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REE R PR AR | G KRR SR R (3G KRR SEE K| B G RS SR R 3G RS S R [ 2R R AR (
RFARE (A R8T | FARE (A RSTEG | FARE (A W8TE | FARE (R FBTE6 | FiRHF (R FB7E6| X FISET”
E6124pipn): | 124pBa)ie [6724p )i | 124p )i | 224p i) A | 28p B 0)
TORERERE R G R | BEEEER G R (S G R | S G R 2 | SR G R 2
A2 ok FRE kE AR kEARE K FEE kR
kiR () -- -- -- -- - <38(5-97%);
<35(1047)
pH 6.5-8.5 6.0-9.0 6.0-9.0 6.0-9.0 6.0-9.0 6.0~9.0
7 ¥ DO (mg/L) >6.5 >55 >45 >3 >2 -
Ed 4R - - - - = 550
¥ i+ 7SS (mg/L) <25 <25 <40 <100 RIBFFE RBT 30
4 it % § £ BOD; (mg/L) <1 <2 <4 - - 30
¥ 3§ £COD(mgl) - - = - - 0y
3 S5 PR Rl ] . . . B B 10
(mg/L)
7 #5(mg/L) -- -- -- - - 10
A2 B § NO;-N (mg/L) - - - - - 50
4 % NH;-N (mg/L) <0.1 <03 <03 - - -
BEETP (mg/L) <0.02 <0.05 - - - -
o Fipt ® PO, *(mg/L) - - - - - 4
i i F(mg/L) - - - - - 15
Frit 3 S, (mg/L) - - - - - 1
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E6124p i) | P24p i)t e |#6724p i3 ) | P24p )7 [6724pig ) A | 28pigi)
YORERER R G oK (MRS G R | FARHE R B oK | SERE R B R | SRR B R 2
A2 ok TR R E AR A2 ok iR kEHRE R EHRE
= % % (CFU/100mL) <50 <5000 <10000 -- -- 200,000
§ 1* % CN (mg/L) -- -- -- -- - 1
4& Mn (mg/L) 0.05 0.05 0.05 0.05 0.05 --
7% f# 1248 (mg/L) == = == == = 10
7 12145 (mg/L) = = = = = 10
#Ag (mg/L) 0.05 0.05 0.05 0.05 0.05 0.5
F As (mg/L) 0.05 0.05 0.05 0.05 0.05 0.5
4% Cd (mg/L) 0.01 0.01 0.01 0.01 0.01 0.03
#.4% Cr (mg/L) = == - - = 2
4 Cu (mg/L)(g) 0.03 0.03 0.03 0.03 0.03 3
%% Hg (mg/L) 0.002 0.002 0.002 0.002 0.002 0.005
4 Ni (mg/L) - - - - - 1
4 Pb (mg/L) 0.1 0.1 0.1 0.1 0.1 1
Fa Se (mg/L)) 0.05 0.05 0.05 0.05 0.05
# Zn (mg/L) 0.5 0.5 0.5 0.5 0.5 5
£ B (mg/L) - - - - - 1
- i 46 (mg/L) 0.05 0.05 0.05 0.05 0.05 0.5
+ 1% & (mg/L) -- -- -- -- - 7 B 0
7 % p>(mg/L) 0.005 0.005 0.005 0.005 0.005 0.005
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L [ Bk
TR (uS/em) = 75 =
4 v Z § £ BOD;(mg/L) <15 = = 1
% 12 F 48 TDS (mg/L) - 800 - 800
i 3 F(mg/L) - 0.8 - 0.8
% #t+ Cl'(mg/L) - 250 175 250
Fip2 1280, Z(mg/L) - 250 200 250
B R (mg/L) -- 400 -- --
“ % F# (CFU/100mL) 7 6 - 50
4 & (NTU) <5 2 - =
$L% (mg/L) - - 3.0 -
Ak @ § NO;-N (mg/L) = 10 = 10
I 7 B § NO,-N (mg/L) - 0.1 - 7
& # NH,-N (mg/L) - 0.5 - 0.1
TP (mg/L) - - - -
# As (mg/L) - 0.05 0.05 0.05
45Cd (mg/L - 0.005 001 0.005
£4Cr (mg/L) - 0.05 0.1 0.05
4 Cu (mg/L) - 1.0 02 1.0
#Ni (mg/L) - - 02 0.1
LA AR & i 1A (mg/l) - 0.5 5.0 05
§ it #CN(mg/L) - 0.05 - 0.01
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Raw water

P

Y Y
Iyaw Water Tank Multi-Media Filter Cation—Resin Filter Feed Pump Prefilter

Raw Water Pump Active Carbon Filter Degas Tower Anion—Resin Filter

a;eireament Water Tank RO |Membrane Y EDI Feed Pump Degas Membrane
RO Pump RO Tank 254nm UV Unit EDI Unit

