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Prospects and problems in the agricultural utilization of source—separated urine as a substitute for chemical
fertilizers

YU Guangquan, ZHANG Dandan, ZHANG Chunxue, XU Yan, YANG Bo, WEI Xiaocheng”, ZHENG Xiangqun”

(Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: Source—separated urine contains a large amount of nutrients, such as nitrogen, phosphorus, and potassium, which can be both
resources and pollutants. This article describes the characteristics of the source—separated urine, summarizes the technology for nutrient
recovery from the source—separated urine, summarizes the effects of urine on crop growth, and clarifies the main effects of utilization of
human urine on soil physicochemical characteristics and drug accumulation. Finally, the prospects for the agricultural utilization of source—
separated urine as a substitute for chemical fertilizers are identified, which would provide a research direction for the return of human urine
as liquid fertilizer.

Keywords : source—separated urine; nutrient recovery; agricultural use; crop; soil
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Figure 1 Schematic diagram of source separation feces and urine

diversity toilet structure
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Table 1 Physico—chemical properties and nutrient

composition of human urine

Z$ Parameter Bl Value Z% R Reference
pH 8.9~9.2 [40]
8.8 [39]
B SR EC/(mS em™) 472 [17]
22.6+6.3 [41]
b2 A COD/(g- L) 5.5+0.2 [39]
7.66+4.63 [41]
BTN/ (g L) 3.48+0.13 [39]
3.07£1.15 [40]
2.702 [42]
8.36 [17]
45 [43]
A NHI-N/(g- L") 1.80+0.75 [39]
1.117~1.726 [36]
2.3-2.9 [44]
it NO=N/ (g L) 45 [36]
10 [17]
S TP/ (g 17") 0.190+0.052 [39]
0.02020.004 [40]
0.37 [42]
2.03 [17]
0.26 [43]
A K/ (g L) 0.6 [39]
1.740.2 [40]
0.314 [42]
2 [17]
0.87 [43]
#HNa/(g- L") 0.69+0.03 [39]
1.1720.12 [40]
2.34 [17]
0.88 [43]
i B/(mg-L™") 0.435~0.440 [36]
A Cu/(pg-L™) 155 [36]
1.3~10.8 [45]
B Zn/(pg 1) 70~110 [36]
19~665 [45]
H Mo/ (g L") 45 [45]
2.4~14.0 [46]
Bk Fe/(mg-1L") 0.165~0.205 [36]
i Co/(pg-17") 1.0~12.0 [36]
0.27 [45]
i Mn/(pug L") 0.062 [45]

1 75%~87% .TK [ 50%~90% . TP [ 40%~50%, #ff
Y 3 3ok (A1 PR W AT DICKE 5 K B Ak ok vl RS2
HWAERE FRY B, I FAERERN DU 55 10 IR
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Table 2 Summary of studies using urine as the fertilizer

1EH) Crop Kb P Treatment 7o Yield Hb3 Region 22 Tk Reference
ES] 251 0.529 t*hm™ B [21]
AR 1.437 t*hm™
b Z=E 4.460 5 t*hm™ %H [21]
NS 9.862 5 t+hm™
IR BAATIIK 0.602 t*hm™ E[E [69]
N/ 0.707 t*hm™
B 25 15.6 thm™ Jingk [22]
NJR 121 kg hm (AN ) 19.8 t-hm™
Jig v = 4.6 g-Fk! E[EE [70]
WEAE 30 kg'hm'z( L1 P,Osit )+ 5.3 g'ﬂi"
AJR 10 kg hm2(LANTT)
A PRZ:100 kg*hm™ 390.2 g-#k™ JeTH/R [71]
AJR:100 kg-hm™ 363.2 g HE™
HEHE - 100 kg-hm™ 354.9 g+ f
€3 2 H 16.2 g-H! Je HFE [43]
AR :45.8 kg hm (AN i) 23.5 g Bk
AR :68.70 kg-hm (LI Nit) 26.2 g+ Bk
AR :91.60 kg-hm? (LI Nit) 33.8 g bk
FEJIE 60 kg-hm? (LI NiT) 31.5 g- Bk
e Z=H 232 t*hm™ Je H FIE [72]
AR 100 kg hm>(LANTT) 58.2 thm™
HEJE . 100 kg hm (AN 1) 32.5 t*hm™
ABHE :100 kg hm (LI N§F) 34.3 t*hm™
o S 2 0.57 t*hm™ Jingh [73]
NS 1.83 t*hm™
i 1.37 t*hm™
e 2.34 thm™
fi 3 Z=H 88.9 g- 7! IE[E [74]
AR 1200 kg hm (AN ) 162 g+ 737"
AZEME - 200 kg hm (AN ) 123 g4
FBIE - 200 kg hm (AN ) 150 g4
AN P 2 3.30 t*hm™ 52 [17]
MR 133 kg-hm2(LANF) 17.8 t*hm™
AEIE 133 kg hm (AN ) 16.2 t*hm™
IrE =H 135 g #k™! JETH/R [75]
AR :78 kg-hm (LI Nit) 371 g+ Bk
AZENE 73 kg hm (AN TT) 131 g-#&!
S5/ S 2 1.65 t*hm™ Ep g [76]
N/ 2.76 t*hm™
1bIe 331 t-hm™
NFENE 3.86 thm™
F Z=H 20.4 t-hm™ P [17]
AJR 135 kg-hm (LI N ) 86.4 t-hm™
ABIE ;135 kg hm (AN 1) 110 t-hm™
# R AJR 233 kg-hm?(LANiT) 30.0 t*hm™ i [44]
FBAE 34 kg-hm (LN iT) 25.0 t*hm™
MR Y= 11.9 kg* plot™! I [68]
NJR 113 kg hm 2 (AN ) 17.1 kg-plot™
ABHE : 113 kg hm (AN I]) 48.4 kg plot™!

