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<G Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,
Thung Song Hong, Lak Si, Bangkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747

envi research o

E-mil : envi@enviresearch.co.th
www.enviresearch.co.th
Head Office/Tax 11 0105 542 064 981

ENVIRONMENT RE§éARCH & TecHNOLOGY Co., LTD.

ANALYSIS REPORT

Customer Name : qudiduainisinms angdaaday i ivendoineasaaad
Address 1R 50 aUUIMINAITL UAWAIAET LIAARFAT AFINHEMIUAST 10900
Project Name : TasonMsAnELaLinauAsIAFaURANTNL&ILInFaN T2 TulIAN MWLM UASLARZ NS
Tlowlsyanen 2568-2570
Project Location P ULE@EVIIAAREIEUIIUI-21A0USIA
Sampling Source : Ambient Air Quality
Sampling Point $Tsoisuunuay (failaguiseFuuwudu inasguaulaus) wauneaIn eWSETAUY ATIMWLNIUAS
GPS. Coordinate :UTM (WGSB4) 47P 0673410 E, 1513223 N Quotation No. : MR2025-00691
Sampling Date : June 19-24, 2025 Analysis No. £ 2025-AD127
Sampling Time : 08:30 Received Date :June 25, 2025
Sampling Method : U.S. EPA 40 CFR Part 50, 53 Analytical Date :June 25-July 1, 2025
Sampling By : Mr.Apichat Pulphon Report No. : 2025-RAAP467
Analyzed By : Environment Research & Technology Co., Ltd. Report Date :July 2, 2025
i ) Result
Parameter Unit Method of Analysis Standard!’ | Standard?’
Jun 19-20, 25 | Jun 20-21, 25 | Jun 21-22, 25 | Jun 22-23,25 | Jun 23-24, 25
Total Suspended Particulatg mg/m® | High-Volume, Gravimetric| p.059 0.048 0.037 0.038 0.044 0.330 o
(TSP) 24 Hours Average
Particulate Size Less Than | mg/m® | PM10 Size Selective, 0.032 0.027 0.020 0.021 0.024 0.120 -
10 Micron (PM10) 24 Hours| High-Volume, Gravimetric
Average
Particulate Size Less Than | pg/m® | PM2.5 Size Selective, 6.1 6.0 4.2 4.0 4.2 - 37.5
2.5 Micron (PM2.5) 24 Low-Volume Air
Hours Average Sampler, Gravimetric
Method

Remark : 1’ Notification of National Environmental Board, No.10, B.E.2538 (1995), published in the Royal Government Gazette No.112 Part 42D dated May 25, B.E.2538 (1995) and Notification
No.24, B.E.2547 (2004), published in the Royal Government Gazette No.121 Special Part 104D dated September 22, B.E.2547 (2004), under the Enhancement and Conservation of
National Environmental Quality Act B.E.2535 (1992).

Notification of Mational Environmental Board, B.E.2565 (2022), published in the Royal Government Gazette No.139 Special Part 163D dated July 8, B.E.2565 (2022) under the
Enhancement and Conservation of National Environmental Quality Act B.E.2535 (1992).

2

envi research 8
omn =00
(Ms.Natnicha SermmatiwonGyRGNMENT REEARCH & TECHNOLOGY CO. LTD. (Ms.Ramita Taengthai)

Laboratory Reviewer Laboratory Supervisor

DO NOT COPY PARTIAL OF THIS ANALYSIS REPORT WITHOUT OFFICIAL APPROVAL
REPORT ANALYSIS REFERS TO SUBMITTED SAMPLE (5) ONLY
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envi research

ENVIRONMENT RESEARCH & TECHNOLOGY CO., LTD.
¢

Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,

Thung Song Hong, Lak Si, Bangkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747
E-mail : envi@enviresearch.co.th

www.enviresearch.co.th
Head Office/Tax 1D 0105 542 064 981

Customer Name
Address
Project Name

Project Location
Measured Source
Measured Point

GPS. Coordinate
Measured Date
Measured By
Analyzed By
Measured Instrument

ANALYSIS REPORT

Auiifouazuimsiznns aasdownday uineduinensenand

vl 50 auuaedU LENAINET LWAARFINT AFIMKLMILAT 10900
TasansdAnsuasfiamunmagausanssnudadautasvinoims luasnamumruasuaabuauna

flownlszane 2568-2570

UWUIE SN IOVLAREHUOU-2IREUSIA

Ambient Air Quality

TsoBauwudy (dailaqiiuisedauwudu tasquauldusn) wasunsann aWsTIaUS AFIMWLILIULAS
UTM (WGS84) 47P 0673410 E, 1513223 N

June 19-24, 2025
Mr.Apichat Pulphon

Environment Research & Technology Co., Ltd.

Quotation No. :
Analysis No.
Report No.
Report Date
NOx Chemiluminescence Analyzer API Model 200A Serial Number 1051

MR2025-00691

2025-AD127-001-005

:  2025-ANA-009

June 30, 2025

Result NOz (ppm) 3/
Taberwnt Vi Jun 19-20, 25 Jun 20-21, 25 Jun 21-22, 25 Jun 22-23, 25 Jun 23-24, 25 Standard
08:00 - 09:00 0.021 0.013 0.017 0.016 0.026
09:00 - 10:00 0.022 0.014 0.020 0.018 0.026
10:00 - 11:00 0.023 0.023 0.021 0.018 0.024
11:00 - 12:00 0.018 0.030 0.022 0.018 0.025
12:00 - 13:00 0.017 0.038 0.020 0.019 0.026
13:00 - 14:00 0.017 0.032 0.019 0.018 0.022
14:00 - 15:00 0.013 0.031 0.030 0.019 0.025
15:00 - 16:00 0.013 0.030 0.027 0.022 0.024
16:00 - 17:00 0.014 0.030 0.030 0.022 0.017
17:00 - 18:00 0.011 0.033 0.021 0.022 0.019
18:00 - 19:00 0.011 0.034 0.022 0.019 0.020
19:00 - 20:00 0.010 0.028 0.019 0.017 0.019
20:00 - 21:00 0.010 0.023 0.017 0.014 0.018
21:00 - 22:00 0.010 0.019 0.016 0.016 0.018
22:00 - 23:00 0.009 0.015 0.014 0.014 0.017
23:00 - 00:00 0.008 0.014 0.011 0.013 0.016
00:00 - 01:00 0.008 0.013 0.012 0.013 0.016
01:00 - 02:00 0.009 0.014 0.011 0.016 0.016
02:00 - 03:00 0.009 0.013 0.010 0.014 0.016
03:00 - 04:00 0.010 0.013 0.010 0.014 0.016
04:00 - 05:00 0.011 0.013 0.012 0.019 0.017
05:00 - 06:00 0.011 0.014 0.013 0.024 0.022
06:00 - 07:00 0.012 0.015 0.013 0.027 0.023
07:00 - 08:00 0.013 0.015 0.012 0.027 0.023
24 Hours Average 0.013 0.022 0.017 0.018 0.020 -
1 Hour Minimum 0.008 0.013 0.010 0.013 0.016 -
1 Hour Maximum 0.023 0.038 0.030 0.027 0.026 NO2 =0.17

Remark :

¥ Notification of National Environmental Board, No.10, B.E.2538 (1995), published in the Royal Government Gazette No.112 Part 42D dated May 25, B.E.2538 (1995), Notification No.28,
B.E.2550 (2007), published in the Royal Government Gazette No.124 Special Part 58D dated May 14, B.E.2550 (2007) and Notification No.33, B.E.2552 (2009), published in the Royal

Government Gazette Mo.126 Special Part 114D dated August 14, B.E.2552 (2009), under the Enhancement and Conservation of National Environmental Quality Act B.E.2535 (1992).
Fuil 19, 21 uas 23 Aquinu 2568 : Aduan

(Ms.Piyatida Pradangkho)
Laboratory Reviewer

l i

(

(Ms.Panicha Promchai)
Laboratory Supervisor

DO NOT COPY PARTIAL OF THIS ANALYSIS REPORT WITHOUT OFFICIAL APPROVAL
REPORT ANALYSIS REFERS TO SUBMITTED SAMPLE (S) ONLY
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Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,

Thung Song Hong, Lak Si, Bangkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747

E-mail : envi@enviresearch.co.th

www.enviresearch.co.th

ENVIRONMENT RESEARCH & TECHNOLOGY CO., LTD.
! Head Office/Tax 1D 0105 542 064 981

ANALYSIS REPORT

Customer Name
Address
Project Name

Audidouaruinisiznms Amuzdanaay unIneduneasenand

W@l 50 auuu9dU LEAIRET lwa3IRdng nfamwuMIuAs 10900
TasansdAnuavfiamuaadgausanssudavadautasmoias lulangmmuvuasuas S uuna
Touysanm 2568-2570

WNEENRARFIHUIU-21RUTIA

Ambient Air Quality

Tsoiduuwudy (dailaquisadaunudy wasgaauldusn) nasuneann wawsEiaug AIMWLKILAS

Project Location
Measured Source
Measured Point

GPS. Coordinate : UTM (WGS84) 47P 0673410 E, 1513223 N Quotation- No. :  MR2025-00691
Measured Date : June 19-24, 2025 Analysis No. :  2025-AD127-001-005
Measured By ¢ Mr.Apichat Pulphon Report No. :  2025-ANA-009
Analyzed By :  Environment Research & Technology Co., Ltd. Report Date : June 30, 2025
Measured Instrument :  CO; NDIR Analyzer Thermo Model 410i Serial Number 1170050005
Result COz (ppm)
ey Time Jun 19-20, 25 Jun 20-21, 25 Jun 21-22, 25 Jun 22-23, 25 Jun 23-24, 25 Shsid
08:00 - 09:00 328 324 304 300 309
09:00 - 10:00 325 321 304 300 308
10:00 - 11:00 319 331 428 301 306
11:00 - 12:00 313 311 435 302 303
12:00 - 13:00 310 307 406 300 301
13:00 - 14:00 316 316 374 300 302
14:00 - 15:00 313 310 348 298 299
15:00 - 16:00 322 310 331 298 301
16:00 - 17:00 330 312 312 298 302
17:00 - 18:00 315 305 303 301 295
18:00 - 19:00 315 318 294 304 300
19:00 - 20:00 309 312 300 300 304
20:00 - 21:00 310 310 298 296 301
21:00 - 22:00 309 308 295 294 299
22:00 - 23:00 309 303 295 296 300
23:00 - 00:00 312 301 296 295 298
00:00 - 01:00 320 302 294 296 298
01:00 - 02:00 323 299 299 299 300
02:00 - 03:00 424 300 302 300 300
03:00 - 04:00 307 300 302 301 302
04:00 - 05:00 309 317 301 301 306
05:00 - 06:00 309 300 303 302 301
06:00 - 07:00 314 302 307 305 307
07:00 - 08:00 323 301 305 307 315
24 Hours Average 320 309 322 300 302 -
1 Hour Minimum 307 299 294 294 295 -
1 Hour Maximum 424 331 435 307 315 -

Remark : 4udl 19, 21 uaz 23 fiquinu 2568 : Sduan

’ \

(Ms.Piyatida Pradangkho) ' (Ms.Panicha Promchai)
Laboratory Reviewer Laboratory Supervisor

DO NOT COPY PARTIAL OF THIS ANALYSIS REPORT WITHOUT OFFICIAL APPROVAL
REPORT ANALYSIS REFERS TO SUBMITTED SAMPLE (S) ONLY
Page 2/6
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envi research

ENVIRONMENT RE§ ARCH & TECHNoLoGY Co., LTD.

Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,

Thung Song Hong, Lak Si, Banpgkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747

[ B | [ E-mail : envif@enviresearch.co.th
www.enviresearch.co.th

Head Office/Tax 1D 0105 542 064 981

Customer Name
Address
Project Name

Project Location
Measured Source
Measured Point

ANALYSIS REPORT

AuTsdnuau3nIsiznms Aadnaday unIvodonsasmaas

@27 50 aUUINIFL WAL WaIRdns ATIMWIMIUAT 10900
TasesnsdnsuasfinauanAaLHanTMLInad aNtaaMOAAE Tula ATWIWLIMUAsSURSS N
flownlssunol 2568-2570

WIF UV TRIABEIEUI0UN-21A U

Ambient Air Quality

Tseidauwudu (dailaguiseduunudu masquaddus) uananean wenssiuus ngamwWLUIUAS

GPS. Coordinate :  UTM (WGSB4) 47P 0673410 E, 1513223 N Quotation No. 1 MR2025-00691
Measured Date ¢ June 19-24, 2025 Analysis No. 1 2025-AD127-001-005
Measured By :  Mr.Apichat Pulphon Report No. : 2025-ANA-009
Analyzed By :  Environment Research & Technology Co., Ltd. Report Date : June 30, 2025
Measured Instrument : THC FID Analyzer Horiba Model APHA-370 Serial Number G0200UOE
Result (ppm)
Interval Time Jun 19-20, 25 Jun 20-21, 25 Jun 21-22, 25
CH4 NMHC THC CHa4 NMHC THC CHs NMHC THC
08:00 - 09:00 2.26 0.52 2.78 2.26 0.50 2.76 2.32 0.45 2.77
09:00 - 10:00 215 0.48 2.63 2.18 0.55 2.73 2.04 0.34 2.38
10:00 - 11:00 2.06 0.43 2.49 2.23 0.62 2.85 1.97 0.34 2.31
11:00 - 12:00 2.04 0.45 2.49 2,17 0.47 2.64 1.98 0.33 231
12:00 - 13:00 2.03 0.56 2.59 2.06 0.48 2.54 1.97 0.35 2.32
13:00 - 14:00 2.03 0.70 2.73 2.09 0.50 2.59 1.96 0.34 2.30
14:00 - 15:00 2.05 0.46 2.51 2,10 0.81 291 1.99 0.33 2.32
15:00 - 16:00 2.09 0.45 2.54 2.09 0.97 3.06 2.03 0.35 2.38
16:00 - 17:00 2.11 0.41 2.52 2.07 0.83 2.90 2.00 0.33 2.33
17:00 - 18:00 2.10 0.56 2.66 2.12 1.13 3.25 2.04 0.34 2.38
18:00 - 19:00 2.10 0.47 2.57 2.20 0.78 2.98 2.04 0.33 2.37
19:00 - 20:00 2.09 0.38 2.47 2.10 0.47 2.57 1.98 0.34 2.32
20:00 - 21:00 2.05 0.41 2.46 2.07 0.45 2.52 2.02 0.38 2.40
21:00 - 22:00 2.05 0.42 2.47 2,05 0.36 241 2.04 0.41 2.45
22:00 - 23:00 2.12 0.44 2.56 2.03 0.41 2.44 2.34 0.44 2.78
23:00 - 00:00 2.38 0.53 2.91 2.04 0.37 241 2.26 0.46 2.72
00:00 - 01:00 2.40 0.65 3.05 2.06 0.39 2.45 2.07 0.45 2.52
01:00 - 02:00 2.42 0.77 3.19 2.04 0.34 2.38 2.12 0.40 2.52
02:00 - 03:00 2.31 0.97 3.28 2.13 0.33 2.46 2.16 0.35 2.51
03:00 - 04:00 2.26 1.94 4.20 2.07 0.35 2.42 2,11 0.34 2.45
04:00 - 05:00 2.21 1.86 4.07 2.06 0.32 2.38 2.06 0.32 2.38
05:00 - 06:00 2.15 0.87 3.02 2.12 0.35 2.47 2.12 0.34 2.46
06:00 - 07:00 2.20 1.08 3.28 2.18 0.38 2.56 2.20 0.40 2.60
07:00 - 08:00 2.24 0.45 2.69 2.18 0.41 2.59 2.22 0.44 2.66
24 Hours Average 2,16 0.68 2.84 2.11 0.52 2.63 2.09 0.37 2.46
1 Hour Minimum 2.03 0.38 2.46 2.03 0.32 2.38 1.96 0.32 2.30
1 Hour Maximum 2.42 1.94 4.20 2.26 1.13 3.25 2.34 0.46 2.78

Remark: #ufl 19, 21 uaz 23 Squnou 2568 : fdumn

el
envi research ez i d
r om0 [ =y \ - _&
i EVIRGNMENT [i:-%m\:aal LCHNOLOGY COL LD, - E
(Ms.Piyatida Pradangkho) (Ms.Panicha Promchai)
Laboratory Reviewer Laboratory Supervisor

DO NOT COPY PARTIAL OF THIS ANALYSIS REPORT WITHOUT OFFICIAL APPROVAL
REPORT ANALYSIS REFERS TO SUBMITTED SAMPLE (5) ONLY
Page 3/6
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ENVIRONMENT RE?EARCH & TecHNOLOGY Co., LTD.

Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,

Thung Song Hong, Lak Si, Bangkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747

E-mail : envi@enviresearch.co.th

www.enviresearch.co.th

Head Office/Tax 1D 0105 542 064 981

Customer Name
Address
Project Name

Project Location
Measured Source
Measured Point
GPS. Coordinate
Measured Date
Measured By
Analyzed By

Measured Instrument :

ANALYSIS REPORT

auiiiouazinsiznms ansdonndan sninmduneasidad
tauvl 50 auuo U LIvAIRET LAARENS ATIWMNLUIUAT 10900
TasmsAnLasiaauRREauRansLRIad aNtas A TulzAnTIMWIMIUAT LR NINA

Tousynna 2568-2570

WA EVIALARFIEUIOU-210UT0A

Ambient Air Quality

Tseiduunudu (dadaqiuisaduuwudy asqualdus) adean LOWSYIAUY NAFILVMWHUILAS

UTM (WGS84) 47P 0673410 E, 1513223 N Quotation No. :  MR2025-00691

June 19-24, 2025 Analysis No. 1 2025-AD127-001-005
Mr.Apichat Pulphon Report No. :  2025-ANA-009
Environment Research & Technology Co., Ltd. Report Date : June 30, 2025

THC FID Analyzer Horiba Model APHA-370 Serial Number G0200UQE

Result (ppm)

Interval Time Jun 22-23, 25 Jun 23-24, 25
CHs NMHC THC CHs NMHC THC
08:00 - 09:00 2.12 0.38 2.50 Zi7 0.44 2.61
05:00 - 10:00 2.01 0.34 2.35 2.02 0.41 2.43
10:00 - 11:00 1.98 0.35 2.33 1.98 0.36 2.34
11:00 - 12:00 1.98 0.33 2.31 1.97 0.35 2.32
12:00 - 13:00 1.98 0.32 2.30 1.96 0.35 2.31
13:00 - 14:00 1.97 0.33 2.30 1.97 0.34 2.31
14:00 - 15:00 1.97 0.30 2.27 2.00 0.32 2.32
15:00 - 16:00 1.96 0.31 2.27 1.99 0.34 2.33
16:00 - 17:00 1.98 0.32 2.30 1.98 0.35 2.33
17:00 - 18:00 2.00 0.33 233 1.99 0.38 2.37
18:00 - 19:00 2.03 0.35 2.38 2.00 0.43 2.43
19:00 - 20:00 2.03 0.33 2.36 2.00 0.53 2.53
20:00 - 21:00 1.99 0.31 2.30 1.99 0.43 2.42
21:00 - 22:00 2.00 0.30 2.30 1.98 0.50 2.48
22:00 - 23:00 2.02 0.31 2.33 2.00 0.63 2.63
23:00 - 00:00 2.00 0.31 2.31 2.04 0.46 2.50
00:00 - 01:00 2.01 0.29 2.30 2.05 0.49 2.54
01:00 - 02:00 2.10 0.32 2,42 2.09 0.43 2.52
02:00 - 03:00 2.10 0.32 2.42 2.11 0.39 2.50
03:00 - 04:00 2,12 0.33 2.45 2,13 0.37 2.50
04:00 - 05:00 2.11 0.31 2.42 2.21 0.38 2.59
05:00 - 06:00 2.11 0.30 2.41 2.11 0.46 2.57
06:00 - 07:00 2.13 0.33 2.46 2.16 0.52 2.68
07:00 - 08:00 2.12 0.38 2.50 2.23 0.70 2.93
24 Hours Average 2.03 0.33 2.36 2.05 0.43 2.48
1 Hour Minimum 1.96 0.29 2.27 1.96 0.32 2.31
1 Hour Maximum 2.13 0.38 2.50 2.23 0.70 2.93

Remark: Yudl 19, 21 uae 23 flquioy 2568 : fduan

f

o~
envi rescarch [
omD

(Ms.Piyatida Pradangkho) ENVRONMENT
Laboratory Reviewer

REEARCH & TECHNCLOGY CO. LD, {Ms'.PanEcha Promchai)
Laboratory Supervisor

DO NOT COPY PARTIAL OF THIS ANALYSIS REPORT WITHOUT OFFICIAL APPROVAL
REPORT ANALYSIS REFERS TO SUBMITTED SAMPLE (S) ONLY
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Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,

Thung Song Hong, Lak Si, Bangkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747

E-mail : envi@enviresearch.co.th

envi research

www.enviresearch.co.th

ENVIRONMENT RESEARCH & TECHNOLOGY CO., LTD.
! Head Office/Tax 1D 0105 542 064 981

ANALYSIS REPORT

Customer Name Auiiiuuazu3nisiznms anzduaday mninamduinsasmans

Address t @ 50 auuauaed wwvaInen LIRIRINT AFILMWLMIUAT 10900
Project Name : TasmsdAnuariiamuanadgausanssmudaadantaovairs luanumwimuasuaniuama
flownlszune 2568-2570
Project Location LW IIAAREI LU WU UTIA
Measured Source :  Ambient Air Quality
Measured Point : TseFuuwudu (dailaqdulsedounudu wasquadaus) wusueann wawsyluue ngomwavuuas
GPS. Coordinate : UTM (WGS84) 47P 0673410 E, 1513223 N Quotation No. :  MR2025-00691
Measured Date : June 19-24, 2025 Analysis No. :  2025-AD127-001-005
Measured By : Mr.Apichat Pulphon Report No. : 2025-ANA-009
Analyzed By :  Environment Research & Technology Co., Ltd. Report Date : June 30, 2025
Measured Instrument : CO NDIR Analyzer Horiba Model APMA-370 Serial Number YKACO90F
Result CO (ppm)
Interval Time Jun 19-20, 25 Jun 20-21, 25 Jun 21-22, 25 Jun 22-23, 25 Jun 23-24, 25 Standard!/
1 hrAvg |8 hr Avg|1 hr Avg |8 hr Avg|1 hr Avg|8 hr Avg|1 hr Avg |8 hr Avg|1 hr Avg |8 hr Avg
08:00 - 09:00 0.5 - 0.6 0.5 0.5 0.5 0.6 0.5 0.7 0.5
09:00 - 10:00 0.5 - 0.5 0.5 0.6 0.5 0.6 0.5 0.6 0.5
10:00 - 11:00 0.5 = 0.6 0.5 0.6 0.5 0.6 0.5 0.5 0.6
11:00 - 12:00 0.5 = 0.6 0.6 0.5 0.5 0.5 0.5 0.5 0.6
12:00 - 13:00 0.5 - 0.6 0.6 0.5 0.5 0.6 0.6 0.5 0.6
13:00 - 14:00 0.5 - 0.5 0.6 0.5 0.5 0.5 0.6 0.5 0.6
14:00 - 15:00 0.5 - 0.5 0.6 0.5 0.5 0.5 0.6 0.5 0.6
15:00 - 16:00 0.6 0.5 0.5 0.6 0.5 0.5 0.6 0.6 0.5 0.5
16:00 - 17:00 0.6 0.5 0.5 0.5 0.6 0.5 0.6 0.6 0.5 0.5
17:00 - 18:00 0.6 0.5 0.5 0.5 0.5 0.5 0.6 0.6 0.6 0.5
18:00 - 19:00 0.5 0.5 0.6 0.5 0.6 0.5 0.6 0.6 0.7 0.5
19:00 - 20:00 0.5 0.5 0.6 0.5 0.6 0.5 0.5 0.6 0.6 0.6
20:00 - 21:00 0.5 0.5 0.6 0.5 0.5 0.5 0.5 0.6 0.5 0.6
21:00 - 22:00 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.6 0.5 0.6
22:00 - 23:00 0.6 0.6 0.5 0.5 0.6 0.6 0.5 0.6 0.5 0.6
23:00 - 00:00 0.6 0.6 0.5 0.5 0.5 0.6 0.4 0.5 0.5 0.6
00:00 - 01:00 0.6 0.6 0.4 0.5 0.5 0.5 0.4 0.5 0.5 0.6
01:00 - 02:00 0.4 0.5 0.4 0.5 0.5 0.5 0.4 0.5 0.5 0.5
02:00 - 03:00 0.4 0.5 0.4 0.5 0.5 0.5 0.4 0.5 0.5 0.5
03:00 - 04:00 0.4 0.5 0.4 0.5 0.4 0.5 0.4 0.4 0.5 0.5
04:00 - 05:00 0.4 0.5 0.4 0.4 0.4 0.5 0.4 0.4 0.5 0.5
05:00 - 06:00 0.4 0.5 0.5 0.4 0.5 0.5 0.5 0.4 0.6 0.5
06:00 - 07:00 0.6 0.5 0.5 0.4 0.6 0.5 0.6 0.4 0.8 0.6
07:00 - 08:00 0.7 0.5 0.6 0.5 0.5 0.5 0.7 0.5 0.8 0.6
24 Hours Average 0.5 - 0.5 - 0.5 - 0.5 - 0.6 - -
1 Hour Minimum 0.4 - 0.4 - 0.4 - 0.4 - 0.5 - =
1 Hour Maximum 0.7 - 0.6 = 0.6 = 0.7 - 0.8 - 30
8 Hours Minimum - 0.5 - 0.4 - 0.5 - 0.4 - 0.5 -
8 Hours Maximum - 0.6 - 0.6 - 0.6 - 0.6 - 0.6 9

Remark : ¥ Notification of National Environmental Board, No.10, B.E.2538 (1995), published in the Royal Government Gazette No.112 Part 42D dated May 25, B.E.2538 (1995), under the Enhancement
and Conservation of National Environmental Quality Act B.E.2535 (1992).
Jud 19, 21 uaz 23 Aquinu 2568 : fduan
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ey Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,
Thung Song Hong, Lak Si, Bangkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747

E-mail : envi@enviresearch.co.th

www.enviresearch.co.th
Head Office/Tax 1D 0105 542 064 981

ENVIRONMENT RE?EARCH & TecHnoLoay Co., LTD.

ANALYSIS REPORT

Customer Name
Address
Project Name

Auaiiowatuinsiznns aadonday tnineduineasenans

a7l 50 auuaNIdU LENAINET LWAIATNT ATIMHUMIUAS 10900
TasensAnELaYAAMIRTIRRALHANSIVLAIWAG auLasm AR TulzangamnuuAsuUan UMM
flownlszana 2568-2570

WIE UV IALANE LU U2 UTIA

Ambient Air Quality

Ts9i3uunudy (dadaqiuTsasuuwudu massuaUaun) ua9neann LaNSE 1LY ATIMNNKIUAS

Project Location
Measured Source
Measured Point

GPS. Coordinate UTM (WGS84) 47P 0673410 E, 1513223 N Quotation No. :  MR2025-00691
Measured Date June 19-24, 2025 Analysis No. :  2025-AD127-001-005
Measured By Mr.Apichat Pulphon Report No. : 2025-ANA-009
Analyzed By Environment Research & Technology Co., Ltd. Report Date : June 30, 2025
Measured Instrument : 03 UV Photometric Analyzer Sabio Model 6030 Serial Number 65500421
Result Oz (ppm)
Interval Time Jun 19-20, 25 Jun 20-21, 25 Jun 21-22, 25 Jun 22-23, 25 Jun 23-24, 25 Standard!/
1hrAvg |8hrAvg | 1hrAvg | 8hrAvg | 1hrAvg | 8hrAvg | 1 hrAvg | 8 hr Avg | 1 hr Avg | 8 hr Avg
08:00 - 09:00 0.010 - 0.010 0.010 0.009 0.009 0.010 0.009 0.009 0.012
09:00 - 10:00 0.010 - 0.009 0.010 0.009 0.009 0.010 0.010 0.010 0.011
10:00 - 11:00 0.009 - 0.010 0.010 0.008 0.009 0.010 0.010 0.011 0.011
11:00 - 12:00 0.013 - 0.011 0.010 0.010 0.009 0.012 0.010 0.011 0.011
12:00 - 13:00 0.022 - 0.012 0.010 0.013 0.009 0.012 0.011 0.012 0.010
13:00 - 14:00 0.022 - 0.014 0.011 0.019 0.010 0.013 0.011 0.012 0.010
14:00 - 15:00 0.028 - 0.018 0.012 0,020 0.012 0.013 0.011 0.014 0.011
15:00 - 16:00 0.024 0.017 0.019 0.013 0.020 0.014 0.013 0.012 0.014 0.012
16:00 - 17:00 0.021 0.019 0.019 0.014 0.020 0.015 0.015 0.012 0.014 0.012
17:00 - 18:00 0.025 0.021 0.021 0.016 0.014 0.016 0.013 0.013 0.019 0.013
18:00 - 19:00 0.018 0.022 0.015 0.016 0.015 0.016 0.009 0.013 0.013 0.014
19:00 - 20:00 0.021 0.023 0.014 0.017 0.012 0.017 0.012 0.013 0.009 0.013
20:00 - 21:00 0.011 0.021 0.019 0.017 0.008 0.016 0.013 0.013 0.010 0.013
21:00 - 22:00 0.011 0.020 0.011 0.017 0.012 0.015 0.013 0.013 0.011 0.013
22:00 - 23:00 0.011 0.018 0.009 0.016 0,011 0.014 0.011 0.012 0.009 0.012
23:00 - 00:00 0.009 0.016 0.011 0.015 0.009 0.013 0.013 0.012 0.008 0.012
00:00 - 01:00 0.011 0.015 0.009 0.014 0.021 0.013 0.016 0.013 0.008 0.011
01:00 - 02:00 0.009 0.013 0.010 0.012 0.006 0.012 0.014 0.013 0.009 0.010
02:00 - 03:00 0.009 0.012 0.010 0.012 0.007 0.011 0.013 0.013 0.008 0.009
03:00 - 04:00 0.009 0.010 0.010 0.011 0.009 0.010 0.014 0.013 0.009 0.009
04:00 - 05:00 0.009 0.010 0.009 0.010 0.011 0.011 0.014 0.014 0.009 0.009
05:00 - 06:00 0.011 0.010 0.010 0.010 0.011 0.011 0.012 0.013 0.009 0.009
06:00 - 07:00 0.010 0.010 0.008 0,010 0.010 0.011 0.009 0.013 0.009 0.009
07:00 - 08:00 0.010 0.010 0.007 0.009 0.009 0.011 0.009 0.013 0.009 0.009
24 Hours Average 0.014 - 0.012 - 0.012 - 0.012 - 0.011 - -
1 Hour Minimum 0.009 - 0.007 - 0.006 - 0.009 - 0.008 - -
1 Hour Maximum 0.028 - 0.021 - 0.021 - 0.016 - 0.019 - 0.10
8 Hours Minimum - 0.010 - 0.009 - 0.009 - 0.009 - 0.009 -
8 Hours Maximum - 0.023 - 0.017 - 0.017 - 0.014 - 0.014 0.07

Remark : Y Notification of National Environmental Board, No.10, B.E.2538 (1995), published in the Royal Government Gazette No.112 Part 42D dated May 25, B.E.2538 (1995) and Notification No.28,
B.E.2550 (2007), published in the Royal Government Gazette No.124 Special Part 58D dated May 14, B.E.2550 (2007), under the Enhancement and Conservation of National Environmental
Quality Act B.E.2535 (1992).
Fuvi 19, 21 uaz 23 fquiuu 2568 : Oduan
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P Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,
Thung Song Hong, Lak Si, Bangkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747

E-mail : envi@enviresearch.co.th
www.enviresearch.co.th

Head Office/Tax 1D 0105 542 064 981

Customer Name
Address
Project Name

Project Location
Measured Point

ANALYSIS REPORT

Auidouazudnisitnms Aadawiadan yIvienduineasAIaEad

@ 50 AuuaNIAIIL LENAINET LAIRIAT ATIWLMIUAS 10900
TATINMSANNLATARMUATIAEUNANSENLAILIAdaL AR LA ATIIWIMUATURL SN IMA
floulszuneu 2568-2570

WINAENOALARF I UT-21AUTIA

T59i3uuwudy (dadlaquisasuuwudy massugUausn) naeuean anwszlaus NFEWWLIMIUAS

GPS. Coordinate :  UTM (WGS84) 47P 0673411 E, 1513218 N Quotation No. : MR2025-00691
Measured Date : June 19-24, 2025 Analysis No. : 2025-AD127-001-005
Measured By :  Mr.Apichat Pulphon Report No. 1 2025-WD-009
Analyzed By :  Environment Research & Technology Co., Ltd. Report Date : June 30, 2025
Date/Time Jun 19-20, 25 Jun 20-21, 25 Jun 21-22, 25 Jun 22-23, 25 Jun 23-24, 25
Temp. | WS WD Temp. | WS WD | Temp. | WS WD | Temp. | WS WD | Temp. | WS WD
08:00 - 09:00 26.4 <0.5 Calm 25.3 <0.5 | Calm 26.3 <0.5 | Calm 26.2 <0.5 | Calm 26.2 <0.5 | Calm
09:00 - 10:00 27.7 <0.5 Calm 26.7 <0.5 | Calm 27.7 0.9 SW 27.4 0.9 SW 27.4 1.3 SW
10:00 - 11:00 29.6 <0.5 Calm 28.9 <0.5 | Calm 29.7 0.9 SW 29.3 0.9 SW 30.0 1.3 SW
11:00 - 12:00 30.6 <0.5 Calm 30.9 <0.5 | Calm 32.6 <0.5 Calm 32.1 0.9 SSW 319 1.3 SwW
12:00 - 13:00 32.0 <0.5 Calm 33.1 <0.5 | Calm 33.6 0.9 SW 32.3 1.8 SW 31.2 1.3 SSW
13:00 - 14:00 33.1 <0.5 Calm 34.9 0.9 Sw 32.6 1.3 SW 32.8 1.8 SW 31.3 1.8 SwW
14:00 - 15:00 31.8 <0.5 Calm 32.3 <0.5 | Calm 31.2 1.3 SW 30.2 2.2 SW 30.1 2.2 SW
15:00 - 16:00 31.8 <0.5 Calm 31.6 <0.5 | Calm 30.9 1.3 SW 29.4 2.2 SW 29.7 1.8 SW
16:00 - 17:00 31.4 <0.5 Calm 31.3 <0.5 | Calm 30.4 1.3 SW 29.2 1.8 SW 27.3 1.8 SW
17:00 - 18:00 31.4 <0.5 Calm 31.1 <0.5 | Calm 30.0 1.3 SW 29.3 1.3 SW 22.9 0.9 SW
18:00 - 19:00 30.5 <0.5 Calm 30.4 <0.5 | Calm 29.1 0.9 SW 28.6 1.3 SW 23.3 <0.5 | Calm
19:00 - 20:00 27.7 0.9 SW 29.4 <0.5 | Calm 27.8 0.9 SW 28.0 1.3 SW 23.3 <0.5 | Calm
20:00 - 21:00 26.4 <0.5 Calm 274 <0.5 | Calm 212 <0.5 | Calm 27.7 <0.5 | Calm 23.9 <0.5 | Calm
21:00 - 22:00 25.8 <0.5 Calm 26.7 1.3 SW 27.3 <0.5 | Calm 27.3 <0.5 | Calm 24.2 <0.5 | Calm
22:00 - 23:00 253 <0.5 Calm 25.8 1.3 SW 26.9 <0.5 | Calm 26.8 <0.5 | Calm 24.3 <0.5 | Calm
23:00 - 00:00 23.9 <0.5 Calm 26.1 <0.5 | Calm 25.5 <0.5 | Calm 26.6 <0.5 | Calm 24.4 <0.5 | Calm
00:00 - 01:00 24.0 <0.5 Calm 26.0 <0.5 | Calm 24.9 <0.5 Calm 26.4 <0.5 | Calm 243 <0.5 | Calm
01:00 - 02:00 23.6 <0.5 Calm 25.9 <0.5 | Calm 24.7 <0.5 Calm 26.1 <0.5 | Calm 24.2 <0.5 | Calm
02:00 - 03:00 23.7 <0.5 | Calm 259 | <0.5 | Caim 246 | <0.5 | Calm 259 | <05 | Calm 240 | <0.5 | Calm
03:00 - 04:00 239 <0.5 Calm 25.9 <0.5 | Calm 24.7 <0.5 Calm 25.6 <0.5 | Calm 24.0 <0.5 | Calm
04:00 - 05:00 24.0 <0.5 Calm 25.8 <0.5 | Calm 24.8 <0.5 Calm 25.4 <0.5 | Calm 24.1 <0.5 | Calm
05:00 - 06:00 23.9 <0.5 Calm 25.7 | <0.5 | Calm 249 | <0.5 | Calm 25.2 | <0.5 | Calm 240 | <0.5 | Calm
06:00 - 07:00 24.2 <0.5 Calm 25.6 <0.5 | Calm 24.9 <0.5 | Calm 24.9 <0.5 | Calm 24,1 <0.5 | Calm
07:00 - 08:00 24.4 <0.5 Calm 25.7 <0.5 | Calm 25.3 <0.5 | Calm 25.5 <0.5 | Calm 24.6 <0.5 | Calm
Remark: 1.WS = Wind Speed (m/s)
2. WD = Wind Direction
3. Calm = <0.5 mfs

4, Height of wind vane and anemometer above ground 10 meters.
Fudl 19, 21 uas 23 Squiou 2568 ; dduan
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Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,

Thung Song Hong, Lak Si, Bangkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747

E-mail : envif@enviresearch.co.th

envi research

www.enviresearch.co.th

ENVIRONMENT RESEARCH & TECHNOLOGY CO., LTD.
f Head Office/Tax 1D 0105 542 064 981

ANALYSIS REPORT
Customer Name : qudidouaruinsiznns aacdowndan univendoinsasnans
Address : @ 50 ouuguNdIL LUNAINET LAARTNS AFIMWEMILAS 10900

Project Name TasunmsAnuLasdiaaunRdausansEnudwIndanzaivnaiias luluanpmuuvuasuaniuana
Tounlszunen 2568-2570
WU IAARE LU U-2T1AUSA

Tsesuuwudu (dailagiiuisedauwudu wassuauliun) 1RsLnIAIn ILaWSEIALY NFIMNLUILAS

Project Location
Measured Point

GPS. Coordinate UTM (WGSB4) 47P 0673411 E, 1513218 N Quotation No. : MR2025-00691
Measured Date : June 19-24, 2025 Analysis No. 1 2025-AD127-001-005
Measured By ¢ Mr.Apichat Pulphon Report No. :  2025-WD-009
Analyzed By :  Environment Research & Technology Co., Ltd. Report Date 1 June 30, 2025
Wind Direction 0.5-1.0 1.0-2.0 Pemntazg.g-f:g i ‘Q'.igf'fc'. = spee::-n;odiremon >6.0 Total
N 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
NNE 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
NE 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
ENE 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
E 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
ESE 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
SE 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
SSE 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
S 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
SSwW 0.83333 0.83333 0.00000 0.00000 0.00000 0.00000 1.66666
SW 8.33333 15.83330 2.50000 0.00000 0.00000 0.00000 26.66663
WSw 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
w 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
WNW 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
NW 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
NNW 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Sub-Total 9.16666 16.66663 2.50000 0.00000 0.00000 0.00000 28.3
Calm 71.7
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Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,

Thung Song Hong, Lak Si, Bangkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747

E-mail : envi@enviresearch.co.th

=
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www.enviresearch.co.th
Head Office/Tax ID 0105 542 064 981

ENVIRONMENT RESEARCH & TECHNOLOGY CO., LTD.

