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Evaluation of Nitrate-N Removal And Nitrous Oxide Production during Sulfur Denitrification in Soil
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Kiyo HASEGAWA, Keisuke HANAKI, Tomonort MATSUO

Abstract ; To demonstrate the efficiency of sulfur as denitrification electron donor, the column and the batch
experiments were carried out. Nitrate-nitrogen was sufficiently removed by the soil column packed with
elemental sulfur. When denitrification proceeded insufficiently, the high concentration of N20 was detected. On
the other hand, when denitrification proceeded sufficiently, N20 formation was kept low. The batch experiments
indicated that high water content and CaCO3 addition for pH adjustment are effective methods to proceed
denitrification sufficiently and decrease N20 emission. In the case of adding each electron donor (S', FeS,
glucose, or cellulose) , produced N20O was more readily reduced than the case of soil alone. When inorganic sulfur
was used as electron donor, the maximum concentration of produced N20 in the gas phase was very low (about 50
ppm) , which was 2 order lower than the concentration in the case that organic compounds were used as electron
donor. This indicated the possibility to suppress N20O emission by adding sulfur into the soil and proceeding

sulfur denitrification.
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Table 1 Sulfur denitrifying bacteria (NO3 to N2)

Thiobacillus denitrificans obligately autotrophic colorless sulfur bacteria

<s

S + 6NOs3-

+ 2H20
~ 5504" + 4H’

+ 3Nzt

D

Thiomicrospira denirrificans | obligately autotrophic colorless sulfur bacteria

Thiosphaera pantotropha facultatively autotrophic colorless sulfur bacteria

Beggiarou filamentous bacteria
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Fig.1 Sulfur denitrification
(the case of elemental sulfur as an electron donor)

Table 2  Soil conditions

Fig.2 Soil columns

(A: control B: S addition)

Table 3  Analytical conditions

paddy field|  farm
NO¥ (mgNigdrysoil) |~ 0037}  0.084
NOZ_(mgNJg dry soil) 0000/ 0.000
SO+ (mgSigdrysoil) | 0055} 0.061
TOC (mgC/g dry soil) 0.448 0.03!
solid phase (weight %) 98.0 94.8
water content (weight %} 2.0 5.2
solid phase (volume %) 40.1 354
water content (volume %) 2.2 5.0
pore space (volume %) 517 59.6
—15.5cm }—15.5cm—
[¢] [¢]
T
Soil Soil 8cm
O Al =0 B 1
e Soil 9kg
L S° 1kg
O A2 O B2
) 60 42cm
. cm
100cm G A3 O B3
O A4 O B4
oS o8l L
2 Soil K 10cm
L |1
= Aout = Bout
Column A Column B

GC GC-8AIE (Shimadzu)
column glass cotumn (2.6mm x 3.0mm)
Polapak-Q (80/100 mesh)
carrier pas N2 (30mL/min)
temperature | detector : 340C
column : 70°C
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Tio T4 LEERIE, FEREEEA Y S 2 WEEY, RAKSTELZREYE— LEERIZRATAEEE LT,
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i go---0-_ o’ . .
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(mgN/L) (mgs/L) (MgN/L) (mgS/L) (mgN/L) ‘(2"6%5/0
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/0\.__./ 100 >\.,_4——4————‘/._‘ 100 |
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~ P 80 >, 80 ] 890
.o"-»c' “\ ;'.
20 S s 60 20 " 50 20 600
& 40 N 40 , 400
10 Lo 0] .« 10 ; B 200
\ 20 / B
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0 0 0 = 0 08 e
T2 3 4 s et 12 3 45 ot w12 3 45 om | Acoitrate
soil surface Sampling points soit surface sampling points soil surface sampling points i -7 0-- Benitrate
|t A-sUlf;
depth —= - 1o e depth - — —m e e e depth ————— - o A-sulfate
(1) (em 10 20 30 40 50 (2)] @m0 10 20 30 40 SO (cm) 0 10 20 30 40 50 0 ITAT Brsulfate;

