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Effect of dilution ratio on the amount of metam sodium-produced
methyl isothiocyanate and its dissipation
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Abstract Pre-plant soil fumigation with metam sodium can effectively control soil-borne pathogens, which is
attributed to methyl isothiocyanate (MITC), a degradation product of metam sodium. It is convenient and safe to
apply metam sodium by drip irrigation. However, in dilution process before drip irrigation metam sodium may
produce MITC through hydrolysis, which will continue to degrade or volatilize, resulting in a decrease of effective
components in the soil. Therefore, it is necessary to select a suitable dilution multiple of metam sodium, which can
ensure uniform distribution of MITC and reduce its loss by volatilisation or disintegration before being applied in
the soil. In this study, the effect of dilution ratio on the amount of metam sodium-produced methyl isothiocyanate
and its dissipation in aqueous solution were investigated under different pH conditions. The results showed that the
amount of MITC and its dissipation rate increased with the increase of dilution ratio under neutral conditions.
Under acidic conditions, the amount of MITC and its dissipation rate was maximum when diluted 100 times, the
minimum amount of MITC occurred at 50 times of dilution, and the slowest dissipation rate was found at 400 times
dilution. Under alkaline conditions, the produced MITC increased with the increase of the metam sodium dilution

ratio, and the dissipation rate was the fastest when diluted 1 000 times, and was the lowest when diluted 100
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times. The results have a guiding significance on how to formulate field water consumption, and application

dosage when applying metam sodium by drip irrigation.
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MITC, 4255} R i 5 fUSNE AR s Ruzo 56 % BLTE
pH iy 5.7 F19 M9Z8 M v 1 /K R 3 4y
Ik 24,180 h il 46 hH7 . T [FE K ¥ IR N L 2 B
pH 3 H 2R A TG 17 A s S X e A5 o 3k [
12 A~ b X 10 4F 8] R4 FR L 37K FHL T 7K 5T 43
Ml e A28 R 88 pH Sl 78 5. 55~8. 27, A&
W SCARAE FH ) SEBR 8 00  F 98 T 46 pH 5.7.9 55040 F
Pk 50 ~1 000 1% %F 42% /& 1@ B K 7 40 i 7= A
MITC J MITC 75 i 1) 5% i) . BH 8 3 B8 45 50F0 pH
Xof Jgk B TR MITC 7K i R B2 11 5 1 1F 98 245 SR T Oy
Sl ) 8 Vit P R T ST R AR S i e A A
I S HE.

1 MREFE

L1 SR AFRIRF

A2 90 )8 A K VL IR A R A2 BR A Al 4R
fit, MITC, 4% BT 4l (=>98%) 4 [ Sigma-Aldrich
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Rk i (mg/kg) » Xo SR A R R 44 B )5 128
JREE 12 156460 MITC 18 i 15 Bl MITC ¥
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Table 1 Recoveries and relative standard deviation (RSD)

of MITC in water

MITC #Ain30) t/ MITC 273 [ i / 26

(mg/L) Average recovery RSD/ %
Spiked dose of MITC rate of MITC
120 88. 44 5 Bl
450 108. 82 7.23
2 250 120. 84 8. 60
4 500 91. 54 1. 20
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Fig.1 Dynamic changes of metam sodium-produced MITC under neutral conditions and different dilution ratios

R2 BN (pH=7,Z1BK) TARBREREE AL & MITC IEE . H I B R &L E

Table 2 The peak value, occurrence time, and conversion rate of metam sodium-produced MITC under neutral conditions

and different dilution ratios(pH=7, distilled water)

MITC I4H /mg
MITC peak value

AL/ Y

Conversion rate

o o A8/ MITC t{F  BE 8] /min
Dilution ratio Occurrence time of MITC peak value
50 90
100 60
200 15
400 15
1 000 15

(24.044=3. 11)c 50. 61
(26.0642.50)¢c 54. 85
(37.55+2.09)b 79. 04
(42.8641.14)a 90. 23
(37.4542.51)b 78. 84

