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Environmental Pollution is one
of the most pressing issues of

human mankind
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Poly- and per-fluoroalkyl substances
(PFAS)

Perfluoroktansulfonat (PFOS)
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Sonne, C., Bank, M.S., Jenssen, B.M., Cieseielski, T.M.,

Rinklebe, J., Lam, S.S., Hansen, M., Bossi, R., Gustavson, K.,

Dietz, R. (2023). PFAS pollution threatens ecosystems worldwide.
Science, 379. DOI: 10.1126/science.adh0934



https://webvpn.uni-wuppertal.wlan/http/0/de.wikipedia.org/wiki/Bild:PFOS-2D-skeletal.png
https://doi.org/10.1126/science.adh0934
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Particulate plastics in the environment
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Bradney, L., Wijesekara, H., Palansooriya, K.N., Obadamudalige, N., Bolan, N.S., Ok, Y.S., Rinklebe,
J., Kim, K.-H., Kirkham, M.B. (2019). Particulate plastics as a vector for toxic trace-element uptake by
aquatic and terrestrial organisms and human health risk. Environment International. 131. 104937.
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Cocktail of Contaminants

Metalls
and
Metalloids )
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Important reviews

Bolan, N. .... Rinklebe, J. (2021) Remediation of poly- and perfluoroalkyl substances (PFAS)
contaminated soils — To mobilize or to immobilize or to degrade? Journal of Hazardous
Materials 401, 123892.

Khan, S.... Rinklebe, J. (2021): Global soil pollution by toxic elements: Current status and
future perspectives on the risk assessment and remediation strategies — A review, Journal
of Hazardous Materials 417, 126039 18.

Kumar, M., ..... Rinklebe, J. (2021): Remediation of soils and sediments polluted with
polycyclic aromatic hydrocarbons: To immobilize, mobilize, or degrade? Journal of
Hazardous Materials 420, 126534 24.

Sarkar, B., ... Rinklebe, J., Ok, Y. S. (2021): Challenges and opportunities in sustainable
management of microplastics and nanoplastics in the environment. Environmental
Research, 112179

Natasha, N., .... Rinklebe, J. (2021): Influence of biochar on trace element uptake, toxicity
and detoxification in plants and associated health risks: A critical review. Critical Reviews in
Environmental Science and Technology, DOI: 10.1080/10643389.2021.1894064
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Soil Pollution and Sustainable Development Goals

SDG15: Life on land

Soil pollution and loss:

- threaten the health of plant and
animals

- reduce soil biodiversity

SDG13: Climate action

Soil pollution and loss:

- reduce soil carbon storage
potential

- result in deforestation to obtain
new farmland

SDG12: Responsible
consumption and production
Soil pollution and loss:

- make sustainable production in
agriculture difficult

SDG11: Sustainable city and
communities

Soil pollution and loss:

- results in derelict land,
environmental displacement, and
iniquitous exposure patterns
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SDG1: No poverty

Soil pollution and loss:

- reduce crop yield and income, which in
turn jeopardizes health, and reduces
cognitive and health potential

SDG2: Zero hunger

Soil pollution and loss:

- less food is produced per unit land
- limit the available land for growing
crops

SDG3: Good health and well-being
Sail pollution:

- with lead reduces children’s 1Q

- with cadmium causes kidney
dysfunction, bone disease and cancers
- with mercury causes neurological
damage

SDG6: Clean water and sanitation
Soil pollution:

- pollutes groundwater

- enters drinking water sources via
surface runoff

Hou, D., O'Connor, D., Igalavithana, A.D., Alessi, D.S., Luo, J., Tsang, D.C.W., Sparks, D.L., Yamauchi, Y.,
Rinklebe, J., Ok, Y.S. (2020): Metal contamination and bioremediation of agricultural soils for food safety and

sustainability. Nature Reviews. Earth & Environment. 1. 366-381.
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Sources and Cycle of Toxic Elements in Ecosystems

Volcanic activities release PTE: Potentially Toxic Element/s

Forest fires release PTEs liesis SRREspe

into atmosphere ' b

-

Eventually
deposit on
soil

Coal burning
release PTEs to atmosphere

,"'q Atmospheric pollution
R with Pb-based gasoline

Eventually }
deposit on
soil

Application of
pesticide/herbicide/
fungicides

L)

rrigation of PTE-rich
ground water

Leaching of PTEs
Release of PTEs to to groundwater
groundwater

P Biological, chemical
Soil parent materials or physical
(igneous & weathering

R Palansooriya et al. A critical review. 2020.
Environment International. 134. 105046.
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Spatial distribution of heavy metals
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Hou, D., O'Connor, D., Igalavithana, A.D., Alessi, D.S., Luo, J., Tsang, D.C.W., Sparks, D.L., Yamauchi, Y.,
Rinklebe, J., Ok, Y.S. (2020): Nature Reviews. Earth & Environment. 1. 366—-381.
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Main rice production regions, and the number of rice-growing seasons
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Laborte et al., 2017, Scientific Data 4, 170074
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Natural dynamic redox conditions: Paddy and floodplain soils
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Wetlands

Wetlands can serve as sinks, sources, and
transformers of pollutions and nutrients, and as
such they can have a significant impact on water

quality and ecosystem productivity in riverine and

coastal zones.
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Problem

» Wetland soils are often highly
polluted with toxic elements
> Mobilization and Transfer in
= groundwater
= plants
= food chain

> Potential risk



Evaluation of metal mobility &
risk assessment

»  Quantifying the concentrations of
trace metals

»  Determine forms of bounding

>  Field monitoring of trace metals

»  Laboratory experiments



A Range of Scales

>

<

ATOfI'\IC Molecular

- XRF - XRD
- XPS - TGA
- XAS - FTIR
Requires - DRS
synchrotron
radiation.

Adaptation of Bertsch and Hunter, 1996.

Mlcr'oscoplc Macr'oscopuc

* Enhanced
Visual
Analysis:
1. SEM
2. TEM
3. AFM

- Field Plots
- Equilibrium

Studies

- Kinetic

Studies

- Extractions

Field

» Visual/

Intuitive
Insight

- Field Plots




Study areas
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Fate of metals
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Du Laing, G.; Rinklebe,
methane - ;?0'232 J.: Vandecasteele, B.;
Tack, F.M.G. 2009. Trace
metal behaviour in
estuarine and riverine
floodplain soils and
clay T sediments: a review.
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organic matter

Science of the Total
Environment. 407. 3972-
3985.
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Metals vs. pH/E,
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Forstner, U. (1993): Int. J. Environ. Anal. Chem. 51, 5-23.
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Challenge

» Environmental conditions are changing
continuously

> Forcast of mobilization of toxic
compounds into the environment

» Mimic changing environmental
conditions
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Dynamic redox conditions

Using an automatic biogeochemical microcosm
system which enables to control redoxpotential (E,,)
(or pH) systematically and to set pre-definite redox

windows over a wide range.



Biogeochemical microcosms

I
E—
Pump and
Valve
System
\ DATA LOGGER
I =
11 Eh Control

Yu, K.; Bohme, F.; Rinklebe, J.; Neue, H.-U.; DelLaune, R.D. (2007). Major Biogeochemical
Processes in Soils. Soil Science Society of America Journal 71. 1406-1417.

Yu, K., and J. Rinklebe. (2011). Advancement in soil microcosm apparatus for biogeochemical
research. Ecological Engineering 37: 2071-2075.
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Yu, K.; Bdhme, F.: Rinklebe, J.; Neue, H.-U.: DeLaune, R.D. (2007): Major
Biogeochemical Processes in Soils. Soil Science Society of America Journal 71.
1406-1417.

Yu, K.; Rinklebe, J. (2011): Advancement in soil microcosm apparatus for
biogeochemical research. Ecological Engineering.




