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AquaTerra = Goal

II‘ towards a better understanding of fate and
transport of pollutants in the environment for a
prediction of future trends



Understanding of the soil — groundwater system

at field scale
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Scales: Mega Sites




Ground water contamination (2002) — Quarternary Aquifer

Exceedance of the insignificance
threshold in the tertiary aquifer
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Observation wells north of Bitterfeld — Cont. distribution
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Observation wells north of Bitterfeld — Cont. concentration
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Organic contaminants in groundwater - Bitterfeld/North

Group Compound pg/l  Group Compound pa/l
Anilines Aniline 23 Cl-Phenols  Monochlorphenols 440
Methylbenzamine 15 2,4-Dichlorphenol 9
Chloroanilines 1181 2,4,6-Trichlorphenol 9
Chloro-N-methylbenzenamine 19 Pentachlorphenol 17
Dichlorobenzenamine 415 4-Chloro-3-Methylphenol 68
BTEX Benzene 26054 Phenols Phenol 93
Toluene 331 Methlyphenols 328
Ethylbenzene 19 Dimethylphenols 17
Xylenes 147 Ethylphenol 16
cvoc Dichloromethane 111 Diethylphenol 29
Trichloromethane 4449 Ethylmethylphenols 42
trans-1,2-Dichloroethene 25 Trimethylphenols 12
cis-1,2-Dichloroethene 69 4-Nitrophenol 168
Trichloroethene 28 Pesticides  Trimethylthiophosphat 53
Cl-Benzenes Chlorobenzene 37140 HCHs 1
Chlormethylbenzene 241 S-Organics  Trithiolan 259
Bromochlorobenzene 24 Tetrachlorthiophene 66
2-Chlorotoluene 350 Pentachlorthiocane 19
1,3- /1,4-Dichlorobenzene 14073 Others Sulfur 38
1,2-Dichlorobenzene 9655 Bromphenylhydrazine 76
Dichloromethylbenzene 64 Dimethylphthalate 76
1,2,4 Trichlorobenzene 1010 Ethylmandelate 223
1,2,3 Trichlorbenzene 43 Benzylbutylphthalate 122
1,2,4,5 Tetrachlorobenzene 42 Bromobenzene 58
1,2,3,4 Tetrachlorobenzene 344 Cyclohexane 5
Pentachlorobenzene 7 Naphthalin 25
Hexachlorobenzene 0,2 2-Naphthol 43




Zero valent iron

Group Compound pg/l  Group Compound pa/l
Anilines Aniline 23  Cl-Phenols WMonochlorphenols 440
Methylbenzamine 15 2,4-Dichlorphenol 9
Chloroanilines 1181 2,4,6-Trichlorphenol 9
Chloro-N-methylbenzenamine 19 Pentachlorphenol 17
Dichlorobenzenamine 415 4-Chloro-3-Methylphenol 68
BTEX Benzene 26054  Phenols Phenol 93
Toluene 331 Methlyphenols 328
Ethylbenzene 19 Dimethylphenols 17
Xylenes 147 Ethylphenol 16
cvoc Dichloromethane 111 Diethylphenol 29
Trichloromethane 4449 Ethylmethylphenols 42
trans-1,2-Dichloroethene 25 Trimethylphenols 12
cis-1,2-Dichloroethene 69 4-Nitrophenol 168
Trichloroethene 28  Pesticides Trimethylthiophosphat 53
Cl-Benzenes Chlorobenzene 37140 HCHs 1
Chlormethylbenzene 241  8-Organics Trithiolan 259
Bromochlorobenzene 24 Tetrachlorthiophene 66
2-Chlorotoluene 350 Pentachlorthiocane 19
1,3- /1,4-Dichlorobenzene 14073  Others Sulfur 38
1,2-Dichlorobenzene 9655 Bromphenylhydrazine 76
Dichloromethylbenzene 64 Dimethylphthalate 76
1,2,4 Trichlorobenzene 1010 Ethylmandelate 223
1,2,3 Trichlorbenzene 43 Benzylbutylphthalate 122
1,2,4,5 Tetrachlorobenzene 42 Bromobenzene 58
1,2,3,4 Tetrachlorobenzene 344 Cyclohexane 5
Pentachlorobenzene 7 Naphthalin 25
Hexachlorobenzene 0,2 2-Naphthol 43




