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B PSRRI - PN P RIS R PO U SEER I [ R poi IS e

ER S IR A IR e S U U © S ESE C i U o 1l e o7 L i Sl
?Eif[ » SRS EVEL (porous WAS pellets ) EE%‘J%@?[ SR IEVIF PR AR U RS (SBR) [T A
PRSI TR R R o RN A TR R (SBBR) S T
(= (P EVY > e L (SND 355 98 % > 92% ) -

RS AT 57 (WAS ) ~ YA~ [~ [FIRFEF~DeF) (SND) =
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il

11 g
P PRHERTY PO 5
VPR RLE VR o 2 E IS P R
AL ol I TSR R RS T
SRR TR Sy [ AR I - F 1
(IIRRLI IR D = RIS Tk o oy i gl
R AR AR R R e e r (Iopy
Pl “Ii:%_‘{‘ PRI R (T

2 AR B O S e B
R g AT - R TR R
IR [ i AR SR SR M [
EX L Sie R I I/if;ﬂg&?ﬂ {, [qurf‘ FI
@Wﬂzﬁ?ﬂtl

IHIESERE S L U e Y R B
1575 R it (sequencing batch reactor, SBR)HI{ A
prg Bl (Sirianuntapiboon et al., 2005) e

1.2 ’FZI‘{.E Ip’lff%[‘j?*,’

¢m§ﬂ/j glfPE‘szE THUES -

LA SRS D B i
SRR C et SR ]
FEYE FIIE 120 05 i

2. DR F P GRS i B % PR
2 BRI -

TSP S A
> AlFR

2. PHAFETH
2.1 W‘{.ﬁhiﬂ

B AN A R A & B [[ii d (wasted
activated sludge, WAS) [ ety JDJ/ Ff }H [
FIIH T WAS S (=i |5 & P e B2 Pt
[¥(biological nutrient removal ,BNR) . [i 7Y i+
[ P |V 22 Ul o AR AR DL 1
WAS F[#P]f *fj%f‘Eﬁl‘lpﬁ‘l\fﬁﬁﬁ )RR [RERR
5955 i (RS TR R lﬂ&ﬁ‘/s VAP E T [FI
R % §Jip|1 A o

SR (ESERS PR ) A R = A O
Hot=5 2R Rl (Sequencing Batch Reactor, SBR)
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Fl SR BRI (Sny 4 F i Prmipe i
ST e 3 R 1 COD W g IR o

2.2 TP I 1-2 o TR

1. d F& B~ R £ PET ( polyethylene
terphthalates » & ¢/ 5 F"f@@ﬁ) AAET L [
FEAp] o 1 25em - ﬁ,'J 35cm o MR EES [
BRAAEL 121

2. T - BRIEVRERYEAER T 135 rpm

(Oriental Motor, Japan)

3. E?%n:’[ﬁ & A p ;jx%nﬁuf" £ 12 L/min (Serial
No. 1030114, Medo Co., Japan) °
PR e R (IR T [

?F‘Jgi’?’ﬁp#k LEVED SBBR 3k b SR AU B SBR

L) Vo T 2 o T e AR

2542 °C Iaafwl > RIS 7@%@&?”%3& M

o 2T Fﬁiﬁ*’f’?“’gfg / HUEVH © 7 SBBR ik

[[[ [qusrggf ;]ugj;&,ﬁ Eyﬁal’ﬁa et isvl@ﬂ%éﬁ

74 15%
= 7 loadings '] Loading IIT sy fﬁﬁ

(SCOD: 615+43.1 mg/L ; NH,'-N: 79+6.2 mg/L) » %

“%#% Loading 11 (SCOD: 449+47.3 mg/L ; NH, -N:

59+5.7 mg/L) > &b i ELEVREL Y {8 [V Loading I

(SCOD: 303+8.5 mg/L ; NH4'-N: 42+0.8 mg/L) °
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v

WAS [T | 7] AR ]]1- . GEN BRI

FIFIR % i A 1 ek -
AT
Y
TCLP iﬁ‘H e=a
S R

FIFIP I e RS -
[l R 2 P T

7158 R o € e 4
2P el ])sn SBBR; o HLE VSRS S R L SBR

PR T Il 1V SBBR ™ SBR £ 14
RRIFSER 2 B

[E@' 1 : Research flow chart

—_— _—

f __\ / \\ ORP | pH DO
el

= %%< )
L YA / N\

(a)SBR (b)SBBR system LabVIEW

)

qiaﬂ' 2 @ Schematic diagram of the immobilized system: (1) baked porous WAS pellets, (2) WAS pellets

diffusers, (3) pH, ORP and DO sensors, (4) mixer, and (5) computer and data acquisition system
(LabVIEW)
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2.3 & BAE A
A1 SBBR ] SBR R AR
=FET [ﬁJEU loadings fit =% gl é‘cﬁ‘ﬁ o K= FE

loadings {5 {F ™ V& E S Fi3# 1 B YterIZLH
LD T AR ELETE BOD: NH-N: POS-P
T IHEL 100: 13.7: 2.2 o

