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High resolution mass spectrometry

Technical University of Denmark

@® ), Insa-Drikkevand

Hjerring Vand

Debiterede 3,6 mio. m3/ar

18 waterworks

Aalborg Forsyning

Debiterede 6,8 mio. m3/ar

Aarhus Vand

Debiterede 14,3 mio. m3/ar

Novafos

Debiterede 15,1 mio. m3/ar

e

HOFOR

\ FO RS Debiterede 52,4 mio. m3/ar
Ca. 6 mio. m3/ar

VandCenter Syd

Debiterede 9,1 mio. m3/ar

TREFOR Vand

Debiterede 11,3 mio. m3/ar

Din Forsyning

Debiterede 8,8 mio. m3/ar

Level 1: 40

Level 2: 15
Level 3: 223

Nanusha et al. ES&T Water (2025)
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278 Substances in drinking water

HE

ng/L

Compound
Desphenyl Chloridazon
Methyl-desphenylchloridazon
(R}-2-((2,6-Dimethyl-phenyl}-(2-m
N-{2,6-dimethylphenyl)-N-{metho:
2 6-dichlorbenzamid

Hexazinone

N, N-Dimethyl-N'-phenylsulfamide
N,N-diethyl-m-toluamid
4-Methyl-1H-benzotriazole
Alloxydim

Carbamazepine
5-Methyl-1H-benzotriazole

- Hexazinone | ,.-—"\
(herbicide) o o z N-H
O N O J\ I i : ‘:“HK
[0] N
H

(o] N [0}
/j\ \f 5-Methyl-1H-benzotriazole
: 0 N A (R)-2-((2,6-Dimethyl-phenyl)-(2-
Carbamazenpine Y methoxy-acetyl)-amino)-propionic acid
P A (Metalaxyl TP2)

(treatment of epilepsy) Nanusha et al. ES&T Water (2025)
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Health risk screening of contaminants in drinking water

“..This guidance enables the identification of actual
public health concerns from exposure to harmful
compounds generated during ... the production of
drinking water...”

“The guidance presents the method to address potential
harm to human health through the consumption of TP via
drinking water.”
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Genotoxicity screening

TIER 1

( stage1: of of tTPs (Section 3.4, Figure 5) )

15 the TP formed during water treatmernt process at a level
exceeding 0.075 pg/l>
. YES
Stage 2: Identification of tTPs (Section 4.2.6)
i

{ No further assessment )

Stage 3: Hazard assessment (Genotoxicity screening of tTPs) (Section 5.2.1)

T
Stage in absence of
data (bued on QSARs, grouping and read-across)
1

Is'.helTPgewloxlcbasedonQSARs — NO
—__grouping, read-across ——

_ assessment

7\VES

tTP is considered genotoxic and must not exceed a level of 0.075 pg/L

I

Generate experimental data following Stage 38

|3

Proceed to Tier 2risk\,___ NO

(" stage 3B:Genotoxicity assessment in presence of experimental

data (based on in vitro toxicity tests)
L s e .

s the tTP genotoxic based on ————_
—_— reoommmded in vitro genotoxicity tests? ——

=T “YES / equivocal or

4

Follow-up with an in vitro and/or in vivo genotoxicity study

_——Ti e tTP gentoxic: considering ol svalabls———_
s experimenal data? i

7] ves

[ Mitigation needed to reduce levels below 0.075 pg/L

General toxicity assessment

In absence of experimental
toxicological data -> Threshold
of Toxicological Concern (TTC)

TIER 2

<4

Stage 4: General toxicity assessment (Section 5.2.2)

Exposure

What is the total exposure of consumer to £TP?

Stage 4A: General toxicity assessment in absence of
experimental data (based on TTC for Cramer Class)

03585 the total consumer exposure to tTP excosd BrE——____ NO YES

acceptable overall TTC?

e

(o further assessment )
“tTP must not exceed the applicable TTC

Generate experimental data following Stage 48

(Proceed to Tier 3 risk’),

( Consider mitigation to reduce levels below HBGV >

T ——

1
Stage 4B: General toxicity assessment in presence of
experimental data (based on repeated dose toxicity)

———Does the total consumer exposure to tTP exceed the - -
= accep V2 o

~Ts the tTP expected have toxicological hazards of concefr™—_
other than genotoxicity based on repeated doss toxicty study

 YES T {9 developmental neurotorc or immunotoxic effects? _—

™

No further assessment. Establish an
occupational exposure limit (OEL) and
consider a monitoring programme

Refine risk assessment

Toxicity assessment based on other
endpoints (e.g. developmental
neurotoxicity, immunotoxic and
reproductive effects). In vitro -> in
vivo -> not 3R! / $$$!

