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Municipal Sludge Pretreatment
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Why Triclocarban (TCC)?
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Triclocarban

Table. Selected physico-chemical properties of triclocarban.

Property

Triclocarban (TCC)

Chemical structure

LR LT

IUPAC name

(4 chlorgphqmyl -(3,4-
dichlorophenyl)urea

Molecular formula

C,5HyCI5N,0

Molecular weight (g/mol) 315.578
Chlorine content (weight %) 36.7

Log K_,, (at 25°C, pH 7) 4.9

Log K, (at 25°C, pH 7) 4.5

pK, (at 20°C) 12.7
Water solubility (mg/L at

25°0) 0.65 - 1.55
Vapour pressure (mm Hg at :
25°0) 3.61 x 10-°
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Target Compounds

Parent Transformation
Compound products
1) Dichlorocarbanilide (DCC)
Triclocarba 2) Monochlorocarbanilide (MCCQC)
n 3) Carbanilide (NCC)

4) 3,3'.4,4'-tetrachlorocarbanilide
(4-CI-TCC)

] ] 5) Monochloroanilines
Motivation:

<+ The effects of microwave (MW) pretreatihentiarhtbedfasecafidC/by-products
are unknown in municipal waste sludge streams.




Research Objectives

MAIN OBJECTIVE:

[]To investigate how MW pretreatment along with advanced
anaerobic digestion can affect the environmental
concentrations (NO SPIKING) of TCC and its transformation
products in digester influent/effluents streams

i

Pretreatment |nten5|ty MW Temp. [80 and 160°C] and

Variable— Dlgester temperature Thermophlllc [55 = 1°C] and

S

- A\ e "

Digester sludge retention times (SRTs): 20, 12, and 6
— days




METHODOLOGY



Wastewater Treatment Plant Selected

Westside Regional Wastewater Treatment Plant (West Kelown:

- serves population of 44,500 peeble and aveage daily flow capacity of
16,800m3/day



Microwave Pretreatment Scenarios
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Anaerobic Digestion
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Parameters Moniterekcfl_

Table. Characterization of digester performance.

Sample Parameter
Digester influent/effluent « Total/volatile solids
streams « Total/soluble chemical oxygen demand,

biopolymers
e pH, alkalinity, ammonia

« Total VFAs (acetic, propionic and butyric
acids)

« Target TCC parent/transformation
compounds

 Dewaterability, fecal coliforms, heavy

+ Statistical Analysis [] usmg]ﬁrﬁl 5|s of Variance (ANOVA) using “Minitab™
17 statistical software” logas volume

D'geﬁtﬁ" daPgsiPormance data: G, Kor-Bicakai. £ Uhay-Cokgor, . Eskicioglu, 201



thod development for target compoun
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Quantification of TCC and its Transformation
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Environmental Occurrence of TCC In

Mixed-Sludge
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Effect of MW Pretreatment on Fate of TCC

1st batch 1 2nd batch ® 3rd batch
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Fate of TCC and its Metabolites during
Conventional AD
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Fate of TCC during Advanced AD
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Conclusions

o Compared to the control AD, advanced AD using MW
pretreatment was found to be effective in decreasing
TCC levels in digester influent/effluent streams (biosolids),

 Most intensive MW pretreatment (160°C/30 min)
showed the highest impact on TCC removal from mixed
sludge at SRT of 12 days,

 Seasonal changes had an impact on removal of TCC
during wastewater treatment process at the WWTP,

* Higher TCC transformation to NCC occurred at
thermophilic temperature via potential dechlorination
mechaniem combpared to mesoohilic temberatiire. .
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Why Triclocarban Selected?

+ High-production volume chemical (the worldwide annual production:

~1,500 ton)
+
Being priority chemical candidates

+

Abundant existence in municipal treatment sludge and biosolids
(detected >1000 ug/ kg dry solids)

- physico-chemical properties
le th to the f hain thr | tj f
&g?j:'l‘?ee top IO compounds detedted HoBi LSRR W N
°

en om WWTPs in U.S. (in the 231 chemicals assayed)
[| among the top 10 contaminants of American rivers in U.S.
Geological Survey (in the 95 contaminants from a 139

Vé&ﬁ@e@m&@,(—arﬁgﬁld%g rSEaE@ﬁ) Nature, Scientific Reports, 4, 3731. Halden et al., 2017. Environmental Health

Perspectives, 125(6), 064501.
23 Kolpin et al., 2002. Environ. Sci. Technol. 2002, 36, 1202-1211.
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Biogas Production

All digesters [] ~ STABLE

Specific biogas production [ 500 - 550 mL
OLRs [] 1.45 - 5.20 g VS/L of digestd?}@9as/ g VS, CH, content of biogas: 65 - 72%
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Fate of NCC during Advanced AD
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Total phase Soluble phase

