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MEASURING CHEMICAL IMPACT

Can we link chemical exposure to decline of natural populations? TS Seinot ov
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River mussels are decaying everywhere in Europe

Their natural habitats are larger rivers with developed
gravel river beds

Their life-cycle makes them very vulnerable to
anthropogenic pressures

Routinely addressed pressures are siltation of beds and -
eutrophication '
But what about chemical pressure in rural areas?
LIFE Unio project interested in investigation
Challenging task with limited budget (passive samplerL i fe U N |
application)




ASSESSING RELEVANT STRESSORS

A WFD conundrum TG ECHNOLO0Y
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How to find out which pressure is the most impacting?

« Through statistical analysis of pressures on sites with varying populations
or biological indicator scores

+ Gradient of population levels and pressures available (causality)?
* Is your monitoring reflecting the exposure of the biota (periodicity)?

+ Indistinguishable pressures because of co-occurrence (urban stream
syndrome, intensive agriculture)

+ Delineation of chemical pressure from ecotoxicological tests “h
- Data on freshwater mussels scarce and eclectic (pesticide EC >100 pg/L)

* Depending on lifestage relevance and exposure during that time
(glochidia, juveniles, adults)

» General risk assessments of target analysis like WFED-EQS derived from
standard test species (AA vs. MAC)

+ MOA and organism-toxtests on water/sediment samples addressing — - -«
mixtures (ED, luminescence, algae, mutagenicity)

« Chronic effects -> physiological markers in animals (thresholds, mode of
3 action)
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SELECTING MONITORING SITES

Which concept? Emission vs immission AND TECHNDLOGY
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« One longitudinal profile S ¢ <
with population size ey 5.0
variation and only small 'f‘-**"'-ﬁ:;.-;és Land use/crop pressure
o s =

tributaries contributing

« Transboundary rivers
Our and Sure

» Different information
situation (FLIK vs.
CORINE)

« We opted for a mixed ;
approach (immission for -
mussel colonies and
emission form
catchments)

« Emission loads N
normalized by landuse & .~
crops :

lﬁ’,i. 2
i

[%] [%] %] [2]
lanschlederbaach  19.73 493 341 0.16
Hengeschterbaach 1159 a5 245 0.02
Strombaach 9.68 230 179 037
Kenzelbaach 1476 3.36 206 0.18
Ruederbach 11.08 5.58 181 0.1
Etschenterbach 1291 229 181 01
Trasbech 8234 176 248 0
Fallbech 842 205 1.40 o
Holzbech 1145 570 0.69 o
Huschterbach 1154 448 1 005
Gemuenderbach 413 4.46 0.05 003
Stolzebuergerbach  6.46 581 02 019
klangbach 6.49 811 052 0.01

Ammeschterbach 654 159 151 001



MUSSEL POPULATIONS OUR

Chemical gradients? 40- " SeEanoL ey
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B Nitrate [mg/L] \
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MUSSEL POPULATIONS SURE
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PESTICIDE EXPOSURE

Episodic mobilisation during application time D TEGHNOLOGY
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l [ Extrapolated discharge Arsdorf]

®  Terbuthylazine AS samples [ng/l]
0000

1.0 5 - . .
= » Pesticide occurrence periodic (season)
06- | o0 and episodic (flood waves)
n < . . . . .
z . |E " 2 * Main application period of relevance is
£ ! | i o May-June (herbicides in maize, fungicides
[$] . . . .
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Discharge [Mm’]

MONITORING PERIOD

You’ve got to deal with the weather
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1000'5 Il Yearly discharge [Mm3]
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2006-2007
2007-2008
2008-2009
2009-2010
2010-2011
2011-2012
2012-2013
2013-2014
2014-2015
2015-2016

May-July period is the highest in pesticide emissions and normally low in discharge
However in 2016, June was rainy and produced a strong month long flood wave
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THE ARRAY OF COMPOUNDS

Raw results from POCIS: mass ranking

[ Discharge Our Gemiind

B Period Janschlederbaach
I Period 2
> 34.77 ng
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60+ W22 Period 3

50

* Three periods of

exposure covered
« Janschhleder Bach is
the most agriculturally
intensive catchment
* Very few detections of
currently applied
compounds (only TPs)

» Low overall level
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THE ARRAY OF COMPOUNDS

Raw results from POCIS
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Holzbech
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THE ARRAY OF COMPOUNDS

