable for very high loads

Performance is uniform and reliable

effective

- Creales a secondary waste stream
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2tk 2 A= soil, peat, compost, wood chip, bark 3} 7+& 7143 a7 +

2 A},

(2) Biotrickling filter

oA BFHE GBEE EAAR GAERA A ARG S § 5 o]
of mPAlE o 2 VOCsE A28 Biofilterol 49 o] VOCsE A abof 4]
AN ASde R FRge o YR FE NE 2USY Aol w
A Ak AFes Fig 2185 2w @Al mo] AN Tams
clay, stoneware ring, sintered glass raschig ring, activated carbon pellets %
of HEH8l, Htole BobaE, HArfolo, $4 HA T 0Ys dg A x
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Fig. 2-15 Schematic diagram for waste gas treatment in biofiltration.
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(3) Bioscrubber
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Fig. 2-16 Schematic diagrams of above-ground closed biofilter.

- 4] -

SR EDE-EEE R
el glol 4l
el gl L 8

oK}

=)

=L

T =R 1)

re



Mutrients, Buffer
(Discontinuous)

Water Influent l
Humiditier
Wasle L Clean Air
Air Particulate. I 1
Temp,. and - Blowar
Load Control i

:§ oS :
Ta: oteted 2O &
TR e,
SR
o R 3 2
% STaed sttt aiealele
it 2
3o e %
G e 3

%

Biofilter Reactor

Waste Air
Dvevieremmmies )

Fig. 2-17 Schematic diagrams of below-ground open biofilter.

Waste Air
Recycled
Water
Water
Nutrients o
Bulfer Biotrickiing
Water Influent Filter Reactor
Pumog
b
Waste . )
Air Particulate, Clean Alr
Temp., and Blower — >
Load Controt . Waste water Purge

ey

e ) T
... . ///

Fig. 2-18 Schematic diagram of hiological trickling filter.
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@ W& mEds o AR WAL Sulstd & lojok 3ty FaHol 9
o Foh

/) ]1111 ] /HQT 7L:‘g]
actual EBCT(Empty Bed Contact Time)9] 7+43 A8 4= 9lojop it}

@ v e Fdge] lojA] AAA AAY 8 HR-5o] Fofop Fhol

D 714 TR el Feol 9% EBCTAA actual EBCTE 24 8 ¢ glo]of

vl B719) ERARE Hashalol k.

2744 biofilterol| A &= E M| 7F HHetal vhdst T2 vAlEL Ristn
Ao FHF FAEA AFEH B4 $aEn A3 FAE4A A
Lol gle} 7hg wol AMSE D gith ek A Adsta gAdgko 7 51y s A
v 22 3 EA e Ag2hbE g Al polyurethane foam, A8 128 3
detez IYE FY 2 glass wool £ e AH BF Feo] njgE g

o2 Wi gon AT el AFRA BAN o
dhibgk A 7b A E A Q) Table 2-72 & AL 201 dao) B4 o

(3) =2
g AR Ao djHoln MBS sy G I F
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EP|
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¥l ok

}

ZAolvHZilli et al, 1993). ~18]

grid el ddse] AAA
Trle] HHEWAL ZolAY

Z1#iv} biological trickling filtert}

apdon Abvlel e Bapn w1 eher),

Table 2-7 Summary of important properties of commoen media materials

T

media AC, perlite .
Compost Peat Sail and other Srgr:ttgﬁlc
properties inert materials e
Indigenous Medi
Mmicroorganisms High edium High None None
popular density - low
. . ) Low . .
Surface area Medium High = medivm High High
. - . . Mediu ,
Alr permeability | Medium High Low —eh;ghm Very high
Assimilable . Medium .

. - ) Tig N N
nutrient content Mligh - high High one one
PPoll 3 i . . , ca N igh

0 ut.a nt sorption Medium Medium Medium Low-high one to.hlgc ’
capacity very high

cr > 30
Life time 2~4 vear | 2~4 year vears” > 5 years > 15 years
Cost LLow Low very low l\"jkligl? Very high
General | Basy, cost| e [Ee, fow Neeh muten]
applicability effective | control hvs ‘o4 | biotrickling

problems hiofilter expensive filters

a: activated carbon, b: Bohn (1988, 1996), c: Synthetic coated with activated carbon
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H 3 8 M=elo|EE &wet PE |9
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= 2)\%:— U]Ag%

L\l
r
il

=0] @& sfgte] o] Fojzz glor} EFaliay
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Al ArE o] FofA ol Qo) A2 A E v do] vMo g = 4

AFA Hgol o, Azude] ATw e AAHa A HsE F 5o A
el
=

AR - s FAF ol Ar) HE Eo] Zepae gAo) wAE RA5A
FakAF 7] A8 2t e] 98 chemical etching ¥ 22 3eba g9 A3y
& AgsY BAERe AdVE 77 2EE dAEEe Agsn
At

wpzbA B Aol M HebaE gk Aeel gAe ddg B ed )%

ZJ_'.

