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Effects of different storage methods on manure utilization characteristics and main odorous gas emission of
rural dry latrine
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Abstract: In order to explore the impact of different storage methods on the manure utilization characteristics and main odor—causing gas
emissions of rural dry latrines, in this paper, we conducted experiments on this kind of dry sanitary toilet. By researching the dynamic

changes in the physicochemical properties and odor emission of human feces in dry toilets under natural (open) storage and closed storage,
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we explored the effect of renovation of dry sanitary toilets on the agricultural potential and the emission of main odor. The results showed

that compared with natural storage, closed storage had better nitrogen loss reduction with a decrease of total nitrogen loss by 20.24% and an
increase of ammonia nitrogen content by 22.34%, while the loss of total carbon content and electrical conductivity diminished by 4.61%
and 0.02, respectively, as well as a lower pH by 0.9. Throughout the experiment, the number of fecal coliforms decreased from 43 MPN - ¢!
to less than 3 MPN - ¢™" under the two storage methods, and the seed germination index value was 0, indicating that although the storage of
human feces in dry toilet for half a year could achieve hygienically harmless, nevertheless, that still had toxic effects on crops when used as
fertilizer directly. It was suggested that the addition of mulching material or filler into human feces was necessary to improve the maturity of
manure to meet the agricultural utilization requirements. During the six—month experiment period, the ammonia concentration in closed
storage was significantly higher than that in natural storage, with the highest being 279.29 mg+m™ and the average being 129.75 mg+m™.
The average hydrogen sulfide concentration was 10.68 mg+m™, which was slightly greater than that in natural storage, illustrating that the
odor emitted in a closed septic tank after replacing them with dry sanitary toilets was mainly ammonia, which was slow and continuous, and

there was a significant positive correlation with temperature. Therefore, in order to solve the odor problem in dry sanitary toilets, an exhaust

pipe must be installed, and its height and inner diameter must be precisely configured to discharge the odor efficiently.

Keywords: dry toilet; dry toilet fece; odor control ; agronomic characteristic; odor emission
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Table 1 Basic physical and chemical properties of human excrement

Tk - LR hs¥ig A FRIpw
Moisture content/% P Electrical conductivity/(mS+cm™) Total carbon/% Total nitrogen/% Fecal coliform/(MPN-g™)
86.13+0.27 7.30+0.06 3.05+0.17 43.33+0.60 4.55+0.70 43

www.daes.org.an




m@g 1182

URETR Rt Y 3B S H

Ji s % 5
1.2 R A%

PRI LTI AF (CK) -5 %5 I A (MK) P A4k
A, B 3T BR A 2 75 2 B4, oA iz
B, BRI S LR 25, T2 N IR
T ClERRAEAS B ) 17300 . BB 4R 1955 0.7
14.21.28.35.70.84.98 126, 182 K F) b4l E 1R BE
AR (NH,) WAL E (HS) , R 7B B S — 3B
FE 4 CUKFE h AR, T & 7K % pHAE (L F 3
(EC) Fh—+ & ZEH5 3 (GD) VA B A (NHI-N) & A
(NO=N) BB (TC) EA(TN) R, 55— 437E-80 °C
AR IR K AR DA T 2K TR EEIR
1.3 MEIEIRR T iE

T v R AL SRS (SBWZ-2460, b 1 T )
FE 5 NHs HoS F 58 485 20 A0 1A K M 4 I 22 (TionNH3-
H2S300G , RN AR T ) , FEPL AR EUE AR E Jo il sk (29 5
min) , T &b BRS04 AA Bt 5 45 A % AT 10 min J5 AR
D5 5 7K 3R FIBE T 200 % 5 pH  EC G2 K7 B A
LB TR FEREE (m: V) 1:101R A FER AL EIR
¥ 90 min, 5 BE 7 5% 4 200 remin', 7% 56 EE S
FHEOHLES O 30 min, & B0 4% 4 4 000 remin,
B0 S R B VE WA T L v, pH T (SX-610,
T A M E SRR pH, (T HL R4 (DDS-307A,
RS RFERL) ME EC, K 10 mL_FIERA 10 B8 b
FhFRCEIHAT 2 )2 IR ARA R SR ML, 25 CRRRE ST
THE RS AR (HWS BUBE S48 ) 1 95 48 h R il sk fp+
REFBORRRAS TR G128 K TR AR ZE Fe AR
DUAE S A 504 B2 wl ARG, AR (R Hp 28 KM TR
FEIINAE ) (GBIT 19524.1—2004) 1l 5E , i FH % 45 M 2k
1k 5 3% #§ ATTEHLBJ00138. & K =X 1% 7% 44
TTE20152145 . A=9) B7#%% ATTEHLBJ00110, NH;-N
R BE I i 54 -T DL A e (17, 5%
FEMERE ) FL I E", NOs—N % F 484036 i kil
FE o TC TN SEHEFE 5 KA 5 it 100 H i, 4 FH oo
R (PE2400, 36 [ PerkinElmer ) W &

