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Malodorous volatile compounds released from pig wastewater and their component source apportionment

DATI Xiaorong"?, WANG Leiping"?, MAN Zun"*?, WANG Penghan"’, HE Yuxuan'"?, XIAO Hang"?

(1. Center for Excellence in Regional Atmospheric Environment & Key Laboratory of Urban Environment and Health, Institute of Urban
Environment, Chinese Academy of Sciences, Xiamen 361021, China; 2. Zhejiang Key Laboratory of Urban Environmental Processes and
Pollution Control, CAS Haixi Industrial Technology Innovation Center in Beilun, Ningbo 315830, China; 3. College of Biosystems
Engineering and Food Science, Zhejiang University, Hangzhou 310058, China)

Abstract: Proton transfer reaction mass spectrometry (PTR-MS) was used to detect the composition and release characteristics of
malodorous volatile compounds (MVCs) from pig farm wastewater stored at constant temperature. Samples were collected in an aeration
tank and outlet. The results showed that seven species with a total of 22 MVCs including benzene aromatic hydrocarbon, amine, sulfide,
ketone, phenolic, carboxylic acid, and indoles were detected. The highest concentrations of MVCs included ammonia, hydrogen sulfide,
acetone, dimethylamine, methyl—ethyl ketone, methanethiol, and propionic acid, et al. Odor activity values (OAV;) were used to analyze the
relative contribution of odor components released from the two wastewaters. Methyl mercaptan (28.77% ), 3—methylindole (19.05%), p-
cresol (18.45%), hydrogen sulfide (15.05%) and dimethylamine (7.15%) released from aeration tank samples were the principal
contributors of the odor, while cresol (47.17% ), methyl mercaptan (38.26% ), and 3—methylindole (14.57%) primarily created odor in the
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effluent. The concentration of amines and carboxylic acids changed slightly during the storage process, the proportion of sulfide compounds

was low, and the concentration change was insignificant during the storage process. The highest release rates of MVCs in the aeration tank

wastewater were ammonia, acetone and dimethylamine, with the release rates of 47 928, 27 and 15 pg-h™+m™, respectively. According to

the principal component analysis, the sources of MVCs could be divided into four categories, including the anaerobic digestion of carbon

organic matter, protein decomposition, particulate matter in wastewater, and animal excretion.

Keywords: malodorous volatile compounds; odor pollution; pig farm wastewater; proton transfer reaction mass spectrometry; principal

component analysis
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Figure 1 Schematic diagram of the experimental device !
=1 FREEKOELMER
Table 1 Characteristics of pig wastewater
IKEE 2 A WA §5Yi3 S HLURR HICHLR
Water sample pH COD/(mg-m™)  Ammonia nitrogen/(mg-m™) TC/(mg-m™) TOC/(mg-m™) TIC/(mg-m™)
WS b 7K 7.94 9.49%10° 1.43%10° 1.60x10° 2.19x10° 1.38x10°
HK F 2K 8.48 3.30x10* 6.08x10° 5.40x10° 1.14x10° 4.27x10°
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PR BRIl A (5) TR T T A SR A
SR TR SRR TR PR (0AV) &5 SRR 2 s .
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W BRAL S R TR e R s e i 4
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PR 2 A AR 2E VR DU, 1825 B T AR B (B AN ]
T L SR BTk 22 5. Bk A L R R A A
ik 245 T A LA W g A 3— EFY i U ) 75 F ik B R 9K
A, AFUXH IO P B 5 R AT 8 B i LR BR R AR,
5 (0 JRY SR A TR0 2 7K T s A A 3
5| (R BE R 4.20 g - m™, H 0AV(8.75) i K T

FE R 34.32 pg-m” [ T R IY 0AV(0.06) . ILAb, 1k
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AR R RIS YEE R A 2 e (P) o PAE R T 0EAG A
T Ak X8 T 25 A e LA (8 R X BT ik B L (K
A PO R B B sk kR . A5 AR An A
3N W R K R T AR v S Y S R A 5
FH B Tt O FE 2R 1y | 3—FF L ms W i Ak &0 — T e, P,
I3 9 H 28.77% . 18.45% . 19.05% . 15.05% 1 7.15%.
K T K T 2 SRRSO 31 Y i ) FE 2 193
3— F 0| W %) LAY BEAR R T 1, b Lk o ik e K
B 4 4 S R 2R T (P, =47.17% ) , Fok & P B (P =
38.26% ) Fll 3—F KLM5|WE (P, =14.57%) . 5 % MENG 7R
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Table 2 The released MVCs components and mass concentration from the pig wastewater

x| TR e Yk WM BFE Lagoon sample 17K FIAE Outlet sample WRLSE "
Compound ~ Mass-to—charge ratio Background value/(pg-m™) ¥ i (ug-m™) OAV e (pgem™) oAV Odor threshold/(g-m™)
%) 18 424.00 374 394.51 — 67 077.34 — —
ifb A 35 0.41 18.25+13.54 6.91 2.13+1.08 0.81 2.64
T 46 6.51 131.68+88.08 1.52 15.59+6.57 0.18 86.50
FH L e 49 0.24 1.85+1.24 13.21 0.49+0.18 3.50 0.14
TR 59 11.96 226.2+111.08 — 36.67+35.44 — 30 838.00
= Hi 60 1.90 16.66+8.55 3.29 2.75+1.30 0.54 5.07
LR 61+43 * 14.04 34.32+15.33 0.06 16.34+9.87 0.03 574.23
FH Bt ik 63 0.51 3.91+1.64 0.38 1.5520.23 0.15 10.40
FH 5 2 B i 73 1.76 48.08+29.84 — 2.06+0.53 — 13 252.00
] 75+57 * 9.72 40.64+18.12 0.54 24.39+22.37 0.32 75.66
79 0.56 2.28+1.11 — 0.80+0.26 — —
R 103+85 * 0.57 7.39+3.65 1.27 1.96+1.29 0.34 5.84
TR 89+71 * 0.71 8.42+3.95 1.30 4.32+3.28 0.67 6.48
R 93 1.70 4.31+1.69 — 1.99+1.02 — —
g1} 95 0.72 19.4+14.07 0.09 8.77+12.19 0.04 207.61
K 105 0.38 4.75+3.40 — 2.25+2.04 — —
ZHIZE 107 0.91 6.17+2.86 — 1.82+0.69 — —

