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Abstract

Recovering water from urine is one of the ways to solve the challenges of water demand and re-
supply in long-term manned space missions. It needs to control microbial reproduction and
maintain chemical stability during urine collection and storage. By adding hydrogen peroxide to
fresh urine and analyzing the volatile organic compounds produced in the urine storage process,
the results show that hydrogen peroxide can inhibit the hydrolysis of urea and stabilize the urine,
and it can also reduce the volatile organic compounds generated in the urine processing. This
shows that hydrogen peroxide may become a low-risk chemical for urine recovery and treatment
chemicals in long-term space missions.
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1. 5|8

WK A N IR EE h IR A A SO R G i Re, KA RAT 55 MR RIS K 6] 2B A S
FERGUKPEI N FANG P2 AR R o PRIBGE TR ZE K WA B R B HERE . —, RS ES
RER T FEIE R EIKER, HhEERRKNAEIRE . S, HAASRMEFER, XLey))R
RE RS I 3%~4%(wt.) [1]. HTIRIKE SHVAYD, EWEEAAEN 2 R EME e, FEUREK
filr= R AL, TERCEINR, SEUTEME G, B3 IRICEEAT it AL BB AR5 Gt R 23 N K
RIREE . T SRR RS B R EI, D6 2508 S T I T Ak B A, 2 it SR WU BRI AR 8 R, 3k B4 il R K
AW BT AIRS E R A B H (2]

HHT, FERTRATSS A AR R TIAL BE AL 23 2 A R B AR TR &, AR B A S
(CrO3)~ IRAFREA(NaOC) . HULA NI FI Oxone [IF 4 HLHR R FH(KHSOs) il BR A (KHSO4) FIHR B (K,SO4)
OVRE IS, AR A TEN LR R IRBRG . WARRRNERIR 2] [3] [4]. BB (Al b SRV FAL #EJ5 RASR A
A, ARE W BCR FH IR = A A AR BRI &5 111 55 E M BCR FH Y Oxone FIIRERIRAL A, 3540 FHIRBR IR
TRAESE AR R BRI . BARIX EETIAC IR 7V e A AL, (RIS, Bl NREUEVERI /S8 SR K
BRARA, XL IRIAEAL RN, 227 A B M RN, JRRP A R Y 7 2 BB BR (4], T
I, FERAR AR B PR PR TIAR B 75 3R T PRI TG 3R o OV 228 MR A S 3% B ) (R B R 2 TR )
A HURRLE A 10 R R [4] [5]. 25T S A= A5 58 E R I R A B AR V2 H R A T2k B K
FE PR KSELL B (6], X T H NG SR A RO BEAR, e KRl A R[ 7]

DRI, A 50T F e A S AL B PR A s B, A 9 S e X IR R e PR LA I S &R
FE AL PR PRBOE L A 7 AR AR R MR IV DLEAT 0 AT, DUREE A TR RATAE S5 R B3 PRI XU R
TRAL R AL 2 5 o

2. %
2.1. (L5

AW FAL A B EHE: £ S HUKE 2P (Multi 9630 IDS, WTW, fEE). A i i ik 12
(GC7890/5977MSD, Agilent, 3 [E)FISATIKAA{X (7200, Entech, FE[E). F2EAFHMLARAHA =5
(O HTaE, BT T). IRBRER(98%, EZ44EM). it E (3%, T 74 SEIH R 25 S A PR A 7).

2.2. FEUSRBTRELR

WCEEHTEE R 1 Ly 7R 4 4, B4 200 ml, oA 3 0 10 ml i SH AL EIF (3%, 0.88 mol/L)fE
RNSERGAH, — N 10 ml 255 FKAE AT ERAL, ST A SRR, 50 5 60% b R 1 Vi 1A 4 v
TR pH {E<4 F<2, i FH 2 S 0K T G & AN [FII (8] 2 ) pH (. HL R fER .
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23. RBRAEIRPEL BN

#4200 ml i EALE 200 ml T EALE(60%H R 20 mI)FT 40 ml = 4EAbER (2%) i BRI 2 B N 4 L
PRIGCEERT, JRIEAE 2 KRR, ER e b 5 K5, 43 500 ml, JRONMRPEMT, FHIE 245
AR AR P E R A MR R, USRS S L BRI A ACKAES . R 500 ml H R
DA SR BIRAE R . SRS, SR AR TR A A - OR35S0 o0 A R b I R A B BT

