e B SIS S R
% 1L
{ I ﬁ hEI RO ET

XRiPIZiis bttp. //www.aed.org.cn

N

TR HAA KA FER OB TR

BRI, S8, 1R, R R, Mk, =5, TR

FIHIAL:

BRWTE B UL AR R . 22 505 25 1. ST Ik LA A9 PR AL PRI ST HE (D). A0V B8 IR BRI 2441, 2023, 40(6):
1388-1399.

TEZR R View online: https://doi.org/10.13254/j.jare.2022.0652

L] RO BR A A R

Articles you may be interested in

FEFF I BT 11 = 227 1 P8 [ R L Bl 45 AR
PRBE, Bt A, BUAROR, W2, R, TORTAR
LV BT S FREEAR. 2019, 36(6): 711-717  https://doi.org/10.13254/j.jare.2019.0128

TR B S IR AR 2 Je 2
XS, WhBT, BRI, PO B, A I, BRAR, MRER TS, TR AR, HIBE K
AV FRIR S IEEF4]. 2020, 37(5): 636644  htips://doi.org/10.13254/j.jare.2019.0267

T ORFEFFURLIA BN 1 3368 LA 5 e AR 7 1 Y 52 )
TRF, 25K S, MR, FUE, AR, TRERRE, S
LV RS 2AR. 2019, 36(2): 160-168  hitps://doi.org/10.13254/j.jare.2018.0137

FETUCHRE 1 5 D HE A B K R R AR AR LR S PP —— DA IdE s A

AT, 25, TAREE, XU, B A

LMV BRG], 2017, 34(6): 568575  hitps://doi.org/10.13254/j.jare.2017.0115
FhFFi0 U BCHtA ORI T 384 . B Y. RIS TR e

5t i N, LA, A

AV BEPR S IR AR 2017, 34(3): 215-225  https://doi.org/10.13254/j.jare.2016.0305



http://www.aed.org.cn/nyzyyhjxb/ch/index.aspx
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2022.0652
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2019.0128
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2019.0267
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2018.0137
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2017.0115
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2016.0305

K& RS IR EFH 2023, 40(6): 1388-1399 Journal of Agricultural Resources and Environment

ZERWT, S0, BT, S T AL A 1 S IRAL BRH S 0 R, Al BER 55 3R 241, 2023, 40(6): 1388-1399.
LI T X, WENG R, XU X P, et al. Research progress regarding human feces and urine treatments from the perspective of return—to—field applications|J].
Journal of Agricultural Resources and Environment, 2023, 40(6): 1388-1399.

N Y Spe <
ETEHAANWAZERLEHR TR

FRUT, FEL, BRI, RER", K, FF, FTE

(1AL SORHE A REUR S FRBE TR , LSl T SRS VU A ST 5058, 0 100083 2.7 L B2 ekl

54O XI5 T, dEaT 1000815 3. 5§ BUIIE K244k 2= 5 M BB S 5 Bg VLIR30 5 75 e 3 il FE S0 %, B At
210023)

OB AP EAFEEAAYIIRIN P K S UE IR, 3 A AT R I TG /K A B AR G i et r , i L Al AR
N (e ag AR ) A JE o SR FE DR BLAEE AP TERR R AU , HLi AT AR EAL AR BRI . ARSI T il THALAR I B 45 1
Il AR DRI BB A FHBAR , 2 NZEIR BReIE , i T PR SR A BB A ads A0 LA R 8 4k, I ELXGE 8 P BR BEA T
TEATFRE R LR A5RRI, AN AL S AN BORTETCARIERLIE T Ab B ZEA RECRIIEIE F A2 2k, ] 4 A ) e SEAE AR TH
A %A AR BN R HRCE IR , K P IACT AR IS AR B R I NFE A MR IS o DRI A I8 AT A A Tl )
DR , S 2 AT ILRE A ARG AT 1, HABEOR I B AR5 M) R BRAE TR RS O DFTE R B . A SR 1 A ZEIRIE B H]
e B ) AN PR , LS AR BT 18], LA NS R A FE AR B9 BRIP4 255

