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Questions

What slips through Sewage Treatment Plants (STPs)?

Common structural features?

Sources?

Suitable Methodology for Digital Banking?



C-omics

SO HOW COME IT ) 50 HOW COME 1T
ENDS IN 20127 ENDS IN 20127

Al last, the mystery of the Mayan calendar
revealed. revealed.
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GCxGC-ToF-MS

Primary separation based on volatility

Secondary separation based on polarity, polarizability,
H-bonding ability, shape, etc.

Excellent peak capacity
Good sensitivity

GCxGC-ToF-MS
3D data
Deconvolution of peaks and spectra
Exceptional separation power
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STP efficiency evaluation

All peaks (compounds) are detected and integrated

A composite influent water used as template to which all
samples (effluent and influent) were compared.

Effluent/influent << 1, treatment successful
Effluent/influent ratio = 1,
Effluent/influent > 1, transformation product

Data evaluation: focus on POPs and Semi-POPs



/&/

Expected STP Removal vs. RT

Polarity




Expected STP Removal vs. RT

Polarity
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Removal vs. 2D-retention
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Removal vs. 1D-retention
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Bubble Plot of % STP Removal
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STP Breakthrough %
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Identification Workflow

NIST library search
Manual evaluation of peaks with "similarity" >75%

Semi-quantification vs. IS (D,,-Phenanthrene)
Verification using GCxGC-HR-ToF-MS



Tentatively Identified (n = 69/188)

Tentative name Effluent Retention time (s) Break- Origin

(ng/L) D (s) 2D (s) through (%)
2,4,7,9-Tetramethyl-5-decyn-4,7-diol 12000 1042 0.46 73 Defoamer in paint
Benzenesulfonamide, N-butyl- 5500 1770 1.53 100 Plasticizer
Tris(butoxyethyl) phosphate 3600 2586 0.75 100 Floor polish
Benzothiazole, 2-(methylthio)- 2200 1454 1.70 100 Rubber industry
Tris(3-chloropropyl) phosphate (TCPP 1) 1500 1758 1.04 67 Flame retardant
Benzophenone 930 1494 1.53 100 UV initiator
Benzothiazole, 2-(methylthio) derivative? 650 1820 0.23 56 Rubber industry
Ethyl citrate 520 1506 0.97 71 Plasticizer, food additive
Caffeine 460 1916 1.82 100 Coffee, soft drinks
Tris(3-chloropropyl) phosphate (TCPP 2) 390 1780 1.05 63 Flame retardant
Tris(2-chloroethyl) phosphate360 1726 1.44 100 Flame retardant
2,2,2-Trichloro-1-phenylethanol 320 1268 1.34 100 Flavor and fragrance
Oxybenzone 230 2144 1.54 100 Cosmetics, sunscreen
4-tert-butyl-cyclohexanone 220 750 0.71 100 Cosmetics, fragrance
Ethosuximide 150 812 1.08 98 Pharmaceutical
Tris(1,3-dichloroisopropyl) phosphate 150 2534 1.39 72 Flame retardant
Isoquinoline 140 770 1.18 Traffic
4-tert-octyl-phenol 140 1410 0.96 69 Surfactants; resins
Diethyltoluamide (DEET) 110 1386 1.20 Insect repellent
Benzenesulfonamide, N-ethyl-2-methyl- 100 1554 1.70 Plasticizer
2,3,6,7-Tetramethylquinoxaline 100 1586 1.16 Traffic




Results breakdown

Expected Stuff...
Stuft in Stuff...

Stuff made from Stuff...
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The Stuff...
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Validation by GCxGC-HR-ToF-MS

Mir
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GCxGC-HRMS validation

Most compounds were in excellent agreement!
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Stuff in Stuff...
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Transformation products?

o)

BHT gquinone (2 8-di-
tart-butyl-p-
benzoguinone)
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Fig. 7 Proposed degradation of antioxidant type 1010.
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Stuff made from Stuff
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Identification, formula

+ 0.8 ppm

181.00167 15.99492 amu
i (oxygen 15.99491 amu)
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bacterial degradation

6-hydroxy-2-mercaptohenzothiazole ) 2-mercaptobenzothiazole-cis-6,7-
MONno0Xyyenase dihydrodiol dehydrogenase
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Conclusions

The unsupervised process lead to the discovery of several
compounds that are known to be difficult to remove

= The methodology seems to work

Most of the poorly removed compounds were aromatic and
all had polar functional groups or moieties

Some of the emerging contaminants were sparsely described
in the scientific literature, and some were present at
relatively high levels

The HRMS accurate mass information was very valuable
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Future

HRMS data will be used to identify additional compounds
Swedish EPA fund a PhD student in the area
GCxGC-soft ionization-HRMS

Chemical ionization available

GCxGC-HRMS at prototype stage

Standardized protocols for extraction, clean up and analysis

NORMAN network intercalibration and harmonization activities
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