X Ty 109 1.27 11.27+8.33 8.47 5.74+6.58 4.32 1.33
CR 117 0.37 2.83+1.55 0.99 0.81+0.33 0.28 2.85
g 118 0.26 2.31x1.28 1.21 0.53+0.19 0.28 1.91

LT 123 0.38 5.79+4.69 0.89 2.44+2.94 0.38 6.49
3 AL |k 132 0.24 4.20+3.28 8.75 0.64+0.21 1.33 0.48

E - W SR N R AR R i, IS RSO LA 3N B R, PO L A BE R I A B S DR B o o 5 S e ARG = VR R A S i
V- 4{E.

Note: * There are mass fragments in this substance. The mass—to—charge ratio value after "+" indicates the mass fragments. The sum of the two mass—
to—charge ratios is the actual concentration of the substance. ** Background value : The average concentration of three atmospheric air samples.
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Table 3 The VOCs release characteristics of different studies

27 ik Reference SCHR[21] HR[22] SCHik[23] ENTIE
WFFENF 42 Research object Wi K LSk L) HkH
KI5 Instrumentation GC-MSD GC-MS GC-MS-FID PTR-MS PTR-MS
VOCs %L VOCs amount 40 27 37 20 20

TR P il — — — 226 37
- fezgfjvocs/ 1A 2, 2023 — — 48.08 2.06
(peem™) ES 35.17 935 935 228 0.80
R 45.07 1104 1104 431 1.99
X R 20.26 — — 6.17 1.82
4B — R 9.30 — — 6.17 1.82
Va7 — 56 890 56 890 34.32 16.34
TR — 22760 22760 8.42 4.32
5] — — 40.64 24.39
KL 2.38 — 475 225
FH i ik 15.40 — 3.91 1.55

22 BEIHEKMES AR MVCs BT EIZ L

IR IR KA AR R T MV Cs R AR 4E
FH B RN AT 1 SR A7 i W A0t R 7K 1T 20K,
W% E K 220 mLemin™'s WK 4 FrR, 505 E7R T 9
Tl 7K AE 72 b P 1 e B ()RR TSR AL (151 4A FTE] 4B)
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Figure 3 The relative percentages of odor activity value (OAV) of

odorous substances from aeration tank wastewater and effluent

wastewater headspace
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Table 4 The VOCs emission rate in pig wastewater
o e ‘ IRt % 7K Lagoon sar{lple ‘ [“+'.7J< 1% 7K Outlet san{ple
Serial number Compound Eeits T A AL % e e T A %
Release rate/(pug+h™*m™?)  Release rate variation ~ Release rate/(pg-h™"-m™?)  Release rate variation

1 & 47928 24.92 9212 55.47

2 ik A 2.31 46.35 0.29 56.74

3 W 14.96 -83.40 1.94 -62.44

4 PR i Pt 0.24 157.61 0.06 29.03

5 IR 27.72 -62.92 4.23 18.11

6 —H R 2.05 -41.29 0.33 -12.78

7 LR 4.94 -54.00 2.14 -55.66

8 — W 0.50 -28.01 0.20 -31.65

9 L 2 5.76 -74.06 0.30 -22.28
10 R 5.52 -58.31 2.79 -66.81

11 ES 0.31 -32.44 0.12 -4.94
12 I 0.93 -40.97 0.24 -51.61
13 R 1.16 -46.12 0.53 -53.48
14 ESU) 0.64 -19.44 0.28 -48.07
15 iz 2.28 -76.47 0.89 -78.28
16 WL 0.66 -52.89 0.26 -50.71
17 THIOR 0.85 -27.39 0.29 -16.86
18 Xof 2R 1.52 -80.19 0.61 -69.70

19 EAA 0.38 -35.46 0.11 -5.56

20 LS 0.30 -23.40 0.07 -8.70
21 Xt & FEHE T} 0.78 -80.10 0.26 -71.84

22 GBS 0.51 -77.72 0.08 15.38

£S5 REBIGEEXKER . TC. TICFATOC HRERE (mg-m™)
Table 5 Mass concentrations of ammonia nitrogen, TC, TIC and TOC in wastewater(mg+-m™)
KB HA JeXis ISEERiIRT STEHLEK
Water sample Ammonia nitrogen TC TOC TIC

i) EaAi) 1.43x10° 1.60x10° 2.19x10° 1.38x10°
Lagoon sample SR 7.79x10° 9.98x10° 1.72x10° 8.26x10°
K ST 6.08%10° 5.40%10° 1.14x10° 4.27x10°
Outlet sample SR 4.22x10° 4.04x10° 5.56x10" 3.49x10°
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Table 6 Principal component analysis(PCA) results of MVCs

concentrations volatilized from pig farm wastewater

TRy R ARBTG5 R A R

Principal ~ Variable cumulative Major odorous ~ Score ~ Component

component  contribution rate/% substance  coefficient type
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