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SI 1 
Description of the photodegradation experiment set-up.
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Fig. 1  An immersion-well batch reactor vessel equipped with 125 W high pressure mercury lamp (maximum emission at 365 nm) encased in a pyrex tube as the source of radiation.
SI 1 
Description of the photodegradation experiment set-up.
[image: image2.jpg]SRR L |

g

SN

<\
S

\





Fig. 2 The complete set-up that includes the water cooling system maintained at 25±2°C, stirrer and the electrical supplies linked to the immersion-well batch reactor vessel equipped with 125 W high pressure mercury lamp. 

SI 2
Actinometer preparation

The actinometer was prepared according to (Kuhn et al. 2004) and (Kuhn et al. 1989) with slight modifications. A 0.006 M solution was prepared by dissolving 2.947 g of K3[Fe(C2O4)3]∙3H2O crystals in 100 ml of 0.5M H2SO4 and dilution with distilled water to 1 L.  450 mL actinometer solution was irradiated with stirring. 1 mL of the irradiated solution was collected in to a 5 mL volumetric flask containing a mixture of 1.5 mL 0.1% 1,10-phenanthroline solution and 0.5 ml sodium acetate (NaOAc) buffer. The mixture was diluted to mark with distilled water. A reference was prepared in the same way except that it was not irradiated. The solutions were kept in the dark until full colour development was achieved and the absorbance of the first minus the second sample was measured at 510 nm (1 cm path length, Є = 11100 dm-3 mol-1 cm-1).  0.1% 1,10-phenanthroline was prepared by dissolving 0.1001 g in 0.5 ml 0.05M H2SO4 and diluted to 25 mL with distilled water while NaOAc was prepared by dissolving 4.1 g in 10 mL, 0.05 M H2SO4 and diluted to 50 mL with distilled water.
SI 3 Determination of reacted molecules
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where 6.022 × 1023 is the avogadro constant, [image: image5.png]


 is the irradiated volume in mL, [image: image7.png]


 is the aliquot of the irradiated solution for determination of ferrous ions in mL, [image: image9.png]


 is the final volume after dilution of irradiated aliquot solution in mL, l is the cell path length, ε is the extinction coefficient of ferrous phenanthroline complex at 510 nm (1.11x104 M-1cm-1 or Lmol-1cm-1). The number of quanta absorbed by the actinometer was calculated as follows:
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where Фλ is the quantum yield of ferrous production at the wavelength of light used.
SI  4  Determination of the intensity of irradiation lamp.
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SI 5  Quantum yield determination of bromo- and chlorocarbazoles.

[image: image12.emf]Compound

2,3

l

Moles of 

photons

Ф

cm hrs  seconds cm

Lmol

-1

cm

-1

photons cm

-2

 s-1

mmol cm

-2

 d

-1

3-Bromocarbazole 13 0,4838 1742 2,3 2 18573 6,87E+20 1,14E+00 2,12E+04 2,32E-01

3-Chlorocarbazole 13 0,3454 1243 2,3 2 17028 6,87E+20 1,14E+00 1,94E+04 1,81E-01

3,6-Dichlorocarbazole 13 0,4422 1592 2,3 2 13385 6,87E+20 1,14E+00 1,53E+04 2,95E-01
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SI 6 Table 1 Data on octanol-water partition coefficient water solubilities of bromo- and
 
           chlorocarbazoles including other selected parameters
	Compound
	Persistence

Soil

Half-life

(days)
	Bio-accummulation 

BCF
	Toxicity

(mg/l)
	Log koc
(Soil adsorption Coefficient
	Log kow
(Octanol-Water Partition Coefficient)
	Water solubility
(mg/L)

	3,6-dichlorocarbazole
	120 

(Yes)
	490

 (No)
	0.12 

(Yes)
	2100
	4.97
	0.0580

	3-chlorocarbazole
	75 

(Yes)
	180 

(No)
	0.36

 (Yes)
	1300
	4.34
	0.2658

	3,6-dibromocarbazole
	120

 (Yes)
	940

 (No)
	0.072 
(No)
	24000
	5.34
	0.0419

	3-bromocarbazole
	75 

(Yes)
	270

 (No)
	0.28 

(No)
	1300
	4.55
	0.2000

	Carbazole
	75 

(Yes)
	69

 (No)
	1.1

 (Yes)
	830
	3.69
	1.7110


NB: Persistence (chemical’s persistence in air, water, soil, and sediment), bioaccumulation (in aquatic ecosystems), toxicity (chronic toxicity to fish) and soil adsorption coefficient: Estimates based on PBT profiler and evaluation based on US-EPA criteria. Octanol-Water Partition Coefficient and water solubility estimates based on OCHEM database. ‘Yes’ indicates the compound is persistent, bio-accumulative or toxic while ‘No’ indicates it does not have any or all these properties.
SI 7
Determination of solar rate constant [image: image14.png]Kasotar)



 and solar half lives ([image: image16.png]


