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Abstract

In this study, emission characteristics of volatile odorant species released from urine samples were investigated
in relation to two key variables: [1] storage conditions before sampling and [2] incubation conditions during
sampling. To this end, 20 offensive odorants were quantified by four different analytical systems and then sorted
according to seven functional groups. It is indicated that benzene (B), styrene (S), isobutyl alcohol (i-BuAl), butyl
acetate (BuAc), butyraldehyde (BA), isovaleraldehyde (IA), and valeraldehyde (VA) did not contribute to urine odor
because their concentration levels were measured below detection limits in all samples. On the other hand, emission
concentrations of toluene (T), methyl ethyl ketone (MEK), methyl mercaptan (CH;SH), carbon disulfide (CS,), and
ammonia (NH;) were generally higher than other compounds. In terms of odor intensity (OI), CH;SH and NH;
showed the largest OI values in the range of 2 ~4. According to t-test (storage approach and urine temperature), the
results of T, CS,, and NH; were statistically distinguished from each other in terms of differences in sampling
temperature. Likewise, the emissions of certain odorants from urine samples were affected by changes in sample
treatment conditions to a degree.
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(a) Approach to use a sorbent tube for analysis of volatile compounds

#

(b) Approach to use a polyester aluminum bag for analysis of sulfur, aldehyde and NH; compounds

Fig. 1. Schematic of impinger system used for the collectors of odorants and reference compounds released from
urine samples. Labels: 1. 10 L polyester aluminum bag filled with ultra-pure N,; 2. Silicon tubing; 3. Impinger
bottle; 4. Aluminum container; 5. Water heated to 25°C; 6. Heater; 7. Sensor; 8. Temperature regulator; 9. urine
(120 mL); 10. Sorbent tube; 11. Mini vacuum pump; 12. Pure air gas cylinder; and 13. 10 L PEA bag filled with

pure (99.999%).
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2.2.1 VOC (Volatile Organic Compounds)2| =444+t
Benzene (B), Toluene (T), p-Xylene (p-X), Styrene (S),
Methyl ethyl ketone (MEK), Methyl isobutyl ketone
(MIBK), isobutyl alcohol (i-BuAl), Butyl acetate (BuAc)
£ H]ET F 87He] VOC AEel =gt 245 93]

GC/MS [(Shimadzu GC-2010, Japan)/(Shimadzu GCMS-

Table 1. Information of urine sample coding for comparative analysis: (1) storage conditions and (2) pretreatment

temperature.

(a) Explanation of sample code

1st number Experiment No. (1, 2, and 3)
2nd letter O (not in refrigerator), r (Refrigerator), and F (frozen)
3rd letter L (low temp), H (high temp), and H' (high temp. with 4 hr storage)

(b) Information of sampling®

e
1 ) 1-O-L Not in refrigerator 25 0
2 1-O-H' " 37 4
3 2-R-L Refrigerate 25 0
4 ) 2-R-H' y 37 4
5 2-F-L Freeze 25 0
6 2-F-H' " 37 4
7 3-R-H Refrigerate 37 0
8 5 3-R-H' " 37 4
9 3-F-H Freeze 37 0

10 3-F-H' " 37 4

*Sample volume fixed at 50 mL; and stripping gas was supplied at 100 mL/min for 99 min.
®1st number: Experiment No. (1, 2, and 3); 2nd letter: O (room temp), R (in refrigerates), and F (in freezer); 3rd letter: L (low temp), H (high temp),

and H' (high temp. with 4 hr waiting)

Table 2. The operational conditions of instrumental systems for the analysis of target odorants.

(a) GC/MSD and AS/TD*

[1] GC (SHIMADZU GC-2010, JAPAN), MSD (SHIMADZU GCMS-QP2010, JAPAN)

Column: VOCOL-Supelco (diameter: 0.32 mm, length: 60 m, film thickness: 1.8 mm)

Oven setting

Detector setting

Oven Temp : 35°C (4 min.) Tonization mode: EIl (70eV)
Oven rate : 4°C min™! Ion source temp.: 200°C
Max Oven Temp : 200°C (10 min) Interface temp.: 200°C
Total Time : 55.25 min TIC scan range: 35~250mz”!
Carrier gas: He (99.999%) Threshold: 100

[2] Thermal desorber (Unity, Markes, Ltd., UK)
Cold trap: Carbopack B+Tenax
Split ratio: 20 Trap low: 5°C
Split flow: 10 mL min™! Trap high: 300°C
Hold time: 5 min flow Path temp: 120°C

“TD (UNITY, Markes International, Ltd., UK)
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Table 2. Continued.
(b) TD/GC/PFPD

[1] GC (CP-3800, Varian, CA, USA)

Column: BP-1, SGE (Australia, diameter: 0.32 mm, length: 60 m, and film thickness: 5 um)