ARV AL ER 7 2 PRI FE R U IR % A W B R TR 48 O ERE B 200 ml, R 5% A BEE »
B4 Agilent DB-5MS, 60 m x 250pm x lum, 35°C T+ 6 min, #A5 6°C/min %] 140°C T 0 min, %A
J& 15°C/min #| 220°CH T 5 min; B MF0E: ABMZIREE: 250°C, HLTRERE: 70 eV, BT IRIEE:
230°C, VUZRAFEREE: 150°C, HFiEA: Full Scan #:X. f#F Agilent MassHunter Qualitative Analysis %X
o HT I S B R EI(TIC), $RAF & Gl AR, THE & i AR o b | 2t

3. FER5WiL
3.1. FEMEM KRB EER

FERZ VAT BRI IR, FT RSB, ERBSCE AL B IS R, 55 Z s hl A v B A
FRBAL 2 Fa g PE[2] . 2E AE T B BRI S5 N (40 CYREAE IR S 8UR & /K B NHy/NH, “Fi1 CO,,
o F R R R AN AT A, SEGARN pH (. SR, BB S, BP9/ BRIt
BN, TR VAR (AL AT A R ITEE8] [9] [10]. BRI, AT LU He S 20 pH A il 18] 28 4k Sk R A0
PREFKAE, R SRS EIREIEAR, S5KREREFAIC10] [11]. AT H B S EEAE B
PREFEKARFELE (I FE AR o B IEAEAS 5] (0 sf 1) o FR AR S B0 20 R pH (. B S RAEE R R BL: Xt
ANF BT OKEIN BRI pH B SR ER T B % M b 5 A7 A I ZE KT 38 n,  pH (B3 %) 9.2 /2
Fis N EACE RS2 sb A b G EALEIREE N 0.014%) R pH E. SR FFZE MmN, A
TR AN E pH A, FRACEEIDGI AL 2R EL BE 3G N, (E2 R 0N B s RV Hh H 5 2 T 26 15 At
B, WE 1. BTSSR, 2 (R A0 R L B 2B S A RS 75 B A ) S A R
k), SEURWN pH E. BESEMEEAFEMN12], HEAHE, RIRSI SRR AR
HIPRZAKAR, MfiFeE IR pH fH. SRR, FERpRMP IS taett. mmmEAHT, &
ARSI R Z KRR F R

105 - Rl
8= - }ZT{WQ"'HQOZ
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Figure 1. Changes in pH, conductivity and salinity of urine treated with hydrogen peroxide over time

E 1. SEASERKLIES pH B, BSEMEAEREEETL

ORI ERY] . AR REM B R EE . AN IS R gt b, SRR A A AL,
PRIE MBS e i B S BOLSETI[13]; 1 S0 St RERE IR I - AR 350 35 AS R 38 3 A D S T PR e PR
BUR R Bl 35 A O T 3 B30 58 R A P [ 14] 0 TG ] BE S 1o S804 S AT ) JR 3R K 88 T A R PRV B R

3.2. FRUENRBGIEP=EFEL M BINYRIR R

I S TN A P S 4 1) RVBAE WSS A A7 I O R B0, B LR PR EOK R P AR R RIS
PCPETRAL BV R K 2 SR PRI AT MLAD IR B A A B X P (KA, T0Rs B BUUR A8 A Y 25 A 858
A, 1A B3 2L i i R R KOS A I 2 i SRR ORBE R GER) AR far o DRI, FE IR TAL B AR o
FORP A FHE R MEA AR I B ME 4] BRSO RIS A b I BRI P S5 A T R PRV
HATREM . BT ARHR T A S AL E PRGN 7= A 38 A WL IR L o

A ISR € 5 B V0 e PRV i A PRIV 7 A R R HEAT AT R B B e IRV R A L
Wi, TEERRG TR LRE. NEAAN 4-BRERSE;  TOAE A7 RBAE AR T e AR = A T SRR
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e &y, CRERACE. FOREE. —FIERA R RS, A RIS EY), WAk 1 M 2 PR,
RRURIBAEAFREN R AEENGRG, IREKR S FEURBUP SR AR, BT EE S,
S 2 RS BRI A A HL T A R B L, TR SR AE AN ITE -

