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1) Background

Energy, C footprint, solids, resource recovery, SAMBRS, effect
of SMPs/colloids on membrane fouling

2) Results and analysis:

Al) Measuring “critical flux” over time, and membrane
fouling layer composition

A2) Characterisation of proteinaceous materials and
carbohydrates in wastewater systems

A3) Effect of critical gassing rate and HRT on reactor supernatant
composition/viscosity/floc size,and membrane fouling layer

B) Rapid toxicity measurement using a fluorescent assay, and

toxicity amelioration

C) Control of organic and metal toxicity in AD using powdered

activated carbon (PAC) and EDTA (chelating agent)

3) Conclusions
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1) GENERAL BACKGROUND

- Issues today- energy use, solids disposal, carbon footprint,
water scarcity, and nutrient recycling(?).
- Conventionally aerobic treatment chosen- more historical
~accident than rational choice.
- Few “drivers” to change choice until recently.
- Anaerobic processes most “rational” choice to address issues
~ above. However, must compete with aerobic on removal
efficiency, short HRTs, stability to toxins.
- With slow anaerobic growth rates must separate hydraulic
~ retention time (HRT) from solids retention time (SRT)
through reactor design, and make them more “robust” to

toxins and fluctuating loads.

|
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1) SAMBR BACKGROUND

Al) When we measure “critical flux” over time does it change, and
how does the membrane fouling layer build up over time?

A2) Are the colorimetric methods we use today to measure protein and
| carbohydrates in WW accurate-what do they measure?

A3) Is there a “critical gassing rate” for fixed fluxes, and how does
this affect the fluid dynamics in a SAMBR, and the membrane
fouling layer?

B) AD treating industrial has issues with toxicity-can we develop a
rapid (<10 min) toxicity sensor to warn us?

C) If we do know about toxicity events, how can we ameliorate
them?

AEBC ez
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“CONVENTIONAL TREATMENT TRAIN”
Screening Prlmary __________ BlologlcaISecondary Fmal _________

settlement treatment settlement treatmenti

— Treated
g Effluent

Surplus sludge disposal

Raw
sewage

ﬁ

> Digested slucijge

__________________________________________________________________________________

Why was this process flowsheet chosen? Historical!

- High energy demanding due to aeration-no product

- High solids generating-Y~ 0.4

-Low organic loading rates~ 0.5 kgCOD/m?3.d

- Volatiles to atmosphere, AND CO,, CH,, N,O-GHG

- Not “rational” today!mmmm) ??? Submerged Anaerobic
Membrane Bioreactor (SAMBR or AnMBR)
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Fis WHY USE A SAMBR?

CAPABLE OF “TURN UP/TURN DOWN” DURING PEAK FLOWS?

""""""""""""""""""""""""""""""""""""""""""""""""""

Screeningé Primary Biological Secondary Final .
settlement  treatment settlement treatment

Raw  __| __ Treated
sewage ~ Effluent
Surplus sludge disposal 5
ar
Screening
Anaerobic MBR processes
Raw > , 1reated
sewage Effluent

Renewable energy (CH,)

3% Sludge yield
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IR What is a SAMBR?
Operating parameters & SAMBR set up

Gas sampling bag

HRT 121 8; 6; 41 21 1 hr / O¢ 22 ot Pressure Recycle Effluent
(SRT 200 days) 7/ N PP

pH&ORP meter

SRT: 50, 100, 200 days -
(H RT 6 hI‘S) Recycle line
~ Feed | L
c - "
Synthetic Feed: f S
507156 '?j Baffle <
= o Membrane
= mgCOD/L £ > module
Fe?El_puiTp z .
”Gas flow
Gas pump i i

awnii)
o JL ' e in‘r:.iﬂ

Feed tank

Effluent tank




UNIVERSITY

DIFFERENT HRTs AND HYDRAULIC
SHOCK

NAN‘%}NG SAMBR PERFORMANCE AT

SAMBR (Flat Sheet)

HRThr) Period@ COD;nfal CODesf | Eff.B| Mass@ODEemoved: Methanel
(day) (mg/L) (mg/L) | (%) (s®OD/d) (%)
12 69 533168 14+8 9742 31 69+2
8 23 502+34 12+4 98+1 4.4 7242
6 46 520+35 1614 97+0 6.0 74+1
4 23 484162 12+4 97+2 8.5 7513
2 6 458+73 266 94+2 15.6 80+2
1 120hrs 432429 85+3 80+1 25.0 78+3

SRTRday)

50 44 474+15 17+2 96+1 5.5 7443
100 57 544422 15+1 97+1 6.3 74+1
200 46 520+35 1614 97+0 6.0 74+1

Note:Eff.ERfficiency

HRT: 12hr - 8 hr 2> 4 hr > 2hr - 1hr

Membrane- flux: 12-15-28 LMH, gas rate 3-4 LPM, pH: 6.8 — 7.2

AEBC szsesotmnena
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Al) MEASURING “CRITICAL
FLUX” OVER TIME, AND
MEMBRANE FOULING LAYER
COMPOSITION

 Does the time one holds the constant flux to measure
“critical flux” affect the value, and do flat sheet and
hollow fibre have different CFs?