SO AR B SR R ISR B R 2 k. AR MURIE M &Y. teAh, fik —i A4
i L E S T8 80% KU M Z T RIEE RN R ATLIE W, BEE AT DA RGEAE A E
PUPRAERIHL 09 24, VY AN SC [ S M2 U5 X R E S T4, bl IR IBRI AR ) VR 0K 2 52 31 HOK 22 g0
MEEREE T 60%, L@ HA T 60% K25 Al RGO A i E A 25 32 2 BB i A .
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Figure 2 Consumers’ perception of crops grown with human urine as fertilizer

4 R R AEFEREE

BARC A KENFICIER , FRIBUE—FhEE# 4 e
BE T LA M oA S B0 45 St R B PR EAR FH AT LA
BEER R (RSB e R T
PR AL A ATS SR AFAE — L) &, 4N PRI TR T
[0 ST P A AR T 0 8 g DR VR MAC A 1 T2 it 2 1% ) AT
PRGA Y IR 55 ) 46
4.1 EFRY R E R B A 83

H A RG] R AR H R e 2 B R E S
Wy I T AR R SCHE B NP UK D R A
Horb N NSRRI G 85 128 ¥ BREZR IR L IE 23 Ik
JBEE A IR F T B A A 5 P RDSCR R A 4
B IEAVITE B3 ERKUTTE R BHE A K Ml AR
ALFE AL IR Z5 & AL PR 34 B 45 3050, SR, B
[HIEPRES =7/ i EIL €5 N /N N = 7
VER Z% , BEAFAR MG LA, H I A4 TC Ik R B Rl
T A B 57 o0 2 W [l , 30 B B DA SR s S 4
FHES
4.2 RS B PR R SR B BB 1% 18] R

Pirh E LT St R R B iR, AR TR IE 4
REHAR P 6 FHZE PR AR W) JCU A& i, (HL Bt R
B AR H 2535 K, A XA (B O T
AR K g ) SR R B R A K DX A
PRS2 fit P AS B0 0 BB S R A3 S . ik
Hb T I BRI T 55 RS PRIB AL AR AR HL
PS5 TE R BEAEAG B SER PR T 4R TPl dE Fi iz
S YT R AR, ER B SCIR Sy B PR A R
W BR T ST IR B I i A A R ) R

http://www.aed.org.cn

iR A T R A2 B X SR B A B 38 T
4.3 RiGEEER AR &
4.3.1 HHEELwik

Jite FF) R YR e A P R i) =22 — 2 T B B - 1 L 15
fbo N DR it FF 2 ffF 4 358 Ay oL S50 AR R B2 38 0, e ¢
T AR AL RO AR P AR R LT A
SREAEPRM, 3R E L B A2 HK A
AR SR SR R A, T R ARE T R,
P T 3 R R A AN RE Bl K R T bR AR 2
Gy A AR AR MR A R AR HE K SR AN
e R A3 AV R TR R 3 500 mg - LB H EEER
Ak, Y T B A 3 2 000 mg « L™ DA R 44 ity W% o L
) 39 B, Eh ot o e X TR
432 3Rk

