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LA CBEVHER

This project commenced on August 25, 2023, and encompassed the
development of sensor technology, analysis of existing data on odor
complaint hotspots, planning and deployment of sensor projects,
implementation of sensor data quality control mechanisms, and the
application and analysis of sensor data.

In the aspect of sensor project planning and deployment, the project
submitted the Odor Monitoring Point Setup Plan on August 25, 2023, which
was approved by the Environmental Protection Bureau on September
11,2023. Subsequently, on September 15, 2023, the deployment of 30
mobile sensors and 10 wind direction and speed sensors was completed.

From the initiation of the project until its conclusion, a total of 30 on-
site verifications of anomalies were conducted. All anomalies were
resolved within 48 hours, resulting in an overall completeness rate of
approximately 98% for the monitoring data.

Between September and November 2023, a total of 97 odor-related
complaints were received in Dou Nan Town (2 = 4&) and Hu Wei Town( 7.
E 48). Among these, 6 cases were specifically from Hui-Lai (& % 2 ) and
Tian-Tou (2 #g 2 ), with 4 involving open burning and 2 related to pig
manure and diesel odor, occurring on October 24 and November 18,
respectively. Analysis of the incident on November 18, based on the data
from nearby odor sensors for VOCs, NHs, H,S, indicated no significant
high values around 7 am. This suggests that either the odor persisted for a
brief duration or the current sensor components lacked sensitivity, making
it challenging to conduct pollution trend analysis based on the relationship
between time series and concentration. For the incident on October 24,
analysis of data around noon from 5 nearby sensors for VOCs, CH4S, NH3,
H2S using kriging revealed higher concentrations near sensor 3100114 for
VOCs, CH4S, and H»S, while NHs's high concentration area was near

sensor 3100134. In summary, during these incidents, the wind direction



varied from west to north-northeast, and under calm wind conditions
(<Im/s), it was deduced that the noticeable pig manure odor reported by
residents may have originated from odor dispersion from nearby livestock

farms.
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— dioxide

Silicon —
base

(James et al., 2005)

F13-3 MOS g R E R WEI R

= ~ (57 % 4~ 3 ¥ P B (Conducting polymer, CP)
CP RBIEZREHFLZEF FTHELDF L+ HF B
7 FET AL ATET R A F (Intrinsically Conductive
Polymers, ICPs) &2 48 & % ¥ % 4~ < (Composite Conductive
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Polymers) e &+ % # + HP G L7 AL FERF B &
MPELFEF L IR EBERETOTEFRM > A A FTHT
iz R &8 4 F Hiky Fot ek (Polypyrroles,PPy) & F vk
v (polytiophenes, PT)%E(Brattoll etal.,2011) > m ¢ * 7  H 48+
v 4 A7 e F R 4 s (Jamesetal., 2005) 0 ¥ Rz H #4c B
-4 cipE R EMAY PRI E ST LF N E
CEGy CRRFESEET LT RRF AT HED
» ViR T3 se a2 (Doping) 0 i B i R A R R E ¢
fdF Rk o AR EETHF A F LB ERE R
ETHEERZ L8 2 ERR)REUS TR E P
s B 7 H&2 [ (Stitzel et al., 2011) -

CP RRIEREZLJI™ § R e Wik o fﬁ.ﬁ_ﬂ o
Y TR BEHA] 4o S SR D i S T IEH e R R R
TH:RE 7AW RFrRAF kR - CP R ,mg»u :L
MOS RRIEE f HENGHRAE & FAFETEFH/RF p 3
S F SR E L hA S RApRAT MOS BRI E R A
4OROR > %R SRR E & kD 4 1 4 ke (Stitzel et al,
2011)

i

(James et al., 2005)

34 ¥ B2 CPRREE HBH@™% ~ OFilf ~ (OF % (@F

#5**“«
1%»@@

=h
iR
,:5
I
2
- f
,’p»
'+

L
[
PN

2~ &K F P L e 5 %8 (Metal Oxide Semiconductor Field
Effect Transistors, MOSFET)

MOSFET 2 s 8 &4 ¢ 42— %

(Gate)iz*cd b = > W im2 il g it * &

L ER AT S e 4R
FIREREE VPSR A i A
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ZHRELR AR R BRI H e TR E $2% RBRRARFERNE AT EN