N2
L

TOC-UV Unit

Particle TOC RI

YD\ Water Tank Heat Exchanger TOC-UV Unit egas Membrane

E Circulation Pump T Polish Mixed-Bed Final UF Membrane @

Vacuum Pump
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& 18 (MMF) ~ & 128 (AC) ~ #c i S

- BRI AT A AP RS ST GI0MQ-cm, B e fEag

3R E S mF B RO - s F 0 CDI > UV(254nm) % |

WoF A XA A

DROFIX: b g ] o F M, BB W H RPKP B BPx, & ml g

FB, BRI FH,EEF B, ] kA
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pH: i & (&

Turbidity: 7% &, NTU

S.S: & ¥ ¥4+ ,ppm

Oil & grease: # 5 z £ ,ppm
COD: 575 £, ppm
Conductivity: ¥ % &, ps/cm
Resistivity: 3 e %, MQ-cm
Alkanility—s#& & ,ppm
Hardness--# & ,ppm
Silica—# it 4=, ppm
L.S.I—F & 4 #ics 47 b ok 8
SDI—/ R iﬁﬁx
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Microfiltration Nanaofiltration
Ultrafiltration Reverse Osmosis
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» RO (REVERSE OSMOSIS)-——-——- W%

« NF (NANOFILTRATION)——————- k|

« UF (ULTRAFILTRATION)-———- 4218

- MF  (MICROFILTRATION)-——- eIt iBiR
- ED (ELECTRO DIALYSIS)-————- i

- BP (Bipolar Membrane)-————- G ek N
- DD (DIFFUSION DIALYSIS)—— #%47i% 4%
- PV (Pervaporation)-——————— REERE
- MD (Membrane Distillation)- & "7 4%
« GA (GAS SEPARATION)-———- F A
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A5k g A AR

- 50 (SPIRAL WOUND)
b (PLATE TYPE)
- (TUBULER)

- ¥ 2 e (HOLLOW FIBER)
%+ ’E’A,\ Rp

- BAF

- 3R

- &5
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#1 5t BW30-400 TM 7 2 0- 400L .
M [IBKEER, epdm3/d) 10,500 (40) 10200 (37)
RE |BREER (%) 99.50% 99.70%
) | HEVER 2,000mg/L Nacl77® 2,000mg/L Nacl7%7®
A HEEE 225 PSI 225 PSI
o IR 25C 25°C
| B Ee 15% 15%
) WD) e 600 PSI 600 PSI
5;,; B : 45C 45°C
# |pi — i 39 39
3 B2 2-11 2-10
A EMZE 1000 ppm-hours 1000 ppm-hours
SDI <5 <5
e |BHAAME polyamide polyamide
T [IMEEREmm) 201#1016 201#1016
| du0 B K~ (mm) $»29 32
G | HREERECEER) 400 £ 400 £t
[ zm%'jﬁ FRP FRP

REMUARE i TR G AR A BB e E

o #1857 215 (scale formation)
PR AT ~ FRFRAT ~ FRRAD  FRLRAL -
R NS AR
- £HF ¥ F¥e (metal oxide deposition)
WodE R LT P
- %4873 (colloidal fouling)
- BFF MY~ ¥ (suspended solid fouling)
2 7% (biological fouling)
« % % = (organic fouling)
o BE L ﬁz,:’
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« HOKE MY EFE 10%~15%
FMEEN 0% T
 TEE R e SR £1. 5%

kB4 ¢ 15kg/em? KR4 -2 ¥ 14.7kg/om?
B ¥ 14.0kg/cm214 T
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pattens akdon ik (—SO3H) - st 33 2 A,

- SAC: i & 775 %
LR #fé*b’“r"ﬁ glig

,@,ﬁ_—é’-
O WA(;q:E.”ﬁ ':'Lﬁi m}; 4oz X (—COOHA ) » pta3 A vV R
&334k ¢ ks S 4eCa2t ~ Mg2+
« SBA: 3 & E 75 fgink /@zﬁ&ﬁf&-ﬁ it 22 2. —N+(CH3)3 - 3 d& A1
3 ;;ft;;}ﬁs* ¥ llﬂfr"“-r)a ePE B E‘.f' (#ﬁ'i B2 oo
- WBA: 27 ﬂh;; F Ahdrg A0 Wi e i 5;;';‘&“ s g+ 4oS04= > Cl
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Cations Anions

%{l];rﬁf'ﬁf}f ) HCO A .