Biogeochemical microcosms




E, vs.As
Experiment in the lab
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Diagramm2

		1 d		1 d

		2 d		2 d

		4 d		4 d

		7 d		7 d

		9 d		9 d

		11 d		11 d

		15 d		15 d

		17 d		17 d

		22 d		22 d
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16.35
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15.25

14.15

-30.25

45.75



DOC & DON_23_7_03

		DOC & DON zur Probenahme

				DOC		DOC		DOC		DOC				DON		DON		DON		DON

		Beprobungen		1/1 A		1/1 B		1/1 C		1/1 D				1/1 A		1/1 B		1/1 C		1/1 D

		11/25/02		79.5		72.9		73.6		75.9				7.35		7.52		7.21		7.49

		11/27/02		71.55		71.4		70.7		67.7				7.57		7.84		7.83		6.98

		11/29/02		56.1		65.5		52.9		52.1				7.12		6.19		8.88		6.57

		12/2/02		54.7		52.3		50.4		49.3				6.67		7.09		6.61		6.77

		12/4/02		59.7		58.85		55.15		54.4				7.34		7.22		7.05		7.67

		12/6/02		62.1		62.9		56.2		60.9				7.03		9.04		8.94		9.66

		12/10/02		60.1		56		54.85		45.5				8.32		8.08		7.87		5.9

		12/12/02		97.7		105		128		61.9				11		11.2		11.7		10

		12/17/02		119.1		58.1		77		65.6				8.35		13.9		13.2		18.1

		Beprobungen		1/2 A		1/2 B		1/2 C		1/2 D				1/2 A		1/2 B		1/2 C		1/2 D

		11/25/02		52.7		54.7		55.7		55.4				4.67		4.87		4.66		4.83

		11/27/02		49.2		55.1		97.6		56.8				5.87		6.67		5.64		6

		11/29/02		42.6		40.2		41.4		44.7				6.06		5.73		5.81		6.12

		12/2/02		42.1		43.4		42.3		45.7				6.07		5.87		5.69		6.84

		12/4/02				nicht beprobt weil Eh nicht erreicht

		12/6/02		57.1		46.5		44.5		46.9				8.93		6.68		5.89		5.6

		12/10/02		47.5		47.6		50		58.4				5.7		5.99		5.96		8.16

		12/12/02		47.6		44.8		43.6		68.1				7.12		6.54		9.49		10.4

		12/17/02		38.1		43.5		61.6		62.6				15.1		13.1		10.4		10.8

		Beprobungen		3/1 A		3/1 B		3/1 C		3/1 D				3/1 A		3/1 B		3/1 C		3/1 D

		11/25/02		86.8		80.5		83.5		70.1				9.16		9.05		8.88		9.01

		11/27/02		72.1		66		66.3		67.5				9.36		9.31		8.7		8.7

		11/29/02		54.5		50.8		50.9		51.9				8.32		7.39		7.84		7.73

		12/2/02		51.8		49.9		47.1		50.1				8.61		8.96		9.41		9.25

		12/4/02		54.95		53.8		52.3		53.05				9.86		10.4		10.11		10.5

		12/6/02		49.3		57.3		50.1		53.9				6.49		10.3		10.2		9.45

		12/10/02		53.3		54.2		52.7		54.7				8.99		8.16		8.42		9.98

		12.12.202		54.5		50.8		50.9		51.9				8.32		7.39		7.84		7.73

		12/17/02		53.3		95.6		87.5		50.7				15.5		14.7		13.6		13.1





DOC & DON

		DOC & DON zur Probenahme

				DOC		DOC		DOC		DOC		DOC				DON		DON		DON		DON		DON

		Beprobungen		1/1 A		1/1 B		1/1 C		1/1 D		Mittelwert				1/1 A		1/1 B		1/1 C		1/1 D		Mittelwert

		11/25/02		79.5		72.9		73.6		75.9		75.475				7.35		7.52		7.21		7.49		7.39

		11/27/02		71.55		71.4		70.7		67.7		70.34				7.57		7.84		7.83		6.98		7.56

		11/29/02		56.1		65.5		52.9		52.1		56.65				7.12		6.19		8.88		6.57		7.19

		12/2/02		54.7		52.3		50.4		49.3		51.68				6.67		7.09		6.61		6.77		6.79

		12/4/02		59.7		58.85		55.15		54.4		57.03				7.34		7.22		7.05		7.67		7.32

		12/6/02		62.1		62.9		56.2		60.9		60.53				7.03		9.04		8.94		9.66		8.67

		12/10/02		60.1		56		54.85		45.5		54.11				8.32		8.08		7.87		5.9		7.54

		12/12/02		97.7		105		128		61.9		98.15				11		11.2		11.7		10		10.98

		12/17/02		119.1		58.1		77		65.6		79.95				8.35		13.9		13.2		18.1		13.39

		Beprobungen		1/2 A		1/2 B		1/2 C		1/2 D						1/2 A		1/2 B		1/2 C		1/2 D

		11/25/02		52.7		54.7		55.7		55.4		54.63				4.67		4.87		4.66		4.83		4.76

		11/27/02		49.2		55.1		97.6		56.8		64.68				5.87		6.67		5.64		6		6.05

		11/29/02		42.6		40.2		41.4		44.7		42.23				6.06		5.73		5.81		6.12		5.93

		12/2/02		42.1		43.4		42.3		45.7		43.38				6.07		5.87		5.69		6.84		6.12

		12/4/02				nicht beprobt weil Eh nicht erreicht

		12/6/02		57.1		46.5		44.5		46.9		48.75				8.93		6.68		5.89		5.6		6.78

		12/10/02		47.5		47.6		50		58.4		50.88				5.7		5.99		5.96		8.16		6.45

		12/12/02		47.6		44.8		43.6		68.1		51.03				7.12		6.54		9.49		10.4		8.39

		12/17/02		38.1		43.5		61.6		62.6		51.45				15.1		13.1		10.4		10.8		12.35

		Beprobungen		3/1 A		3/1 B		3/1 C		3/1 D						3/1 A		3/1 B		3/1 C		3/1 D

		11/25/02		86.8		80.5		83.5		70.1		80.23				9.16		9.05		8.88		9.01		9.03

		11/27/02		72.1		66		66.3		67.5		67.98				9.36		9.31		8.7		8.7		9.02

		11/29/02		54.5		50.8		50.9		51.9		52.03				8.32		7.39		7.84		7.73		7.82

		12/2/02		51.8		49.9		47.1		50.1		49.73				8.61		8.96		9.41		9.25		9.06

		12/4/02		54.95		53.8		52.3		53.05		53.53				9.86		10.4		10.11		10.5		10.22

		12/6/02		49.3		57.3		50.1		53.9		52.65				6.49		10.3		10.2		9.45		9.11

		12/10/02		53.3		54.2		52.7		54.7		53.73				8.99		8.16		8.42		9.98		8.89

		12.12.202		54.5		50.8		50.9		51.9		52.03				8.32		7.39		7.84		7.73		7.82

		12/17/02		53.3		95.6		87.5		50.7		71.78				15.5		14.7		13.6		13.1		14.23





Eh

		Redoxpotential [mV] zur Probenahme

				reale Eh-Werte zum Zeitpunkt der Probenahme										Ziel Eh

		Beprobungen		1/1 A		1/1 B		1/1 C		1/1 D		Mittelwerte		Ziel Eh		MW

		11/25/02		8		12		33		10		15.75		0		15.75

		11/27/02		137		131		170		137		143.75		150		143.75

		11/29/02		277		327		283		300		296.75		300		296.75

		12/2/02		440		445		456		445		446.5		450		446.5

		12/4/02		444		450		456		451		450.25		600		450.25

		12/6/02		305		283		303		283		293.5		300		293.5

		12/10/02		129		139		156		161		146.25		150		146.25

		12/12/02		-3		21		16		27		15.25		0		15.25

		12/17/02		-81		31		-8		-63		-30.25		<0		-30.25

		Beprobungen		1/2 A		1/2 B		1/2 C		1/2 D

		11/25/02		73		91		89		70		80.75		100		80.75

		11/27/02		255		261		249		252		254.25		250		254.25

		11/29/02		368		372		370		372		370.5		400		370.5

		12/2/02		381		388		389		385		385.75		550		385.75

		12/4/02		Eh noch nicht eingestellt										250

		12/6/02		270		263		261		266		265		250		265

		12/10/02		252		104		85		89		92.6666666667		100		92.6666666667		1/2A bleibt bei Eh 250mV konstant

		12/12/02		260		128		41		34		37.5		<100		115.75

		12/17/02		320		165		-13		-30		-21.5		<100		110.5

		Beprobungen		3/1 A		3/1 B		3/1 C		3/1 D

		11/25/02		-52		-52		-49		-18		-42.75		-50		-42.75

		11/27/02		124		96		117		117		113.5		100		113.5

		11/29/02		236		239		238		268		245.25		250		245.25

		12/2/02		417		415		396		373		400.25		400		400.25

		12/4/02		425		417		428		380		412.5		550		412.5

		12/6/02		256		245		248		258		251.75		250		251.75

		12/10/02		90		61		93		122		91.5		100		91.5

		12/12/02		-42		-42		-23		7		-25		-50		-25

		12/17/02		-119		-30		-59		-51		-64.75		<-50		-64.75





Saale 1-1

		Probenahmedatum		Eh [mV]		DOC [mg/ l]		Al [µg/ l]		Ca		Cr [µg/ l]		Fe [µg/ l]		Mn [µg/ l]		Ni [µg/ l]		Cu [µg/ l]		Zn [µg/ l]		As [µg/ l]		Cd [µg/ l]		Pb [µg/ l]		Chlorid		Sulfat [mg/ l]		Phosphat		Nitrat		Bromid

		1 d		15.75		75.475		791		22120		21.3		795		2114		60.0		196		320		29.5		6.18		16.6		21.2		35.5		1.63		0.44		0.12

		2 d		143.75		70.34		1161		28116		31.3		1187		2279		69.4		244		376		21.8		7.15		12.1		34.6		37.5		1.75		0.92		0.11

