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Behaviors of the Fungicide Procymidone in Soils
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Research & Experiment Institute, NAQS, Seoul 150-804, Korea, "Division of Environmental Sciences and Ecological

Engineering,
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ABSTRACT: This study was focused on adsorption, leaching, photolysis, and hydrolysis of the fungicide
procymidone in soils. Adsorption type of procymidone on three different soil were well fitted to Linear and
Freundlich isotherm. Distribution coefficients (Kd) were ranged from 2.75 to 12.18 and Freundlich isotherm
Kf value 1.99~9.98, 1/n value 0.74~0.89. Desorption rates were 20.1~34.0% (Namgye), 26.3~44.6%
(Jigog) and 31.6 ~50.9% (Baegsan series) and desorption hysteresis were 0.65~0.79, 0.55~0.73 and 0.49~
0.68. Procymidone seemed to be stable to photolysis in acidic and neutral solutions but hydrolyzed rapidly
in alkaline solution. Considering leaching properties procymidone mobility low in soils.
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Table 1. Physicochemical properties of procymidone™

#2 Tyurinfl 02, $44 FFE block digester® 3}
3lo] Kjeldahl ZFERA7|2 S5, AAslich ool /2
£22 1 N ammonium acetate(pH 7) % &3] AAh5F
F3¥ % A(Atomic Absorption Spectrometers)E 7§ #ol3)
ov, £ 54 Table 29 21t

E448& US EPA guideline” % Yang®, Morillo”
59 g wystol sl

121°C, 775 mmHgolA 5¥7 Bid SFHFE o83
o} 0.01 M CaCl, §4-& ZAF $ 0.1, 04, 08, 1.2 % 2.0
mg/19] FEZ wio] 3WRoR FAAF o] &gl
AR 2+ Fro £ 10 mist ¥ 2 g& WL
22T FAHE F55004 23 1003]9] £ 45
Agste] FAAES AL

ZARHAPL 27FEE 20 mg/lE ZAT FF
N 10 mi% B 2 g& AR B st 505, 1, 4,7
10, 24A17F ¢ K88k th, 4,000 rpmellA] 154 5 €

of

~

s

Cl

Cl

Chemical structure
IUPAC name
Molecular formula CisHuCLNO,
Vapor pressure ’ 18 mPa (257C)
Kow LogP = 3.14 (267C)
Solubility
Stability

Soil persistence

§7/CH3

N

CH3

N-(3,5-dichlorophenyl)-1,2-dimethylcyclopropane-1.2-dicarboximide

4.5 mg/L (25C) in water . Acetone 180, xylene 43, methanol 16 (all in g/L, 257C)
Stable under normal storage conditions. Stable to light, heat and moisture
Persists in soil for 4-12 weeks, depending on humus content

Table 2. Physicochemical properties of the soils used

Soil 2 Particle size distribution (%) oM CECc) T-N®

- Textrure ; pH o o
series Sand Silt Clay (%) (cmol+/kg) (%)
Namgye SL 59.1 23.0 17.9 6.4 39 11.2 0.236
Jigog SL 748 126 12.6 72 14 7.9 0.051
Baegsan CL 40.8 25.8 334 55 1.7 8.4 0.078

3 gL, sandy loam ; CL, clay loam.
P OM : Organic matter.
9 CEC : Cation exchange capacity.
9 TN : Total nitrogen.
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AEE stk AR 20 miE 40ColN FeEET &
ethylacetate 4 mi°l| A&l 3] solid phase extraction
(SPE) AE NEZ AN NH, 7HE2] A (BondElut®,
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g A ¥ ethylacetate 5 mI= SE T §E94E 55
¥ acetone 2 ml°] A Ho S GLC-ECDE £4
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EY & L= 4™

US EPA guideline'ol| Fato] 2peig 2zistol A 3
& A¥e slglty. TAEY 352 121°C, 775 mmHgolA
aehdty|® 1A7F 0% 914 33] Hste] B A
o] A3l T, 29k 200 goll 10 mg/19] ZF=E 200
mlZ FAeHA AEst & goilE 4ds] FEAlch 44 9
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slo] 3wl 59 Fo Atele] FEe] JE A
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20] 5 cm, U4 5 em$l Pyrex® Z¥& & 4ol7} 35
em7} HES skl 27 sPlE silane A2lE frElA
$2 23 1 el RHE 5 em $01E TR v 2R
ARTEA] FAERS Wi FE7)E 0] gsto] e dds)
Al 28] HiEo g FAsAY .