Table 1. Details of GC-MS chromatography of fresh urine and stored urine (7 days) purged gas
= 1. FEERIRAGEFERIR( R)MEASE GC-MS &IEEIFMER

Foy 7 cAs CHEER g
Methyl Alcoholl 67-56-1 1,325,613.75 585,821.42 21.67%
Ethanol 64-17-5 332,967.71 116,165.81 5.44%
Acetone 67-64-1 2,044,051.16 923,125.00 33.42%
2-Pentanone 107-87-9 84,934.12 36,060.46 1.39%
Pyrrole 109-97-7 59,583.01 16,874.38 0.97%
Hexanal 66-25-1 75,067.97 30,783.54 1.23%
R Ethylbenzene 100-41-4 70,159.58 30,875.32 1.15%
4-Heptanone 123-19-3 987,274.77 464,013.88 16.14%
Phenol 108-95-2 702,984.65 270,522.23 11.49%
lmitfly?fl(‘;hﬁi‘eiﬁ;ithyl) 99-86-5 51,095.7 25,892.64 0.84%
Benzene, 1-methyl-3-(1-methylethyl)- 535-77-3 225,381.96 116,608.88 3.68%
D-Limonene 5989-27-5 33,065.96 17,879.09 0.54%
y.-Tetpinene 99-85-4 124,891.29 62,855.43 2.04%
WG 6,117,071.63
Hydrogen sulfide 7783-06-4 14,590478.51  1,152,317.06 8.61%
Methanethiol 74-93-1 4,108,146.46 697,466.76 2.43%
Methylamine, N,N-dimethyl- 75-50-3 3,895,080.23 599,307.2 2.30%
Acetone 67-64-1 2,673,033.29 2434218 1.58%
Dimethyl sulfide 75-18-3 21,296,925.78  6,650,303.79 12.57%
2-Pentanone 107-87-9 505,579.31 124,690.44 0.30%
R Sulfide, allyl methyl 10152-76-8 14,325869.1  5,330,523.59 8.46%
%) Propane, 1-(methylthio)- 3877-15-4 550,510.69 215,799.42 0.33%
1-Propene, 1-(methylthio)-, (Z)- 52195-40-1 927,537.03 356,627.48 0.55%
Disulfide, dimethyl 624-92-0 101,454,216.1  16,290,031.94 59.90%
4-Heptanone 123-19-3 2,859,583.11 1,308,324.61 1.69%
2,4-Dithiapentane 1618-26-4 748,630.17 251,029.29 0.44%
Disulfide, methyl 2-propenyl 2179-58-0 455,319.47 198,880.26 0.27%
Dimethyl trisulfide 3658-80-8 987,426.97 425,940.98 0.58%
WETHAR & 169,378,336.22
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Figure 2. Total ion chromatogram of volatile organic compounds in fresh urine and stored urine (7 days)

2. FhEEPRRAMEEIRIR(T R)PELXEANIEERESETRE

FEAHI T A = S8 A0 58 (2 %) Bt BR VA VA Ao S8 A A A SRV AL BN 7 AR 43 R MR LA 2 )
SOy HT AT ISR R I Al IRV IN = S8 AL Q)RR IR IR A2 2 7 KA BRI &6 518 K &
WA, OFETE. PR, FOREEM RS, DB SRR 2- B 4P,
WEFE S BN GG RS SRS & N PRI = A R AN R S A S
VIR 2- A 4- PR, A R A AR RN AR AR R A LA B AL S A R IR AT
AR, DA 2 FIE 3.

