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Effects of exogenous sulfur on volatile sulfur gases emitting from the farmland
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(1. Department of Chemical Engineering , Xinjiang Agricultural University, Urumgi, Xinjiang 830052, China;
2. Lv Huan Environmental Science and Technology Research Institute in Bayingolin Prefecture, Korla, Xinjiang 841000, China)

Abstract: In this paper, the influences of different exogenous sulfur and environmental conditions on the emissions
of volatile sulfur gases from soil were investigated by gas chromatography for the representative farmland soil samples in
arid area of Xinjiang. The results showed that sources of exogenous sulfur had different influences on the kind and the
amount of volatile sulfur gases emitting from incubation soils. Volatile sulfur gases released from the soil with cystine,
cysteine, methionine, sodium sulfate and sodium thiosulfate addition contributed fewer to total sulfur emission, being
1.71%, 0.52%, 11.5% , 0.0016% and 0.0014% , respectively. The conversion rate was the highest for methionine
but lowest for inorganic sulfate. Organic sulfur acted as a major contributor to volatile sulfur gases emission from soil. As
the main product, H,S accounted for 97.9% and 90.8% of the total emissions from cystine and cysteine by microbial
decomposition. CH3SH was the main product detected from methionine decomposition and accounted for 88.3% of the
total emissions. The amounts of volatile sulfur gases were positively proportional to the amounts of added cysteine (1 ~ 10
mg*g~ ') . The influence of added carbon and nitrogen fertilization was related to the kind of evolved volatile sulfur gas-
es. Incubation conditions such as the soil types and irrigation water had substantial effect on sulfur gases emissions, with
the moisture in incubation soil having the larger influence.
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Table 1  The fundamental physicochemical properties of soil

BB 2R )

j;%?ﬁ{ Organic carbon Total nitrogen Total sulfur E&f)ﬁfﬁ

D01 e

yp /gke™)  /(grkg™)  /(mgokg™") p

7K L 4

Paddy soil 3.8 1.7 642.7 7.23
= Jg

L 16.5 0.9 559.3 7.15
Dry soil

1.2 ¥EFXW

FRELZ) 50 ¢ 148, B TR 0 g s b,
A 75 mL B F AR PRRRRACIRES , 2 AR N
Yot A HLGR IR - D6 2R 1 e R L H i IR TC L
TR < kR A 4 A X R 5 AT« i 6 5 e UL« i 7
BBk U PR3 IR L4 pH (EE Pk, $25)
AT BT ARG 48 38 C IR T 4 K6 ks
Fio BOEAMBIRIE, 5 8~ 10 d Jy—ANBE 3R,
MIEFRURH A R DA S st O o T s ARk A T
SARETEI A |, 3% 2253 A1 25 5 R 1k & i AR 7 A=
PG o BRI IURE I 1 B AN RE R Bh B 35
1.3 S HilE &G

B GC - 2014 T A0AR (%43, BiE KAt B
2SO RTX - 5(30 mx 0.25 mm), KA
T, B 30°C , fE IR 4 min J5 Lk 15°C - min~ (13 i
T+ 80°C, 1H{E 5 min, ZRJ5 FFLA 15°C < min~ 14 3
T2 120°C, fH {5 mine M Ny, ik 0.8 ml-
min~", 43 G 50, HERE TR 150°C, K I 8
200°C .,

2SR5

2.1 AR NR A0

2.1.1 AAER [ ARSI A NG ZRR L F
SR R J5 AT 5 3%, il 25 R an gl 1 gk
2o VEAXT R, R BB R I 1) - 5855 57 5 1
B AR UEWHE AV B i AR R 2ok B TR
PRPERT . AREE T2 AR CR IS IR , in A
XA B B 2R S R ) A S S A
FHEIN o A A B R AT R R B A e Y i 4 A
b, — e R FREOR G IR BIWEARL, SR S5 B8 B %, <
AR 2 (0 220 8 T B — 7 TS S B b R R e
H FH 25 SN T A A, 05— TS AR R K
SR IR A RO BE S A 507



5530 B A US4 S R 2 i AR ) S 255
35 80 -
30 70 F
oo 25 w2 60 F
« ®© . S
2520 25507
=4 1.2 40
®KEISE = E
% o T 30t
©n O 10} g E
O a 20 +
e 10 t
0 . . ) . 0 . . . )
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
K5 FR M 4] Time/d K5 3% I 4] Time/d
—*—1mg-g’ —e—4mg-g' —a—7mg-g' —A&—10mg - g’
1 AEFREBFMEIERESMSERBENZ N
Fig.1 The emission rate of volatile sulfur gases under different addition of cysteine
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Table 2 The emission rate of volatile sulfur gases from different sulfur sources
A Name H,S COS DMS CS, CH;SH
MR Cystine 11707.0 + 1005.1(7) 212.8+20.2(7) 20.2+1.1(2) 9.1+1.0(2) 11.2+1.1(4)
LR Cysteine 3290.6 +300.6(5) 275.5+23.5(5) 41.1+4.1(4) 17.1+1.5(2) —
F B B2 Methionine 861.2+80.1(3) 4431.2 +400.1(2) 4148.9 +400.1(4) — 71257.5 +7100.5(2)
RN Sodium sulfate 2.0+0.1(6) — 7.5+0.7(1) — 2.0+£0.2(3)
B Ry B
Sodium hyposulfite 3.1£0.2(7) 3.9+0.3(7) 0.9+0.1(2) 0.8+(3)
TE =" RFRAR TG 1 B 5 1555 A BB FRAR DN B3 A B o BB BE 55 A OB AR DL I (8 77 R
Note: “—": not detected (below detection limit) . Data before the parentheses was the maximum measured value of volatile sulfur gases and data in the

