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Advances in resource utilization technology for source—separated human urine

YU Guangquan, ZHENG Xiangqun', WEI Xiaocheng’, CHENG Weimin, ZHANG Chunxue, YANG Bo, XU Yan

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

Abstract: Human urine is rich in nutrients, and random discharge not only results in environmental pollution, but also wastes these
nutrient resources. In recent years, the separate collection and treatment of human urine have received increasing attention in the
engineering community. This article summarizes the properties of human urine and focuses on several important treatment technologies for
the purpose of resource reclamation from human urine, including technologies for farmland utilization, nitrogen, phosphorous and potassium
recovery and biochemical drug extraction. This review clearly indicates that urine has huge resource recycling value and a wide range of
technical options is available to treat separately—collected urine effectively. However, with the exception of direct farmland utilization, none
of the processes described have advanced beyond the laboratory stage. Considerable development remains to be undertaken to optimize
urine—processing techniques and apply them in a practical engineering setting.

Keywords : human urine ; farmland utilization; nitrogen recovery; phosphorus recovery; potassium recovery; resource utilization
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Table 1 Physico—chemical properties and composition of

human urine

2% Parameter B0MH Value 22Tk Reference
pH 8.8 [22]
8.9~9.2 [17]
8.9 [23]
9.2 [24]
9.0 [25]
SR EC/(mS em™) 472 [24]
22.6+6.3 [26]
A2 COD/(g- L) 5.5+0.2 [22]
7.66+4.63 [26]
BATN/ (g L) 3.48+0.13 [22]
3.07x1.15 [17]
2702 [23]
8.36 [24]
45 [25]
SR NHi-N/(g- L) 1.80+0.75 [22]
1.117~1.726 [27]
2.3~2.9 [28]
A NO-N/(pg- L") 45 [27]
10 [29]
BETP/ (g L") 0.19+0.052 [22]
0.02+0.004 [17]
0.37 [23]
2.03 [24]
0.26 [25]
HK/(g- L") 0.6 [22]
1.720.2 [17]
0.314 [23]
2 [24]
0.87 [25]
# Na/(g L") 0.69+0.03 [22]
1.170.12 [17]
234 [24]
0.88 [25]
i B/(mg-L™") 0.435~0.440 [27]
i Cu/(pg L) 155 [27]
1.3~10.8 [30]
BEZn/(pg- L") 70~110 [27]
19~665 [30]
I Mo/(ug L") 45 [30]
2.4~14.0 [31]
K Fe/(mg L") 0.165~0.205 [27]
4l Co/(pg L) 1.0~12.0 [27]
0.27 [30]
§ifi Mn/(pg-17") 0.062 [30]

—267—



MV GV FRBE 2740 - 55 39 4 - 5 2 ) - R B BB R L )

2 NRFRLAEFE AR F FHIAK

2.1 XKHEFHA
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BORACBRRANAEI) 73z F AR A R ™, AR
Hh S A S AR AT [ s 20 5 R A A K
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20 Cul = BT T A7 2~6 4, PRIGAT LA B B
R AR B VR AR B R4, BRI 90%~100% (1) N 3=
BEDL PR 2R B BB B U TE IR IR =18 5 N
TTHERE A Y R 2R AR A, I HL AR A i A5 2]
WESE, PRV P S M E N A EY 70 A K. IE4E
K, 2R E X N IRVE R E IR 21T T80, 5F
B T —seib e . 54 AR e, T DR A A AE
RT3 B | SR O JE AR 0 S, R B R
A DL R PR b 7 BB R, (Rl BilE X PRI
WG BIER A, PRIBA H 9 5 A AS W s 2 B, A IR
Xof DR (A4 32 FE R RT3 o o ity L A — 008
N 42% 1) A% R T 38 W K PR VAT A= 1 BE R =
A 36 E KA — 2 i AR G A R R TRk
(T e

AR UEA R 28 30, IR A e ad I A7 Ak
P2 AT o N FR I A7 2 A A 5 2 S 2
TR, — SR B O PR S0 R JE AL, R
BB RA FW R AR N 2L
FAANMIEAGAE, URIR AN R AR T, T
B HLTZE W8, 275 NARWE N, B2/ & Tk,
WEZ FHENRER, IR, R, A
T3 RN AT BN B R R A 60%~90%1 ., Rt i A
Je B PR R 5 2500 55 5 B A, DAB IR N Bk .
A X FRRIR AT PRI, Q0K 393 A A 6 97 O il A5
3 IR I 24 0 R B PRI, 2 28 2ot LAt R

AEFRJE T AT AT AL o B A AR IR A 25 K
22 2 1k PR G0 2l 3 24 ) DU el AR 1 Ik &
Py s AT CHE 1, Tk 1 1 R A I A7 Ak 3
AT A3, X SRR ) it DK B2 P Bk B L s
A FEAR FH AR XU,
2.2 N[EK