Concentration (mg/L)

Components
Loading I Loading I 1 oading III
SCOD 303 £ 8.5%* 449 £ 47 3%* 615 +£43.1%*
B D 299 £ 9 2%* 428 £ 13.5%%* 603 £ 10.3**
NH,-N 42 +£0.8%* 59 £ 5.7%* 79 £ 6.2%*
NO,-N ND' ND’ ND'
PO,>-P 7+0.5%* 9+0.6%* 14 +£2.3%*
BOD: NH,"-N: 100: 14.0: 2.3 100: 13.8: 2.1 100: 13.2:2.3
PO,”-P
*ND : Not Detectable

M.D.L(5 3 (IR, *

NH;-N  0.01 mg/L

NO,-N  0.013 mg/L

NO3;-N  0.015 mg/L

**n =3(= FiIH)

#* 1

2.4 TS

WERSTIRE! S WERTAERE R 2 -
Item The Analysis Method and
Instrument
COD Methods 5220B*
BOD; Method 5210B
NH,'-N Method 4500F*
NO,-N Method 4500 NO, B*
NO;-N Method 4500 NO; B*
q pH meter, Method 4500-H B*
P (SUNTEX PC-310)
ORP ORP meter, Method
2580B*(SUNTEX PC-310)
DO DO meter, Method 4500-O G*
(SUNTEX DC-5100)
Tem Temperature meter, NIEA
P W217.50A
MLSS Method 2540 D*
MLVSS Method 2540 E*

* Standard Methods for the Examination of Water
and Wastewater 21* Edition (APHA et al., 2005)

% 2 ! The analytic methods and instruments used in
this study.
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. The water quality and loadings of influent wastewater

31 WASH1%

21591 (Fﬁff YFH* SRR 45 f“mef’FL*
(B N SR SOV AR St
B fie= 5% (NIEA R205.01C) » 55 Y1k
3 o Ef[17<57 (Moisture content) fﬁSS.Z% RSt
(Flammable content) fﬁ9.4% » 715 (Ash content)
I’Iﬁ5.4% o P 5y = AL P AT SRR B R
o RPN D G T
BB ) -

FR R S ISR AP o SBRT
HIVIRUR - (A2 F,’fﬁ?ﬁﬂ“‘ﬂ?&qiﬁf AP Lﬁfﬁﬁk
ﬁm@W£F%%VMﬁ%%M®H%E#%£%

P BT 4 o 3 TCLP 2 M R
I 4 BB R

5 g R P TR R A )
FIH N -

AR
[7) 7]



Basic characteristic

WAS

Moisture content, % 85.24 £ 0.2%*

Flammable content, % 942 +0.1%

Ash content, % 5.34 £ 0.05*

Lor” 10.32 + 0.56*
*n=3(= £ H)

** Loss of ignition, LOI : 900°C-3hr

#.3 ! The basic characteristics of wasted sludge sample of Nei-Hu wastewater treatment plant.

Element Concentration of Concentration of red  Regulation of M. D. L.*%*
WAS (mg/L) clay (mg/L) TCLP from HM  (mg/L)
(mg/L)**
Cu 0.37 0.2 15 0.012
Pb 0.03 0.01 5 0.028
Cr 0.1 0.08 10 0.077
Zn 333 0.09 25 0.004
Cd ND* ND* 0.5 0.001

*ND: Not Detected

**Regulation was obtained from Waste Material Cleanup, EPA, Taiwan

(2007)
***M. D. L. : Method Detection Limit

% 4t The TCLP test for heavy metal concentration of NEI-HU WAS and red clay.

VEVWEURIAE FB S [ 5 1) ICP-AES
B TRk AR R (SRS A S -
EP R (I 2006) KT TSP
S EFIRARORI S DAL » PP s i e
VPR E R T e YRR (LS 2006) BIgHES

SIS D) 0 1R 2 BLIAE SIO, > b
ALO; ~ Fey05 9t » S5 | BI E Ry sz & s
o o R D10 RS PAC YL
) (ORI [ ( PUAIPOY) « (I S FHRIHT. -
EI B SR AL HRHG Fe -

Element Concentration (mg/kg) Element Concentration (mg/kg)
Al 27895 Mn 163.48
Fe 14877 Sr 115.53
Ca 8458 Pb 53.83
K 7017 Cr 38.96
S 6006 \Y 36.45

