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GROUNDWATER IS CONTAMINATED -
SOLUTION?

= Groundwater well closing
- pesticides and degradation

products A -
T
b IR :
= Pesticides are biological Most fund compounds
degradable by %tund | >0.1pe/I%
Microorganisms DMS (N,N-dimethylsulfamid) 29.8 7.7
DPC (desphenylchloridazon) 22.0 6.6
= These degrading
microorganisms can be BAM (2,6-dichlorbenzamid) 16.8 2.0
isolated and grown in lab - Dimethachlor ESA 12.3 2.3
- o o AT 'I, ; '
Could these be a solution = : . ©

for bioremediation?
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POTENTIAL SOLUTION FOR BAM REMOVAL

Specifik degrader Bacteria -
Aminobacter sp. strain MSH

ine Water Treatment Plant (DWTP)

2" Sand filter
1t Sand filter

\ | Consumers

\ ifhs
f

—

o
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Groundwater abstraction well

Groundwater aquifer with anoxic
groundwater contaminated with
BAM (0.1-0.4 pg/l)

Ellegaard-Jensen et al. 2017

Holtze et al. 2007
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LESSON FROM THE PAST

(% removal of inlet conc.)

Most bacteria (and degradatlon) were lost within a

few weeks but some persist
| | — E+08
"ge«or :

TE+06 |

—a—Filter 1, top
- Filter 1, depth

E+05 1 Filter 2, top
——Filter 2, depth
E+04 - . v
c) 0 20 40

a)

Albers et al. 2015
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MEM2BIO PROJECT

DIN
SILHORKO rorsvnine TREPFOR

A: water separation

( AALBORG
UNIVERSITET

) Polluted ground water Membrane : Pure drinking water
filter
Residual water
: Sand filter
(high pollutant concentration) IVERSITE]
B: biological degradation (www.mem2bio.dk)

APPLIED BIOMIMETIC
Combine RO membrane filtration with

bioaugmented sand filter to increase

concentration of wanted compounds, including
nutrients
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Domestic water hardness in Denmark
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LAB SCALE RESEARCH

Membrane selection Batch studies Column studies
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Proof-of-concept demonstrated in Hylling et al. (2019) A novel hybrid concept for
implementation in drinking water treatment targets micropollutant removal by
combining membrane filtration with biodegradation. Sci. Tot. Environ. 694.
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PILOT TESTING

@ Water samples for chemical analyses
® water samples for chemical analyses and DNA

@ Wwater and solid samples for Chemical analyses and DNA/RNA  0,45m?¥h 2

lon Exchange

2 90 % recovery 4 6
015 m3/h 0,05 m3/h
RO

~— 1N
\\__//
1 m3/h
aw 1
—)—p Prefilter
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1. PILOT — EQUAL RESIDENCE TIME

= 108 cells (MSH1) per gram of i —

filter material

25

Percentage BAM removal (%)

= Equal flow on both filters T ° = = & =& @& =& ®
— 80 L/h

0.3 "‘ _________ & IUPRE

0.2 W
f Le”~ - - Effluent Biofilter 2
’
_______ .

= Residence time of 28 minutes

0.1

1e+0a | % — Biofilter 1
¢ e - - Biofilter 2

\\

16407 k

10 20 30 40 50 60 70 80
Time (days)

= Efficiency lost with 8 days

= Loss of bacteria

-
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MSH1 concentration (MSH1/g Nevtraco) BAM concentration in outlet water (pg/l)
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BACK TO THE LAB — WHICH PARAMETERS
MATTERS?

Cell density:

10° cells/g filter material
107 cells/q filter material
108 cells/g filter material

o —
y

er (ugll) 3>

utlet wat
[ ;5]

ntration in o
-

0 BAM concel
- 5

90 100
Time (days)

Residence time:

14 min (Top Yellow)
28 min (Blue)

53 min (Brown)
133 min (Bottom Pink) :

(ugl)

utlet water

BAM concentration in o
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LAB — CHANGE IN RESIDENCE TIMES

Change the residence time after 104

A)
days: L
First all short residence time (28 min)  :
- P
Then all long residence time (133 min) i, o

Residence time

I Short (28 min)

Long {132 min)

= Clearly effect of residence time.

