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Constructed wetlands - a
potential win, win, win solution

Mikhail Durkin, Coalition Clean Baltic
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Figure 2: Schematic overview of various freatment technologies and their
implementation in wastewater treatment plants. (Based on Baresel et al., 2017) 0



¥ HELCOM
s Stakeholder
Conference

BURPIG s [

210X ] GIPyreae (Veae ORIt W
czarkads f3g waclazg placty

Oy Lty T

-

*—'—G'}!"' Stockholm

//
o
L Katrnsholm u /
3
/«/( E \
" Linstgang |
/ - -
/ i
Viermertry, : Visoy
5 ‘ \ / ;
O ey haniry J \
) /D /
Y ARl /
Borgham 2 %
?fumu e
{
/
/ )
- /
" Kartshrorn J/

N Ostersjén

M- < R ’}‘ i o .
“Constructed Wetlands Save Frogs, Birds Threatened With
Extinction”, Science News Jan. 21, 2014



https://www.sciencedaily.com/releases/2014/01/140121092911.htm
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Trosa wetland:
5,200 p.e.

Area 6 ha
Retention 8 days
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Brannds wetland, Oxeldosund:
Capacity 11,500 p.e.

Area 23 ha

Flow 3,700 m3/day
Retention 7 days
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Removal rate
P:91%
N: 78 %

Alhagen wetland,
Nyndashamn:
Capacity 17,000 p.e.
Area is 28 ha

Flow 4,000 m3/day
Retention 11-14 days
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Ekeby wetland, Eskilstuna:
Capacity 90,000 p.e.

Area 28 ha

Flow 43,200 m3/day.
Retention 6-7 days
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Microplastics
particles
removal:

~ 99%

Constructed wetlands a concrete wa
to remove micro plastics, CCB, 2016



https://ccb.se/wp-content/uploads/2018/02/ccb-concrete-ways-to-reduce-microplastics-in-stormwater-and-sewage-final.pdf
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Constructed wetlands a concrete
way to remove micro plastics, CCB,
2016
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https://ccb.se/wp-content/uploads/2018/02/ccb-concrete-ways-to-reduce-microplastics-in-stormwater-and-sewage-final.pdf
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Summary

e 5 wetlands (CW), all connected to MWWTPs, 5,000-90,000 p.e.

* 19 of 24 investigated APIs were found in CW

* Highest concentrations: naproxen, ibuprofen and diclofenac,
furosemide, metoprolol, oxazepam

* 47% APIs reduced 20-80%; 47% APIs > 80%

* Diclofenac, furosemide, and naproxen reduced 74-100%.
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Table 1. Measzured concentrations of API: in incoming and outgoing wastewater in the s Stakeholder

CWs. E- Eskilstuma, H- Héissleholm, N- Nymdshamn, T- Trosa och O- Oxeldsund. 1= Conference
Incoming. 0= Ouigoing. All concenirations in ng/L.

Active Erx Eo Hi Ho N Ko Ti To O 0o :

Ineredients API concentrations: IN-OUT
mlm - L 43 L] - & - - 144 L

Anznolol * * 220 200 * * * * 1200 * g/

Bisoprodol * e 130 ED o * g * 530 a2 2000 -

I!:aﬂ-EmE - L] lﬁ:H:'.D -_7_4|:||:| - L] - - L] L] '

Ciralopram * * G0 210 * * * # G210 e 3500 -

Diclofenac 1000 130 100 Q8 170 130 2504 2 1500 120

Fhzozstm * * 73 2 * * - " o * 3,000

Furosemsd 130} * G40 * 20 * L] * 2500 *

Hydrochlopothd | 1200 140 140 140 2404 Lol £ 0 Joon E3:E1] 2,500

amde

Tmmrofen = e G110 560 130 =+ 2304 13 430 e 2,000 -

{Carbamazepine * * 540 500 * * * * 630 E01]

I-:.EIIIIJFI'IIJfEI'.'I - * 290 ¥ - w - . 320 " 1,500 1

Ml=topralal 12 e 2104 1400 i4 i il e 2200 510

Naproxen 590 1440 2404 410 110 * 10000 2D 1700 * 1003 4

Crxazepam * * L &30 * * * ¥ ERTI Tag

Paracatamol L] * * * - * L] - * * 500 -

Propranolal | o * 130 18 o * o * 13 24 .

le * * * * * * * * * * EM  EOUT HIN  HOUT MIN  MOUT TIN TOUT OIN  OOUT
Fonnire | - * 21 * - * 3 - 26 * W Diciofenac  MFurosemide M Hydrochiorothiszide @ Maprowen

stm-'"hm - L] ] L] - ] - - L] L]

Seriraline | * 150 9 * * * * 21 * Fizure 4. Four API: in incomung (IN) and cutgoing (OUT) wastewater of the five CWs
Simvastatin = & = - o = = = w w (E = Ezkilstuna, H = Hissleholm, M = Nynishamn, T = Trosa and O = Oxelisund).
Terbutaline - L L L] - L - L L

Warfarm | 3 4 a 11 i 1 12 a o i

#+ The ingrediant hos been detected but not quantified, the comcentration is betwean the deteciion and the qensification [fnts.