Mg 4311 As 6.62
Na 1768 Co 4.45
Zn 839.61 Cd 1.86
Ba 451.47 Sb 1.38
Cu 214.87 Ni ND*

*ND: Not Detected
Analyzed by ICP-AES

%< 5 Concentration (mg/kg dry solid) of heavy metals in NEI-HU WAS.
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3.2 [fl'llﬁ??%ﬁ‘l‘*

FPEL LR R ip[fkﬁ?“ (WAS) [plif&
EIFR I %5 “ﬁsjif}ﬂﬁ&‘ﬁﬁ' B fidA] 2 PRl s
IR o WAS ~ AT (SRR R S
5:6:1=5:12:1 %‘u?[at'j/g[gll*“iﬁﬁiﬁﬁ% b2
F,#*J’ﬁ“' B iﬁlfl *EHI?T“JD PEE ?JDiﬁi St
yw;ﬁ@wfwamﬁwﬁaﬁﬂwr
?Eiﬁf?ﬂ@ (ERy ASTRPIf > BV AR %Eﬂé‘?ﬁi
o L PR T R PG 5 1] WAS R
FEE V?*‘Jiﬁlf,f““ﬂf b5:7:01 "“ﬁJ‘fVJ?E'IWU
@%@vﬁf@b%#}w§¢ﬁﬁﬂ%%%wi
6.5 o RPTH B el T PIEiE > UL
A A R KR 36.70 keflem”  7.10
glem’ A1 32.99% ° <15 PIgH EEA PR F g

PR fh 53 FTEB < (1 6 RIS PR

Tl B D P B s

fiLEJ‘f S -

Reference | Compressive |Bulk Water
strength density absorption
(kgf/cm?) (g/em’) | (%)

This 36.70 7.10 32.99

study,

2008

Chung, 6.40 1.10 41.02

2007

Chen, 2.44 0.67 60.49

2005

# 6 : The basic characteristics of the porous WAS
pellets in this study and other references.

@Fbl:[Jgggﬁj{_ s | I/EIFIJ,¢TJI7,I i
B (N2 F R TCLP 3658 - Pl
TCLP gxr}%a%ﬁ'b PR R R R R T
WAL > Ipiske 7 A7, o L TCLP 55 A7 ALE 8 {5t
H R S PRV TS ST
RS R AR R P ﬁfﬁﬁﬁ ’
[EEECE SN
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Element | Concentration | Regulation | M.D.L.***
of porous | of TCLP | (mg/L)
WAS pellets | from HM
(mg/L) (mg/L)**

Cu 1.92 15 0.012

Pb 1.22 5 0.028

Cr 0.26 10 0.077

Zn 0.97 25 0.004

Cd 0.09 0.5 0.001

%< 7 The TCLP test for heavy metal concentration of
NEI-HU porous WAS pellets.

il 3 BLER T 4 RER SBBR #ak (1) % Pumk
fid o [ 3G) R R o f A AR
200720198 [V WAS F|F[|¥] %JFFI#I (Chung, 2007) - q%ﬂ
3(@) B 30)f1 WAS FJF(J7 i e U g
i 1% 0 iR [T 4 ERETD SBBR AR 1V 2 Pl
R
[ 4 By I }“{ K‘FE‘-T:—’ SF %5 (Scanning
Electron Mlcroscopes SEM) TEI%?&’EZE;P E'lf—?fF"Il‘
BV S PV RPEY W - 3L
HHIRRIBEEY 200720198 7 WAS £ [F[H I ¢ [(3b)
FLIR 3(a)fl1 WAS FF["] o e UL A -
HIR! 4@) [ Fiel ITRBE E j%;}ﬁfﬁ—;apf)
I R A PR S SR R 40

SRR AT o T - e
1% (k] e e IR e (i

(2) Chung, 2007+

() This study+

qia‘ﬂ 3(a) : The external of the porous WAS pellets,
which have the average diameters between
14 to 16 mm.

(SEM fifi=" {5 ik s e



(b) This study+

(2) Chung, 2007+

qfa‘[[ 4 : The SEM image of the rebuilt WAS porous
pellets surface.

3.3 WAS F[FIF ISR R T (V1
ST WAS B F{IP 12V 2 Prmi e OB Bk |

PO LSRR > 1) 1200 tpm U8 T I - TR
(155 2 PUBRLY SRR TR bRt TR

ROATH  IPI! S@)F o [IF T R A P s
x Eiji;?? AL 12 & 14 mm s S B E ESY
BB T B 'ff%i;u%, RS - &
?%’:fﬁé‘ I [ H R R #
alE T‘*J'{%ﬁ Fx L”i“;«n‘ﬂ“dtfg‘ el
Tt gfiﬁu IEEERZ RN EAED -gpqg[[
5(b)fa- o

q?a‘[[ 5:The external of the WAS pellets diffusers, which

have the average diameters between 12 to 14
mm.