ANALYSIS REPORT

AudiFouanismsizns aazdonasan wnImdainsasmans
TATINSANILALARANATIANALNANSTNLIRIIATANZAIIAIAR TULANTIMWIMNUAT LR S UMM
Toulszanen 2568-2570

Tsednunwudu (dadagfuTseduunudy nasquaudusn) ¥2InIaIn IAWSYIZUY ATIMWIIUAS
June 19-24, 2025

2025-WD-009

Customer Name
Project Name

Measured Point
Measured Date
Report No.

WIND SPEED
(m/s)

B >=6.00
[ 4.00-6.00
R e S [] 3.00-4.00
2.00-3.00
[ 1.00-200
B o0.50-1.00

Calms: 71.67%
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= Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,
Thung Song Hong, Lak 5i, Bangkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747

E-mail : envi@enviresearch.co.th

www.enviresearch.co.th

ENVIRONMENT RESEARCH & TECHNOLOGY CO,, LTD.
i Head Office/Tax 1D 0105 542 064 981

ANALYSIS REPORT
Customer Name s Auedifouazu3nnsiznns aasduaday uInmAuneasAaas
Address AT 50 aUUINNIIAINUL WDNARET LUAAGFAT AFIMWLMILAS 10900
Project Name : TAsINsANEILAYRMUATIARAUNANTEN L LIadaN AR TR MW IMIUAsSLaR S uAYMA
floualssunen 2568-2570
Project Location L LW ENIALABE I U UI-2N1AUTIA
Measured Source : Ambient Noise
Measured Point 1 Ts9i3uuwudy (datlaguisedounudu wasgualdus) wansuvann ILeNSEIaUY NTenuLUILAS
GPS. Coordinate :UTM (WGS84) 47P 0673390 E, 1513271 N Quotation No. :MR2025-00691
Measured Date :June 19-20, 2025 Analysis No. :2025-AD127-011
Measured By :Mr.Apichat Pulphon Report No. :2025-RAAP230
Analyzed By : Environment Research & Technology Co., Ltd. Report Date :July 2, 2025
Measured Instrument  :Integrating Sound Level Meter RION Model NL-53 Serial Number 00251817
Siiterval Tiiie Noise Level, dB(A)
Leq Lmax L10 L90
07:00-08:00 63.4 74.6 65.5 60.1
08:00-09:00 63.1 76.5 65.1 59.3
09:00-10:00 62.7 76.8 64.5 59.3
10:00-11:00 62.8 75.7 64.7 59.7
11:00-12:00 63.3 74.1 65.4 60.5
12:00-13:00 64.0 77.1 66.2 60.4
13:00-14:00 63.3 79.1 65.5 59.8
14:00-15:00 63.9 86.5 65.9 60.3
15:00-16:00 62.8 81.6 64.7 59.8
16:00-17:00 62.7 76.6 64.5 59.8
17:00-18:00 62.8 82.5 64.6 59.9
18:00-19:00 63.3 80.6 65.2 60.3
19:00-20:00 61.7 81.8 63.3 58.4
20:00-21:00 60.5 75.6 62.5 57.2
21:00-22:00 59.4 137 61.7 55.8
22:00-23:00 59.6 773 62.2 55.7
23:00-00:00 57.9 72.5 60.7 53.5
00:00-01:00 57.7 77.5 60.9 51.1
01:00-02:00 56.2 78.3 59.0 48.6
02:00-03:00 55.8 83.4 58.6 47.5
03:00-04:00 54.8 71.1 58.0 47.1
04:00-05:00 55.9 73.4 59.1 48.7
05:00-06:00 60.1 79.1 62.8 54.4
06:00-07:00 63.2 77.0 65.2 59.6
24 Hours Measurement 61.7 86.5 63.8 58.1
Standard!” 70 115 - =
Ldn 66.0 - - -

Remark: ! Notification of National Environmental Board, No.15, B.E.2540 (1997) under the Enhancement and Conservation of National Environmental Quality Act B.E.2535 (1992), published in
the Royal Government Gazette No.114 Part 27D dated April 3, B.E.2540 (1997).
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7 Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,
Thung Song Hong, Lak 5i, Bangkek 10210

Tel 0-2954-7745-6 Fax 0-2954-7747

E-mail : envi@enviresearch.co.th

www.enviresearch.co.th

ENVIRONMENT RESEARCH & TECHNOLOGY CO., LTD.
! Head Office/Tax 1D 0105 542 064 981

ANALYSIS REPORT
Customer Name : qudifuuasuinisizinms aasduwiaday uinenduineaseaas
Address a2 50 aUUINIINAINL WIDORIAENT LWAIAIAT NFIMWEUILAT 10900
Project Name : TassmsAnEILAsinAILATIAFAURANTINLSIWIRFaNTAIOAEE TUIR AT MIHIMILASLaN BuMNA
flounlssunen 2568-2570
Project Location LA EMIOTALAR LU 10U 5IA
Measured Source : Ambient Noise
Measured Point 1 TsuFouwuay (dadlaguiseduunudu nassuaUlau) waeLIan IaWSYIEUS ATIMNLUILAS
GPS. Coordinate :UTM (WGSB4) 47P 0673390 E, 1513271 N Quotation No. :MR2025-00691
Measured Date :June 20-21, 2025 Analysis No. :2025-AD127-011
Measured By :Mr.Apichat Pulphon Report No. :2025-RAAP230
Analyzed By : Environment Research & Technology Co., Ltd. Report Date sJuly 2, 2025
Measured Instrument  :Integrating Sound Level Meter RION Model NL-53 Serial Number 00251817
Interval Time Noise Level, dB(A)
Leq Lmax L10 L90
07:00-08:00 64.4 76.0 66.4 61.0
08:00-09:00 64.0 78.8 65.8 60.8
05:00-10:00 63.8 75.2 65.9 60.7
10:00-11:00 63.7 79.4 65.7 60.6
11:00-12:00 63.8 78.3 65.6 61.0
12:00-13:00 64.7 80.9 66.9 61.1
13:00-14:00 64.0 81.5 66.0 60.6
14:00-15:00 63.9 79.6 66.1 60.5
15:00-16:00 63.7 76.2 65.6 60.4
16:00-17:00 63.1 78.5 65.1 59.8
17:00-18:00 63.8 74.7 65.7 61.1
18:00-19:00 62.6 74.4 64.4 59.9
19:00-20:00 62.6 79.7 64.4 59.1
20:00-21:00 61.4 75.5 63.5 58.4
21:00-22:00 61.2 82.9 62.9 57.2
22:00-23:00 60.2 79.0 62.7 55.6
23:00-00:00 58.5 77.3 61.3 53.5
00:00-01:00 57.0 71.7 60.0 51.4
01:00-02:00 56.0 79.3 58.6 48.5
02:00-03:00 54.9 74.2 58.2 47.7
03:00-04:00 55.1 71.4 58.2 47.3
04:00-05:00 55.8 70.3 59.1 48.3
05:00-06:00 58.6 74.5 61.5 52.9
06:00-07:00 60.9 75.0 63.5 56.5
24 Hours Measurement 62.1 82.9 64.2 58.6
Standard?’ 70 115 - -
Ldn 65.7 - - -
Remark : ' Notification of National Environmental Board, No.15, B.E.2540 (1997) under the Enhancement and Conservation of National Environmental Quality Act B.E.2535 (1992), published in

the Royal Government Gazette No.114 Part 270 dated April 3, B.E.2540 (1997).

(Ms.Supawan Suwannapa) EWVRONMENT '.?CHMEC&QCG\’C(:;; (Ms.Thanida Bunrungrueang)

Laboratory Reviewer Laboratory Supervisor

DO NOT COPY PARTIAL OF THIS ANALYSIS REPORT WITHOUT OFFICIAL APPROVAL
REPORT ANALYSIS REFERS TO SUBMITTED SAMPLE (5) ONLY
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Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,

envi TESearCh ; . Thung Song Hong, Lak Si, Bangkok 10210

ENVIRONMENT RESEARCH & TECHNOLOGY Co., LTD.

Tel 0-2954-7745-6 Fax 0-2954-7747
[ R | [T | E-mail : envi@enviresearch.co.th
www.enviresearch.co.th

Head Office/Tax 1D 0105 542 064 981

ANALYSIS REPORT

Customer Name : queiFauasu3nisiznms aadowiaday umninedoineasaans

Address $RUT 50 aUUIINAIL LBIAIRETI LIAIRINT ATIMNLUILAST 10900

Project Name : TATINSANMILALAAATLATIAFALHANSENLIIAFaNTaI AR TulIa R WMWIUATLAS B UMY
Touszana 2568-2570

Project Location FLUIF VIR E U0 U2 1ALTIA

Measured Source : Ambient Noise

Measured Point 1 Tseiduunuay (fadlaqfuisaFuunudy nasguaUdus) 1a99an aNSY ALY ATIMWNUIUAS

GPS. Coordinate :UTM (WGS84) 47P 0673390 E, 1513271 N Quotation No. :MR2025-00691

Measured Date :June 21-22, 2025 Analysis No. 12025-AD127-011

Measured By :Mr.Apichat Pulphon Report No. :2025-RAAP230

Analyzed By : Environment Research & Technology Co., Ltd. Report Date 1July 2, 2025

Measured Instrument  :Integrating Sound Level Meter RION Model NL-53 Serial Number 00251817

Interval Time Noise Level, dB(A)

Leq Lmax L10 L90
07:00-08:00 61.2 731 63.5 57.6
08:00-09:00 61.7 73.9 63.7 58.5
09:00-10:00 62.5 77.5 64.5 59.5
10:00-11:00 63.0 78.2 64.9 60.0
11:00-12:00 62.5 84.6 64.4 594
12:00-13:00 62.3 77.0 64.2 59.3
13:00-14:00 61.9 76.8 63.7 59.1
14:00-15:00 63.4 87.2 64.4 59.5
15:00-16:00 62.6 80.4 64.4 59.7
16:00-17:00 64.3 80.5 65.3 59.4
17:00-18:00 62.7 83.5 64.5 59.8
18:00-19:00 62.2 81.9 64.1 58.8
19:00-20:00 61.0 74.3 63.1 57.8
20:00-21:00 60.7 81.3 62.8 56.9
21:00-22:00 59.6 70.1 62.0 56.0
22:00-23:00 59.6 75.1 62.5 55.0
23:00-00:00 59.5 81.6 62.5 53.8
00:00-01:00 57.9 74.5 60.8 51.6
01:00-02:00 56.0 74.1 59.2 49.3
02:00-03:00 54.6 72.3 57.9 46.5
03:00-04:00 54.3 774 57.4 46.5
04:00-05:00 55.0 72.5 58.6 47.4
05:00-06:00 58.0 75.7 61.2 514
06:00-07:00 59.5 75.3 62.4 54.3
24 Hours Measurement 61.0 87.2 63.1 57.3

Standard!’ 70 115 - -

Ldn 65.1 - - -

Remark :

1 Notification of National Environmental Board, No.15, B.E.2540 (1997) under the Enhancement and Conservation of National Environmental Quality Act B.E.2535 (1992), published in
the Royal Government Gazette No.114 Part 27D dated April 3, B.E.2540 (1997).

%

(Ms.Supawan Suwannapa) Ty e s.Thanida Bunrungrueang)
. -!;:J‘.-‘C,lf; TEC

Laboratory Reviewer Laboratory Supervisor

DO NOT COPY PARTIAL OF THIS ANALYSIS REPORT WITHOUT OFFICIAL APPROVAL
REPORT ANALYSIS REFERS TO SUBMITTED SAMPLE (S) ONLY
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ENVIRONMENT RE§EARCH & TEcHNoLOGY Co., LTD.

Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,

Thung Song Hong, Lak Si, Bangkok 10210
Tel 0-2954-7745-6 Fax 0-2954-7747

E-mail : envi@enviresearch.co.th
www.enviresearch.co.th

Head Office/Tax 1D 0105 542 064 981

Customer Name
Address

Project Name

Project Location
Measured Source
Measured Location
Measured Point

GPS. Coordinate
Measured Date
Measured By
Measured Instrument
Reported Number

ANALYSIS REPORT

Daudszanm 2568-2570

+ Ground Vibration

D AN IRANEIUUNW-D1IUTIA

guﬂr’iﬁ'mm:u’%n'lﬁmnﬁ ALRIIARDY YPINLRLINBATANRAT
o a
WU 50 DURIIUIANYK LURINL LYAIQINT NFANWUNIUAT 10900

: Tﬂ'iom*:ﬁnmuﬂ:ﬁﬂmum'maauNan's:'nu§\1mﬂE'fau'uaamaﬁLﬁulmmn';amwumumtm:ﬂ%umma

- =1 ar =) o o
. T‘Nl‘iﬂ%ﬂ%ﬁ% (%aﬁﬂ'ilﬂ“T‘Nl'iH%‘lﬂ%aﬂ lﬂﬁ?ﬂﬂqun&!ﬂ} AU IN I.‘Jlﬂﬂ'izl-?.l%ﬂ ﬂiﬁlﬂﬂ&lﬁ"l%ﬂ'

+ UTM (WGSB84) 47P 0673389 E, 1513225 N

¢ June 19 - 20, 2025

. ﬁ'la'a'mnuumu|.meﬂmaﬁmumnmau‘pmam‘sm‘ sz 5 e

¢ Mr.Apichat Pulphon (Personnel of Environment Research & Technology Co., Ltd.)
* Vibration Meter, Instantel Model Micromate Serial Number UM23851

: VHA213/2568

A
Iamineg

anSaunaddn A7an . e -
381 & - 4 2] ol nMasmidaanNawdzinow
Anadwazifion fiunwla 9* (mmisec) (Hz)

N 07:00-08:00 W. = <0.200 NIA E s
T emeoosoow, | T e s S
_______ 0900-1000%. | 092914 | oz3(veny | 39 | moliewmouudmine
~docoroow. | 10840 | T 0220 (verty | a0 | melewousdmn
e 1oo1zoow, | 1ss0s | oarevery | e | moRewouudmin
_________ 12004300%. | 122856 | ozeaVemy | 78 | molewoudwy
_________ woo1400m | vmssne | ozzivemy | 34 | o wohewowsdwen
_________ 140045:00%. | 144238 [ 0z05(em) | 85 | woRewousdwie
_________ 0600w, | <200 | ooNA [
_________ 0700w, | <200 | oowa |
_________ wooasoow, | ol <20 | ooNa [

18:00-19:00 w. NS S———— <20 | NA
sooz000m |l <0200 NIA e
""""" 20002100, | 00 e e
zeezzoow | a0 | NA
""""" 2zoo2300w | 220245 | 7 ozsevemy | s | molewouudmdn
L moeawoow, A 00 A [
......... oooootoow, | 20 WAl [
......... oveoozeom | 200 ol [ e
......... 02000300%. |00 L NAL [ e
......... o3000w00w. | 00l NAL [ e
......... o4g00s00w, | 00 L NAL e
—— os000800% | w20 oo |

06:00-07:00 W. ’ ’ - <0.200 NIA -

Agogn e 24 s 11:55:05 0.276 (Vert) 6.0 NIRIAB/ARRAMAI

+ Tran
Vert
Long
N/A

Remark :

Transverse Geophone (|._m#uasl.ﬁau'luuu:unum-numw)
Vertical Geophone (wioduasiiauluuuiunutia)

Longitudinal Geophone (uﬁaﬁuﬁstﬁau‘luumunumuu'r;l)

Not Available (Lanunsnszumutiuazszoznsudavuiaduls)

DO NOT COPY PARTIAL OF THIS ANALYSIS REPORT WITHOUT OFFICIAL APPROVAL
REPORT ANALYSIS REFERS TO SUBMITTED SAMPLE (S) ONLY
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ENVIRONMENT RE!:;EARCH & TECHNoLoGY Co., LTD.

Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Roead,

Thung Song Hong, Lak Si, Bangkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747

E-mail : envi@enviresearch.co.th

www.enviresearch.co.th

Head Office/Tax 1D 0105 542 064 981

Customer Name
Address

Project Name

Project Location
Measured Source
Measured Location
Measured Point

GPS. Coordinate
Measured Date
Measured By
Measured Instrument

ANALYSIS REPORT

gudidBuazLimsiTnTg AMEAIAS AN AWINABINEATIAAT

L@Ufi 50 DURINAIAITH LUWAALT LUAIAINT NTINWUWIHAT 10900
Tﬂsanﬂsﬁnmuﬂ:ﬁﬂmumwﬁa‘uNan's:m.iﬁ:ammﬁ'aumaamaﬁmulumﬂn'gomwumuﬂ‘ma:ﬂ?umma
Jourlszum 2568-2570

WIEENIR AN ELNW-21TTIR

Ground Vibration

TsoiSaunnan (ﬁaﬂ%qﬁufﬂﬁﬂuuuﬁu mﬁsqwlqﬂﬁ'mf) WBWLIN LwanTEIUWS NIVINNANIKA"
FHMOURMALI IR A HTEUIW-2719 08598 Uszanms 5 1T

UTM (WGS84) 47P 0673389 E, 1513225 N

June 20 - 21, 2025

Mr.Apichat Pulphon (Personnel of Environment Research & Technology Co., Ltd.)