Temporary Hardness T Ca - Mg 2 OFﬁ)Sslbcljyco . Talk (4265/)
H n 3

o N e

Permanent Hardness
Na * NO ; EMA(FMA) (7577)5%)
SO '%

F 3 £

SiO , possibly free CO

Organic acids

TH : Total Hardness (£3H5 %)
TAIK : Total Alkalinity (475%)

EMA : Equivalent Mineral acidity (Fif71E%)
FMA : Free Mineral Acidity (fii#5%)
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LR AE

1 HIEE | AYEED 0.45mm 45cm
2 YHEE | A%k 1~2mm 10cm
3 TR | A%ERP2~5mm 10cm
4 YHg | A¥EAE10~20mm | 15cm
5 g Y H20~50mm 15cm
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v woop P ATT e el p T At
w2 110 m/hr wtonak 1 15~20 m/hr
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Feed
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Anode
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Diluted |,
FProduct
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TS EY Y%
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+ WAy .
L 3 BFemge Fins
2. WA Ak w T
3. — ALk B KW T
4. 7 B Rk (CMP) w iz

RAPHRE rh B AR R A IR A BB

+ KR gl A v
1. MMF/ACF:E % -k w 4
2.3+ AR A Bk T T
3. ROE# -k v fx
4. /18 BUFR# -k w4
5.0n-line~ 7 R B~ -k ¥ 4z

& O RAEKE wE
T8 Fr R A8 2ok p Kok o ® RR Y I kAR
2.;%& %35 (Local scrubber): 4 “v kg p kR & s KR H

* R 4w
1. 38 ik S UFENF/RORSE L ¥ iz
2. Bx K AT HMBR & 58, Aaiiokw b N L EGE v T E (T HHRE

+ dREHER
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B P2k SL(MBR) 45

RAPHRE i TR G AR A BB e E

e &5 Ik Mok (Membrane Bioreactor, MBR)
— #3LE50.15]0.5umz2 TR ¢ R N EH SR 2R
AT IR RS AR
« %98 4 (Transmembrane pressure, TMP)
— I R RREAERY FORFEEES L DRI RS
W FH i Kpa -

« il & (Flux)
- H@pRpE e T @S0k 0§ 5 LMH(liter meter-
2 hr-1) -
- g7 i £ (Critical flux)
— EWREF A A TR R .
= §fh i £ (Subcritical flux)
— EWRIFAIFEIITHEEEZEE -
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* ## ¥4~ (Foulant)
— RAEANA G RPN A R F o HER R T
%R 4 i%ﬁ 0
- ¥ i1 [2 % (Reversible fouling)
— FHY PR S A sk pR gL T EEE
« % ¥ i [ % (Irreversible fouling)
- & z;ﬁd P I F ik ;t-iv$ ’ ,‘E%ﬁ“r} LB ik 3 “ﬁ%i}‘ﬂ%ﬁ;i o
* i 574(Cross flow)
— kR S e R S e B 2 R iES N 5
ﬂ%ﬁ*iﬁmﬁﬁo
« E w;n;3 (Dead-end flow)
— RN ENZ S e BORE B S e T (723 0§k gL

ﬁ* | R EE@ /}E
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- 3- (Side-stream)

_ %‘wﬁma%/\(ér}ﬁ,ﬁﬁ}%ﬁ7 7}7;}#11;1;‘24:‘0
* % ;" (Submerged/immersed)

EH A RREMEEREF B2 ES
= (backflush)
&
]

"L}@,}aniﬁ@”%@m’;ﬁ—%—‘ﬂp\ SLPVE R Rt FB%#%’?H@
o T OV EMV IR o
e - & Z % (Chemical cleaning)
- M IRBARFRECEERF RS N Ay
SR RN MUE R T IR 2 gk (A2 o
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L AR R R A IR A S CE

o (R

LR AE

0.1

B AR E

SRR

20 40 60
/B mg/L or F/M ratio
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. MBR{*"@ SLEBEARERF AP Aok e EF iy e LA A
%FE? | * R A G SR 4 RS E S fﬁ@ﬁm/w
&R ﬁ//,@m =3 //@/ff(r’r"’;{/m J\) @
o d - HAMBRY @ * cfE R 3L 3 0.1~0.4um
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Effluent

wastewater

Excess sludge
Return sludge

&
&

ﬁ""gh quality
Effluent
wastewater i

MBR

Brings conventional
clarification, aeration
and filtration together
into a single step

F 3 £

BB 3% 2

125 o do) 1.3 B g A
2.'?‘]’?&47”259‘;?%&;:/% Z-Egs‘i%\zkrs
3./"5}}?«‘,%)";,—5 ’?’1\5‘13@/135&?‘,}’,";5

Kk R
4. F X350 BLER
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® Characteristics and effects of soluble microbial
products in the effluent of membrane bioreactors

» TFT-LCD industry wastewater (TFT-LCD), Domestic
wastewater (DW), wool processing industry wastewater
(WPI).

