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Aquatic Ecosystem
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Contaminated Sediment

— Contaminated sediments prevent “good ecological
status” (WFD)

—> Sediments act as sinks and sources
— Soft (fine & sandy) sediments of particular concern

[
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ySediment Quality Triad“
(Long & Chapman, 1985)

Chemical
analyses

- “Weight of evidence” approaches highly recommend
—> Benthic organisms strongly associated to contaminants
— Widely based on macrofauna (e.g., SPEAR[%]-indeXx)
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—> Soft sediments host specific invertebrate communities
— Meiofauna > macrofauna

— Meiofauna restricted to interstitial/burrowing lifestyle
— Bioindication with meiofauna advantageous
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— Nematodes dominant among the meiofauna

— Ubiquitous, very high abundances (>1.000.000/m?)
— Key position in benthic food web

— Predestined for bioindication
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Objectives of the study:

— To assess the general sensitivity of meiofaunal
communities and particular parameters to chemical
contamination

— To evaluate the suitability of nematodes as
bioindicators

— To determine whether lower testing tiers are both
representative and capable of estimating the impact
of sediment contaminants on higher levels of
biological organization
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Pristine sediment

1

Microcosms:
—> 8 substances
* EXxp.1l:Cu,Zn & FA
* EXp. 2: Ni, BaP, Met-Mix,
PAH-Mix & PAH/Met-Mix
— 180 d (3 sampling dates)

|

Analyses:
—> Meiofauna/Nematodes
 Abundance
* Biomass
« Taxa/Species composition
— Sediment
 Chemical analyses
* Toxicity analyses (ISO 10872)
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Objectives of the study:

— To assess the general sensitivity of meiofaunal
communities and particular parameters to chemical
contamination
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Abundance meiofauna (mean + sd)
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Biomass (mg C m? Sediment)
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Biomass meiofauna (mean + sd)
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Taxa composition-abundance (mean + sd)

4 Control ¥ Ni O BaP

8 Cu Q Met-Mix A PAH-Mix

$ zn B FA {> PAH/Met-Mix

2

Taxa Cu,Zn FA Ni, Met g::' /‘;::t'
Gastrotrichs 0.00 0.00 0.27 0.30
Cladocerans 0.22 0.63 0.10 0.02
Oligochaetes 0.72 0.09 0.63  -0.01 |
Tardigrades  0.38 0.38 0.38 0.34
Nematodes 0.58 0.24 0.62 0.54
Rotifers 0.68 0.48 0.84 0.53 !
p<0.05, Monte-Carlo permutation test
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Taxa composition-biomass (mean + sd)

o = N W

; BaP, PAH,

Taxa Cu,Zn FA Ni, Met PAH/Met
Gastrotrichs 0.00 0.00 0.16 -0.08
igrades 035 022 0.30 007
Oligochaetes 0.75 -0.05 0.63 -0.37

otifers

ns. 017 0GRS 014
|| Nematodes 0.66 0.30 0.60
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Days after application
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p<0.05, Monte-Carlo permutation test
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Meiofauna communities Community composition ',, *'
Day Abundance Biomass Abundance Biomass e
Ni 30
90
180
Cu 30
90
180
Zn 30
90
180
FA 30
90
180
BaP 30
90
180
Met-Mix 30
90
180
PAH-MIx 30
90
180

PAH/Met-Mix 30
90
180

— Meiofauna sensitive to chemical stress

— Community composition most susceptible
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Objectives of the study:

— To evaluate the suitability of nematodes as
bioindicators
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Ranking of the various analysed meiofauna taxa
Abundance Biomass

metal organic total metal organic total
Cladocerans  Cladocerans  Cladocerans Cladocerans  Gastrotriches Gastrotriches tolerant
Gastrotriches Gastrotriches Gastrotriches Gastrotriches Tardigrades Cladocerans
Tardigrades Oligochaetes Tardigrades Rotifers Cladocerans  Tardigrades
Nematodes  Tardigrades Oligochaetes Tardigrades Rotifers Rotifers
Oligochaetes Nematodes Nematodes Nematodes Oligochaetes Oligochaetes
Rotifers Rotifers Rotifers Oligochaetes Nematodes Nematodes sensitive

