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General Information

Source: Yongjun Zhang, 2008



Metabolites of CBZ and their percentage of Oral Dose
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Carbamazepine degradation in WWTPs

ST, fatansie a: carhamazepine

Removal rate
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Reasons for the persistence of CBZ in WWTPs

1. Resistant to biodegradation (test of carbamazepine in
CH3COONa cultured activated sludge in both sea and fresh water

-> no biodegradation at low concentrations (0.5 mg/l)) (stamatelatou,
2003)

2. ltis hardly attached to sludge / The bulk remains associated with
the aqueous phase

['-5'
Cag

C,: the content of the compound absorbed by the soil [ug/g].
C,q: the concentration of the compound in aqueous phase [ug/ml].

Ks=—= 14 For Carbamazepine [I/Kg]

A significant sorption onto sludge for efficient removal in WWTPs are
Va|ueS Of around Kd= 500 |/kg Source: Ternes, 2004






Standard Parameter Value [mg/I]

Date: 02.07.08,
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O3 [g/m?]: 8,00,
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Standard Parameter Values [mg/I]

Date: 30.07.08,

flow-rate [m%h]: 12,9,

0 [g/m7]: 8,00,

ultrasound [Wh]: 2.205,5
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Influent (US&OB3) Effluent (US&O3)
mmm CSB [mg/l] 63,9 57,9
—= TOC [mg/1] 21,6 21,2
=== BSB5 [mg/l] 3,6 6,8
o Total Enterococci [CFU/100ml] 3200 20
o— Intestinal Enterococci [CFU/100ml] 2580 0
—a— Total Coliforms [MPN/100ml] 150000 930
—a— Fecal Coliforms [MPN/100ml] 24000 36
—=a— Carbamazepin [ug/1] 0,58 0,02

Sample Point

Microbiological Values [CFU or MPN/100ml]



Concentration [ug/I] or [mg/l]

Parameter values at different O3 - concentrations and constant ultrasound [Wh]: 2.240,0
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¢ Carbamazepin [ug/l] 0,3154 0,3200 0,2026 0,0394 0,0285 0,0113 0,0066
= Actual [O3] [mg/l] 0,0000 0,0000 0,0000 0,0020 0,0060 0,0160 0,0794
X |njected [O3] [mg/] 0,00 0,00 2,50 5,00 7,50 10,00 12,50
O TOC [mg/] 16,61 16,86 19,50 18,41 16,21 17,33 17,35
ACSB[mg/] 59,20 50,90 51,80 53,50 47,90 51,20 55,70
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Sample Points

10000,00

1000,00 >
E
o
>
=
100,00 =
[
o
s
c
[N
(8]
10,00 §
(&]
1,00



Ultrasound Power [W]

Parameter values at constant O; - concentrations [mg/1] 2.5 and varying ultrasound [W]

8.000 3,00
7.000
2,50
6.000
2,00
5.000
4.000 1,50
3.000
1,00
2.000
0,50
1.000
0 0,00
Influent Effluent Effluent Effluent Effluent Effluent Effluent Effluent Effluent Effluent
(US/03) | (US/O8) | (US/O3) (US/O3) | (US/03) | (US/O3) | (US/O3) | (US/O3) (US/03) | (US/03)
¢ US [kW] 0 0 714 1.308 2.243 3.489 4.831 5.981 6.789 7.281
m Injected [O3] [mg/l] 0,00 2,50 2,50 2,50 2,50 2,50 2,50 2,50 2,50 2,50
O Carbamazepin [ug/l]| 0,4773 0,5860 0,3002 0,4059 0,5492 0,5404 0,5582 0,7006 0,7683 0,8386

Sample Point

03 [mg/1] or Carb. [ug/l]



Cavitation Bubble

As ultrasonic waves propagate through liquids, cavitation
bubbles form during the rarefaction, or negative pressure,
periods of the sound waves.

Temperatures in excess of 5500°C

Pressures in excess of 300 atm

Source: Leigh Hagenson Thompson



The sorption of Carbamazepine

Sorption — attributed to the hydrophobic nature of CBZ

When a cavitation bubble collapse occurs near a porous material the
jet which is generated is able to force liquid into the bulk material.

Source: Timothy J Mason

Ultrasonic solvent extraction/ impregnation

In this way more CBZ is solved

The solvent around collapsing cavitation bubble will exist as a
supercritical fluid shifting equilibrium to solve more solute



Retention Time / Sample Points
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Concentration [mg/l
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Kinetics of the degradation of
Carbamazepine

+ -d[S}/dt = kog [SI[O3] + koy [SI[*OH]

[S]= the conc. of Carbamazepine
[O83] = the conc. of Ozone
« [OH] = the conc. of OH-radicals

« Efficient Oxidation via O3 when copounds contain:
« Amino group

« Activated aromatic system
* Double bond O
* Halﬂlfecarbamazeplne [SeC ] — O 1

ource: van Guten, Water Research 37(7), 2003



Carbamazepine [ng/l]
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Distance [m]

Time-Profile of the plant
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03 concentration [mg/l]: 2,0, ultrasound off, volume flow [I/h]: 1166,4
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03 concentration [mg/l]: 2,0, ultrasound off, volume flow [I/h]: 1166,4
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Conclusion

Carbamazepine is present in a large part of the aquatic
environment

The ultrasound increases the concentration of the CBZ
in the ageous phase

Ozone oxidises CBZ very fast

Further experiments will show how exactly ultrasound
increases the elimination of CBZ
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