B(drdh Pt~4s Pd % 4% Ir) > @ & T 3 5 p-type £ HH8(4o#)
THE R 2 AR 0 T 2 B n-type X AR (4oR ) i 2 A RIE
= JhiE(Source)£? x4&(Drain) » @ W 4G A4k B 5 L HAE 2 B
F 05 (= %5 Sn0O) > 4rf 3-5 #77F o

MOSFET R iR ® 2 n-type FET % &) » 38173 ;A £
R~ mARE DB AR T R AR - R AR @
be AR PDT RPN RIRA ) o f F rRA GO R
FI0om AR § X P W AR E BN F A E - 4 A4 (40 Hy)
WICE RN T 2 o BE P B SN0, K enT dE A R BB
TR PEAREERAT AT RERBE FREFOTIE
B A SRR RIRE Bk 0T S B R S
¥ he 2t @ iRy B > MOSFET R BI NE'FEL’TD% R R e T g

gL ’;ﬁ IR AR HUE R o

MOSFET R EF NFEEM T B> N3 e v b 5o
FERETER R ERABFE AR NS
=% o MOSFET R Bl 22 MOS R B B# 5 4p 02 > fe 4p o3t
MOS R Pl E L 3 $HIRAE KT TR chifghgr it 4= MOS R P&
£ 7 Pk (g & (50°C~200°C) -1 ® FlH & ¢ HWHT B
#p iz 4 MOSFET Rl BF A A Aeh> 0% 417> 2 2
AR OE S L ASE TR T E A2 AR
IR % eaFF §5(Stitzel et al., 2011) -

Source

SiO, insulator

p-type silicon

(Stitzel et al., 2011)
®3-5 MOSFET i if| ¥ (n-type)2
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w ~ BT AR B (Piezoelectric Sensors, PS)
BRTLALPELESZET R DT 2R HHE Re M F
TR UL N RRALZERRDRILPS RBEF R 2
BLHPEIEZE R 7 BT o @l o] FlU 387 3§
AEzE S R R R LS o il 2 R OE R H TR
BRI PFrRA T c BBFLFES BU T HEFT L F
Eé_;%@aa BEAEF > a EEF R E R s R b
M F R A G (S BB T R R A Tl R LB S D
PR SRR A "E M ;jf‘b? ,u,%‘ﬁ“:} AT R R BEOIE S gz R
Bl F rR A )k B (38 <R etal., 2020) o
i:‘ﬁdzﬁ’%ﬁ%ﬁﬁﬁ%ﬁ* 32 fEA w A A (Bulk
Acoustic Wave, BAW) ¥ £ @ %4 (Surface Acoustic Wave, SAW)
Bl dEd i 2 A7 R ORRIG 2T 4L BAW BRI E
2 SAW RpE - H ¢ BAW R pIE » ~ w;tvf%.pwm o B e %
I (Quartz Crystal Microbalance, QCM) g | B » H # g e 3% >
vEEREREC wApR faﬁwﬁgﬁﬁ#ﬂ@@%’ H S 4o
W 3-6 #7o1 » BIFE EZH > » 4o 3-7 S 0 BHARF 43 5-
30MHz 2. B p##% ~ B & QCM R ip| B¢ + %ﬁ/EJi'Jﬁn;?—fé_
2115 nge BAW B E2 BB ~ E A
FlEle LHZBL XBIRRAPE S TRAFF
B o SAW ,fg,/Pppr-« ﬁ@zﬁt /}i}f&‘/EJ » H§ J%‘/ﬁ»’rf"'ﬁ*]
W&t BAW RRIEARF > G EENTERE D v )I*m%‘/ﬁ»m
e EFMAG B 2P RRIEENEEAG T HApF g
QCM % E 7 82 1GHz  # % 4irW 3-8 777 » B> »
4] 3-9 #7717 - SAW R iR Benid jpIAE 3t 42 BAW L 4c B R -
HE i v % §3 1 £ chkazgiv, 28347 10
SRR e g 2 LI R R T e A2
B FRAFEORAEREF 0 P FERERL CHRARR
it . s Az (Stitzel etal., 2011) -

Vq,
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s polymer
coating
Lead wire

Quarz disc

(Dymerski et al., 2011)

W3-6 BAW BRI E2 %

Mass loading Electric Field

Quartz Plate

e i
Oscillation

(James et al., 2005)