Raw results from POCIS
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Due to the size of the
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0
01/05/2016

100

> 18.43 ng

10

coumpounds is much

larger

I Period 1+2

- -
o

[p/Bu] ssew S100d

[p/Bu] ssew S100d

dominate the picture

Maize herbicides
Overall mass is

S

relatively low

0.01

0.01

Jojyoezejo
pudojoely |
oplwezAdoid
auozewo|)
JAylew-uoiny|nsia
auizeny
wizepuag.ey
|Adoidosisep-surzeny
ukinqua |
|ozeuoaixod3
uoinynsweso
uoinjoudos|

ddON
0OIUY}Sap-9|0Zeuo0IYoId
auoLjosay
uoInyNso |
auIeoopI]

auozejuag
aplwezusqoio|yoiq
VdOW

uoinigq

VS3 plweuayjewiq
PI[VRL=TOET]
uznquis\
uoINyNSO2IN
J90BUSN|4

VX0 Jojydejoiepy
9|0Zeuoonge |
plweuayewiq
|Ayyesap-auizejAuinaus |
OeU”jOJI]

vS3 Jojyoezeley
auidezeweqied
suzewis

VS3 Jo|yoelole I
auizejAyingia |

Jojyoezejo
pudojoely |
apiwezAdolg
auozewol)
JAylew-uoinynsia|
suizeny
wiZepuage
|Adoudosisap-auizeny
uAinaua ]
|ozeuooixod3
uoinynsweso
uoinjoudos|

ddon
0IU}SaP-8|0ZBUO0IYI0Id
aUouJoSa
uoINYNSoju |
|ulesopi]
auozejuag
9pIWEZUSGOIoIYIa
VYdOW

uoinig

VS3 pliueusyiswig
Jojyoejola|N
uznqusy
uoInJNSooIN
J90BURN|4

VXO J0|yoe|olely
9|0ZeUooNga |
plweuaygwiq
Ayiesap-auizejAyingie |
oBUBJOIA

VS3 Jojyoezels|y
suldezeweqle)
sulzewls

VS3 Jojyoeo N
auizejAyinaua |

11



LISTE)

LUXEMBOURG

INSTITUTE OF SCIENCE
AND TECHNOLOGY

pudojoely |
UoIN|oNo[UD)
Ax0IpAy-g-duizeny
|Ayesep-auizeny
uigonsAxozy
j80eUR)N|4

auzen
opiwezAdoid
ouIZewIS
QUOLIOSA\
|Ayswsep-uoinjoidos|
uAnnqia |
mz_j_mxo__am

m v'C
|Adoudosisep-suzeny
uZnqus |y
JOJYoBZEIBN
5UlE00pr]
plLEXOUIod

uonig

2|0Zeuoonga |
OIL}S8P-8|0ZEU00IYIOId
wiZepuagle)
|ozeuooxod
UoINYINSOJ L
JAyiel-uoinfinsiopy

> 122.41 ng

Irsen

piUBUSYIoWIC
deusjopIq
JAyjesap-surzeiiyincue |
auidezeweqe)
auizelAyinqua |-

VS3 Jojyoeioisy

[p/Bu] ssew S100d

pudojoely |
uoinjoHo|yD
AxoipAy-g-suizeny
|Ayesep-suizeny
uiqosjsAxozy

©
o
q9
E)
<
o

QUOLIOSBN
IAyswsep-uoinjoidos|
uAngie|
aulexolidg

[ Discharge Our Gemiind

BB Period1

01/07/2016

2774 Period 3

BB Period 2

Rdbofiosissp-suzeay
uznquely

I Period 1+2

ing

2|0Zeuoonga |
OlL}S3P-5|0ZEUO0IYI0Ic|
wizepuage)
|ozeuooxodg
UOINYINSOJ L
|Aytu-uoingnsie

01/06/2016

Jojyoe|oe\
uOINYNSOIN

vS3 Joluoezelepy
VS3 puieusyaWIq

oeUBJOpIg
JAyjesep-surzeiiyincus |
suidezeweqe)
auizelAyinqia |

VS3 J0[4oEloiSIN

60

mass rank

THE ARRAY OF COMPOUNDS
Raw results from POCIS

50
40
30
20
104
0

oS

01/05/2016

100
0.01

[p/Bu] ssew s100d
_m\ﬁE_ punwag InQ abieyosiq

This site characterizes
the input of a tributary
with strong maize

cultures
Distinct shifts towards

Overall mass much
old school maize

higher
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CALIBRATION

LUXEMBOURG
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From POCIS masses to Time Weighteg Averages
M [ Discharge Our Gemiind
CW f— POCIS %07 Terbuthylaz?ne-POCIS mass E