LOD* LOQ® RL° Recovery LOD* LOQ° RL°  Recovery

Compound

P (ppb)  (ppb)  (ppb) (%) (ppb) (ppb) (ppb) (%)
Triclocarban (TCC) 008 024 054 1124 011 028 068 72.1
Dichlorocarbanilide 008 025 052 1189 009 025 050 74.8
(DCC)
%"gg‘;h'orocarba”"'de 010 025 055 2583 040 024 053 64.9
Carbanilide (NCC) 016 055  0.72 1368 006 025 064  61.80
3.3'4.4"-
tetrachlorocarbanilide 0.70 0.95 143 n/a 0.53 0.99 1.47 n/a
(4-CI-TCC)

Monochloroanilines

(sum of 3-CA & 4-CA) 0.12 0.45 0.61 91.55 0.09 0.56 0.90 76.40

4-chlorocatechol 087 099 116 16349 057 094 11 na
Triclosan (TCS) 033 050 110 11250 016 042 098 109.2
Triclosan O-8-D- 144 522 546 10724 127 164 6.8 na
glucuronide

Triclosan-O-Sulfate 012 031 050 31764 063 08  1.04 na
Tetra-III 058 095 492 110.3 137 477 505 na
Penta 009 025 046 10518 064 109 516 na
2,3,4-trichlorophenol

S AToP, 026 057  0.69 1142 040 030  0.60 na

3LOD: limit of detection, "LOQ: limit of quantification, “RL: reporting limit, n/a: not available.




Table 3.10 : Sample analysis methods and their aqueous and organic phases for

target analytes.

Method Compounds Aqueous Phase  Organic Phase
Triclocarban (TCC) 5 mM ammonium Methanol
A acetate solution
e Dichlorocarbanilide (DCC)
e  Monochlorocarbanilide (MCC)
e Carbanilide (NCC)
e  4-chlorocatechol
Triclosan (TCS)
e Triclosan O-B-D-glucuronide
e  Triclosan-O-Sulfate
e Tetra-lll
e Penta
e  23,4-trichlorophenol (2,3,4-TCP)
B o 3,3,4,4"tetrachlorocarbanilide (4-CI-TCC) 10 mM ammonium  Methanol
bicarbonate
solution
C o Monochloroanilines (3-CA and 4-CA) Ultra-pure water Methanol
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:--------------------------------------------------------------------------E | _______________________ I
| SOLID SAMPLE (1.5 + 0.4 g wet weight) ]P0 AQUEOUS (SOLUBLE) SAMPLE :
: v . | {centrifuge and filtration of supernatant) |
i : - v .
: ‘ 15 mL phosphate buffer (pH 2.0 £ 0.5) and vortex : | ‘ Aqueous portion (10 - 15 mL) W I
v P v |
: L Isotopically labelled compounds and vortex : | [ Reconstitute with 200 mL of reagent water J -
: v - v !
: ‘ 20 mL acetonitrile, sonicate 30 min and centrifuge | [ Isotopically labelled compounds and stir ’ |
s v P :
‘ 15 mL phosphate buffer + 20 mL acetonitrile, vortex : e e e e e e e e e e e e e e e e e -
: sonicate and centrifuge : _=_> Solid phase extraction (SPE) I
: ¥ : 1 using HLB cartridge (3 cc/60 mg) :
: : I -
: ( 15 mL acetonitrile, vortex, sonicate and centrifuge W : 1 - ¥ ~ :
: v : ! Load (5-10 mL/min), I
: o , : i wash 10 mL of reagent water, :
. Filtration of decanted and collected acid extracts : I dry 5 min and i
: (1.6 ym pore size glass fiber filter paper) : : elute with 12 mL MeOH by gravity ) :
: v 4 v :
Rotary evaporation at 50°C : | N, blowdown i
: (final volume of 20 - 30 mL) : : N :
: v : I I
H . . : 1 Reconstitute in 3 mL MeOH, I
{ Reconstitute with 200 mL reagent water 3 dilute 4.0 mL with 0.1% formic acid (in MeOH), | !
: v : 1 vortex i
: ‘ 500 mg NA,EDTA.2H,O )_._: L—see==== it ——————————————'—' —————— !
«sssssssss Sample preparation steps for total phase samples / G Esl \ (+) ESI

P prep P P P n| > TCS « Mono-chloroanilines.
= == = == w1 Extraction and concentration steps for total & aqueous phase samples : ;‘%S?-_ggc '5_7.;%“33‘8.%‘3 4TCP
» == « == Sample preparation steps for aqueous phase samples > TCC

" = DCC, - MCC, - NCC, » 4-CI-TCC,

= = ===== Sample analysis steps for total & aqueous phase samples n\  « 4-chlorocatechol. /




	Slide 1
	Slide 2
	Slide 3
	Why Triclocarban (TCC)?
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Why Triclocarban Selected?
	Biogas Production
	Slide 25
	Slide 26
	Slide 27
	Slide 28