N PRGN R — R OB AR N R}, T 22 it
AR A LA 2 S BURME  NHa
Ko HUSESHSE K I, it R IAAT LI KRR A AT g
39 v NHK f A i HEFI NH,, S80S0 NHHERL
HEm, [l e - SRR AL U . KASSA &8 Y 3R
BH it FH PR 1) 3 3R 2 B RR b v 5 45 0 BEL A
B2 5, HLBE PR A 10 - S R R T
HJR, 525X REAH LSRG ERORE A P A -3 J LT A A
o X AT BB PR 7 22 34 W R RIITOE A7 st T
ZH BERRER B T AN E Y, ADEOLUWA S5 3
Y2 N AE pHAH N 4.8 AURRTE: 133 it FH 100% Ji%
W . 2/3 JE N+ 1/3 HEAE N F1100% HEAE N, 35645 it pH
EREZ 4.7, A WLk 5 AR I it H 100% JRI
HAE R ik 13.08 g kg, M4 A0 B b HoAth - B0 %K 2%
SR
—261—



VGV FREE 2740 - 55 39 45 - 4 2 3] - A N FRBE IR L

4.3.3 BUREFIZI PR

PR RE b i T2 B2 114 N A (ke B IR ) 73 0 F IR
W AT RE AT A NSRS A o FRAR g T e D A 2
PLZEAR IR PRI TR CHE S (E IR 53 B8 0 IR 5 280
(28 S5 G EL IR 5™, dR gttt , A8 TIRITK
AR O IR A O I A 0 T IR A — 26 259,
FRVEM R P RN VDR A% 2 R
WE Tk i FH W R S50 R 22 23 ) DRV (8 0 A2 3 2o
M) DL AR AL A P s AR 8 SCHE ), SR
LBt X A A 250 0 PRIBCRT BB 25 45 AR H Al o —
S (R JRUSE ), BT 75 0 R R 14 7 0 35 A AR B 5 A fig
Frael I

5 #itE5RE

NIRPEHF MNP KETTEK, BB 2
Py IEH A AT R MR A SRR G K U0 1 PR
B 2T D RV B AR [T D0 P2 H i Ak i A%
PR HH 78 SR 4 TRl ] Aoz NP K S A 77 B
ARV AE , [R] IR PRI BT D1 FH 3 T DA A i
DLk AR 53 B9 PRAE A NE A AR AR NE S (B A B S A
HAT RS 77 1), (B 75 g DRl DR B 7 ) T 1
AR TR AL WAL Ut T et 12 R s PR - SRR
B Py A i S I S o AR SO 0 5 N DR UARE
VAR LT R

(DFEAE LN TR E, ARG A, B
A ERBIFE T o T IR 8 IS 74 o[BI
FIA PR FUA T, AN T 0800 A i] P A= B3 LAY
TE AR, i HL RE 6 225 R4 A AR RS o 5 20 — 2%
SR [l R ) R AE T I AR M X, A
JRAT B B AR NE , 7 B AR R A (9 [R] I 38w 552
Bk A A I e 2 95 4 B DRAR R T, R AR R T R
o DRI, P50 B N PR AP B SR B3 1 [l ORI 210 1
R T S BB TR 0 (Bl PP M B B2 2 —

(2) N PR 0 AT RE i L Sk it A 70 L SR
o PCAEA i Y RIBGA T I R rp 0 TE A A B
FPR , 5 K PR BE i Bt i A i, DD AN . FE it
FPRBGERE R, 2207 25675 18, W R0t T it AR
YT MW E IR oK AR e 55 . D REARR I
PR A HERH s oA ) S TS W) IO — 25 eSOt Al
SERARAE T PRIBUE AR HE , I3 00 W PRIBE T X
858N/ D s i SR N N O

(3) H1 T A MCHE H A4 B b 5 A S Le Bk B 251
LR It 2 A T AP Al BE S XA A A E AR
—262—

o FAT, W53 85 N IR 5k B 245 1) ) T A S T
2 RN I G 0 R RPNV T R T 7/ 5 W
HAE LR R R TR PP RS IS8 B UL
fH o PR, ORI S AR OG5 T BT 5T, F A 4
FHOCR AR B T A - B AL~ R i) AR PR
PAk BT PR AEA  LAREARAR AT e B AR i K
I , P B A S r) B AR e

S 3k

[1] KISHOR N, KALE S, AGRAWAL P S. Use of fertilizers derived from
urine as a plant growth regulator{]]. Materials Today: Proceedings,
2020, 32(3) : 504-509.

(2] Z&IL, P A, B rb E oll AR 7 b AR IR A B o AR 000 % 3t 3 2
A ZE S 15 BRI =22 (A SR B4R, 2018, 35(1) : 40-48.
LUAN J, QIU H W, ZHAO J. Excessive use of fertilizer and its differ-
ence of geographical distribution in China agricultural production[J].
Journal of Qingdao Agricultural University ( Natural Science), 2018, 35
(1):40-48.

[3] LIU Q, ZHU M. Determination of molar ratio of primary secondary and
tertiary amines in polymers by applying derivatization and NMR spec-
troscopylJ]. Polymer Testing, 2016, 56:174-179.