Fig. 3 Profiles of ((a) N20, (b) NOx » SO+ ) after (1) 5days , (2) 32days , and (3) 81days
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Fig. 4 Temporal change of pH
{ (A) column A (B) column B)

ORP(mV)
400

e
1 2 3 4 5 b
Sampling points

Fig. 5 ORP profile after 99days

NO3™ (mgN/d) N20 gas flux ( zgN/d)
[ e —— / p— .q&)—surveyed
50 % paddy field
s0 7% 30
40 b
30 Z 20
20 % 10
10
0 o oy
3~5days 14~32days [+ N0 |

Fig. 6 Removed NO3-N and N20
flux in the column B

(< represents the average flux in the
surveyed paddy field)
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~ 8- NOZ
e 504
Fig. 7 Temporal change of NO3,NOz, and SO+ ((a) 17.6% (b)27.5% (c)41.6% ) |: KNOszaddition ’
TR S vy
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3000

2000

1000
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4.2 SXERBRER
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Time (days)
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NOs (a3 SRRfb an BB OE & (h#h, LTSN 2Rl K& Fig. 8 Temporal change of N20
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+ 1 KNO3 addition
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NO3  reduction Oxidized S/reduced N

rate (mgN/d) (S/N)
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EHE) THH, SHEIE, BLZEEKREOE (o) I8V TidHE
CSNEFLTEB o TE Y, REREFEIT bR TORELE o2
A, N '
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72o 8HLARTONOY BICHEEIZ M T 2 NOEBEENE &% KD B & o . 4,
(a) 0.76, (b)0.78 w)n:ﬁl,\ (€)120.14 L NoOHE I B AT I 2 o : Sa:’np‘e ¢

EJ Reductmn rate(~ Bdays)
| [ZZZZ1Reduction rate(8days~)
| ~—o-—Oxidized S/reduced N (~8days) '
| --.-- Oxidized S/reduced N (8days~)

Tz, 72, SEBUBIIBV T, £ 0® o) 2BV TN0EED
FRERSKT, KAMZ ORIz L. £ (a) TON20IZEKE

o Twic, SHEREZE TON0RAEEEDEVIT, B 18 5:15}5’)%'{
£ iEE O, &U“B‘;ﬁgz:.ﬁﬁ%?é%ﬁt—'?ft\@?ﬁ?%é%#6%;%'\0)
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Fig. 9 NOsx reduction rate and
oxidized S ratio to reduced N
during the water content experiment

—470—



pH&ELE%

5.1 ERER

Flg WIZEBPEDpHO BB E(LER L7, CaCOim LB E
(b-o)ilid, EBRHMzE L Lpr)"/S ~8DHEIEL/EICFE AR

a:ﬂ\,\ ERNOB S @I, —WHELIBRLE L <, B8itiEH
A55L K< %%ﬁr%ﬁwafisa?iiﬂip}im:ﬁ LTw&, sHLIRIEF
FopHBA DR EIT S5z,

Fig. 1L 28 4&MH2B17 AN0y . NOv RSO oFHEfERL
770 CaCO3ZIEM L7386 - o)iZid, MEA3HEIEINOS DA IS
SO DEMIRE S A v, 3FLEIEERIISOFrPER SN TV S,
—F. CaCOrERMMDEE () 121d, ERMEHSHH $ TILSOS5 D
MR SR, sH%BETH LSO DA RS M,

EBHM SO SAN0BE ORI EL A Fig 121278 L7z, ERAKR
SHEITEELNODEBFRE LN D, CaCOs ZIRMLIZHFED - )il
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Fig. 11 Temporal change of NO3', NO2, and SO+*
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Fig. 10 Temporal change of pH
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(Shaded area is optimal pH range for
denitrification )

NzO(ppm)
7000

6000
5000
4000
3000
2000
1000

5 10 15
Time (days)

——
|--a-b
g

0 5 10
Time(days)

Fig. 12 Temporal change of N20
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