Contaminants of Emerging Concern
and Drinking Water Supply

International Water Days Symposium, Slovenia

7 October 2021

Jan Peter van der Hoek

%
TUDelft



Contaminants of Emerging Concern
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Presence in the water cycle
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Resource protection

 Water Framework Directive:

« “[..] avoiding deterioration in their quality to reduce the level of purification
treatment [..]” Art. 7 (3)

» European Drinking Water Directive:

« “[..] Member States shall ensure that risk assessment and risk management of
the catchment areas for abstraction points of water intended for human
consumption is carried out.” Art. 8 (1)
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Drinking water
treatment
technologies in
Europe
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Van der Hoek et al., Journal of Water Supply: Research and Technology-AQUA 63.2

(2014), 124-130
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Drinking water
treatment
technologies in
Europe

Van der Hoek et al., Journal of Water Supply: Research and Technology-AQUA 63.2
(2014), 124-130
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Pharmaceuticals in
Dutch drinking water
and its sources
Rhine and Meuse

Houtman et al., Science of the Total Environment 496 (2014), 54-62
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River Rhine: advanced treatment
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Kolkman et al., ES&T | Water 1(4) (2021), 928-937

Highly polar
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CECs in raw water
and drinking water
from Europe and Asia

13 DWTPs (9 European, 4 Asian)

Use of surface water

Pharmaceuticals, pesticides, PFASs, other
compounds

115 out of 177 target compounds detected
Raw water 15-7795 ng/L

Drinking water 35-919 ng/L

Treatment efficiency 65 * 28%
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Pharmaceuticals
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Anthropogenic Waste Indicators (AWIs)
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Some general observations

* A wide variety of CECs are present in raw water sources and in drinking
water, even with advanced drinking water treatment schemes

 Many CECs are not regulated: neither in raw water sources nor in
drinking water

* Pharmaceuticals show no health issue in drinking water, but the problem
may grow
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Predicted use of S S
pharmaceuticals

« Situation is likely to deteriorate in
the future

* Pharmaceuticals in the
environment pose a threat to the
aquatic environment and drinking

S e water resources
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Predicted use of pharmaceuticals

Table 1 | Forecast of consumption of 33 selected pharmaceuticals, based on projections of demographic changes in the Dutch population betw:

phamaceutical group

Consunpﬂon

2007 and 2050. Results aregiven _per

waterschap amstel gooi en vecht
gemeente amsterdam

Consumption Consumption
Pharmaceutical group 2007 (kg) 2020 (kg) 2050 (kg) % 2007-20§0
Antidiabetics’ 230211 284.559 296.737 24 29
Analgesics? 133976 163.489 224.916 22 68
Heart and cardiovascular® (antihypertensives/ 70.613 87.418 96.245 24 36
lipid modifying agenfs)
Antirheumatics® 51.758 35.387 55.963 7 8
Antiinfectives/antibiotics® 33.754 36.719 40201 9 19
Antiepileptics® 21.675 23.891 24.557 10 13
Gastrointestinal drugs’ 7.827 9.239 10.094 18 29
Antigout preparations® 4430 5.544 6.096 25 38
Antidepressants/tranquiliser’ 665 747 1.071 12 61
Anticancer drugs' 19 23 23 19 18
Sex hormones/estrogens’’ 16 16 15 | -3 -6
Total 554.945 667.032 755.917 20 36
@Q waternet
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Some general observations

« A wide variety of CECs are present in raw water sources and in drinking
water, even with advanced drinking water treatment processes

 Many CECs are not regulated: neither in raw water sources nor in
drinking water

* Pharmaceuticals show no health issue in drinking water, but the problem
may grow

* PFASSs (perfluoroalkyl substances and polyfluoroalkyl substances) are

hardly removed
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PFAS regulation

* New European Drinking Water Directive — January 2021

Parameter Parametric value | Unit __[Notes

PFAS Total 0.50 Mg/l ‘PFAS Total means the totality of
per- and polyfluoroalkyl
substances

Sum of PFAS 0.10 Mg/l ‘Sum of PFAS’ means the sum of

per- and polyfluoroalkyl
substances considered a concern
as regards water intended for
human consumption (20 specific
PFASS)
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PFAS regulation

» European Food Safety Agency — Scientific opinion 17 September 2020

4.4 ng/kg bodyweight/week for ) PFOS, PFOA, PFNA and PFHXxS
gi}

Check for

updates
‘ J& EFSA Journal

SCIENTIFIC OPINION

ADOPTED: 9 July 2020

doi: 10.2903/].efsa.2020.6223

Risk to human health related to the presence of
perfluoroalkyl substances in food
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PFAS-EFSA health-based guideline
value (HBGV) for drinking water

HECY — Tolerable Daily intake X standard body weight X allocation%

Daily consumption of drinking water

« TDI =4.4 ng/ kg bw/w / 7 days = 0.63 ng kg bw /day
» Bodyweight 70 kg
 Drinking water consumption 2 L/day

* Allocation drinking water 20%

Tolerable Daily intakexstandard body weight Xallocation%

HBGV =

= 4.4 ng/L PFOA equivalents

Daily consumption of drinking water
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Relative Potency Factor:
Concentrations are translated to PFOA-
equivalents

Compound Concentration RPF factor PFOA equivalents (PEQ)
(ngIL) (ng/L)