[4] SKAR . S TARNE 8 B A PR 558 75 Y K BT TA X SR (D], PRIE 5 5k
J&, 2017, 42(6) :99-100. ZHANG J. Contamination of environment
and countermeasures of chemical fertilizer|J]. Environment and Sustain-
able Development, 2017, 42(6):99-100.

[5] VAR B AL N 2 42t i T 4% 9 5 K v Rt ). 75 R AMRR AL,
2018(2) :34-35, 67. WANG S X. Harm of excessive application of
chemical fertilizer and its control measures[J]. Science and Technology
of Qinghai Agriculture and Forestry, 2018(2) :34-35,67.

[6] 4 R\ 2of H5b e FHT A AE o B 552 B 75 e S By v X 56 (1), A RHEL, 2018
(4):102-103. JIN F. Environmental pollution caused by excessive
use of chemical fertilizers and countermeasures for prevention and con-
trol[J]. Journal of Green Science and Technology, 2018(4) :102-103.

(7] 5B . it FH P RE X el A 25 PRI 1) 670 T 5 0 B 3o 5T, A B =2
%, 2018(7):82.  ZHOU L. The negative influence of applying chemi-
cal fertilizer on agricultural ecological environment and countermea-
sures[J]. Nongmin Zhifu Zhiyou, 2018(7) :82.

[8] XIZ%, [AEZZ, F/NBE, A5 AL P TR NS RCR K R AL
HBTFEN]. MY IR 5 IR A, 2014, 20(1) : 48-55. LIUF,
TONG Y A, WANG X Y, et al. Effects of N, P and K fertilization on
spring maize yield and fertilizer use efficiency in Weibei rainfed high-
land[J]. Journal of Plant Nutrition and Fertilizer, 2014, 20( 1) : 48-55.

[9] SHI P, ZHANG Y, SONG J X, et al. Response of nitrogen pollution in
surface water to land use and social-economic factors in the Weihe
River watershed, northwest ChinalJ]. Sustainable Cities and Society,
2019, 50:101658.

[10] RANDALL D G, NAIDOO V. Urine: The liquid gold of wastewater|J].

Journal of Environmental Chemical Engineering, 2018, 6(2):2627-
2635.

http://www.aed.org.cn



T A Uy B RO A AE A A FH B9 i 55 S A7 A 1R il

20224F3 H

[11] TIAN X, GAO Z, FENG H, et al. Efficient nutrient recovery/removal
from real source—separated urine by coupling vacuum thermal strip-
ping with activated sludge processes|J]. Journal of Cleaner Produc-
tion, 2019, 220(5) : 965-973.

[12] DRANGERT J O. Fighting the urine blindness to provide more sanita-
tion options|J]. Water SA, 1998, 24(2):157-164.

[13] HONGLUND C. Evaluation of microbial health risks associated with
the reuse of source—separated human urine[D]. Stockholm: Royal In-
stitute of Technology, 2002.

[14] MAURER M, SCHWEGLE P, LARSEN T A. Nutrients in urine : Ener-
getic aspects of removal and recovery[]]. Water Science and Technolo-
2y, 2003, 48(1) :37-46.

[15] RICHERT S A, RODHE L, AKERHIELM H. Humanurin som godsel-
medel-Viixtndring, spridningsteknik och miljseffekter[R]. Uppsala:
Swedish Institute of Agricultural Engineering, 2001.

[16] LENTNER C. Units of measurement, body fluids, composition of the
body, nutrition[J]. Journal of Nutrition Education, 1982, 14(4) : 164-
164.

[17] PRADHAN S K, HOLOPAINEN J K, WEISELL J, et al. Human urine
and wood ash as plant nutrients for red beet (Beta vulgaris) cultiva-
tion: Impacts on yield quality[J]. Journal of Agricultural and Food
Chemistry, 2010, 58(3) :2034-2039.

[18] XU K, LIN F, DOU X, et al. Recovery of ammonium and phosphate
from urine as value—added fertilizer using wood waste biochar loaded
with magnesium oxides[J]. Journal of Cleaner Production, 2018, 187:
205-214.

[19] BONVIN C, ETTER B, UDERT K M, et al. Plant uptake of phospho-
rus and nitrogen recycled from synthetic source—separated urine[J].
Ambio, 2015, 44(Suppl 2) :217-227.

[20] KASSA K, ALI' Y, ZEWDIE W. Human urine as a source of nutrients
for maize and its impacts on soil quality at Arba Minch, EthiopialJ].
Journal of Water Reuse and Desalination, 2018, 8(4) :516-521.

[21] PANDORF M, HOCHMUTH G, BOYER T H. Human urine as a fertil-
izer in the cultivation of snap beans (Phaseolus vulgaris) and turnips
(Brassica rapa)[J]. Journal of Agricultural and Food Chemistry, 2019,
67(1):50-62.