A vAe HAE ThEst R polyethylene 2o HAA &etol E, CaCO:E 3
7hste] AR vAE S Azsnal sl o] AlgelolEE 4% PE
@Ael 224 - setA 548 E4E e Aed f71E $ % MLSS v, 27)
pHoll u} & w829 7] #2544 sofsturt shgen, L3 Axd w4l

2 oA Sel o) g 4B P54 A s

2

oL

S 49 -



3.2 Hjzgle] o uhy

3.2.1 0|48 = M=

70 mAE whAlE wEe v EEAS 3 o R nAEe v
A7) Zol Bea AR

A A s e 171%*@ HAE st BFor dAyHolAa 9ot

iz =
e
ri
2
rlr
to
a2
il
X
=
s
1o
Al
=
Lo
SE,
e
M
:o_i,:
o%
il

o AAYE d&atgont #AH A digt FAtEE <l

43 gl Be4E BY 5 e AUW MF, AE, NITES S 9

cellulose & #HElelol Fo] 22A {7183 HolHGE Al setolE AMehs] 3
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A Aol 2852 Zatn vl H I beadd B Alete) 2a Az

dg ATl AW Pont dF AN % Axge ole el U, 94 B
o olgk mkw g@alo 2 qla) Al ATt HobAs DR A Az
B we vFoz s Qe Frbshe BAel Qo

a8 Gl F2 poivethylene, polypropylene, polyvinyichloride -8

o] &3t ring lace, ©1'93 HEA, bio-moduled 97} Az gich FH
ol = polyvinylacetate®s ZAen} sh 223 DAy AdEE S coks o
el gAZE Azsa ook v Zelad dale B - shetaE S o
of SbgHola AR 2 9E AASHE HelA Fatx v uleps B
AFel s AgetelEE PESE £@ste] A&7 folata vy 7 8oy, 2H
of gold ¥ut ohre} MAF e RaAEAMHol 53 Al LeolEe EAL
e s 4 e MAaE 2AE Axstaa sk

el ARE R Al EetolEVE dHH PE 9 Al WS Fig. 3-10)
VEERRSITE Al &2kl E 9} polyethylened 44 E 2 23S HAslste] &
&% 2 polycthylene®] £§49 & =(melting point, 85~110°C)o A <2} 5st
wOLEHA, SixbEd A sst WA EA GAFAE Egeid 943 dgor
AbEsh: 29l Aba R Pl AE Sl EWAgE sl 3R Ureld &
Atk A EAR F Ax® @AE Fig 3-20] Vel 9v} Table 3-2¢] £
el ARGE A R 249 xuAy WY o Axz7AS Uyt
oA Wmukel o] whAe] FAEQ PES H9ag AlEYE 2780 E
FE OWSAA O 548 stepsl A Media1-391% AlgEe) B S, Media 4
ol CaCOsE AHEstelch 2elm &4 Fdeo] 293 Ewde] 4 e
st mAE FAEAS dostaa F9d A typeo® IWS A
Media-2 FA4lz WA Rue gAZdo] A Lafe) Bt
T F Aelwl, B otype2® A #]d Media-3 @Al XWUAANE ZA

=9l Zlojo},

Vs

- 51 -



Polyethylene Zeolite

|

L 4

Mixing

Pelletizing <—| M. P 85-110°C |
Injection -

molding *“—_‘t Additives ]

i

Surface
treatment

A4

Media

Fig. 3-1 Zeolite containing PE media manufacturing process.
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Fig. 3-2 Photographs of zeolite containing PE media.

Table 3-1 X-Ray Fluorescence analysis results of natural zeolite

Item Unit Value
Si0: wt. % 39.7
AlOz wt. % 30.8
NaxO wt. % 12.2
CaO wt, % 12.3
MgO wt. % 1.17
P20 wt. % 14

.53 .