RAPHRE i TR R AR A S

The definition o soluble microbial products
Objective
Wastewater pre-treatment system and
characteristics
The calculation of SMP content
Results and Discussion
the characteristics of raw wastewater
wastewater properties in the MBR reactor
the SMP composition after the treatment of MBR
Wastewater properties of the permeate from UF
membrane filtered with MBR effluent
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1. Membrane Bioreactor System(MBR)

<traditional activated sludge treatment process>

[ = = == == o om o e e e e e e e i
|
P Secondar . - |
- serzlrinrg?rlltation | g A.S. tank aedimengicim > Sanfi R Effluent
t nk filtration tank |
ank taj
' I
e e e e e e e e e e e e e e e e == 4
l substitute
Membrane bioreactor Effluent or recycle

<MBR treatment process>

Wastewater treatment flow chart for A.S. and MBR processes
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The definition of SMP : e @ "
The pool of organic cased 1nto the solution fro

substrate metabolism (usually with biomass growth) and biomass
decay during the complete mineralization of simple substrate. (Noguera
etal., 1994 ; Rittmann et al., 2001)

SMP are broadly classified substrate metabolism and biomass as part of
cell decay.

Two subcategories of SMP:

(1)UAP (substrate-utilization-associated products) are produced
directly during substrate metabolism, including intermediate and final
products.

(2)BAP (biomass-associated products) are formed directly from
biomass, presumably as part of maintenance and decay, such as humic
and fulvic acids, and organic acids. BAP comprise of nucleic acids,
proteins, carbohydrate, lipids, amino acids, and vitamins.
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of SMP

The diagram description about
SMP formation pattern in
(a)de Silva and Rittmann,2000
(b)Laspidou and Rittmann,2002
(c)Aquino and Stuckey,2008

The formatio% 4

Utilization Associated Products (Sy.ed

BAP from cell decay (Spapxa)

3

(55) sponpoig

[BIgoIaI 2{gnjog

Active Biomass (X,)

(%)

SSRUI01G

Utilization Associated Products (Syap)

BAF from Xeps (Spapsrs)

Hydrolysis/

erosion

(1955 spanposg
[E1qoISI]Y 3[qnjog

Floc-associated EPS (Xeps)

Suhstrate (5)

Active Biomass (X,)

(554%)
SSELLE

Utilization Associated Products (S;p)

BAP from cell decay (Snap.x.)

&

| BAP from Xyps (Spar trs)

Hydrolysis/
erosion

Decay

Floc-associated EPS (Mips) |

(Av5g) sponpoig
[RIGoI 2pgnjog

}
|

Substrate (5)

Active Biomass (X,)

(5shy)
SSEWOIY

(Menniti and Morgenroth, 2010)
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Intermediate
Products
Cco, (Acetate)

CH,

Substrate

9 energy/
carbon ]

10 1 source

ctive cell (Xm)

3 TSs

Soluble EPS —_—
»

Cell lysis
products

Cell lysis
products

2 - UAP formation

1 - biomass synthesis

3 - formation of bound EPS (EPSy_and EPSy_ )
4 - formation of BAP through cell lysis

5 - formation of soluble EPS (part of BAP) via hydrolysis/shear of bound EPS
6 - degradation of UAP by acidogenic/acetogenic bacteria

7 - degradation of BAP by acidogenic/acetogenic bacteria

8 - formation of intermediate products (acetate as the main intermediate)

9 - formation of methanogenic end products
10 — biomass endogenous decay (maintainance, autooxidation)
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polysaccharides, h ds, proteins, nucleic acids,
enzymes and structural compounds of cells and products of energy

metabolism. However, the major of compounds are carbohydrate
and proteins.

The major composition of effluent COD in wastewater treated by
biological treatment process is SMP .

The accumulation of SMP has been shown to adversely affect

membrane flux, metabolic activity of activated sludge, and
nitrification.

The limitation of water resources has lead to demands for the
development of alternative water resource. Currently, the interest in
wastewater reuse in various parts of the world has promoted the

development of wastewater and secondary effluent treatment
technologies.

RAHBRAS T TR R A AR A B A Y

* The objective of this Topic:

Introduce wastewater properties sampling from biological

treatment processes in three kinds of industrial or domestic
wastewater.

Analyze the characteristics and some organic index of water
quality in effluent treated by MBR process.

SMP composition and contents in effluent treated by MBR
process.
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Process organic

» Wastewater source: TFT-LCD industry wastewater (TFT-LCD),
Domestic wastewater (DW), wool processing industry wastewater (WPI).

wastewater
AOAO+MBR treatment process ‘ Pre-treatment process ‘
) —— — e e ——— = — === = ~ MBR Effluent
t Aerobi t >
P . Anoxic Aerobic Anoxic Tgn?( (;) I
o | Tank @ Tank (1) Tank (2) :
TS1 | Ts2 : 53
02
Adjustment tank N o f ______ o 2o = / MeR
Returned sludge
Sludge drain
4

<Other wastewater treatment process>

¥
Treatment recycle
for sludge

Treatment flow chart of AOAO + MBR for TFT-LCD organic wastewater
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WPI Process
wastewater