o] £k ZHo]] 0.01 M CaCl, &9 397 S Y ¢
8 Al T acetonedll €-31% procymidone 100 mg/!
FFEgN 5 miE 2 Aduke] vhet & A Aol 2413
A AT

2 ahitol A I(Gilsont, France)s AZsto] f&
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| =AY §5575 AR A9 & F5810] n-hexane
O Fuj FEI o §5519) GLC-ECDE H45i3ith
sh geAe o] BoF 7 ] B2 5 om EFHEE &
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Uy 250 333810 2530 emTH §e §- ESE oA
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42 o]%4 H7E= Helling 5] Ak W<l retar-
dation factor(RF)S 243t} thaa} o] Aksisivh

RF =1 + Kf x Pb/n

Table 3. Gas chromatographic conditions for the analysis of procymidone residues

Instrument Agilent 6890. (Agilent, USA)

Detector Electron capture detector (ECD)

Column DB-5 (30 m x 0.25 mm Ld, 025 m film thickness)
Temperature

Injector : 250C
Detector : 320C
Carrier Nz
Make up Nz

Gas flow rate

Injection volume

: 1.2 mL/min
. 60 mL/min
+ 1.0 1, split ratio 70:1

Column : 130C (2 min) — 7°C/min — 200C (0 min) — 10°C/min — 300C (5 min)




126 HTY - 478 - AR

Kftz BE¥Ea74o0ld, Pbt 43U (bulk density) 2}
& F=E(porosity)°|tt.

e
r

=F JiEl A

71Es) 232 US EPA guideline'¥ 3} OECD guideline™
o #alo] sk WFrE 2AS pH 4.0, 7.0, 9.09
22N (Clark and Lubs solution)& 25C 2 40°C oM 3
A7t Hete pHE 289 the, procymidone?] Fk7}
2.0 mg/l HEE ¢ F o] £ 10 m/E 4o] 10 cm, 274
25 cm® fEel AY Y v e A F parafilm g
YEsto] 5719 FdS WA 3R og APsiginh A
& A9 G wiAet It el Fezdels oFAA
g # 30% o[, 1417k, 34174 1, 3, 5, 10, 17, 29 57, 92,
12497 42 AgE AH BAslglh Alg 5 mis
#3l n-hexane 30 m/E 33 WEFESIY 553
acetone] A-&3) 33 GLC-ECDE A&slct.
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gafo] AatsigioH?,
log(H; / Hy) = (Ea/19.145)(1/Ty - 1/To)

2] 2Jo)A Eat activation energy(J/mol)°]™, Hy %}
Hye A% Ty, ToolAM 9] jkz71o]H, 19.145% o714
47 R(8.314 J/mol)= logi eX Yhr #tolth
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Bx o] Aol gt F5g3t HolAeE EU A
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Table 4. Recovery and LOQ of the analytical method for the analysis of procymidone in soil and water

Sample matrix Fortification (mg/kg) Recovery + CV(%)? LOD” (ng) LOQ” (mg/kg)
0.25 110.7 + 0.3
Namgye
1.25 905 + 24
0.25 1029 + 5.1
Jigog 0.005 0.015
1.25 904 + 5.7
0.25 107.6 + 6.4
Baegsan
1.25 943 + 0.1
0.025 90.8 + 39
Water 0.001 0.003
0.125 101.9 + 44

¥ Mean values for triplicate samples with coefficient of variations.

P LOD : Limit of detection (S/N>3).
9 LOQ : Limit of quantification.
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Fig. 1. Kinetics of procymidone adsorption on Namgye,
Jigog and Baegsan soils. (vertical bar indicate +SD)

Table 5. Linear isotherm parameters of procymidone in soils
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Fig. 2. Linear(1), Freundlich(2) and Langmuir(3) adsorptions
of procymidone on Namgye, Jigog and Baegsan soils.