) in summer and winter using GC SOLAR Program (OECD, 2002).
Table 2 Solar rate constant and half-life determination of 3-Bromocarbazole in natural water exposed to average daily solar irradiances ([image: image18.png]


) at 50° N latitude
[image: image19.emf]Adopted L

λ 

values for latitude 50° N based on GC SOLAR Program (OECD, 2002)

λ centre (nm)

Summer 

Average 

daily solar photon 

irradiance

Winter 

Average 

daily solar photon 

irradiance

ε

λ

10

-3

 Einsteins cm

-2

 d

-1

10

-3

 Einsteins cm

-2

 d

-1

Lmol

-1

 cm

-1

Summer Winter Summer Winter Summer Winter

297,5 2,86E-05 5,47E-08 12314 3,52E-01 6,74E-04 0,232 2,053 0,347 0,3 2,0

300 1,50E-04 4,17E-07 10040 1,51E+00 4,19E-03

302,5 5,33E-04 2,62E-06 8209 4,38E+00 2,15E-02

305 1,39E-03 1,34E-05 7233 1,01E+01 9,69E-02

307 2,89E-03 5,14E-05 7172 2,07E+01 3,69E-01

310 5,05E-03 1,49E-04 6653 3,36E+01 9,91E-01

312,5 7,75E-03 3,43E-04 6531 5,06E+01 2,24E+00

315 1,08E-02 6,52E-04 6592 7,12E+01 4,30E+00

317,5 1,40E-02 1,07E-03 6683 9,36E+01 7,15E+00

320 1,71E-02 1,57E-03 6348 1,09E+02 9,97E+00

323,1 3,12E-02 3,39E-03 6042 1,89E+02 2,05E+01

330 1,10E-01 1,45E-02 5600 6,16E+02 8,12E+01

340 1,40E-01 2,12E-02 3906 5,47E+02 8,28E+01

350 1,57E-01 2,53E-02 1953 3,07E+02 4,94E+01

360 1,74E-01 2,96E-02 1617 2,81E+02 4,79E+01

370 1,86E-01 3,30E-02 763 1,42E+02 2,52E+01

380 1,99E-01 3,65E-02 0 0,00E+00 0,00E+00

390 1,87E-01 3,49E-02 1907 3,57E+02 6,66E+01

400 2,69E-01 4,98E-02 1862 5,01E+02 9,27E+01

410 3,55E-01 6,54E-02 1846 6,55E+02 1,21E+02

420 3,65E-01 6,71E-02 1419 5,18E+02 9,52E+01

430 3,52E-01 6,47E-02 1389 4,89E+02 8,98E+01

440 4,17E-01 7,66E-02 1236 5,15E+02 9,47E+01

450 4,69E-01 8,62E-02 1114 5,22E+02 9,60E+01

460 4,75E-01 8,74E-02 977 4,64E+02 8,54E+01

470 4,91E-01 8,95E-02 1038 5,09E+02 9,29E+01

480 5,03E-01 9,15E-02 732 3,68E+02 6,70E+01

490 4,76E-01 8,62E-02 443 2,11E+02 3,81E+01

500 4,85E-01 8,77E-02 549 2,66E+02 4,82E+01

525 1,28 2,28E-01 305 3,91E+02 6,96E+01

550 1,33 2,32E-01 275 3,65E+02 6,37E+01

575 1,34 2,28E-01 0 0,00E+00 0,00E+00

600 1,35 2,32E-01 31 4,12E+01 7,08E+00

625 1,37 2,42E-01 137 1,88E+02 3,32E+01

650 1,38 2,53E-01 0 0,00E+00 0,00E+00

675 1,39 2,61E-01 0 0,00E+00 0,00E+00

700 1,38 2,66E-01 0 0,00E+00 0,00E+00

750 2,66 5,22E-01 0 0,00E+00 0,00E+00

800 2,57 5,11E-01 0 0,00E+00 0,00E+00

8,84E+00 1,49E+00
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Table 3 Solar rate constant and half-life determination of 3-chlorocarbazole in natural water exposed to average daily solar irradiances ([image: image21.png]