SRR : NFEPR 5 I 5 SR AN s HERE s B2 W 5 5 AR BAAL 5 155 2600 DLE

HESES:XT70 ERARE A X EHS :2095-6819(2023)06-1388-12 doi: 10.13254/j.jare.2022.0652

Research progress regarding human feces and urine treatments from the perspective of return—to—field
applications

LI Tianxin', WENG Rui', XU Xinpeng’, CHENG Shikun'", YANG Zhen’, LI Yong', LI Zifu'

(1.School of Energy and Environmental Engineering, Beijing Key Laboratory of Resource—oriented Treatment of Industrial Pollutants,
University of Science and Technology Beijing, Beijing 100083, China; 2. Institute of Agricultural Resources and Regional Planning of the
Chinese Academy of Agricultural Sciences, Beijing 100081, China; 3. School of Chemistry and Materials Science, Jiangsu Provincial Key
Laboratory of Materials Cycling and Pollution Control, Nanjing Normal University, Nanjing 210023, China)

Abstract: Human feces and urine are rich in organic matter and mineral nutrients such as N, P, and K. Applying these in the field not only
reduces the pollution load of sewage treatment systems, but also replaces some fertilizers to promotes the development of green agriculture.
However, the direct application of human feces and urine in agriculture has environmental risks and has not yet formed a standardized
treatment model. From the perspective of applying feces and urine to the field, this study presents a summary of the current situation locally
and internationally. Considering the characteristics of human feces and urine, the effectiveness and safety of the main waste treatment
technologies are expounded, and the safety of various technologies is evaluated and compared in this study. The results show that anaerobic
digestion and aerobic composting technology cannot guarantee the safety of applying human feces in the field without standard
specifications. The preparation of biochar-based fertilizer has environmental benefits such as improved safety, reliability, and the reduction
of agricultural carbon emissions, and hydrothermal carbonization technology has unique advantages in treating human feces with high

moisture content. There is still a risk of micro—pollutants in urine applied to the field after storage; while struvite precipitation technology
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has good replacement potential, other technologies are still in the research stage regarding micro—pollutant removal and nutrient recovery.

The problems and challenges as well as future research directions are proposed, and this study provides a reference for the reasonable

selection, standardization, and normalization of the human feces and urine reuse technology.

Keywords: human feces and urine; return—to—field; green agriculture; composting; biochar; hydrothermal carbonization; struvite

precipitation
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Figure 1 Contents of typical nutrients and contaminants in human feces and urine
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Table 1 The main parameters affecting the treatment of

human feces
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7.2 [20]
74T i) [21]
KR 74.6% [8]
80.4% [20]

2.1 REHEK

AT AR C/NBAR HR 43 s, i s IR
ST AT R RS I R R 2SS A A AT AL P
(A3 & 2500 5 KI5 e ARV IR 579 & ot 4 3% >
FEVRG KW, FERRSEPRE R, N2 SRR R
R EMIBAL M N3:1.3: 1. 1: 1 & F 5K
gl N FEPAE KT 5 B F T 78.50% . 20.75% Fi1
18.84%. VI PG NZEIR A8 ot by 3 A A He A (]
F R A AT 9 FE TP R A R b R St 1
3.49 [ BRI 5 1 174 KU R A I AR F5 1Y
LR 2 SR TE 7.7% . 40.15% . 5 DR 2 A\ 26 v Jic s
AR RS R B T R T R P AR
et H N IR AECTH Ak A TR RE TR S B A 1 9
RO 15 Y g8 br A0 A ) 15 A B 22 4 4 ) B
sferas2a R I 7 R BT AL B AR X SO Sk P E
FFARFR, Yin 625 o PR FR (70 °C) [ HH IR DR AT
b RGeS A5 e 4 NSOR L 242805 B TR 5 >
— 1390 —