TIER 3

Stage 5: Toxicity based on

ints other than

and repeated dose toxicity (Section 5.2.3)

) " Does the tTP have specific toxicological hazards of concen (e.g. developmental <
NO neurotaxic o immunotoxic effects) based on targeted testing? o YES

No further assessment. Establish an NO
occupational exposure limit (OEL) and
consider a monitoring programme

—Toes the total consumer exposure of the tTP excesd——__
—____ the HBGV derived from targeted testing? __—
| es
Consider mitigation to reduce levels below HBGV derived
from targeted testing

Environmental Forensics and Metabolomics Lab
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Tier 1: Genotoxicity screening

S
<=
o>
( Stage 3: Hazard assessment (Genotoxicity screening of tTPs) (Section 5.2.1) )
Stage 3A:Genotoxicity assessment in absence of experimenta Stage 3B:Genotoxicity assessment in presence of experimental
data (based on QSARs, grouping and read-across) data (based on /in vitro toxicity tests)

s the tTP genotoxic based on QSARs, Proceed to Tier 2 risk Is the tTP genotoxic based on

grouping, read-across assessment recommended in vitro genotoxicity tests?
i YES / equivocal or
o inconclusive
E tTP is considered genotoxic and must not exceed a level of 0.075 ug/L Follow-up with an /n vitro and/or in vivo genotoxicity study

( Generate experimental data following Stage 3B > NO

s the tTP gentoxic considering all available
experimental data?

< Mitigation needed to reduce levels below 0.075 pg/L >

' “Non-identified substances [...] exceeding 0.075 ug/L in drinking water, should be considered genotoxic (worst-case)
unless demonstrated otherwise. Consequently, mitigation would be needed to ensure levels would be below 0.075
ug/L...”. (In DK this value is even lower: 7.5 ng/L)

Technical University of Denmark Environmental Forensics and Metabolomics Lab



@ Risk Screening Workflow Quantitative Noiltarget Analysis
== (PharmaRisk {5, )
Substance
F “‘J ——— /_\* 1
erSd| ——— : : :
| = Toxicological data available?
e g “w“— lYes No
v H_.::_ﬂ__m_f%: : Hazar
. e Point of Departure Acceptable/Tolerable Scoring
| = == (POD) daily intake (ADI/TDI) TTC valod 1 -
l J' derived 5
o Threshold of %
Calculate Margin Calcqlate Risk || Toxicological 5
of Exposure (MoE) Quotient (RQ) Concern (TTC) 3
l l Qualitative Hazard
Quantitative Risk Screening Prioritization
https://insa-drikkevand.dk/insa-drikkevand/vidensbank/igangvaerende-projekter/pharmarisk-vaerktoej-til-workshop-oktober-2025 Nanusha et al. ES&T Water (2025)
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OV Risk Quotient (RQ) and Margin of Exposure (MoE)

o
oo

Typical for pesticides and pharmaceuticals

. Csu bstance

RQ =
substance DWELsubstance

ng) 0.2 X ADI X BW
L/ DWI
ADI, acceptable daily intake (mg/kg/day); BW, body weight (kg) ; DWI, drinking water intake (L/day)

Drinking Water Equivalent Level (DWEL) (

FOOD
SAFETY

EUROPEAN

AUTHORITY

| Age Groups Body weight (kg) DWI (L/day)

0-6 months 5.75 0.19
6-12 months 8.8 1
1-3 yrs 11.9 1.3
3-10 yrs 23.1 1.6
10-14yrs 43.4 2
14-18 yrs 61.3 2.25
Adults(>18 years) 70 2.25

Other substances with toxicological data

Margi E MoE —OZPOD
argin of Exposure (MoE) = 0. DD

Csubstance X DWI
BW

Average daily dose (ADD) =

An MoE of below 100 for the general population and 1000
for the sensitive population is unacceptable and generally
warrants further toxicological investigation.