Oven setting

PFPD detector

Initial temp: 80°C Detector temp: 200°C
Rate: 8°C min! Air(1) flow: 17 mL min™!
Final temp: 200°C Air(2) flow: 10 mL min™!
Initial hold: 5min H, flow: 14 mL min™!
Final hold: 5 min
Total time: 25 min
[2] Combined application of air server (AS) and thermal desorber (TD)"
Cold trap: Carbopack B+Silica Gel=1.5:2.5 (Volume ratio)
Split ratio: 0.417 Trap low: -15°C
Split flow: 15 mL min™! Trap high: 250°C
Hold time: 5min Flow path temp: 80°C
*TD (UNITY, Markes International, Ltd., UK)
(c) HPLC/UV®
[1] Injector [31 UV detector
Model: Spectra System AS3000 Model: Spectra System UV2000
Injection volume: 20 uL Wavelength: 360 nm
[2] Pump [4] Column (Agilent Technologies)
Model: Spectra System P4000 Model: ZORBAX Extend-C18 (4.6 X 250 mm)
Flow rate: 1.5mL - min™ Particle size: 5wm
Mobile phase: ACN:H,0=7:3 Temp: 25°C
Analysis time: 16 min

‘HPLC (Thermo Scientific, USA)
(d) UV/VIS

[1] Absorption of NH;

[2] Analysis of NH;

Instrument: Impinger

System Instrument:

UV/VIS Detector

Model: GenesysTM 10 series Thermo Electron Corp. (USA)
Pump Flow rate: 2.5L min™! Wavelength: 635nm
Volume absorbed: SL
Total Absorption time: 2 min
Temperature during absorption: 20°C Temperature during reading: 20°C
Boric acid volume: 50mL

QP2010, Japan)] ¢} #]-2%=9ebaA) 28l (TD, Unity,
Markes International, Ltd, UK)S A2t 2 A] e
& Basss TAFRV] AAT Ame Ao
BA& ¢]s Carbopack B2} Carbopack CE 1:19]
Byn|2 £33t cold trap (CT)E —10°Col| A A%
Z319t} o] 5 A2 ohA] 320°ColA] dghEe &
%3t ¥, CP-Wax (diameter: 0.25 mm, length: 60 m, film
thickness: 0.25 um) Column2- 23 GC/MSE o] &

) BAslleh 2 Aas Ay B4 7% b8

=4
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5525802 GC/MS A 2ElS A5 2a).

2. 2.2 RSC (Reduced Sulfur Compounds)2| £ A{dtH
Sulfur A3 (Hydrogen sulfide (H,S), Methyl mercap-
tan (CH;SH), Dimethyl sulfide (DMS), Carbon disulfide
(CS,), Dimethyl disulfide (DMDS))¥ #|&%= d&
kA 28l (TD)3} GC/PFPD [(CP-3800, Varian, USA)

/(pulsed flame photometric detector, Varian, USA)] S
AAsle] BAI3l9Ick PEA bago 2 AZ3 Al =
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Table 3. A list of target odorants and reference compounds investigated in this study.
Order  Grou Full Short MW Densny Formula MDL RSE CAS Used
p name name (g/mol) (g mL~ D) (ppb) (ppb) number machinery
1 Benzene® B 78.11  0.87 C¢Hg 0.11~0.36 71-43-2
2 Aromatic Toluene T 92.14  0.865 C,Hg 108-88-3
3 p-Xylene p-X 106.16  0.864 CgHy,y, 0.10~0.41 106-42-3
4 Styrene S 104.15  0.909 CgHg  0.07~0.27 100-42-5
GC/MS
5 Ketone Methyl ethyl ketone MEK 72.11  0.805 C HO 78-93-3
6 Methyl isobutyl ketone ~ MIBK ~ 100.2 0.8 C¢H,O0 0.10~0.32 108-10-1
7 Alcohol Isobutyl alcohol i-BuAl 74.12  0.802 CH,;0O 0.22~0.59 78-83-1
8 Ester Butyl acetate BuAc  116.16 0.88 C¢H,0, 0.10~0.35 123-86-4
9 RSC Hydrogen sulfide H,S 34.1 1.363 H,S 0.18~0.25 7783-06-4
10 Methyl mercaptan CH;SH  48.1 1.66 CH;SH 74-93-1
11 Dimethyl sulfide DMS 62.1 0.846 C,H(S 0.14 75-18-3 PFPD
12 Carbon disulfide CS, 76.1 1.261 CS, 75-15-0
13 Dimethyl disulfide DMDS 94.2 1.06 C,H¢S, 0.09~0.11 624-92-0
14 Aldehyde Formaldehyde FA 30 0.8153  CH,O 0.54 50-00-0
15 Acetaldehyde AA 44.1 0.784 C,H,0 0.48~0.50 75-07-0
16 Propionaldehyde PA 58.1 0.81 C;HO 0.45~0.48 123-38-6  HPLC
17 Butyraldehyde BA 72.1 0.8016 C,HgO 0.50~0.64 123-72-8
18 Isovaleraldehyde 1A 86.1 0.797 CsH,,0 0.64~0.99 590-86-3
19 Valeraldehyde VA 86.1 0.8095 CsH,,0 0.64~1.07 110-62-3
20  Ammonia Ammonia NH; 17 0.86 NH; 7664-41-7 UV/VIS