B 6 FBIIE WAS F[FI5 1% il FUR] » RSP
[ 6(a) ~ il 6(c) I 6(b) ~ [ 6(d) » ') SEM
?ﬁﬁ A m@%%ﬁ’ﬁ'éﬁ%@ﬂ"ﬁlﬁld@%ﬁ*']‘ ’i“"@i‘
& %’Lﬂe[n\:ﬁrﬁfj“fpﬂl’@ﬁéﬁ’@ (VBT R
[FIE S

IR 6(ay= [ 6 (b)E% WAS FURIREPIR] M e
b VIR R SEMBEH S [ 6(c)= (d) Ea” 4 TRUR]
RO W P SRR B 2 SEM BXHE! IR 6(e)
6 (DEVETE ) FURRS PR PR B
U 0 HOSEM BRI R o pE 6()
6 ('Y > il WAS ST FI% & il ROk
1,200 rpm 0% 8 [ %5 RIS 0 d

I

/'I\—r-lH

21

SR> E R ORI U L] 5 R AT R
W I R < OB R R e
E%"séﬁ?l LU VR A 9 36.70 kgf/em® HiF] =
43.15 kgflem?

(2)WAS befors grinding (B)WAS sfter grinding 1.200rpm, Shrse”

(e)Red soil before grinding+ (d)Red soil fter grinding 1 200rpm, Shrse’

(2)Pellet surface befors grmdmg+

(DPellet surface after grimdmg+'

qig‘[[ 6(a) - The SEM images of WAS, red soil and raw
pellet diffuser before and after a grinding of
1,200rpm, 8hrs.

3.4 P phEe -

EE‘J'E#-EI‘??E‘EVS‘%? E{‘F*“ il [‘f{: ot ,;Hgi (B
WD S R R T 2 R
PRI A PR A ST )
THfEMAEE ] 20 F g <o a1 AR e
[t AT O 7 L R iR 50 T 5 20L i
ARV BEREIF I 0.5 Limin - 2720
i LVF%VEET*“ “ﬁ R [’1 }J‘*% Tl RS

R bl a 7 ﬁafrl[f&ﬁw ’*45”'“‘3&#41['?“4 %
?Eif,k7jt D512 LB T LT o A
ﬁgfr | (AN = %eg{ﬁ[@m“/iﬁi F/\[ il
KPS O L BRIV IR iy gﬁip
PSR S 54T ‘3{'334{ [@JJ/@F/\[’F_%E
Fu%i;q[ qukg 7% e | ["‘Hrl ,@[, Wﬁsﬁn

%% -



10 |'

8 P e e
3 B ,/"ﬂ
= R o WAS :red soil: Chemicaladditive =05:12:01
g 4 BRER [ = WAS :rad zoil : Chemical additive =035:00:01
- RRERY ~———- WAS red soil : Chemical additve =035:06:01

2 r BRER & - coinmercial

D 1 1 1 1 I 1 I I 1 ]

0 20 40 &0 80 100 120 140 160 180 200
Tome, mm

ﬁ%‘[' 7 + The comparison of DO concentration rising rate using commercial and sinter WAS porous diffusers.

I 7 d/i%\’%ﬁh,%ﬁ%%ﬂ Wiy 8 « 2 fl1
W y=ax+b[l1VE[Fa [E[let'{,;[ﬁ“{ﬁf[,l Bl
=S R ARSI R ()
ESRHIESCRE e S e 2t LN g ISl
51125 LU 0 ﬁ?l,rgw 0021m1n'1’?‘<
8(b) FI AR AF TSI ~ AT = SRR
PRS2 9 1F”Ezj>7‘?7tlm S T 0.0328
min" > % 8(c)fi* FUBL TSI T R

IV IR S 6 1pJ§J-i;ﬁ[ -V S R
0.0245 min™ > % 8(d). ‘/T %f&n?u/ S R
0.0132 min™ « FH1[*=i 41 » ﬁ?f@yﬁ KT R
F‘% E%—i;?q 1 S R RS R R TS
P AT SRR AR S 2 90 1 [/ET
KT f’%’ﬁﬂ*ﬁ S [EF[IE’F’ f”l’gﬂl“r%“ f ”Eyjz»
G f*ﬂ?iﬂ?lt@' °

}1% PR R AN B ST

v[y‘;mj I/@L F~’7k 5:9:1 Vsgwt, o Y]
,ﬂ;f,mh WALES #J@%ﬁ (SBR* SBBR) 5k
i

J&L‘

e
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(23.7°C)

WAS : red soil :
Chemical additive ratio

oxygen transfer
coefficient (min™)

(@512 0.021
®5:9:1 0.0328
(©)5:6:1 0.0245
(d)commercial 0.0132

% 8 : The comparison of oxygen transfer
coefficient between commercial and sinter
porous diffusers.