parentheses was the days of incubation.
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Table 3 The effects of adding different amounts of ammonium nitrate (according to the maximum cumulative release)

SRR

P22 (350 mg) + 2R (350 mg) +

2 I =R (350 mg) +

S I AT TR
The emission ratc I 0.5 ¢) W15 ) M0 )
of gaes ( 3238 e) Cysteine (350 mg) + Cysteine (350 mg) + Cysteine (350 mg) +
/(nL-g™") e ammonium nitrate (0.5 g) ammonium nitrate (1.5 g) ammonium nitrate (3.0 g)
H,S 3290.6+300.6(5) 33.2+3.1(2) 41.9+4.0(6) 34.2+3.2(7)
Cos 352.7£30.3(5) - - —
DMS 52.6+5.0(4) 8.8+0.7(2) 6.1+0.5(2) —
CS, 21.9+2.0(2) 97.6+8.8(4) 224.1+20.4(5) 386.2+35.8(4)

CH;SH

19.5+2.0(5)
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Table 4 The effects of adding amounts of glucose (according to the maximum cumulative emission)
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o e R o e s
The emission rate Crstod RS g) AR (10 @) HIZE (15 2)
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H,S 3290.6 +300.6(5) 16565.6 = 1230.6(6) 16545.0 = 1300.6(7) 1393.0+ 120.5(7)
Cos 352.7 +30.2(5) 51.3+5.0(4) — —
DMS 52.6+5.2(4) 55.3+5.0(1) 15.3+1.5(3) —
cS, 21.9£2.1(2) 156.2+12.6(2) 105.5+9.9(3) 60.5+5.5(3)
CH;SH — — 12.8+1.1(3) —
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Table 5 The maximum emission of volatile sulfur gases from different soils

HIEZFR Soil type H,S Cos DMS CS,
7K I £ Paddy soil 1034.0+98.5(5) 89.1+6.9(5) 24.0£1.9(3) 15.3+1.4(4)
EH -+ Dry soil 654.3 £60.2(5) 40.3£3.2(5) 9.6+0.9(3) —

®o6 WHAKEFHEZUESHRSEHNESRMBHE/ (L")

Table 6 The maximum emission of volatile sulfur gases with paddy field water

ZFK Name H,S COoS DMS Cs, CH;SH
JEER Cystine * 1061.8 + 81.2(9) 141.5+13.0(1) 68.9+5.2(6) 67.6+3.5(7)
PR Cysteine * 754.9 £56.8(9) 111.4£9.8(7) 160.9 + 14.8(3) 55.9£5.0(7)
FH R Z R Methionine 467.2+40.1(5) * 3004.3 +270.5(6) — *
BREREN Sodium sulfate 59.6+3.8(9) — 1373.7 + 130.0(3) — 109.2 +8.5(4)
AL 33.8+2.5(9) — 76.8£6.5(7) 59.1+3.5(4) 32.4+2.5(4)

Sodium hyposulfite

T RN BHEOR, 1 O IR M L

3 48

kAR A I S A LS RIS SRS, B
iy DX AR FH A 394 R B i AR R B 5 22 A
[ — SR, IR R B 20k A TR
YER , 30 Wk B A B YRR 5 1) AR s K
FIAUG RS, (BB F B A 2 Ak, BLAA

(1) B X A B -3 42 1 5 it <A ) B
2w b, L HyS.CH;SH, COS 1 DMS & &, ik J &
A AR A o

(2) 38 v s Jim o 2 I R e R S R Y
H,S 43 3] 5 BB 97.9% .90.8% , T8 il H B
M) B 11 CHLSH. (5 SR 1) 88.3% . LR
B« I 2 R R IO R H,S 19 EZERTIAY) , R
PR J& CH;SH 1 =R IARY)

(3) E—EMEEEN ~10 mg-g™") AL
TR IO A R R I i 3 n . AE R AN
PEFIRRE , XA [R) AR T F: 2 el AN IS A T . &G
PEANBR IR AR I AR T IR E W IE I, R 5
SRR R SR 2 R AR AR AR

(4) AR[R] A 3R 2 5 ) 343 8 B i<
BN R Z — o K BRI B R & T 5
VEA 49, i FH RO AR5 %) 5 i) 38 3 o8 - 4
R RE ], 28 B O R 1 i AR ) B LA
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Note: * indicated the maximum emission rate exceeded the linear range of chromatography .
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