*Odorant components other than specified

2bol] A A|EF vFe} ZFo] air server (AS)Z TD FU =7
4 zA3s}9ith GC/PFPDE] 24 732 BP-1, SGE
(Australia, diameter: 0.32 mm, length: 60 m, film thick-
ness: Sum)S o] -g-sked, vl 3] 25% F7)= A3

2. 2.3 Carbonyl Compounds (CC)2e| 244
CCe A%, 2 A9 Aldehyde
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(BA), Isovaleraldehyde (IA), Valeraldehyde (VA))S-=}
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7] (Thermo, Spectra System UV2000)Z o] &3t 7}12.
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hEu ol (NHy)9 42 &
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(SIBATA MP-3_300, Janpan)E <17Z3}e] 2.5 L/min
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2 eyt ¥bd, aromatic2E2] T A&, ketone L
2] MEK A&, sulfide 1E-2] CH;SH, CS, A&, NH,
Aol A, AA AmedA] BF HA 5 oAk
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&, NH; 29| A2 A2 ]l 25°Cef| A B} 37°C
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Table 4. Concentration of VOCs and reference compounds determined from urine samples treated by different

approaches (in ppb).

Threshold® Concentration
Order Group Compounds b

(Ppbv)  1.0.L 1-0-H' 2-R-L 2-RH 2FL 2-FH 3RH 3RH 3FH 3-FH
1 B 2,700  0.11° 0.11 0.15 0.15 0.15 0.15 0.36 0.36 0.36 0.36
2 Aromatic 330 18.4 15.2 21.3 26.3 20.1 21.5 423 3.35 149 293
3 p-X 58.0 0.99 0.74 0.10 0.10 0.10 0.10 1.37 0.41 044 044
4 S 35.0 0.07 0.07 0.27 0.27 0.27 0.27 0.27 0.27 027 0.27
5 Ketone MEK 440 0.88 2.62 1.62 3.35 1.52 3.27 1.38 0.59 0.59 1.35
6 MIBK 170 0.10 0.10 0.36 0.51 0.50 0.46 0.32 0.32 0.32 0.32
7  Alcohol  i-BuAl 11 0.22 0.22 0.59 0.59 0.59 0.59 0.5 0.5 0.5 0.59
8 Ester BuAc 16 .10 0.10 0.35 0.35 0.35 0.35 .35 .35 0.35 0.35
9 H,S 0.41 2.79 5.61 0.25 9.75 .25 1.26 0.18 0.85 18  1.15
10 CH;SH 0.07 0.94 1.07 0.74 32.6 1.55 7.01 2.43 4.36 1.37 491
11 Sulfide DMS 3.00 9.37 9.23 0.88 9.80 0.77 1.95 1.04 1.14 0.14 1.26
12 CS, 210 0.90 2.13 0.80 3.86 0.32 0.31 1.89 1.95 1.50  2.07
13 DMDS 2.20 0.11 0.76 0.76 124 0.66 1.89 0.09 1.46 0.09 148
14 FA 500 0.54 0.54 0.54 0.54 0.54 0.54 10.2 0.54 426 0.54
15 AA 1.50 0.50 18.5 0.48 0.48 0.48 21.4 18.1 21.2 1.64 236
16 Aldehvde PA 1.00 0.45 3.85 0.46 0.22 0.46 0.65 0.48 0.48 048 048
17 Y BA 0.67 0.53 0.53 0.64 0.64 0.64 0.64 0.50 0.50 0.50 0.50
18 1A 0.10 0.64 0.64 0.99 0.99 0.99 0.99 0.67 0.67 0.67 0.67
19 VA 0.41 0.64 0.64 1.07 1.07 1.07 1.07 0.71 0.71 071  0.71
20 Ammonia NH; 1,500 805 724 720 1470 630 2250 1757 2956 1673 3179

“Refer to Nagata (2003)

Underline (blue) value means concentration level below the detection limit
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OI formula®

1-O-L 1-O-H' 2-R-L 2-R-H'

2-F-L

3-R-H' 3-F-H 3-F-H

Sample code

“Refer to Nagata (2003); X: concentration (ppm), Y: odor intensity

Fig 2. Odor intensity (Ol) formula for each odorant and the resulting Ol values.
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Fig. 3. Comparison of urine odorant levels between different storage conditions (Type I) and sampling temperature

conditions (Type ll).
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Table 5. Results of the paired t-test between different storage conditions and sampling temperature conditions.

Storage conditions

Sampling conditions

O/R O/F R/F L/H L/H' H/H

- p-value 0.62 0.37 0.83 0.04 0.90 0.02

t 0.54 1.01 0.22 3.63 0.14 3.60
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