W3-7 BAW B @ reimkI*» LW
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FZE ORPIEFERRE MTAEET ZHMBARR R ERRE TR R

RIRTT

s e (CP) \
Rt A B \ . SIS

(ERIR et al., 2020)

W3-8 SAW BRI E2 B4

Interdigital Semi-Selective
Transducer Coating
\+ . _____.———"'"r—f
| | .
JoE v
1st Stage [ i
Receiving
Oscillator

s T AN SN ——
2nd Stage —

g [ 1

3rd Stage

(James et al., 2005)

W39 SAW 45 B @32 v 7AW

J=q

~ 7 v & &R = (Electrochemical Sensors)

TIERPIE: 7RISR R % (Amperometric Sensors)fr
TEN(F R E FR T 2%)R ] B (Potentiometeric Sensors) ’
PR AR T TR F AT o TIRS R R ESER
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2R R AR RIE R R RS F2F RBRIEFERRE RFSE R

AGS ) HE el i e 4T 82 s P 1 73 fvip e
ﬁi?mif TRREFARLFREREGRE o FFARLSF &
kPR EACLE- @3 ¢ )I*{ FHE CABR) L FT R
ff@r%ﬁmi?w SO F Y TRABLELA A B
TN =T o P AGS RBIFAR L b F 5 Wk

Bldr— F "B~ F F VP A E 2 D F L EmE) S RN
HFHRITEARRR I hERREZ 1R FE 2R

BRI RPIERFE R ENARBIER Y B
T4 ffciﬂ%%\'%‘*— R B EAR e R PR
TR AT VR R RV EA R EREAR IR LR
%“gé TIEEFRTAL DT ERRA S NE > AL ] PIB
At g ek FeniEdl e @ AR R EA T A G FMT R
RepMaErgrE 2 BT BRI EEL¥VARKT

B
B TEEF IV UERE AT AT BN TR - BT Y - R

TIRREPIENFALRT LT > HE G ML ¥ H
FFEE s VB A AR S b XLt F ek A T OER
ZBAEMP AR PRR BRI T RE R A BA
TR RGP BE T P OHAT Y R EE G URE P RS T F
§8 (Stitzel et al., 2011) -

= ~ k5 P B (Optical Sensors)

EFRBIELE GRS I E J%#%'I“iéﬁf’% %o ¥ d
s AR R R R RFE v'o?},g,/PB?E\p% Feofes Fladopt v v
BEL 5 ap R ST A bl "ﬂ&.(%ﬁéﬂ‘%
kv kBB R ﬁg CHRE(L S )R ETEE N h

TRV REFRE
a+§?z@%%%ﬁ%%ﬁ%ﬁ@%ﬁ@@ﬁ%ﬁﬁﬂ
B 5| RBE| T g R A+ 0 @ RE R R B AR B0
AAEFIA SRR EF DG E R EF I -2 TR AR
BB DR LAREF Y FERED oy R AR
EERPIERET I RA AL ERRYEDWUERA -7 Bl




$Z% RRIESERRE REFRE N BB AR R B R TR 4

- frﬁi%ﬁﬁiﬁ'lﬁgéﬂ’%ﬁ’ﬁ IR EE > ¥ F vRA F PR AL F
L BB A S RERERp R E Ao

BLPEDLFRPBLRY R AT A (ke
enit B F e RoR) 0 BB k- ok iRl LR F AL
FREFRERPIE > F - RPIE o I RBIELS
(Colorimetric Sensor Arrays, CSA)® &* 7 % A4 4% > gt
AL E B ELFEAIpI (FF i Fa e ggd - o LR E W
SE R > U R RIS AR B AR PR KR T 5 X AP R
BB -CAS Ll faisd dertmitadigo d 4
4eZ PB S H- ,wr,:ryvﬁ/n\—rmﬁg;m:}ﬂ GRSV e - g
FEIARSE NRPE EF B ClL~F,~HCN-SO; 2 NO; *)
R iR B o

B RPIEF - lﬁ;lﬁ.%ﬁ};)@ﬁ'ﬁf“'&fwﬁ AP (drg F R
15 ) > fﬁriz‘h,i%?:] 180-18000ppm) » &2 % + # H s & * ¢
@m%wik,vm%%;ﬁﬁhpiwb#mm%wﬁgﬂ
o) cm Rl P FRET R > X T g LY AR K KA %
- 7“i/v=\—?“l%_’;. B o BERE % AL (FHE T BRR MR o