RS t o B Terbuthylazine-grab sample Kalborn- Our %
. 4 100 i
Cw Concentration in water 40 : 3
(TWA) [ng/l] mé (,2
Mo ocis POCIS mass [ng] o 304 5
R, Sampling rate [L/d] g 2
t exposure tmie [d] 2 204 g
0
Grab samples to verifiy R and %7 §

compare them to lab determined . g

T T T T T T T T T T T
ValueS 01/05/2016 01/06/2016 01/07/2016 01/08/2016
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CALIBRATION

From POCIS masses to Time Weighteg Averages
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I R [L/d]
Metazachlor-ESA s

Y=B*X — 0.10

Average: 0.063 [I/d]

1 Parameter Value Error " Linear Fit of DATA1 8_B Stdev: 0.023 [L/d]
2004 A 0 - 0.08 RSD: 36 %
B 17.42175 2.0965
)
> R SD N P 0.06
LS 150 =)
S} 0.66656 38.52238 16 0.00348 j
5 o
o X 0.044
K
Q1004
€
(4]
2] 0.02 1
®
- R, 0.057 [L/d]

Irsen

Traesbech
Holzbech
Kalborn

POCIS mass [ng]

Kohhnenhaff-Our
Martelange Sauer
Sauer Bigonville

=
O
©
©
2
[
[
°
k]
=
3]
@
c
«
8

* Regression of all sites gives an overall average and allows to identify outlier
* Locally calculated Rs used where a stronger deviation is obvious

Uéauer antee Syrbach
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CALIBRATION

Y=B*X

LUXEMBOURG
INSTITUTE OF SCIENCE
AND TEGHNOLDGY
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60 -
50 - é 2_82298 0.85446 calibration regression average

= B 0.04 0.082

R sD N p ® Linear Fit of DATA33_B 0.23 0.231 0.226 0.1

0.66545 9.71513 6 0.17649 0.13

0.07 0.223 0.162 0.06

0.11 0.08

0.13 0.1

D 0.16 0.08

0.06

0.05

0.22 0.2

0.05 0.047 0.063 0.04

0.19 0.102

0.07 0.093 0.099 0.04

0.04 0.068 0.03
0.20

| Metribuzin |
methyl

0.13 0.1
0.14

0.19

0.17 0.207 0.229

Terbuthylazine-  [Jo5ke] 0.208 0.08
desethyl

I
Dimethenamid 0.1
Dimethenamid- 0.081

40

304

] [ ] R_0.207
20 s

Grab sample conc [ng/L]

0 T T T T T T T T T 1
0 2 4 6 8 10

0.5+ POCIS mass [ng]
| I Local Rs calculations |

Terbuthylazine

0.4 1

Average: 0.229
StDev: 0.054
RSD: 24

0.3 1

s

R_[L/d]

0.1

ESA
Metazachlor-OXA 0.025
Nicosulfuron |

15 0.0

0.079

Kalborn Kohnenhaff Irsen



NORMALIZED PESTICIDE LOADS

A fingerprint of land use

Specific pesticide load [mg/ha agri surface]
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Only currently applied compounds & TPs

50+

I Terbuthylazine-DE
I Terbuthylazine
Il Pethoxamide

[ Nicosulfuron

[ Metolachlor

I Flufenacet

I Dimethenamid-ESA
I Dimethenamid
Il Bentazone

Kohnenhaff Kahlborn

Specific pesticide load [mg/ha agri surface]
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Inlcuding multi-annual TPs (baseflow)

I Terbuthylazine-DE
600 — I Terbuthylazine
[ Pethoxamide
I Nicosulfuron

I Metolachlor-OXA
[ Metolachlor-ESA
[ Metolachlor

[ Flufenacet

I Dimethenamid-ESA
I Dimethenamid
Il Bentazone

400

200

Bigonvillle Irsen Kohnenhaff Kalborn

Long-lived TPs make up for a large proportion of the load



PESTICIDE LOADS

Relative distributions
Our-Kohnenhaff

Load distribution [%]
9.38% 5.24%

43.25%

3.85%
2.44%
3.719415%
Irsen
Load distribution [%]
17.79%
8.37%
0.49%
49.24% 5.11%
4.64%
2.95%