— Effects of spiked sediments highly taxon-specific

— Oligochaetes, Rotifers & Nematodes most affected

— Sensitivity widely independent of the applied compounds
- Nematodes most abundant in contaminated sediments
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Species composition-abundance (mean + sd)

% Control W Ni © BaP
@ Cu © Met-Mix A  PAH-Mix
$ zn B FA PAH/Met-Mix
3
Species Cu,Zn FA Ni, Met :::’ /':I\:t'
E. vulgaris 031 0.51 0.61 0.32
8 E. longicaudatula 0.29 0.48 0.58 0.32
= E. barbata 026 042 041 0.31
o E.pseudobulbosa 021 033 030 0.29
5
- A. terricola -0.17 -031 -0.21 -0.24
{? M. paramacrura  -0.20 -0.37 -0.28 -0.26
I. macramphis -0.34 -0.45 -0.28 -0.26
T. setifera -0.49 -0.64 -0.62 -0.51

-3 ; . . : : :
0O 30 60 90 120 150 180
Days after application
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Species composition-biomass (mean + sd)

4 Control W Ni O BaP
0 Cu Met-Mix A  PAH-Mix
$ zn B FA PAH/Met-Mix
3 Species Cu,Zn FA Ni, Met 22:' /'I,\;:t'
2 ¥ I. macramphis 046 074 0.47 0.47
E. longicaudatula 0.30 035 0.42 0.24
E. vulgaris 0.30 0.28 0.42 0.23
A. terricola 0.26 0.18 0.40 0.17
M. paramacrura  -0.25 -0.44 -0.10 -0.17
P. cf pellioides -0.26 -0.50 -0.20 -0.19
I. macramphis -0.26 -0.52 -0.20 -0.21
T. setifera -0.55 -0.60 -0.69 -0.45

0O 30 60 90 120 150 180

Days after application
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Meiofauna communities Community composition I Nematode species composition *

Day

Abundance Biomass Abundance Biomass | Abundance Biomass *
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— Nematodes among the most sensitive taxa

—> Species composition most susceptible
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Objectives of the study:

— To determine whether lower testing tiers are both
representative and capable of estimating the impact
of sediment contaminants on higher levels of
biological organization
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Meiofauna communities Community composition Nematode species compositionl C. elegans I . .9

Day Abundance Biomass Abundance Biomass Abundance Biomass | ISO 10872

Cu 30

Zn 30

FA 30

BaP 30

Met-Mix 30

PAH-MIx 30

PAH/Met-Mix 30

— Toxicity tests on C. elegans comparatively sensitive
—> Representative of meiofaunal sensitivity
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Risk assessment of soft sediments (SQT)

Chemical
analyses
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Risk assessment of soft sediments (SQT)

Nematodes

N

Chemical
analyses

— Nematodes capable to represent meiofaunal communities
—> Bioindication based on nematodes recommended
(NemaSPEAR[%]-index)
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Risk assessment of soft sediments (SQT)

NemaSPEAR[%]

— Nematodes capable to represent meiofaunal communities

— Bioindication based on nematodes recommended
(NemaSPEAR[%]-index)

— Toxicity test with C. elegans (ISO 10872) suitable bioassay
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Parameter

% water content
% gravel?
% sand

% fines (silt and clay)

% TOC

As (mg/kg)
Cd (mg/kg)
Cr (mg/kg)
Cu (mg/kg)
Hg (mg/kg)
Ni (mg/kg)
Pb (mg/kg)
Zn (mg/kg)
3 PAHs (mg/kg)®
2 PCBs (ng/kg)

2 HCHs (ug/kg)?
> DDTs (ug/kg)e

HCB (png/kg)

18.2
2.1
96.1
15
0.3
<1
<0.1
<2
<2
<0.05
<2
<5
<10
<0.2
<0.2
<0.1
<03
<0.05

a Sediment fraction 2-63 mm
b 16 PAHSs (EPA 610)