1.4 RS

K Excel 2016 ,SPSS 26 X iR 56 Kt 1 748 3+H43

Bt , K H Origin 2022 224 .

2 HER55H

2.1 AEEFEARITENZETRFZEF R
2.1.1 BZEE A7t FE o KR ARk
TR R R S, YRR A

P 1%) WHARTY

FRZSFE M , 2 3 9 K R 2 R BN AR
ZRR SR TCIEWAE , AR RAA S M, R i R
AN A A B SR 0 265 K AR AR an s 1 TR . CK
b FRZH B S K R R P S T R, MK A4
BT 5 AR 248 Bk sl B, MK Ab P4
SN2 TE S KRR S T CK AR B . I8 4R B
S TS O AR L FLBR RN B TS N AR
TR BE AR, 3 3 CK A B JEC T A A IR AU ™, 3t
CK A B2 1 MK Kb BRA () 5 7K AR A 22 S 3/ . Bl
B T & K78 KRR, CK A4
FE IR0 S AR P [ 0 25 R, A A
20 A 25 S K RATAE i 2 57 (P<0.05) , CK 4b #
2 E M ZE TS E KR WA 1 86.19% T B& £ 20.37%,
MK Ab B 20 1 5 7K 2 i W) s 19 86.19% b Tt |
92.21% , 3% A g & T A3 HLY A8 7K it A 140 Joit 34
WD RN A2 HLO, A, 7 100 3 A Houk il 214 55
AR KA AKER A K R 3 P KR T R
JRHZ— .

100
90,
80
70
60
50+
40
301
20 ) ) )

0 20 40 60

& 7K % Moisture content/%

80 100 120 140 160 180 200
6] Time/d
B1 AEEFEAXTEMESSKREHEL
Figure 1 Variation of moisture content of human excrement in

different storage methods
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Figure 2 Variation of pH value of human excrement in different

storage methods
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Figure 3 Variation of EC of human excrement in different

storage methods

Wb F B AT HERRAS . T3 S5, CO.  NH AR HEIR
s 23 S0P, 34 COL NHLEHHE Tk, S 8N
84 RIFUf MK A FRZ EC W i , £ 00 f5 1, bl 5
AL A L 53 ff ™ HE K T A i
WA A i S SR R S AR EC SR [ H
G 45 A, CK AL 2 F MK A # 2 1 EC A8 M
A, 53914 3.43 mS-em™ f13.41 mS-em™, “HEFA
B2 (P>0.05) , B2 5 182 d BYIAE  AF )7 F) B
J 75 Fe 2R EC M/
2.1.4 B AE I AR TC Y & R A8 b
G L A P OR [R] Ah FRAH S35 TC R AR TR &
4R o £ AEHRA TC % AR AL R SR, S A 5
TR AR FEH, 3K R BE & COL A CHL 1 R A%,
TRRAIISR, B CK Ab B 2H TC 5 - P ARG o
FEXEF MK AR B, 302 T CK AR BRI A A2
HERE FEH 4 CO MR, HFE L AR
2N CHL 7= A 8T BRI A K . il 4
P, CK 4D BT FI MK A FE2H 14 TC 55 5 MR 56T iR
) 433.27 g-kg ' 43l KA H) 255.97 g kg F1275.96 ¢ -
kg™, Ul /0 W 5 43 591 R 40.92% F1 36.31% , . 25 4%
i (P<0.01) , X R W B A A7 AE— @ B2 B AT LAY
BRI K

