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Introduction Effect of Mn(1\V) Oxide on Observed Rate Constants

= Safeners improve selectivity of herbicide ) "= |n Fe(ll)-amended Fe(lll) oxide, the presence of Mn(IV) oxide had an appreciable effect Qn reduction rate The presence of Mn(IV) oxide in
formulations!-3 . constants of benoxacor and furilazole (Fig. 4); no transformation observed for dichlormid Fe(ll)-amended Fe(lll) oxide
/ [ ) [ ] ] ° °
= Dichloroacetamides safeners can transform YL }A \\‘/ = As the molar ratio of Fe(ll)-to-Mn(IV) oxide increased: systems can appreciably influence
into products resembling active herbicides PPN PP PN = Observed rate constant for benoxacor increased 12-fold transformation rates of
Fig. 1),2%likely making them more biologicall “Dichlormid | CDAA I . . dichloroacetamide safeners.
Eactgive5) Y 5 BItally (Log K, = 1.84) i = QObserved rate constant for furilazole increased 2-fold
. . . . . : V) oxi
. . . /\)j* = Reduction of Mn(IV) oxide by Fe(ll) is thermodynamically favored, rendering Fe(ll) at least partially In the presence of .I\/In( ) o d,e’
= Dichloroacetamide safeners can transform via T , , , rates of Fe(ll)-mediated reduction
. . . . c' unavailable for reactions with safeners , ,
reductive dechlorination in anaerobic, abiotic . 3. b. o of dichloroacetamides can
. . 5.0E-05 - . 0E-05 - ,
systems containing Fe(ll)-amended iron : T : significantly decrease.
oxides> @E j/ @: j/ T : 2.5E-05 - :
, , Benoxacor 4.0E-05 - : T | For more accurate risk
= Manganese oxides frequently co-occur with (Log Kow -2. 70) s cE0s - | T assessment, it is important to
iron oxides and could compete with safeners | : [ 2.08-05 - T . " .
. o011 c, N — 3.0E-05 - - —~ A A consider possible trans-formations
as oxidants (Fig. 2) % ] " A A A T . . .
| | | | >( >( >( = 2.5E-05 - R - =~ 1.5E-05 - ) N A of dichloroacet-amides into
= Studies of mineral mec.allat?ld ’.cransfo.rmatlf’)ns o — 0 2 OE.05 - L d m Lo N 1 ; | A ootentially more biologically
generally do not examine “mixed-mineral | D | SE.05 - B 1.0E-05 - . 1 active monochlorinated analogues
Systems FurllaZOIE Vil | OE-05 - _ A :
. . . (Log Koy =2.12) o L] O S | 5.0E-06 - l The order in which the reactants
= Fe(ll) can co-occur with Mn(IV) oxide as soils . ductive dechlorinat ons § t OE-06 - N L | ,
X torl d (Fig. 3)10 Figure 1. Reductive dechlorination reactions for i | | | enter a system will not affect the
€ecome wateriogge g- a. dichlormid, b. benoxacor, and c. furilazole. 0.0E+00 1 1 ’ - - | 0.0E+00 A | | ! | | - f : f
: - - - 0 0.4 0.8 1.2 1.6 2 0 0.4 0.8 1.2 1.6 2 transtormation o
= PURPOSE: To determine the effect of Mn(IV) Dichlormid and benoxacor transformations - - | - o | | dichloroacetamide safeners
. : : : f reported by ref 5. Furilazole transformation is . Fe(II):!VIn(IV) Oxide Molar Ratio . Fe(II):Mn(IV) 0xm!e Molar Ratio .
oxide on the reductive dechlorination o ctulated. Logk.- values are estimates from the Figure 4. Observed transformation rate constants (k,,.) for a. benoxacor (BN) and b. furilazole (FZ) with changing molar ratio of Fe(ll) to . S
dichloroacetamide safeners [)JS EDA EPI.Suitge é);vtabase Mn(IV) oxide. Reaction conditions: [BN]. = 20 uM, [FZ]. = 20 uM, Fe(lll) oxide loading = 9 g/L, Mn(IV) oxide loading = 1 g/L, " Reductive dechlorination of
' [MOPS] =30 mM, [NaCl] =50 mM, pH 7.0. Error bars represent 95% confidence intervals. safeners can occur after

transport into surface and

Quenching by Mﬂ(lV) Oxide groundwaters
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Transformations of dichloroacetamide safeners proceeds
more slowly in the presence of Mn(IV) oxide (Fig. 5) .