* What is the composition and MW of the fouling layer?
How accurate are the current analytical methods?

A E B‘ Advanced Environmental
8iotechnology Centre
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FACTORS INFLUENCING MEMBRANE FOULING
1) Membrane fouling mplower fluxes mgreater area/cost.
BUT, fouling leads to §COD removal due to gel layer.
2) What fouls membrane?-soluble microbial products
(SMPs) and colloids. SMPs dictate COD removal.
[SMP - CC)Dsoluble effluent COD soluble VFAs + feed]
3) What are SMPs/colloids in terms of composition?
How arethey produced? How does reactor operation
affect [SMP] and composition, and how does this

Influence fouling?
Objective of this work is to measure the “critical flux” over
different times and “critical gassing rate” analyse membrane
fouling layer and correlate this to fouling
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Flux
HRT
SRT
temperature

Imperial College
London

Hydrodyn-
amic
conditions
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Gassing rate
Gassing strategies

Addition of
| adsorbent/ |

| Drecipitants

PAC/GAC
Flocculants
Chemicals
Materials
Configuration

Novel coating
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COD

K.Cr,O- method

Protein
Polysaccharide

BCA standard kits
Phenol-sulphuric acid method

/ TMP

Assays CH4
virtually MP-SEC
useless

for WW Zeta potential
analysis! Particle Size
(see later Sludge floc size
In A2!) Membrane autopsy

Element autopsy

Data logging
Gas Chromatography
(Shimadzu)
High performance liquid
Chromatography (Shimadzu)

Malvern Zetasizer Nano Series
Malvern Zetasizer Nano Series

Malvern Mastersizer 2000
Field emission scanning electron
microscope (JSM-7600F)

FESEM(JSM-7600F)

MEASUREMENT AND ANALYSIS

Blotechnalogy Centre
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(HRT=6h, SRT>150d, 5 LPM)

1) Determine the critical flux (flux at which ATMP~0) - STRATEGY 1.:
20 MIN PER STEP

40 6.4
33 56
30 48
25 4

Flux (LMH)
| ]
]
T
[ o]
TMP (Kpa)

15 2.4
10 1.6
5 [reees 0.8
0 - - 0
0 50 100 EDI] 400

dTMP/dt (KPa/min) 1.1
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London
Strateqy 2: 24 hours

dTMP/dt (KPa/m)  0.13 1.0

b

TMP (KPa)

Strateqy 3: 3 — 4 days

Since different time
periods all give similar
answers with fouling,
the critical flux of the
defined SAMBR is 24
LMH
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Concentration of the MEMBRANE foulants
(scrapped off surface)

100
90
350 80 m SMP
300 = SMP - = Colloids
(9\]
E 250 m Colloids § 60 m Big particles
o L
=500 = Big particles 350
S S 40
© 150 =
% 100 ?
% 20
(]
50 10
0 -_'_—_\ 0 - I . — . - T . T

COD Protein Carbon SLMH 10LMH 15LMH 20LMH 25LMH 30LMH

At the end of strategy 2 (24 h at each flux) At the end of each flux of strategy 3 (2-3d)

SMPs: about half of the overall organics of the foulants

Colloids : a lot during short term operation, but reduced il
during longer term operation-hydrolysis? W



2) SEC chromatography of the retentate (blue), effluent (red)
o and foulants (green)

Datal:Mineral.lcd RID-10A
300;D6132:Retenta1e.lcd RID-10A
‘Data3:Effluent./cd RID-10A
{Data4:Foulant.lcd RID-10A

275

250 f
251
20-
175 f
150 f
125 f
100 f

75

%5 |

25|

T T B B B B B T B A
00 25 50 75 100 \ 150 175 200 225 250 215 min

SEC traces show m;ainly high MW fraction fouling the membrane,
with some lower MW (~8min). However, even low MW is rejected by
the membrane, and some ends up depositing on the membrane.
Very low MW also seems to be rejected and fouling. 1| o
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A2) Characterisation of
proteinaceous materials and
carbohydrates In
wastewater systems

« What do the colourimetric methods actually
measure with “proteins” and carbohydrates.