1% 2% 4% 6% 8% . 10% F1 12% I} , 95 J5 AR 58 4 K
T ] 43 5914 60 .60 .80 .80, 100, 100 min F1 100 min,
DO FETE A FE DR AT A T A A BRI R T
5%,

H T, [ N A DR AT Ak i 38 BRI 0 B 5%
o FEFRIE B PO RS X TR O B HEA T, P R
KRGS H T A ZE A 5k it , (2 AL 25 A
W o AR K S8 5 . — R HESh AU A ad
FRREE AL B K T T B — 8 BIARERLE ; —
JEET RN 7] S5 A B 00 35 AL A A A, insi %o 350
AP L B, B8 m I RE™ il B NEORN e A MR =
2 ) FE 0 D8 T S A DR AT A W B SR Y i A T
E G
2.2 fFEHERE

NG A HENE 1 B A B8 0] LUK 2 o i
RIEATIE B, 2B B 0 — R B 0y vA, 2
MR e AR SLOE S AR . e
R EEE RO MEDE M ZER) C/N(20~
35) . K #E (50%~60%) .pH {H (6.0~7.5) ikr K/
DL R B AR AR A HE DR UE JEUREAS 55 X6 21858 A A2
{EE A K B TR A B TS5 e S OU T VR 2R A
N5 ot 9% T [ A ) AR M I 5 44
PEATIEHENE A B ik B R i A AR IR AL DA K TG
FACHE B 0 B FR bn o A% e R I H A HE A I B IR
(50~70 °C) MK (25~45 d, H B K Ak 5, 22
I FFY R o IR AT A T g AR A 2 B e TR S (80 <C
KA R A B HERE AL 10 d, A1 Hu A e HENE i
] 47 %52 60% LA, B K 4 ey N & HENE &b 5T A S 35 4k
FEFER (H A o YL ECHE IR P i A i ) 75 S e T RE AR
R, 78 S B Ry FH A 5 28 2 58 R A R A T RE IR A
AL BTN T BRI RAS o BRSSO JFOR o 104
NS BEAR AT T /NI G I OB T, 45
Fe iz 7 2T LA R0/ N Bk oA s e
) J65 S RN A R . BRLIE, R AR Bk b X
N5 4 B A F AR P 98/ B R i A i Y
SRR o i A A 1 DA B /N TRl A 3 T 1 S A R
AT N ZEHE AL A B 38 e o

N ZE TR HE AL A AL B IR 2 — A SRR Y
C/N 38 # H 215 %, HBKH AR BoA Bk, R
TiE AR AP AN i okt . ER, A HEAE B AR ik
PPN FE R F2 SRR L4« — SRk = 23 (AL RI T G 0 A3
AT TR AL 3, S AR 5y IR TOvk et s — R
N AR DA K AR [ 8 5 — 2 il = AH DA AL i 1 ™

http://www.aed.org.cn



RN, 55 T ik LA A9 A FE R AL BRI %

2023411 H

FEARAERT AR , NI A AL FH W i i T8 40 34
T RIEAL R R R HE R A & A S/ N Bl Ak HE
NE B8 138 K o
2.3 FlEEMRER

il 5 A 0 ¢ HE N R PRAIE 100% 9 LA T B L 2B 9
BN T L3 A B T 3 Rk DA K RS
TASHRE Sy, w] W s LR AE Ty e ER A AR
KT N FE I AR ) i B IE A H RE S N2 TE
b AL AT IR B AR, BA 4] 5 sl bRl ik
HEBCEELH o LR il a8 252 T2 iR T
T AL 258 0 B A EF ] A 5 0 I IRUSE 12 5 B
R ANESZAIRIR W5 1 28 A= Wy e ) B 0 T 20 5%
S5 SRR BIPRIR B XS 7 R S R R B 2, HOE THIR
R AR E] , FE 600 °C | THE % 15 °C - min™ 1
FIF ] 70 min B9 28 F T, A0 5 B 77 4405 15 49% , [+
I B AR SR TR AL AR AR . X it 58 3%
W], B BE 500 °C L FASE IR 1) 60 min 257 FHUY)
AWy e FAT B s A ARG E M R T | L2 A )i
P K& AR, BA R R 13V HIE 1. P2 15T
A v AR I R R i AR W e RORRE I, T AR
BIENE P KAFARCE TR BRI N TTR R
RE A1 I 2RI s K 0 Wy o e AR LA K B 4
o T e A R A