[22] PHILIP A, NOAH A, OLUFUNKE C. Effect of urine, poultry manure,
and dewatered faecal sludge on agronomic characteristics of cabbage
in Accra, Ghana[J]. Resources, 2017, 6(2):19.

[23] MNKENI P N S, KUTU F R, MUCHAONYERWA P. Evaluation of
human urine as a source of nutrients for selected vegetables and
maize under tunnel house conditions in the eastern Cape, South Africa
[J]. Waste Management Research, 2008, 26(2) : 132-139.

[24] KARAK T, BHATTACHARYYA P. Human urine as a source of alter-
native natural fertilizer in agriculture: A flight of fancy or an achiev-
able reality[J]. Resources Conservation & Recycling, 2011, 55 (4) :
400-408.

[25] ABIE, A< 22 B U . U553 B HOAR Y [ A ST & e K i B
SR HE 2k HEK, 2010, 26(12) :1-7. HAO X D, YI L K, QIU
F G. Global R&D progress and applied situation of source separation
techniques[J]. China Water & Wastewater, 2010, 26(12) : 1-7.

http://www.aed.org.cn

[26] WINBLAD U, SIMPSON-HEBER T M. Ecologican sanitation[M].
Stockholm : Stockholm Environment Institute, 2004.

[27) #3%IR, EMES, F0f, % IR0 B IR IR AL 5 AU P ol 4
RBFFEHE D). 64 SR 4], 2014, 14(5) : 174-182.  JIANG
S Q, WANG X C, LI C, et al. Review on the resource utilization and
risks control technologies of source — separated urine[J]. Journal of
Safety and Environment, 2014, 14(5) : 174-182.

[28] CHANG Y, WU Z, BIAN L, et al. Cultivation of Spirulina platensis for
biomass production and nutrient removal from synthetic human urine
[J]. Applied Energy, 2013, 102(2) :427-431.

[29] STINZING A R, JONSSON H, VINNERAS B, et al. Guidelines on the
use of urine and faeces in crop production[R]. Stockholm: Stockholm
Environment Institute, 2004.

[30] FITTSCHEN I, HAHN H H. Characterization of the municipal waste-
waterpart human urine and a preliminary comparison with liquid cat-
tle excretion[J]. Water Science & Technology, 1998, 38(6) :9-16.

[31] HEINONEN-TANSKI H, WIJK-SIJBESMA C V. Human excreta for
plant production[J]. Bioresource Technology, 2005, 96(4) :403-411.

[32] ZEalidh . Fo E A4 N FEIRIK 640, s BE IAL R, =K 92
o Bt 5 4w [EB/OL). (2019-01-04)[2020-12-20]. https : //m. sohu.
com/a/286736468_1200475827 _trans_=010004_pcwzy. LI C Z.
China has 600 million tons of human excrement and urine every year.
Tt is urgent to make use of resources and realize the toilet revolution
in three steps[EB/OL].(2019-01-04)[2020-12-20]. https://m.sohu.
com/a/286736468_1200475827_trans_=010004_pcwzy.

[33] POPPENDIEK H F, RANDALL R, BREEDEN J A, et al. Thermal
conductivity measurements and predictions for biological fluids and
tissues[J]. Cryobiology, 1967, 3(4) :318-327.

[34] MEDEROS D L, QUEIROZ L M, COHIM E, et al. Human urine fer-
tiliser in the Brazilian semi—arid: Environmental assessment and wa-
ter—energy—nutrient nexus[J]. Science of the Total Environment, 2020,
713:136-145.

[35] KIRCHMANN H, PETTERSSON S. Human urine—chemical composi-
tion and fertilizer use efficiency[J]. Fertilizer Research, 1994, 40(2) :
149-154.

[36] MAURER M, PRONK W, LARSEN T A. Treatment processes for
source—separated urine[J]. Water Research, 2006, 40 (17) : 3151-
3166.

[37] UPRETI H, SHRESTHA P, PAUDEL P. Effect of human urine as fer-
tilizer on crop production[J]. Agronomy Journal of Nepal, 2013, 2:
688-690.

[38] SCHOUW N L, DANTERAVANICH S, MOSBAECK H, et al. Compo-
sition of human excreta: A case study from southern Thailand[]]. Sci-
ence of the Total Environment, 2002, 286(1/2/3) :155-166.

[39] CHATTERJEE P, GRANATIER M, RAMASAMY P, et al. Microalgae
grow on source separated human urine in Nordic climate : Outdoor pi-
lot—scale cultivation[]]. Journal of Environmental Management, 2019,
237(5):119-127.