AEBC s
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Colorimetric Methods — Problems

¢ Facile analytical process for the estimation of “protein” concentration
e Interaction with interfering substances

8 3 4 56 7 8
Standard BSA protein assay Standard BSA protein assay
with interfering substances

e Highly dependent on the protein composition, ie. AA composition

5 Modified Lowry Protein Assay Coomassie Reagent Protein Assay

3
—4—BGG
—B—BSA 1B
5 1.50

1.25
1.00
0.75
0.50

——BSA

%1

—=— BGG

Net Absorbance (750 nm)
Net A(750 nm)

—O— BSA
—&— BGG

LU LN e G e G B

T T T T - Ll 1 L) L T I 1
0 500 1,000 1,500 2,000 0 500 1000 1500 2000 0 500 1,000 1,500 2,000

Protein Concentration (pg/ml) . . Protein Concentration in pg/mil
protein concentration in pg/iml

Image courtesy of Thermo Fischer Scientific Inc.
AEBC wimimerss
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Colorimetric Methods — Case Study

e Effluent samples at 3 different HRTs were characterised by
measuring their COD and "protein" content.
* Poor correlation between and across methods-need a better method!

Reading (mg/L) * SD

COD

HRT (h) Bradford

(mg/L) MLl Micro BCA Pierce BCA Bradford_ (Coomassie
Lowry (Coomassie) P
us)

6 19.12 5.6 = 0.8 6.8 = 0.1 6.5+ 1.8 19+ 20 15.2 + 1.8
4 31.16 8.3+ 05 10.3 = 0.3 165 + 2.1 3.0+ 1.2 16.6 = 0.8
2 40.65 954+ 0.5 23.7 £ 08 315+14 3.5+ 0.7 18.7 = 2.4
6 (SA¥) - 246 + 1.4 19.2 £ 0.1 369 + 22 379 + 15 373 £ 54
4 (SA¥) - 329+ 1.1 20.4 + 0.2 373 + 24 384 + 9.9 375+ 4.4
2 (SA¥) - 33.1 + 2.8 259 + 0.5 388 = 20 386 + 11 380 = 5.2
*. Standard Addition of BSA at 10 mg/L for Modified Lowry and Micro BCA, m

and 300 mg/L for the others.
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HPLC Analysis

® New standard method needs to be developed to accurately quantify
and identify proteinaceous materials in wastewater using advanced
Instrument such as HPLC.

Acid
hydrolysis

HPLC

Derivatization detection

Lyophilisation
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HPLC HPLC Analysis

HPLC
detection

Derivatization

e Derivatization using OPA + FMOC-CI

@)
H H. _AA
+ N + Hs/\/OH _ UV: 338nm
H Ill 10 min - N—AA
RT ~
@)

O cl O HN—AA
0—{ H. _AA _-HC 0—{
o + N T o) UV: 263nm
Ill 10 min
9 Y

AEBC :omreniomens
C esone
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HPLC

Derivatization T

e Successful separation of 23 amino acids using HPLC

v
R 1. Aspartic acid
GDUDD—: 10 2. Glutamic acid

] 3. Asparagine
£5000 4. Serine
E-DIJDIJ—E 5. Glutaming

] 6. Histidine
4z000- 7. Glycine

] 8. Threonine
R 9. Arginine
35000 10. Alanine

] 11. Tyrosine
20000 3 12. Cystine
se000] 13. valine

1 1 14, Methignine
ZDUDD—; 5 s p 15, Norvaline

] 7 16. Tryptaphane
120005 5 g 9 17. Phenylalanine
10000—5 12, lsoleucineg

] 13, Leucine

=000 20. Lysine
u—E 2%, Hydroxyproline

] 22, Sarcosine
-E-IJUIJ—f 23. Proline
o000

0.0 25 ) T 10.0 12.5 1.0 175 20.0 22 250 2 30.0 min

Nanyang Environment & Water Research Institute

tre

AEBC:::
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Acid
hydrolysis

e Conducting hydrolysis in an oxygen-free environment enhances
the recovery

e Sparging the sample with an inert gas

HERREEERREEN:

(RAARRSERRAARN!

Headspace

e Sparging with an inert gas and degassing under vacuum
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Colorimetric Carbohydrate Methods — Problems

e Non-specificity for a whole class saccharides

OH

HO. OH
0
%ﬁ 9o N O,
Class of saccharides m OH

Inositol
X Glucose
Monosaccharide Glucose
OH
Disaccharide Sucrose e o
"o Ho on
Polysaccharide Dextran M or| .
HO
Sugar alcohol Insoitol Sucrose Desiran OH
O__

Sugar acid Glucuronic acid - -

HOOC

OH
Deoxy sugar Fucose
H
%m HO . _oH
OH

Glucuronlc aC|d
Fucose

e Possible interaction with interfering substances

Nanyang Environment & Water Research Institute

AEBC::




7 NANYANG

TECHNOLOGICAL
UNIVERSITY

Imperial College
London

Colorimetric Methods — Case Study

e Supernatant samples at 3 different HRTs were characterised by
measuring their COD and carbohydrate content.
 Again, poor correlation between and across methods