H T, A IRk 28 A ) 5 BN AT Ak T
IR T B, & K 38 N Bt IR Y 43 B 2 M 5
AR URE, DU A 7 i FEREFEFI N R . AR
BRAED) AR ILZH ZL(IBL) g A= ) ¢ 4 A 7 s i il 7 £
SITEE B[R] B T2 45 60 AR W A A I R Y
S AR ST PR, A J5 T AN A 1200
A= Wy e N34 FH 800 52 T AR AH DG RIS, SRy A 5 4 1
SR RS T o TEARAAY SR s A &
B W 5 FENE A 7 A D) K B DR AR SC 9T, 4 v
FLIE A PR EE 28 55 80 4 o
2.4 KRN

K #ax Ak (Hydrothermal Carbonization, HTC ) 4%
AR AT AE BRI BE L TC TG T 447 30 4k $H g A 35 51 2%
T 3 A DRI 2B T LUEBRR )5k, 2%
R AT A 0 AT PR A 5 4 R ) 3 £, HTC ™ i il
1 W SRR RE T LRSI FIR R 3R o A vt
EP AR, 52 HTC o 72 1Y 3= 2 S 800 O i
JE 5 BRI IA] JIEH) pH AN B R A AR s A A
TP AR Y e A AR ), H v R R BE S Tk
{5 BRI I) A A1 N ZE5E A RS g 19 HERE ™ e

http://'www.aed.org.cn

Wiist FIF5E HTC 7= i 1T D4 42 FVERE A 17 fe 4
JRE 5, 45 R W] pH=4 | S 03 B 2 220 °C 45 5
B IE] Sy 2 h B 7K e ™ e ey (AT NP LA 350 e A
B, McGaughy %5 1l 0158 HTC R3S 75 Hhig 57
Yy R B, K o FBEHE P PN 0 BIAE 100~130 g-
kg 1.8~2.1 g- L7 Z[A] , HTC Ji2 I 4% 14 5 Wi '8 37 ) o
(TR 25 S FLAE K B RN R I P R 2E B AR B b
WM. AFEHTC ™ i N: P K E )55 5l IE AL
FEARIE E 32245 AR FT BE X6 45 WA A 1 ML) i N8
JIS 7 it P B 0 ) e AR RS

NZEME N HTC SRk A 7™ A 580 )R ) i 0 4%
D BRI H A K R g 1 2 S B IR L
H AT, HTC A 7K BeAU PR T X AP 4 R 2feF i3 AR
R H—h ) T AR LR A BIF S DR I i it
— TR W 2 A LT RE AL KR I HLEE . HTC
WEFE F B TR e K R T T8, SRR AR 7 RS B 1o P e A
WFSE, A 2R G M A 58 N ZEARAE B 32 Lo
OV HTC AL AR 2, AR HTC 7™ i s (-390l R 741
SRS NEED i — 2 TR AR S
2.5 FARBLERXTLE

F2 MG T NFEE AR F B S A A
(1 N8 28 VR 1) I I8 0 B DR A B AR ol
o AR B AR A R SR AT AR A B e Ak AT LA
A BARPRAN AL A OB AR 1 B T 5 5 5
BN C 2 IR B BCA PR UERLE R R AR DRIE LS
HH e 2P o N6 & A 1 o SE B A FHEL AT [T ik R
FHH R e ek m K IR AL H R AT FEAR T A3
PEATTRUAL RO IE B0 I, (E A A B s I ot A
W BN AT T o — 0. Bl r 2R & R T
FLR K T — e B B AR HE AR — iz ] 3 2 — A fk 4%
RIS A W) ¢ — M I 3 AR >4 Z2 o ) A 3 R B
8, % T R N FE AL BEASR T AR TR i 1 T
HEEEY,