[40] RANASINGHE E S S, KARUNARATHNE C L S M, BENERAGAMA
C K, et al. Human urine as a low cost and effective nitrogen fertilizer

for bean production[]]. Procedia Food Science, 2016, 6:279-282.

—263—



VGV FREE 2740 - 55 39 45 - 4 2 3] - A N FRBE IR L

[41] ETTER B, TILLEY E, KHADKA R, et al. Low—cost struvite produc-
tion using source—separated urine in Nepal[]|. Water Research, 2011,
45(2):852-862.

[42] BONZI M, LOMPO F, KIBA I D, et al. A study of the agronomic effi-
ciency of human stool and urine on production of maize and eggplant
in Burkina Faso[M]//Innovations as key to the Green Revolution in Af-
rica. Berlin: Springer, 2011:641-649.

[43] AKPAN-IDIOK A U, UDO I A, BRAIDE E I. The use of human urine
as an organic fertilizer in the production of okra (Abelmoschus esculen-
tus) in south eastern Nigeria[J]. Resources, Conservation and Recy-
cling, 2012, 62:14-20.

[44] HEINONEN-TANSKI H, SJOBLOM A, FABRITIUS H, et al. Pure
human urine is a good fertilizer for cucumbers[J]. Bioresource Tech-
nology, 2007,98(1):214-217.

[45] HEITLAND P, KOSTER H D. Fast, simple and reliable routine deter-
mination of 23 elements in urine by ICP-MS[J]. Journal of Analytical
Atomic Spectrometry, 2004, 19(12) : 1552-1558.

[46] CAMPILLO N, VINAS P, LOPEZ-GARCIA T, et al. Determination of
molybdenum, chromium and aluminium in human urine by electro-
thermal atomic absorption spectrometry using fast—programme meth-
odology[J]. Talanta, 1999, 48(4):905-912.

[47] DAL J, TANG W T, ZHENG Y S, et al. An exploratory study on seawa-
ter—catalyzed urine phosphorus recovery[J]. Water Research, 2014,
66:75-84.

[48] World Health Organization(WHO). Sanitation safety planning : Manu-
al for safe use and disposal of wastewater, greywater and excreta[R].
Geneva: WHO, 2016.

[49] NORDIN A. Ammonia sanitisation of human excreta[D]. Uppsala:
Swedish University of Agricultural Sciences, 2010.

[50] UDERT K M, LARSEN T A, GUJER W. Fate of major compounds in
source—separated urine[]]. Water Science & Technology, 2006, 54(11/
12):413-420.

[51] VINNERAS B, NORDIN A, NIWAGABA C, et al. Inactivation of bac-
teria and viruses in human urine depending on temperature and dilu-
tion rate[]J]. Water Research, 2008, 42(15) :4067-4074.

[52] JAATINEN S T, PALMROTH M R T, RINTALA J A, et al. The effect
of urine storage on antiviral and antibiotic compounds in the liquid
phase of source—separated urine[J|. Environmental Technology, 2016,
37(17):2189-2198.

[53] LARSEN T'A, HOFFMANN S, LUTHI C, et al. Emerging solutions to
the water challenges of an urbanizing world[J]. Science, 2016, 352
(6288):928-933.

[54] DIMITRIS M, MARIA P, NIKOLAOS K, et al. Phosphate recovery
from real fresh urine by Ca(OH), treated natural zeolite[J]. Chemical
Engineering Journal, 2018, 347:618-630.

[SS]JIMENEZ J, BOTT C, LOVE N, et al. Source separation of urine as an
alternative solution to nutrient management in biological nutrient re-
moval treatment plants[J]. Water Environmental & Research, 2015,
87:2120-2129.

[56] BAAKILARDAN-KABAKCI S, PEKOLU A N, TALINLI I. Recovery

of ammonia from human urine by stripping and absorption[]|. Environ-

—264—

mental Engineering Science, 2007, 24(5) :615-624.

[57] CORRE K S L, VALSAMI-JONES E B, HOBBS P C, et al. Phospho-
rus recovery from wastewater by struvite crystallization: A review[J].
Critical Reviews in Environmental Science & Technology, 2009, 39
(6):433-477.

[58] BARBOSA S G, PEIXOTO L, MEULMAN B, et al. A design of experi-
ments to assess phosphorous removal and crystal properties in struvite
precipitation of source separated urine using different Mg sources[J].
Chemical Engineering Journal, 2016, 298(8) : 146—153.

[59] KABDASIL I, TUNAY O, LSLEK C, et al. Nitrogen recovery by urea
hydrolysis and struvite precipitation from anthropogenic urine[J]. Wa-
ter Science & Technology, 2006, 53(12) :305-312.

[60] LI P Y, CHEN L P, DING Y S, et al. Phosphorus recovery from urine
using cooling water system effluent as a precipitant[J]. Journal of En-
vironmental Management, 2019, 244(8) :391-398.