Reading (pg/well) £ SD

HRT () | COP

Glycopro

(1le//58 Anthrone Anthrone Phenol Phenol S-A Abnova fein
(0.1%) (0.2%) (5%) (8%) kit kit Kit
0.9 = 1.4 £ 0.6 = 0.4 =
+ + +
6 60.36 15+04 07 =x0.1 0.4 0.4 02 0.1 0.4 0.1
0.9 = 1.3 £ 0.8 = 0.4 =
+ + +
4 /7312 18 =01 08 *=0.2 06 04 0.1 0.1 0.3 x0.1
0.9 = 1.0 £ 0.7 = 0.3 =
+ + +
2 9149 21 =x£01 09 *01 0.2 02 0.1 0.1 0.4 0.1
10.2 = 9.7 = 4.3 = 99+ 103 % 164 =
x - +
6 (SA) 1.3 94 =05 0.1 1.3 0.3 0.3 0.1
4 (SA%) ) 10.5 = 103+ 105+ 41 = 101 =+ 121+ 163 £
0.1 0.6 1.1 1.4 0.2 0.2 0.1
2 (SA¥) ) 10.9 = 106 =+ 101+ 6.1 =% 102+ 116+ 178 &+
2.4 0.4 2.6 1.7 0.7 | e
*. Standard Addition of glucose at 10 pg/well. m

AEBC::
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GCMS Analysis

¢ New standard method needs to be developed to accurately quantify
and identify carbohydrates in wastewater using advanced
instrument such as GC-MS.

Acid
hydrolysis

GCMS

Derivatization detection

Lyophilisation

Sample
injector
T regulated oven

OMe
Mass

OAc
A%&NOAC
spectrometer

OMe Column: detector
Gas: packed or
He, Na, H, open tubular
(capillary)

AEBC :omreniomens
e Fomird
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Acid GCMS

Derivatization

hydrolysis detection

e Blakeney et al., 1983

—
- . . F
e Excellent monosaccharide analysis using GC ! . |
2 5 1
B OH N 28 I
q
O ih)
T Qo OH % T
OH 6 =4 3
OH TFA y o 2 |
0] 0 Hydrolysis %O 1 _oH = 12 i
HO - ! I
OH ° 13
Dextran oH Glucose f':’ L l|
O—— @ i ‘
- - e o I |
1 CH,0H 1 CH,0AC 11' | J I
Acetic ' | |
CHOH  anhydride ~ §HOAC S LU J U
NaBH, CHOH Ac,0 CHOAc . . J
—— | — | 5 10 15
Reduction =~ CHOH  Acetylaton = CHOAc
| | Time (min)

CI)HOH CI)HOAC
6 CHon 6 CHzoAC
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Acid
hydrolysis

GCMS

Derivatization -

e No structural information of polysaccharide will be provided

OH

1,4 glycosidic linkage "
1,6 glycosidic linkage

AEBC :omreniomens
e Fomird
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Acid
hydrolysis

Derivatization

Imperial College
London

GCMS
detection

e Determination of the polysaccharide composition in wastewater

sample is developing

OH
___% @)
© OH
OH Mel
0] O Methylation
HO
OH
Dextran o——
1 (|3H20H
OMe ?HOMe
TEA 6 o NaBH,4 CHOMe
- Mﬁ/P 1 —  » |
Hydrolysis e0 OH Reduction  CHOH
OMe !

?HOH
6 CH,OMe

™Mo

Acetic
anhydride
ACZO

B ———
Acetylation

OMe

1 CH,0OAc
éHOMe
éHOMe
éHOAc
éHOAC

6 (IDHZOMe

OMe

—— > GC-MS
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A3) EFFECT OF CRITICAL GASSING RATE
AND HRT ON REACTOR SUPERNATANT
COMPOSITION/VISCOSITY/FLOC SIZE,
ANDMEMBRANE FOULING LAYER

 How does the reactor gassing rate influence composition
In the supernatant, effluent, and fouling layer?

* Do these changes influence viscosity, floc size or Zeta
potential?

AE BC ot eay Cante



o hoNa¥e  TMP PROFILE WITH CHANGES IN GASSING RATE-
DETERMINATION OF “CRITICAL GASSING RATE”
|

40 16
‘ =E=TMP (kPa)
35 Gassing rate (LPM) 14
30 12
25 10 S
[
_ =
[ ]
a []
=20 g ®
5 ¥
2 2
15 6 &
10 4
5 2
0 0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 Time (h)

Most research focuses on “critical flux”, but gassing rate
(turbulence) just as important-can lead to trade-offs
between energy and effluent quality.