35 F|2% Gl Pu iR 4T SBBR ¥ SBR 5

3.5.1 SBBRZ SBR ik [ ]

R et e s B [l E\jf:" i SR
i?F’*H 140 = > ETp[ 5EES =R 5 5L = 78 loadings
» Ef[1 Loading I 2% f& {% (F/M: 0.278 g-COD/g-V
SS/day) - JEEE (EEGH] 70 = o SE T AR
Loading II (F/M: 0.445 g-COD/g-VSS/day) » 3EifHii
(1] 27 =0 > e iR 1 Loading IIT (F/M: 0.610
g-COD/g-VSS/day) - SEIff ] 43 = «

[ T T | BV E B (SBBR 55) 1 ')
PR RSE Y VTR (porous WAS pellets)
(EEh fﬁjijgl I/g&flg‘él E’?—‘éﬂf’“" I F' % SBR
(=A% D91 Ty R ERR T 4 P
E‘"%‘Jﬂzp«“fv@ ° [ 8 FLAS [~ Estel 5k (SBBR 22
SBR) I (=140 = » 5 [1 SCOD * T #Iny LT

ul’l

K-



SERIEL W R e VR A S AR (< o E 1 £ 29948.5 mg/L449+47.3 mg/L ¥ 615443.1 mg/ L
Loading I (37 1~70 =) ~ Loading II (57 71~97 =)= o Ty~ SCOD /% £5 ’F“ % 50mg/L '] ™~ -
Loading III (37 98~140 )i SCOD &g 55 ]|

800

| —o— Influent
700
| —o— Effluent SBBR

| —— Effluent SBR

600

500

400

SCOD, mg/L

300

200 r

100 -

WAY ‘A
A, AatAv a1 yur A 7y A g Ty 2743
[ A\ 2" ,_A A' AA‘AAI A YT
r...und“l”‘ Z AN -A_._LJ_-““I‘

0 20 40 60 80 100 120 140
Time, Day

0

q*?ﬂ' 8 : The daily profiles of SCOD in two types of system (SBR and SBBR with porous WAS pellets).
The period of Loading I, IT and III are 70 days, 27 days and 43 days, respectively.

qiaﬁ' 9 FLfy~ Efe =3k (SBBRZ SBR) || mg/L - g =" Loading 111 NH, -N fUyEifig
NH,-N &5 5 s fl i Vbt 1= R e E‘:ﬁ,'J(F/M:0.078g—NH4+—N/g-VSS/day) » EI TR ER
(= o EUp[fgH5 (=130 ==~ > Loading I (37 1~70 Loading II (F/M: 0.059 g- NH, -N /g-VSS/day) & %
) ~ Loading II (37 71~97 )52 Loading I1I (37 S 46 (XY Loading 1 (F/M: 0.039 g-
98~140 =) NH, N 4 [ 135§y * F&,E&;g@ﬂ%@ NH,"-N /g-VSS/day) o 5% e E! s i e
S5 Il 424 0.8 mg/L ~ 59+ 5.7 mg/L == 79+ 6.2 E’a‘ﬁ [ Img/LT]™ o
o - Loading I + Loading I+ Loading I+
r —a— Influent I i
, =0 | —o—Effuent SBBR :
3 —s— Effuert SBR. :
=l ;
= 40
20
|:| T L el 2 e 1
0 20 40 a0 30 100 120 140

lﬁ' 9 : The daily profiles of NH4'-N in two types of system (SBR and SBBR with porous WAS pellets).
The period of Loadings I, IT and III are 70 days, 27 days and 43 days, respectively.
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3.5.2 SBBRE2 SBR fikft=yi ox
(Loading I)

VR RO ST (WAS) B

prl TR [y & PR R Y T = 1 o }Hﬁ%dr{ﬂj

e Nl — SEEREL SBR AR FH ] WAS [l

i
[ 2 1 #’UESF‘EE‘ fit % SBBR Zak s bl Hike
VIR LA BATTS LY SBR S » g el

FrAIRIE0 =] WAS [l b 5639 e idF| Ezf%’ﬁ%ﬂ‘f
RIS o B PFIBRZERE | F P IR S 1
PR Ry A Y AR AR S PR R 2RI
(biological nutrient removal, BNR) °

I. SBR £k :

lﬁ' 10 £% SBR £k Loading 1 (F/M: 0.278
g-COD/g-VSS/day ; 0.039 g- NH,"-N /g-VSS/day)
PUfEfF ™ V=B ERRHE N o SRR cycle £
12+ 5 30 53647 TR T A
[ B = FR FIIE:-WE"“J7 G| 7 %% ORP ~ pH
= DO J/EJVT;EJ o