Vibration Meter, Instantel Model Micromate Serial Number UM23851

Reported Number * VHA213/2568
t'}ﬂ’]'r’l'll.ﬁﬂ ﬂ'l']!dl%"]ﬂ“n"lﬂﬁ\‘lﬂﬂ a7un ) <! a
PEY!  p— - v unasiRaaMadkaztian
Anadnaziiion fiunwla 9* (mmisec) (Hz)
07:00-08:00 1, - <0.200 NIA -

06:00-07:00 w.

Argogaluiaan 24 3ala

05:32:59 0.236 (Vert) naRlEsauuAmMa

+ Tran
Vert
Long
N/A

Remark :

oo

Transverse Geophone (ussdussilaulutuaunuainuiig)
Vertical Geophone (usasiﬁasgﬂau‘luuumnum)

Longitudinal Geophone (lmmasmau‘tuwaunumum?
Not Available (Llsnunsaszyarufuavssuznisudoviiinduls)

DO NOT COPY PARTIAL OF THIS ANALYSIS REPORT WITHOUT OFFICIAL APPROVAL

REPORT ANALYSIS REFERS TO SUBMITTED SAMPLE (S) ONLY
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envi research

ENVIRONMENT RE§E'ARCH & TECcHNOLOGY Co., LTD.

Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,

Thung Song Hong, Lak Si, Bangkok 10210
Tel 0-2954-7745-6 Fax 0-2954-7747

E-mail : envi@enviresearch.co.th
www.enviresearch.co.th

Head Office/Tax ID 0105 542 064 981

Customer Name
Address

Project Name

Project Location
Measured Source
Measured Location
Measured Point

GPS. Coordinate
Measured Date
Measured By
Measured Instrument
Reported Number

ANALYSIS REPORT

: ﬂuﬁ?a"mm:u‘%n'lﬁ'mmi ANZRIINADY U INLRBINBATANRAT

Javyszanm 2568-2570

¢ Ground Vibration

D WIRENWAAEEIELTIUI-879 m’i\'ﬂf{

* UTM (WGSB84) 47P 0673389 E, 1513225 N

* June 21 - 22, 2025

- a
L8N 50 nu%#"tl.l?ﬁﬁ"}"l% WYL W(?'I”J?I‘i]ﬂ'i ﬂ‘;ﬂLﬂW&m’]%ﬂ? 10900

TﬂsaﬂWiﬁ"nmlmzﬁﬂmwﬂwauuans:‘nuﬁommﬁawmma'ﬁLﬁw'lul,'uﬁnqamwummnm:ﬂ?ummn

: TsoSounuau @alotulsaSouyudn masgpaldad) uzasuneon wanszlaws njamnamina:

. 1’:‘13%‘11’11’1%%'&1"1!JI.IM'.'Iﬂ"]ﬂﬂ']ﬂﬁtﬁﬂﬂ"]ﬂll']@%’i-ﬂ'ﬁ]mﬁﬁﬁ- sz 5 Luas

* Mr.Apichat Pulphon (Personnel of Environment Research & Technology Co., Ltd.)

* Vibration Meter, Instantel Model Micromate Serial Number UM23851

* VHA213/2568

a1 L‘Iﬂ:\ﬁaﬁa m'ml?‘:m@mﬁgca!ﬁ A1 wasiaa A dkazion
anudnaziiion Aunwla 9* (mmisec) (Hz)

......... er.0-08:00M. -l s0200 N AT
......... og00-08:00m. -l s0200 N T
......... og0010:00m. - %0200 N T
......... 1000-11:00m. | o018 f o02qvety | 52 | o weRewmeewds
_________ 1e04200w. | o art2e | 0213(vemy | 38 | voliesouwsdwdn

12:00-13:00 4. N B <0200 |, WA o fecec e B
""""" wootao0w, |- f <200 | owA | e
o Mooasoow | . <20 | NA
. is00s00wm. | qsatae oz Ver) | a6 | mofmsnuuiude
sooazoow, | .| <20 | S
o oAmoeasoow, [ . w20 | na e
......... st N (N N e .- S (TR R P—————
......... i N (N I T L. S /. T T
......... L N o L . L | oo,
......... s T I ey .. Ty T T
......... 22002300%. | 2zeras | o21(e | 48 | wolesousdwin
......... 2SO0, | B el e SBRO0. e U e e e B e e R
,,,,,,,,, QOORORBO oo e e e e SO0, e B SN s e s
......... e i L v
......... OHOOOIOOM: o o B ok e SSOROD. el NI e e T e s el
......... L I e L L R
,,,,,,,,, BEODOOON oo o S e e ROBR0 s el A s B a i
......... L T P L O S o T e

06:00-07:00 W. - <0.200 MNIA -

Angoaalniaan 24 Falaw 15:41:34 0.236 (Vert) a6 MeRtAM/AURAIMA

Remark : * Tran
Vert
Long
N/A

mwn mwn

Transverse Geophone (usodugsviauluuaunuaNLI)
Vertical Geophone (uie#uasgﬂautuuumnuﬁa)

Longitudinal Geophone (l.mmasnﬂauluumunumuuwd)
Not Available (Wlammnssyanufuazszosnisadadiindule)
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A Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,
Thung Song Hong, Lak Si, Bangkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747

E-mail : envif@envirescarch.co.th

www.enviresearch.co.th

ENVIRONMENT RESEARCH & TECHNOLOGY Co., LTD.
/ Head Office/Tax 1D 0105 542 064 981

ANALYSIS REPORT

Customer Name
Address

Project Name

quﬁﬁhua:u’%mﬁmm? AMERININA DN UWINENRBLNBATAEAT

A >
Laun 50 ﬂ“ﬂd"l&]‘]ﬂ?‘l-'ﬂu HUHIINETT L'LIGI?]’E}?]T]'S n‘;‘omwumuﬂs 10800

lassmsfinmuazfiamuanageunansznufanesensasnifiaslusansamwamuasuasiuums
Jeurszanm 2568-2570

Project Location WIRENIRANTIILUNIW-B19TATI8

Measured Source Ground Vibration

Measured Location

Tsoi5uuyuan (‘ﬂaﬂaqﬁufw Gownwin inrsgualand) uzaeunen wanstlans ngsmmamivar
Measured Point

GPS. Coordinate
Measured Date
Measured By
Measured Instrument

WHNOUUANUWIEEN IR LABTBLNW-019SIA Uszanm 5 as

UTM (WGS84) 47P 0673389 E, 1513225 N

June 19 - 22, 2025

Mr.Apichat Pulphon (Personnel of Environment Research & Technology Co., Ltd.)
Vibration Meter, Instantel Model Micromate Serial Number UM23851

Range 0.13 to 254 mm/s, Trigger Set 0.200 mm/s

Reported Number ! VHA213/2568
Result Standard**
; ., .| Result compare to

Measured Date Time Peak particle velocity* Frequency |(Peak particle velocity; srlant

(mml/s) (Hz) mm/s)
June 19 - 20, 2025 11:565:05 0.276 (Vert) 6.0 5 Compliance
June 20 - 21, 2025 05:32:59 0.236 (Vert) 3.7 5 Compliance
June 21 - 22, 2025 15:41:34 0.236 (Vert) 4.6 5 Compliance

Peak particle velocity; Vert = Vertical, Long = Longitudinal, Tran = Transverse.
**  Standard of Protection against Vibration in Building Construction. Notification of National Environmental Board, No.37, B.E.2553 (2010).
Ground Floor of Building; Building Type II

Remark :

envi research

] L L s

(Ms.Piyatida Pradangkho) — ENVRONMENT REGEARCHRTECHNOLCGY COLLD. (Ms.Panicha Promchai)
Laboratory Reviewer Laboratory Supervisor

DO NOT COPY PARTIAL OF THIS ANALYSIS REPORT WITHOUT OFFICIAL APPROVAL
REPORT ANALYSIS REFERS TO SUBMITTED SAMPLE (S) ONLY
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AANUIN 4
s Seuisudaunas 5 U 521919 U W.A. 2564-2568




aslSsuisudounas 5 U 531319 U w.A. 2564-2568
AU X = IUIULABUNNTIIN (LADU)
LAY Y = NAN15ASI990 (ATLRAY)

1) Y3uneue{uazaassau (TSP)

(1) Tseseunudu @elagtulsuSeunudu mvsavguaus)

TSP (Avg.)

° y = -0.0002x + 0.0768
R?2=0.0153

Hu (mg/m?)
o
=

0.08

0.06 o

ANULDUTUYDS

0.04 P °®
0.02

0.00
0 10 20 30 40 50

o - = @ &
UIULADUNATIIIN (LADU)

Slope -0.0002
Increment, % 10
a5 anawdntoy

AUEIRBUATUINITIVINTG AMEAIWINGBN UNTINEdeNYATAEnS



2) Usanaurluazaasuuialitiu 10 Tuasau (PMy)

(1) TseSeunudu @elagtulsauSeunudu nysavguausn)

PM,, (Avg.)

0.07
~ 006 |® L4
£
£ 005 y=-0.0002x+0.0425
= [ J
—%’ 0.04 [ L RZ - 0045 e
;é @ e
2 0.03
g ® ° [
€ 002

0.01

0
0 10 20 30 40 50

o - = o &
UIULADUNATIFIN (LADU)

Slope -0.0002
Increment, % -17.14285714
G\ QlalaN!

AUGITIUAZUINITININT AMEAWIAGEN UNTINEIRENEATAERS



3) Usanauiluazaasvunaliitiu 2.5 luasau (PMs)

(1) TseSeunudu @elagtulsauSeunudu nysavguausn)

Hu (ug/m?)

ALY

15.0

10.0

5.0

0.0

PM, . (Avg.)

- -0.3419x + 27.734
RZ = 03596
.................... .
. ---------------------- .
o Tt
[
i 20 30 " 50
Snudouiinsnia (few)
Slope o
Increment, % -51.285
agu .

AUGITIUAZUINITININT AMEAWIAGEN UNTINEIRENEATAERS

60



4) Aslulasiaulaaanlas (NO,)

(1) TseSeunudu @elagtulsauSeunudu nysavguausn)

NO, 1-hr (Avg)

0.05
0.04 ¢ ’
BT ——
é @ e
\é O.OB ------------------------- .
g 0.03 ’
}Zg 0.02
g
g 0.02 .
€ 001 y =-0.0002x + 0.0362
. R2 =0.318
0.00
| - . . 0 50
Snudouiinnain (Few
o -0.0002
Increment, % =
a?u 312N

AUGITIUAZUINITININT AMEAWIAGEN UNTINEIRENEATAERS

60



5) Argasusulasanlas (CO,)

(1) TseSeunudu @elagtulsauSeunudu nysavguausn)

500
450
400
350
300
250
200
150
100

50

(ppm)

Audutuvesfine

CO, (Avg)
()
................ | :
T g
y = -1.3685x + 441.55
R? = 0.6004
) 40 50

PNUFUTINTIVIA (o)

Slope -1.3685
Increment, % -19.159
GELS anag

AUGITIUAZUINITININT AMEAWIAGEN UNTINEIRENEATAERS

60

70



6) Aalalasasuausau (THC)

(1) Tseseunudu @elagtulsuSeunudu mvsavguaus)

4.0

3.5

3.0

(ppm)

25

o

ANdLTueIfigY

2.0

1.5

)

1.0

0.5

0.0

50

THC (Avg.)
[ J
-------------------------------------- .
R R S JOTTTIONL SR
[ J
y =-0.0085x + 3.4149
R?2=0.2317
10 20 . v
Frnuifeuiingaia (feu)
Slope -0.0085
Increment, % -12.75
au B3I215N

AUGITIUAZUINITININT AMEAWIAGEN UNTINEIRENEATAERS

60



7) fingansuaulauanlyn wagsieralug (CO 1-hr avg)

(1) TseSeunudu @elagtulsauSeunudu nysavguausn)

CO 1-hr (Avg.)

1.0
0.9 ¢
_ 08 |@
U pa— o i, A °
E e
g 05 '
2 05 y =-0.0015x + 0.7572
=§ 04 R2 =0.0871
2 03
€ 02
0.1
0.0
; 0 2 30 a0 50
Snauieuiingnta (Hew)
Slope -0.0015
Increment, % 9
aqu anaadntion

AUGITIUAZUINITININT AMEAWIAGEN UNTINEIRENEATAERS

60



8) Anganfuausauanlyd 1wde 8 42lue (CO 8-hr ave)

(1) TseSeunudu @elagtulsauSeunudu nysavguausn)

0.8

0.7

)

0.6

0.5

0.4

D)

AnudNdueIig (ppm

CO 8-hr (Avg.)

[ ]
------------ . .
--------------------------------------- .
o T O
® [ ]
y-=-0.0021x + 0.689
R2 = 0.2056
) . “ 40 50
Sunuieuingtn (W)

Slope -0.0021
Increment, % -15.75
ai;lJ BRIEKRN

AUGITIUAZUINITININT AMEAWIAGEN UNTINEIRENEATAERS

60



9) Analalau wassiadalug (05 1-hr ave)

(1) TseSeunudu @elagtulsauSeunudu nysavguausn)

0, 1-hr (Avg)

0.045
[ ]
0.080 feeiii ® ®
= 0035 [ (R °
ETTT L T T e ®..
£003% [ e
= ® | T e
S 0025 e
@
E 0.020
= ° °
B
Z 0015
& y =-0.0003x + 0.0399
0.010
R? = 0.3629
0.005
0.000
0 10 20 30 a0 50
Srunuieuiinsain (Hou)
Slope -3.00E-04
Increment, % -40
aqu anag

AUGITIUAZUINITININT AMEAWIAGEN UNTINEIRENEATAERS



10) Aralalau wde 8 49119 (05 8-hr ave)

(1) TseSeunudu @elagtulsauSeunudu nysavguausn)

0.040

0.035

0.030

(ppm)

0.025

o

0.020

Aaduduasing

0.015

0.010

0.005

0.000

O, 8-hr (Avg)

[ J
................. LI :
--------------- .
@
« et e
e o
y =-0.0003x + 0,0334
Rz = 06331
10 : . 40 50
Fnuieuiingaia (feu)
Slope .
Increment, % -
G\ -
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11) sTAULEDS

(1) TseSeunudu @elagtulsauSeunudu nysavguausn)

Leq 24 hr (Avg.)

725
720 e

715 (& T e

L0 | e

705 e

00 [
69.5

69.0
68.5 y=-0.0816x+ 72124 e
680 R? = 0.9623 ® i °
67.5
67.0

0 10 20 30 40 50

24 $3lus (dB (A))

o

syaudsanie

PUIURDUNNTIVIA (Faw)

Slope -0.0816
Increment, % -6.706849315
a5 anawdntoy
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12) sEAUANUEUETITIaY (Vibration)

(1) TsaSpunudy @etaglulsaSeuyuau mysavguaus)

Vibration (Avg.)

0.500

0.400
R? =

0300 | Trtesesnnnadunnnnn, @ s ®

gilou (mm/s)
@

TEAUAIUAUA

0.200

0.100

0.000

y =-0.0011x +0.3111

0.6939

30 40 50

PUIUFUNNTIVIN (Faw)

Slope -0.0011
Increment, % -15.4
Gl anag
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ANANUIN 5
mmJ‘%'eJULﬁEJUwamsm%ﬁﬂﬂlmmwﬁﬁLL'mé’an
ﬁ'ummgﬂuuazwamsmfmi’ﬂﬁw'"num
(29 Una L HUlATINITIZIINU W.A. 2548-2568)




NSUTEULTIEUNANIINTIATAAUAINEILINGIUAUNINTFIULALHANITATIRTANKTUAN

1. ANTNBINTA

IINN1INTIVTAAUNINDINIANTURLIAIEN VDIV NRLAYAIIUNUI-DIIUTIA YIIN0UNS
roasalasens O wa. 2538 wagthalasniulassnsdudd w.e. 2548-2568 Tagviinisasiate
HuareadTiu (TSP) Huaveasvunliiu 10 luaseu (PMip) Huavossuuakifiu 2.5 luaseu (PM,s)
firglulasiaulaeanled (NOy frwarsusulaeanled (CO) ArwlalasArsuausiu (THO)
fnga1suesuneueanlya (CO) uaringlolou (0s) 31U 2 aanll laud uSulsuSeuyudy
(FotaqgiulsaSouyudu musquaudud) uazquitdnitimaagyuin 62 udrhnaiingrafe
snUsuifieutuaansgiu ansnsoagUldnsd

1.1 Huazeaesau (TSP) nN1snsiadnusunauruazesdsd Faeneunisieasialasanisy
W.A. 2538 wardUAR L IULATINSAILAY W.A. 2548-2568 JNALAAIAINITIN 1.1

M13199 1.1 m51TeuiguNan1InsITInUSIN U AL 9T (TSP)

0119052970/ WAN157159990 (mg/m?)
\fou U finsaain TsaSeunudy Tsai5eu quiinliwas
(wysguauiud) wizlyusngdy HUYUIN 62

W.y. 38 0.058-0.115 X X
n.g. 48" 0.074-0.120 X X
1.a. 50 X 0.080-0.180 X
.. 52 X 0.089-0.119 X
NN, 54 0.084-0.130 X X
13.8. 56 0.094-0.113 X X
i.m. 58 0.157-0.167 X X

W.A. 60 X X 0.060-0.066"
1.8, 62 0.049-0.075 X X
1.0. 63 0.060-0.064 X X
1.a. 64 0.096-0.133 X X

1.8.-n.a. 64°¢ 0.038-0.039 X 0.065-0.075"
1., 65 0.081-0.097 X X

Wnsgu? 0.330

wnewg © AuasgIuniuUsEnAnMENsIINNSANIAdeLLINA atiufl 10 (e 2538) uazatuil 24 (wa. 2547) Foa MvunrREIY
auunmemeluussemalagiily

) wansaiaeinsenumsussiiunansenuaanadouteunsieains

) Buvhnsnsiaind 2548

@
(3

@ = A = v aa ¢ a a = oo A = =
fmsdsuntaaninsnindu quitdntnag guuin 62 unulsuSouyudu wesgualdud) iWeainmelsaseunudu

(wysaugUdus) Tlazanlidaeiesdlonisasiata
® an1iinnainnuamduindefinfunmenunsussidunanssnuduandey
© gellurrsnaniifianiunisainsszuiaues COVID-19 lutszmelng
x vanedia lfideyan1snsiain
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M13199 1.1 19T EUTBURaN150 5 InUSHNaEUaressIu (TSP) (v9)

d0119A52970/WAN1515990 (Mg/m?)
oy U finsaadn TsaReunudu Tsai38u quiinliwas
(wysguauiud) wizlyusnngde HUYNIN 62
.80, N.A.-8.A. 65 0.036-0.041 X 0.060-0.082"

il.A.-1.8. 66 0.049-0.075 X X

N.8. 66 0.063-0.159 X X

N.A. 67 0.037-0.066 X X

n.e. 67 0.075-0.106 X X

i.8. 68 0.037-0.059 X X
Wnsgu? 0.330

@ A3A33IUAINUTENIAANENTINNTAWINA OUUITR aTUuNl 10 (W.e. 2538) uaratuil 24 (w.a. 2547) (593 AMUAAILIRATEIY

