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County Grafschaft Bentheim

number of farms 1,975 1,327 _32.8%
agricultural area [ha] 59,841 57,410 -4.1%
number of cattle 28,047 98,907 +253%
number of swine 401,704 408,652 +1.7%
number of chicken 4,267,493 5,296,578 +24.1%

Agrarstrukturerhebungen 2003 und 2012 des NLS ( Ni e d er s 2 tamdesasitc h e s
f ¢ ®tatistik) und Landesbetrieb f ¢ $tatistik und Kommunikationstechnologie
Niedersachsen (LSKN)

Y strong increase in the use
residues of biogas plants)
Y high inputs of nitrogen (NH,*, NO,", organic N)



nitrate, sulfate, iron and nickel in groundwater (well B6)
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Why do nickel concentrations increase?



Drinking Water Ordinance 2001 (amendment to the act in 2011)

nickel
Y 20 Og/ | (unt 1 | 2011: 50

nitrate
Y 50 mg/ |

sulphate
Y 250 mg/ |

Y wells in this region are
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depth [m]
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pH (CaCl,) after aerobe storage since 2009 (B14)

pH [-]

L Y extremely | ow pH (5 t
Y acid sul f arining affexted seils ¢

Y hypothesis: oxidati on
compounds

FeS, +3.50, + H,0 VY 2F+2S0,2 + 2H*

aerobe pyrite oxidation

Is Ni mobilized by the anaerobe oxidation of pyrite?
5FeS, + 14NO, + 4H*Y 5 F e 7N, + 10SO,% + 2H,0

F€0.9956N10.0020C00.0024AS0 0038 (Cremer et al. 2002)



Drilling site
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mixed sample
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fresh, anaerobe freeze-dried air-dried
N— N— N—
pH in 0.01 M CaCl, C,N,S particle-size distribution
water-soluble anions oxalate-soluble Fe and Ni (Fe,) major and minor elements (XRF)

(chloride, nitrate, sulfate) dithionite-soluble Fe and Ni (Fe,) Ni. Co, As (microwave induced
NH,NO,-soluble Fe and Ni

total digestion with HNO§/HCI/HF)

sulfide _ _
biostratigraphy

mineralogy (heavy minerals)

focus of the talk
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depth [m]

number of hits

*——— . Dboundary Quaternary i Tertiary (Neogene)

- biostratigraphy:
Pliocene [5.333 1T 2.58 age Ma]
Miocene [23.03 1 5.332 age Ma]
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depth [m]
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after air-drying and
storage since 2009

aerobe

PH 2.56é5.

anaerobe

PH 5.36é67.
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#2781
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* below limit of quality [50 mg/kg]

5FeS, + 14NO, + 4H*Y 5 Fe 7N, + 10SO,2 + 2H,0
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depth [m]

pyrite, 0.12% (Cremer et al. 2002) Fe g956Nip 0020C00.0024AS0.0038

Ni [mg kg~ Co [mg kg*] As [mg kg'l]
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pre-concentration thin polished section
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Scanning Electron Microscope (SEM) / Mineral Liberation Analysis
(MLA); energy dispersive X-ray spectroscopy (EDX), wave-length

dispersive X-ray spectroscopy (WDX)
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> 16% pyrite

Marme

Pixals

Particles

Area % v

63489 169 EETE
486196 227 2007 %
408830 454 16.96 % :
315343 36k 13.08 %
113534 44 471 %
ital 7753 35 322 %
i 73365 30 3.04 %
i 70038 48 291 %
Futi-Quartz 55283 42 2.29%
Unkmnawn 40370 134 1.67 %
Almandine 39030 14 1.62 %
REE-Ca-K-A.. 19807 B 0.82 %
Strinerite 17184 13 0.71 %
Orthoclase 15202 14 0.63 %
Alumosilicate 12334 1 0.51 %
Chramite 8261 4 0.34 %
Kaalinite G493z 2 0.29 %
Diopside 3991 1 017 %
Zircan 3974 7 0.17 %
Biotite 3697 g 0.15 %
tuscovite 2486 1 0.10 %
Hydro-Mica  |1678 2 0.07 %
Corundum 1314 1 0.06 %
Stilpnomelane | 1306 14 0.06 %
coarse-gral ned concentrate
total Ni: 5.0 mg kg'? 30



Modal Mineralogy - 11003 XBSE

< 1% pyrlte MName Pixels Particles Area %
Almandine a53705 B2 2
lImenite 550814 400
Harnhlende 4059249 325
Futile 257294 209
Schoerl 142842 a0
Quarz 138941 219
Ruti-Quartz 138620 169
B zircon 117307 103
Kyanite 103154 G5
Chloritoide B1857 45
Titanite 37332 48
Apatite 33606 31
@ 28878 40
Flagioclase ks |utey )
Muscovite 22409 41
Pyroxene-F... | 208E7 23
B Urknown 15121 79
Epidote 14539 14
Orthoclase 12726 21
Stilpnomelane | 12332 24
Diopside 11010 1
Albite 4585 22
B cromite (9404
Biotite BB53
Kaolinite B126
Alumosilicate  |9824 23
W Pyrit-Quartz 5018 24
Hydro-tMica 4635 10
Striwverite 3808 21

fine-grained concentrate 5,
total Ni: 40.4 mg kg'!