Table 3-2 Description of support carrier

media

.. . > Surface
Support Carrier | Raw materials Additive treatment
Media-1 Polyethylene Zeolite Without
Media-2 Polyethylene Zeolite A type
Media-3 Polyethylene Zeolite B type
Media-4 Polyethylene CalQOs3 Without
Commercial .
Polypropylene - Without

.54 -
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Fig. 3-3 The schematic diagram of reactor for biofilm formation experiment.

Table 3-3 Characteristics of artificial wastewater used in this study

Compounds Value(g/1.)
Glucose 4.0
NH4CI 1.0
K:HIPO4 05
CaCly 0.25
NaCl 0.35
MgsS04 0.25
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Table 3-4 Physical characteristics of each media made from this study

Size Surface | Specific | Specific Bed Compression
Support . . . .
Carrier area gramty area voidage mtensmg/

{cm) (em%EA)| (g/em®) | (em¥em®) (-) {kg¢/'cm”)
Media~1 |g254=xH 2.3| 74.93 1.20 500 0.80 250
Media-2  |@254xH 2.3] 74.93 1.20 5.00 0.80 250
Media-3 |g2.54<H 2.31 74.93 1.20 5.00 (.80 250
Media-4  |@254xH 23] 74.93 1.30 5.00 0.80 230

Commercial | o, 24125 0.95 1.93 0.73 -
media
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SBum

Fig. 34 SEM images of support -carrier((a)Media-1, (b)Media-2,
(c):Media-3, (d):Media-4, x1000).
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Elements | Value(wet. %)
O 48.13
Na 4.32
Al 7.79
Si 36.96
K 1.24
Ca 1.11
Fe 0.46
Spectrim 1014701 Ronge 120 kev Total Cnuu=82491 Linear Aulo-VI=7137
AT 7 ‘ T 7
HO00]
4000
Kal 2000
AuMal CaKal
X Kal FeKal Aulal  Aulbl ‘ a
oo ! 20 o r 50 AR ' e T 70 R YTy gD T

Fig. 3-5 SEM image and EDX analysis result of Media-1.
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Fig. 3-6 SEM image and EDX analysis result of Media-2.
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Elements | Value{wet. %)
O 14.04
Na 4.78
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Fig. 3-7 SEM image and EDX analysis result of Media-3.
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Table 3-5 Contact angle and surface roughness

of each media made from

this study
Support carrier Contact angle(”) c Ou:ﬁ;ize( )
Media-1 85 7
Media-2 95 7
Media-3 81 30
Media-4 73 6
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Fig. 3-8 Effect of substrate concentration on the microbial attachment with
operating time(MLSS: 5000mg/L., support carrier: Media-2).
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Fig. 3-9 Effect of initial pH on the microbial attachment with operating
time(MILSS: 5000mg/l., support carrier: Media-2).
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Fig. 3-10 Effect of activated sludge concentration on the microbial
attachment with operating time (support carrier: Media-2).
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Fig. 3-11 Effect of substrate concentration on the microbial attachment with
operating time (initial MLSS: 3500mg/L; support carrier: Media-3).
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Fig. 3-12 Effect of support carrier on the microbial attachment with

operating time (initial MLSS: 6000mg/L; organic loading rate:
Okg COD/m’ « day).
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Fig. 3-13 Effect of support carrier surface on the microbial attachment with

operaling time (initial MLSS: 3500mg/L; organic loading rate: Okg
COD/m’ - day).
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Fig. 3-14 Effect of support carrier surface on the microbial attachment with
()perating time (initial MLSS: 3500mg/L; organic loading rate: Okg
COD/m” - day).
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Fig. 3-15 Effect of support carrier surface on the microbial attachment with
operating time (initial MLSS: 3500mg/L; organic loading rate: Okg
COD/m’ - day).
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Fig. 3-16 Effect of support carrier surface on the microbial attachment with
operating time (initial MLSS: 3500mg/L; organic loading rate:
1.0kg COD/m’ - day).
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(c) after 10 days (d) after 15d ays

(e) after 20 days (f) after 30 days

Fig. 3-17 SEM images of microorganisms attached on the surface of
Media-1 support media.
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(c) after 10 days (d) after 15 days

ZBLm

le) after 20 days (f) after 30 days

Fig. 3-18 SEM images of microorganisms attached on the surface of
Media -2 support media.
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(c) after 10 days {(d) after 15 days

