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Microbial degradation and other methods for accelerated degradation the Herbicide Imazapyr
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Abstract : The microbial degradation, photosensitizer-mediated photolysis, and bioceramic- accelerated
degradation of the herbicide imazapyr were investigated using four types of soil.

1. Seven strains of microorganisms isolated from the soil A and the active sludge collected from the waste water
disposal plant in CheongJu did not give any distinct degradation products in pure culture. When imazapyr (10
ppm) was incubated for 14 days with each of the 6 strains of the known bacteria, they did not produce any
noticeable products, either, suggesting that imazapyr was degraded very little by microorganisms in aqueous media.
Meanwhile, when 50 ppm of imazapyr was incubated in soil A and B for 6 months, a degradation product of m/z
279 was detected. It turned out to be 2-[{1l-carbamoyl-1,2- dimethylpropyl)carbamoyllnicotinic acid, which was
formed by the hydrolytic cleavage of the imidazolinone ring and by tautomerism. When imazapyr was exposed to
sunlight, degradation rates were 14.6% under the control and 660, 76,5, 26.7, and 90.0% in the presence of PS-1
(100 ppm), PS-1 (200 ppm), PS-2(100 ppm), and PS-3(100 ppm), respectively, and a degradation product of
m/z 149 was tentatively identified in the treatment of PS-1.

2. When soil C and D treated with bioceramic were incubated for 7 weeks, the “C-activities of “CO, evolved
were 2.03 and 1.12% of the originally applied ones, respectively, whereas those in control soils without bioceramic
were 188 and 0.82%, showing no significant differences. After 5 weeks, however, the differences in the amounts
of “CO, between the two treatments increased gradually, suggesting the bioceramic effect.
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Table 1. Physico-chemical properties of the soils used

Soil* pH(1:5) OM™ C.EC Sand Sitt Clay Texture
%  mmol(+)/kg sail %

5.6 12 1013 679 239 82 SL
5.1 24 808 606 248 146 SL
7.0 12 432 691 237 72 SL
58 149 2803 1356 720 145 SiL
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" Soil A~D were collected from Cheongwon, Cheongju,
Chincheon, and Jeju, respectively
™ Organic matter
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AHE-¥ imazapyrd] £EE 93%°1Q.29, [“C] imazapyr
(specific activity : 161 MBq/mg)E American Cyanamid
Co2 ¥H ¥% ¥t7, radiochemical puritys 986% )1
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Fig. 1. Structural formula and labelled position(*) of imazapyr [2-
{4-isopropyi-4-methyl-5-0x0-2-imidazolin-2-yl)nicotinic acid).
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7v8t3L 7]l imazapyr& 30 ppm £FL2 A& dte 0T
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iRl wigele) ARE oAl Hrleld WY A& uE
9o MM, HlA) 9 z"é 2 (NH4),S0, 18 mM, FeSO, -
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Salmonella subspecies 1G& E 88 632 Az 2 At

imazapyr®] ¥=& 10 ppmo 2 A 2Jg MM2 E7]uj=) o)
HESL 30T AFFL7|oA 23 Fo wjsidt A}
€% A& Salmonella subspecies 1G, Ochrobactrum
anthropi, Bacillus subtilis W-23, Bacillus subtilis Marburg
168(Trop(2)), Bacillus subtilis(N) IAM 1552, Pseudomonas
putida ]t}
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Table 2. GC-MSD conditions for the analysis of the degradation
products of imazapyr

Instrument  HP5890 A Series 1 Gas Chromatograph equipped with
HP5972 Series Mass Selective Detector, Hewlett
Packard, U.S.A.

Column Glass capillary column, HP-1(Cross-linked methyl

silicone gum), 25 m, L. x 0.2 mm, I.D. x 0.33 "y
film thickness

Temperature  Column : Initial temp. 150°C for 0.1 min, 15°C/min to
250°C maintained for 15 min
Injector : 220°C
Detector: 280°C
Flow rate Carrier(He) : 1 mL/min
Split vent: 7 mL/min
Septum purge: 1.5 mL/min
Injection volume 1 s

23| (photosensitizer) 0] 2|8t imazapyre| 5| =X

Imazapyr7} 3ol A3 BIE 242 sea sand A
oA photosensitizer& *2)ste] FE38] AHeS AN At
A @715 7182 15~30ColQl.em, 25000~80,000 Lux2)
AdFsol A 6417 ¢ xZ2AZ T 100 mLe) H)o]H o)
sea sand 30 g& W3 imazapyrE 1 mg HY§ I
photosensitizerg A 2]&t2] ¥ control# photosensitizer
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(PS)2 PS-1 (semiconductor catalyst, 100 ppm3 200 ppm),
PS-2 (aromatic ketone, 100 ppm) % PS-3 (synthetic
quinone, 100 ppm)& A 3L ZZd] FHF 3 mL& 7t
g F Bo] =2AAY F =30] B A8 100 mLY
acetone S 7}t Ag7IA 087 Y F oF3}E o
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o dichloromethane & RoE Wez 13 ¢ 2%
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1% formic acd 4 mLo} 8383l HPLC ¥£4& 3L
o, o] We 7|171xAL B 39 YepUh EF o] A&
£ GC-MSDZ E43jd] EsAEE #Adch

Table 3. HPLC conditions for the analysis of imazapyr

Instrument Pump : Waters, M 510
Detector : Waters, Tunable absorbance detector,
M 486

Column 15, L. x 4.6mm, ID, LC-8-DB (octyldmethyisilyl,
deactivated for basic compounds), Supeico, Inc.

