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Abstract

Industrialization and urbanization, which consequently increased pressure on the
environment to cause degradation of soil and water quality over more than a century,
is still ongoing. The number of potential environmental contaminants detected in
surface and groundwater is continuously increasing; from classical industrial and
agricultural chemicals, to flame retardants, pharmaceuticals, and personal care
products. While point sources of pollution can be managed in principle, diffuse
pollution is only reversible at very long time scales if at all. Compounds which were
phased out many decades ago such as PCBs or DDT are still abundant in soils,
sediments and biota. How diffuse pollution is processed at large scales in space (e.g.
catchments) and time (centuries) is unknown. The relevance to the field of processes
well investigated at the laboratory scale (e.g. sorption/desorption and (bio)degradation
kinetics) is not clear. Transport of compounds is often coupled to the water cycle and
in order to assess trends in diffuse pollution, detailed knowledge about the hydrology
and the solute fluxes at the catchment scale is required (e.g. input/output fluxes,
transformation rates at the field scale). This is also a prerequisite in assessing
management options for reversal of adverse trends.
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ISR Lessons from contaminated sites

1. Subsurface heterogeneity causes high
uncertainty in location of point sources

= Most important reason for failure of site remediation (despite all
progress in remediation technologies)

2. Natural attenuation works

=» But not efficient in sources (time scales are too long) and not for
all compounds (steady state plumes for degradable compound,
long plumes for stable compounds such as chlorinated solvents)
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Man, however much he may like to pretend the contrary, is part of nature.
Can he escape a pollution that is now so thoroughly distributed

throughout our world? (Rachel Carson 1907 — 1964, Silent Spring, 1962)
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Increasing production —
numerous compounds

Development of the global
annual production of synthetic
organic material since 1930
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(Source: UNEP, 1987)

The discovery and
production of new
organic chemicals has
grown exponentially:
50 000 000 registered in
CAS (09/2010)

e e e s e ae
ples section of a 199-page patent document | and vital literat
and is (52)-5-[ (5-fluoro-2-hydroxy- informati
phenyl)methylene]-2-(4-methyl- predicted
1-piperazinyl)-4(5H)-thiazo- availab
lone, CAS RN 1181081-51-5. L /N spectra

The 50 million publicly ‘< fron

disclosed substances represent
a consequential milestone. The
CAS Registry has been continuously oper-
ated for the purposes of uniquely identify-
ing chemical substances since its inception,
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N PCE “Footprint“ in groundwater

=» Chlorinated solvents in groundwater
samples indicate urban environment

d Y S

Tetrachloroethene
(PCE)

Sampling campaign 1998

Conc. in mg/l
n.d.
<0.0010
* 0.0011 - 0.0050
0.0051-0.1000
*>0.1000

LFU -Baden Wirttemberg
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Not much change in almost 30 years
despite expensive remediation efforts

Parameter-Trendvergleich fiir Messstelle 0063/511-4
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Diffuse nitrate pollution

: Nitrat
Nltl’at Beprobung 2010
Beprobung 2010 Werta in mg/l
Werte in mg/l B 40-80
37-40
° <=15,00 F 34.37
o 15,10 - 25,00 30-34
® 2510-37,50 26-30
O 37,51-50,00 I 20-268
@ >50,00 B 15-20
Alle Messnetze
1.848 Messstellen

0 %W 20 30 % &0
Grundlage: © LGL BW, RIPS oo wm o

Abbildung 2.4-2: Nitratgehaite 2010 an den Lsndesmessstalian Abbiidung 2.4-3: Vertailung der Nitratgehalte 2010 im oberfischennahen Grundwassey, regionaiisierte Darstelung nur oberfischen-
Kartenhintergrund: braune Flschen: Ackerbsu; violette Flschen: Weinbau, Obsthsu naher Massstellan mit Messungen von September bis Oktober 2010 (Datengrundlage: 1475 von insgesamt 1.7 Landesmessstal-
mg;vehTeidelesﬂanm&efenAqumn verfiltart ist oder for Messstellen keine Aquifer oder Landnutzungszuordnung
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Controlling diffuse pollution: Taxes