(e) after 20 days (f) after 30 days

Fig. 3-19 SEM images of microorganisms attached on the surface of
Media-3 support media.
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(c) after 10 days (d) after 15 days

2.8k B804

(e) after 20 days (f} after 30 days

Fig. 3-20 SEM images of microorganisms attached on the surface of
Media-4 support media.
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Fig. 4-1 Schematic diagram of media—biofiltration reactor.
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T2 ARES A shevh W g el sl mgr)e Ane F4E o]
r oM blowerd ©] &3] WLy DOELEE 3~
dppm . % Fr A H e ST HRT(0.8hr, 16hr, 2.4hr, 32hr) 2 3] (0Q,
2Q, 4Q, 6Q)ol WE F71E, NHy-N, SS 2 g% AAELS 47

(2) Commercial-scale

Bz Age] AFel AHSR nABLe P &) a4 g vl
AUMLSS: 5000mg/L) & ©] §&tath dEdniat vher|2 4905 95 3d
02 CODer ¥ %7 2.78mg/L, SS 5.19mg/L, § 57} 25 NTUZH Aboha] o
o/l FekE JdeY 95 Ee o/, 3 F%E 60m/hrs 8
Ao, &R E5AHE HRTE 08hre A8t Ae]5e] COD, S, §&
LA S48 stz stRen Mg #4 9 4 gE Table 4-39 o
e it
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Table 4-1 Characteristics of influent water used

in this study

Pilot scale Commercial scale
[tem

Range Mean Range Mean

pH (=) 6.6~72 6.9 6.9~75 7.1
CODcr (mg/L) 15.16~77 4191 0.79~5.53 2.78

SCODer (mg/L) | 857~31.26 20.56 - -

NHs N (mg/L) | 0.048~0.778 0.213 -
SS (mg/L) 1.88~69 296 17~95 5.19
Turbidity (NTU) | 095~26.11 9.618 1.96~3.78 257
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Table 4-2 Standard of reused water quality

Purpose

Wltem

Lavatory water

T

Spray water

Garden water

E. Coli

not detected

not detected

not detected

Combined
chlorine

not detected

over 0.2mg/l.

not detected

Appearance

not discomfort

not discomfort

not discomfort

Turbidity

under ZNTU

under ZNTU

under Z2NTU

BOD

under 10mg/L

under 10mg/L

under 10mg/T

Small

not detected

not detected

not detected

pH

0.8~85

0.8~85

5.8~85

Color

under 20 unit

CODmn

under 20mg/L

under 20mg/L

under 20mg/L

Table 4-3 Analytical item and methods (Standard method 20th, 1998)

Item Analytical methods
pH pH meter
DO DO meter
COD, SCOD Potassium dichromate reflux method
NH, -N Indopheno!l method
5SS Total solid dried at 103~105C
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(c) after 12days (d) after 17days

(e) after 22days (f) after 30days

Fig. 4-3 SEM images of microorganism attached on the surface of the PE

media contained zeolite.
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Fig. 4-4 Variation of the attachment of activated sludge with operating
days {(initial MLSS: 3500mg/L).
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(2) HRT wistof| M2 SN
(i) R7I& XA
Fig. 4-56= A7 5 AFAE g g2 COD % 2 AAE8S
LR o2 HRT 08A17FelAM #3949 COD ¥E& 22~4d4mg/Lo|v] &
99 COD #iir 12-27mg/LE 4YEyd. #9 COD E=¥i =
+1img/Lell el +2 COD Fe+v i7.5mg/L§ Y COD F% walol v s

AR AARY A2D dupsieh 1% gl 1#@1 471 FEo) gy

o R nAEe] A T) &) wioelc)
69 f7]% Rt wE £71% AAES UEhd Ao HRT 084

el COD H-3H&o] 054~1.08kg COD/m’ - day®l = 9ellA AALEL 0.1
5~0.697kg COD/m’ - day® uebsbos, HRT 16A13FelA s 0.24~0.83kg
COD/ m® - day®] HabgolA 0106~060%kg COD/m®- dayel AAE&S v}
dldct, HRT 242 3bel A 0.12~0612kg COD/m® - dave] ¥3F&oA 0.02
9-~-0.526kg COD/m’ - day®] AA&E, HRT 3227k 0.115~0580kg
COD/m” - day el #aH&o)4 0.0612~05180kg COD/m’ - dayel #A14 &S e}
il ot