ERPEZFMT, AT AN EHBEAAMYE4] 9] [11], 25RBETFHENIDRERN, £
PR R AN =S8 A 5% AN R AL RS 1) R VA8 Ak 3 4K 70) 6 440 A0 e AR A 2 43 ) e A S TR, R AR S B 2%
PR AL RIR[15]: JEMARRE K. Bk, B B, WS 0ERAEESIER, 60k B 4%
P TR B PR ER [ 12] 0 SEI6 = P JRBAG BRIk A2 o 7= AR HE R A ML (B W T AL FIRKN R R WTR . =4
WESIRBR IR A > ARG > JEME, EILEREAENY =L &N T R
il () 7K AR PRI o 38 3k 3 A PR A BT 2 v )4 R AR LA R B 3 B R T i A7 B AR PR 3R K At
PSR EN SRS YR ESE), &R RI TG E RGN 93.7%, =S AL AR R
PR R E AR A, (A 3438%, HfEAETRZ S-SR FHHE), Sl
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39.03%; &AL EAE FPEAIRYE AT T A B R BCK A 7 B R ME SR G, LUV ARSI EYN
E, RN 79.44%A01 57.77%. T EACEE IR, R4t U A A, HAEAA L
FEVESS . OB AR RA A R 2 SRS R, T B XU A B U LA E T A = A S R A
GG REDT] [12]. 5 =AM KB, SEACERER R KSR SRR, I
DETAE A7) [12]. WEAEE AT VSRR &Y, KA R ERE, s 7 iE
PRABEIAEFI[16].

Table 2. Details of GC-MS chromatography of three pretreatment process for urine purged gas
2. MRS RPN GC-MS BiBEFMRESR