Domestic

wastewater

Ds1

DS2

pH adjustment

l—; Effluent

tank tank
I : I
~——*Collection J'|First stage wastewater Buffer — " Biological I
Tank I biological treatment tank Contactor |
Ws1 | (High efficiency A.S.) Tank I
o |
a Sedimentation 1
Effluent «—— VBR | Sludge (1) tank [
ws4 | - |
Aerobic [ | Buffer :AUE"BUﬁer I
tank | | tank an I
Ws3 o | ws2 I
Pre-treatment process
Returned sludge Sludge (2)

Ds3

MBR tank

= Sludge drain

Sedimentation

Sludge (2)

Sludge
treatment

Treatment flow chart for Wool Processing Industry wastewater decomposed by
biological treatment process

Sludge (1)
Sludge (2)
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* Analysis item:

analysis item Wal‘[?r Organicd SMP analysis of composition
li quality compounds Total total protein EEM
sampling analysis :
carbohydrate content analysis
concentration analysis
Raw wastewater A% \Y
MBR influent A% v A% A%
In MBR A% \Y A% A% A%
MBR effluent A% A% v \'% \%

(1) Water quality: pH ~ DO ~ SS ~ VSS

(2) Organic compounds analysis : SCOD, DOC, UV254, SUVA, molecular weight.

(3) SMP analysis of composition: Total carbohydrate concentration, total protein content
analysis, EEM analysis .
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A — ;_.
- UV254 absorbance indicates the concentration of organic compound with :
groupings or unsaturated bonds. ——
SUVA (specific ultraviole ¢ humic content of water.
SUVA (L/mg-m) = 100 (cm/m) [UV254 (m!)/DOC mg/L]
SUVA values of less than about 3 L/mg-m signify a water containing mostly non-
humic material.
SUVA values of 4 to 5 L/mg-m are typical of waters containing primarily hydrophobic
humic material and the property is similar with nature organic compound (NOM)
(Edzwald and Van Benschoten, 1990).

SUVA Composition

<2 Mostly Non-Humies

Low Hydrophobicity
Low molecular weight
2 -4 | Mixture of Aquatic Humic and other

NOM
Mixture of Hydrophobic and
Hydrophilic NOM

Mixture of Molecular Weights
=4 Mostly Aquatic Humices

High Hydrophobicity Theory molecule weight ratio
High Molecular weight
Source: Taken from Edzwald and Tobiason, 1999, 02/ C=3 2/ 12=2 66

If the SCOD/DOC value is higher than the theory value 2.66, it means wastewater
comprised more non-carbon organic material.
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SCODgyp=[conversion factors from carbohydrate as COD *
carbohydrate concentration + conversion factors from proteins as
COD * protein content |...... (1)

(Jiang et al., 2008)

Zn +0.5a— 1.5c—b a—13c
C,H Oy N + ( )

2 0; = nCo; +cNH; + TH;;Q ...... (2)

{Zn+0.53—1.5c-b)16
1Zn+a+1sb+1de

COD’/ Weight = .3)

(Rittmann & McCarty, 2001)
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Bradford method to analyze protein concentration:

assuming a stoichiometric conversion factor of 1.5 which was
derived from the typical formula of proteins (C,;H,,0OsN,)

Phenol-sulfuric acid method to analyze carbohydrate
concentration:

assuming a stoichiometric conversion factor of 1.07 which
was derived from the typical formula of glucose (CH,,0)

(Aquino & Stuckey, 2004)

SCODg);p=[1.07* carbohydrate concentration +1.5* protein content ]...(4)

DOCg);p=[0.4* carbohydrate concentration +0.545* protein content ]...(5)
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TFT-LCD

AVE Range @ AVE Range AVE Range
pH 859 7.74-9.60 7.77 7.64-791 2.09 1.99-2.30
| (If;r L, 69 5279 38 2655 69 6672
Name Dimethyl sulfoxide Monoethanolamine Tetramethylammonium Isopropyl Alcohol
S (DMSO,(CH3),S0) | (MEA,C2HsONH,) Hydroxide (TMAH, (IPA,
(mg (CH,),NOH) CH,CHOHCH;)
V| Molecular N
CHs
(mg structure HO R OH
=1 | e K
(mg CHs NH2 R
D(
(mg/L) I84./ DZ2L.B35-4Y4.0 LY.D L0.0-5Z./ 88Z.1 010.5-11/1.VU
SCOD/DOC 349 2.75-4.62 4.66 445-486 _281 2.44-3.15
[(Jlx/]czlfs 0.097  0.052-0.204 0.146 0.128-0.167 2.000_ 1.341-3.067
SUVA

(Lime )

0.024 0.016-0.041 0.507 0.391-0.629 0.240 0.115-0.366
N AR EIR A

EESJ

Presume organic
wastewater
contained high

concentration N-
compound, such as
DMSO or MEA.

