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——Introduction————————————— ——Conclusion

Glyphosate is the most frequently used herbicide worldwide, due to its ¢ A direct, derivatization-free and highly matrix tolerant CE-MS method
low toxicity to mammals, strong sorption to soil, low leakage to ground for glyphosate analysis was developed and validated for direct analysis
water, and fair biodegradability. It is doubly negatively charged at of soil sample extractes despite high contents of organic carbon.

environmentally relevant pH, forms chelate complexes, and readily sorbs ¢ Some minerals already released bound glyphosate at pH 7 (NaCl).

to soil minerals, predominantly mineral oxides via its phosphonic acid ¢ Specific phosphonate binding sites in minerals can be assumed by
moiety. To better understand glyphosate degradation, interdependencies phosphate competition.

of speciation (complexed and sorbed), bioavailability, and microbial ¢ Extraction of glyphosate from soil required strong base and phosphate.
communities must be investigated. Especially a linkage between mobility, ¢ Degradation of glyphosate to AMPA was observed, but indicates

bioavailability and microbial transformation is missing. Therefore, different kinetics, possibly dependent on bioavailability.

sequential and quantitative extractions are applied to soils and minerals, ¢ Half-lifes of glyphosate between 7 and 20 days for different time

and linked to degradation studies using different microcosms in soils. segments were determined.

Optimized soil extraction 00

* High organic carbon content requires high pH O B topsoil, <1 m _

 Phosphate addition increased glyphosate \\ = Co=0.70 % 180
extraction significantly —OH  transition zone, 1.7 m .

* Chelate complexes of divalent cations do not ( \ O v C,,=185% ' >
influence quantification O 160 >

. . . . | i O
]I:h(.)?phf’ate prec.lpltated tr|\./a.len.t cations, H N~ 13®.0H 140 >
acilitating separation and quantification IMZC O

* Highest recovery (90 %) for topsoils using 50 mM ;O . ' ~OH; : &)
NaOH and Na,HPO, O OH, 120

* Acidified extracts were injected directly and -
analyzed with CE-MS 0

* Recovery for glyphosate: 78-84 % (0.1-10 mg/kg on soil, LOD of 0.03 mg/kg) pH 12 pH 12 pH 11 pH 10

* Recovery for AMPA: 93-112 % (0.26—2.6 mg/kg on soil, LOD of 0.1 mg/kg) 200 mM 100 mM 50 mM — NaOH

100 mM Na,HPO,
—— Different glyphosate pools

\ 2 : : 80 100 120
_HO—S Sequential glyphosate extraction . — —
, N %  Extraction ratio soil:solution 1:3, 30 min agitation
= O /S' * Different extraction efficiencies indicate: NaOH+Na HPO, 50 mM
O\ 1. NaCl, pH 7: readily desorbed glyphosate, NaOH 50 mM [N
o HO /S' mobile fraction at environmental pH NaCl 50 mM [
O%P<O/H o O\ | 2. NaOH, pH 11: alkaline extractable glyphosate
O 0O /SI
O\
® NH i e . .
S /S' “Glyphosateophilic” sorption sites S 10 mg/kg of glyphosate
x \ * Significant mobile fraction at environmental &
o ® / 5 conditions only on magnetite and 2:1 silicates

© * Poor recovery from gibbsite, probably due to Al(OH), surface 0 20 40 60 80 100 120
cumulative extraction recovery (%)

Biodegradation
20 - O H (”) 9 Initial glyphosate concentration
18; A AMPA 14 HO)J\ 'NVR\OH HZN\/FESH of 15 n;g/lii, 60d% watlerdfl:cl.ed
_ - o - : pores, and sampled five
16 [ o e oy 7 A times within 56 days.
14 -__‘j‘ A . o e 135  Degradation rate of glyphosate seems to be strongly time dependent, it
[ X cannot be described by 15t or 2" order.
E" 12 O Lo oo E’ * Formation and degradation of AMPA was observed with maximum
— 10 | 1\ f..-” ““‘_:*--....,_‘___ 7 concentration at 3.6 mg/kg.
> S IR 12 % * Fast glyphosate degradation at days 0—-14 with half-life of 7 days, slow
% 5T ‘,,,’{ 0 Glyp el - _ %, degradation at days 7-56 with half-life of 23 days.
6 ,: . ~ -~ 1.order (day 1-14) k=0.15059/day - *é . lefer.ent klnet.lcs |n.d|cate: N
4 L J ‘. 1 order (day 7—56) k=0.0426/day 41 1. Shifts of microbial communities
S AN 2. Adaption of gene expression to glyphosate availability and
2 _‘é," ) = | 3. Several pools of glyphosate with different bioavailability
ol | _ | , . , . , ——#= | * Sequential extraction indicates readily bioavailable glyphosate pool
0 10 20 30 40 50  Degradation velocities and results from sequential extraction corroborate
time (d) hypothesis of limited bioavailable fractions

Universitat Tubingen - Faculty of Science; Chemistry Department — Institute of Physical and Theoretical Chemistry; Auf der Morgenstelle 18 - 72076 Tubingen -Germany

Phone: +49 7071 29-75656 - benedikt.wimmer@uni-tuebingen.de

EBERHARD KARLS ...;.;.:.;. .... ﬁ HELMHOLTZ
UNIVERSITAT S0 Universitat Stuttgart | LI || HelmholtzZentrum miincher oy | = ¢
TUBINGEN ‘E:{::::,::::::: Deutsches Forschungszentrum fiir Gesundheit und Umwelt | gz