) at 50° N latitude.
[image: image22.emf]Adopted L

λ

 values for latitude 50° N based on GC SOLAR Program (OECD, 2008)

λ centre (nm)

Summer 

Average daily 

solar photon 

irradiance

Winter 

Average daily 

solar photon 

irradiance

ε

λ

10

-3

 Einsteins cm

-2

 d

-110

-3

 Einsteins cm

-2

 d

-1

Lmol

-1

 cm

-1

Summer Winter Summer Winter Summer Winter

297,5 2,86E-05 5,47E-08

10460

2,99E-01 5,72E-04 0,181 4,4 0,8 0,2 0,9

300 1,50E-04 4,17E-07

7179

1,08E+00 2,99E-03

302,5 5,33E-04 2,62E-06

5363

2,86E+00 1,41E-02

305 1,39E-03 1,34E-05

4269

5,93E+00 5,72E-02

307 2,89E-03 5,14E-05

4044

1,17E+01 2,08E-01

310 5,05E-03 1,49E-04

3857

1,95E+01 5,75E-01

312,5 7,75E-03 3,43E-04

3925

3,04E+01 1,35E+00

315 1,08E-02 6,52E-04

3979

4,30E+01 2,59E+00

317,5 1,40E-02 1,07E-03

4040

5,66E+01 4,32E+00

320 1,71E-02 1,57E-03

4002

6,84E+01 6,28E+00

323,1 3,12E-02 3,39E-03

4055

1,27E+02 1,37E+01

330 1,10E-01 1,45E-02

3513

3,86E+02 5,09E+01

340 1,40E-01 2,12E-02

2613

3,66E+02 5,54E+01

350 1,57E-01 2,53E-02

1892

2,97E+02 4,79E+01

360 1,74E-01 2,96E-02

2163

3,76E+02 6,40E+01

370 1,86E-01 3,30E-02

1770

3,29E+02 5,84E+01

380 1,99E-01 3,65E-02

1892

3,77E+02 6,91E+01

390 1,87E-01 3,49E-02

1762

3,30E+02 6,15E+01

400 2,69E-01 4,98E-02

1682

4,53E+02 8,38E+01

410 3,55E-01 6,54E-02

1568

5,57E+02 1,03E+02

420 3,65E-01 6,71E-02

1514

5,53E+02 1,02E+02

430 3,52E-01 6,47E-02

1446

5,09E+02 9,35E+01

440 4,17E-01 7,66E-02

1442

6,01E+02 1,10E+02

450 4,69E-01 8,62E-02

1385

6,49E+02 1,19E+02

460 4,75E-01 8,74E-02

1286

6,11E+02 1,12E+02

470 4,91E-01 8,95E-02

1308

6,42E+02 1,17E+02

480 5,03E-01 9,15E-02

1225

6,16E+02 1,12E+02

490 4,76E-01 8,62E-02

1240

5,90E+02 1,07E+02

500 4,85E-01 8,77E-02

1167

5,66E+02 1,02E+02

525 1,28 2,28E-01

1122

1,44E+03 2,56E+02

550 1,33 2,32E-01

1125

1,50E+03 2,61E+02

575 1,34 2,28E-01

1099

1,47E+03 2,50E+02

600 1,35 2,32E-01

1068

1,44E+03 2,48E+02

625 1,37 2,42E-01

1053

1,44E+03 2,55E+02

650 1,38 2,53E-01

984

1,36E+03 2,49E+02

675 1,39 2,61E-01

931

1,29E+03 2,43E+02

700 1,38 2,66E-01

816

1,13E+03 2,17E+02

750 2,66 5,22E-01

870

2,31E+03 4,54E+02

800 2,57 5,11E-01

725

1,86E+03 3,70E+02

2,44E+01 4,40E+00
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Table 4 Solar rate constant and half-life determination of 3,6-dichlorocarbazole in natural water exposed to average daily solar irradiances ([image: image24.png]


) at 50° N latitude.
[image: image25.emf]Adopted L

λ

 values for latitude 50° N based on GC SOLAR Program (OECD, 2002)

λ centre (nm)