PFOA Perfluorooctanoic acid 1
PFOS Perfluorooctane sulfonic acid 1 2 2
PFNA Perfluorononanoic acid 1 10 10
PFHxXS Perfluorohexane sulfonic acid 1 0.6 0.6

> =4 > =13.6
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DWD-PFAS versus EFSA-PFAS

DWD________ EFSA

100 ng/L as Sum of 4.4 ng/L as PFOA-
20 PFAS equivalents for 4
compounds PFAS compounds
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Removal efficiency drinking water
treatment — an example

Total 4 PFAS, 2019-2020
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Limited effect
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Effective....but very expensive!
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Comipound o Min Max  Average Passage
Temoval % kL

1,4-Dinxane 2 897 911 20.4 9.6
1 H-Benzotriazole x 8.2 7.7 15.6 444
24D 4 90,6 0.9 0.7 03
4-Methyl-1H- 6 14.0 64.8 38.7 61.3 H H -
ey Ebrahimzadeh et al., Journal of Water Process Engineering 42 (2021),
S-herhyl-1 H- &6 8.7 45.7 244 75.6
e 102164
Acesultame-F () o8 00.0 905 0.4
Anlline 2 47.3 70.0 59.1 0.9
Arrazine 6 99,1 .7 0.4 6
Barblal 2 91.7 24.3 @3.1 &9
Bentamone 2 G943 90.4 909 o7
Benzens o3 5.3 2.7 13.7 06,3
Bizphenal A 2 98,5 2g.0 °8.7 1.3 L
=, inz¥s & Com n Min Max Average
Carbanazepline 8 971 9599 909 1.1
Carbendazim 4 750 819 80.1 19.9
Chioridazon 4 037 95.6 9.2 8.7
Chiomoluron 4 5.3 959 L0 8.0 I:I
DEP 2 94,9 95.8 95.3 4.7
Dinmizoie acid 2 099.4 o996 99.5 0.5
Diclofenas 8 923 s4a.1 95.9 4.1
Diglyms 2 6as 642 63.4 6.0
Dimethenamid 4 99.2 90.7 99.5 (133
Dimethemorph 2 99.2 0.5 0.4 o6
Diuren 4 776 93.4 a7 129
. iGEmo b PFBA 4 99,1 999 8
Erythronycin 2 o0 20.0 °0.9 1.1 u n n
Estrone 2 7.2 904 00.8 1.2
ETEE 2 96,4 26.5 6.5 35
Furgsemlde Z 50.5 9.2 °8.9 1.1
= (ZEE i PFBS 4 938 995 [992
Guanylurea 4 168 261 2075 79.25 u n u
HFPO-DA 2 986 oo 959 11
HMMM 2 932 935.8 93.5 0.3
Hyirechlorothiazide 2 924 965 950 5.0
Tuprofen 2 9.1 5a9.2 9a9.1 na " n "
Iopﬁml{lol 2 97.9 Q0.3 941 1.9
lzoproturon 4 957 20,0 oy.a ]
MCPA 2 @43 e0.3 0.3 o7
MCPP 2 99.3 90.4 0.4 0.G
Melamina 2 553 70.0 62.9 37.1 " n "
Metamimon 2 80.3 815 409 19.1
Metformin & 745 873 831 16.9
Methenamine -2 96,4 29.1 a3.2 1.8
Metopralol 6 927 974 955 4.5
Merrbuzin 2 089 990 9.9 L1 ™ ™
MTBE 2 95.4 95.4 95.4 46
Maphrhalene-1,3,6- z 99.6 997 9.7 0.3
mrisulfonic acid
Maphthalene-1,5- 2 99.5 0.6 0.6 o4
disulfonie acid n n n
NDMA 2 4.3 6.5 5.3 94.7
Nicosulfuron 4 90,6 2.0 0.7 03
6 99.5 90.6 99.5

2
4
4
4
3
4
4
&
&

86.2 933 203 a7

Propranclol 2

Pyrazole 2 88 373 193 80.7
s-Merelachlor 4 997 098 998 0.2
soralol 6 W47 941 966 3.4
Sucraloss 2 ogle 945 904 5.6
Sultamethoxazole 2 992 993 992 0.
TBA 2 145 208 175 825
TCEP 2 981 905 963 1.7
Terbuthiylazine 2 985 99.0 9.8 12
Tetraglyme 2 852 886 S7.0 13.0
TFA 2 973 a2 978 2.2
Tiamulin 2 994 997 996 0.4
TPPO 2 992 993 992 0.8
Tramadol 2 970 982 977 23
Triglyme 2 006 832 819 181



Future developments

» Cyclodextrine (glucose based) as alternative adsorbant:

Wang et al., ES&T Letters 7(12) (2020), 954-960
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* Costs? Sustainability?
* Application as pellets: abrasion?

* Regeneration (with methanol), residual waste?
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Van den Bergh et al.,, Angewendte Chemie 132 (2020), 14190-14194

Future developments :
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* All-Silica 3-Zeolite as alternative adsorbent:

q (mg PFO5/g)
= & B
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» Costs? Sustainability?

Adsorption of PFOA and PFAS by 3-
Zeolite and AC in the presence of
competing compounds
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Conclusions

 Many CECs are present in the water cycle
 Many CECs introduce environmental risks and public health risks
* Resource protection is the way forward to protect drinking water quality

* Phasing out the use of persistent and mobile compounds protects the
environment and guarantees a safe drinking water
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