B W T AL R
xom i CAS  mEmE g D
Hydrogen sulfide 7783-06-4 393,262.73 334,344.27 0.42%
Propene 115-07-1 6,476,500.63 5,242,847.07 6.85%
Carbonyl sulfide 463-58-1 3,783,832.55 3,061,539.97 4.00%
Methanethiol 74-93-1 18,765,738.81 8,391,208.44 19.85%
Acetone 67-64-1 6,165,846.36 2,747,602.24 6.52%
Furan 110-00-9 1,182,699.73 589,383.47 1.25%
Allyl chloride 107-05-1 330,287.31 157,734.93 0.35%
Propane, 1-(ethynylsulfinyl)- 121564-27-0 2,970,978.51 999,785.47 3.14%
Furan, 2-methyl- 534-22-5 496,718.48 240,158.37 0.53%
Propyl mercaptan 107-03-9 255,761.37 106,457.63 0.27%
2-Butanone, 3-methyl- 563-80-4 268,365.97 109,498.87 0.28%
2-Pentanone 107-87-9 2,980,904.78 1,285,210.7 3.15%
Methyl Isobutyl Ketone 108-10-1 406,312.18 179,675.09 0.43%
Disulfide, dimethyl 624-92-0 10,251,405.8 4,348,237.43 10.85%
E(ftégfg 2-Pentanone, 3-methyl- 565-61-7 305,625.59 123,918.72 0.32%
3-Hexanone 589-38-8 442,418 203,492 0.47%
Furan, 2-ethyl-5-methyl- 1703-52-2 374,239.89 240,578.26 0.40%
Hexanal 66-25-1 1,291,131.47 533,090.62 1.37%
3-Pentanone, 2,2-dimethyl- 564-04-5 337,151.42 150,340.87 0.36%
2-Hexanone, 3-methyl- 2550-21-2 535,140.55 207,481.95 0.57%
4-Heptanone 123-19-3 21,595,965.91 8,632,324.01 22.85%
Allyl Isothiocyanate 57-06-7 462,469.26 226,530.5 0.49%
Disulfide, methyl 2-propenyl 2179-58-0 265,239.01 116,125.76 0.28%
2H-Pyran,2-ethenyltetrahydro-2,6,6 trimethyl- 7392-19-0 2,463,241.4 924,413.1 2.61%
1,3-Cyclohexadiene, 1 -methyl-4-(1-methylethyl)- 99-86-5 2,814,841.49 1,386,869.03 2.98%
Benzene, 1-methyl-3-(1-methylethyl)- 535-77-3 3,352,128.25 1,768,625.8 3.55%
D-Limonene 5989-27-5 368,906.5 211,601.95 0.39%
3-Carene 13466-78-9 245,223.71 143,539.63 0.26%
v.-Terpinene 99-85-4 3,470,476.15 2,097,754.45 3.67%
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Continued
=R Cyclohexene, 1 -methyl-4-(1-methylethylidene)- 586-62-9 631,244.7 392,681.37 0.67%
() Ionone 8013-90-9 834,753.68 481,176.15 0.88%
WET AR AT 94,518,812.19
Methyl Alcohol 67-56-1 1,160,110.07 557,366.61 3.10%
Acetone 67-64-1 11,166,420.45  4,199,217.16 29.88%
2-Butanone 78-93-3 214,161.13 93,888.67 0.57%
Furan, 2-methyl- 534-22-5 110,577.49 49,327.12 0.30%
2-Pentanone 107-87-9 815,983.46 350,258.83 2.18%
Pentanal 110-62-3 114,135.23 49,369.8 0.31%
A Furan, 2-ethyl- 3208-16-0 64,294.38 28,794.37 0.17%
1H-Pyrrole, 1-methyl- 96-54-8 180,920 71,211.28 0.48%
Pyrrole 109-97-7 180,513.58 68,238.04 0.48%
Cyclohexanol, 3,3-dimethyl- 767-12-4 378,006.9 114,876.27 1.01%
4-Heptanone 123-19-3 17,491,758.17  7,175,836.31 46.81%
2,4-Nonadienal, (E,E)- 5910-87-2 703,358.7 155,604.85 1.88%
Benzene, pentyl- 538-68-1 481,235.28 266,600.67 1.29%
WETH AR T 33,061,474.84
Propene 115-07-1 6,515,241.39 5,436,438.74 9.37%
Methyl Alcohol 67-56-1 1,008,868.85 544,989.03 1.45%
Acetone 67-64-1 19,897,553.86  6,618,751.05 28.60%
Furan 110-00-9 717,681.19 308,948.11 1.03%
2-Butanone 78-93-3 741,527.1 334,308.94 1.07%
Furan, 2-methyl- 534-22-5 2,852,961.62 1,183,397.26 4.10%
2-Pentanone 107-87-9 5,532,642.08 2,333,707.24 7.95%
Pentanal 110-62-3 290,882.46 135,236.52 0.42%
Furan, 2-ethyl- 3208-16-0 499,015.94 236,972.34 0.72%
e Furan, 2,5-dimethyl- 625-86-5 603,064.28 294,221.73 0.87%
(W) Methyl Isobutyl Ketone 108-10-1 334,359.9 140,780.2 0.48%
2-Pentanone, 3-methyl- 565-61-7 257,831.9 111,776.99 0.37%
3-Hexanone 589-38-8 483,810.78 221,705.03 0.70%
Furan, 2-ethyl-5-methyl- 1703-52-2 2,389,682.82 887,701.08 3.44%
2-Hexanone, 3-methyl- 2550-21-2 336,334.78 120,177.66 0.48%
4-Heptanone 123-19-3 18,623,119.39  7,830,059.76 26.77%
Phenol 108-95-2 5,390,207.69 1,977,820.44 7.75%
Furan, 2-pentyl- 3777-69-3 842,574.82 480,200.34 121%
o-Cymene 527-84-4 1,473,654.02 848,144.25 2.12%
y.-Terpinene 99-85-4 773,853.7 482,517.9 1.11%
VTR A i 69,564,868.57
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Figure 3. Total ion chromatogram of volatile organic compounds in urine with different pretreatment agents

E 3. TEMAEFRiGHELEBNEEREEETRE

i EiRSIs N AR I SR I R 2K, IR R B AR A & 7 W R
R EY. RERBEEAIIMEZ, i o, B S, w ORI LA
AHENIFH R, BRSSP s T Fe ik, DRI A R A, I AR AR (R oA
EACHF AN Y [ 17]. SRR SRR, A2 SRR 5, WAL T
FARR AR A P2 P S A ST A ) PRV ol A 4 S BRI ) PR FK AR, B BIRRE JRII B 1. (H2 i 1K
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FWCERIIHLALN RPRIBCEAT B K F5 IR B [18], 22 FRBAC BEAL 27 S IR R A RO Pk, 7 20 L At
BE— B HIRT AT

4. &g

KT FAR PRI EAE R I 0.014% L AL R LMK K AR, ATIRRE IR ERRPESRAF T, i
SN R AR E A Y 158 i) PRGN N 3oL 520 P SR P MU R VLA A7t A B R o 7 A O R A L
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