718 AALEW {718 $aED(0F 12 #AdeR Uehgd,
HRT 082)3tell 4] y=0.933x-0.037, HRT 1.6417+e 4 y=0.875-0.071, HRT 2.4
AMIFe A y=1.001x-0.118, HRT 32417 ellA y=1.017x-0.796%] < el
ANFAIEo] Z7HAEE §715 AALE7 Z7bebs Ao eyt

Fig. 4-7& 27148k AFARE Hslel] w2 SCOD e % AA&ZLS
UERL ez CODel vlis] fedFstvse] v w4 debgd 28y
SCOD AANEEE 9 SCODY Fxo uwat HE59 SCOD ¥= Wzs)
sl AA vepsth §9 SCOD ¥ E7F 5&5% AAXTE] ol Fig.
4 5ol dwdEold npel 2ol §3 COD vXx7) =& uf AAZEe] &
CODe) Zgat wtojof AnE B}
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Fig. 4-8& SCOD #3&tge] wb2 SCOD AAEL vebd Ao HRT 08
AlZbel A SCOD #3840 0.389~0.743kg SCOD/m® « daye] F31&oA 014
2~03%kg SCOD/m’ - dayel AAES yehlen], HRT 1647 A
SCOD ¥-3t&°] 0.102~0.495kg SCOD/m” - day*l 4] 0.066~0.196kg SCOD/m
Podaydl AAEE VEUQY. HRT 3243204 SCOD B82o] 0079~
0.246kg SCOD/m’ - day2] *sh&olA 0.030~0.160kg SCOD/m® - day2] 4
= YeEpd gk

S5 F71E AAERWG §F4 H7E LAEEES 14 #A e
= GERE, HRT 0827t y=0557x-0.067, HRT 1.6A17ko) A v=0.368x+
0.010, HRT 2.4A17bel X y=0.707x-0.037, HRT 3.247Foll A y=0.757x-0.0262)
Lo bl AlFAlgbel FrME R §E34 fo1E AASES Eobete A
o7 eyl

Hb 5(2002)0] 1 AES FHE olE3 LS AA P Wk Az
A CODmn 57} 28~144mg/L3l AFE /718 AA 548 dur An
°F 35-38%° FVIE AA £&S Jdehyod, 4w gr 9 Zzzgag
AelE&o] o 78~949%E vl 2& &S Yo, #7112 2 4%, &
5, 27 AR or AAS: a3Y HAEY FAHL AL ANYZ oS &
YS9 & AdT dEpa] B dfels H83 WEaet w87 o)A

= F7E AA B AHE A9 40~70%9 5o AATZSS vE
el Ao dxe @ 4% Ax8 42 284Y Aoz wddt
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Fig. 45 Variation of influent and effluent COD during operation (internal
recycle ratio: 4Q).
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Removal rate
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Fig. 4-6 Relationship of COD removal rate to organic loading rate under
varied HRT (internal recycle ratio: 4Q).
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Fig. 4-7 Variation of influent and effluent SCOD during operation (internal
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Fig. 4-8 Relationship of SCOD removal rate to SCOD loading rate under

| HRT: 0.8hr I HRT: 1.6hr } HRT: 2.4hr [ HRT: 3.2Zhr
80 ] T T
! | |
b i i ]
I ! I )\
i i 1 pg-.\
!
60 /r\ m]\ﬂ_}'\)‘\. "J
|
|
40 i
|
|
20 | ]
|
0 ! i { 1 { ] 1 1) l |

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

Operating time [day]

[ —e— Inlet —O— Outlet

—&— Removal Eff.

N

recycle ratio: 4Q).

100
80
60
40
20

5

= 0.8

=

g “®= HRT-0.8hr, R = 0.651, y = 0.56x - 0.07

= M-~ HRT-1.6hr, R> = 0.907, y = 0.37x + 0.01

E —& - HRT-2.4hr, R® = 0.929, y = 0.71x - 0.04

—%¥  HRT-3.2hr, R* = 0.949, y = 0.76x - 0.03

T 0.6 |-

v

[#]

]

a.

s

: . e B
-O. o // ,/// -
> .// P ///‘_,,.—"’

R - - e

B 02 T e _w T e

= - / e

8 % L sl

n - | I |

eo 0.0

= 0.0 0.2 0.4 0.6

0.8

Removal efficiency [%]

Loading rate [kg SCOD/m’ volume of packed media/day]

varied HRT (internal recycle ratio: 4Q).