In this case the “critical gassing rate” is the rate below
which we get a rapid increase in TMP, ~6LPM

AEBC sotnteonena
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The organic concentration of the supernatant
and the effluent with different gassing rates

Imperial College

London

400
M SMPs
350 &
cop ® Colloids
< 300 M Big particle

]
un
o

Protein

7~

/ Effluent COD )

[y
un
o

Polysaccharide

Concentration (mg/
[\
o
o

100

50

15 9 4 2 6R12R 15 9 4 2 6R12R

612 9 4 2 6R12R/
Gassing rate (LPM)

Interestingly, as the gassing rate increased, the supernata
COD increased substantially, BUT the fouling rate did not =
increase. With low gassing, COD low but fouling high! NEILR
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Sludge characterization (viscosity and floc size), anad
organic characterization (zeta potential and particle
Pyamic vicosiy Size) with gassing rate

100 ¢ S A1
L Re7 Gas 15LPM 21Apr 4
Pa's | _ CP50-1-SN16825; 4=0.095 mm Floc size Zeta Particle
] | Pa 8- 1 Viscosity (Um) Potential size (nm)
10 $ -k t© Shear Stress
Re7 Gas 12LPM 21Apr 1
- 15LPM 329  -16.7 350
CP50-1-SN16825; d=0.095 mm
_—O.l 8- 1y Viscosity
¢ 14 T - ¢ Shear Stress 9LPM 30.1 -17.6 296
Re7 Gas 9LPM 22Apr 2
. L ‘\ T CP50-1-SN16825; d=0.095 mm 4 LPM 30.3 -17.5 318
—— Ower gaS —h— 8- 1 Viscosity
N — —
Ea_— shear gives E :7 ) i‘w;z 2 LPM 31.4 -17.8 326
. AT . e7 Gas pr
h_lgher_t +0.01 LT slPMR 331 4165 463
4 n Iscosity
VISCOSI y ] -k 1t Shear Stress
0.01 4 (Shear Re7 Gas 2LPM 23Apr 2 12LPM R 27.2 -16.5 356
. thlnnlng’D) CP50-1-SN16825; d=0.095 mm .
- vicosiy Surprisingly, no
—& t Shear Stress -
effect of gassing
0.001 ~ ] ] —] ] : 0.001 i
0.001 0.01 0.1 1 10 1/s 100 A a ton P rate on ﬂOC/partICI
nton Paar .
ShearRatey ~— » 8. SlZ€, OR zeta

potential
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Effect of operating conditions-HRT

CHANGES IN TMP UNDER DIFFERENT HRTS - SAMBR

WAS OPERATED AT 28 LMH

4
3.5 |
i -fd‘\ o>
S ARy’
OCT ’ Ay "_‘/“ — . _ )
\% ‘A"‘@ i o4
o > > aEAd :,,,';,x:_——"
S, e
l_
2
1.5 T T T T T T T T T
1 5 9 13 17 21 25 29 33 37 41

TMP in the SAMBR decreased slightly with shorter .

HRTs-maybe less SMP production?

——HRT 12h
—=-HRT 8h
——HRT 6h

HRT 4h
——HRT 2h

hour

AEBC s
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SMPS AND COLLOIDS IN THE FOULANT LAYER

CoD .?:N:F'd . —HRT 12h
6 m Collolas 10 -
N = Large particle HRT 8h
E s < g | —HRTeh
g, = ; HRT 4h
S Protein Polysaccharide g —HRT 2h
g 3 E 4
=
1
O 0 Ll L 1l 111111
0 1 10 100 1000 10000
12 8 6 4 2 12 8 6 4 2 128 6 4 2 Size (nm)

HRT (h)

Foulant mass per membrane area was lowest at 4h HRT.
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SLUDGE PROPERTIES, SMPs/coLLoIDS, VFA AND
METHANE PRODUCTION

HRT 12h HRT 8h HRT 6h HRT 4h HRT 2h
Sludge floc size -D(4,3)(um) 43.8 45.3 46.4 46.6 47.1

Zeta potential - average (mV) -19 -23.2 -17.1 -16.9  -16.3
Supernatant size - 265 189 205 344 204
average(nm)

Colloids (mg/L) 11.9 6.9 13.6 14.3 19.1
SMP (mg/L) 25.5 29.9 56.6 46.6 114.5
Retentate VFA (mg/L) 0 38.3 33.4 9.1 97
Effluent VFA (mg/L) 0 0 4.6 7.4 38.3
Foulants VFA (mg/L) 0 4.4 0 0 21

Floc size seems to get bigger with decreasing HRT (more
ECPs?), while Zeta potential seems to decrease with
decreasing HRT (due to +ve charged ECPs?).

AE BC Siclectoeay Conte
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The period over which we test for “critical flux”,
which we varied from 20 min-4 days, does not seem
to affect the value of the critical flux.

SMPs: about half of the overall organics of the
foulants. Colloids: a lot during short term operation,
put reduced during longer term operation by
nydrolysis.