Palladium based catalysts

Group Compound pg/l  Group Compound pa/l
Anilines Aniline 23  CI-Phenols Monochlorphenols 440
Methylbenzamine 15 2,4-Dichlorphenol 9
Chloroanilines 1181 2,4,6-Trichlorphenol 9
Chloro-N-methylbenzenamine 19 Pentachlorphenol 17
Dichlorobenzenamine 415 4-Chloro-3-Methylphenol 68
BTEX Benzene 26054  Phenols Phenol 93
Toluene 331 Methlyphenols 328
Ethylbenzene 19 Dimethylphenols 17
Xylenes 147 Ethylphenol 16
cvoc Dichloromethane 111 Diethylphenol 29
Trichloromethane 4449 Ethylmethylphenols 42
trans-1,2-Dichloroethene 25 Trimethylphenols 12
cis-1,2-Dichloroethene 69 4-Nitrophenol 168
Trichloroethene 28  Pesticides Trimethylthiophosphat 53
Cl-Benzenes Chlorobenzene 37140 HCHs 1
Chlormethylbenzene 241  S-Organics Trithiolan 259
Bromochlorobenzene 24 Tetrachlorthiophene 66
2-Chlorotoluene 350 Pentachlorthiocane 19
1,3- /1,4-Dichlorobenzene 14073  Others Sulfur 38
1,2-Dichlorobenzene 9655 Bromphenylhydrazine 76
Dichloromethylbenzene 64 Dimethylphthalate 76
1,2,4 Trichlorobenzene 1010 Ethylmandelate 223
1,2,3 Trichlorbenzene 43 Benzylbutylphthalate 122
1,2,4,5 Tetrachlorobenzene 42 Bromobenzene 58
1,2,3,4 Tetrachlorobenzene 344 Cyclohexane 5
Pentachlorobenzene 7 Naphthalin 25
Hexachlorobenzene 0,2 2-Naphthol 43




GAC - granular activated carbon

Group Compound pg/l  Group Compound pa/l
Anilines Aniline 23  CI-Phenols Monochlorphenols 440
Methylbenzamine 15 2,4-Dichlorphenol 9
Chloroanilines 1181 2,4,6-Trichlorphenol 9
Chloro-N-methylbenzenamine 19 Pentachlorphenol 17
Dichlorobenzenamine 415 4-Chloro-3-Methylphenol 68
BTEX Benzene 26054  Phenols Phenol 93
Toluene 331 Methlyphenols 328
Ethylbenzene 19 Dimethylphenols 17
Xylenes 147 Ethylphenol 16
cvoc Dichloromethane 111 Diethylphenol 29
Trichloromethane 4449 Ethylmethylphenols 42
trans-1,2-Dichloroethene 25 Trimethylphenols 12
cis-1,2-Dichloroethene 69 4-Nitrophenol 168
Trichloroethene 28  Pesticides Trimethylthiophosphat 53
Cl-Benzenes Chlorobenzene 37140 HCHs 1
Chlormethylbenzene 241  S-Organics Trithiolan 259
Bromochlorobenzene 24 Tetrachlorthiophene 66
2-Chlorotoluene 350 Pentachlorthiocane 19
1,3- /1,4-Dichlorobenzene 14073  Others Sulfur 38
1,2-Dichlorobenzene 9655 Bromphenylhydrazine 76
Dichloromethylbenzene 64 Dimethylphthalate 76
1,2,4 Trichlorobenzene 1010 Ethylmandelate 223
1,2,3 Trichlorbenzene 43 Benzylbutylphthalate 122
1,2,4,5 Tetrachlorobenzene 42 Bromobenzene 58
1,2,3,4 Tetrachlorobenzene 344 Cyclohexane 5
Pentachlorobenzene 7 Naphthalin 25
Hexachlorobenzene 0,2 2-Naphthol 43




Microbial degradation

Group Compound pg/l  Group Compound ua/l
Anilines Aniline 23  CI-Phenols Monochlorphenols 440
Methylbenzamine 15 2,4-Dichlorphenol 9
Chloroanilines 1181 2,4,6-Trichlorphenol 9
Chloro-N-meth . bnol 17
Dichlorobenzer Definltely not an ecasy task pthylphenol 68
BTEX Benzene ZOUJIF T TTCTIUTS T TTCTTOT 93
Toluene 331 Methlvohenals 328
Ethylb 17
Xyleng Some compounds require aerobic, 16
cvoc Dichlo . ... 29
Trichlo some anaerobic conditions 42
trans-17Z-Dicnioroemene y4o) TTmetnypnenors 12
cis-1,2-Dichloroethene 69 4-Nitrophenol 168
Trichloroethene 28  Pesticides Trimethylthiophosphat 53
Cl-Benzenes Chlorobenzene 37140 HCHs 1
Chlormethylbenzene 241  S-Organics Trithiolan 259
Bromochlorobenzene 24 Tetrachlorthiophene 66
2-Chlorotoluene 350 Pentachlorthiocane 19
1,3- /1,4-Dichlorobenzene 14073  Others Sulfur 38
1,2-Dichlorobenzene 9655 Bromphenylhydrazine 76
Dichloromethylbenzene 64 Dimethylphthalate 76
1,2,4 Trichlorobenzene 1010 Ethylmandelate 223
1,2,3 Trichlorbenzene 43 Benzylbutylphthalate 122
1,2,4,5 Tetrachlorobenzene 42 Bromobenzene 58
1,2,3,4 Tetrachlorobenzene 344 Cyclohexane 5
Pentachlorobenzene 7 Naphthalin 25
Hexachlorobenzene 0,2 2-Naphthol 43