Table 2. Removal gfficiencies for Ezkilstuna, Haszlehelm, Nynédzhamn, Trosza, L N4 HELCOM
Oxelésund wetland. E- Eskilstuna, H- Hassleholm, N- Nyndshamn, T- Trosa and O- : Stakeholder
Oxeldzund. Conference
API: E H N T 0
[a] [%] [%] [%a] [Ye] ff .
Amplcrdine ] #tE.-_'I_ * & t#g-g
Amplod T LoD API removal efficiency
Bizoprolol * 44 * *+75 9%
Clhlnpmm ] ?1 * ¥ #*g-g 1rEs
Caffeme * 72 * * *
Carbamazepine x 31 * x 89 BO%
Diclofenac 84 89 95 92 99
Fluoxetine * 77 * * 100 BEFs
Furosemide $397 e i 100
Hydrochlorothiazide 87 92 95 90 9% 0%
Touprofen * 92 £+08 92 409
Eetoprofen ¥ #¥04 * ¥ 400 s -
__Metoprolol **]() 45 80 *EEQ 97
Maproxen 74 26 x£0Q 08 100 o 4
Oxazepam * 28 * * g2 £ &
Paracetamol ¥ * * ¥ * 205 _Gpgﬁf ﬁ @59& #ﬁ j‘? P
Propranalol * 82 * * 98 A @@
R.E.I]]J.Pnl ES £ * x * A ‘;IZ#
R.amtu:hne i a6 * 68 a9 MW Eskilstuna W Hassleholm B Nyndshamn @ Trosa W Ceelosund
Fisperidone * * * x
Sertraline * 96 * * 100 Figure 5. Removal efficiency (%) of six API in the five studied CWs.
Cimvastatin * * * x *
TEI.'b'm‘.'III.E ES £ * x *
Warfann 27 1 14 28 90

=The remaval efffciency has nar begn possible to determime az the imfluent or ¢ffluent concenfrations wara
Selow the guantifeation or detection imit
= The removal gificiency is graater than



Table 3. Compilation of removal efficiencies for Eskilziuna, Nynédshamn, Trosa and
Oxeldzund wetlands summer conditions (thiz study) in 2019 and in winter conditions

(Néazlund, 2010). (Ew = Ezkilztuna winter, Ez = Eskilsnma summer, Ny = Nynashamn
wintar, Ny = Nynashamn summer, Tw = Trosa winter, Ts = Trosa summer, O =
Oxeldsund winter, O = Oxelésund summer).

Es Ew Ng Nw Ts Tw Os Ow
Atenolol ¥ 27 ¥ 53 * 53 100 53
Bizopreolol * 26 * 22 73 36 93 29
Citalopram * 45 * &4 i a7 o9 63
Diclofenac g4 3l 95 24 92 30 99 36
Ibuprofen * 18 28 80 o2 3 99 88
Carbamazepine | * 12 * 11 ® -18 89 21
Ketoprofen * 36 * 3 ¥ 19 o9 32
Metopreolol 10 -3 80 30 69 27 o7 18
Naproxen 74 34 94 46 90 30 100 73
Oxazepam * * * 21 & -26 o2 48
Ramtidine ¥ -35 ¥ 92 68 36 99 88
Sertraline ¥ 0 ¥ ¥ * * 100 o4

*Removal efficiency not available
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Summer vs. winter removal

Summer - significantly higher

Winter - low water temperatures, low
biological activity, low incoming sunshine
and poor oxygen conditions.

Optimal, T 15-25° C

Longer retention time could benefit the
removal process in summer conditions



Time to re-think personal medical footprint?

Medicine |daily, g| days consumed, g/ rate, % | excreted, g| Could be
reduced, g
Amlodipine | 0,005 140 0,7 0,6 0,42 0,036
Metoprolol 0,1 91 9,1 0,95 8,645 3,458
Eliquis 0,01 91 0,91 0,52 0,4732 ?
Paracetamol 4,0 70 280 0,9 252 ?
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REPORT

Removal efficiency of pharmaceuticals in
constructed wetlands in Sweden

January 2020
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Recommendation 1

e Constructed wetlands

v’are an economically and environmentally suitable compliment
for treatment of wastewater from small and medium-sized
municipalities.

v’have shown to reduce the flux of pharmaceuticals and other
micro-pollutants substantially to the water recipient.
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Recommendation 2

* When constructing wetlands, it is important to pay attention to the
design, type and retention time.

Removal efficiency increases:
v" with retention time,

v' when water flow is filled and emptied alternately rather than
flowing continuously.

This characteristic can be designhed into constructed wetlands.
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Recommendation 3

* In order to improve the performance of the wetlands, it is important
to emphasize optimal management, incorporating improved
monitoring systems covering micro plastics, pharmaceuticals and
other emerging pollutants.
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