—or every flux there Is an optimum gassing rate
which is critical to prevent membrane fouling.
However, low gassing rates can lead to good
effluents and low fouling.

Lower HRTs (4h) can lead to less fouling on the
membrane but decreased COD removals.

AEBC iz
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B) RAPID TOXICITY MEASUREMENT
USING A FLUORESCENT ASSAY,
AND TOXICITY AMELIORATION

 How do we quickly and reliably measure toxic
pollutants, eg. Organics/heavy metals entering
AD so that we can take remedial action?

 What remedial action can we take to ameliorate
toxic events, and hence prevent digesters
becoming “sour”, ie very high levels of VFAs?

AEBC ssmunarn
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Q
N* N
/@: \:CL reductase /@: ];1 reductase (:[NID
HO @) 0O e OH

resazurin resorufin dihvd fi
(blue, weakly fluorescent) (pink, fluorescent) (colorlles}s], flc())f-sf(‘)lfltz)rlenscent)
» Fast (few minutes)
« Compatible with anaerobic conditions
* Minimally toxic (kinetic)
* Flexible

» High fluorescence intensity = nontoxic

*Chen J.L., Ortiz R., Xiao Y., Steele T.W.J., Stuckey D.C., Rapid fluorescence-based measurement of toxicity in

anaerobic digestion. Water Research, 75, (2015), 123-130. &

Chen J.L., et al. Modeling and Application of a Rapid Fluorescence-Based Assay for Biotoxicity in Anaerobic
Digestion, ES&T, in press. E\l;lémm
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Bacteria-

E. faecalis
Hexadecane OR mixed _ |
+surfactant AD sludge  Toxicants Buffer Resazurin

e — GEEEED  '"oubation channe

* Fluorescence signal

— is continuously

recorded by a

— i camera

AEBC::-
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Experimental setup

camera

MA

fluorescence ~587nm

total internal
reflection

aqueous droplet
LED 530nm containing resorufin

PMMA microfluidic chip
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Experimental setup: mpractlce

« C++ program control the camera and
pumps

» Video feedback compensate for peristaltic
pump inaccuracy

AEBC pommpn



it MICRO-FLUIDIC DEVICE WITH HRT= 10
MIN

Strain: Enterococcus faecalis (without toxicants), Resazurin: 25 ppm, Total
aqueous flow rate = 1 pl/min.
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Resazurin reduction by E.f. spiked with CuCl, Resazurin reduction by E.f. spiked with CuCl, (average)
50000 | CuCl, (mg/L)
4 S 500004 |9,
S z — D)
40000 =2 N — gg
50 D 40000 -1 —— 40
1 | == ™ 50
—~ — 20 ~ —70
=) A —10 =
d S e ?00 (no bacteria) § 30000 B gg
~ —— 0 (no bacteria) (0] — 100
9 100 (no bacteria)
20000 resazurin injection g 20000 - Hiho DS)
J s
10000 10000 -
bacteria injection
]
04 negative controls without bacteria 0 J
Lt T b || v T L T 1 M T T 1 M |l M T M 1
-200 0 200 400 600 800 -200 0 200 400 600 800
time (s) Time (s)
Kinetic of resazurin reduction. 7 replicates Average curves from 7 replicates for each
for each concentration of copper copper concentrations. Error bar

represent standard deviation.

Lowest copper concentration significantly different (Tuckey test) from positive
control -decreases with time from 50 mg/L after 1 min (p=0.0025), 40 mg/L
after 2 min (p=0.0389), 30 mg/L after 5 min (p=3E-7) and 20 mg/L after 10 min
(p=0.0012).
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C) CONTROL OF ORGANIC AND
METAL TOXICITY IN ANAEROBIC
DIGESTION USING Powdered
Activated Carbon (PAC) AND EDTA
(chelating agent)
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9 Nt EFFECTS OF PCP ON BIOGAS
PRODUCTION OF METHANOGENIC

SLUDGE*.

60

—a— (0 uM
—&— 0.2 uM
—v— 2 uM
—o— 10 uM
—o— 20 uM
—— 40 uM
—4— 80 uM

Biogas (mL)

The error bars represent
- one standard deviation of
0 20 40 60 go triplicate experimental
results.

Time (day)

*Xiao Y., De Araujo C., Sze C.C., Stuckey D.C. Controlling a toxic shock of pentachlorophenol (PCP) to anaerobic
digestion using activated carbon addition. Bioresource Technology.181 (2015) 303-311. AEBC s



EFFECT OF PAC
ADDITION ON
METHANE
PRODUCTION
WITH PCP

Cumulative biogas
production relative to
controls for sludge
incubated with 15 uM PCP
at different doses of PAC
(SAEZ2 on the left and WP-
AOQO on the right) added A)
and D) simultaneously
with, B) and E) prior to,
and C) and F) after the
addition of PCP. The
control had no PCP in it.
The error bars represent
one standard deviation of
triplicate measurements.