D [RIFVEHRE AR A R ING FREFR R 28X IR AR ZE R IRAE 0. 05 KF 2257 8.3 (P<C0. 05), T IA,

Different lowercase letters in the same column indicate significant differences based on Duncan’s new multiple range test (P<Z0. 05). The

same applies below.
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Table 3 The peak value, occurrence time, and conversion rate of metam sodium-produced MITC under acid and

alkali conditions and different dilution ratios

pH=5 2 i ik

pH=9 Y ML

T Bt g /4 Buffer solution, pH=5 Buffer solution, pH=9

Cto O Mg FORC MO i sme  ERE

MITC peak value AN S Sl rate MITC peak value NG rate

50 15 (19. 88+0.79)b 41. 85 15 (14. 48=£0. 66)c 30. 48

100 15 (27.89=£2.47)a 58.72 60 (10. 43=£1. 19d 21.95

200 30 (21.14=£2.16)b 44,51 15 (18.85+2. 44)c 39. 69

400 5 (20.31£1.65b 42.76 5 (26.89=+2.62)b 56. 61

1 000 5 (22.83+0.50)b 48. 05 15 (31.31£2. 2D)a 65. 92

2.4 FEHEZGTARBREEMBEEELTE
9 MITC 5 2R 5500
— G R B S5 05 T AT AR M A A T R R
R A1 MITC 76 A [R5 B A5 50T 13 it (R =
0.78~0.92) , {HfESE LK 4. WK 4 FrTLIAEH
i BAE 5 50,100,200,400,1 000 fFH}, MITC 74
WA 4 51 A 55. 88,22, 22,17, 39.16. 68 d A1l
16. 08 d, b4 5 3R BH . Bl 45 73 B A% 50 14
MITC 7K A fin bR, o2 50 f5 3£ 100 f%#,
MITC {8 T 1.5 f%.
2.5 BMSREEETAREREHNBEEER
L 7= 5 i MITC 4R8I 2200
5 Bl DUE L IR A T MITC 78
i g 100 s I Ak dpe bR 2 Y 3. 99 ds AR 4
TETHM R A 18 . Bt ST 2R R 1 000 fi%
(RIS T A e B, 220 5. 15 d. A% 3 4> pH

ZEAFAERRE S50 AF I s pH=7 i MITC 1 i 5t
158 L it A R0 R0 I 22 S AR AS 3% . (G R
SEAEHR R BRI R B A PR L B T E 0 iR A
PR MITC -t . By AZE8 > MITC gEA 5%
R R0 R+ 0 A o B 1 T R

x4 UG (PH=7)RARBREHETHEEENL
FEEER MITC ZEK R HR S 5
Table 4 Degradation parameters of metam sodium-produced
MITC under neutral conditions and different dilution

ratios in water(pH=7)

M REAG20/ %

Dilution ratio (SR fy2/d =
50 8.614 4E"64+1.721 41E-6  55.88 0. 90
100 2.166 OE °+3.136 6E 6 22.22 0.92
200 2.767 4E"5+£4, 244 3E76 17. 39 0. 90
400 2.885 6E"°+7.973 3E6 16. 68 0.78
1 000 2.994 OE°+7.726 1E6 16. 08 0. 82

x5 BEEHFTARHREEEEBEEL~EMN MITC ZEKERHEFESE
Table 5 Degradation parameters of metam sodium-produced MITC under acid and alkali conditions and different
dilution ratios in water
H=>5 M2 i H=9 i i
ﬁlﬁﬁfjﬁigi Buptifer soll?gifn(fp{féﬁ5 Bu[;'fer soliiifnipflif)
k+SE/(h™1) t1/2/d R? k+=SE/(h™1) t1/2/d R?