ColumnTemp.  Room temp. (approx. 20 C)

Mobile phase Water : acetonitrile : formic acid : triethylamine
(80:19:1:0.3, viviviv)

Flow rate 0.8 ml/min.

Detector UV detector
(wavelength : 240 nm, range : 0.001 AUFS)

Injection volume 10 A

Chart speed 0.5 ca/min.

Bioceramic Z{7}0f| 2|8t imazapyre] Fall £Z AlE

B Age] AT 90~9%6%9 474N HALE e
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Table 4. Chemical composition of the bioceramic (BAOS-10)

Component Content(%) Component Content(%)
Sio, 50.1 TiO, 421
ALO;, 20.3 20, 1.85
Fe,0, 0.62 MnO 0.02
Ca0 6.20 P,0s 0.05
MgO 476 Ignition loss 997
K0 0.77
Na,O 1.15 Total 100.00

da % &

o|ME 3 AciZoy 28t 23

2|7 ¥ 7K 7ol st 2al

B3 gAoUZ BE imazapyrE EIs= AL B
ole 7Y Mg EIAF F o]F vAYEH Samonela
subspecies 1GE $IAI%H 6% 71X oA E9 2§ pure
cdtureE AAFFY 2 dIARMES A8 5 AU
E AdA 2 Feld 2 23 71A vl ¥ £
& APA MM, w8 827t F7ishe RLE Mo vAd
Bo g B3t He Aoz ARHAoY A& 5+ ¥
AP AL ojulx EHAHEY Fo] YF F7] fEd AL
2 AZ+gt). Daled} O Connor’+ imazapyry 7] 2 9§71
Aee] #FAdNA ¢ AL g

Bollags} Ly QHEH & metolachlor M #3115 7]
oz ¢ e Bl ddFo] nAgEe 9T FI B
e nAE9 2 (microbial consortium) ol o8 of &#
Y 4 Ytk BAFA

EAS Fof

Imazapyrg He)dtz WYE EYF 1 BEAES 79
371 98] acetoneo 2 F23e GC-MSDE EAE 2
3 29 29 3914 B uish 7o) imidazolinone ring$] 7Y
gdo] o3 FAHD m/z 2799 EHIEL AU F,
imazapyr®] F+2% imidazolinone ring®|A] C-N7t8] o2 § o]
7A5EE st ZojAA BT end formo] A7)
Zo]o} hydrogen shifte] £]3}e] tautomerd] keto fomo 2
ARHUL Aoz FAHEY. Mangels"e] Bio) 9J3H &
714 EYoA 22~24T= 127] ¥ 7HC-carboxyl-labelled
imazapyr& %8929 sandy loam clay leamel A 742}
2 A3 WAtsY 14%9 15%71 “Co,2 Wasden, 1
B3 AE2E 2-carbamoylnicotinic acid®} 4-isopropyl-4-
methyl-2-(2-pyridyl) -2-imidazolin-5-one®] A=Ak 3
et §H Lee $°9 BTl 93 32U Digitaria
sanguinalis$h Ambrosia artemisifolia, 222 2 T34
£, 459N imazapyre HAMMER 2-[(1-carbamoyl-
1,2-dimethylpropyl)carbamoyl] nicotinic acid, 2-
carbamoylnicotinic acid, 2, 3-pyridinedicarboxylic acid, Z2@}x
imidazo pyrrolopyridine =M $7x AFEL Aot
2 Yo 93N AEARY HASAAME imazapyre
2 Ay EYF EIANEES 4L EHNES §AY
& ¢ 4 99 ¥£¥ Mangels"+ pH 5 7 283 9¢
bufferst 2843 0|4 imazapyr (50 ppm)$} 7tFESE
A7 s9d v 2559 pH 5 2 79 buffersolAe
309 o)A BEHAES HE2¥ & UAZL pH 99



8 qAF - VRS

Ae ¢ =gA stegsEe] 2 W 3259 o9
A ool A FREHMEL 2-[(1-carbamoyl-1, 2-
dimethylpropyl)carbamoyl]nicotinic acidg} s}tk

~r e

“3es07

15000

m

- LL l iy T

Iy s e |5_0 149 és

Fig. 2. Total ion chromatogram(TIC) (A) of the acetone extract of
the soil treated with 50 ppm imazapyr and mass spectrum
(B) of the peak (m/z 279) on the TIC.
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Fig. 3. Possible pathway for the degradation (hydrolysis) of
imazapyr leading to the degradation product of m/z
279,2-{{1-carbamoyl-1,2-dimethylpropyl)
carbamoyl}nicotinic acid, in soil.
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Fig. 4. Effect of some photosensitizers on the photodegradation
of imazapyr.
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Fig. 5. Total ion chromatogram(TIC) (A) of the sample of PS-1-
catalyzed photodegradation of imazapyr and mass
spectrum (B) of the peak (m/z 149) on the TIC.
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Fig.6. Possible pathway for the PS-1-catalyzed photodegradation

of the herbicide imazapyr leading to the formation of 2,3-

pyridine-dicarboxylic anhydride (m/z 149)
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Fig. 7. Effect of bioceramic on the degradation of imazapyr in soil.
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