= |n the absence of Mn(IV) oxide: 56% benoxacor
transformation between 4 and 50 hours

ANG v i VR = When Mn(IV) oxide was added after 4 hours: 30%
o esimated s A benoxacor transformation between 4 and 50 hours
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Figure 2. a. Manganese enrichment of soils, relative to bedrock, adapted from ref 9; b. Average annual the reductant, may effectively halt reduction of 0 |~ Hematte Only , , , , References
application of metolachlor in pounds per square mile for the years 1992 — 1995, adapted from ref 11. dichloroacetamide safener 0 10 20 et 30 40 >0
= This experiment: Mn(IV) oxide ~10% solids loading Figure 5. Comparison of the reduction of benoxacor (BN) in the|| 1. Cobb, A. H.; Reade, J. P. H. Herbicides and Plant
by mass absence of and after the addition of birnessite. Reactor EhKyS'z%lfgg”g ed.; V\J/"ec\"B'?Ck";’egz \F/)Vestt_SuSss_ex,
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2 e = Natural soils: Manganese is 10-30% of total Fe and ~ LI1T) oxic B 5 g/_[ )} 1999, 55,1043-1058. 3. Rosinger, C.; Kocher, H.
5 : . [BN]; = 20 uM, [MOPS] = 30 mM, [NaCl] = 50 mM, pH 7.0. Error Modern Crop Protection Compounds: Volume 1
& Figure 3. Co-occurrence of manganese solids Mn 0 : : _ , '
E . . . . bars represent 95% confidence intervals. Kramer, W.; Schirmer, U., Eds.; Wiley-VCH:
E (i.e., manganese OXId.e.S) and dissolved Fe(ll) n — Weinheim, Germany, 2007. 4. Tomlin, C. D. S., Ed.
g flooded 50|.Is as conditions chapge from aerobic Effect Of Reagent Addlthn Order The Pesticide Manual: A World CompendiBritish
Z to anaerobic. Time on the x-axis is in days after Crop Protection Council: Hampshire, U.K., 2009.
= flooding. Adapted from ref 10. 10 5. Sivey, J. D.; Roberts, A. L. Environ. Sci. Technol.
C’o) T V4 V4 V4 . .
" = No significant difference between safener addition as 2012, 46,2187-2195. 6. Aga, D. S.; Thurman, E. M.;
08 1 o ) Yockel, M. E.; Zimmerman, L. R.; Williams, T. D.
e ,, } N t = 0 and Fe(ll) addition as t = O (Fig. 6) Environ. Sci. Technakgs, 30,592-597. 7. Hladik,
5 ) 3 i ; ; . :E 0 . . . . M. L.; Hsiao, J. J.; Roberts, A. L. Environ. Sci. Technol.
e z = Consistent with the assumption that the surface reaction || 2005, 39,6561-6574. 8. Kolpin, D. W.; Barbash, J. E.;
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= Performed in anaerobic conditions (3% H,, 97% N.) Wsafener as t=0 - Fe(ll) addition as time zero. Reactor conditions: Fe(lll) oxide Saddle River NJ. 1997 11 Th?llirn GI . GianeSsF? ]
. o _ . Fe(ll) as t=0 S _ _ _ y N, . Lde y 3. Ty , L.
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=  Samples were centrifuged and extracted into toluene for GC/UECD analysis Time (h)