3 SEREAEIEH

OB PR A P 2o A P A7 A S A DL R e R
JEEE o SRR AR e 4 25 RS T s o PR I i 4R
Iz it 2 T ) T R8T P b 3 )
FT, PRI TR B 40 BE 5 1 323 S . —J2 il IR
WA B AR RS ey, B HOR AL HE IR A AT
R AT AR AN S AL HOR s IR A MR BUR
HHYE TR, FEEAROBEBETA JURE B2
AVLHEL o
— 1391 —



ML FEIREG PB4 - 5 404 - 5 0 ] - X

®2 NFEZXHBIGERE AL

Table 2 Comparison of treatment technologies before returning human feces to the field
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Note: + represents the feasibility of treatment technology; Arepresents the safety of fertilizer products.
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FEAE B BEEAT RO, R PRI P AR TS G ) 25 Bk
I SR 28 PR AR b 2R U L SRR B
R 2.5 g LB UVCHR ST D8 B 2.5 kWh- LT
AT LASE A K BRRI T B 250 5% W) . AOPs A Jly— il
SR AL BT B,y PRAEAE AL 2R = 4 e 4
B, oK Sk AR 10 2R A T AT R AR (WD PR rh o
FEI B A m s G BRI G A B R
3.5 BEHER

BE AR AHE 55 (Reverse Osmosis, RO) FIIE
%1% (Forward Osmosis, FO) . F&F & JJ9K 89 RO I
2B AR RS Y BA e R 2, AT L
i 3o 42 ] PR pH (B AR A B 2, BRI AR
R BB U A FO S H FH I 00725 U 1492 125 T
ZEVE R RSN 7 AR RS 1220, AT DA b R v
Sy IRy R PR S YR TR, X 25
ST R WESE FO AL BRI, FO BEREA 808 B R
(75 e, %k TN R 2 AU 8CBE 32  7E 98.5% L) |, i
VRS I RS T LA AE 90% LA . BT, BERHSK 3
MBI BES TR I, R =833 e Ay Bt iy
BEERVA WA A WS W, BT DATE AN 38 RS O 1 O
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e FRBUA T D 60% , LA 7 5 258 4 1T X Il 2y
50% N F140% P, Shyifk— 205 5 DRUBCE T4 Joa 1) ¥
G5 UL M A LEVEIB 1T, 5 K B 2% 1 (Membrane distilla-
tion, MD) T. 25 5 FO 2545 . 4K pH 6~7.2.5 mol -
L™ NaCl A/ N W O ), FO-MD T2 A] LA B3 IR
HY AT ALRR VTN B IR £ DL RO SR i A ) A LTS
e, FO BA RS Yn R REAE DL K e Re e 1 A
S H T TR A PR B SR N R R L H
A R AP A7 A v 22 PR AR, Qv 48 PRI T8 75 01
FHS 3535 PE FO Y 28 8 LA K 8BS T 1A i B
T oL B AR I4E
3.6 HIEE