AnmeIMAluusINAlagvaly
x vanedia lifideyan1snsiain

NUYLNR

AT 1.1 wudn Wl wa. 2568 nansasainuTunaluazossrn vinalsaTeu
yudu @etlagtulsaSouyudu saugusus) faeglunasituasgiuimun SadlenSeudioui
Nan1IMTaIndounas 5 U seninad we. 2564-2568 lefiansanainaedsvesUiinaduayesss
Tne38maatin (eazidoauansisnianuand 4) wuii fwnlduanaudniios (Uil 1.1)

US1nueuazeassau (TSP)

0.400
Std. TSP = 0.330 mg/m?
0.350
« 0.300
£
S,
on
€ 0.250
o
2
90,200 0180
s o 0.167 0.159
@ 0.130 je! 0.133 (o)
g 0.150 14715 0120 0.119 0.113
° 9 N o\ p Y
0.100 0.075 0.075 I\ O
h il - L - \ 0.064 / -\ /x\ % 0.066 0.059
0.041
0.050 o omn 0089 o ogq 0094 L OEE5 WY e al -
o 0‘074 LV.Uou U UUUUU V * 0.075 l
0.058 0.060 0.063
’ 0.049 0.038 0.036 0.049 0.037
0.000 0.037
Wo.38 | no.48 | §.A.50 | nW.52 | nW. 54 | 1. 56 | §.A.58 | 0. 62 | WA 63 | WA 64 [WB-WA| 1A 65 |nA-AA. A8 W 66 | WA 67 | We. 67 | v, 68
(riou 64 65 66
foa¥1e)
TsaGounudu | TsuSeuwszlous Tsa3ouyuiu @etagiulsaounuau imvsgugudu)
(wsgugUing) Any1dy B
=TSP Agn O TSP gsgn

gﬂﬁ 1.1 mﬁLU?{auLLUaaﬁuaaU%mmﬁguazaaﬁw (TSP)
vinalsaFouyudu @etagiulsaFouyudu mvsquaudug)
Y1NBUNINDATINATINTY W.A. 2538 wazyraUaniiulasenissendingd w.ea. 2548-2568
(Fuiifunsmsainsewingd w.e. 2508-2568)
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1.2 duazassvurnlaiiiu 10 luasau (PMy) 31nn15nmiausunuduazessvuin
Taiviu 10 Tuaseu B9 Uaa It dulASINSAILAY W.A. 2548-2568 LNALAAIFIAIGIN 1.2

M19199 1.2 i1aIeuiiisunanisnsiaiausunanuasesualiiiu 10 luaseu (PMo)

d0119A52970/WAN1515990 (Mg/m?)
\feu U finsaadn TselReuyudu Tsai3gunseloug AuNnIUwas
(wsgvaudus) AR HYUIN 62
n.g. 48 0.025-0.046 X X
1.a. 50 X 0.040-0.070 X
AN, 52 X 0.034-0.068 X
NN, 54 0.035-0.039 X X
13.8. 56 0.055-0.067 X X
1.m. 58 0.064-0.097 X X
W.A. 60 X X 0.033-0.037"
1.8, 62 0.031-0.048 X X
1.0, 63 0.034-0.036 X X
1.a. 64° 0.051-0.069 X X
1.8.-n.a. 64° 0.024-0.026 X 0.029-0.033%
1.a. 65° 0.038-0.051 X X
W.8-W.A., N.A-a.A. 657 0.020-0.027 X 0.034-0.048"
1.A.-131.8. 66 0.025-0.044 X 0.061-0.074"
W.Y. 66 0.036-0.087 X X
WA, 67 0.018-0.031 X X
n.A. 67, W.8. 67 0.030-0.055 X 0.018-0.020
1.4. 68 0.020-0.032 X X
wnsgu® 0.120

W A1ASEIUAINUTENIAAENTIUNITAUINGOUWIIYIR aTUufl 10 (w.A. 2538) waratuil 24 (w.A. 2547) 1599 MALARNIATFIUAMAIN

1nAluussendlaenaly

@ Fuyihnsnsaiad 2548

(3) & a a v & aa I3 a = a o e A o N
finswasuwasaondingiainlu auiidvdmes aain 62 wilssSeunudu (nosguaudiug) WemwnmalsaSeunudy
(wsaugudns) liazmnlisuaiadionisnsiain

UNBLIAR

@ gn1ilnsavinnunindandeuiiuinanienunsUssduranssnudaindey
® aglutaiaifianiunisainisseuinres COVID-19 ludsswmalng
x anefia lfideyan1snsiain

2nA19199 1.2 wuin Tl wee. 2568 nan1snsainuTunuduazessvuialiiiy 10
luaseu vinailseSeuyudu @otedulsaSounuau wwsaugusus) feeglunasifiumsgiutiimue
JudlowSsuiteuiunanisnmaindounds 5 U senined w.e. 2564-2568 \lefansanandniadeves
USinaiuagossvualiiiu 10 luaseu lagisneadi (3wazifeauansdanianuandl 4) wuii
fuulifanas (Uil 1.2)
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Ysunauduazaasvunalitiu 10 luaseu (PM,)

0.040 ?

0.140
Std. PM,, = 0.120 mg/m®
0.120
o 0.097
£ o100 057
£ o
o
3
g 0.080 0.070 0.068 0.067 0.069
(o]
S Q 0.055
2 0060 i
g 0.046  |—__ | 0.044

- : [e)
J. - 0.027 -
0.040
0.038
0.020 0.034 0.035 A2 0.034 0.036

&= 0030
0.025 0.024 0.025
0.020 0T 0.020
0.000
ne.48 | §.A.50 | AW 52 | nW.54 | 1we.56 | 5658 | lWe. 62 | WA 63 | WA 64 |WLE-WA.| WA 65 | nA-dA. |HA-we.| We. 66 | WA 67 | We. 67 | fv. 68
64 65 66
saBouny  TsaSeunszluus TsaFouyuiu @eteqdulsaGouyudu invsguauius)
fu (wvs Wnende .
quguitusd) = PMy, /g O PMygegn

a a a d' o a a v &
Usnalsesounudu @etatulsasounudu wysavgudiun)

5UM 1.2 nMswdsuwdamestTinaruavessuunaliviy 10 luasaw (PMyo)

radamniulasanissyndned w.e. 2508-2568 (SuAIiunsnTIainseningd e, 2508-2568)
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1.3 fuazassvuraliiiu 2.5 luasau (PM,s) 9100150529 TnUTINMH LAz RRIULIA

Taiviu 2.5 Tuasau B1lan I dulasINISAILaU W.A. 2548-2568 TNALAAIAIAITIN 1.3

M15197 1.3 a51aIeuiiisunanisnsvinUsunaruagessunliiiu 2.5 luaseu (PM,s)

e A . d011n32330/0an13932990 (ug/m?)
WaU U NR53990 - - - . = p =
TsaSeuyudiu (wysgugudun) AUNUNIUWAE FYNIN 62
2548 X X
2550 X X
2552 X X
2554 X X
1.8, 56 26-29 X
i.n. 58 27-38 X
W.A. 60 X 23-26@
1.8, 62 15-24 X
.. 63 18-22 X
1.a. 64 31-39 X
W.8.-n.a. 64 13-17 17-19%
1.a. 65 27-40 X
WLE-N.A., N.A.-E.A. 65° 6-10 13-27%
1.A.-L1.8. 66 15-26 24-30%
W.8. 66 13.4-36.8 X
W.A. 67 8.0-13.0 X
n.A. 67, W.8. 67 10.4-18.7 7.6-11.6
1.6.68 4.0-6.1 X
50.0
AIAIZT1U 37‘5(2)

nueme

Tuussenelaginly

Y AnunasgunulseniAnuenIsunsauInaeuLiin1f atdunl 36 (ne. 2553) e Munuauasgiuduazessvwinlidiiu 2.5 luaseu

@ AT IUANUTENIAANENITIUNTRUINTOUUMITIA (WA, 2565) 1589 MuuamasgIuduazeswnliiu 2.5 luaseu

Tuussenmalaeyialy
® Fuvinsngiaiad 2556

@ = Bl = v aa ¢ a = = o ey A = =
fmsfsuudasaninsaindu quitinodines gy 62 unilseSeuyudu (nesguaddud) WemnmalsaSeuyuiu

(nsguaudug) ldazmnlidunsesdientsnsiain
® gonilnsrninnunindndeniiunduanienunisussduranssnudundey
@ gglurraiifianunsalnisszuinves COVID-19 Tuuszmalne

x vanefia lifideyan1snsiain
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31019199 1.3 wu31 Tl w.e. 2568 nan13ns1aiausunaduaseesvunliiy 2.5
luasou Usalsussuyudu @edagtulsausounudu wmvsguauaud) daegluinaniuinigiu
Mmun FaowSeumeuiunan1snsiaTndeunas 5 U senined wa. 2564-2568 aR15u190

| a = | I a aa aa = @ =
ARferetsIiuareaswInliiiu 2.5 luaseu Ine35neadia (sneasdunuanifnianuni 4)

wudn duwilduanas (U 1.3)

Ysunaudluazeasvuialiiu 2.5 luaseu (PM,,)

70.0
60.0
std. U 2553 = 50.0 pg/m?®

50.0 TN

std. GsAuld §i.0. 2566 = 37.5 pg/m?

39.0 40.0
230 36.8

40.0 = (o) o} -

A\

wfy 24 4alus pPg/m?

N

18.7

20.0 26.0

ol A
2 N\g_ 7\ o\
I+ Y

10.0 150
13.0

6.0

8.0

4.0

0.0

= PMs1gn

= =) o = v e
TsaFouyudu @edagiulaaFouyudu mysguguiud)

O PMys gegn

13.8. 56 | ii.n. 58 | 1.8, 62 | .. 63 | .0, 64 |!N.H:W.ﬁ. 64| u.n. 65 | N.A.-6.A. 65 |iﬂ:lﬂ}l 56| W.b. 66 | W.A. 67 | W.e. 67 | fi.8. 68

JUN 1.3 nswdsunlasesSinaruaressvunliiu 2.5 luaseu (PMys)
Ushadlsaseunudu @edaqtulseiounudy mysguaudun)
PrUnAnTulATINTIENINe w.e. 2548-2568 (SuANTUNINTIVIATENINT WA 2556-2568)
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1.4 falulasiaulasanlan (NO,) 3nn1saIainauuduielulasaulaeenlan
Wwassetlug (NO, 1-hr ave) ¥29n0un15neas19lATINISY w.A. 2538 wazaiitandulasenis
FAUAT WA 2548-2568 HNALANIRINITIN 1.4

A15199 1.4 a5 USsuisunaniIsnsiatanuutudwlulnsaulaeanles wwassiegalug

(NO; 1-hr ave)

d0119A52970/WAN157152990 (ppm)

ifeu U finsaadn TsaSpunudy | lsaSsunselowsiinen|  quindniidwas
(wysguauiud) Ay HYUIN 62
w.y. 38 0.008-0.010 X X
n.g. 48" 0.013-0.015 X X
1.A. 50 X 0.032-0.096 X
n.n. 52 X 0.032-0.037 X
NN, 54 0.019-0.049 X X
13.8. 56 0.039-0.060 X X
1.a. 58 0.064-0.081 X X
W.A. 60 X X 0.026-0.090"%
1.8, 62 0.019-0.032 X X
.. 63 0.012-0.022 X X
.. 64 0.008-0.060 X X
LL.8.-n.A. 64 0.016-0.049 X 0.013-0.030”
.. 65 0.007-0.072 X X
W.8-W.A., N.A.-d.A. 659 0.012-0.054 X 0.009-0.042"
1.A.-l.8. 66 0.010-0.038 X 0.011-0.058"
N.Y. 66 0.009-0.067 X X
n.A. 67 0.003-0.025 X X
n.A. 67, W.8. 67 0.007-0.051 X 0.003-0.010
1.4. 68 0.008-0.038 X X
wnsgu” 0.17

e P A1N1RIgIUINUIENARMENTTUNNTAMIAGELLIAINR At 10 (We. 2538), aUUfl 28 (.. 2550) uazatuil 33 (w.A. 2552)
304 AMuRAINAsIINANANEINAlLUTIEINAlAeTalY

@ panTI9InNTIBNUATUSTEUNANSENURLNAGRNNBUNTNBESNS

® Fuyihnsasiaiat 2548

@ a < = v aa k3 a = a o oA = = v e
Imawdsuasoniaseiadu quidnnlmed ain 62 unulsaSeunudu (wesaguiug) ewinmadsaSeunudu (wysguauiud)

ldavanlvansesiionsnsiain

® gnilnsaninnunindauindeuiiuiuanienunisussduranssnudundes

@ gglugrnaiifianiunsainsssuiaves COVID-19 Tuusimalne

x vanedia lifidegan1sniain
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91nA15199 1.4 wud1 Tud wea. 2568 mansemaiamnududuielulasiaulaeenlod
wassedalus vinalsudouyudu @edagtulsaiounudu vsguaudusd) Taregluinmsi
funsgiuiivue Jadlevieuiiisufunanisnsatndounds 5 U szwined na. 2564-2568
dlofiansanandedsvesanududufalulasiaulaeenled wassiotilus Tne3dnisaia
(swaziBonuanisiannanuanil 4) wuin duualiuanag (g‘dﬁ 1.4)

Aalulasiaulasenles waesedalug (NO, 1-hr ave)

0.200
Std. NO, 1-hr avg = 0.17 ppm
0.180
0.160
0.140
€
g 0120
o
=
o 0.100
N
£ o080 0:072 v
-2 ’ 0.060 fo) 0054 o
G - .051
0060 1O 0.049 0.05
o o 0.038 fo) 0.038
0.020 is 1 Q
0.016 30 - == 0.007 l
0.000 &Bos 5307 0.012 0.010 3009 0.003 . 0.008
1.A. 64 L.8.-N.A. 64 u.A. 65 n.A.-8.a. 65 ﬁﬂr!ll,& 66 .8, 66 | W.A. 67 | .. 67 | fl.9. 68
Tsaeunudu @edegiulsadouyudu mesguguius)
= NO; 1-hr avg Agn O NO; 1-hr avg gesn

Ul 1.4 mswasuwlasesielulpsiaulaeenles wasmedalus (NO, 1-hr ave)
UinadsaSouyudu @etlagtilsadouwudu mvsauauiug)
YRnouMINeas19lasinIsy wa. 2538 wavdrulanidulasanssendned w.e. 2548-2568
(FuiiumInainsenined w.e. 2548-2568)
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1.5 fwansvaulaesnlan (CO,) 31NN1sATIIRANLTNTUAwASUsUlneanlamRdeY

5789113 (CO, 1-hr ave) BraTndfiulasan1saust w.a. 2548-2568 Trauanafiin1sedi 1.5

M3197 1.5 esnasSeuiisunamsasivinanudutuingmsveulaeenlen waesetalus (CO, 1-hr avg)

o o A Y]
WU U 19152990

011752970/ WAN157159990 (ppm)

TsaFpunudu (wysguaudud)

ad 4 a
QUWLNIUWAH FUNIN 62

2548 X X
2550 X X
2552 X X
2554 X X
2556 X X
2558 X X
w.a. 607 X 313-464%?
1.8, 62 462-510 X
1.0, 63 432-485 X
1.a. 64° 380-425 X
W..-n.A. 64° 384-503 387-454"
1.a. 65° 349-433 X
L8R, N.A.-E.A. 65° 342-412 363-0412%
31.n.-131.8. 66 353-387 352-402"
W.Y. 66 367-481 X
W.A. 67 302-409 X
n.g. 67 284-413 X
1.4. 68 294-435 X
wnsgu®

new ) Buvinnnsadad 2560

2 a < = g aa k3 a a a v ooe A a a
finswasuulasaaniesintadu quiiinondes guain 62 wiulseSounudu (nysguaudud) Wosnnilsaieuyudu
(nwysauguans) lasanlinaniadien1snsiain

® dausulszmalnglifinismuadunsguaududuresiensueulasenled vl mnnisfnm anududufeaiveulneanles
Tuadinangalsu Ussinadand lae Pigliautile et al. (2020) wudn Tugaadn (9:30 u.) nuanudutuagluti 160-800 druludmudiu
yasendlagU3unns Ineildnady 455.8 drulududiuvesernidlneusuins Tusiadu (18:30 u) nuAudutuegluyie 230-1,340
dlududuvesenidlaeuiings nefldiads 462.1 dawlududuvesennidlaeysings

@ anrdianainnuamdwindenfisduanmenunsussidiunanssnudwandey

® glutnananiifianiunsainisszuiaves COVID-19 lulszmelne

- wnedia lddnsimueaiunnsgu
x vanedia lfideyan1sniain
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A58 1.5 dnfuuszmalngliiinisfmunaininsgiuanududuresing
asvaulneenlesd FuilewIeufisutunanisnsraindounds 5 U senined w.a. 2564-2568
dlefinnsunainanadsvesaududuiieaisveulasenles adssedilug lagisnieaia
(waziBonuanisanianuandl 4) wui1 vinalsadouyudu @GelagiulsaSounuau mvsquaudus)
fuwdlianas (Uil 1.5)

finwansuaulaeanled wiesetalas (CO, 1-hr avg)

700
650
600
550 EHY 503
485 481
é 500 Q o
= l\?\ 433 % 435
3 413
= 450 5L 425 o 412 1409 413 o
K 462 o 387 fe)
2 400
& 432 I L — |
.V% -
<] 350 384 -
380 153 367
300 B 249 342 1 -
50 302 . o
0
1Ly, 62 | u.0. 63 | un 64 | we-wa 6a | 6. 65 na-aa 65 | da-we 66 |  we. 66 | .. 67 | ne. 67 | 0. 68
TseSpuyuiu @etogtulsaounuiu mvsquauiiug)
= CO, 1-hr avg Agn O CO, 1-hr avg gegn

UM 1.5 nswdsunlasasieansusulaeanlen waesiedilu (CO, 1-hr avg)
Usnadlsaseunudu @etqtulselounudu mysguaddud)
PrUnALTulATINNTIENINGY WA, 2548-2568 (FUANTUNINTIVIATENINT WA 2562-2568)
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1.6 frglalasansuau (HC) 21nn15nsIadaAUtNTui19lalasAISUD U IUA
a9l (THC 1-hr avg) Halaaiiulasenisnudt w.a. 2548-2568 fnalanininnstsi 1.6

o a a o Y v e s & a Y]
A157199 1.6 A1519US BU BURANTSASIVTAAINUTUTUA 1 lalATAIS UBUTINUA LR 8T 18Tl
(THC 1-hr avg)

o . #011n52990/Wan15m52390 (ppm)
MU U 1152970 - = - - p =
TsaSouyudiu (wysguaudus) | auiiinnidiwad §9um 62
2548 X X
2550 X X
2552 X X
n.. 54 1.95-3.35 X
1.8, 56 2.04-3.07 X
i.A. 58 2.34-3.85 X
N.A. 60 X 1.77-3.321
1.8, 62 1.31-2.75 X
1.0, 63 2.10-3.61 X
1.a. 64° 2.98-4.09 X
.e-n.A. 64° 2.62-3.74 2.28-3.92
1.a. 65° 2.07-5.47 X
W.8.-W.A., N.A.-d.A. 65° 1.80-3.85 2.47-3.38
1.A.-131.8. 66 2.52-3.72 X
W.Y. 66 2.50-4.13 X
W.A. 67 2.22-3.76 X
W.g. 67 1.75-3.65 X
1. 68 2.27-4.20 X
119551 -

winewn ) Buvhnsasaiad 2554

@ finswasuasaniingreiadu quiidvmidea auain 62 unilsadouyuu (nssquauiug) WewmmndsaSeuyudu
(iwsaugudusd) avmnlifaedasiomsnsiate

 gusussmalnglifimstmusAanasgueududuresinelalasaiveuitavue sisil 1nnisinu Ay Total Non-methane
Hydrocarbon luidles Nagpur meunansvesUszmeduiiie Tne Majumdar & Gavane (2020). wun dwsuituiilndidunsmsesas lurasnm
7:00, 13:00, 18:00 uaw 23:00 W. wuAMDLTUEluE 2.99-6.47 dndlududiuveeniAlaey3inns 1.52-7.38 dnllududiuvesenia
TneU3inns waw 0.98-1.63 dulududnveenmealneU3inns muaiu