Diffuse pollution




PCE in groundwater
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AquaTerra

Water Framework Directive

List of priority substances in the field of water policy

Priority hazardous substances

... under investigation

... not considered as
bioaccumulative, toxic etc.

Brominated diphenyl ethers (penta)
Cadmium

Mercury

C,,-C,; Chloroalkanes
Hexachlorobenzene
Hexachlorocyclohexane
Tributhyltin

Hexachlorobutadiene
Nonylphenols

PAH

Pentachlorobenzene

Anthracene
Atrazine
Chlorpyrifos
Di(2-ethtlhexyl)phthalate (DEHP)
Endosulfan

Lead

Naphthalene
Octylphenols
Pentachlorophenol
Trichlorobenzenes
Trifuralin

Alachlor

Benzene
Chlorfenvinphos
Dichloromethane
1,2-Dichloroethane
Diuron
Isoproturon
Nickel

Simazine
Trichloromethane

Subjectto phase-our or under
considerationfor phase-out (or severe
restriction) on the international level

Showspropertiessimilarto thoseidentifed
as ‘“Priority Hazardous™ (group 1)
Subjectto a reviewfor identificationas

possiblepriorityhazardoussubstancesby
31 December2003.

Do not fulfil the criteriafor being
“toxic, persistent and liable to bio
accumulate”

Classifiedas dangerous

Subjectto emissioncontrolsand
qualitystandards
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Case Study: Reactive tracers in a karst catchment
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Passive Samplers:
Deposition Monitoring of POPs (DIN 19739)
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deposition rate [ng d-! m2]

Atmospheric Deposition — Annual Survey

2000 =
| 22.06-2004 - 21.06.2005
blank average deposition rate:
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Following seepage water transport
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Catchment outlet
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Input / outlet mass balance

Input (22.6.04-21.6.05)
Atmospheric erosition: ~15 kg y'
$‘ X
. b

Accumulation (soils)
0.2-20 mg kg’

Ha ;
B ) E)

Output
Blautopf groundwater:

10.452 kg y7

l

~3 %




Models for catchment: surface runoff,
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Geer basin

Precipitations

 Saturated - unsaturated hydraulic
properties

* Draining galleries

e Pumping wells
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Future Scenarios: Climate Change
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Application of Climate Change Scenarios

<

AquaTerra

First results of climate change scenarios (from Newcastle University — Hydro WP)

* 6 climatic scenarios :
HS1 ecscA2 adhfa
HCA2 MPIA2 DE6
e time interval : 2010 - 2100
(2010-2040, 2040-2070, 2070-
2100)

SCENARIO ecscA2 2070 -2100
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Depending on the scenario,
— decrease in water level
between 5m an 12m in 2100

— longer and stronger ‘low
water discharge’ periods
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Agualerra
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Lessons learned:

ffuse contaminations are qU|te stable (Iow concentratlons str
“ sorption in soils, large scales - groundwater bodies)

verythlng is (nearly) everywhere (cross compartment transpc
- global dispersionetc.)

K Concentratlons are low - but mcreasmg trends in soils
. Comprehenswe monltorlng of catchments is reqU|red
(“more focus - less fragmentatlon”) |

e- mtegrated passive sampling for monitoring o.k. t|me resol
~monitoring still needed for process understandlng

. Integratlon is difficult (disciplines, tooIs outreach etc )
Needed/missing:

put/output of mass balances at the catchment scale: = long t
monitoring / “sustainable” sites & hydrologic observatories

oundwater r surface water - soil - plant - atmosphere |nteract
/ urban Influence 3 ; ZZZZZZZZZ?? L_L,v66hnh
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w-modeling approaches for reactive transport
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http://www.uni-
tuebingen.de/geo/zag/grathwohl/

http://www.eu-aquaterra.de
http://www.uni-tuebingen.de/gracos/

http://www.uni-tuebingen.de/sowa/