TREE TR 2R FH R W b S AE i 551 T G4 R 1
s, 8 3 A% A S8 A ) SRR G s, A 1o
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AR A SRR FZE VRS 5B RORIRE ML T
oy B A R ZE VR IR & L RIIE T B ORI 2
R J5T , FAT B GF () AT 4 PR RN e R Liu S5
2R 14 Lomin ' - L7 R 323 K FiE 176 E] 2.2 h
MBRAEZRAT T, WBEST 5 R PRI (pH=9.3) v £ R 80%
R FAR B T A K 21.65 FE 0, 195 23 S E AL
JEE A T2 0 25 AR B LAB A T A | el 28 PR
TE LU T I LRI AT S 2 A 2, T pH R T 10
BF &AM A S R S BURALE T TA S N . Haz-
ard ZEPIFSE T 28V T2 MR A RCR DL R
R EE R PR 5 28 RAB X 3 LU AE 6.5~7.5 2
(] B 22, [ SR 15 90% , HL . Haber—Bosch T. 254 7%
RIE T W Re i B A PL . 7ESEbr TR, 28107
P T EANE A A BN R , 75 32— R T 20
P BERE , LA FH A BH A8 sl AL i 57 A5 A AIG I
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B S TTUE H A 238 3 N B R S O UE SRR
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12K 5 e A ] RE A A, PR I 98% MRS
Yy ) LR B8 A D DR TR, AR R B v R ) A
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R, Zamora SEUR AL R T2 MU AL A 7
B-19 240 1F pH=8.6 Mg: P(EE /KL )=1.2 5 F ,N
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TRAE 19 4 S FE FAUN 2 F 5T
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JOuy 2485 A PHLIA FH 2 4 i AP AR 2 AT e AR SRR
2675 R S Cd  Cr. Cu Zn T 42 & & 8 1 K i
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®3 RRSEREARFER

Table 3 Features of urine treatment technology

LISEESFS

ik WA I ] PR
Treatment X K . Pollutant Energy
Function Potential problem Maturity N R
technology separation rate requirement
PR A AT FEAR N R A0 el b Jt A FAERBIRER TR RGOS Y+ + + + + — -
REHHA B s A BEAE R ot 90%~95% + 4+t
WUSHAR RIS GREEIEREERR AR PSR S ERE RIS AR+ 4+ 92% LI I + o+
AR ERR IR G G NRE#K REFER + o+ 99% o
IRE/3FS PN Z i 4 R AR 2 S AR [z e o S + o+ 90% L) I + o+
BATINE PP 2R, A7 i A R A | A R AR Al 4+t 98% + o+
ROTZ  WARE TR RS B ) BB AR RERE T 5 L sl I ] i + o+ 43%~64% o+
FO-MD L% WARE TR W BGA LA SR PR AR W P s e B+ 4 4 = + o+
T+ AR AR A AR —REA A 2 RO -REA R ERERE .
Note: + represents the feasibility of treatment technology ;— represents no separation effect; — represents no energy consumption.
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Table 4 Content of common heavy melals in feces(mg-kg™)

225 SCHREhR 1
Cd Cr Cu Hg Ni Pb Zn Reference or
standard
<125 <125 21.7 <12.5 <12.5 188.8 [17]
0.221 6.71 492 443 4399 [8]
<0.5 11+5 46+9 0.08+0.05 9+3 179 338+86 [40]
2.03 57.93 5.03 0.79 294.12 [106]*
85 500 GB/T 25246—2010
3 150 2 600 50 GB 38400—2019
3 150 2 50 NY/T 525—2021

TE AR S A H =2 4k 29 g (BTN 5T,
Note: *Based on fecal production of 29 g(dry weight) per day.

()M NS PRAST B - A 7 =11 98 3 S 5
PRI T KIE R GRS BRI T AFEIRAY
A EPR IR TR E 5T, F B A ZE IR
R AR A ANE 25 T8 5 - e i T R LR AR
77 A B e LSRR B A AL, RS N R FE LA AR
AR FAR BN ZEPRAE B, s W58 AN FE IR i
RO iz LR s UL R A, 38 s N FE RS A0l
RGN LG S IR Y R A

(2) PR ik FHEARBR R i . A\ ZEIRIE H
AFAE SRR RS , [ H I 2 56 T A %04 BT A O
TR AR, BRG] 1 3= 2 A PR A A 107 FH R
7o PR, SRR RIS E AN R ML X FEPRFFAE , A
i 2 4 rh ORI AL A7 S HEHE S5H AR NE S bm

NFEIR-Al
4 R R

N
|
g \
)

i) JCHUILEL
HEHtY)

!
Iy
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Figure 2 Schematic diagram of heavy metal cycle in agriculture soil
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