5.75%

24.22%

I Bentazone

I Dimethenamid
[ Dimethenamid-ESA
I Flufenacet

1 Metolachlor

I Metolachlor-ESA
[ Metolachlor-OXA
[ Nicosulfuron

Il Pethoxamide
Il Terbuthylazine
Il Terbuthylazine-DE

Il Bentazone

Il Dimethenamid
[ Dimethenamid-ESA
Il Flufenacet

[ Metolachlor

I Metolachlor-ESA
1 Metolachlor-OXA
I Nicosulfuron

Il Pethoxamide
Il Terbuthylazine
I Terbuthylazine-DE

Specific load Sum [mg/ha agri surface]

500

400

300

200

100
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(I Sum of all compounds |

IIII[

Bigonville Janschlederbach Traesbech Holzbech

» Specific pesticide profiles for different countries (Lux, Belgium, Germany)

17

» Unusual: higher order river shows higher loads than tributaries (international dimension)



REPRESENTATIVENESS

How does 2016 compare to previous years?

* Bigonville (Sure) has been monitored in
2014 + 2015
* Loadsin 2016 are larger but TWA

(exposure) is lower oy
* Small events (2014) can lead to great =
exposure in application period 5
g
18
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30 — 800
1 2014
257 [ 600
20 ] Load period: 2.4 kg [
154 400
10 r
. 200
° —\W MA,\M-
0 T T T T T 0
1 Mar 1Apr 1 May 1 Jun 1 Jul 1 Aug 1 Sep
30 ~ 800
251 2015 [ Discharge]
j 600
20 Load period: 1.35 kg —— SUM TWA [ng/L]
154 - 400
10 r
_ T [ 200
51 L
0 T T l l ——LF0
1 Mar 1Apr 1 May 1 Jun 1 Jul 1 Aug 1 Sep
30 — 800
254 2016 I
. - 600
20 Load period: 5.66 kg L
154 - 400
10 - r
i 200
5 I
0 T T T T T 0
1 Mar 1Apr 1May 1Jun 1 Jul 1 Aug 1 Sep

LIST

Sum TWA [ng/L]



EVALUATING IMPACT

The concept of summed risk quotients
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RQ;

RQ,>1

Sum of RQ,

_ TWA
~ AA—-EQS

ecotxicological risk

global impact

No classification of Sum RQ,

Compound AA-EQS
[ng/L]

EEC I >

o00
Azoxystrobin 950

50
ooon 8

Fluaxastrobin 572
Flufenacet 137
Fluroxypyr 20

7
Isoproturon 320
Kresoxim-Methyl 630

260
MCPA 1340

Compoud

MCPP

Mefenpyr-Diethyl

Mesotrione
Metazachlor
Metolachlor
Metosulam
Metribuzin

Metsulfuron-Methyl

Napropamid
Nicosulfuron
Pethoxamid
Propyzamide
Prosulfocarb
Pymetrozin
Spiroxamine
Sulcotrione
Tebuconazole
Terbuthylazine
Terbutryn
Thiacloprid
Tritosulfuron
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AA-EQS
[ng/L]

3600
1650
80
20
270
15
120
4000

5120
35
79
6000
600
500
60
5000
1200
220
65
10
150
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The inclusion of transformation products

(I RQ + TP PEriod May-July |
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[ RQ Period May-July |

\ I SUM TWA period May-July [ng/L] \
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The inclusion of transformation products dramatically changes the picture
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CONCLUSIONS
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« Mussel distribution is very patchy with no strict relationship to pesticide exposure although higher

exposures seem to affect presence. Limited array of independent sites precludes conclusions.
+ Luxembourgish tributaries of the Our are at a lower pollution level than the German/Belgian side.
» Mixture toxicity can be addressed by the Risk Quotient approach but there are certain limits
* AA-EQS are derived from 3 lab test species - > field relevance

* There is no interpretation for Sum of RQs

+ There is no ecotoxicological data for transformation products although these are dominant

« Further research could involve the measurement of biomarkers in (exposed) biota in the rivers since
exposure levels are sublethal and only stress can be measured.

+ Better alignement with WFD biological indicators — further inquiry into common traits of species and
deficits in mussel sensitivity respresentativeness.
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