Summer 

Average 

daily solar photon 

irradiance

Winter 

Average 

daily solar photon 

irradiance

ε

λ

10

-3

 Einsteins cm

-2

 d

-1

10

-3

 Einsteins cm

-2

 d

-1

Lmol

-1

 cm

-1

Summer Winter Summer Winter Summer Winter

297.5 2.86E-05 5.47E-08

15442 4.42E-01

8.45E-04 0.281 1.8 0.3 0.4 2.4

300 1.50E-04 4.17E-07

15961 2.39E+00

6.66E-03

302.5 5.33E-04 2.62E-06

14511 7.73E+00

3.80E-02

305 1.39E-03 1.34E-05

10529 1.46E+01

1.41E-01

307 2.89E-03 5.14E-05

8606 2.49E+01

4.42E-01

310 5.05E-03 1.49E-04

7492 3.78E+01

1.12E+00

312.5 7.75E-03 3.43E-04

7034 5.45E+01

2.41E+00

315 1.08E-02 6.52E-04

6607 7.14E+01

4.31E+00

317.5 1.40E-02 1.07E-03

6195 8.67E+01

6.63E+00

320 1.71E-02 1.57E-03

6317 1.08E+02

9.92E+00

323.1 3.12E-02 3.39E-03

6210 1.94E+02

2.11E+01

330 1.10E-01 1.45E-02

5493 6.04E+02

7.97E+01

340 1.40E-01 2.12E-02

4135 5.79E+02

8.77E+01

350 1.57E-01 2.53E-02

2884 4.53E+02

7.30E+01

360 1.74E-01 2.96E-02

397 6.90E+01

1.17E+01

370 1.86E-01 3.30E-02

0 0.00E+00

0.00E+00

380 1.99E-01 3.65E-02

0 0.00E+00

0.00E+00

390 1.87E-01 3.49E-02

1801 3.37E+02

6.28E+01

400 2.69E-01 4.98E-02

1434 3.86E+02

7.14E+01

410 3.55E-01 6.54E-02

1434 5.09E+02

9.38E+01

420 3.65E-01 6.71E-02

1282 4.68E+02

8.60E+01

430 3.52E-01 6.47E-02

1083 3.81E+02

7.01E+01

440 4.17E-01 7.66E-02

1083 4.52E+02

8.30E+01

450 4.69E-01 8.62E-02

885 4.15E+02

7.63E+01

460 4.75E-01 8.74E-02

763 3.62E+02

6.67E+01

470 4.91E-01 8.95E-02

610 3.00E+02

5.46E+01

480 5.03E-01 9.15E-02

290 1.46E+02

2.65E+01

490 4.76E-01 8.62E-02

443 2.11E+02

3.81E+01

500 4.85E-01 8.77E-02

137 6.66E+01

1.20E+01

525 1.28 2.28E-01

0 0.00E+00

0.00E+00

550 1.33 2.32E-01

0 0.00E+00

0.00E+00

575 1.34 2.28E-01

0 0.00E+00

0.00E+00

600 1.35 2.32E-01

0 0.00E+00

0.00E+00

625 1.37 2.42E-01

0 0.00E+00

0.00E+00

650 1.38 2.53E-01

0 0.00E+00

0.00E+00

675 1.39 2.61E-01

0 0.00E+00

0.00E+00

700 1.38 2.66E-01

0 0.00E+00

0.00E+00

750 2.66 5.22E-01

0 0.00E+00

0.00E+00

800 2.57 5.11E-01

0 0.00E+00

0.00E+00

6.34E+00 1.04E+00
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SI 8
Mechanistic photodegradation pathways of 3-bromocarbazole and 
 
3-chlorocarbazole
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Figure 3: A mechanistic photodegradation pathway of 3-bromocarbazole and 3-chlorocarbazole. In the pathway, photolysis initiates dehalogenation yielding carbazole which undergoes oxidative cyclization. Subsequent reactions result in hexahydroxybenzene. Another possible photoproduct follows hydroxylation of carbazole yielding trihydroxycarbazole.
SI 9
Mass spectrum of the suspect MH+ MH+ 216.0650 identified as 
 
trihydroxycarbazole
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Fig. 10 Identification of trihydroxycarbazole by retention time and isotope ratio. Chromatogram with retention time (A) and combined mass spectrum (B) of the suspect MH+ 216.0650  at retention time 11.55 min detected after 8 hr irradiation of 3-chlorocarbazole. The isotopic distribution suggests the loss of the halogen atom.
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