AR RS R N & — R 0I5 YL, N vk B 2
FEREUKMKREER, 5 R BB R E S a5t
ToAF IR, N5 Y TR AR o . FE4E , A 20
22 80 A AR I LK , 38 [ R 8B 434 1 /K AR Y N &
it O A R OK AR I A (1 mg- L AN .
H A4 N AR HERC R 24 (14.5+3.1)x10° t, 3 757K
HEscaE o5 BHER R 21% DL ERS KPR ST
15K IR K ESRYIRIE . AEATE K, K2 80%
[ N .50% B P F190% 9 K K A F AR NJRIEA
Az 35 75 7K — TR HE A5 K AR B K 386 i /K B N B
faf | T A AR A B w8 A O N B8R, T K A BT 1 e 14
AFNIBAT BAKE Bl 2 3 ™2, Rk, DATE 43 25 1 bR
WP DS N A A AR A I AL, AT A /0 75 7K b B
J 5K o N BT, TS K SR PR T — AT
SRR N D B R R e LR 2.
2.2.1 BEFALHEAR

B 284t (Ton exchange, [E) 43 AR J5 382 78 /R
A7 o T v LR R IE AR 9 N K i 1% (NHE)
PR B AE B T3S BRI T R A A2 b o 30 NHG
F14) E] 125 - 5 o W I 5500 T L 2 PV [T AR RE Al (224 Wi
Ry FARA UGS ) B A F T A 7 RS IR ] A
68T Y A TR R AR A A A e — b R AR A e L
15 S RN 7 B B TS ¥, SR A K 28 4 ) TR A 3
FHeO BT R, 5 B REHE AT KA FR b A
Fb, 38 3 T A A B R ) A B 40 % , T ELFH IR
TR 7 R A 1 AR 8 A T M TR 4 T 3 J AR,
BT A AR 38 VB AR, RNV () B 5K iz

®2 NRBREWH AR

Table 2 Nitrogen recovery technology for human urine

$i R Technology H¥ 15 Feature [Ei 3K Recovery rate  £% SCHK Reference

#2248 Ton exchange PAIE FEHRINE fa] BAE T REAE ™t —Fh FE R I — [54]
AR AT L TS5

JE 75 18 Membrane distillation WA T AR R G R B Y — [55]
IE 3315 Forward osmosis W i el AR B SR A 67 50% [56]
WA Vacuum stripping AE S B v A U KA BN A b A= 7 i AU B 1Y 80% [57]
WE PR T Microbial fuel cell Fe A A I 329 g-d"(ANit) [58]
HL k2% Electrochemistry AR A R 57%+0.5% [59]
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AR Tl MDAt S — oA S50 v 4 PR ) I 7K
T2 Bz gl Bl Eny Re it /0 1 5 RO 3
T ARAR LG, RS G 0 XU BEAIESY A, SRR
LT A R FAEOR FHRE R, MDD L 24 A 1T LA
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TCFL B T = 45 % P W o D BEE b 5E 4 BB
MD T 255 3 3 7K ke e 4 AR ) 22 A Rk o
B2 U553 B N DR o Ve JEE RN 2 A I 1 vy 4%
AR S i, B S EOCE 1 2l B %
MD 5 4 i K P LR T 7% o DR, MID T 20
P A A AR T 6 T A e B (A 38 3 ) Wk 4
NH.") , LA i ¥ B 20 7K (il 15 19 N2 PR B
$EFE) P 2
223 IEMBEHA

1E 73815 (Forward osmosis, FO) J&— K 5 2 %
HBE3 T 1) VP ol V5 VR 22 ) )95 3 s 22 BIK Bl 7K o3 1
AR o R TV BT JC I A PR A T R, DR R
VAR ) 7K 2 T g TP VA RO FORR R, LR A 3
B2 P R T3 A 2 IR A v i R T
I, R SR SR S )98 3 | d5c 2% B W BRI R PT B
FATHEMER 1 T IR 1038 3% oK 43 i ok - Hom
ATEXT I A TAE T, BT LB 3% I8 L OB 8 B S 40T
G AEZHOAR A F2 B B T R IR 2

Air+NH;

T

Gas—diffusion cathode chamber

Anode with electrochemical active biofilm

=3
Q=unspecified g2
cation 3

Influent © Air

3 BRI A, B 2 AR i ) 2608 £ (Reverse
salt flux, RSF) o 3X &l T i A9 1F (1) 323 i A 21
AL, B ES T HE R AN 10096,
2.2.4 WA

WX i 7 (Vacuum stripping, VS) J& — Fh ) # 4L 2%
LR T 2 AR T2 KR G 5 2 Kds i, i@
VR 30 SR P A% SO T 25 B 4 R T A 43 IR M 7
[ 43 28 PR R I E AR 2 T T2 . LIU 468
SR FH AC A P RS FREASE R TPy o 12 [T oS 0 5 DR i v
(24, S A F B, 4 1R 25 S0 R EE T AR AR BT
FRAE A T 5 pH (23 T B0k~ W) B 45 A i
PATTERAE AT B o TIAN S575% F B 28 $haw it 5 12
W ISCRE 45 G 7 T Ak B T2 DK e R R v DA TR A 1Y
B 2l 2, 25 R & B, 76 60 °C .21.3 kPa HANIH 1Y
pH A A SAE T, 3 hAtt 2w 52 36 K A PRI 1
80% N A% () e K2 A% 5T 2280 17.6 mm-h™" AL 1Y
N [ ff 568 36 kg m™ - d (AN ) o %4 AR B2
GrPAG A5 S BT, 1 m® PRI D/ 2 B 8 3 4 o
Al LIRS 2.01 JTHI A
2.2.5 TAEDRH R A