50 0. 003 040. 001 6 9.38 0.73 0. 002 14-0. 001 1 14. 09 0. 65

100 0. 007 240. 005 1 3.99 0.92 0. 001 040. 000 2 29. 44 0. 82

200 0. 002 140. 001 0 13. 50 0. 69 0. 003 44-0. 001 1 8. 60 0.72

400 0. 001 540. 000 6 19. 25 0. 65 0. 001 840. 000 1 16. 23 0.99

1 000 0. 001 94-0. 000 9 15. 04 0.67 0. 005 640. 001 6 5.15 0. 86

3 Wi T BRI | Jg T R R A B DGR ek

JE T AE K B B A i A A0 A5 K i R A 78
SONIGTN B o B TR AR R Ll

FE 1 h Z 8 0 MR A MITC S AU
HP T RTLERR R & 200 A5 A LI B BEJS 15 min
ELZ2Mif 5094 LA L. 55 Draper 250 BHFREAFT 5
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Draper 261 & B, 768G A5 0F R KV 0P BB
WG WL 530 mg/L B A B AR 1 2 104 50 h, ¢
WILGHRE R 39 mg/L I BEARF 3 1y 35 h, ok i Bk
R A bR, AR50 A B A5 % 50,100, 200,
4001 000 A5 XF W 14 Jgk 1 R B4 00 4 e B 43l 24
8 400.,4 200,2 100,1 050,420 mg/L, ¥ & & T
Draper i 55 765 Bl . {HL R fift R 55 FLRIF 58 25 51— 2
R 43 8 6 i 2 v B B AR 3 . R R —
ANFEXS B2 AR b 7 B S WA A AN [ (R 38 4% 7K i
FEPE T A AR AR . Ruzo %77 R BLLE pH N 5,
TR 9 B BCE R 0 Dy 24
180 h 1 46 hs ZEfRME S5 14 T o Jak B E KAy MITC
S JEEK; FEBRYE AT KM 7= MITC, CS,
H, S il CH;NHYM™ . A 7845 58 2 B8 T 767K
8 A3 A A AR R, LR AT BB AE T IR A A
(25T TR J () B E T ) K S 0 G fide ) s 2 A
Deguigne %1 % B, 76 pH=">5 B} g & W % 1L
g CS, (51%) Fl MITC(39%) , 3X 54 12X 56 45 5 Al
fl. MITC &5 kWAL B W i MmZES RN 2.7
kPa(20°C), Smelt 250 % 3 20°C T HAE KA S,
FHH A3 BC EE A 170, 3 3% B /K 9 W0 Hh A 43
FEAE I MITC sk, HA%E & ki i i %, 9F A £ 345
A R o3 R

ARG A5 R A ARG A A R AR
FEAE) MITC a] DL gk 2230 fife . B ff 2 2 A e 3 ~
55 d, 5 R TH A 300 (ELTI A 19030 o0t 2 el 55 e
H iR £ LA FAMRCR . Warton 5 fl Ver-
hagen 2550 [y BFFE M), MITC 1ERP 4 1 vh B A F
WA 9 o FE AR B HE A R g TR A ARG 5 Smelt
s pH Sy 7.3 B, MITC (1 A 2 25 1K
0.5 ds B SCEPIBFSE K MITC 7E 20 % 4% 25 7K
it TR 1.2 4 X R I] MITC 78 13
FRERRAR R, R 2L MITC JE R A 1458, AT RETE AR
IR FH AW FTTE - 2w B i 3 A A T
Ja A RO AR R B R .

PRV /N B A A R 4 e i T [ A
MITC % R i 5 2 ik /b . {H Nelson 210 % 3
DA /NETRER E 1.9 L/(h » m) M1 5.0 L/(h + m)
R34 12 h f1 4. 55 h) T 4 B 7K & (45 L/m)
i, MITC 78+ 4 b 43 #i e F 7.5 L/Ch » m) (F

BF 3. 03 b 14 e i o R 5 25 mm (1 K A,
0 S AR R D g A ) MITC 4532 SCRE PR IIE 3L
FE 3 R 3857 4y A S8R TV B DR it
A E B eV S K R PR A B . X —
A0l Lk /> MITC £k A+ SERT 031 5% 5 8% )5 4k
SEIE S K X — 2T DLBRIE MITC 78 4 38w )

25 LW B A B B AL Ak A MITC
0 BB AR Tk TR i MITC AT 4% % kit G 3k
A A ROR A% s MITC 75 4 38 v a] L4k &2
Ree A, RO e 1) 2t 23 52 ) Jg 7 7 8T - 46 R AR )
(R B YA R s MITC 7 398 v i fige o R A0 P Jgl 7
Tt FH AT EE AL 5, DL MITC JE i A 1558, B ok
Ko FIT LATE TG THE ol e v o P A T R A R A 4
ANLZ L 50 5.

4 &

BNV AW 82 W AN SN k= I =1 N YA
20 ROV = s MITC, 7= A () MITC fE7K
SMEH . P YESRIET  BOE R A
(19 MITC Fifi 5 5 g 15 B0 n o3 e Y in b s 2 W 2%
PR B RE 100 45 I JaR Fr BT o A S B 76 B 1k 2% 1
T BT E Y 43 A BE AR R A 308G i i v o, R
MITC J fif 2 AER B 100 f5 1B i e 1, 1 000 i)
A e P

W AN [ R B8R 2R T o A B A5 H0O0T B /A T
bk MITC B xf MITC 5 fift 19 52 W ) 35 34 i FH )l
A R D) P K o R R A A T R Y B

R . B L R R 258 A 1 d N5
JG o 5 FLARCR A 2 2 R 2R 2 MITC #5 % k 3% F s
A 3 R B IE A A A R A 1 i
I B AR TR A SO0 S T T AR A 114 B i o P[] 52 B 2
PR TR T S, U I VE i A TR B
AR RS BCAS R L 50 % 4 B 7 BB G A7 5
LR B 506 0 T K T 240 AR S T TR
7K BEREN > MITC 52 SCRE PR UE H7E +- e rh 355
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