AR NH, N R A2 A = (52 i
42.0 mg/L [& (&= (XK 57 #r 7 MDL ffi (0.01
mg/L) < [ Carrera et al., (2004)¥ B[ 1T

C o QulNHioN] - [NH N g
nitrificat ion Vreamrs [VS S ]reammrS

7t Loading 1 #=% (™ SBR ik Fﬁ" S
0.039 g NH4"-N g VSS™ per day ©

%[FV” - SND -« R gl il = R
RIS « B IERL 3 SR P
(NOx) 7 = ) [Igﬁ% o P SRR
S S O (% # i
st o B39 S i SBR k(1
TR > RS SND M HFE S -

55 W A TR U SCOD Al gk =
SRR O F P POTTO R T
BT RV E S - R HILRUGE 5 > e (Hl L S
2 T SR R S B
S R [ORE o P T [ bRl S R
[ B S8 B % o (g S B e [ Tl
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R 120 534 -

Only mix¢ Mix and aerate Only mixv Settle and draw+
ORP
250 ==Do o
z00 ——tpH .
150 =
2 o
g 100 W
B o5 8
o (=)
0 [a]
-50 .
-0 b sas
Time, min
Only mix+ Mix and aerates Only mix~ Settle and draw+
SCO0
70 , .
! ! —m— Ammonum
— ! ! !
= i . i i —x— Mirate
g 50 ) T r . i i
=l i oot = = I i Wirte
g 40 H Low h ; Phosoh
! - ! sphate
£ 30 ! s |
i ! i SR
2ot i i
RERLI T
I f-O N .
1] 120 240 360 450 600 720
Time, mm

qﬁﬂﬂ 10 : The on-line measured parameters (ORP, pH
and DO), SCOD, nitrogen and phosphate
concentration in the batch test of the
traditional SBR system (Loading I); (a): the
profiles of ORP, pH and DO; (b): NH,"-N,
NO,-N, NO;-N, SCOD and PO,-P
concentration.

Il. SBBR £#if :

[ 11 4% SBBR 11l | WAS [T 7]
B 19 28 & PIESAE o H 7 Loading T [ iy
R N - TRl 10 SBR AR RO
F o TR 0] WAS [l F  FIE [R5 o 28
(RS S IR CERg = R e e R ]
@zt SBBR M EsfRif] h e[ fifjpa 7%"&% [t}
(ke ;%%Lﬁ PF{ | Ezr‘g;{ﬁj”;\ VUG £ EF[FFI i
IREHR T [ AR % > PN S SR T
P NHOH [ 2 » Rl [ 12 2~ s
A o - BEFS (I A ) (simultaneous
nitrification and denitrification, SND) * =% % »
2 TR -

Tt SBBR AR [T R ESEAE R

SCOD FIRE: [ iRl 1+ 1 0 [ (7 BT RY
%‘{"ﬁp E{Er 5t = L BRAVE R o FREEERHY
2B S i ARG R 15 = BLL R - P
S R R T R (e TR RS 120
5368 b9t 7t Loading T ™ Fl 13 (Fyyitication)

—&

iy ek (110 SBREH 1L SBBR) 11+ 743

"y

N q;uf’F*FIJ\E/ T;g\ °



0.039 g NH,"-N g VSS™ per day ©

Settle and draw+

Mix and aerate-

300 1
250 1
200
& 150
s
ol 1000 |
(o
50

DO, mg/L; pH

50 b

Tirne, mity

Only mix+ Mix and aerate+ Settle and draw«
SCOD

—m— Aot

Concentration, mgfl

il 120

240

360
Tirme, min

480 720

I'11: The on-line measured parameter (ORP, pH and
DO), SCOD, nitrogen and phosphate
concentration in the batch test of the SBBR
system with porous WAS pellets (Loading I);
(a): the profiles of ORP, pH and DO;
(b):2NH,"-N, NO,-N, NO;-N, SCOD and
PO,*-P concentration.