FE S EAFOOT S F iR 5 APROTI d R

“1*’672*: F K A RO R ehk ATt gt 3 ‘/E']E"gxﬁ ¥

% Sk R Jp] B (Optical Waveguide Sensors) » o 33 48 ‘@ % = >
TARBRA FEFF - AEQum EEE M ¥ L

r’f’b‘?f\é\' 9}%’%1%‘ > /.g;x/\é\' P2 g (ﬁrﬁﬁ;'l“i SRR T F)% ‘frs
EARE) Y FHERTIHFLL SRR EL AR
Mo ¢ BRIoER AT S B L 2 A (3§ (Stitzel etal.,2011)o

-12 AP *hEek g R A R

PEREMA S B N RBE R T R R Bk 31
BT

P REP) L EREERE FE R PIE A Té:'%,ﬁ GEEL s 1
A2td a2 o B2 6% p A FIGARO BB Bie(74a B 5 B (T ¥ o
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TR B R R E R L R $2% BHEHBRRE MR RN

231 RALE BB R ERWA L

R kS 1) 8, AR HA

£ 450 R 2 pElag S A AY

Cyranose® o ’%’” ’{; R i ip Afrajn

Sensigent iF SR ECERE Bt 8§ &

320 PH - FE R

PE6 BRICERCFFCRRE

E-NosePty | BARCBARERIE OV HR G HE

Ltd. v | Enose MK3 | 65000 46 0 7 ik g Rl g ke 7 B u) T
#fé o

Portable N #%»\ R S B O (I LT S T

Electronic m’* Bk S ¥ *J‘*'—kﬁ - L EHAR L

Nose(PEN) | # & -

AirSense

. 1% F P RPFRBRICE R T A 7 4
analytics ER VR RAFERT TV R RR
OffoSense | e g -t g mstn 61 AT AR E R
= E oo
te £ FUBETRFARBER  BEV R
Odotech ’ eNose Odo Watch < % L5
FIGARO

Fet L RRRIE S ¢ $43F MOS -

EC - CAT =

FHERGERSAH AR ITFA T ii

L NeOse BB T R e B RIFACR B

Aryballe = B Advance BRE ”fiéi > Aryballe Suite #r i 1 & %?
%ﬁ&%ﬁ%ﬁ9ﬁ°

Engineering poA

Inc.

TR F SN 3

3Rk E J x4 SRLIYE R OERERIRA 0 A B
¥ LA &t E‘:#Bf’ﬁé’éﬁ$ BEZF AL R Eicdk
3-2 7w o W% ﬂﬁééh EHEET oAb & kAR 514
~32284ppb~ K F kR 4352 ~1279ppb;: B AL BAEH
;0 Aoit @ 5.09ppb ~ & F kA& 43 24.12~95.76 ppb -

FE o B AR KR LR A SR PR B
A H KR A F kR B ARG PR o
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332 BEHMCERLFLABRPRAEE

Fo| e ot e
) | FieE t4 374 76(ppb) o p
- it ‘1’ gy i L E:‘l-l\
g 34.01 15.25
7| mmx 591 0.29
A% 5.14 0.29 (@)
T R 322.84 0.51
ki e 5.09 10.73
- i § é:
BE(Y) 482.83+202.32 12.79+2.3 -
B BE(E) 307.784159.99 12.141.2
BE(T) 33.72+12.91 3.52+0.57
P £ (#) 218.1+63.13 6.1320.35
ki A B(RE )
] Frit & ]
B sErs 80.0 6.00 ©)
% 2 140 6.00
RS R 20.0 4.00
, e ,
] g O 0 I Gy 413 s = ErivpR
(ppm) (ppm) @) (ppm)
FERRE o gi04 0.8+0.1 0.40.2 0.40
¥o P 1.5m
PR w R 600 2.540.8 1.7+1.1 0.6£0.1 @
¥o SFZ &
# A 0.3%0 0.220.1 nd. 0.2+0
s
e
5 6.3£2.2 3.7£0.9 0.120.1 0.4+0.1
% (ppb)
o 24.12~95.76 (€)
I A 4 (ppm) = 7 Arp(ppm)
4 # 1.85~5.00 0.10~1.00 )
PRET TS 2.50~10.0 1.60~8.00
TR & R