B0 e
g5 { @ >6530Da | 3610Da <208 Da
2
5
By
8
:
E =] 0.907
e s
\; - b 1132
= ﬁ
§ 9 11.9049
i= |:.rE
g r'?g |
B q'rj:%:-. sEel l_B-_:_?,_;'_/ FE R " -
'-‘15-" L » - L] LJ L] L] - - L_J - - A I S :- .
=
-0 C =70z
= : 14857
2104 s o0 AT peso0
R T A
o : Pl
P ; : R
g 51
— - R B - e R T S S e

Retenticn time{mink

Molecular weight (MW) distribution of raw wastewater in (a)TFT-LCD

(b)DW (c)WPI
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Result and Discussion (2) - wastewater properties<i th
MBR reactor |

The wastewater characteristics in three types of MBR

TET-LCD DW WPI
Q,, (CMD) 4000 0.0144 300
V(m?) 444 0.02 200
SRT(days) 60 30 20-30
membrane pore size(um) 0.04 0.22 0.4
VSS/SS 0.90 0.76 0.73
F/M (gSCOD/gVSS d) 0.24 0.15 0.09
REMUARE T TR R AR A TS

Result and Discussion (2) - The characteristics of E

wastewater treated by MBR

MBR Effluent

MBR Influent In MBR
Ave. Range Ave. Range Ave. Range
MBR reactor [
pH 777 7.64-791  7.14 6.2 HRT:33.3 hours
SRT: 30 days
DO(mg/L 3.8 2.6-5.5 4.4 3.
(mg/L) F/M: 0. DIgVSS.d

SS(mg/L) 94 81-101 885 76¢ Pore size: 0.22jum

VSS(mg/L) 76 70-87 672  598-736 0-3

SCOD(mg/L) 136 127-152 70 65-76 24 19-29
_—

DOC(mg/L) 293 26.6-32.7 | 18.7 17.9-19.7 10.1 8.6-10.9

SCOD/DOC  4.66 4.45-486 3.72 3.60-3.86 238  2.20-2.65
UV254(1/cm) 0.146 0.128-0.167 0.143 0.136-0.150 0.139 0.132-0.148

0.756-0.776_ 1.392 1.292-1.526
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‘ Result and Discussion (2) - The characteristics of TE
wastewater treated by MBR

MBR Influent = MBR Effluent
AVE Range AVE Range AVE Range
pH 7.47 7.38-7.57 7.58 7 49-7 AA 774 7T 6A0-TRSK
MBR reactor
DO(mg/L) 1.1 0.4-2.8 0.4 HRT: 2.67 hours
SRT: 60 days
SS(mg/L) 9260  8375-9856 11966 91 F/M: 0.24 gSCOD/gVSS.d
Pore size: 0.04 pm
VSS(mg/L) 8370  7060-9097 10790 844s-12095 - -
SCOD(mg/L) 286 230-350 233 179-282 15 10-26
_—

DOC(mg/L) 69.4 51.2-79.2 64.7 56.0-77.2 8.7 5.2-15.7
SCOD/DOC  4.15 3.03-4.64 3.58 3.20-4.16 1.80 1.60-1.99
UV254(1/cm) 0.120 0.081-0.192 | 0.128 |07094=0-199| 0.075 |0.040-0.155

0.107-0.269

0.198 0.150-0.302  0.819 0.726-0.987

‘ Result and Discussion (2) - The characteristics of WPI

wastewater treated by MBR

MBR Effluent

MBR Influent - In MBR
AVE Range AVE Range AVE Range
pH 7.70  7.56-7.90 6.21 5 MBR reactor 3
HRT:16 hours
DO(mg/L) 6.3 5.8-6.7 3.8 SRT: 20~30 days
F/M: 0.09 gSCOD/gVSS.d
SS(mg/L) 31 26-35 5868 4Z Pore size: 0.4 ym
VSS(mg/L) 21 17-25 4265 3086-5571 4 1-9
SCOD(mg/L) 251 210-286 168 120-206 103 68-125
_—
DOC(mg/L) 61.3 35.9-83.8 64.1 49.0-79.5 26.5 16.9-35.7
SCOD/DOC 435 341-5.84 2.63 2.23-2.96 3.95 3.50-4.43

0.502 0.378-0.609

0.910 0.451-1.362

UV254(1/cm)

0.480 0.323-0.621 0.407 0.261-0.535

0.764 0.602-1.056 1.575 1.268—1.986)




items TFT-LCD DW WPI
SCOD 78.43(1324—286mg/L) - 89.65(2423—251 mg/L)
DOC 81.97(384.7—69.4 mg/L) - . 93.05(882.1—61.3 mg/L) p,
uv2s4 -23.51(0.097—0.120 cm™") - 74.92(2.000—0.502cm™)
=T =" st e
:‘:;: >6530 Da «% b
- §=§ 15003
g <> .
‘,.-'U, 1 :g; QLR o M;'l);-l N
= == - e N
T o S =
2 = C
LS 2
g 17 2000 10 :g: ““P:?/\
E L S LN
i) 1] Y i . — i — T —=— g
. 5 10 15 20
Retention

Retention time(min}

MW distribution after pre-treatment process for (i) TFT-LCD (i1))WPI
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The variation on the
concentration ratio of SCOD
to DOC at the influent, the
reactor or MBR effluent for
(a)TFT-LCD (b)DW (c)WPL.