@ ap1iinnvinnuamiuindeufinfunmenunsussdunansenuduandey

® gellurrsnaniifianiunisainsszuiaves COVID-19 Tutszmelng

- mneds lidnsfimuaAuinsgu

x nueds ifideyanisnsiain
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911915199 1.6 d1uSuUssinalneliin1sAInuaaI1u1nIgIUAI T NT UV
Aalalasa1suausiu wisd1alsAniuiiaiUSeuisuiunaniIsasiatadaunas 5 U senined
W.A. 2564-2568 LiaNA1TUININANLARYVDIAMNUTUTUA1DEaLATAISUBUSIY tA8ATN19EDH

(MazBeananmenIaNLIng 4) wudn vihadlsaeunudu @elagtulsuSeunudu nsguaddus)

fuwdliianas (Ul 1.6)

finelalasarsuausau wafesiedalus (THC 1-hr avg)

1.95 2.04

5.47
(o]
5
4.09 4.13 4.20
385 3.74 8 32 Q316 G Q
€ 4 3.61 o) y
a2 3.35 o
g lo) 3.07
e 3 2.75
5 1 N l
e [ 2,98 -
(] -
€ 2 R 2.62 -— 2.52 2.50
- 2.27
l 2.10 - 222

il

L3

NN, 54 1.8, 56 ii.n. 58 1.8, 62 1.0, 63 4.0 64 |B-N.A. 54| .. 65 |n.A-a.0. 65/8.0.-43.8. 66|

TsaBouyudu @alagtiulsuSeunudu musguauiug)

= THC 1-hr avg A1gn O THC 1-hr avg gegn

W.b. 66 | W.A. 67 | WY, 67

.. 68

JUN 1.6 nswdsunlasesinelelasasueuianun wissedalus (THC 1-hr ave)

Ushadlsaseunudu @edaqtulseiounudy mysguaudun)

90U inlAsINTIEN Il WA, 2508-2568 (SuAiunseTIaTnseningd w.e. 2554-2568)
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1.7 frearsusuneuanlen (CO)
1) frgansusuneuenles wissiedalus (CO 1-hr ave) 99nN15m599TAAUELT
frgmsuounauanles lwassiedilug Yreneunisneadielansenist w.e. 2538 wazdradasiu
TAsamsdausd w.e. 2548-2568 Srauanssansed 1.7

P399 1.7 M5 USBUBUNENIITIR IR LT U 1w s Ul uenlen wagsedalie (CO 1-hr ave)

011052970/ WAN15715990 (ppm)
oy U finsaain Tsefpunudu | lsaSeunselowsdinen|  auitinnidnad

(wasguauius) G HUUIN 62

.y, 38? 0.0016-0.0019 X X

n.y. 48% 0.05-1.3 X X

1.a. 50 X 0.9-1.9 X

AN. 52 X 0.9-1.3 X

.. 54 1.0-15 X X

b3l.8. 56 1.2-1.5 X X

f.A. 58 1.0-1.5 X X
W.A. 60 X X 0.9-1.2%

b.8. 62 0.6-0.7 X X

1.0, 63 0.5-1.2 X X

1.0. 64 0.4-1.2 X X
W.e-n.a. 64° 0.3-1.0 X 0.4-0.7%

1.A. 65 0.3-1.1 X X
WL8-N.A., N.A.-E.A. 65© 0.5-1.3 X 0.5-0.9”)
1.n.-131.8. 66 0.4-0.8 X 0.4-0.7°

W.8. 66 0.5-1.0 X X

W.A. 67 0.3-1.0 X X

n.8. 67 0.3-1.2 X X

1.8. 68 0.4-0.8 X X

wnsgu” 30.0
newn ﬂ'mwmgmmmizmﬂﬂmzﬂssmms?ﬁl,mé’ammma atuil 10 (.. 2538) Fes ﬂ"mumﬂ'm'migm@a.mwwmﬂmiuussmm'lﬂimw”hlﬂ

@ panTainansenumsUsyiiunansenuaainasunaunsneas e

) Fuinsnsiainl 2548

@ = A = v aa ¢ a = = o oe A = = v e
finswasuudasaoningiainlu quitdvmlmes quain 62 wiilsaSeunuau (nesquauius) WemnmadsaSounudu (wysguauiug)
Tavanlidueselienisnsain

® gonilnsrrinnunindandeuiiuduanienunsussduranssnudandey

@ gglurraniifianunsainisszuiaves COVID-19 Tuuszimalne

x nueds ifideyanisnsiain

(3
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91NA597 1.7 wudn 1wl we. 2568 wan1snsivinanududuinvesveuueuenlan
wasTIedIlue Ushulsassunudu @ettulsaouyudu masgualiun) deeglunamninnsgiu

ANMUA FLLLUSYULEUNUNANISASIVNINEDUNAT 5 T SEUINU W.A. 2564-2568 11aNa1504191N

ANRAYVDIAUIUTUAIBANSUBUNBUDN YA 1RABS18TNUY 1R8ATNNETR (S18aLLDunLARNIAY

marwINgl 4) nudn Juwlduanaadntes (U 1.7)

feansusunauanlun agsietalug (CO 1-hr avg)

Std. CO 1-hr avg = 30.0 ppm

30.0

29.0

6.0

5.0

Tus ppm

o

4.0

=
RAYINYYD

3.0

1.0 1.0

2.0 1.3 1.3 5 12 12 0 11 53] o o
0 g B— = Q 0 Q 0
) 1.0

0.0 00509 09 Lo T Y 0.5 aa

no.48 | §.0.50 | nw.52 | Aw.54 | .56 | 8058 | .62 | w663 | wA.64 [we-wA.| w65 | na-aa. | da-ae | we 66 | wa. 67 | we. 67 | flu. 68

64 65 66
TsaFounulsaivunszlousiing Tsaeuyuiu @ellogtulsadounuiu mvsquauius)
Au dy
(wsdy
quituf) = CO 1-hr avg Agn O CO 1-hr avg gegn

sUN 1.7 mswfsuudasvesingansususeuanlen wassetalus (CO 1-hr avg)
Ushalsaseunuduy @etgtulsesuuyuau wysgualaus)
YNNBUNINATINATINTY W.A. 2538 wazyraUnaniiulasenissendned w.ea. 2548-2568

(SusdunIeTI9TAsE I WA, 2548-2568)
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2) AnwArsuauNousnlys 1de 8 ¥alus (CO 8-hravg) 31NN1TATIATAAINLTNTY
AgA1suauNauantys wae 8 921ud BT ulATINITAILET W.A. 2548-2568 TNaALARA4
f9m1519% 1.8

M3199 1.8 MU eufigunansnsiainanudndui s usutowenlyn wae 8 43l (CO 8-hr avg)

d011132970/0aN137152390 (ppm)
iy U finsaadn TseRgunudy AuUNInILwas

(wysguauius) HUNIN 62

2548 X X

2550 X X

2552 X X

2554 X X

2556 X X

il.p. 587 0.8-1.2 X
W.A. 60 X 0.4-1.1%

bdl.8. 62 0.4-0.6 X

1.A. 63 0.5-0.8 X

1.p. 64" 0.4-1.0 X
.8-N.A. 64° 0.3-0.9 0.4-0.6"

1.7, 65" 0.4-1.0 X
WLY-N.A., N.A.-8.A. 65° 0.6-0.8 0.5-0.8%
1.n.-11.8. 66 0.4-0.7 0.4-0.6""

N.8. 66 0.5-1.0 X

n.A. 67 0.4-0.7 X

N.8. 67 0.4-0.9 X

1.6, 68 0.4-0.6 X

unsgu’® 9.0
vanewn @ A1unsgIumNUsENIARNENIINSAIA SONLRINA atufl 10 (WA, 2538) 1F8e AvuaAwAsgIuANAIWEINAlUUITEINTA

Tnevaly

@ Fuvhnsesiaded 2558

(3) & a = v g aa i3 a a a o ey A = a

fnswasusvasanifasiaindu quiidninimaa guain 62 unulsaounyudu (nesaugudud) WeswinmalsuSeunuau

(mysguguaus) laganlinaaiadianisnsiain

@ gn1ilnsrninnunindundeuiiuiuanmenunsussduranssnudanden

@ gglurrnaiifianunsainsszuiaves COVID-19 Tuuszmalne

x vanedia lifideyan1sniain

AUEIRBUATUINITIVINTG AMEAIWINGBN UNTINEdeNYATAEnS 15



21nA15199 1.8 wudn Tud we. 2568 wansasainmnududuineaiveuseuenlad
1de 8 $alus vinalsuSouyudu @edagtulsudsunudu mvsavaudusd) daregluinasi
funsgiuniivue Jadlevieuiiisufunanisnsatadounds 5 Y sznined na. 2564-2568
dlefansunainatedsvesanududufitsaiueunousnled tade 8 42l laginisada
(swaziBonuanisiannanuanil 4) wuin duudliuanag (g‘dﬁ 1.8)

finwansusunauanlen aie 8 4alus (CO 8-hr avg)

Std. CO 8-hr avg = 9.0 ppm

9.0

8.0

7.0

6.0

5.0

4.0

wde 8 ¥alus ppm

3.0

2.0 12
' 1.0 0.9 1.0 1.0 0.9
Lo o 0.6 0.8 0.8 0.7 0.7 0.6

O O O
~p ¢ —¢— 9 2o o —F— o 9o
0.4 0.5 0.4 oj; 0.4 0.6 0.4 0.5 0.4 0.4 .40
i.A. 64

0.0 08

il.a. 58 1a1.8. 62 1.0, 63 | | 13.8.-N.A. 64 | 1.0, 65 | n.A-a.n. 65 | il.a.-1.8. 66 | W.8. 66 | W.A. 67 | W.e. 67 | l.e. 68

TseGounuiu @ailvgiulsuSounudu wusguguiug)

= CO 8-hr avg ﬁ:"lijﬂ O CO 8-hr avg gegn

JUN 1.8 nswdsunlasmesieasusuusuenled wwie 8 alus (CO 8-hr avg)
Ushalsasgunudu @etagtulsasuuyuau wysagualaus)
P1UnALTUlATINNTIENINGY WA, 2548-2568 (FUANTUNINTIAIATENINT WA, 2558-2568)
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1.8 fwlaleu (Os)

1) Aeleleu Ladus1e97lus (Os 1-hr ave) 31nN1SATITAANULTNTUR 19l o lau
LRAYFIBTILT FINTUAAWAULATINITHWAT N.A. 2548-2568 UNALAAIFINISIN 1.19

A15197 1.19 ms1aUseuiisunanisnsivinanuitutuigleley wiysiedilug (Os 1-hr avg)

d0118A52970/WAN13715990 (ppm)

iiou U finsrain TselTguyudy Tsai3unseloug quiinliwas
(wasgvauius) Wnesy HUUN 62
n.g. 48 0.008-0.013 X X
i.a. 50 X 0.069-0.088 X
AN, 52 X 0.030-0.059 X
NN, 54 0.016-0.029 X X
1.8, 56 0.029-0.065 X X
i.A. 58 0.054-0.070 X X
N.A. 60 X X 0.059-0.081%
1.8, 62 0.052-0.070 X X
1.0, 63 0.012-0.037 X X
1.a. 64° 0.014-0.071 X X
W.8.-n.A. 64° 0.007-0.049 X 0.010-0.033%
1.a. 65° 0.004-0.066 X X
W.8.-W.A., N.A.-d.A. 65° 0.010-0.068 X 0.006-0.058"%
1.A.-13.8. 66 0.007-0.058 X 0.007-0.088%
W.Y. 66 0.003-0.079 X X
Q. 67 0.006-0.064 X X
n.A. 67, Wy, 67 0.006-0.030 X 0.004-0.029
N.6. 68 0.006-0.028 X X
wnsgu® 0.10

EREIVI

omaluussomalaeiialy
@ Zuyinsasiaiadl 2548

Y A0 agunuUIsnAnENTINNSAMINAe N atull 10 (WA 2538) uazatuil 28 (W.A. 2550) 1589 MILARNIATFIUAMAMN

(3) & A = v aa ¢ a = = o os A M~ = v
1nsasukUasaningiadenlu QUNUNTIULNGE GYNIN 62 LL‘V]’LJINL‘EEJ'LJW“UEIU (L‘W‘lﬁ?j‘l@ﬂﬂuﬂ) Luﬂﬂﬁ]'lﬂﬁ/l'lﬂiﬁﬂﬁﬂuwjuﬂu (meiqsuqﬂam)

luggminlinansesionsniain

@ gn1ilnsrninnunindandeutiiuinanmenunsUssduranssnudandes

® aglutaiaifianun1salinisseuinres COVID-19 ludssmelneg

= v o
X U8 immagamimamm
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21NM15199 1.19 nu1 Tul w.e. 2568 HANITASIIAANULIUTUNGLDLYY Lade

setalus vinalsadouyuau @etlhgiulsaiouyudu mwsqugudusd) Jaeglunasifiunasg
fvun SadlowSeudisuiunanisnsiaiadounds 5 U seninel w.a. 2564-2568 Wiafiansanain
Anadsosnudutufiigleley wassedilus InedEneadn (Meazidoauansiinianuani 4)
wui fuwnliianas (Uil 1.9)

§alats ppm

=
LRAYINYVQ

0.12

0.10

0.08

0.06

0.04

0.02

0.00

Aelelou wAEsdlNe (O, 1-hr ave)

Std. O, 1-hr avg = 0.10 ppm

/.009 { /l 0.049 T
0.037 ?
N 0054 g0sp L

0.070 0.070 6.071 0.068 O
0.066 *-
0,059 0.065 o o 0.064
! o Lj’ o 0.058 o

oof 40300.029 Toos \T/ \l// \‘ \U:FU 0.2}28

0.008 0007 &% 0.007 = 0.0030.006 0.006 _0-0p6

t016 0101 0. l

-
012 0.014 0.010

n.y. 48

Tsaidou
yudu
(wasg
guiiug)

fia-ae. e, 67 | flv. 68

66

f.a50 | nw.52 | nw. 54 | e 56 | 8058 | e, 62 | wa. 63 [ wn. 64 [ue-wa.| wa. 65

64

n.A.-d.0.
65

Wb, 66 | W.A. 67

TsaSeunszlous Souyudu @eigtiulsuFounudu mysguguiug)
Angdy

= (O, 1-hravg 6?’12161 O 05 1-hr avg gedn

sUN 1.9 Mm3dsundasvesinalelou lwdgsedilug (Os 1-hr avg)
Ushalsaseunudu @edagiulsuiounudu imysguaudud)

e arinlAsanTsEnIned WA, 2508-2568 (SuriunisnTiainsening w.e. 2548-2568)
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2) fingloleu 1ade 8 4alus (O 8-hr ave) 91NN15ATIVTAAIUTNTUA YD lYU
@AY 8 92LUa TIUUAAITULATINITAILAY W.A. 2548-2568 LNALAAIFIAIIN 1.20

A137297 1.20 M5USEUBURaNISATIInANUTNTUN9leleu 1wy 8 Talud (Os 8-hr ave)

d0117352970/0aN151352390 (ppm)
iiou U finsran TsalTeunudu quitn1dinad
(wysgvaunus) HUNIN 62
2548 X X
2550 X X
2552 X X
2554 X X
2556 X X
i.a. 582 0.014-0.058 X
W.A. 60 X 0.020-0.065"
W8, 62 0.024-0.051 X
1.A. 63 0.015-0.027 X
.. 64° 0.019-0.055 X
W.8.-n.A. 64° 0.011-0.036 0.012-0.021
.. 65° 0.007-0.054 X
W.E-W.A., N.A-d.A. 657 0.013-0.051 0.011-0.042'%
1.0.-130.8. 66 0.011-0.039 0.015-0.057%
N.Y. 66 0.005-0.050 X
W.A. 67 0.008-0.037 X
n.A. 67, W.8. 67 0.006-0.027 0.006-0.022
1.6. 68 0.009-0.023 X
wnsgu® 0.07

weg U ANAsHIuRnINUsENMARLENSIINSRIndeNweR atull 10 (w.e. 2538) wavatudl 28 (W.A. 2550) (389 MMUARIINATTIUANAIN

1nAluusIENnAlaealy
@ Suvhnsnsiatel 2558

(3) & = = v aa e a = = o oe A = = v e
fnmaasuntasaniinsnindu quitdnoloes guuiv 62 wilssSeunudu (wsguauaus) WewnmadsaSsunudu (wsguauiu)

luggminlifansesdonisnsiain

@ an1ilnsrinnunndandeuiiudnanTenunsUssduransenudauandes
® gglugriaiifianunsainisszuiaves COVID-19 Tuuszmalne

x nueds ifideyanisnsiain

917015197 1.20 wuin Tud e, 2568 nan1snsiaiaanududuiigleley 1ade
8 Halus UnalsaFeunudu @etagiulsuSounudu vsquaudusd) feegluinaminunsgiu
fviun SedlowSeudisuiunanisnsiaiadounds 5 U seninel w.a. 2564-2568 Wiafiansanain
Anadsvesnnudutuiglolyy was 8 4alus lInedsneadn (seazidunuansseniaruInd 4)

wudn duwiliuanas (U9 1.10)
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0.08

0.07

0.06

0.05

0.04

wde 8 4ala ppm

0.03

0.02

0.01

0.00

finelolou Lade 8 4alua (O, 8-hr ave)

Std. O, 8-hr avg = 0.07 ppm
0.058
o e.,})ss 0854
0.051 51
o) Q.050
\/
0.039
37
\ / \ %5)36 O Q-S)
—/
ogs7 \ | — O o0
- \ (o]
0.024
-
0.019
-
0014 Bl oo 0013 o=
A 0.011 -
-
0.007 05 0.008 S0  0-009
ﬁ.ﬂ. 58 | 1.8, 62 1.0, 63 1.0, 64 13.8.-.A. 64 1.0, 65 n.A.-8.a. 65 ﬂ.ﬁ.-lﬂ.ﬂ. 66 | 8. 66 | w.A. 67 | We. 67 | fl.8. 68
Sounudu @otlgiulsuiounudy musquauiiug)
= O;8hravg g O 03 8-hravg g4