BAM concentration in outlet water (udfl] BAM conce;
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2. PILOT — TESTING RESIDENCE TIME

@ Water samples for chemical analyses

Change the deS|gn tO tESt Only ® water samples for chemical analyses and DNA
. . . @ Water and solid sarffples for Chemical analyses and DNAIRNBTT |
residence time on the pilot i ' ——
lon Exchange % recove
waterwork. T S0 %recauen

RO

Membrane retentate on both filters.

Prefiltgn

~133 vs. 22 min

0,100 m¥h
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2. PILOT — TEST OF RESIDENCE TIME
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CONCLUSION

= The XLE RO membrane concentrate pesticides, DOC, trace metals
etc.

= The membrane filtration alone did not improve the length of BAM
degradation (Bacterial survival)

= Residence time have a large impact on the biodegradation

= Longer residence time prolonged the duration of which the
process performed —in the lab and in the field

= Using a membrane filtration step gives longer residence time (10x),
with the same amount of treated water.
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SKAL FJERNE
PESTICIDER FRA
DRIKKEVAND

Etnyt

jekt skal seerlige og
pesticideedende bakterier, sa man derved kan rense drikkevand,
derer med Denne

kan for

blive et vigtigt veerktoj | omrader, hvor det er meget svaert

at finde nye,

A globalt plan er adgang
til rent vand en af de heit
store udfordringer nu og
i fremtiden. Men der er
store forskelle i de udfordringer, vi

star med forskellige steder i verden.

Hvor man i mindre udvikiede lande
keaemper med problemer som sund-
hedsskadelige bakterier i vandet
eller ren og skaer mangel pé vand,
har vi i Danmark vaeret vant til at
kunne pumpe nzesten drikkeklart
vand direkte op af undergrunden.
Dette koncept er dog udfordret af,

at man i flere og flee grundvands-

magasiner finder spor af sprojtegif-
te (pesticider) og deres omdannel-

sesprodukter.

| Danmark overvages tilstanden af
grund- og drikkevand af GEUS (De
Nationale Geologiske Undersogelser
for Danmark og Granland), og her
finder man typisk pesticider i om-
Kring 40 % af grundvandsindtagene
samt omkring 25 % af preverne

fra vandvaerkerne. Overvagningen
begyndte i starten af 90'eme, og

12 AKTUEL NATURVIDENSKAB | NR.1 | 2018

siden har man observeret en sti-
gende forurening af grundvandet.
Denne stigning skyldes dog ikke,
at vandet er blevet mere forurenet,
men snarere, at man har matt for et
oget antal af forskellige pesticider.
1 de seneste ar har antallet af fund
af pesticider stabiliseret sig, men
nylige fund af stoffet desphenyl-ch-
loridazon illustrerer, at der stadig
kan gemme sig pesticider, som vi
ikke har opdaget endnu.

1 Danmark har vi principielt en

Connecting the dots for a water wise world

14 AKTULL KATURVIDENSKAR

Nny (2010

b Elmgaant s, L, 00 103007
w02s30v 83620,

%

Cuery ]

&

-
| ==
o

20

% o

N

AKTUEL NATURVIDENSKAR | ¥K1| 3018 35

24 MAY -4 JUNE



the international
water association

| DA (DIGITAL MEMEIBIO
World Water Congress g

CONTACT INFO

Jens Muff,
Aalborg University

Denmark

jm@bio.aau.dk

+45 9940 3564

https://vbn.aau.dk 106008
ps://vbn.aau.dk/en/persons/ (ST

Connecting the dots for a water wise world 24 MAY -4 JUNE 18


https://vbn.aau.dk/en/persons/106008