Not much change in almost 20 years

Konzentration in mg/l
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29”99'9:“88888822« =@~ Wassorschutzgebicte, Nitratklasse 3 = NK3 - Sanicrungsgebicte | | A
~8— Temamnet Laviwetacheft (I1), 430 korateants Mamaales O Wassarschutrgobicto, Nitratklasse 2 - NK2 - Problomgebiste
—0— TeSmamnnet Moftwexasr (M), 112 kone xtects Mexxdslon o =&~ Wassorschutrgobicto, Nitratklasse 1 = NK1 - Normalgebiate
= Tedmaonet Indextra (21| 237 wnextects Mesed sl on
— 5‘*"'"""-_" dar Goundwes sarverorinung Abbildung 2.4-9: Entwicklung der jahrlichen Mittelwerte far Ni-
Werrmant Grurdweasa ribe fWec LN S IproS e T - B - -
trat von 2001 bis 2010 fur konsistente Messstellen und konsr
— o stente Wasserschutzgebiete nach SchALVO-Einstufung uber alle
Abbildung 2.4-7 Entwicklung der Nitratmittalwerts zwischen zur Verfiigung stehenden Nitratwerte (SchALVO-Einstufungsba-
1994 bis 2010 bei konsistantan Measssteallengruppen im Bepro- sis: 2001), Abk. siehe Text. Datenquelle: alle Landesmessstellen
bungszeitrsum jeweails zwaschen Anfang September und Ende und alle Kooperationsmessstellen der Wasserversorgungsunter
Oktober nehmen in WSG, die fir die WSG-Einstufung malgebend sind

SchALVO: Schutzgebiets- und Ausgleichsverordnung (protection zone and balance ordinance)
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Pesticider i aktive vandforsyningsboringer
1993-2008

Indhold i pg/l

® >01
0,01-0,1
Intet fund

10% > 0.1ug/l
40% > 0.01 < 0.1 pg/l
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Groundwater quality in Germany

S22 05

* Landeshauptstadt
B Bundeshauptstadt
— Flussgebietseinheit

Grundwasserkorper

W gut Donaul
B schlecht

W unklar

Atunchen

B Zielerreichung wahrscheinlic
Zielerreichung unsicher/unw
keine Angaben

Quelle: Umweltbundesamt,
Landerarbeitsgemeinschaft Wasser (LA
Stand: 25.05.2007

No “good status” until 2015
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Water + solute cycles!

Wasserkreislauf Berlins £\
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in tab water in downgradient cities

Konzentration in ng/L

180

|mTP 759 Trinkwasser
160 1o e 7014
140 {OTP 701B (282) —
120 {BTP 643 (226)
100 - (..): Summe in ng/L
80 r (135) (117)
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Quelle: Schulz etal., ES&T, im Druck
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Legacy compounds: POPs

PRI

Atmospheric deposition Atmospheric
i iti . .
Pollutant fluxes: Input Flux: 508.2 g input /
- deposition
118 yg m= a’
in 2001 | Soil as filter
INTERFLOW and buffer
Shallow springs
Transport (reactor)
CREEK Groundwater
DISCHARGE 2001: 7.5 106 m3 transport
Compound fluxes: Qutput
H)
o Groundwater
Flux: 0-37.8 g suface water
interaction

More than 90% of incoming PAHs accumulate in the soils!
Good news for groundwater — bad news for soils

Gocht, T., Ligouis, B., Hinderer, M., Grathwohl, P. (2007): Accumulation of polycyclic aromatic hydrocarbons in rural soils
based on mass balances at the catchment scale. Environ. Tox. Chem., 26 (4), pp. 591-600
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Historical and recent pollution

a) USA, Europe
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Stable (secondary) sources: soils

Time (year AD)