Soil Equation Kd’ (average) r
Namgye Y=9.6075X + 0.3851 9.84~14.23 (12.18) 0.988
Jigog Y=2.4422X - 0.0926 1.81~5.30 (2.75) 0.977
Baegsan Y=3.0001X + 0.4264 2.81~6.23 (3.56) 0.993
'Kd : Sorption distrubution coefficients
Table 6. Freundlich isotherm parameters of procymidone in soils
Soil Linear relationship 1/n Koc’ (average) r2
Namgye Y = 0.8912 X + 0.9994 0.89 435~629 (538) 0.997
Jigog Y = 0.7485 X + 0.2999 0.74 223~653 (339) 0.920
Baegsan Y = 07738 X + 0.4264 0.77 272~604 (345) 0.968

Koc : Organic carbon normalized distribution coefficients
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Table 7. Langmuir isotherm parameter of procymidone in soils

Soil Equation

2
r

a® (L/mg) 8” (mg/kg)

Namgye Y=0.0476X + 0.0702
Jigog Y=0.0802X + 0.3722
Baegsan Y=0.091X + 0.2572

0.914
0.079
0.254

0.678 21.0
NE?

9 : Adsorption constant for Langmuir sorption isotherm

PB : Maximum solute sorption from Langmuri sorption isotherm

°NE : Not estimated.
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Fig. 3. Photolysis of procymidone on soil surface under
sunlight. (vertical bar indicate + SD)
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Table 8. Sorption parameter and hysteresis indices of procymidone in soils

Adsorption Desorption Hysteresis Index
Soil ) > Ce=01.
log Kf 1/n R log Kf I/n R mg/L 0.4 0.8 1.2 2.0
Namgye 0.9994 0.8912  0.9972 05362 1.0464 09994 0.79 0.73 0.69 0.65 0.70
Jigog 02999 0.7485 0.9198 0316 08728  0.9% 0.73 0.55 0.57 0.57 0.58
Baegsan 0.4264 07738 0.9678 0.4506 09033 0.9989 0.68 0.49 0.51 0.49 0.50
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w3 pore] Aake 0f FANE WM Sl VI
¢l retardation factor(RF)S H| w3k A7} 3.89~1648%
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& yo} AR 29§l Aow weErh
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Table 9. Distribution of procymidone in each soil layer after two weeks of leaching peridos and amounts of procymidone

in leachates

Distribution (% of the total)

Soil Soil layer (m) Leachate (% of the total) Rec(g/ov)ery
0—~10 10~20 20~30 1L 2L 3L
Namgye 70.26 2316 497 - - - 97.49
Jigog 22.04 21.10 1191 1.03 15.56 23.32 94.96
Baegsan 14.29 17.69 32.44 8.56 19.46 431 96.75
Table 10. Classification of soil mobility potential of procymidone in soil
Soil McCall's SSLRC** RE™*
Namgye L SM VI (16.48)
Jigog M MM MI (3.89)
Baegsan M MM Mi (5.87)

*  McCall' classification : VH (very high) ; 0 - 50, H (high) ; 50 - 150, M (medium) ; 150 - 500, L (low) ; 500 - 2000,

S (slight) ; 2000 - 5000, 1 (immobile) ; > 5000

# SSIRC classification : VM (very mobile) ; < 15, M (mobile) ; 15 - 74, MM (moderately mobile) ; 75 - 499, SM (slightly

mobile) ; 500 - 4000, NM (non-mobile) ; > 4000
*+ Retardation factor :

VM (very mobile) ; < 1.0, M (mobile) ; 1.0 - 2.0 (mobile), MM
MI (moderately immobile) ; 3.0 - 10.0, VI (very immobile) ;

(moderately mobile) ; 2.0 - 3.0,
; > 10.0

Table 11. Effect of pH and temperature on the degradation of procymidone in aqueous buffer soultions

pH Storage temperature Regression equation Ty
(C) Fquation r (day)
25 Y = 2.2942¢ 00817 0.990 85.5
4.0 g T o S
40 Y = 2.4233¢™ 0.993 22.2
70 25 Y = 1.7156 0007 0.872 653
' 40 Y = 1616307 0.976 18.9
9.0 25 Y = 2.3827¢ 501 0.999 <02

40 Y = 190167 0.999 <02
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Fig. 4. Disappearance of procymidone at different pH
values in aqueous buffer solution. (A, 25C; B, 40C)
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