		4 d		296.75		56.65		581		24150		23.5		513		52		41.1		145		264		13.8		3.09		4.2		40.5		35.9		1.37		0.11		0.05

		7 d		446.5		51.68		506		29405		46.3		573		88		38.7		146		313		14.0		3.80		3.2		55.4		40.4		1.41		0.92		0.06

		9 d		450.25		57.03		739		29840		47.3		805		111		42.3		150		320		15.3		3.95		10.4		62.1		40.4		1.50		8.94		0.07

		11 d		293.5		60.53		1188		30347		26.7		1314		233		44.6		150		334		16.4		4.58		16.1		66.7		38.2		1.37		0.59		0.07

		15 d		146.25		54.11		688		33080		18.5		1050		2143		49.9		146		371		13.5		6.63		14.0		85.7		39.8		1.04		0.12		0.08

		17 d		15.25		98.15		719		35095		17.5		1148		3425		57.5		147		367		14.2		7.38		12.0		93.5		40.3		0.97		0.02		0.08

		22 d		-30.25		79.95		608		37734		17.1		1990		4972		54.0		114		361		45.8		7.38		15.0		110.6		39.4		0.87				0.10
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		Probenahmedatum		Eh [mV]		DOC [mg/ l]		Al [µg/ l]		Ca		Cr [µg/ l]		Fe [µg/ l]		Mn [µg/ l]		Ni [µg/ l]		Cu [µg/ l]		Zn [µg/ l]		As [µg/ l]		Cd [µg/ l]		Pb [µg/ l]		Chlorid		Sulfat		Phosphat		Nitrat		Bromid

		11/25/02		80.75		54.63		701		23520		13.5		688		377		38.2		172		175		37.9		3.46		6.2		18.0		30.0		1.10		0.61

		11/27/02		254.25		64.68		427		26218		13.3		512		301		36.7		186		136		29.2		3.07		3.8		29.7		32.0		1.47		1.75		0.03

		11/29/02		370.5		42.23		423		24225		27.5		565		28		27.1		128		131		22.0		2.06		6.8		37.1		30.6		1.17		1.81		0.02

		12/2/02		385.75		43.38		345		28180		46.5		536		41		29.7		125		137		21.3		2.34		8.8		48.3		31.2		1.40		3.34		0.03

		12/4/02

		12/6/02		265		48.75		508		30947		16.3		759		49		26.9		128		142		23.1		2.28		15.8		63.5		31.1		0.98		-0.57		0.04

		12/10/02		92.67		50.88		536		32430		12.8		690		368		27.6		116		135		19.7		2.78		9.9		77.9		31.2		0.78		0.18		0.05

		12/12/02		37.5		51.03		390		34870		11.3		540		507		29.2		114		143		18.4		2.97		7.0		82.8		30.6		0.83		0.12		0.05

		12/17/02		-21.5		51.45		455		33434		12.2		498		780		0.0		92		172		15.6		2.49		15.6		98.2		38.1		0.65		-2.13		0.08
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		Probenahmedatum		Eh [mV]		DOC [mg/ l]		Al [µg/ l]		Ca		Cr [µg/ l]		Fe [µg/ l]		Mn [µg/ l]		Ni [µg/ l]		Cu [µg/ l]		Zn [µg/ l]		As [µg/ l]		Cd [µg/ l]		Pb [µg/ l]		Chlorid		Sulfat		Phosphat		Nitrat		Bromid		DON [mg/l]

		11/25/02		-42.75		80.23		795		38267		16.8		688		2734		57.7		155		247		19.7		4.73		7.76		27.3		63.0		1.93		1.48		0.11		9.03

		11/27/02		113.5		67.98		486		34120		13.5		545		2894		53.7		160		197		13.0		4.48		1.15		32.7		63.0		1.64		1.36		0.04		9.02

		11/29/02		245.25		52.03		345		30775		12.6		353		394		40.3		111		191		10.1		2.59		-0.29		43.1		59.4		1.54		0.14		0.04		7.82

		12/2/02		400.25		49.73		289		42780		27.8		323		46		30.4		104		206		10.2		2.30		1.53		57.9		65.1		1.68		6.65		0.07		9.06

		12/4/02		412.5		53.53		357		42040		27.7		363		55		29.8		108		211		10.1		2.44		4.05		68.2		67.1		1.41		12.05		0.07		10.22

		12/6/02		251.75		52.65		326		41172		12.2		349		117		33.6		110		217		9.6		2.70		6.41		74.6		65.3		1.38		-0.79		0.07		9.11

		12/10/02		91.5		53.73		391		42830		9.8		388		2073		40.1		109		211		7.8		3.95		4.44		92.8		66.5		1.07		0.19		0.09		8.89

		12/12/02		-25		52.03		439		43470		9.9		520		3500		42.2		101		207		8.5		4.50		3.99		101.9		67.3		1.02		0.02		0.09		7.82

		12/17/02		-64.75		71.78		395		47234		9.8		1570		4897		26.0		74		234		33.2		4.68		4.03		113.7		56.7		0.95		-2.31		0.08		14.23
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Diagramm5
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DOC & DON_23_7_03

		DOC & DON zur Probenahme

				DOC		DOC		DOC		DOC				DON		DON		DON		DON

		Beprobungen		1/1 A		1/1 B		1/1 C		1/1 D				1/1 A		1/1 B		1/1 C		1/1 D

		11/25/02		79.5		72.9		73.6		75.9				7.35		7.52		7.21		7.49

		11/27/02		71.55		71.4		70.7		67.7				7.57		7.84		7.83		6.98

		11/29/02		56.1		65.5		52.9		52.1				7.12		6.19		8.88		6.57

		12/2/02		54.7		52.3		50.4		49.3				6.67		7.09		6.61		6.77

		12/4/02		59.7		58.85		55.15		54.4				7.34		7.22		7.05		7.67

		12/6/02		62.1		62.9		56.2		60.9				7.03		9.04		8.94		9.66

		12/10/02		60.1		56		54.85		45.5				8.32		8.08		7.87		5.9

		12/12/02		97.7		105		128		61.9				11		11.2		11.7		10

		12/17/02		119.1		58.1		77		65.6				8.35		13.9		13.2		18.1

		Beprobungen		1/2 A		1/2 B		1/2 C		1/2 D				1/2 A		1/2 B		1/2 C		1/2 D

		11/25/02		52.7		54.7		55.7		55.4				4.67		4.87		4.66		4.83

		11/27/02		49.2		55.1		97.6		56.8				5.87		6.67		5.64		6

		11/29/02		42.6		40.2		41.4		44.7				6.06		5.73		5.81		6.12

		12/2/02		42.1		43.4		42.3		45.7				6.07		5.87		5.69		6.84

		12/4/02				nicht beprobt weil Eh nicht erreicht

		12/6/02		57.1		46.5		44.5		46.9				8.93		6.68		5.89		5.6

		12/10/02		47.5		47.6		50		58.4				5.7		5.99		5.96		8.16

		12/12/02		47.6		44.8		43.6		68.1				7.12		6.54		9.49		10.4

		12/17/02		38.1		43.5		61.6		62.6				15.1		13.1		10.4		10.8

		Beprobungen		3/1 A		3/1 B		3/1 C		3/1 D				3/1 A		3/1 B		3/1 C		3/1 D

		11/25/02		86.8		80.5		83.5		70.1				9.16		9.05		8.88		9.01

		11/27/02		72.1		66		66.3		67.5				9.36		9.31		8.7		8.7

		11/29/02		54.5		50.8		50.9		51.9				8.32		7.39		7.84		7.73

		12/2/02		51.8		49.9		47.1		50.1				8.61		8.96		9.41		9.25

		12/4/02		54.95		53.8		52.3		53.05				9.86		10.4		10.11		10.5

		12/6/02		49.3		57.3		50.1		53.9				6.49		10.3		10.2		9.45

		12/10/02		53.3		54.2		52.7		54.7				8.99		8.16		8.42		9.98

		12.12.202		54.5		50.8		50.9		51.9				8.32		7.39		7.84		7.73

		12/17/02		53.3		95.6		87.5		50.7				15.5		14.7		13.6		13.1





DOC & DON

		DOC & DON zur Probenahme

				DOC		DOC		DOC		DOC		DOC				DON		DON		DON		DON		DON

		Beprobungen		1/1 A		1/1 B		1/1 C		1/1 D		Mittelwert				1/1 A		1/1 B		1/1 C		1/1 D		Mittelwert