Enrichment factors

A Lake Constance / G Il Lac Redo / Esp 9 Lake 375/ Can
[0 Lake Easthwaite / UK
O Pettaquamscutt River / USA

n f
S=2CSpM S(t)=fDEf(t)dt
i= 4
A
EPA PAHs "State Wide"
Baden-Wiirttemberg [jug m=] Atmospheric deposition
: . Mg m?] -
Soils Forest soils oh |
Humic horizons 2 500 200 (actual, per year) ;
Topsoils 57 350 B
Sum 59 850 26 000 B
- ———————————— — — ——————————————————————————
Bavaria [ug m2]
T [p—
2 3 Soils Forest soils ||
Humic horizons 6 500 200 (actual, per year) B
Topsoils 27 800 B
@® Lake Michigan / USA S 34 300 26 000 =
A Lake Haklajarvi/ Fin um
Sum 10 000 6 500 3 600
Sum 71 000 68 250 17 000

Todays inventory 3-8 larger than expected! PAHs are stable and/or unknown sources

Gocht, T., Klemm, O., Grathwohl, P.

(2007): Long-term atmospheric bulk deposition of polycyclic aromatic
hydrocarbons (PAHs) in rural areas of Southern Germany. Atmospheric Environment, 41, 1315-1327
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4 mglkg /7 compg.nsation
no/ction - action: redticed
Vorsorge- / _..-etnission
3 mg/kg 7 -~ =
limit /

limit input

action: emission stopped

2000 -
persistent pollutants

21500 -1 ....'...~

o reverse trend

'c

©1000 A

Eym—

% 500 emission s Opl.):a -

o natural attenuation works
0 T T T >
1800 1850 1900 1950 2000 2100 2200

Time

Jones, K. C.; Stratford, J. A.; Waterhouse, K. S.; Furlong, E. T.; Giger, W.; Hites, R. A_;
Schaffner, C.; Johnston, A. E. (1989): Increases in the polynuclear aromatic hydrocarbon
content of an agricultural soil over the last century.- Environ. Sci. Technol., 23: 95

The average deposition rate from 1900 — 1980 is ca. 12 pg m* d-'. Recent measurements
in urban centres indicate deposition rates of PAHs up to 4 — 8 pg m?2 d'!' ; in rural areas

Water Framework Directive
Groundwater Directive

Thematic Strategy on Soil Protection
REACH!!!

typically ta— 075 g r=d*arc observedftivtartin, H-, Priefl; A, Grathwoht, P2602):
Bestimmung der Depositionsraten fiir Polyzyklische Aromatische Kohlenwasserstoffe an
verschiedenen Standorten nach DIN 19739-2 (Entwurf).- Bodenschutz, 2/02)
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WESS is supported by the Ministry of Science, Research and Arts Baden-Wirttemberg WESS Water & Earth System Science

(AZ Zu 33-721.3-2) and the Helmholtz Centre for Environmental Research, Leipzig (UFZ).

Competence Cluster




EBERHARD KARLS

UNIVERSITAT PCB H f h S
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WESS is supported by the Ministry of Science, Research and Arts Baden-Wurttemberg Water & Earth System Science
(AZ Zu 33-721.3-2) and the Helmholtz Centre for Environmental Research, Leipzig (UFZ). WESS
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UNIVERSITAT
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10 .
= Ammer (R"=0.96) - a Kérsch (R*=0.97) )
= ¢ Echaz (R*= 1.0) e = Neckar (R?=0.80) -
2 & Steinlach (R"= 0,93) A aaiPtae o Ammer springs (R*=0.92) AT
2 117 oGoldersbach (R*=0.62) & -~ -~ pring | X 4
%) Sy Ve -7 T T
T /”'?/O///A A AK T T
| - - -7 /// - -7 +
& 04 - m o T e Sy
] m TR o.-" __gimwET T
S P S At C0Q--"0 =TTT A A _-°
L SN P m__----"0
001 4--2g-"----- - © Sinn
© (@)
0.001 . . . .
1 10 . 100 1000 1 10 . 100 1000
TSS(mg ) TSS (mg 1)