3.5.3 T ARERIRE #=FRRsH N
(Loadings I ,TZ21M)
FIRyfi ™~ Tsfer£5% (SBR % SBBR)E! - i
[P S (G 140 = > T pl i =3
£% = 76 loadings; Hl [[1 Loading I ™ & (% (F/M:

53
0.278 g-COD/g-VSS/day ; F/M: 0.039 g- NH,-N
/g-VSS/day) » SIS (] 70 . o ST AR
F=£% LoadingIl (F/M: 0.445 g-COD/g-VSS/day ;
0.059 g- NH,"-N /g-VSS/day) » S&ifsif (ER T 27
= ﬁﬁ{ﬂ% 7 £% Loading I (F/M: 0.610 g-COD/g-
VSS/day ; F/M: 0.078 g-NH,'-N/g-VSS/day) » i
PRI 43 = o

"t = 78 Loadings ﬁ HIEAE: g ek
& steady state ﬁJi’r’EEﬁ » EF I VENE (batch
tests) o ' E[ SBR =5k it = 7 Loadings 3£/ %]
SRR ﬁ%ﬂ 12 » 71 = 7 Loadings J&& ™ Hifk I/
COD R 2% A *-fiusx 1> °' Loading I % II COD
U/H':?;’R?»%@?E 20 mg/L ') ([l 12(a)) °

Y 12(b) 5% U IR » 7 Loading T iV

25

PR TN A Y R = AR S T Loading
IR - (i an B HET R A = LR (B 3

mg/L ') ™ 5 % Loadmg[[[E?j J ﬂ‘%@—ﬁ{] SRR
Erjé;‘?" EBRLEGE F A RS O RS RUNEY ’5[

LA i (F/M: 0.610 g-CODJg- VSS/day)
I [ IRSE A EL A (Rostron et al., 2001)» [X
T COD [ AARE = J (R i > a3 fllie Bk
MEIFZ % - Lee et al. (2001) 4RI 5 -
R | pH %’31 [ > =4[ qi%‘l' 13(b, I ) » Loading I
B ST 90 YA + HIP [ 2 315 1P
pH [fit! rﬁl%%ﬁ

I WAS . F| PGS SR i i g
SBBR <k » Fi i (PFREE » 53 I ] ISR
& (Loadings I ~ I Z* 1) » 3% 5 =55 (k& » (74
il 14) o T PR SBBR #Ak 1 ik COD i
T+ = #8 Loadings ’F“ [H> 20 mg/L (ﬁ%‘ﬂ 14(a)) -

it HL?‘L?Z{ 57 0 IS VREA O EL LoadingsIl

(F/M: 0.078 g-NH, "-N/g-V'SS/day)fHf » [ 1" i 2 i
IR SR B0 5 I FUR (P
VB ﬁi‘ PRt Poried ORI 2
VS = SR e TSI ET 120 ”«Eﬁ?ﬂféqﬁ?%%i%
(7901 3.5.1 BV [l 9) > A= e o SR PR F L
S RS P 1 NHY N SR
e rﬁ?%ﬁ@ﬁ@ﬁé (BRI L steady state
ARFER > 3£ LoadingsIl =57 » B4k - i
Loadmgs]]l#.viﬁ, i F’\ing B AN o Loadlngs I-11
N I,ﬁwwn’gfr% =4 {59* MDL fiil'] P
F 0 R SBR AR ;@Iﬁﬂa@ VHEE
¥ » U] Loading Il (F/M: 0.078 g-NH,'-N/g-VSS/day)
(W75 o ([ SBBR Z5# ™ F=< SBR ™
EI":jﬂ_ﬁ’\g’Elﬁ,’ JEIfe e

Loadlngl@]ﬂ“&ﬁél 57 120 = 210 55
S LR 15(0) AR %? Fe > 1M pH
fifiet r?'?’TE’!‘ Pl == A0 ] SBR = AT I i) pH
(EERF Il 2R FIM] pH ™ TS . 2

(5 Chiu et al. (2007) F5¢/ SND oV (i

—E{M

TR
[ ™ A5 HESA TS (AMO) (523 2 il 7
¥4+ (NH,OH, hydroxylamine) » |52 15247 4 l' “Tiy



(HAO) & [ RS Enpiikise» 228 ™ i & - FEIet 5 (=P AR T 2 NOS™-N (5 JIIHT 14(C))
B R AP & (P e AU (EURLF* 1 PAHHZ( NHOH (5 U151 16) » £ 55k i 7]
SFEGERUS No gy NoO o P M sl 2R RUEI DL 5V st SND R3fRE i

Only mix  Mix and aerate Only mix Settle and draw
S ? ? Lodding I
£ 90 5 " Loading I
860 % @ . | Loading]ll
8 30 : YT EES e HER R o, qn‘ ¥
0 ! ! Y ! ! ! I I
® 0 i 120 240 360 480 6p0 720
E. é : :
:n 100 | i |
s 60 . ! !
g 40 %0 mm : E
£ 20 ; o i ]
g 0 i ‘ # # g p g B B pgnBu gogan s
0 I 120 240 360 430 6p0 720
@ 9 5 i i
g8 e e
g SF : :
£ ¢4 | | a
Z, 2 ! s @ :
0 Ei—i.!7)“5755—Ei*ii*ii—ii*ii*ii——?if —Ei*ii*ii—ii*ii*ii—h‘lf%H
0 ! 120 240 360 480 600 720
(‘%J 10 | | |
8 : : :
i“ 6 ' a " - '. . L | !
g 4 : - L : ] - ,- [ ]
.2 2 | [ ] 1 )
0 FEEYEEE I :\ :‘
0 ' 120 240 360 480 ) 720
(& %
)E é | :
g ! ! i
< | |
< i i
Q . .
& — IR
<=
= 0 120 240 360 480 600 720
Time, min

112 : The comparison batch tests of various Loadings (I, IT and III) in traditional SBR system (a)
COD, (b) NH, N, (¢) NO5-N, (d) NO,-N and (e) PO,”-P.