		11/25/02		79.5		72.9		73.6		75.9		75.475				7.35		7.52		7.21		7.49		7.39

		11/27/02		71.55		71.4		70.7		67.7		70.34				7.57		7.84		7.83		6.98		7.56

		11/29/02		56.1		65.5		52.9		52.1		56.65				7.12		6.19		8.88		6.57		7.19

		12/2/02		54.7		52.3		50.4		49.3		51.68				6.67		7.09		6.61		6.77		6.79

		12/4/02		59.7		58.85		55.15		54.4		57.03				7.34		7.22		7.05		7.67		7.32

		12/6/02		62.1		62.9		56.2		60.9		60.53				7.03		9.04		8.94		9.66		8.67

		12/10/02		60.1		56		54.85		45.5		54.11				8.32		8.08		7.87		5.9		7.54

		12/12/02		97.7		105		128		61.9		98.15				11		11.2		11.7		10		10.98

		12/17/02		119.1		58.1		77		65.6		79.95				8.35		13.9		13.2		18.1		13.39

		Beprobungen		1/2 A		1/2 B		1/2 C		1/2 D						1/2 A		1/2 B		1/2 C		1/2 D

		11/25/02		52.7		54.7		55.7		55.4		54.63				4.67		4.87		4.66		4.83		4.76

		11/27/02		49.2		55.1		97.6		56.8		64.68				5.87		6.67		5.64		6		6.05

		11/29/02		42.6		40.2		41.4		44.7		42.23				6.06		5.73		5.81		6.12		5.93

		12/2/02		42.1		43.4		42.3		45.7		43.38				6.07		5.87		5.69		6.84		6.12

		12/4/02				nicht beprobt weil Eh nicht erreicht

		12/6/02		57.1		46.5		44.5		46.9		48.75				8.93		6.68		5.89		5.6		6.78

		12/10/02		47.5		47.6		50		58.4		50.88				5.7		5.99		5.96		8.16		6.45

		12/12/02		47.6		44.8		43.6		68.1		51.03				7.12		6.54		9.49		10.4		8.39

		12/17/02		38.1		43.5		61.6		62.6		51.45				15.1		13.1		10.4		10.8		12.35

		Beprobungen		3/1 A		3/1 B		3/1 C		3/1 D						3/1 A		3/1 B		3/1 C		3/1 D

		11/25/02		86.8		80.5		83.5		70.1		80.23				9.16		9.05		8.88		9.01		9.03

		11/27/02		72.1		66		66.3		67.5		67.98				9.36		9.31		8.7		8.7		9.02

		11/29/02		54.5		50.8		50.9		51.9		52.03				8.32		7.39		7.84		7.73		7.82

		12/2/02		51.8		49.9		47.1		50.1		49.73				8.61		8.96		9.41		9.25		9.06

		12/4/02		54.95		53.8		52.3		53.05		53.53				9.86		10.4		10.11		10.5		10.22

		12/6/02		49.3		57.3		50.1		53.9		52.65				6.49		10.3		10.2		9.45		9.11

		12/10/02		53.3		54.2		52.7		54.7		53.73				8.99		8.16		8.42		9.98		8.89

		12.12.202		54.5		50.8		50.9		51.9		52.03				8.32		7.39		7.84		7.73		7.82

		12/17/02		53.3		95.6		87.5		50.7		71.78				15.5		14.7		13.6		13.1		14.23





Eh

		Redoxpotential [mV] zur Probenahme

				reale Eh-Werte zum Zeitpunkt der Probenahme										Ziel Eh

		Beprobungen		1/1 A		1/1 B		1/1 C		1/1 D		Mittelwerte		Ziel Eh		MW

		11/25/02		8		12		33		10		15.75		0		15.75

		11/27/02		137		131		170		137		143.75		150		143.75

		11/29/02		277		327		283		300		296.75		300		296.75

		12/2/02		440		445		456		445		446.5		450		446.5

		12/4/02		444		450		456		451		450.25		600		450.25

		12/6/02		305		283		303		283		293.5		300		293.5

		12/10/02		129		139		156		161		146.25		150		146.25

		12/12/02		-3		21		16		27		15.25		0		15.25

		12/17/02		-81		31		-8		-63		-30.25		<0		-30.25

		Beprobungen		1/2 A		1/2 B		1/2 C		1/2 D

		11/25/02		73		91		89		70		80.75		100		80.75

		11/27/02		255		261		249		252		254.25		250		254.25

		11/29/02		368		372		370		372		370.5		400		370.5

		12/2/02		381		388		389		385		385.75		550		385.75

		12/4/02		Eh noch nicht eingestellt										250

		12/6/02		270		263		261		266		265		250		265

		12/10/02		252		104		85		89		92.6666666667		100		92.6666666667		1/2A bleibt bei Eh 250mV konstant

		12/12/02		260		128		41		34		37.5		<100		115.75

		12/17/02		320		165		-13		-30		-21.5		<100		110.5

		Beprobungen		3/1 A		3/1 B		3/1 C		3/1 D

		11/25/02		-52		-52		-49		-18		-42.75		-50		-42.75

		11/27/02		124		96		117		117		113.5		100		113.5

		11/29/02		236		239		238		268		245.25		250		245.25

		12/2/02		417		415		396		373		400.25		400		400.25

		12/4/02		425		417		428		380		412.5		550		412.5

		12/6/02		256		245		248		258		251.75		250		251.75

		12/10/02		90		61		93		122		91.5		100		91.5

		12/12/02		-42		-42		-23		7		-25		-50		-25

		12/17/02		-119		-30		-59		-51		-64.75		<-50		-64.75





Saale 1-1

		Probenahmedatum		Eh [mV]		DOC [mg/ l]		Al [µg/ l]		Ca		Cr [µg/ l]		Fe [µg/ l]		Mn [µg/ l]		Ni [µg/ l]		Cu [µg/ l]		Zn [µg/ l]		As [µg/ l]		Cd [µg/ l]		Pb [µg/ l]		Chlorid		Sulfat [mg/ l]		Phosphat		Nitrat		Bromid

		1 d		15.75		75.475		791		22120		21.3		795		2114		60.0		196		320		29.5		6.18		16.6		21.2		35.5		1.63		0.44		0.12

		2 d		143.75		70.34		1161		28116		31.3		1187		2279		69.4		244		376		21.8		7.15		12.1		34.6		37.5		1.75		0.92		0.11

		4 d		296.75		56.65		581		24150		23.5		513		52		41.1		145		264		13.8		3.09		4.2		40.5		35.9		1.37		0.11		0.05

		7 d		446.5		51.68		506		29405		46.3		573		88		38.7		146		313		14.0		3.80		3.2		55.4		40.4		1.41		0.92		0.06

		9 d		450.25		57.03		739		29840		47.3		805		111		42.3		150		320		15.3		3.95		10.4		62.1		40.4		1.50		8.94		0.07

		11 d		293.5		60.53		1188		30347		26.7		1314		233		44.6		150		334		16.4		4.58		16.1		66.7		38.2		1.37		0.59		0.07

		15 d		146.25		54.11		688		33080		18.5		1050		2143		49.9		146		371		13.5		6.63		14.0		85.7		39.8		1.04		0.12		0.08

		17 d		15.25		98.15		719		35095		17.5		1148		3425		57.5		147		367		14.2		7.38		12.0		93.5		40.3		0.97		0.02		0.08

		22 d		-30.25		79.95		608		37734		17.1		1990		4972		54.0		114		361		45.8		7.38		15.0		110.6		39.4		0.87				0.10
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		Probenahmedatum		Eh [mV]		DOC [mg/ l]		Al [µg/ l]		Ca		Cr [µg/ l]		Fe [µg/ l]		Mn [µg/ l]		Ni [µg/ l]		Cu [µg/ l]		Zn [µg/ l]		As [µg/ l]		Cd [µg/ l]		Pb [µg/ l]		Chlorid		Sulfat		Phosphat		Nitrat		Bromid

		11/25/02		80.75		54.63		701		23520		13.5		688		377		38.2		172		175		37.9		3.46		6.2		18.0		30.0		1.10		0.61

		11/27/02		254.25		64.68		427		26218		13.3		512		301		36.7		186		136		29.2		3.07		3.8		29.7		32.0		1.47		1.75		0.03

		11/29/02		370.5		42.23		423		24225		27.5		565		28		27.1		128		131		22.0		2.06		6.8		37.1		30.6		1.17		1.81		0.02

		12/2/02		385.75		43.38		345		28180		46.5		536		41		29.7		125		137		21.3		2.34		8.8		48.3		31.2		1.40		3.34		0.03

		12/4/02

		12/6/02		265		48.75		508		30947		16.3		759		49		26.9		128		142		23.1		2.28		15.8		63.5		31.1		0.98		-0.57		0.04

		12/10/02		92.67		50.88		536		32430		12.8		690		368		27.6		116		135		19.7		2.78		9.9		77.9		31.2		0.78		0.18		0.05

		12/12/02		37.5		51.03		390		34870		11.3		540		507		29.2		114		143		18.4		2.97		7.0		82.8		30.6		0.83		0.12		0.05