5UN 1.10 nswdeundasvesinglelyy wady 8 4alus (Os 8-hr ave)
USnuusnalsaseuyudu @ethgiulsaussunudu imvsavguiud)

Fradariiulasenssenined w.ea. 2548-2568 (SusiumsnTIainsenined w.a. 2558-2568)
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2. STAULHYY

31NN1TATIVTATEAUFLINNULUIAIEN VBINTLAYAIIUIIUN-019059A FIuTnailn
Tasan1smaua® w.a. 2548-2568 Taeviin1snsiatadseiudonads 26 92109 (Leg 20 p) $702Y
2 aonfl liuA UinalseSeuyudu @edetulsaSounyudu wesaugudud) uasuazquiidntinaa
g 62 winieafingninulieuiisuiuaannsgiu dnauansisansei 2.1

713199 2.1 A1319UTULTNBUNANIIRTIVINAITZAUESREE 24 TN (Leq 20 )

d018A52970/WaN15752379A (dB (A))
oy U finsaan TsalSeunseloug quintnlwad Tsauyusu
Wnenge HUUIN 62 (wasguauaus)
2548 X X X
3., 50? 53.1-54.1 X X
AN, 52 62.3-67.6 X X
AN, 54 59.6-60.2 X X
b8, 56 62.1-62.5 X X
i.p. 58 51.6-56.0 X X
w.A. 60 X 68.0-69.5 X
b8, 62 X 69.8-69.9 X
.M. 63 X 71.2-72.2* X
.e.-n.a. 649 X 71.2-71.9% 61.0-64.3"
WA, N.A-d.A. 657 X 69.4-70.3% 62.0-65.0”
31.°.-111.8. 66 X 68.3-69.5" 62.6-62.8"”
5.A. 66 X 66.8-68.8 X
w.A. 67 X X 61.1-61.7
N.A. 67 X 67.3-68.4 X
1.8, 68 X X 61.0-62.1
wnsgu” 70.0
winewn P AnaspIunNUsEMARNENSTINSAMINGONLINA atufl 15 (W 2500) Bos fvunspsgussAudeddagily

@ 5uvnsnsiainl 2550

¥ aanfinsininnunmasindeniiuifiinnenunsusvdiunansenuauingen

@ agluthaanifiaaunisainisszuinres COVID-19 lulssimalng

©) TSRSV g S = 4 o | o A . A& o Lo
mansainsedudediul 2566 dnsinsuivasuivasihuminisnssinia Wesnnduvdadudusumdadilimanyay

x manefia ifideyan1snsiain

* pneds fangaiunasifiunasgiuiivun
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311A15199 2.1 Wud Tl weA. 2568 nan15n519inTeauldsd Wde 24 Falus
Uinalsuseuyudu @elagdulsulouyudu mysguaddus) daregluinueinuinsgiunivue

FULoLUSUMEUNUNANITATIINEDUNET 5 U 52109 W.A. 2564-2568 LiIaNaN5U1NARAEUD

(% =) a Y ad aa a % o ! a 4
JEAULEYY 12y 24 9alue Tnesneada (3N9ALLDYALAAIAIAIANUINGT 4) WU Huwnlduanas

dntfen (U 2.1)

szfudoanade 24 $alus (Leq 24 hr)

= szauidsaage 24 4alu dga O sziuidsaaie 24 T2l gega

80
75
Std. Leq 24 hr = 70.0 dB (A)
70
64.3 Bl
65 o 62.8 617 624
—o—
L i Q 2
60
<
@ 55
Z
o
.,;-2 50
N
g 45
_ug =
4 5
g
3 0
33
- W.8.-W.A. 64 n.A.-5.0. 65 8.0.-131.8. 66 n.a. 67 #.8. 68
TsaSeunudu (@edegiulsafounudu musguaudud)

JUN 2.1 Maddsundasvessyiuides

USaulseseuyudu @etagtulsasounuau imysaugudiug)
Y0 UAAEUIATINTTENINT W.A. 2548-2568 (BUANIUNTHTIVIATENING W.A. 2564-2568)
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3. AANAUETLIDY

INNITATIIAAMUAUALLTDUAULUIAENVDINNTUAY AN UNUI-81I0UTA G300
Andulasansaauat w.e. 2548-2568 d1uau 2 aonil lown IsaSeunudu @edagdulsasounuiu
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1 Arsenic 1) Digestion, Hydride Generation/Atomic Absorption
Spectrometric Method™
2) Digestion, Inductively Coupled Plasma Method™
2 Barium Digestion, Inductively Coupled Plasma Method™
3 Biochemical Oxygen Demand 1) 5-Day BOD Test, Azide Modification Method™
2) 5-Day BOD Test, Membrane Electrode Method™
4 Cadmium Digestion, Inductively Coupled Plasma Method™
5 Chemical Oxygen Demand Closed Reflux, Titrimetric Method™
6 Chromium Digestion, Inductively Coupled Plasma Method™
7 Color ADMI Weighted-Ordinate Spectrophotometric
Method™
8 Copper Digestion, Inductively Coupled Plasma Method™
9 Cyanide Distillation, Colorimetric Method®
10 Formaldehyde Distillation, Colorimetric Method®™
11 Free Chlorine 1) lodometric Method™
2) DPD Colorimetric Method™
12 Hexavalent Chromium Colorimetric Method™
13 Lead 1) Digestion, Electrothermal Atomic Absorption
Spectrometric Method™
2) Digestion, Inductively Coupled Plasma Method™
14 | Manganese Digestion, Inductively Coupled Plasma Method™
15 Mercury Digestion, Cold-Vapor Atomic Absorption
Spectrometric Method™
16 Nickel Digestion, Inductively Coupled Plasma Method™
17 Oil & Grease Liquid-Liquid, Partition-Gravimetric Method™
18 pH Electrometric Method™
19 Phenols Distillation, Direct Photometric Method™
20 Selenium 1) Digestion, Hydride Generation/Atomic Absorption

Spectrometric Method™

2) Digestion, Inductively Coupled PlasmaIMethod[“]

2

21 Sulfide...

949Y o
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21 | Sulfide lodometric Method™

22 | Temperature Laboratory and Field Methods™

23 | Total Dissolved Solids Dried at 180 °C

24 | Total Kjeldahl Nitrogen 1) Macro-Kjeldahl Method™”
2) Semi-Micro-Kjeldahl Method™

25 | Total Suspended Solids Dried from 103 to 105 °C

26 Trivalent Chromium Digestion, Inductively Coupled Plasma Method;
Colorimetric Method; Calculation!

27 | Zinc Digestion, Inductively Coupled Plasma Method™

w
o

1laau 97udu 61 518015
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1 Acetone Purge and Trap, Gas Chromatographic/

Mass Spectrometric Method™
2 Antimony Digestion, Inductively Coupled Plasma Method™
3 Arsenic 1) Digestion, Hydride Generation/Atomic Absorption

Spectrometric Method™

2) Digestion, Inductively Coupled Plasma Method™
4 Barium Digestion, Inductively Coupled Plasma Method™
5 Benzene Purge and Trap, Gas Chromatographic/

Mass Spectrometric Method™”
6 Beryllium Digestion, Inductively Coupled Plasma Method™
7 Bromodichloromethane Purge and Trap, Gas Chromatographic/

Mass Spectrometric Method™”
8 Bromoform Purge and Trap, Gas Chromatographic/

Mass Spectrometric Method™”
9 Cadmium Digestion, Inductively Coupled Plasma Method™
10 Carbon disulfide Purge and Trap Gas Chromatographic/

Mass Spectrometric Method™
i Carbon tetrachloride Purge and Trap, Gas Chromatographic/

Mass Spectrometric Method™®
12 Chlorobenzene Purge and Trap, Gas Chromatographic/

Mass Spectrometric Method™ | S

Y

13 Chlorodibromomethane...
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13 Chlorodibromomethane Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!

14 Chloroform Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

15 | Chromium Digestion, Inductively Coupled Plasma Method™

16 Chromium (II) Digestion, Inductively Coupled Plasma Method;
Colorimetric Method; Calculation™

17 Chromium (V1) Colorimetric Method™

18 | Cyanide Distillation, Colorimetric Method™

19 1,2-Dichlorobenzene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

20 1,3-Dichlorobenzene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

21 1,4-Dichlorobenzene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

22 1,1-Dichloroethane Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

23 1,2-Dichloroethane Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

24 1,1-Dichloroethylene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method'

25 cis-1,2-Dichloroethylene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

26 trans-1,2-Dichloroethylene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™”

27 1,2-Dichloropropane Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

28 1,3-Dichloropropane Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

29 1,3-Dichloropropene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

30 Ethylbenzene Purge and Trap, Gas Chromatographic/

Mass Spectrometric Method™ ?{‘ﬂ‘?‘

31 Hexachloro-1,3-butadiene...
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31 Hexachloro-1,3-butadiene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!
52 Lead 1) Digestion, Electrothermal Atomic Absorption
Spectrometric Method™
2) Digestion, Inductively Coupled Plasma Method™
33 Manganese Digestion, Inductively Coupled Plasma Method™®
34 Mercury Digestion, Cold-Vapor Atomic Absorption
Spectrometric Method™
35 Methyl bromide Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!
36 Methylene chloride Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™
37 Methyl tert-butyl ether Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!
38 Naphthalene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!
39 Nickel Digestion, Inductively Coupled Plasma Method™
40 pH Electrometric Method™
41 Selenium 1) Digestion, Hydride Generation/Atomic Absorption
Spectrometric Method™
2) Digestion, Inductively Coupled Plasma Method™
42 | Silver Digestion, Inductively Coupled Plasma Method™
43 Styrene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™
da 1,1,2,2-Tetrachloroethane Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™
a5 Tetrachloroethylene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™
a6 Toluene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™
47 | TPH (Cs-Cg) Purge and Trap, Gas Chromatographic Method™**
as TPH (C.g-Cie) Separatory Funnel Liquid-Liquid Extraction,

Gas Chromatographic Method®® 5 ’

49 TPH (C>16—C35)...
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49 TPH (Co16-Css) Separatory Funnel Liquid-Liquid Extraction,
Gas Chromatographic Method®"”!

50 1,2,4-Trichlorobenzene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

51 1,1,1-Trichloroethane Purge and Trap, Gas Chromatograph'icf
Mass Spectrometric Method™

52 1,1,2-Trichloroethane Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™”

53 Trichloroethylene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

54 1,3,5-Trimethylbenzene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

55 | Vanadium Digestion, Inductively Coupled Plasma Method™

56 Vinyl chloride Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

57 m-Xylene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

59 o-Xylene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

59 p-Xylene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

60 Xylene (Total) Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™

61 | Znc ngestion, Inductively Coupled Plasma Method™

91nfAs (Uaedsguie) 31u3uU 26 518013
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1 Antimony Isokinetic Sampling, Digestion, Inductively Coupled
Plasma Method®™
2 Arsenic 1) Isokinetic Sampling, Digestion, Hydride Generation/

Atomic Absorption Spectrometric Method™
2) Isokinetic Sampling, Digestion, Inductively Coupled

Plasma Method®
00y

3 Beryllium...
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3 Beryllium Isokinetic Sampling, Digestion, Inductively Coupled
Plasma Method®

4 Cadmium Isokinetic Sampling, Digestion, Inductively Coupled
Plasma Method®

5 Carbon Monoxide Instrumental Analyzer Method®

6 Chlorine 1) Absorption Sampling, lon Chromatographic Method™
2) Isokinetic Sampling, lon Chromatographic Method™

7 Chromium Isokinetic Sampling, Digestion, Inductively Coupled
Plasma Method®

8 Cobalt Isokinetic Sampling, Digestion, Inductively Coupled
Plasma Method™

9 Copper Isokinetic Sampling, Digestion, Inductively Coupled
Plasma Method®™

10 Dioxins/Furans Isokinetic Sampling®

11 Hydrogen Chloride 1) Absorption Sampling, lon Chromatographic Method®
2) Isokinetic Sampling, lon Chromatographic Method™

12 Hydrogen Fluoride 1) Absorption Sampling, lon Chromatographic Method™
2) Isokinetic Sampling, lon Chromatographic Method®™

13 Hydrogen Sulfide Absorption Sampling, lodometric Method™

14 Lead 1) Isokinetic Sampling, Digestion, Inductively Coupled
Plasma Method®
2) Isokinetic Sampling, Digestion, Direct Air-Acetylene
Flame Method"

15 Manganese Isokinetic Sampling, Digestion, Inductively Coupled
Plasma Method®™

16 Mercury Isokinetic Sampling, Digestion, Cold-Vapor Atomic
Absorption Spectrometric Method™

17 Nickel Isokinetic Sampling, Digestion, Inductively Coupled
Plasma Method®

18 | Opacity Ringelmann’s Method®?

19 Oxides of Nitrogen 1) Absorption Sampling, Alkaline Permanganate/
Colorimetric Method®™
2) Instrumental Analyzer Method®™

20 Selenium Isokinetic Sampling, Digestion, Inductively Coupled

Plasma Method®

210l

21 Sulfur Dioxide...
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22
235

24
25

26

Sulfur Dioxide

Sulfuric Acid
Tin

Total Suspended Particulate

Vanadium

Xylene

1) Isokinetic Sampling, Barium-Thorin Titrimetric Method®
2) Absorption Sampling, Barium-Thorin Titrimetric
Method™

3) Instrumental Analyzer Method®

lsokinetic Sarnpling, Barium-Thorin Titrimetric Method™
Isokinetic Sampling, Digestion, Inductively Coupled
Plasma Method®™

Isokinetic Sampling, Gravimetric Method®™

Isokinetic Sampling, Digestion, Inductively Coupled
Plasma Method®™

Adsorption Sampling, Gas Chromatographic Method®

aaﬂg“nafm“ﬁai'aﬂﬂﬂ%’ué’a $792U 20 518015
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1

Antimony

Arsenic

Barium

Beryllium

Cadmium

1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method!%

2) Digestion, Inductively Coupled Plasma Method™*!
1) Waste Extraction, Digestion, Hydride Generation/
Atomic Absorption Spectrometric Method!™¢*%

2) Waste Extraction, Digestion, Inductively Coupled
Plasma Method™%!?

3) Digestion, Hydride Generation/Atomic Absorption
Spectrometric Method!™¥

4) Digestion, Inductively Coupled Plasma Method**!
1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method5*

2) Digestion, Inductively Coupled Plasma Method!"*!
1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method¢*?

2) Digestion, Inductively Coupled Plasma Method!"*?
1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method™*

2) Digestion, Inductively Coupled Plaswethod”'m

6 Chromium...
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10

11

12

13

14

15
16

Chromium

Chromium (IIl)

Chromium (V1)

Cobalt

Copper

Lead

Mercury

Molybdenum

Nickel

pH

Selenium

1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method!*¢!?!

2) Digestion, Inductively Coupled Plasma Method"*?
1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method; Waste Extraction, Colorimetric
Method; Calculation51%1%)

2) Digestion, Inductively Coupled Plasma Method; Alkaline
Digestion, Colorimetric Method; Calculation!”!*13!

1) Waste Extraction, Colorimetric Method™*”!

2) Alkaline Digestion, Colorimetric Method®?!

1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method%** _

2) Digestion, Inductively Coupled Plasma Method!"*?!
1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method™®5*!

2) Digestion, Inductively Coupled Plasma Method!"*
1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method™4!?!

2) Digestion, Inductively Coupled Plasma Method*?
1) Waste Extraction, Digestion, Cold-Vapor Atomic
Absorption Spectrometric Method!4®

2) Digestion, Cold-Vapor Atomic Absorption
Spectrometric Method”

1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method™4?

2) Digestion, Inductively Coupled Plasma Method*?
1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method™51?!

2) Digestion, Inductively Coupled Plasma Method!"!*!

Electrometric Method®"??

1) Waste Extraction, Digestion, Hydride Generation/
1618

Atomic Absorption Spectrometric Metho
2) Waste Extraction, Digestion, Inductively Coupled

d[1,6,13] ,

Plasma Metho

3) Digestion...
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3) Digestion, Hydride Generation/Atomic Absorption
Spectrometric Method ™
4) Digestion, Inductively Coupled Plasma Method"!*
17 Silver 1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method™*"?
2) Digestion, Inductively Coupled Plasma Method"**
18 Thallium 1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method4!?
2) Digestion, Inductively Coupled Plasma Method'*”
19 Vanadium 1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method**
2) Digestion, Inductively Coupled Plasma Method™**!
20 Zinc 1) Waste Extraction, Digestion, Inductively Coupled
| Plasma Method™4"*!
2) Digestion, Inductively Coupled Plasma Method"**!
fiu 97U 59 18013
el asuaiy WAz
1 Acetone Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!'%*®!
2 | Antimony Digestion, Inductively Coupled Plasma Method"*?
3 Arsenic 1) Digestion, Hydride Generation/Atomic Absorption
Spectrometric Method!™*
2) Digestion, Inductively Coupled Plasma Method"**
4 Barium Digestion, Inductively Coupled Plasma Method™'?
5 Benzene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!2?”
6 Beryllium Digestion, Inductively Coupled Plasma Method"™
7 Bromodichloromethane Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!"2?”!
8 Bromoform Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!2?”
9 Cadmium

Digestion, Inductively Coupled Plasma Met?od”-”]

10 Carbon disu(ﬁde...
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10 Carbon disulfide Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!**”

13 Carbon tetrachloride Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!'#?”

12 Chlorobenzene Purge and Trap, Gas Chromatographi'c/
Mass Spectrometric Method#%”

13 Chlorodibromomethane Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method%%”

14 Chloroform Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!'#%”

15 | Chromium Digestion, Inductively Coupled Plasma Method"*?

16 Chromium (II) Digestion, Inductively Coupled Plasma Method; Alkaline
Digestion, Colorimetric Method; Calculation (78,13.15]

17 Chromium (V1) Alkaline Digestion, Colorimetric Method®®*!

18 1,2-Dichlorobenzene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method"??!

19 1,3-Dichlorobenzene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method"??"

20 1,4-Dichlorobenzene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!*?”

21 1,1-Dichloroethane Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!'??”

22 1,2-Dichloroethane Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!??!

23 1,1-Dichloroethylene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method"?*!

24 cis-1,2-Dichloroethylene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!"2?!

25 trans-1,2-Dichloroethylene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method"2?

26 1,2-Dichloropropane Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!2?”

27 1,3-Dichloropropane Purge and Trap, Gas Chromatographic/

Mass Spectrometric Method!"2?”

1,3-Dichloropropene...
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28

29

30

31
32
33

34

35

36

o

38
39

40
41

a2

43

44

45
46

1,3-Dichloropropene
Ethylbenzene
Hexachloro-1,3-butadiene

Lead
Manganese

Mercury

Methyl bromide
Methylene chloride
Methyl tert-butyl ether
Naphthalene

Nickel

Selenium

Silver

Styrene
1,1,2,2-Tetrachloroethane
Tgtrachloroethylene
Toluene

TPH (Cs-Cg)
TPH (Cs8-Cig)

Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™%%”
Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method"%?”
Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!#%”

Digestion, Inductively Coupled Plasma Method™*
Digestion, Inductively Coupled Plasma Method™"?

Digestion, Cold-Vapor Atomic Absorption
Spectrometric Method™”

Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method"??”
Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method"%%"
Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!*?”
Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!'*?”!