(a)Steven Trabue(2008). Field sampling method for quantifying volatile sulfur compounds from animal
feeding operations
(b)Jessica Blunden(2008). Measurement and analysis of ammonia and hydrogen sulfide emissions from a

mechanically ventilated swine confinement building in North Carolina
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(c)Xiaopan Nie(2020). As** or/and Cu?* exposure triggers oxidative stress imbalance, induces
inflammatory response and apoptosis in chicken brain

(d)Katrijn Van Huffel (2012). Measurement of Odorants in Livestock Buildings:SIFT-MS and TD-GC-MS
(e)J Skora (2016). Evaluation of microbiological and chemical contaminants in poultry farms

(f)Julien Kammer (2020). Characterization of particulate and gaseous pollutants from a French dairy and

sheep farm
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3-2 MF# % TR

BIRBINM T A RETR > 2 HRMERS A MFTE 2 i‘%%"??baﬁl
SR (4o W] 3-10) > FIZHRE S BAcE A R B A S g F SR
BEHARELIFAAESS AR E S s A
Btz ¥ 3R REE o iE A A K~ ’éﬂ,iﬁ%i FC1 B rﬁé

é%u&ﬂ%ﬁi*‘ Pl RferTo 2 BRI A F R 2=
BV RS SREREREF OB AZFATEFEERNNFTE KRR A
"LEPEF RS RIRA S 0T et F R &g ik~
ERRIENIERT Y TR LR DR Y £ BB A s

B ARTRRLEHO AN SAPRAL B TE R a8 A T IR RRUT
d ZHRBAT S B DR R MR Y s A R 2 F L R4
AL i EEMEFRSArR 31 AL Iz BTS2
1/,,\#,1%;\36 vl g 4Ew FFE R T 4R KB AN BARAEY B
PO HRRIISERF N TLERBRL UL R R ISRAEE AP
}ﬁﬂiﬂpﬁ#&%{%;ﬁg,' CARFRML RIFATA 109 £2 111
EFRREEE 2 EOoBE A 2GR B R o b b
BERITROBRAESCBMEAREFRERAT I HY

RHRTERFLAP L s EM TR EEFEI P 1..%;#?;% ¢ 5109
#17 1p3 11259 31 p2Fadmpbsidisies 879 2 (4rk
3-3)> A ¢ Egﬂ%ﬁ4#7%ﬁli$ﬁ4ﬂaﬂ%84k’“%P
fh oz ,;fg—? FIEBFF N2 F L5 234555834 F ~) T
3EZMFEEF P T 248511223257 pRFRET6 25
Wi 111 = B2 36% o

m BRI EEY AR AL SR IRE AL
P BpHRRZ I F B (4ol 3-12) 0 ¥ L X RER B4
BrA MR R EL AP Rk LEBARE IR AR w2 K2
Plded B SFFAT 0109 F RMFEE GUFR I 2 2R
Behiiom 111 & 1~7 " & 22 @25 2 FRE2F3047
LEPERRG A ke LR H A R AR B HBEI P
Bk At Bt 111 E54 LD F  REDEFFRLET R
ARRA TGS O X NP L EHEE 027200 F ) XY
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ZHRELR AR R BRI H e TR E ¥ = BRI B B A AR R

ey

FRMFG RAROCE FTALRE D SRR PHIRR 2L
FBRELRTEFFEF AR FHRTFLRBER H 5
SEEERBARAP N AHHEENEY T3 4o BBk
i

FEERTRFHPTREEFEEZ T BRI 2R T
SEAEME R SRR R R ERF LR EE A e

%#%ﬁiﬁj?%%#l‘ﬁ%#ﬁ mERAE(FReE%RG L)

m Hog g

3,500 3.309
3,023
3.000
2,585 2,586
2,500
2,168
2,038
2,000 1.814
*+
1,500
1.000
300519 220 235 204 228 250 150
, M | | || N | |
1054 106 4 1074 1084 1094 1104 1114

SRR D IR — TR R A3 3 e (https:/statis91.epa.gov.tw/epanet/index.html)

WI3-10 ZHEFETF T3 miFti
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