450

250

80 100 120 140 160 180 200
At ] Time/d
B4 REMHFEAXTEMETTCEENTH

Figure 4 Variation of TC of human excrement in different
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storage methods
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Figure 5 Variation of NHi=N content of human excrement in

different storage methods
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Figure 6 Variation of NO3—N content of human excrement in

different storage methods
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Figure 7 Variation of TN content of human excrement in different

storage methods
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Figure 8 Variation of NH; concentration of human excrement in
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different storage methods
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HLE e MG kA T S 5 I £ 3 B0 NH: HE iR
ARET REG A5 AR, CK A FRZH A1 MK A B2 7Y NH. v
JE 53 B 0.76 mg - m™ F1279.29 mg-m™, BEAKT
CK 4b B 21 3% 75 1 %8 NH, ¥R J& 8 35 (% F MK &b 2 41
(P<0.05) ,3X "] BESE Al CK Ak BREH 2w 1R 2S5 , NH,
SARPERECE) 2, AR BAE U2 % BT 10 min
Rl = A 1 NH,, 1 MK A B b 28 R ZS , NHL AR
MEIR AL, HAE 29 R — SR A kL™ A4 NHL 1Y
SHEUA, L3 FR, CK PR NH: W 52875 pH
PREE IR B S h BE IEAH OGO R MK A FRAH NH MR
3875 pH IABE IR E S B 25 IEAH DG K R (P<0.01) , i3
HHE Y (W REAIR pH 5 TR0 AT DA/ 5 288 35 I A7 ) i
o NH; B HEL

%3 NH:RE5 pH R EMBXES
Table 3 Correlation analysis among NH3 concentration,

pH and temperature

It N . NH3 ¥ B N
[ &eEyiE:y Pk SHRE R
Storage . NH; pH
Trait . Temperature
method concentration
CK NH: ¥ 2 1 0.572 0.574
NH; concentration
pH 1 0.744%3*
Wi FE Temperature 1
MK NH; ik 1 0.870%*%  0.753%*
NHj; concentration
pH 1 0.734%*
i Temperature 1

T AE 0.01 20 CRUR ) ARSEME B35 . . 76 0.05 2453 (BUR ) 4
KME®E. Tl

Note: *#. At level 0.01 (two—tailed) , the correlation is significant.
*. At level 0.05 (two—tailed) , the correlation is significant. The same
below.
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2.2.2 TSI AE LR HaS WR B 1 ARk

FEVGIWAF R R P HLS T2 B AR IR A X S I, 3
PR PR AR VA IR R XA LAY rh )t 2ok i S A
PR Sy, Sy FHE I KRR R ZIE L HSP . HoS HA
SRV %) S R SR, 7E A b AR H LR 2
DAL WP T E AN OREZE S S i A )1 DN 7 52
B AR g R AN [ A FRZH 275 138 HLS
B AR AL N 9 TR o PRALALFE HoS W LR
R i S a3, 40 A B CK A0 33 4H 0 MK A2k 3 26 1y
HLS ¥ B 435124 87.00 mg - m™>191.33 mg-m™, H,S J&
B WL D AR S T 3k A v 1) R BRI = SR 1 B
Bz s R e g kA TIRE RN . 165
7 KB, CK A #ZH A1 MK 4b BEA () HLS ¥k B2 53501 F B
#]52.59 mg+m”F120.34 mg-m™, X 0] e K A H.S 7E
BB PRI v 2 3 ok o R PO 2k — 3R 40, MK Ak 2
211 pH =5 F CK A BRA , 535 CK A B 119 HoS Vi &
B, AR AERI S 21~182 K, PN FRZH 1 HLS Mk
JEBH IR I R MR FEAR , X = T EN frat #2805
FWIE R — 2207 , FEHLS 5 Kk B EAR, HAh, b5
BF ] R HE RS A LA 3T 28 el /> | HLS )7 A= 1 34 W o
o TELEIIR], MK b #2019 HLS ¥R 5 T CK 4h B
4, X T ULET HoS A HERC R O FRADIRA, B
CK 4b PRAL 5 4 FAAAE SRS, 3 30 CK AL FR 2 1)
HLS e FEARAR . 3030 25 o i, 79 1S A0 33 40 Y HLS 1R
H0~0.46 mg-m~. W4 FTR, CKALHL H.S e J
ZE75 pH IS I AR AR DG OC &R, MK AR L4
NH: ¥k 5 25875 pH &2 I 2 A 6 R (P<0.05) , 5
IRBE T I A DG OC R, U B S M 1 R 2R
pH 1] LA/ 2 28 75 10 A7 HLS A HERL
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= 80
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= 60