A no-effect range | range of increasing | maximum
effect with effect range
increasing dose

Point of Departure
(POD)

Increasing effect

Increasing dose

Technical University of Denmark Environmental Forensics and Metabolomics Lab
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Threshold of Toxicological Concern (TTC) — pragmatic screening

>

= tool for substances without toxicological data
Classification ng [?efs\;?l::nday re va;::_- :Ig\;l(gi{ kg bw
Potential DNA-reactive mutagens and/or carcinogens 0.15 0.0025
Organophosphates and carbamates 18 0.3
Cramer Class III 90 1.5
Cramer Class II 540 9.0

oo Cramer Class I 1,800 30

SAFETY

AUTHORITY

1-20% pollutant load is accepted

Structural classes for chemicals proposed in the Cramer scheme (Cramer et al., 1978)

from drinking water. Table 1:
Class 1
Denmark
A 10% pollutant load is accepted from drinking
water, i.e. the TTC value for carcinogens Class I1
/genotoxicants are corrected from 0.15to 0.015
Hg/person/day (i.e. 15 ng/person/day).
Class III

i.e. fora 2.25 L drinking water consumption:
The drinking water limit is 6.7 ng/L for SUM

Substances with simple chemical structures and for which efficient modes of metabolism exist,
suggesting a low order of oral toxicity. This class would include normal constituents of the body
(excluding hormones); simply-branched, acyclic aliphatic hydrocarbons; common carbohydrates;
common terpenes; substances that are sulfonate or sulfamate salts, without any free primary amines

Substances which possess structures that are less innocuous than Class I substances, but do not
contain structural features suggestive of toxicity like those substances in Class IIL. This class would
include common components of food; substances containing no functional groups other than
alcohol, aldehyde, side-chain ketone, acid, ester, or sodium, potassium or calcium sulfonate or
sulfamate, or acyclic acetal or ketal and are either a monocycloalkanone or a bicyclic substance with
or without a ring ketone

Substances with chemical structures that permit no strong initial presumption of safety or may even
suggest significant toxicity or have reactive functional groups. This class would include structures
that contain elements other than carbon, hydrogen, oxygen, nitrogen or divalent sulfur; certain
benzene derivatives; certain heterocyclic substances; aliphatic substances containing more than
three types of functional groups

carcinogens / genotoxicants!

Technical University of Denmark Environmental Forensics and Metabolomics Lab
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E (|C|): TFA, trifluoroacetic acid

US EPA databases look-up P~G"TN0H  sMiLES: FC(RPC=0)0
F

A HAZARD CO SAFETY o amOs &) ALERTS [@ PREDICT1.0 [@ PREDICT2.0 & SEARCH [If STANDARDIZE (@ FINGERPRINTS N UT\LITIES]

i

CompTox Chemicals Dashboard e e Description
Search 1,218,248 Chemicals
Hazard module API Generate a Hazard Profile based on toxicity data and predicted breakdown products
Safety module AP1 Generate a Safety Profile based on safety data including personal protection equipment, ignitability and reactiv
Chemicals Products/Use Categories Assay/Gene AMOS module AP Analytical methods and Open Spectra data — methods, spectra and chemical fact sheets
Alerts module API Generate an Alerts Profile based on carcinogenicity, mutagenicity and many other alerts
Predict 1.0 module API Batch prediction of physicochemical and toxicity endpoints based on the Toxicity Estimation Software Tool mod s 8 88

)

LN LN

Type-ahead search | Exact search | Identifier substring search Predict 2.0 module AP Single chemical prediction using latest generation models for physicochemical and toxicity endpoints based on o8 98 908080
L1 11 L 11

LR I ] L]
L1 N ] *e 80
Search module AP Structure, substructure and similarity searching using various filtering approaches H ssees o @