26



@ Only mix  Mix and aerate Only mix Settle and draw
a
ST ! 5 — Loading
4 :  Loading IT
< ’ '
&h 3 '
; :
@) i
A 2 g
v
0 | : \i | :\
(b) 0 : 120 240 360 480 6@0 720
95 | | i
0 : :
8.5 i ! ;
8 | |
E 75 ! ' : !
7 ; Loading ! i
6.5 ——— LoadingII - !
6 : LoadingTIl . i
) ; :
0 : 120 240 360 480 6d0 720
250 | ' Loading I
200 i E— Loading IT
150 ! = Loading[Il
> !
z 100 : _
o 50 E ! .
S 0NN : '
-50 . !
-100 j | | | I
-150 & 120 240 360 480 600 720
Time, min

qﬁﬂﬂ 13 : The comparison batch tests of various Loadings (I, IT and III) in traditional SBR system (a) DO (b)

pH and (c) ORP.

27



Only mix Mix and aerate Settle and draw

<a) 120 | Loa;dmgl
2 90 " Loading 1T
A 60 F" b o ow oy Loading Il
@) 30 : "9 M oy e omow P 2o e ;'
o 0 \ I | I ‘\‘ » Li .
(b) 0 b 120 240 360 480 6{)0 720
e | '
£ 100 | |
> 80 : E
§ 60 ! !
S 40 [ w b 4 !
2 20 ; . g
g 0 é‘ ‘ -‘ = !—.—I—I—I—H—H—ﬁt—iﬁ—ii—ﬂfb‘jfh:i;‘;ii
< 0 ' 120 240 360 480 6{_)0 720
©) ; |
= 10 ! ;
g 8 5 e
g 6 ! :
g ¢ ! i
z 2 ! :
0 Eifbﬁ—Ei755—Ei75579‘?—5575575‘?—55—55—“—5575?—55—55753755—"54‘;55
0 : 120 240 360 480 6{_)0 720
(d) ; ;
= 10 i !
Z 8 ; !
g O | ;
£ 4 5 a
2 2 I fesetsmas smmaay o
YA N | | | | | | 1 ]
0 , 120 240 360 480 6{:)0 720
© s s
= ! !
& E E
g ! g
= : :
%-‘ I —-7-7-—55755755—Ei*ii*ii—ii*ii—ii—ii*ii755—&4‘;55
=
A 0 120 240 360 480 600 720

Time,
I'14: The comparison batch tests of various Lnaitings (I, IT and I1T) in SBBR system with porous WAS
pellets (a) COD, (b) NH,"-N, (¢) NO5™-N, (d) NO,-N and (e) PO,>-P.

28



Only mix Mix and aerate Settle and draw

@ 8 ¢ T oading T
7+ Loading IT
6 [ == LoadingIll
< 5 !
eh !
Se
A3 i
2 !
1 !
O L L 1 L 1 L 1 L 1 '
0 120 240 360 480 600! 720
(b)

(=)

720
(c)

300
250
200
150
100

50

|
120 240 360 480 60

ORP, mV

-50
-100

0 120 240 360 480 600 720

Time, min
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Abstract

Traditional activated sludge generates large amount of wasted activated sludge (WAS) and need excess cost
to deal with. The ways to reduce the amount of WAS certainly will contribute to the cost down in treatment
system. Therefore, this study attempts to recycle the wasted activated sludge cake and bake into porous

immobilized pellets then add to the SBBR system.

In this study, the WAS from Nei-Hu wastewater treatment plant mixed with red soil and some chemical
additives to bake as the rebuilt porous WAS pellets. The pellets reused in sequencing batch biofilm reactor
(SBBR) as diffuser and can attach biofilm and enhance the wastewater nutrient removal efficiency. The
simultaneous nitrification denificcation (SND) efficiency removal results of SBBR with rebuilt WAS pellets are

better than that of the traditional SBR system (with 98 % and 92%, respectively).

Keywords: Waste Activated Sludge (WAS), Pellets, Recycle, Simultaneous Nitrification and Denitrification (SND)
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