[61] LIND B, BAN Z, BYDEN S. Nutrient recovery from human urine by
struvite crystallization with ammonia adsorption on zeolite and wollas-
tonite[J]. Bioresource Technology, 2000, 73(2) : 169—174.

[62] PINATHA Y, POLPRASERT C, ENGLANDE A ]. Product and cost
perspectives of phosphorus recovery from human urine using solid
waste ash and sea salt addition: A case of Thailand[]]. Science of the
Total Environment, 2020, 713:136514.

[63] MAYER B K, BAKER L A, BOYER T H, et al. Total value of phos-
phorus recovery[]]. Environmental Science & Technology, 2016, 50
(13) :6606-6620.

[64] 7L, AR, A A, 45 AL PRES i A 30 M 25 JUBE /K /visk
Fe b BE 2 ()] LR A 5 TR A} 272241, 2012, 20(6) : 1032~
1041. JIANG K, ZHOU K G, YANG Y C, et al. Laboratory and pi-
lot-scale treatment of industrial fluorine —containing wastewater by
fluidized bed crystallization process|J|. Journal of Basic Science and
Engineering, 2012,20(6) : 1032-1041.

[65] GUEVARA H P R, BALLESTEROS F C, VILANDO A C, et al. Re-
covery of oxalate from bauxite wastewater using fluidized-bed homo-
geneous granulation process|J]. Journal of Cleaner Production, 2017,
154(6):130-138.

[66] LEV G, VU C T, SHIH Y ], et al. Phosphorus and potassium recovery
from human urine using a fluidized bed homogeneous crystallization
(FBHC) process[J]. Chemical Engineering Journal, 2020, 384:
123282.

[67] MORGAN P. Experiments using urine and humus derived from eco-
logical toilets as a source of nutrients for growing crops[C]. Third
World Water Forum, 2003.

[68] PRADHAN S K, SUSANNA P, HEINONEN-TANSKI H. Fertilizer
value of urine in pumpkin ( Cucurbita maxima 1..) cultivation[J]. Agri-
cultural and Food Science, 2009, 18(1) :57-68.

[69] NTOBEKO M, ALFRED O, PARDON M. The effects of urine and
urine—separated plant nutrient sources on growth and dry matter pro-
duction of perennial ryegrass (Lolium perenne. L)[J]. Agricultural Wa-
ter Management, 2018, 207 :37-43.

[70] GANESAPILLAI M, SIMHA P, BEKNALKAR S S, et al. Low—grade

rock phosphate enriched human urine as novel fertilizer for sustaining

http://www.aed.org.cn



T A Uy B RO A AE A A FH B9 i 55 S A7 A 1R il

20224F3 H

and improving agricultural productivity of Cicer arietinuml|J]. Sustain-
able Production and Consumption, 2016, 6:62-66.

[71] SHRESTHA D, SRIVASTAVA A, SHAKYA S M, et al. Use of com-
post supplemented human urine in sweet pepper (Capsicum annuum
L.) production[J]. Scientia Horticulturae, 2013, 153:8-12.

[72] ADEOLUWA O O, COFIE O. Urine as an alternative fertilizer in agri-
culture: Effects in amaranths (Amaranthus caudatus) production[J].
Renewable Agriculture & Food Systems, 2012, 27(4) :287-294.

[73] GERMER J, ADDAI S, SAUERBORN J. Response of grain sorghum
to fertilisation with human urine[J]. Field Crops Research, 2011, 122
(3):234-241.

[74] KUTU F R, MUCHAONYERWA P, MNKENI P N. Complementary
nutrient effects of separately collected human faeces and urine on the
yield and nutrient uptake of spinach (Spinacia oleracea) [J]. Waste
Management and Research, 2011, 29(5) :532-539.

[75] PRADHAN S K, PIYA R C, HEINONEN-TANSKI H. Eco-sanitation
and its benefits: An experimental demonstration program to raise
awareness in central Nepall]]. Environment Development & Sustain-
ability, 2011, 13(3) :507-518.

[76] SRIDEVI G, SRINIVASAMURTHY C, BHASKAR S, et al. Studies
on the effect of anthropogenic liquid waste (human urine ) on soil prop-
erties, growth and yield of maize[J]. Crop Research, 2009, 38(1/2/3) :
11-14.

[77] SIMHA P, BARTON M A, PEREZ-MERCADO L F, et al. Willing-
ness among food consumers to recycle human urine as crop fertiliser:
Evidence from a multinational survey[J]. Science of the Total Environ-
ment, 2021, 765:144438.