Standardize module API Generate "QSAR-Ready” and “MS-Ready’” structural forms — desalt, destereo and deisotope chemicals
Fingerprints module API Generate ToxPrint chemotypes including PFAS ToxPrints and EPA Analog Identification Methodology (AIM) sut
. .
A u t h o r It a t I ve s o u rc e s Utilities module API Check chemical identifiers against PubChem and CAS Common Chemistry and generate structural similarity n-

*European Chemicals Agency (ECHA) Classification Labeling and Screening Sources

Packaging (CLP) *Safe Work Australia Hazardous Chemical Information System

*EPA mid-Atlantic Region Human Health Risk-Based (HCIS)

Concentrations *Canada CNESST Workplace Hazardous Materials Information

*Germany Permanent Senate Commission for the Investigation of System (WHMIS)

Health Hazards of Chemical Compounds in the Work Area *Environment and Climate Change Canada Domestic Substance

*World Health Organization International Agency for Research on List (DSL)

Cancer (IARC) Monographs on the Evaluation of Carcinogenic Risks *Health Canada Priority Substances Lists (2006) (Carcinogenicity)

to Humans *Health Canada Priority Substances Lists (2006) (Reproductive

*Integrated Risk Information System (IRIS) Toxicity)

https://www.epa.gov/comptox-tools/cheminformatics-analysis-modules-resource-hub Nanusha et al. ES&T Water (2025)

Technical University of Denmark Environmental Forensics and Metabolomics Lab
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Hazard scores, grading and rankings

=
—
—

o
“.' Chemicals: 467 Toxicity: VH - Very High H - High M - Medium L - Low | - Inconclusive N/A - Not Applicable Authority: Authoritative ® Screening ® @sAR Model ©
Human Health Effects Ecotoxicity Fate
Skipped (0) Acute Mammalian Toxicity '.;.E, _ Neurotoxicity Systemic Toxicity = g
Unlikely (0) g & . N . N < % e _
H —_— Pl — = o
Filters (0) £ =2 5 4, s 3 3 2 2 [ e 5 £
@ Sorting (0) E 0|z § 8 g g e = & § 8§ 3 3 3
Structure S _ 2 % = S g - n oo n o £ = < 5 ) = S
© = £ -g Q 3 2 © [} @ o n = = - 'c @ 8 73
CAS = e £ 8 | 8 | S| &| ¢ | & | = S ® £ £ 9 3 & @@ & g
o < [} © © c [} [} © £ [0} £ = = > &} = © 2 x
Name @) £ (@] (&} G L o a o n o n n »n w < (&} o m ]
79-06-1
Acrylamide H M M VH VH L M H H H H H H H H M M M L H
35400-43-2
Sulprofos H H L L L L L H H L L L H VH M L
Combined H gs Y. Hazard score values VH=4, H=3, M=2, L=1
ompine azar core = ; . . . .
number of available sources Authoritative = 3, Screening = 2, Predicted =1
Y. Authority values number of available sources

Combined Quality Score = Completeness Score =

number of available sources number of end points selected

Nanusha etal. ES&T Water (2025)
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Risk Screening Workflow Quantitative Nontarget Analysis

1

Substance | 278

|

Toxicological data available?

i

seeoso
8888

200
£885

xo

0.24]
0.00|
0.00|

88 ro
88538

pooeoooecooose
8888:-88%88888
eoocoooeccooose
8888888578888
coocooooro0ow
8888882338835

sososoooosos
8888Kk88%8888

oolglo o
¥RB83E
eoeoose
8888¢%

lYes 21 No| 257
: Hazar
Point of Departure Acceptable/Tolerable 9 Scoring
(POD) 12 daily intake (ADI/TDI) TTC value »
j' derivedl 5
v ) ' Threshold of 66 g
Calculate Margin 12 Calcqlate Risk 75 |_| Toxicological 3
of Exposure (MoE) Quotient (RQ) Concern (TTC) 3
! l Qualitative Hazard
Quantitative Risk Screening 87 Prioritization 191

Nanusha et al. ES&T Water (2025)

Technical University of Denmark Environmental Forensics and Metabolomics Lab
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Mixture MoE for 12 OMs