- 105 -



(i) et=ob 7

Fig. 4-9% A&7)7: Eok AF AL Aol W2 NH,-N 5% 9 AAZ
&5 e Aosg AEdaer vhezxe FUdHE NHS N FE7F 0048~
0.778mg/Lolw, Hi 0.213mg/LZH ’E}?%—’FOHHJ o)l dldt RS
LPE%LH oh 3k A7) HEF FYge dRYel wRRssE a4 e
o} L= HRT 249} 3227kl A 0.06mg/Le] @& FE

Z pehie] v A Al sheskad olek #E oK AAH R
A PAEZAN COE BAhdo® 01%'8}04 NH; N % NO; -N& 284 A
2o .

LalAgo M= BAld COLE 874 3

FLO
]
rd

i i, w7t we Ardsd V2R e Ay
ol 4= ol¥ g Askspetol AN wpEA A4EE 4+ 97 wF ol thRittmann

Fig. 4-10& NH, -N ¥3&t&o] @& NH,/-N AALEEE Jed o=
HRT 08717l A+ o] &% 9 100%e] H&& Mo vla)] w2 d3es o
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Lol Retn(x)E 13 Al ez Jehid HRT 084 7oA y=0.252x+
0001, HRT 1.6A17FellAl y=0.648x+0.0001, HRT 244 7tell A y=0.716x+0.000,
HRT 3247l A y=0.861x-0.0002] & viehllo] A FA ko]l S8 5 o
nuel AL} 2546 Ao g ey

- 106 -
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Fig. 4-9 Variation of influent and effluent NH:'-N during operation
(internal recycle ratio: 4Q).
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Relationship of NHi-N removal rate to NHs -N loading rate
under varied HRT (internal recycle ratio: 4Q).
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(iii) SS 2 EtZ x|
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Fig. 4-11 Variation of influent and effluent SS during operation (internal
recycle ratio: 4Q).
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Fig. 4-12 Relationship of SS removal rate to SS loading rate under varied
HRT (internal recycle ratio: 4Q).
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Fig. 4-13 Variation of influent and effluent turbidity during operation
{internal recycle ratio: 4Q).
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Fig. 4-15 Relationship of COD removal rate to organic loading rate under

varied internal recycle ratio (HRT: 2hr).

B
< 0.6
8 @ [RR-0Q, R? = 0.851, y = 0.61x-0.06
g ~-M— |IRR-2Q, R = 0.823, y = 0.85x-0.12
g 0.5 7| =& IRR-4Q, R* = 0.947,y = 0.80x-0.06
- —w». IRR-6Q, R* = 0.804, y = 0.40x - 0.005
eF]
S 04l
3 ,
: -
S 03} - s
L
5 .
= I R
Y 0.2 [~ . /A //f,fi'/,.«’;’, —
- PR, Y=
E .
2 01t ,:5{/".
Q . /l/ T e
» S o ; |
an 0.0
2 0.0 0.1 0.2 0.3 0.4 0.5 0.6

Loading rate [kg SCOD/m’ volume of packed media/day]
Fig. 4-16 Relationship of SCOD removal rate to organic loading rate under

varied internal recycle ratio (HRT: Zhr).

- 114 -



Ei 1.0
= 2
= ® [RR-0Q, R*=0.845,y = 0.93x - 0.00
= M  IRR-2Q, R?=0.901, y = 0.54x + 0.00 _
S 0.8%1| 4 IRR-4Q,R*=0.922,y =0.91x-0.00 @
E ¥ |RR-6Q,R*=0.989,y=0.78x - 0.00
< .
9 06| .
= =N v
- T
o © ;
£ 2 o
s E 04 »
g = *
< Y
- _-'
"‘E 0.2 + 'Av‘
o .
2 0.0 % : ' : '
0.0 0.2 0.4 0.6 0.8 1.0

Loading rate [kg SS/m’ volume of packed media/day]
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Table 4-4 Characteristics of artificial water used