Cumulative biogas production Cumulative biogas production
relative to controls relative to controls

Cumulative biogas production
relative to controls

1.2

Cumulative biogas production
relative to controls

0.0

0 2 4 6 8 10 12

Time (day)

14

1.2

1.0

0.8 1

0.6 1

0.4 1

0.2 1

0.0 ’ T T ™

Cumulative biogas production
relative to controls

0 2 4 6 8 10 12

Time (day)

14

Cumulative biogas production
relative to controls

0.0

12

10

0 2 4 6 8

Time (day)
—— 0%AC —a— 5% AC

14

—A— 20% AC

1.2 1

1.0

0.8 1

0.6 1

0.4 1

0.2 4

1.2 1

1.0 1

0.8 1

0.6 1

0.4 4

0.2 4

0 2 4 6 8 10 12 14

Time (day)

0 2 4 6 8 10 12 14

Time (day)

12

10

0 2 4 6 8 14
Time (day)

—v— 80% AC  —— Control
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SOLUBLE PCP AFTER PAC ADDITION

18 18
16 16 i‘\w
1 14 1 14 ~\
- ] = 12 1 1279, C
= 10 = 104 Z 101 %
&S 81 & 8 5 8 \
& ~ -
6 1 6 6 \E\
4 - 4 4 \
2 2 2 b
.
0 24 48 72 96 120 144 168 192 0 24 48 72 96 120 144 168 192 0 24 48 72 96 120 144 168 192
Time (hour) Time (hour) Time (hour)

PCP concentration change after addition of A) 20%, B) 80% and C) 320% of
GAC. A control (No GAC) with only sludge and PCP was included.

The error bars represent one standard deviation of triplicate measurements.
As PAC dose Iincreases the solublility of PCP
decreases, and the toxicity reduces in line with this
reduction.




NEWRI
Using chelating agents (EDTA/NTA) to
control heavy metal toxicity

« EDTA-Me, NTA-Me complexes can reduce the
bioavailability of metals in AD

« Equimolar addition of EDTA/NTA can prevent heavy metal
toxicity without adverse effects

 Heavy metals tested: Cu, Ni, Zn

« 100 mg/L Zn and 50 mg/L Cu resulted in irreversible
Inhibition to methanogens

« 50 mg/L Ni caused transitory inhibition to methanogens
and retarded methane production

TECHNOLOGICAL

UNIVERSITY




AMEBC Effects of stoichiometric addition of
EDTA on Cu toxicity

Imperial College

London

—Cu 50 mg/L, No EDTA
147 _e—NoCu, NoEDTA

—=—No Cu, 200% EDTA
—Cu 50 mg/L, 25% EDTA EDTA, No

—=—Cu 50 mg/L, 50% EDTA /

——Cu 50 mg/L, 75% EDTA
125-200 % EDTA

—=—Cu 50 mg/L, 100% EDTA
Cu
| 75 % EDTA + Cu

Cu 50 mg/L, 125% EDTA
00% EDTA + Cu

-
N
I

[y
o
I

oo
1

——Cu 50 mg/L, 150% EDTA
——Cu 50 mg/L, 200% EDTA

Cumulative methane production (ml)

——No Cu, 100% EDTA No EDTA, el/

0% EDTA
+ Cu

0 = T T i T T

0 22 28 52 71
Time (h)

EDTA reduces toxicity over time, but not completely until 4 days

TECHNOLOGICAL
UNIVERSITY
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Effects of stoichiometric addition of NTA on Cu

toxicity

—&—Cu 50 mg/L, No NTA

14 4 —«=No Cu, No EDTA
—=—No Cu, 100% NTA No NTA , No Cu
——No Cu, 200% NTA

12 1 Secus0 mg/L, 25% NTA NTA, No Cu
—e—Cu 50 mg/L, 50% NTA

10 4 —+—Cu 50 mg/L, 75% NTA

- Cu 50 mg/L, 100% NTA

Cu 50 mg/L, 125% NTA
8 { =—e—Cu 50 mg/L, 150% NTA
—a=—Cu 50 mg/L, 200% NTA

200 % NTA + Cu

Cumulative methane production (ml)

00 % NTA +

Cu

0% NTA +

Cu

5% NTA +

0 22 | 28 | 52 71
Time (h)

Clearly NTA not as effective as EDTA due to lower binding

capacity

TECHNOLOGICAL
UNIVERSITY
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HRIEL Effects of stoichiometric addition of iR
EDTA on Ni toxicity