7 ~ $§ $¢ 8 'ooic
o o

= e § o8 § o e §

e o ? : . 3 2 ‘! :
2 8o

2

S5 §

O

34

S01
S02
S03
S04
S05 eedw®
S06
S07
S08
S09
S10
S11
S12
S13
S14
S15
S16
S17
S18

i=1

-1
=~ 1
MOEmixture = (Z MoE.
; i

@ 0-6 months @ 6-12 months ® 1-3yrs @ 3-10yrs -©® 10-14yrs 14-18 yrs @ Adults(>18 years)

Nanusha et al. ES&T Water (2025)
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Risk Screening Workflow Quantitative Nontarget Analysis

1

Substance | 278

|

Toxicological data available?
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lYes 21 No| 257
: Hazar
Point of Departure Acceptable/Tolerable 9 Scoring
(POD) 12 daily intake (ADI/TDI) TTC value -
l derivedl 5
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Acceptable daily intake

>
-—
(ADI)

Substance my/'kg bw/day
Carbamazepine 000034
4-Methvl-1 H-benzotriazole 0.0067
Methvl-desphenyl chlorndazon 0.01
Desphenyl-chloridazon 0.015
Propyphenarone 0.021
Phenazone 0.036
Atrazme-2-hydroxy 0.04
Metalaxyl TP CGA 62826 0.08
Metalaxyl TP CGA 108906 0.08

Values from literature, WHO, PPDB

% Detection Frequency
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m. 1 ,3-DiphenylguamdineDecanoic;acid
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1

Phenazone 3.5—.Di—ter't—butyl-4-hydroxybenzoic acid
1

1
o Terb;thylazine TP LM

o

Terbuthylazine TP CSCD648241 (LM6) Terbuthylazine TP,MT23 (LM5)
o

Terbuthylazine TP MT24 (LM1)
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25
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2 3
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Acceptable dally mtake

>
= T
(ADI)

Substance my/kg bw/day
Carbamazepine 0.00034
4-Methvl- 1 H-benzotrazole 00067
Methvl-desphenyl chlorndazon 0.01
Desphenyl-chlorndazon 0.015
Propyphenazone 0.021
Phenazone 0.036
Atrazme-2-hydroxy .04
Metalaxyl TP CGA 62826 0.0%
Metalaxyl TP CGA 108906 0.0%

Values from literature, WHO, PPDB
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Risk Screening Workflow Quantitative Nontarget Analysis

1

Substance | 278

|

Toxicological data available?

i

seeoso
8888

200
£885

xo

0.24]
0.00|
0.00|

88 ro
88538

pooeoooecooose
8888:-88%88888
eoocoooeccooose
8888888578888
coocooooro0ow
8888882338835

sososoooosos
8888Kk88%8888

oolglo o
¥RB83E
eoeoose
8888¢%

lYes 21 No| 257
: Hazar
Point of Departure Acceptable/Tolerable 9 Scoring
(POD) 12 daily intake (ADI/TDI) TTC value 1 »
| derived :
.4
l _ l Threshold of ¢ | |2
Calculate Margin 12 Calcqlate Risk 75 |_| Toxicological 3
of Exposure (MoE) Quotient (RQ) Concern (TTC) 3
l l Qualitative Hazard
Quantitative Risk Screening 87 Prioritization 191

Nanusha et al. ES&T Water (2025)