©7 PCBs: 28, 52, 101, 11, 138, 153,

da-, B-, y-HCH
¢ 0,p'-DDT, -DDD, -DDE

180
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Content/concentration
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— Hoss et al. (2011) analysed
> 200 sediment samples

— Correlation of specific species
with toxic potential of
sediments

— ldentification of NemaSPEAR
(Nematode SPEcies At Risk)

— NemaSPEAR[%]-index

1.0
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Electrical conductivity (pS/em) Temperature (°C) 0y (mg/L) pH
Day C LC HC C LC HC C LC HC C LC HC
Ni 30 1002+ 51 102.7 4.0 106.7 £ 58 20705 209+04 203<03 86201 85402 RBOL06 65413 T3L00 71400
90 1182+ 8.6 1095+ 128 973 R0 20602 209+£035 213£02 R5:03 83+02 85£02 73x05 75:=00 76101

180 1035+ 8.6 1050112 1123 = 141 211202 201204 202206 76+03 TA4:04 7.7+04 75035 77=04 75204

Cu 30 2100 £192 2076+ 182 34342 158" 200=03 20.1 £0.3 19903 68+0.5 6706 6603 8001 R1=00 1.7+0.0°
9 1846 = 119 2126 =60 3232z 16.1* 200=03 20.1 £03 199=03 61+02 358+02 60£02 7.7+04 g1=00 78201

180 196,6 = 46.1 2158 +£347 363.6 = 72.8*% 223:01 224+0.1 225=0.1 58+04 57+06 55+£04 7601 79=0.1 79=02

Zn 30 1940+53 2118 +£450  279.0 = 154* 20104 200 +0.1 208=02 7206 68+035 6.7+04 7901 79202 7.5+0.1%
9 1952« 148 2038 £28.7 256.3 = 10.3* 20104 200 +01 20802 6002 S56+06 6.1 £0.1 81+00 80=01 7.7+£0.1*

180 1646+ 7.5 196.6 £ 58.6 2068334 22401 225+02 2.7+0.1 5603 53£04 54+03 80£01 79=0.1 79401

FA 30 1746 £ 6.1 176.6 £ 143 1710299 200 =05 199+ 0.5 199+ 0.6 71404 68£03 70+£04  TK:0.1 79=0.1 79=+0.1
9% IB72 £ 115 1752+92 1814 £88 200 =05 199 £0.5 199+ 0.6 60401 5704 59403 8200 82=00 82200

180 2248+ 1226 158638 162.0 £ 326 21804 22.1£04 222202 58405 564401 S6+02 B1201 8O0 79400

Bia)P 30 1018 £53 104259 998+34 20103 2003 £ 0.7 19704 84402 8.1+£04 84+0.1 72£01 73=01 74201
90 9.7+92 1005 +12.3 89.0+ 377 207+1.0 19.7+07 208207 85403 B4:04 81406 79104 79202 79402

180 112.7+£9.2 11453208 1172+ 108 20210  209:04 208203 76+03 76+£02 72204 73:x04 T1=04 7301

Met-Mix 30 1075445 133.5 4 20.1 3248+ 197" 200£03 20903 213201 83402 50407 84401 T0£09 T1s01 6.1 £01"
% 106.0 = 14.8 1185 =3.6 3472+ 37.0% 0404 209 =04 218201 82404 3103 78206 7.7£02 7500 5.2+ 0.6°

180 1103+ 148 1523 340 3613479 06=04 20806 214205 7704 7604 78204 75102 Ta=04 6.3 +0.4°

PAH-Mix 30 133.2221.8 1413257 138.0« |58 21.0=03 200035 203202 7806 34102 7214 6803 T4=0.1 $210.2

9% 1232117 108+ 119 1132+ 13.0 20705 206+04 208=03 8.0+02 76+ L0 81403 79403 72%02 7540.1
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N Cu In A BaP  Met-Mix PAH-Mex PAM/Met-Mix

NI o in b (] Bap A Chr Phe Py N < in L Cd BaP  TA Chr Phe  Pyr

Nominal Cone, 30 3000 1000 200 100 592 1263 10574 1508 062 124 3130 087 220 2480 29 631 5287 754 031 062 166 048 108 120