		12/17/02		-21.5		51.45		455		33434		12.2		498		780		0.0		92		172		15.6		2.49		15.6		98.2		38.1		0.65		-2.13		0.08
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		Probenahmedatum		Eh [mV]		DOC [mg/ l]		Al [µg/ l]		Ca		Cr [µg/ l]		Fe [µg/ l]		Mn [µg/ l]		Ni [µg/ l]		Cu [µg/ l]		Zn [µg/ l]		As [µg/ l]		Cd [µg/ l]		Pb [µg/ l]		Chlorid		Sulfat		Phosphat		Nitrat		Bromid		DON [mg/l]

		1 d		-42.75		80.23		795		38267		16.8		688		2734		57.7		155		247		19.7		4.73		7.76		27.3		63.0		1.93		1.48		0.11		9.03

		2 d		113.5		67.98		486		34120		13.5		545		2894		53.7		160		197		13.0		4.48		1.15		32.7		63.0		1.64		1.36		0.04		9.02

		4 d		245.25		52.03		345		30775		12.6		353		394		40.3		111		191		10.1		2.59		-0.29		43.1		59.4		1.54		0.14		0.04		7.82

		7 d		400.25		49.73		289		42780		27.8		323		46		30.4		104		206		10.2		2.30		1.53		57.9		65.1		1.68		6.65		0.07		9.06

		9 d		412.5		53.53		357		42040		27.7		363		55		29.8		108		211		10.1		2.44		4.05		68.2		67.1		1.41		12.05		0.07		10.22

		11 d		251.75		52.65		326		41172		12.2		349		117		33.6		110		217		9.6		2.70		6.41		74.6		65.3		1.38		-0.79		0.07		9.11

		15 d		91.5		53.73		391		42830		9.8		388		2073		40.1		109		211		7.8		3.95		4.44		92.8		66.5		1.07		0.19		0.09		8.89

		17 d		-25		52.03		439		43470		9.9		520		3500		42.2		101		207		8.5		4.50		3.99		101.9		67.3		1.02		0.02		0.09		7.82

		22 d		-64.75		71.78		395		47234		9.8		1570		4897		26.0		74		234		33.2		4.68		4.03		113.7		56.7		0.95		-2.31		0.08		14.23
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Diagramm3

		1 d		1 d

		2 d		2 d

		4 d		4 d

		7 d		7 d

		9 d		9 d

		11 d		11 d

		15 d		15 d

		17 d		17 d

		22 d		22 d
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DOC & DON_23_7_03

		DOC & DON zur Probenahme

				DOC		DOC		DOC		DOC				DON		DON		DON		DON

		Beprobungen		1/1 A		1/1 B		1/1 C		1/1 D				1/1 A		1/1 B		1/1 C		1/1 D

		11/25/02		79.5		72.9		73.6		75.9				7.35		7.52		7.21		7.49

		11/27/02		71.55		71.4		70.7		67.7				7.57		7.84		7.83		6.98

		11/29/02		56.1		65.5		52.9		52.1				7.12		6.19		8.88		6.57

		12/2/02		54.7		52.3		50.4		49.3				6.67		7.09		6.61		6.77

		12/4/02		59.7		58.85		55.15		54.4				7.34		7.22		7.05		7.67

		12/6/02		62.1		62.9		56.2		60.9				7.03		9.04		8.94		9.66

		12/10/02		60.1		56		54.85		45.5				8.32		8.08		7.87		5.9

		12/12/02		97.7		105		128		61.9				11		11.2		11.7		10

		12/17/02		119.1		58.1		77		65.6				8.35		13.9		13.2		18.1

		Beprobungen		1/2 A		1/2 B		1/2 C		1/2 D				1/2 A		1/2 B		1/2 C		1/2 D

		11/25/02		52.7		54.7		55.7		55.4				4.67		4.87		4.66		4.83

		11/27/02		49.2		55.1		97.6		56.8				5.87		6.67		5.64		6

		11/29/02		42.6		40.2		41.4		44.7				6.06		5.73		5.81		6.12

		12/2/02		42.1		43.4		42.3		45.7				6.07		5.87		5.69		6.84

		12/4/02				nicht beprobt weil Eh nicht erreicht

		12/6/02		57.1		46.5		44.5		46.9				8.93		6.68		5.89		5.6

		12/10/02		47.5		47.6		50		58.4				5.7		5.99		5.96		8.16

		12/12/02		47.6		44.8		43.6		68.1				7.12		6.54		9.49		10.4

		12/17/02		38.1		43.5		61.6		62.6				15.1		13.1		10.4		10.8

		Beprobungen		3/1 A		3/1 B		3/1 C		3/1 D				3/1 A		3/1 B		3/1 C		3/1 D

		11/25/02		86.8		80.5		83.5		70.1				9.16		9.05		8.88		9.01

		11/27/02		72.1		66		66.3		67.5				9.36		9.31		8.7		8.7

		11/29/02		54.5		50.8		50.9		51.9				8.32		7.39		7.84		7.73

		12/2/02		51.8		49.9		47.1		50.1				8.61		8.96		9.41		9.25

		12/4/02		54.95		53.8		52.3		53.05				9.86		10.4		10.11		10.5

		12/6/02		49.3		57.3		50.1		53.9				6.49		10.3		10.2		9.45

		12/10/02		53.3		54.2		52.7		54.7				8.99		8.16		8.42		9.98

		12.12.202		54.5		50.8		50.9		51.9				8.32		7.39		7.84		7.73

		12/17/02		53.3		95.6		87.5		50.7				15.5		14.7		13.6		13.1





DOC & DON

		DOC & DON zur Probenahme

				DOC		DOC		DOC		DOC		DOC				DON		DON		DON		DON		DON

		Beprobungen		1/1 A		1/1 B		1/1 C		1/1 D		Mittelwert				1/1 A		1/1 B		1/1 C		1/1 D		Mittelwert