16

== Control

[EEN
EaN

=l Ni 50 mg/L
+4—Ni 50 mg/L +50% EDTA

=
N

=><Ni 50 mg/L+ 100% EDTA

=
o

5 Ni 50 mg/L + 150% EDTA
e—Ni 50 mg/L + 200 % EDTA
—Ni 50 mg/L + 300% EDTA

Cumulative methane production (ml)

0 15hr 24 hr 36 hr 48 hr 64 hr 85 hr
Time (h)

EDTA very effective reducing Ni toxicity BEE NANYANG
TECHNOLOGICAL

UNIVERSITY
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Effects of stoichiometric addition of EDTA
on Zn toxicity

[EnN
(2]

—&—Control
—=Zn 50 mg/L No EDTA, No
{ =#—=2Zn 50 mg/L + 50% EDTA

—<2Zn 50 mg/L + 100% EDTA
1 =%=Zn 50 mg/L + 150% EDTA

=8-2Zn 50 mg/L + 200 % EDTA
| ——2n 50 mg/L + 300% EDTA

[N
SN
1

=
N

=
o

150-300 %
EDTA

100% EDTA

Cumulative methane production (ml)

= = . = . m
0 15hr 24 hr 36 hr 48 hr 64 hr 85 hr

Time (h)

TECHNOLOGICAL

EDTA effective for reducing Zn toxicity TR
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NEME Time of EDTA addition — Cu

18
16 1 ——Cu pre
. Control (N0 EB
=><Cu simul
14 -
——CuU post :
127 ——Control
10 4

Pre addition (24
hours before Cu
exposure), t=0h

g { Simultaneous imultaneous addition (C{

simultaneously added wit
EDTA),t=24h

R R =

Post addition (24
hours after Cu
exposure),t=44 h

Cumulative methane production (ml)

24 44 64 94 125 157 177

Time (h)
Even nearly 2 days after a toxic shock EDTA can “recover” BEE NANYANG

TECHNOLOGICAL

UNIVERSITY

stuck digesters within 6 days



Time of EDTA addition —=Zn

Imperial College
London

AEBC oz
18
-=-/Zn pre I
= ° — &
£ =Zn simul OO (Alo-EDTA, :‘
g 14 - 2
fra ——Zn post Si
O
S 12 -
8 ——Control
S 10 Pre addition (24
S hours before Zn
L
E . exposure) Post addition (20
g hours after Zn
'C_EU exposure)
E
>
@ 5
0 £ - , : . .
24 44 64 9 125 157 177
Time (h)
With .S|multane.o.us or pre-addition we can O SN
ameliorate toxicity, even 20 hours afterwards UNIVERSITY
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Time of EDTA addition =Zn & Cu

18

[EEN
()]
1

——Cu + Zn pre Control (Nao EDTA,

-e-Cu + Zn simul

[EEN
&~
1

——Cu + Zn post

—o—Control

[EEN
N
1

[EEN
o
1

re addition (24
hours before Zn & Cu

Cumulative methane production (ml)

exposure)
6 |
4 - Post addition (20
hours after Zn & Cu
2 - exposure) r
T— |

0 - . . . = . . .

24 44 64 94 125 157 177

Time (h)

Toxic synergism between Zn and CU to exacerbate  gmm nanvanG
tox | C | ty TECHNOLOGICAL

UNIVERSITY



RANIRG  What is the scope and application of  [iersasss
anaerobic membrane bioreactors
(AnMBRS) in wastewater treatment?

Pai't'f:]:l]lzte « High COD removals
e Short HRTs (1 hr)
A « Long SRTs (200 d)
\/ Nature of \/ « Can tolerate toxic
Constituents shocks and we can
Expected opportunity Extensive opportunity now monitor them
for AnMBR for AnMBR e Can ameliorate
@) ) | toxins in AD with
Low 44—t Concentration === High EDTA and PAC
Strength Strength « Understand
(c) (a) membrane fouling
—— - T : by SMPs and
Xpecteda O rouni mnim TTumnt : :
pforAnﬁ;R ’ fofA(:lpl‘\F/}%El Y CO”OIdS’. ?md their
composition
\/ \/ » Better understand
\ 4 metal speciation in
Completely SAMBR T

Soluble AEBC zsomcsaenionmen
Biotechnology Centre
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CONCLUSIONS

e “Critical Flux™ about the same whether measured for 20 min
OR 24 h.

* For every critical flux there is a critical gassing rate-influences

- energy Input.
'« Composition of fouling layer is partially SMPs and partly
colloids.

e Gassing rate does not seem to strongly influence Zeta potential
or particle size.

« Metal and organics (PCP) toxicity can be monitored in a rapid
assay (<10 min) using fluorescent resazurin reduction in a
micro-fluidic cell.

« Toxicity can be ameliorated of organics using PCP, while
metals can be ameliorated using EDTA complexation.

« AnMBRs are treating a wide variety of WWs to very
high levels with small footprints. AEBC
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