Technical University of Denmark Environmental Forensics and Metabolomics Lab



=
—
—

= = = s
- g S |85 |gs| £ | § | B
Compound name for annotation DTXSID CAG B % E § = T 5 = E E E
databases [compounds names marked o = = -] ‘E ﬁ -E E E I ‘;
in yellow are whose risk assessment & g @ E il 2 E a
was evaluated quantitatively) <
Pilocarpine DTx5101021162 |(92-13-7 L H
3, 3%-Dimethoxybenzidine DTXSI03025091 119304 Y]
Arsenic acid DTXSID1034341 | 7778-394 M M H H
5-Methyl-1H-benzotriazole DTXS5ID1038743 | 136-B56 M
d-Anilinophenal DTXSID5037739 |122-37-2 M
honokial DTX5ID3I01EEEAS 36354-74-6 H H H H
Maculosin DTXESIDI0196526 4549-02-4 (1% 15 ng/person/day H H
Hilmenidine DTxSID3045194 | 54187-04-1 H H
Ethyl 2, 4-dimethylthiazole-b-carboxylate DTXSID70345334 |7210-77-7 H H H
Meprobamate DTXESID3I023261 |(B7-53-4 M H L A H
Alprostadil DTXSID8022578 | 745-65-3 H A
64 1-Hydroxy-1-[3-methyl-5-0xotetrahydro-2-turanyljethyl]-4-methoxy-3-me H H H H
M52, 5-Dioxo-1-pyrmolidinyljpentyl]-N-hydroxyacetamide H H H
B-methoxy-2 8-dimethyl-B-[2-phenylethc DTX51D30915719 94291-84-6 e H H H
L-amino=d<[methylaminoanthracenes, 1 DTESIDE051621 1220946 L H H
Amarfrutin 2 DTXSIDS01 166040 B04B89-9]1 -4 1% H H H
Tris{{dimethylamino jmethyljphenal DTXSIDB0181043 |26444-72-4 i) H H H
1-Isopropyl-1H-benzimid azole-5-carboxy DTXSID30405746 (284673-16-1 A H H H
4.4 -Propane-2 2-diylbis(2-aminophenol DTX51D002783963 (1220-78-6 A H H H
M-[d-Mitrophenylprolinamide DTX5ID30954548 | 7368-81-7 - H L H
Pirmonidazole DTESIDSOBETEGT (70132-50-2 (1% H H H
b, 6-Diamino-1,3-dimethyluracil DTESIDEDGIEES | 5440-00-46 1% : L Nanusha etal.LL;S&T Water (2025)-

Technical University of Denmark Environmental Forensics and Metabolomics Lab
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Hovedstaden Midtjylland Syddanmark

[(2,6-Dimethylphenyl ) 2-sul fos
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diphenylgu
X 11
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nethylbenzoyl)benzoice acid

HE

* Risk screening approach e A p T :

* PMTs (Persistent, Mobile, Toxic |
* Tiny PFAS
* Inorganic “PFAS” o

* Nitrate!

* Organophosphates

« Carbamazepine (and its metabolites

* Benzotriazoles (5-Methyl-1H-benzotriazole

* Triazine herbicides and their metabolites M SHEE

_Ilill BN N e

 Diphenylguarnidine e -

Ilfinic acid
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Semi-quantitation evaluation

o
<=
A I E I ] K L M N o P o] R 5 T
Method ¥ | Compound -T| 2001 (+*|2002 |+|Z2002 |+|2004 |+|2005 |(+|Z2006 |+|2007 |+ (2008 |+ |Z009 |+ |2010 |+|Z011
Calibration 2,6-Dichlorobenzamide (BAM) 2.46 4.22 1.50 4.45 3.62 4.92 2.90 3.02 4.51 3.22 3.B3
Semiquant 2,6-Dichlorobenzamide (BAM) 11.08 22.71 5.73 22.23 1B.06 24.52 14.49 13.97 26.03 15.33 1E.18
Calibration Acesulfame K 4.87 3.56 17.81 G6.44 4.59 2.74 12.32 17.52 15.92 19.96 12.61
Semiquant Acesulfame K 18.17 14.77 79.30 24.94 16.22 7.76 55.71 77.19 79.89 10E.80 60.34
Calibration Alachlor ESA
Semiguant Alachlor ESA
ANALYTICS
( R I
c(analyte)
known 4 Areag yknown
e Area

c(analyte)
-

= IEpreq - slope + interc.

SMILES
CCN(CC)c1c
CN(C)c1cec(

Canalyte
113
0.03

- —
d\
SMILES  Canayte /
CCN(CC)e™  ? -V u
CN(C)clcc ? -
ENEpdes 02 | S | (P R T —
OC(=0)c1c  ? _J A
— ... ? o o
CcNiccce 2

slope, intercept

::::::

IE prediction model

0.2
i
0.009
1123

CN(C)c1cee(
OC(=O)c1cc

CN1CCCC1c

Liigand, J., Wang, T., Kellogg, J. et al. Quantification for non-targeted LC/MS screening without
standard substances. Sci Rep 10, 5808 (2020). https://doi.org/10.1038/s41598-020-62573-z

Technical University of Denmark
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Toxicometabolomics
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