		11/25/02		79.5		72.9		73.6		75.9		75.475				7.35		7.52		7.21		7.49		7.39

		11/27/02		71.55		71.4		70.7		67.7		70.34				7.57		7.84		7.83		6.98		7.56

		11/29/02		56.1		65.5		52.9		52.1		56.65				7.12		6.19		8.88		6.57		7.19

		12/2/02		54.7		52.3		50.4		49.3		51.68				6.67		7.09		6.61		6.77		6.79

		12/4/02		59.7		58.85		55.15		54.4		57.03				7.34		7.22		7.05		7.67		7.32

		12/6/02		62.1		62.9		56.2		60.9		60.53				7.03		9.04		8.94		9.66		8.67

		12/10/02		60.1		56		54.85		45.5		54.11				8.32		8.08		7.87		5.9		7.54

		12/12/02		97.7		105		128		61.9		98.15				11		11.2		11.7		10		10.98

		12/17/02		119.1		58.1		77		65.6		79.95				8.35		13.9		13.2		18.1		13.39

		Beprobungen		1/2 A		1/2 B		1/2 C		1/2 D						1/2 A		1/2 B		1/2 C		1/2 D

		11/25/02		52.7		54.7		55.7		55.4		54.63				4.67		4.87		4.66		4.83		4.76

		11/27/02		49.2		55.1		97.6		56.8		64.68				5.87		6.67		5.64		6		6.05

		11/29/02		42.6		40.2		41.4		44.7		42.23				6.06		5.73		5.81		6.12		5.93

		12/2/02		42.1		43.4		42.3		45.7		43.38				6.07		5.87		5.69		6.84		6.12

		12/4/02				nicht beprobt weil Eh nicht erreicht

		12/6/02		57.1		46.5		44.5		46.9		48.75				8.93		6.68		5.89		5.6		6.78

		12/10/02		47.5		47.6		50		58.4		50.88				5.7		5.99		5.96		8.16		6.45

		12/12/02		47.6		44.8		43.6		68.1		51.03				7.12		6.54		9.49		10.4		8.39

		12/17/02		38.1		43.5		61.6		62.6		51.45				15.1		13.1		10.4		10.8		12.35

		Beprobungen		3/1 A		3/1 B		3/1 C		3/1 D						3/1 A		3/1 B		3/1 C		3/1 D

		11/25/02		86.8		80.5		83.5		70.1		80.23				9.16		9.05		8.88		9.01		9.03

		11/27/02		72.1		66		66.3		67.5		67.98				9.36		9.31		8.7		8.7		9.02

		11/29/02		54.5		50.8		50.9		51.9		52.03				8.32		7.39		7.84		7.73		7.82

		12/2/02		51.8		49.9		47.1		50.1		49.73				8.61		8.96		9.41		9.25		9.06

		12/4/02		54.95		53.8		52.3		53.05		53.53				9.86		10.4		10.11		10.5		10.22

		12/6/02		49.3		57.3		50.1		53.9		52.65				6.49		10.3		10.2		9.45		9.11

		12/10/02		53.3		54.2		52.7		54.7		53.73				8.99		8.16		8.42		9.98		8.89

		12.12.202		54.5		50.8		50.9		51.9		52.03				8.32		7.39		7.84		7.73		7.82

		12/17/02		53.3		95.6		87.5		50.7		71.78				15.5		14.7		13.6		13.1		14.23





Eh

		Redoxpotential [mV] zur Probenahme

				reale Eh-Werte zum Zeitpunkt der Probenahme										Ziel Eh

		Beprobungen		1/1 A		1/1 B		1/1 C		1/1 D		Mittelwerte		Ziel Eh		MW

		11/25/02		8		12		33		10		15.75		0		15.75

		11/27/02		137		131		170		137		143.75		150		143.75

		11/29/02		277		327		283		300		296.75		300		296.75

		12/2/02		440		445		456		445		446.5		450		446.5

		12/4/02		444		450		456		451		450.25		600		450.25

		12/6/02		305		283		303		283		293.5		300		293.5

		12/10/02		129		139		156		161		146.25		150		146.25

		12/12/02		-3		21		16		27		15.25		0		15.25

		12/17/02		-81		31		-8		-63		-30.25		<0		-30.25

		Beprobungen		1/2 A		1/2 B		1/2 C		1/2 D

		11/25/02		73		91		89		70		80.75		100		80.75

		11/27/02		255		261		249		252		254.25		250		254.25

		11/29/02		368		372		370		372		370.5		400		370.5

		12/2/02		381		388		389		385		385.75		550		385.75

		12/4/02		Eh noch nicht eingestellt										250

		12/6/02		270		263		261		266		265		250		265

		12/10/02		252		104		85		89		92.6666666667		100		92.6666666667		1/2A bleibt bei Eh 250mV konstant

		12/12/02		260		128		41		34		37.5		<100		115.75

		12/17/02		320		165		-13		-30		-21.5		<100		110.5

		Beprobungen		3/1 A		3/1 B		3/1 C		3/1 D

		11/25/02		-52		-52		-49		-18		-42.75		-50		-42.75

		11/27/02		124		96		117		117		113.5		100		113.5

		11/29/02		236		239		238		268		245.25		250		245.25

		12/2/02		417		415		396		373		400.25		400		400.25

		12/4/02		425		417		428		380		412.5		550		412.5

		12/6/02		256		245		248		258		251.75		250		251.75

		12/10/02		90		61		93		122		91.5		100		91.5

		12/12/02		-42		-42		-23		7		-25		-50		-25

		12/17/02		-119		-30		-59		-51		-64.75		<-50		-64.75





Saale 1-1

		Probenahmedatum		Eh [mV]		DOC [mg/ l]		Al [µg/ l]		Ca		Cr [µg/ l]		Fe [µg/ l]		Mn [µg/ l]		Ni [µg/ l]		Cu [µg/ l]		Zn [µg/ l]		As [µg/ l]		Cd [µg/ l]		Pb [µg/ l]		Chlorid		Sulfat [mg/ l]		Phosphat		Nitrat		Bromid

		1 d		15.75		75.475		791		22120		21.3		795		2114		60.0		196		320		29.5		6.18		16.6		21.2		35.5		1.63		0.44		0.12

		2 d		143.75		70.34		1161		28116		31.3		1187		2279		69.4		244		376		21.8		7.15		12.1		34.6		37.5		1.75		0.92		0.11

		4 d		296.75		56.65		581		24150		23.5		513		52		41.1		145		264		13.8		3.09		4.2		40.5		35.9		1.37		0.11		0.05

		7 d		446.5		51.68		506		29405		46.3		573		88		38.7		146		313		14.0		3.80		3.2		55.4		40.4		1.41		0.92		0.06

		9 d		450.25		57.03		739		29840		47.3		805		111		42.3		150		320		15.3		3.95		10.4		62.1		40.4		1.50		8.94		0.07

		11 d		293.5		60.53		1188		30347		26.7		1314		233		44.6		150		334		16.4		4.58		16.1		66.7		38.2		1.37		0.59		0.07

		15 d		146.25		54.11		688		33080		18.5		1050		2143		49.9		146		371		13.5		6.63		14.0		85.7		39.8		1.04		0.12		0.08

		17 d		15.25		98.15		719		35095		17.5		1148		3425		57.5		147		367		14.2		7.38		12.0		93.5		40.3		0.97		0.02		0.08

		22 d		-30.25		79.95		608		37734		17.1		1990		4972		54.0		114		361		45.8		7.38		15.0		110.6		39.4		0.87				0.10
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		Probenahmedatum		Eh [mV]		DOC [mg/ l]		Al [µg/ l]		Ca		Cr [µg/ l]		Fe [µg/ l]		Mn [µg/ l]		Ni [µg/ l]		Cu [µg/ l]		Zn [µg/ l]		As [µg/ l]		Cd [µg/ l]		Pb [µg/ l]		Chlorid		Sulfat		Phosphat		Nitrat		Bromid

		11/25/02		80.75		54.63		701		23520		13.5		688		377		38.2		172		175		37.9		3.46		6.2		18.0		30.0		1.10		0.61

		11/27/02		254.25		64.68		427		26218		13.3		512		301		36.7		186		136		29.2		3.07		3.8		29.7		32.0		1.47		1.75		0.03

		11/29/02		370.5		42.23		423		24225		27.5		565		28		27.1		128		131		22.0		2.06		6.8		37.1		30.6		1.17		1.81		0.02

		12/2/02		385.75		43.38		345		28180		46.5		536		41		29.7		125		137		21.3		2.34		8.8		48.3		31.2		1.40		3.34		0.03

		12/4/02

		12/6/02		265		48.75		508		30947		16.3		759		49		26.9		128		142		23.1		2.28		15.8		63.5		31.1		0.98		-0.57		0.04

		12/10/02		92.67		50.88		536		32430		12.8		690		368		27.6		116		135		19.7		2.78		9.9		77.9		31.2		0.78		0.18		0.05

		12/12/02		37.5		51.03		390		34870		11.3		540		507		29.2		114		143		18.4		2.97		7.0		82.8		30.6		0.83		0.12		0.05

		12/17/02		-21.5		51.45		455		33434		12.2		498		780		0.0		92		172		15.6		2.49		15.6		98.2		38.1		0.65		-2.13		0.08
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		Probenahmedatum		Eh [mV]		DOC [mg/ l]		Al [µg/ l]		Ca		Cr [µg/ l]		Fe [µg/ l]		Mn [µg/ l]		Ni [µg/ l]		Cu [µg/ l]		Zn [µg/ l]		As [µg/ l]		Cd [µg/ l]		Pb [µg/ l]		Chlorid		Sulfat		Phosphat		Nitrat		Bromid		DON [mg/l]

		1 d		-42.75		80.23		795		38267		16.8		688		2734		57.7		155		247		19.7		4.73		7.76		27.3		63.0		1.93		1.48		0.11		9.03

		2 d		113.5		67.98		486		34120		13.5		545		2894		53.7		160		197		13.0		4.48		1.15		32.7		63.0		1.64		1.36		0.04		9.02

		4 d		245.25		52.03		345		30775		12.6		353		394		40.3		111		191		10.1		2.59		-0.29		43.1		59.4		1.54		0.14		0.04		7.82

		7 d		400.25		49.73		289		42780		27.8		323		46		30.4		104		206		10.2		2.30		1.53		57.9		65.1		1.68		6.65		0.07		9.06

		9 d		412.5		53.53		357		42040		27.7		363		55		29.8		108		211		10.1		2.44		4.05		68.2		67.1		1.41		12.05		0.07		10.22

		11 d		251.75		52.65		326		41172		12.2		349		117		33.6		110		217		9.6		2.70		6.41		74.6		65.3		1.38		-0.79		0.07		9.11

		15 d		91.5		53.73		391		42830		9.8		388		2073		40.1		109		211		7.8		3.95		4.44		92.8		66.5		1.07		0.19		0.09		8.89

		17 d		-25		52.03		439		43470		9.9		520		3500		42.2		101		207		8.5		4.50		3.99		101.9		67.3		1.02		0.02		0.09		7.82

		22 d		-64.75		71.78		395		47234		9.8		1570		4897		26.0		74		234		33.2		4.68		4.03		113.7		56.7		0.95		-2.31		0.08		14.23
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Diagramm2

		1 d

		2 d

		4 d

		7 d

		9 d

		11 d

		15 d

		17 d

		22 d



Eh [mV]