The variation of SUVA at the
influent, the reactor or MBR
effluent for (d)TFT-LCD
(e)DW (H)WPI

[ 1:SCOD/DOC concentration ratio
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Result and Discussion (3) - the SMP composmon at

the treatment of MBR

The contents of carbohydrate and
protein in SMP composition
within the different treated

mg/L as SCOD
B 8 8 8 8 3
AR O O O

o B
g L

-u

I:I

mg/L as DOC

wastewater of MBR treatment
processes for (a) TFT-LCD (b)

d

MBR Influent

o

DW (c) WPI, expressed as SCOD w] b
to substitute for the SMP
concentration, and for (d) TFT-

LCD (e) DW (f) WPI, expressed

mg/L as DOC

) 15.2] !

as DOC to substitute for the SMP N ﬁ [6.48]| - h L
Concentration MBR | ME‘JR : MBRE‘W\)EM ‘ Map\!n Mén - Mﬂpg‘m
[ ]+ the concentration ratio of . -

carbohydrate/protein , C/N

mg/L as SCOD
& 8 8 3
| T 1l

a.w

[2 29]

F 3 £

MBR MBR Eff

mg/L as DOC

The concentration ratio of SMP to total S

MBR Influent MBR MBR Effluent
AVE Range AVE Range AVE Range
SCOD?(%/SCOD 943 7 .0174~26 14.62 10.213688 75 57 52é173;1

TFT-LCD — > ' '
DOCp/DOC | 14 g3 7.94~ 19.61 12.43~ 5301 50.67~
(%) : 23.42 i 31.28 ’ 64.00
SCODy,;/SCOD 20.41~ 35.34~
bW ¢ ' ' 2342 9600 0 430
DOCg,;,/DOC 3759 33.53~ 40 41 3441~
(%) i i ’ 42.70 ’ 49.09
SCODSI;H,/SCOD 6.28~ 2842 23.43~ 3435 3041~
(%) 8.76 33.92 40.88

WPI
DOCg,;,/DOC 7.99~ 27.20~ 43.58~
(%) 18.80 28.01 37.37 50.40 58.78
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Related to

hydrophobic acids g 0 T

Related to Humic acid @)
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280 300 320 340 360 380 400 420 440 460 480 500 520 540

Emission wavelength (nm)

Fluorescence Excitation-Emission Matrixs (EEM) defined excitation and emission
ive EEM regions.(Chen et al.,2003) {®)
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EEM fluorescence spectroscopy of the effluent for MBR treatment at (a)blank (b)TFT-LCD
B (c)DW (d)WPI




Wastewater properties of the permeate from UF membrane filtered with effluent MBR

TFT-LCD DW WPI
MBR UF MBR UF MBR UF
Effluent Effluent Effluent Effluent Effluent Effluent
(ave) (ave) (ave)
pH 787 8.0l 754 776 764  7.68
DO(mg/L) 6.0 7.7 6.0 6.3 6.2 6.5
SCOD(mg/L) 10 7 33 24 73 57
DOC(mg/L) 5.2 4.8 12.6 9.6 20.3 15.0
UV254(1/em) |_0.040 __ 0.033 0.151 0.118 0.417 0.376
SUVA(L/mg-m) || 0.763 0.701 1.198 1.226 1.252 1.539
SCOD/DOC 1.99 1.44 2.62 2.51 3.60 3.78

F 3 £
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TFT-LCD DW WPI

MBR UF | MBR UF | MBR  UF

Effluent Effluent | Effluent Effluent | Effluent Effluent

(ave) (ave) (ave)

Carbohydrate | ¢ 39 500 | 1353 993 | 1845 1370
(mg/L)

Protein 097 073 | 164  ND | 245 138
(mg/L)

SCODgyp 829 644 | 1694 1062 | 2342 1673
(mg/L)

DOCsyp 308 240 | 631 397 | 872 623
(mg/L)

SCOD%P)/SCOD 8027 9426 | 5132 4426 | 3208  29.61
0

DOC%%}P)/DOC 59032 5044 | 5005 4158 | 4293  41.69
0
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Although the removal
efficiency of organic :
acids is poor for the R 1 95 1o 4 A 418 00 0 0 B 1

Em{nm)

filtration of UF
membrane, the proteins
has significantly
removed.