[78] T 2%, K1 B, BEK, 45 FE T4 B9 DR B BT AL R R
BFFEHEFE[J/OL]. (2020-09-04)[2020~12-20]. 4y %5 5 55 PRy
&, hutp://doi.org/10.13254/j.jare.2020.0326. YU G Q, ZHENG X
Q, WEI X C, et al. Research progress on resource utilization technolo-
gy of human urine based on source separation[J/OL]. (2020-09-04)
[2020 - 12-20]. Journal of Agricultural Resources and Environment,
http://doi.org/10.13254/j.jare.2020.0326.

[79] PATEL A, MUNGRAY A A, MUNGRAY A K. Technologies for the
recovery of nutrients, water and energy from human urine: A review
[J]. Chemosphere, 2020, 259:127372.

[80] PRADHAN S K, MIKOLA A, HEINONEN-TANSKI H, et al. Recovery
of nitrogen and phosphorus from human urine using membrane and
precipitation process[J]. Journal of Environmental Management,
2019, 247:596-602.

[81] HARDER R, WIELEMAKER R, LARSEN T A, et al. Recycling nutri-
ents contained in human excreta to agriculture : Pathways, processes,
and products[J]. Critical Reviews in Environmental Science & Technol-
0gy, 2019, 49(8) : 695-743.

[82] NAUGHTON C C, AKERS P, YODER D, et al. Can sanitation tech-
nology play a role in user perceptions of resource recovery? An evalua-

tion of composting latrine use in developing world communities in

http://www.aed.org.cn

Panamal[J]. Environmental Science & Technology, 2018, 52 (20) :
11803-11812.

[831ZHOU X Q, LI Z F, ZHENG T L, et al. Review of global sanitation de-
velopment|J]. Environment International, 2018, 120:246-261.

[84] FTINT Y, JHIS T2, B0V, 56 . PRUBCE fift A ek e o Ay 2 22 B
UL A I BB TR, 2021, 39(2) :66-72.  TIAN S'Y, KUAI
X Y, HUANG T, et al. The property of urine collection and storage
process for resource utilization of urine[]]. Environmental Engineer-
ing, 2021, 39(2) :66-72.

[85] VILLA-CASTORENA M, ULERY A L, ERNESTO A, et al. Salinity
and nitrogen rate effects on the growth and yield of Chile pepper
plants[J]. Soil Science Society of America Journal, 2003, 67(6) :1781-
1789.

[86] MATEO-SAGASTA J, BURKE J. Agriculture and water quality inter-
actions: A global overview[R]. Rome: Food and Agriculture Organiza-
tion of the United Nations, 2010.

[87] AYRES R S, WESTCOT D W. Water quality for agriculture[R]. Ra-
me: Food and Agriculture Organization of the United Nations, 1985.

[88] HU M, FAN B, WANG H, et al. Constructing the ecological sanita-
tion: A review on technology and methods|J|. Journal of Cleaner Pro-
duction, 2016, 125:1-21.

[89] WANG R, GUO S L, LI N N, et al. Phosphorus accumulation and
sorption in calcareous soil under long—term fertilization[J]. PLoS
ONE, 2015, 10(8) :e0135160.

[90] SCHONNING C, LEEMING R, STENSTROM T A. Faecal contamina-
tion of source—separated human urine based on the content of faecal
sterols[J]. Water Research, 2002, 36(8) :1965-1972.

[91] DROBOT G R, KARLOWSKY J A, HOBAN D J, et al. Antibiotic ac-
tivity in microbiological media versus that in human urine : Compari-
son of ampicillin, ciprofloxacin, and trimethoprim-sulfamethoxazole
[J]. Antimicrobial Agents and Chemotherapy, 1996, 40(1) : 237-240.

[92] WINKER M, CLEMENS J, REICH M, et al. Ryegrass uptake of carba-
mazepine and ibuprofen applied by urine fertilization[J]. Science of the
Total Environment, 2010, 408(8) : 1902—-1908.

[93] JEMBA P K. Excretion and ecotoxicity of pharmaceutical and person-
al care product in the environment|[J]. Ecotoxicology and Environmen-
tal Safety, 2006, 63:113-130.

[94] JONES O A H, GREEN P G, VOULVOULIS N, et al. Questioning the
excessive use of advanced treatment to remove organic micropol-
lutants from wastewater|J]. Environmental Science & Technology,
2007, 41(14):5085-5089.

[95] KUMMERER K. The presence of pharmaceuticals in the environment
due to human use—present knowledge and future challenges[J]. Jour-
nal of Environmental Management, 2009, 90(8):2354-2366.

[96] LIENERT J, GUDEL K, ESCHER B. Screening method for ecotoxico-
logical hazard assessment of 42 pharmaceuticals considering human
metabolism and excretory routes|J]. Environmental Science & Technol-

0gy, 2007, 41(12) :4471-4478.

—265—