Itern Concentration{mg/L)
Glucose 225
NaHCO; 336
KClI 175
NH4Cl 118.8
CaClz 175
NaCl 37.5
MgSO, 12.5
KH:PO4 35.1
3 93 343 433 683 630 720
RUN 1| Fifi | Anoxic Aerobic Anoxic Aerobic Drawing | Idle {min)
3 90 250 90 250 7 30
3 143 343 483 683 690 720
RUN 2 | Fii | Anoxic Aerobic Anoxic Agrobic Drawing | Idle (min)
3 140 200 140 200 7 30
2 142 342 343 483 683 690 720
RUN 3 | Fil | Anoxic | Aerobic | Fill | Anoxic | Aerobic Drawing | Idle | (min)
2 140 200 1 140 200 7 30
3 683 690 720
RUN 4 | ri Aerobic Drawing | Idle | (min)
3 680 7 30
3 343 6583 630 720
RUNS | =i Anoxic Aerobic Drawing | Idle | (min)
3 340 340 7 30

Fig. 4-24 Operating conditions for SBR.
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Fig. 4-25 Variation of DO with the operating time on each run type

[Anoxic/Aerobic; Run-2(140/200), Run-3(140/200), Run-4(0/680),
Run--5(340/340)].
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Fig. 4-26 Variation of pH with the operating time on each run type

[Anoxic/Acrobic; Run-2(140/200), Run-3(140/200), Run—4(0/680),
Run-5(340/340)1.
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Fig. 4-27 Effect of operating types on COD removal efficiency
[Anoxic/Aerobic; Run 1(90/250), Run 2(140/200), Run 3(140/200),
Run 4(0/680), Run 5(340/340)].
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Fig. 4-28 Variation of COD with the operating time on each run type
{Anoxic/Aerobici Run-2(140/200), Run-3(140/200), Run-4(0/680),
Run-5(340/340)1.
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Fig. 4-29 Influence of operating types on NHy N removal efficiency
[Anoxic/Aerobic; Run 1(90/250), Run 2(140/200), Run 3(140/200),
Run 4(0/680), Run 5(340/340)].
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Fig. 4-30 Variation of NHs ~N with the operating time on each run type
[Anoxic/Aerobic; Run-2(140/200), Run-3(140/200), Run—4(0/680),
Run-5(340/340)].

- 135 -



Fig.

Fig.

§ 100 |
E 81.0
80 |
5 69.6 67.5
b=
=5 60 f
=
-
= 40 |
g 321
=
i 20 |
0

Runt Run 2 Run 3 Run 4 Run 5
Operation type
4-31 Influence of operating types on T-N removal efficiency
[Anoxic/Aerobic; Run 1(90/250), Run 2(140/200), Run 3(140/200),
Run 4(0/680), Run 5(340/340)]
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4-32 Influence of operating tvpe on NO3-N concentration
[Anoxic/Aerobic; Run 1(90/250), Run 2(140/200), Run 3(140/200),
Run 4(0/680), Run 5(340/340)].
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Fig. 4-33 Variation of T-N with the operating time on each run type
[Anoxic/Aerobic; Run-2(140/200), Run-3(140/200), Run-4(0/680)]
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Fig. 4-34 Influence of operating types on T-P removal efficiency
[Anoxic/Aerobic; Run 1(90/250), Run 2(140/200), Run 3(140/200),
Run 4(0/680), Run 5(340/340)].

- 139 -



14

--8— Run 2

12

[
(=]

T-P [mg/L]

0o 1 2 3 4 5 6 7 8 9 10 11 12
Operating time [hr]
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[Anoxic/Aerobic; Run 2(140/200), Run 3(140/200), Run 4(0/680),
Run 5(340/340)].
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Table 5-1 Composition of nutrient solution

Solution components Concentration (g/L)
K:HPO, 4.3
KH:PO4 35

KNO; 181
FeSO, 0.001
MgS0y - 7TH.O 0.5
CaClz - 2H:0 0.02

Table 5-2 Analytical condition of gas chromatography

Itemn Analytical condition
Detector Flame ionization detector (FID)
Column Ultra 1 (256mx0.32mmx=0.52m film thickness)
Carrier gas Helium
Oven temperature 45T
Detector temperature 200C
Injecton port temperature 150T
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Fig. 5-2 Removal efficiency of toluene at the exit of the biotrickling filter vs.
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Fig. 5-4 Variation of toluene removal efficiency as a function of bed height
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Fig. 5-3 Variation of toluene concentration as a function of bed height under
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Fig. 5-11 Evolution of the removal efficiency and the pressure drop in the
biotrickling filter vs. time
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(B)

Fig. 5-12 SEM images of microorganism attached media before backwash(A)
and microorganism attached media after backwash(B) which taken
from biotrickling filter.
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