-42.75

113.5

245.25

400.25

412.5

251.75

91.5

-25

-64.75



DOC & DON_23_7_03

		DOC & DON zur Probenahme

				DOC		DOC		DOC		DOC				DON		DON		DON		DON

		Beprobungen		1/1 A		1/1 B		1/1 C		1/1 D				1/1 A		1/1 B		1/1 C		1/1 D

		11/25/02		79.5		72.9		73.6		75.9				7.35		7.52		7.21		7.49

		11/27/02		71.55		71.4		70.7		67.7				7.57		7.84		7.83		6.98

		11/29/02		56.1		65.5		52.9		52.1				7.12		6.19		8.88		6.57

		12/2/02		54.7		52.3		50.4		49.3				6.67		7.09		6.61		6.77

		12/4/02		59.7		58.85		55.15		54.4				7.34		7.22		7.05		7.67

		12/6/02		62.1		62.9		56.2		60.9				7.03		9.04		8.94		9.66

		12/10/02		60.1		56		54.85		45.5				8.32		8.08		7.87		5.9

		12/12/02		97.7		105		128		61.9				11		11.2		11.7		10

		12/17/02		119.1		58.1		77		65.6				8.35		13.9		13.2		18.1

		Beprobungen		1/2 A		1/2 B		1/2 C		1/2 D				1/2 A		1/2 B		1/2 C		1/2 D

		11/25/02		52.7		54.7		55.7		55.4				4.67		4.87		4.66		4.83

		11/27/02		49.2		55.1		97.6		56.8				5.87		6.67		5.64		6

		11/29/02		42.6		40.2		41.4		44.7				6.06		5.73		5.81		6.12

		12/2/02		42.1		43.4		42.3		45.7				6.07		5.87		5.69		6.84

		12/4/02				nicht beprobt weil Eh nicht erreicht

		12/6/02		57.1		46.5		44.5		46.9				8.93		6.68		5.89		5.6

		12/10/02		47.5		47.6		50		58.4				5.7		5.99		5.96		8.16

		12/12/02		47.6		44.8		43.6		68.1				7.12		6.54		9.49		10.4

		12/17/02		38.1		43.5		61.6		62.6				15.1		13.1		10.4		10.8

		Beprobungen		3/1 A		3/1 B		3/1 C		3/1 D				3/1 A		3/1 B		3/1 C		3/1 D

		11/25/02		86.8		80.5		83.5		70.1				9.16		9.05		8.88		9.01

		11/27/02		72.1		66		66.3		67.5				9.36		9.31		8.7		8.7

		11/29/02		54.5		50.8		50.9		51.9				8.32		7.39		7.84		7.73

		12/2/02		51.8		49.9		47.1		50.1				8.61		8.96		9.41		9.25

		12/4/02		54.95		53.8		52.3		53.05				9.86		10.4		10.11		10.5

		12/6/02		49.3		57.3		50.1		53.9				6.49		10.3		10.2		9.45

		12/10/02		53.3		54.2		52.7		54.7				8.99		8.16		8.42		9.98

		12.12.202		54.5		50.8		50.9		51.9				8.32		7.39		7.84		7.73

		12/17/02		53.3		95.6		87.5		50.7				15.5		14.7		13.6		13.1





DOC & DON

		DOC & DON zur Probenahme

				DOC		DOC		DOC		DOC		DOC				DON		DON		DON		DON		DON

		Beprobungen		1/1 A		1/1 B		1/1 C		1/1 D		Mittelwert				1/1 A		1/1 B		1/1 C		1/1 D		Mittelwert

		11/25/02		79.5		72.9		73.6		75.9		75.475				7.35		7.52		7.21		7.49		7.39

		11/27/02		71.55		71.4		70.7		67.7		70.34				7.57		7.84		7.83		6.98		7.56

		11/29/02		56.1		65.5		52.9		52.1		56.65				7.12		6.19		8.88		6.57		7.19

		12/2/02		54.7		52.3		50.4		49.3		51.68				6.67		7.09		6.61		6.77		6.79

		12/4/02		59.7		58.85		55.15		54.4		57.03				7.34		7.22		7.05		7.67		7.32

		12/6/02		62.1		62.9		56.2		60.9		60.53				7.03		9.04		8.94		9.66		8.67

		12/10/02		60.1		56		54.85		45.5		54.11				8.32		8.08		7.87		5.9		7.54

		12/12/02		97.7		105		128		61.9		98.15				11		11.2		11.7		10		10.98

		12/17/02		119.1		58.1		77		65.6		79.95				8.35		13.9		13.2		18.1		13.39

		Beprobungen		1/2 A		1/2 B		1/2 C		1/2 D						1/2 A		1/2 B		1/2 C		1/2 D

		11/25/02		52.7		54.7		55.7		55.4		54.63				4.67		4.87		4.66		4.83		4.76

		11/27/02		49.2		55.1		97.6		56.8		64.68				5.87		6.67		5.64		6		6.05

		11/29/02		42.6		40.2		41.4		44.7		42.23				6.06		5.73		5.81		6.12		5.93

		12/2/02		42.1		43.4		42.3		45.7		43.38				6.07		5.87		5.69		6.84		6.12

		12/4/02				nicht beprobt weil Eh nicht erreicht

		12/6/02		57.1		46.5		44.5		46.9		48.75				8.93		6.68		5.89		5.6		6.78

		12/10/02		47.5		47.6		50		58.4		50.88				5.7		5.99		5.96		8.16		6.45

		12/12/02		47.6		44.8		43.6		68.1		51.03				7.12		6.54		9.49		10.4		8.39

		12/17/02		38.1		43.5		61.6		62.6		51.45				15.1		13.1		10.4		10.8		12.35

		Beprobungen		3/1 A		3/1 B		3/1 C		3/1 D						3/1 A		3/1 B		3/1 C		3/1 D

		11/25/02		86.8		80.5		83.5		70.1		80.23				9.16		9.05		8.88		9.01		9.03

		11/27/02		72.1		66		66.3		67.5		67.98				9.36		9.31		8.7		8.7		9.02

		11/29/02		54.5		50.8		50.9		51.9		52.03				8.32		7.39		7.84		7.73		7.82

		12/2/02		51.8		49.9		47.1		50.1		49.73				8.61		8.96		9.41		9.25		9.06

		12/4/02		54.95		53.8		52.3		53.05		53.53				9.86		10.4		10.11		10.5		10.22

		12/6/02		49.3		57.3		50.1		53.9		52.65				6.49		10.3		10.2		9.45		9.11

		12/10/02		53.3		54.2		52.7		54.7		53.73				8.99		8.16		8.42		9.98		8.89

		12.12.202		54.5		50.8		50.9		51.9		52.03				8.32		7.39		7.84		7.73		7.82

		12/17/02		53.3		95.6		87.5		50.7		71.78				15.5		14.7		13.6		13.1		14.23





Eh

		Redoxpotential [mV] zur Probenahme

				reale Eh-Werte zum Zeitpunkt der Probenahme										Ziel Eh

		Beprobungen		1/1 A		1/1 B		1/1 C		1/1 D		Mittelwerte		Ziel Eh		MW

		11/25/02		8		12		33		10		15.75		0		15.75

		11/27/02		137		131		170		137		143.75		150		143.75

		11/29/02		277		327		283		300		296.75		300		296.75

		12/2/02		440		445		456		445		446.5		450		446.5

		12/4/02		444		450		456		451		450.25		600		450.25

		12/6/02		305		283		303		283		293.5		300		293.5

		12/10/02		129		139		156		161		146.25		150		146.25

		12/12/02		-3		21		16		27		15.25		0		15.25

		12/17/02		-81		31		-8		-63		-30.25		<0		-30.25

		Beprobungen		1/2 A		1/2 B		1/2 C		1/2 D

		11/25/02		73		91		89		70		80.75		100		80.75

		11/27/02		255		261		249		252		254.25		250		254.25

		11/29/02		368		372		370		372		370.5		400		370.5

		12/2/02		381		388		389		385		385.75		550		385.75

		12/4/02		Eh noch nicht eingestellt										250

		12/6/02		270		263		261		266		265		250		265

		12/10/02		252		104		85		89		92.6666666667		100		92.6666666667		1/2A bleibt bei Eh 250mV konstant

		12/12/02		260		128		41		34		37.5		<100		115.75

		12/17/02		320		165		-13		-30		-21.5		<100		110.5

		Beprobungen		3/1 A		3/1 B		3/1 C		3/1 D

		11/25/02		-52		-52		-49		-18		-42.75		-50		-42.75

		11/27/02		124		96		117		117		113.5		100		113.5

		11/29/02		236		239		238		268		245.25		250		245.25

		12/2/02		417		415		396		373		400.25		400		400.25

		12/4/02		425		417		428		380		412.5		550		412.5

		12/6/02		256		245		248		258		251.75		250		251.75

		12/10/02		90		61		93		122		91.5		100		91.5

		12/12/02		-42		-42		-23		7		-25		-50		-25

		12/17/02		-119		-30		-59		-51		-64.75		<-50		-64.75





Saale 1-1

		Probenahmedatum		Eh [mV]		DOC [mg/ l]		Al [µg/ l]		Ca		Cr [µg/ l]		Fe [µg/ l]		Mn [µg/ l]		Ni [µg/ l]		Cu [µg/ l]		Zn [µg/ l]		As [µg/ l]		Cd [µg/ l]		Pb [µg/ l]		Chlorid		Sulfat [mg/ l]		Phosphat		Nitrat		Bromid

		1 d		15.75		75.475		791		22120		21.3		795		2114		60.0		196		320		29.5		6.18		16.6		21.2		35.5		1.63		0.44		0.12