A 0498 FL L St (Microbial fuel cell, MFC) J& —
TN T2 BB XS E R, FE PRI B R 1 # v
FHMFC AR R SRS B , B 25 F IR F 2 <
P U B B IR AR R . AR E e
e pH BRI A 2, B T8 SR S i e 4
PRI W () 1) . KUNTKE 2558 g 58 48 L 76 1
W 0.50 A-m B SAF TN B ER R IR 3.29 g+ d '
m2(ANTT) o ARSI, MFC [RIISCE B G5 2 R i

|
h h
ric acid

Flask with Flask with
boric aci sulfuric acid

(b)

Effluent
tank
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: ump

. Pump
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B EYSRE R R AR ORI RETEE

Figure 1 Schematic diagram of the experimental device for recovering ammonium by microbial fuel cell technology
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Qb RYR 53 B PR DT T 5 Bt — 2B
2.3 PEIK

P T A FE WAL BB IR o, R AR A2 Ry
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ATt S B 22 By, i bR 00 e s 0 P IS B
AR P A i B ARG DT A B, HETA
Fert o b AR AT RR2E 0 P s B X0 i A8 b7 3 m)
WEEHER T b 50 P, BT SRRV BN K IR s B
Fitbo T IRBERRE G4 diRert SRRk &
FeAT b At mT e H AT AE N 283 ShAE FR B 2 2R 1 PR
V2 HCEITRE T NS TR FEY DI P AIATSE
WE YY) (AR AR D) o AR Wik
AR (FEAE BRI ™7, T BRI 2 fe A7
S 0 — S 7, [l 2R P AT 4 A FR
4 P BT, T ELsD w R SR AR R A R 2 s )

VIEZ8 L NESY (295 1 U D% M P < o | O 7N I
FHARA , B A BAR 3% PR 20 5 I T 0 T8 7K /M 45 1) )0
FH 43 88 PR A T PG T REE B R A Pl
WA R B AR R A L3 3
2.3.1 BFEAUIIERA

TEP R AR, B3 (MgNHLPO, - 6H,0) T TE
SR AT LR A i, S 3 A UIE R R AT D
25 999% 1y P, b 5 28 R iy T I OE R L
(POI) EZ (NH3) BE(Mg ) FBE /R E 1210 1 iff A7 4k
S T T BT B A S — RIS TS Y
AR R, AT LRI = A o X Fp AR A HE AL af
PLAN FEBGH A AR AL G AR AR, LA BRAR AL X P Y
RIS SR, BT 2 WL SR 6 A B R
S M4 BB AR g 5 ot TR DTVE S v AR AR
o UTARR, R AORRACTTTER, Ui K A AT
b B ZE RS EL R IE (R e T AT I ME 2 DTERL
AN G 77 T Y A a5 PR T AR R
2.3.2 MgKFB B ERKVTTER A

H A AF 52 48 22 10 85 1 U0 T [R50 18 R T P
() R 32 B R K RN 18 485 (RO) #h /K UL v # R ™,
MK P R I Mg B 1, RV XK b2 H
FPULTESLIMGT . FEICIEAFFE o, X TR M R, P
FEAS TRV K PRI ) [BDBCR B 2L 90% . {H U
FHE R B A | % R 22 B Ak P s 4 3 T R 1 T
(RREE T

RB BB, B ERAE R T 74 &
SRR, RBP4 K 2500 ) 1 o e 2/ IMAR R
(R4 R, BN 0B K . T RBEER KT
MLES 710 & wAR &, JL R S BH 2, TR A T fig
LR — R AR A HI S A BRBE ] . TIAN 5578 o it v Al
TS S & B, AE pH=9.0 [ 3B B R 7K 5 IR AR
FEM 121 250, BTk PR IR /K A PRI Py Tl
RIGHE90% LA b0 JIAN, B 15+ KA B 0 Ab F 3k
e MERE, B Ab B R (AN 28 56 ) RERE &, 43 K
HLJ A R R A AR HS R I, R B i R K
F [ P A g T A B 1 b R AL, 1T HLSCER T
PRIEAL A

®3 NRBEBEEWH AR

Table 3 Phosphorus recovery technology for human urine

$77R Technology ¥ 14 Feature IR Recovery rate 2% SCHR Reference
B3I Struvite precipitation [mTSc R 1y , PR AE fRT 99% [78]
HEIK 813 £8 /K UTHE Seawater and reverse osmosis brine precipitation  [FISCR R, ITERIACIR) 12 >90% [79]

W% B4 A Adsorption technology

A JEURA ALl A2 (0T

>97.5% [80]
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