i
® £ 40
T 5
(&}
S 20f
2
T ot a8 —p o

80 100 120 140 160 180 200
HsJ ] Time/d
B9 i E R BT S IREMNETL

Figure 9 Variation of HsS concentration of human excrement in

0 20 40 60

different storage methods

P 1%) WHARTY

R4 HSIRES pH REEXES
Table 4 Correlation analysis among H>S concentration,

pH and temperature

HLS e Ji

SCEEI N

M JEL i
Storage &/U( H.S pH i B2
Trait . Temperature
method concentration
CK H.S Y 1 -0449  -0.242
H,S concentration
pH 1 0.744%
=85S Temperature 1
MK H.S YR EE 1 -0.609%  -0.244
H.S concentration
pH 1 0.734%*
i FE Temperature 1
3 itig

WAy G LR F KR RS AR TR
TS P MR TG S IR . B IR AT R
Wy % i R RN SRR, AT AL AE A A L R T A L
PRSI ) B AE TR B 93 1 CO. HLO (B R 36 A B
BRI AE AT R R A IR
SN, DI RESICE W0k A WL 43 f SNy A ALY
KR BBk EETE SR T e 4 BB,
JE TR COL  CHLAEY ™, PR, TP A7y 204N [R) 5
Juj 2 35 o 3 Ay i O E AR R AHECE R R
BIfFE2E R
3.1 MEARTEMETFHFHRBHE RN

FEN A R IS A LR E R EE T
KA AR AR DL R R A S RN e 3 R TEHLAL,
FEALHE NH{-N \NO3-N 17> NO;-N, Hi NHi;-N
o7 Fe g o SIS M I AR TR P A AR
AN AE R A LA G R RE R, 2
H 7 2 A A 2 R IR UL, ST pH TRk
FI3E FAERT , NHi-N 5 NH, [0 001 4% 4k, 3543 NHi-N
DA NHs B 3 L 0% 75 AAc 1 T —3 40 NHi-N
25 G Ak A0 T Y 10 A TR S R AR R AR A
S B AR NOS=N, S £ D)2 388 2o 52 A Ak 48 T K
NO;-N i 50 NH #0126, AT 3 A7 3 A 28 75 A
RREPR 2GR E AR, A7 S % A
FE TN 4515 343 511K 59.96% F1139.72% , iX 3 B %5 ]
T 4738 2o W A S 22 T A W ) AL RS b
J I, HA B B AR R R
3.2 MFEARI R EETTRSIEH H =0

R3S TE R B TR MR TR B AR
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B RS Y 3 O R R, FE RS T i 5
Jp b 3 2 T A5 ) 2 B4 4 H NH A HLS (5 4 8 22
PEES, UL, 3 25T 5 35 NHs A H.S fHERL
FL AP RRIE A7 7 20T S AR 5 & B0, 4 EL %
A, S0 25 A M DV AR S T R E Pk s
W2 NH #2430 5 K (B FA B mE S48
K HOE E , 5 2006 NH A, BT 1
NH, ¢ 5K T A7, L, %87 R
DU B NHs FHoS ¥ B2 ey {5 HE 08 A% wi e e
£, AT LU RO /0 54 2 o NH A HLS 45 5L )
KA BHERL , AR R

4 £t

(1)'5 BRI AFH L, 25 A AF T DL S g b sk /D>
R, BRI R IR 2024%, A B A SRR
22.34% , Bk R AR 4.61% , HL 5 2R [ 0.02,
pH T+ 0.9, A FHAN B 25 1, s 1A S ) 2805 I A7
SR 2% P A7 5 5K

(2) M2 15 2k bl UV AE RN I A7 B 2E K
HREEGA R T CHEALIERE) (NY/T 525—2021) Frifi {5
PIAN b FREH (R0 2F P8 B3 A Gk B e X A=
KA —E W #EEE, ok B A T, @5 220 8
I WL RSB TS B JE 2 3T M S 5T
VR IS HORN 25 75K

(3) FmiZe 5 Ar L firp, % A A7 3805 8 NH,
e 5 T A, AE NH HE e A8 T e 1
17, HoS 1 J3E s 2 T 1A, DRI, SR R % A A7 o
I R 2 LA BCHE | (8 %8 P At o 2 e
HEAE , BHERAE & N = T A IS s
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