Exinm)

200 LS M
300 320 340 360 380 400 420 440 460 480 500 520 S40

EEM fluorescence o s o s g e g
spectroscopy for both of the e e
MBR effluent and UF
permeate at (a) TFT-LCD (b)
DW (c) WPI and (d) TFT-
LCD (¢) DW (f) WPI,
respectively.

200 1
: ﬂ,'ﬂ&*& 900500240 200900409, 430, 490 490 499, 000420 00 300 330 340 380 380 400 430 440 460 480 800 S20 &40
Eminm) Emnim)

Exinmi

Scaling on
the

membrane
surface

Original
membrane has
the consistency
of pore size.

Siggiﬁcant Scaling on the
scaling on the membrane
membrane surface and
surface the pore size

decrease

SEM photograph on the cross-section of UF membrane filtrated the MBR effluent for
(a)blank(b)TFT-LCD (¢)DW(d)WPI
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0

AFM spectroscopy on the

surface of UF membrane at
(a)blank(Ra=77.88nm)
(b)TFT-LCD(Ra=22.44nm)
(c)DW(Ra=38.93nm)
(d)WPI(Ra=30.26nm)
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200 [run)

The peak intensity of
function group on C-F
and O-H bonds are
became weak after the

filtration with UF
membrane treated the
effluent of MBR
:.:::
i
The peak intensity of g"
C=C, O-H, and C-H =

bonds are increased at
DW and WPI treatment
processes, that is, there
has a protein or acid
matters.

ATR-FTIR spectroscopy of
UF membrane filtrated the
effluent of MBR
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SCOD;, | i

Double bonds MW
In MBR material dlstubkl.%lon

2 DOCyyp/DOC=38%
SRT=30 days
I;Iﬁv;r:ﬁ_; ESODI VES-d & % oD 66 Y PO GRS
15g g % >3kDa 39% C
\ 0
0.22um okl

SCODgp/SCOD=23 %

membrane
R 61% C, 4% N
95 % Double ":3kDa SCODsup/SCOD=40%
[1}
effluent o0 sCODauiscops
34 % DOCin material
18 % SCOD,,
MBR effluent:

Ir 1. The weight component of carbohydrate is more than that in MBR, that is, the protein

1. matter is easily clogged on membrane.

2. 2. The ratio of SCODg,,,/SCOD and DOCg,,,/DOC is increased. This is caused from the
removal of protein is more than that of carbohydrate.

I 3. 3. The intensity of humic acid on EEM spectroscopy is also high.

SCOD;,
Double bonds MW
In MBR el distribution  SCODsmp/SCOD=15 %
3~k Da + =akDa DOCqup/DOC=20 %
SRT=a0 days
HET=267 hrs 95 % SC0D % DOCy, C, N (CJ"N=4 2T
F/M=0.24gSCCD/gVES-d 38% ~6kDa so0
\ 00
0.04pm N ETAN
membrane
38% 2,18 N
MBR . 3kw5kDa SCODSMPJSCOD—m%
f1l t 62 % Double
c 1er] bOHdS 431(]:)& DOCSMFVIDOCZSS%
13% DOCy  material
5% SCOD,,

Relationships between the possible TFT-LCD removal mechanisms and the water
quality for both the MBR reactor and MBR effluent.
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DOGC;,

Double bonds MW
In MBR material | distribution  SCODsyp/SCOD=28 %
<tkDa » <208Da DOCqypDOC=28 %
SRET=20-30 days
Hfig:m hrs ; q 2% SCOD“‘ 57' Y DOCy, Small quantity C, M (CfN—9 29)
F/M=0 09¢8COD/gVaS - 19 % arger than kD 595 C
\ 45% 17
0.4pm | \ ’
membrane
?8% C, 554 N
MBR
fﬂ . <208Da SCODqup/SCOD=34%
cifluent 81 z{:DoublZlbonds DO CaypDOC=50%
43 % DOC,, materl

41 % 5COD,,

Relationships between the possible WPI removal mechanisms and the water quality for
both the MBR reactor and MBR effluent.
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Conclusmns

* TFT-LCD is a high nitrogen-contained wastewater. Owing to the substrate
is sufficient and the activity of microorganism is high, the major content of
SMP should be UAP estimated from the analysis of water quality, organic
compounds, SMP composition and EEM.

*  DW wastewater property is a biodegradable wastewater, thereafter, the
content and the variation of SMP produced from MBR biological
treatment is low. The microorganism metabolism products in MBR effluent
was characterized with EEM fluorescence is humic material. Those SMP
may infer from the comparison of literature is BAP.

* WPl is a refractory wastewater treated with three stage of microorganism
pre-treatment processes, thereafter, the substrate in the influent of MBR s
refractory and non-sufficient resulting in produced a lot of BAP from the

microorganism endogenous degradation. The metabolism products in MBR
effluent was characterized with EEM fluorescence is humic material.
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