Catchment |[Ammer |Korsch |Echaz Neckar |Steinlach |Ammer |Golders-
springs |bach
C.sPAH15 |5.8 + 4.6 = 3.6 1.9 = 1.7 = 0.84 + |0.25 =
(mgkg") 0.3 0.3 0.1 0.5 0.2 0.2 0.1

Grathwohl et al., 2012
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RN Source of PCB: Diffuse Pollution
.
° m
5 -
a A
2 4
B0 T ®m Ammer
E; © { Echaz
g3 8 Neckar (4)
+Neckar (3)
21 o F + A Steinlach
O Goldersbach
o A Korsch
g; X Blautopf
0 1 ] ] 1 |
0,0 0,5 1,0 1,5 2,0 2.5

Inhabitants ,,TSS* (inh s mg?)

C,, . a representative average correlating well with population density
per mass flux of suspended particles in the catchment (Inh/MTSS).

(G rathwohl et al., 201 2, Smeltted) WE SS Water & Earth System Science
Competence Cluster
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Contrasting catchments
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*  stream water sampling location £ Plochingen
O sediment sampling location —"}*‘ﬁf\“-f N«
B forest = P\ _[, \)i2<
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urban areas Kérsch ==

Ammer springs .
+ catchments in

LV 4 Goldersbach ‘/' the Bode area
S0 A, (},b
T b L . Q
o :__é&v _,,,__‘\. Tubingen VB
Ammer§a_ - 7 = b .
—_'_—’ \\-_\__.L_L 6&-' ,‘.J"- Y -0
i ==
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d SF_ ; ; Echaz
/\/\/\./\J]/J\J :.'-)_J {\Q"Sa A L\
Steinlach { fie > g
. 024 8 12
S w — LONECIS
WESS is supported by the Ministry of Science, Research and Arts Baden-Wurttemberg ESS Water & Earth System Science
(AZ Zu 33-721.3-2) and the Helmholtz Centre for Environmental Research, Leipzig (UFZ). ~ ‘ Competence Cluster
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Large scale and long term
catchment monitoring

Question to be answered

- How do landscapes process
contaminants?

— What is the filter, buffer and
transformation capacity of soils,
vadose zone and aquifers

Understand catchments as reactors
» Input-output mass balances
» High frequency sensor based

monitoring of indicators R e
» Time-integrated passive sampling Gt
of specific target compounds B ooy oo

» Reconcile remote sensing with
hydrological, physical and
chemical data (satellites, aircraft...)

> Develop double coupled numerical
models: Reactive flow and
transport + saturated and
unsaturated zone (+ atmosphere)
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Space integrated monitoring

Atrazine (banned since 20 years) in Ammer vs. Goldersbach vs. Steinlach

concentration (ng/l)

Aug 2010 (base flow)
14 =16 ng/|
12 W Ammer
B Goldersbach
10 M Steinlach

6 ng/l

b.d.l
| b.d.l.
-
-

l:f“ ;..,,.'_ Ammer [ industrie C ' o ' g 0o 1 3 AK‘MGW
Dec 2010 (high discharge) T Gk adaraund - prasll s — e N
14 Bl sieaung - dicht [ sweucbst fo=1 B Fe en A
I Sieaiung - locker [ Brachlang B Loutwald
12
= B Ammer
Ea 10 M Goldersbach . .
< m Steinlach =» same concentrations in base flow and
o 3 . . . .
5 6 high discharge, different in catchments
e 6
2 —- =
. . . N B - 1

ORI SIS SR SR SR SR NN S A X
&S S A S & O g S
& B P M P PSP e S e M i <5 ®

. . A\
Sampling locations °




EBERHARD KARLS

UNIVERSITAT
TIBINICGEN

Space integrated monitoring

Nitrate in Ammer vs. Goldersbach vs. Steinlach catchment:

=» same concentrations in managed land, different in

catchments

PO RO SO O DD SO S
<& 3 S PP LL PO PP LS S
B S S R i v@é@ B F
S
A\

Sampling locations ¢°

Basu, N.B., Rinaldo, A., Rao, P.S.C., Destouni, G., Jawitz, J.W., Thompson, S.E.,
Loukinova, N.V., Sivapalan, M.(2010): Nutrient loads exported from managed
catchments reveal emergent biogeochemical stationarity. Geophysical Research
Letters, 37 (23), art. no. L23404.

o "“_‘ ——
Aug 2010 (base flow) N ez A
40
35
- 30 mg/I
S 30w
E
c 25 W Ammer
'% 20 M Goldersbach
E M Steinlach
8 15
: o~
8 10 3 : oy,
s ,." ./ %0 " “!' "
[C0] Overirdisches Einzugsgebiet Ammer [ ndustrie wsios [ ™ 01 2 4Kllomele’
Dec 2010 (high discharge) S::"mfme'ww‘“”“‘wgm";mw-'{m'm'$=ww . N
40 Bl sieaung - dicht [ sweucbst Bl acetwzg B Feucttiiaichen A
Bl Siedung - locker [ Beachiand B Lautwald
35
< Catchment | Area |agricultural] Mean Mean nitrate | Annual
£ . — [km?] land discharge | concentration | nitrate load
mmer
'§, I M Goldersbach ,LZ/QL [I/S] [ﬁ'gél] [tOﬂS]
© 20
b= W Steinlach Ammer 134 50 1,080 32 1.090
H _ [0 EAMNT)
g | Steinlach | 138 | \ 20/ | 1750 | \ 9/ 497
10
° I Goldersbach| 73 0 425 3 40
®
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4m3 =

wastewater
01 treatment plai
K02
, Ko3

—W1

Selle et al., 2012

Principle Component Analysis: Ammer

PCA: Heterogeneous data sets contain valuable information on
catchment scale processes:

> 150 chemical samples (monthly samples, 11 locations) from
River Ammer were used for principal component analysis).

--> Origin/composition of river water

1 0% 40% 60% 71% 78%
ELC
e POCrcpp . S04 Atrazin
¢ Mg T urbi t(%oflf’e,?\rll-l Desethylatrazin
____________________________ e _______JjLuroimty ____ | N
+0.5 PAH HGTS y NQ3
0
e 1 E I e e e B
HCO3
_1 - -
discharge of discharge of pollution pqllutlon
treated wastewater highly mineralised during with
groundwater flood agrochemicals
discharge
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Disciplines: @? Remote sensing: Soil
Meteorology, Soil physics i rentglsture, uc o
Soil chemistry, Geophysics # R
Freshwater ecology s /

Hydrology, Hydrogeology
Environmental chemistry
Geomicrobiology

Analytical chemistry
Remote sensing

Numerical modeling
Software engineering, etc.
Compartments:
Atmosphere — plant — soil —
groundwater — surface water, |
etc..

Processes:

Flow + transport + reaction
(biotransformation,
dissolution/precipitation), etc.

DFG-Arbeitsgruppe: Infrastruktur fir
terrestrische Forschung
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Some conclusions

« Assess the quality of water resources in a comprehensive way:
Catchment scale monitoring, long term data series (early identification
of deteriorating trends), cross compartment data (land use, water
content, evapotranspiration from satellites, aircrafts, cosmic ray
probes, sensor networks, passive samplers, etc.), indicator monitoring
(sensors, passive samplers, etc.)

* Develop scenarios of future development for economical
evaluation of management options: Requires 3D numerical models
coupling flow + transport / transport + reaction and compartments soil/
vadose zone + groundwater for water balances and solute transport)

« Consider new water management activities: Water reuse, recycling
activities, new waste streams from emerging technologies (biofuel, -
char, fertilization of new crops, etc...)

* Obtain and maintain data in a way that others can use it

« Take advantage of solute data (nitrate, DOC, etc.), on line sensors
with high temporal resolution and time integrated passive samplers
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Thank you.

Contact:

Prof. Dr. Peter Grathwohl
Sigwartstr. 10
72076 Tubingen - Germany

http://www.geo.uni-tuebingen.de/en/work-groups/
applied-geosciences.html