		2 d		143.75		70.34		1161		28116		31.3		1187		2279		69.4		244		376		21.8		7.15		12.1		34.6		37.5		1.75		0.92		0.11

		4 d		296.75		56.65		581		24150		23.5		513		52		41.1		145		264		13.8		3.09		4.2		40.5		35.9		1.37		0.11		0.05

		7 d		446.5		51.68		506		29405		46.3		573		88		38.7		146		313		14.0		3.80		3.2		55.4		40.4		1.41		0.92		0.06

		9 d		450.25		57.03		739		29840		47.3		805		111		42.3		150		320		15.3		3.95		10.4		62.1		40.4		1.50		8.94		0.07

		11 d		293.5		60.53		1188		30347		26.7		1314		233		44.6		150		334		16.4		4.58		16.1		66.7		38.2		1.37		0.59		0.07

		15 d		146.25		54.11		688		33080		18.5		1050		2143		49.9		146		371		13.5		6.63		14.0		85.7		39.8		1.04		0.12		0.08

		17 d		15.25		98.15		719		35095		17.5		1148		3425		57.5		147		367		14.2		7.38		12.0		93.5		40.3		0.97		0.02		0.08

		22 d		-30.25		79.95		608		37734		17.1		1990		4972		54.0		114		361		45.8		7.38		15.0		110.6		39.4		0.87				0.10
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		Probenahmedatum		Eh [mV]		DOC [mg/ l]		Al [µg/ l]		Ca		Cr [µg/ l]		Fe [µg/ l]		Mn [µg/ l]		Ni [µg/ l]		Cu [µg/ l]		Zn [µg/ l]		As [µg/ l]		Cd [µg/ l]		Pb [µg/ l]		Chlorid		Sulfat		Phosphat		Nitrat		Bromid

		11/25/02		80.75		54.63		701		23520		13.5		688		377		38.2		172		175		37.9		3.46		6.2		18.0		30.0		1.10		0.61

		11/27/02		254.25		64.68		427		26218		13.3		512		301		36.7		186		136		29.2		3.07		3.8		29.7		32.0		1.47		1.75		0.03

		11/29/02		370.5		42.23		423		24225		27.5		565		28		27.1		128		131		22.0		2.06		6.8		37.1		30.6		1.17		1.81		0.02

		12/2/02		385.75		43.38		345		28180		46.5		536		41		29.7		125		137		21.3		2.34		8.8		48.3		31.2		1.40		3.34		0.03

		12/4/02

		12/6/02		265		48.75		508		30947		16.3		759		49		26.9		128		142		23.1		2.28		15.8		63.5		31.1		0.98		-0.57		0.04

		12/10/02		92.67		50.88		536		32430		12.8		690		368		27.6		116		135		19.7		2.78		9.9		77.9		31.2		0.78		0.18		0.05

		12/12/02		37.5		51.03		390		34870		11.3		540		507		29.2		114		143		18.4		2.97		7.0		82.8		30.6		0.83		0.12		0.05

		12/17/02		-21.5		51.45		455		33434		12.2		498		780		0.0		92		172		15.6		2.49		15.6		98.2		38.1		0.65		-2.13		0.08
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		Probenahmedatum		Eh [mV]		DOC [mg/ l]		Al [µg/ l]		Ca		Cr [µg/ l]		Fe [µg/ l]		Mn [µg/ l]		Ni [µg/ l]		Cu [µg/ l]		Zn [µg/ l]		As [µg/ l]		Cd [µg/ l]		Pb [µg/ l]		Chlorid		Sulfat		Phosphat		Nitrat		Bromid		DON [mg/l]

		1 d		-42.75		80.23		795		38267		16.8		688		2734		57.7		155		247		19.7		4.73		7.76		27.3		63.0		1.93		1.48		0.11		9.03

		2 d		113.5		67.98		486		34120		13.5		545		2894		53.7		160		197		13.0		4.48		1.15		32.7		63.0		1.64		1.36		0.04		9.02

		4 d		245.25		52.03		345		30775		12.6		353		394		40.3		111		191		10.1		2.59		-0.29		43.1		59.4		1.54		0.14		0.04		7.82

		7 d		400.25		49.73		289		42780		27.8		323		46		30.4		104		206		10.2		2.30		1.53		57.9		65.1		1.68		6.65		0.07		9.06

		9 d		412.5		53.53		357		42040		27.7		363		55		29.8		108		211		10.1		2.44		4.05		68.2		67.1		1.41		12.05		0.07		10.22

		11 d		251.75		52.65		326		41172		12.2		349		117		33.6		110		217		9.6		2.70		6.41		74.6		65.3		1.38		-0.79		0.07		9.11

		15 d		91.5		53.73		391		42830		9.8		388		2073		40.1		109		211		7.8		3.95		4.44		92.8		66.5		1.07		0.19		0.09		8.89

		17 d		-25		52.03		439		43470		9.9		520		3500		42.2		101		207		8.5		4.50		3.99		101.9		67.3		1.02		0.02		0.09		7.82

		22 d		-64.75		71.78		395		47234		9.8		1570		4897		26.0		74		234		33.2		4.68		4.03		113.7		56.7		0.95		-2.31		0.08		14.23
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E, vs. As
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Frohne, T.; Rinklebe, J.; Diaz-Bone, R.; Du Laing, G. (2011): Controlled variation
of redox conditions in a floodplain soil: impact on metal mobilisation and
biomethylation of arsenic and antimony. Geoderma. 160. 414-424.
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X-ray Absorption Near Edge
Structure (XANES) Spectroscopy
“fingerprinting”




u-SXRF Map of As-contaminated wetland soil and tri-color map
showing elemental colocation of As, Cr, Fe, and Mn.

Tri-color map
B Arsenic
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Relative concentration (fluorescence count)

LeMonte, J.J.; Stuckey, J.W.; Tappero, R.; Rinklebe, J.; Sparks, D.L. (2017): Sea level rise
induced arsenic release from historically contaminated coastal soils. Environmental Science
and Technology. 51. 5913-5922.
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The biogeochemical microcosm system

allows mechanistically studies of pollution
control processes in solls, sediments, and
waters

» Kkinetics and dynamics of trace elements
and other harmful substances

» amendments of various substances (e.g.
biochar, organoclay, carbonates) to
decrease the mobilization of pollutions
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The biogeochemical microcosm system

> Is capable to assess the mobilization of
hazardous materials released into the
environment and

» provides a wide range of applications in
environmental science and technologies
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Key papers

Du Laing, G.; Rinklebe, J.; Vandecasteele, B.; Tack, F.M.G. (2009): Trace
metal behaviour in estuarine and riverine floodplain soils and sediments: a
review. Science of the Total Environment. 407. 3972-3985.

LeMonte, J.J.; Stuckey, J.W.; Tappero, R.; Rinklebe, J.; Sparks, D.L.
(2017): Sea level rise induced arsenic release from historically
contaminated coastal soils. Environmental Science and Technology.
51. 5913-5922.

Frohne, T.; Rinklebe, J.; Diaz-Bone, R.; Du Laing, G. (2011): Controlled
variation of redox conditions in a floodplain soil: impact on metal
mobilisation and biomethylation of arsenic and antimony. Geoderma. 160.
414-424.
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Challenges for future research

> Dynamics and kinetics of trace elements
and their speciation under changing E
conditions

> Spatial and temporal resolution

> Linking microbial and chemical processes
in flooded soils & sediments
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Guidelines for authorities

>  No belittlement
» No panicmongering

» Objective & transparent
politics of information's

»  Continuous monitoring

>  Substantial research
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Important reviews

Hou, D....Rinklebe, J., Ok, Y.S. (2020): Metal contamination and bioremediation of agricultural
soils for food safety and sustainability. Nature Reviews. Earth & Environment. 1. 366—-381.

Palansooriya, K.N.... Rinklebe, J., Ok, Y.S. (2020): Soil amendments for immobilization of
potentially toxic elements in contaminated soils: A critical review. Environment International.
134. 105046.

Shaheen, S.M.; ... Rinklebe, J. (2019): Wood-based biochar for removal of potentially toxic
elements (PTEs) in water and wastewater: A critical review. International Materials Reviews.
64(4). 216-247.

Antoniadis,.. Rinklebe (2019): A critical prospective analysis of the potential toxicity of trace
element regulation limits in soils worldwide: Are they protective concerning health risk
assessment? — A review. Environment International. 127. 819-847.

Antoniadis, V....... Rinklebe, J. (2017): Trace elements in the soil-plant interface:
Phytoavailability, translocation, and phytoremediation—A Review. Earth-Science Reviews.
171. 621-645.

Beckers, F.; Rinklebe, J. (2017): Cycling of Mercury in the Environment: Sources, Fate, and
Human Health Implications - A Review. Critical Reviews in Environmental Science and
Technology. 47(9). 693-794.
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