Digestion, Inductively Coupled Plasma Method™*?!
1) Digestion, Hydride Generation/Atomic Absorption
Spectrometric Method!™!®

2) Digestion, Inductively Coupled Plasma Method!**
Digestion, Inductively Coupled Plasma Method™*?

Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method"%?”
Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!??
Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method%?”
Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™%?”

Purge and Trap, Gas Chromatographic Method"**

Ultrasonic Extraction, Gas Chromatographic Method™%*!

47 TPH (Cs16-Cas)...
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47 TPH (Cs16-Cas) Ultrasonic Extraction, Gas Chromatographic Method!®*!
a8 1,2,4-Trichlorobenzene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™%*”
49 1,1,1-Trichloroethane Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method™%%”
50 1,1,2-Trichloroethane Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method"%*”
51 Trichloroethylene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!'#*”
52 1,3,5-Trimethylbenzene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!'**”
53 Vanadium Digestion, Inductively Coupled Plasma Method"'*
54 Vinyl chloride Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!'2?
55 m-Xylene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!??”
56 o-Xylene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method#%"
57 p-Xylene Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!'#*”
58 Xylene (Total) Purge and Trap, Gas Chromatographic/
Mass Spectrometric Method!'??”!
59 | 4inc Digestion, Inductively Coupled lemod”-m

LBNATHNBY
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a0 ﬁiu’lmm 19RYLUNEN. 31 WE¥AAY 2566. \uil 140 naufiey 126 4.
2. NIENTNYATMNTTU. UTENIANITNINGAAMNTIA, W.A. 2549. 309 fmunUSuna
muwwaUu’Lua"mwm‘m;u'1fJaanfn1mJaaafaawuauﬂiaamaﬁlwﬂauLﬂuwamm FIUANYLUNW.

a ﬁuﬂﬂu 2549, Lfm“ﬂ 123 AouNLAY 1254.

4

3. aunANdfInssudsindauuslseinalng. ﬂumtﬂﬂ“wwﬁa Ruvindadi 4. NIINNT:
LSOUNAINTTAUN, 2547.

4. APHA, AWWA, WEF. Standard Methods for the Examination of Water and Wastewater.

24™ ed. Washington, DC: APHA, 2023.

5. United States...
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5. United States Environmental Protection Agency. Standards of Performance for New
Stationary Sources. 40 CFR 60. Appendix A, 2023.

6. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/Chemical Methods. SW-846, 1997.

7. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/Chemical Methods. Acid Digestion of Sludges and Sediments and Soils. SW-846
Method 30508, 1996.

8. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/Chemical Methods. Alkaline Digestion for Hexavalent Chromium. SW-846 Method
3060A, 1996.

9. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/Chemical Methods. Separatory Funnel Liquid-Liquid Extraction. SW-846 Method
3510C, 1996.

10. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/Chemical Methods. Ultrasonic Extraction. SW-846 Method 3550C, 2007.

11. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/ Chemical Methods. Purge-and-Trap for Aqueous Samples. SW-846 Method
5030C, 2003.

12. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/Chemical Methods. Closed-System Purge-and-Trap and Extraction for Volatile
Organics in Soil and Waste Samples. SW-846 Method 5035A, 2002.

13. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/Chemical Methods. Inductively Coupled Plasma - Atomic Emission Spectrometry.
SW-846 Method 6010D, 2018.

14. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/Chemical Methods. Antimony and Arsenic (Atomic Absorption, Borohydride Reduction).
SW-846 Method 7062, 1994.

15. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/Chemical Methods. Chromium, Hexavalent (Colorimetric). SW-846 Method 7196A,
1992.

16. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/ Chemical Methods. Mercury in Liquid Waste (Manual Cold-Vapor Technique).
SW-846 Method 7470A, 1994.

17. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/ Chemical Methods. Mercury in Solid or Semisolid Waste (Manual Cold-Vapor
Technique). SW-846 Method 74718, 2007.

18. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/ Chemical Methods. Selenium (Atomic Absorption, Borohydride Reduction). SW-
846 Method 7742, 1994. ?m‘)h

19. United States
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19. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/Chemical Methods. Nonhalogenated Organics Using GC/FID. SW-846 Method
8015D, 2003.

20. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/ Chemical Methods. Volatile Organic Compounds by Gas Chromatography/
Mass Spectrometry (GC/MS). SW-846 Method 8260C, 1996.

21. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/Chemical Methods. pH Electrometric Measurement. SW-846 Method 9040C, 2004.

22. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/Chemical Methods. Soil and Waste pH. SW-846 Method 9045D, 2004.

Sl

s UIMTeneineaeuaivuazzouieniins nedideusunioufsuaiinlsnu nslsnugaamngsi s. o lbaimo bmelo fid baom-¢



1 9N omeocle) @ @ € & nsulsIURRAMNTSH

A 1
AUUNITINUN D LL‘H’J\‘J‘V‘NW@'ﬂﬂ

mm‘s’mm"‘i ﬂ?ﬂm?‘i"l ®0E00
b o WHAINMEY ladbe

o = a da ¢
1909 Wasuuwl SHUAAINIUATANTUAWENUATIEN

o e

=i s = oo =] o a 3 =l
BIFU NITUNTTHINNTT UIEN Wwuliseuluuy Siasy woua walulad 910n

ot Awetunslewsenny/iasuuatyrains uasyiinansuafivvesisljiansiiessiensy
aviui om MUY beon

a el o o) N a PR
dadame enansuuunemivdailasunlatypainsuazansuafiuiin e
US™n ulseuudt Siasy wous wialulad 37109 911U b wHY

muFensnete UsEn wulisousun Sy weud wielulad 1 vieslfuinmsiiasien
a o8 ol 1l a '
vy sy -os @NUTRIALT bd/ees MYT D YBETUN o AULININAIY UUIYIaRITRY
w =l L a  ala | &
WAVANE NTaWINIMIUAS YaAsunlatyaaInsuaransuafiviiesent densulssnugaamngsy Uy

L3
=i

nsulsanugaamnssuRRIsaNudl nnuwiunad
v a w v o o ¥ a wa = ¢ o
o. WenidndmihnlszdesfUAmsiiasent $1m o 518
=3 L2 I v d
®) WNANUATING WuAIND neleuaui 1-ose-3-oobl
©) WAINE 5ITUIM netlouai 3-ose-3-oool
v oa 1 = = i g g = g L] = c.u‘ o 2
b. Wiiuvautieeiinansuaiuiiaszilud/iide dilatu wagiu amudsidandas

olls milsdeatuilasvunegwiouviisdereny Sutunulswinnjuimsieseienvy
i o= NN AL bEde

FUSBUL NNV

YDLAAIAINUUDND

s93eBuR UfuRsunisunu
edufnTulsugAEMNITY

neIvBuaATIABUABLANYLTIU
NANNASFINITNTIATIZInAdaULaiviasnzileuiaU URnTs
93. © bemo bmelb §8 beom-&

3815 o bamo bmeb A bexs

lUsualgdianvseiind saraban@diw.mail.go.th

ustry

“gasnssuinaing Ussimainafiomin soufdiimmn geamnssnfilen”




enashuuTenilsdefsunlasyaainsuazasuanenin st

oo @ d = = o = o oaf
U Lau"l':iaumuw FLETU LLBURA Lﬂﬂiu‘[ﬂﬂ A1NA
A97UN

fi on omeo(e) G@ dlo o

W/dnde 91U 19 518015

LEUNE B -oe
b o WMoY @b

1 =3 c" s 3 o
YaUT1EaIsHaR YA UTUNZITEUINNTULFIURAEIMNTTN F1UU & TIUNT

Ui ansuaiiy Wwaseid
1 Aldrin Liquid-Liquid Extraction, Gas Chromatographic Method™
2 OL-BHC Liquid-Liquid Extraction, Gas Chromatographic Method™
3 B-BHC Liquid-Liquid Extraction, Gas Chromatographic Method™
4 O-BHC Liquid-Liquid Extraction, Gas Chromatographic Method™
5 Y-BHC Liquid-Liquid Extraction, Gas Chromatographic Method™!
6 Chlordane Liquid-Liquid Extraction, Gas Chromatographic Method!™
7 o,p-DDT Liquid-Liquid Extraction, Gas Chromatographic Method!
8 4,4'-DDD Liquid-Liquid Extraction, Gas Chromatographic Method™
9 4,4'-DDE Liquid-Liquid Extraction, Gas Chromatographic Method!™
10 4,4'-DDT Liquid-Liquid Extraction, Gas Chromatographic Method!!!
11 Dieldrin Liquid-Liquid Extraction, Gas Chromatographic Method™
12 | Endosulfan | Liquid-Liquid Extraction, Gas Chromatographic Method™ .
13 Endosulfan |l Liquid-Liquid Extraction, Gas Chromatographic Method™
14 Endosulfan sulfate Liquid-Liquid Extraction, Gas Chromatographic Method™
15 Endrin Liquid-Liquid Extraction, Gas Chromatographic Method!™
16 Endrin aldehyde Liquid-Liquid Extraction, Gas Chromatographic Method™
17 Heptachlor Liquid-Liquid Extraction, Gas Chromatographic Method™
18 Heptachlor epoxide Liquid-Liquid Extraction, Gas Chromatographic Method™
19 Methoxychlor Liquid-Liquid Extraction, Gas Chromatographic Method™"
rldifiy $1uau 14 518m3
feui asuany WIATIER
1 Aldrin Liquid-Liquid Extraction, Gas Chromatographic Method™
2 Chlordane Liquid-Liquid Extraction, Gas Chromatographic Method™
3 DDD Liquid-Liquid Extraction, Gas Chromatographic Method™
4 DDE Liquid-Liquid Extraction, Gas Chromatographic Method™
5 ODT Liquid-Liquid Extraction, Gas Chromatographic Method™
6 Dieldrin Liquid-Liquid Extraction, Gas ChLomatographic Method!™
GTUjl

7 Endosulfan...
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7 Endosulfan Liquid-Liquid Extraction, Gas Chromatographic Method™
8 Endrin Liquid-Liquid Extraction, Gas Chromatographic Method"!
9 Heptachlor Liquid-Liquid Extraction, Gas Chromatographic Method!™
10 Heptachlor epoxide Liquid-Liquid Extraction, Gas Chromatographic Method!™
11 Ol-HCH Liquid-Liquid Extraction, Gas Chrornatographic Method™
12 B-HCH Liquid-Liquid Extraction, Gas Chromatographic Method!™
13 Y-HCH Liquid-Liquid Extraction, Gas Chromatographic Method!™
14 | Methoxychlor Liquid-Liquid Extraction, Gas Chromatographic Method!™
Ay §1u9U 14 578113
il asuaiy Wwaswn
1 Aldrin Ultrasonic Extraction, Gas Chromatographic Method®®*
2 Chlordane Ultrasonic Extraction, Gas Chromatographic Method®?
3 DDD Ultrasonic Extraction, Gas Chromatographic Method®?
4 DDE Ultrasonic Extraction, Gas Chromatographic Method®?
5 DDT Ultrasonic Extraction, Gas Chromatographic Method®?
6 Dieldrin Ultrasonic Extraction, Gas Chromatographic Method?!
7 Endosulfan Ultrasonic Extraction, Gas Chromatographic Method®*
8 Endrin Ultrasonic Extraction, Gas Chromatographic Method®?
9 Heptachlor Ultrasonic Extraction, Gas Chromatographic Method®*
10 | Heptachlor epoxide Ultrasonic Extraction, Gas Chromatographic Method®?
11 Ol-HCH Ultrasonic Extraction, Gas Chromatographic Method®?
12 B-HCH Ultrasonic Extraction, Gas Chromatographic Method?
13 Y-HCH Ultrasonic Extraction, Gas Chromatographic Method®?
14 | Methoxychlor Ultrasonic Extraction, Gas Chromatographic Method®®?
af
T2
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1. APHA, AWWA, WEF. Standard Methods for the Examination of Water and Wastewater.

24" ed. Washington, DC: APHA, 2023.

2. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/Chemical Methods. Ultrasonic Extraction. SW-846 Method 3550C, 2007.
3. United States Environmental Protection Agency. Test Methods for Evaluation Solid

Waste Physical/Chemical Methods. Organochlorine Pesticides by Gas Chromatography.
SW-846 Method 8081B, 2007.
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Toxaphene Liquid-Liquid Extraction, Gas Chromatographic Method™
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Toxaphene Liquid-Liquid Extraction, Gas Chromatographic Method™!
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1 Cresol Adsorption Sampling, Gas Chromatographic Method®
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1 Toxaphene Ultrasonic Extraction, Gas Chromatographic Method®*
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1. APHA, AWWA, WEF. Standard Methods for the Examination of Water and Wastewater.

24™ ed. Washington, DC: APHA, 2017.
2. United States Environmental Protection Agency. Standards of Performance for New

Stationary Sources. 40 CFR 60. Appendix A, 2023.

3. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/Chemical Methods. Ultrasonic Extraction. SW-846 Method 3550C, 2007.

4. United States Environmental Protection Agency. Test Methods for Evaluation Solid
Waste Physical/Chemical Methods. Organochlorine Pesticides by Gas Chromatography.
SW-846 Method 80818, 2007.
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D57 4 Environment Research & Technology Company Limited

=
envi research ‘a
V

25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,
Thung Song Hong, Lak Si, Bangkok 10210
Tel 0-2954-7745-6 Fax 0-2954-7747

E-mail : envi@enviresearch.co.th

www.enviresearch.co.th
Head Office/Tax 1D 0105 542 064 981

ENVIRONMENT RESEARCH & TECHNOLOGY CO., LTD.

TSP HIGH VOLUME AIR SAMPLER CALIBRATION REPORT

Cuotation 2025-00691 Dala May 20, 2025
Sampler Localion TaEgiiu Start Time 8:50 AM
Sampler Number TSP No.A12 Transfer Slandard Type Orifice Slop Tima 9:00 AM
Instrument Model HIVOL-BBCBE Calibrator Model TE-5025A
Motor Serial Number 20155 Calibrator Serial Number 3883 Calibratad By | Mr. Walcharin Charunsilthangkun
Recorder Serial Number 102930701
Flale (Delta H) (A) (X) () () Temparalture | Barometric Slart Slop
No. | Pressure Drop Across Orifice (inH,0) [ﬂH_-OEF‘aFPu,J(T. wﬂallw Qstd = (1/m)[(A-b)] |ample Flew Rate Indicatio| |C = I[(PaIP, )T, ,ffa}]w Pressure Meter Meter
Positive | Negalive | AH,0 { ' min ) { fimin ) (°K. = *C+273) (mmHg)
5 14 14 28 1.65074 0.83628 28.0 27.62 305.0 757.0
7 23 23 46 2.11582 1.06935 36.0 35.51 305.0 757.0
10 35 35 7.0 261005 131702 42.0 41.43 305.0 757.0
13 51 5.1 10.2 3.15064 1.58794 52.0 51.30 305.0 757.0
18 62 6.2 124 3.47384 1.74990 58.0 57.22 305.0 757.0
Linear Regresstion YON X :¥Y=mX+b Average 305.0 757.0
1 |Slope(m) 1.99546 | Linear Equalion ¢ 0.995296 |Psid{mmHg)| 760.0
2 |inercept (b) -0.01802|Sel Paint Flow Rate ( X) (mj.fm'm] 1.133 r 0.9976452|Tyrp 298.0
3 |Correlalion Coefficient (r ) 0.99983 | Final Sel Flow Rale = (1) 0 (PafPsid)*(TsldiTa) 0.973192407
Result C=(Pa/Psld)"(Tsld/Ta)"0.5 0.986505148
COMMENT
Andersen Instruments, Inc.

y = 31.891845x + 0.771807
R? = (.995296

IC (CFM) Qstd-IC
70.00

60.00 <

50.00 Woad

40.00 Pl

20.00

10.00

Qstd (m¥min)

0.00

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 2.20

Checked By

( Mr. Prayj:: Detkla )

Technician

( Mr.Panupon Podang )

Environmental Scientist

F-AB-028, Rev. 02, Junc 3, 2019



Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,

Thung Song Hong, Lak Si, Bangkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747

E-mail : envi@enviresearch.co.th

www.enviresearch.co.th

Head Office/Tax 1D 0105 542 064 981

PM10 HIGH VOLUME AIR SAMPLER CALIBRATION REPORT

Quotation 2025-00691 Dale May 20, 2025
Sampler Location TRUDEIEY Start Time 9:00 AM
Sampler Number PM-10 No.24 Transfer Standard Type Orifice Stop Time 9:10 AM
Instrument Model HIVOL-BMBBE Calibrator Model TE-5025A
Motor Serial Number 2151 Calibrator Senal Number 3883 Calibrated By | Mr. Walcharin Charunsilihangkun
Recorder Serial Number 2407
Piate (Delta H) (A) (X} () (Y) ) Temparalure | Baromelric Stan Stop
No. | Pressure Orop Across Orifice (inH,0)| [AH.O(Pa/P, (T, /)] | @std = (Um)[(A-b)] [ampla Fiow Rate Indicatio| IC = I[(PalP, )T, /Ta)]"~ Pressure | Meter | Meter
Posilive | Negative | AH,0 { m’imin ) ( it Imin ) ("K =*C+273) (mmHg )
5 14 14 28 1.65074 0.83628 28.0 27.62 305.0 757.0
7 24 24 4.8 2.16132 109215 38.0 ar49 305.0 757.0
10 33 33 6.6 2.53438 1.27910 44.0 43.41 305.0 757.0
13 4.6 4.6 9.2 2.99222 1.50854 500 49.33 305.0 757.0
18 6.3 6.3 126 3.50175 1.76389 58.0 57.22 305.0 757.0
Linear Regresslion YON X :Y=mX +b Average 305.0 757.0
1 |Slope(m) 1.99546 |Linear Equalion ; 0.994317 | Pstd{mmHg 760.0
2 |intercepl(b) -0.01802 |Set Point Flow Rale ( X ) {mafmin} 1.133 r 0.9971545|Tyn 298.0
3 |Correlation Coelficient (r) 0.99983|Final Sel Flow Rate = (1) 0 (Pa/Pstd)*(Tsld/Ta) 0.973192407
Result C=(Pa/Psld)"(TstdTa)"0.5 0.986505148
COMMENT
Andersen Instruments, Inc.
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TSP HIGH VOLUME AIR SAMPLER CALIBRATION REPORT

Quotalion 2025-00691 Date May 20, 2025
Sampler Location TralfuunaaansanTsmen Slart Time 11:40 AM
Sampler Number TSP No.A15 Transfer Standard Type Orifice Stop Time 11:50 AM
Instrument Model HIVOL-BECBE Calibrator Model TE-5025A
Motor Serial Number 102930701 Calibrator Serial Number 3883 Calibrated By | Mr. 1 Charunsilthangkun
Recorder Serial Number 610-650
Plale (Delta H) (A) (%) () (¥) Temparature | Barometric |  Starl Stop
No. |Pressure Drop Across Crifice {inH,0) [AH.O(PalP, )T, /T a)}w Qstd = (1/m)[(A-b)] |ample Flow Rale Indicatio| |C = I[(Pa/P, )T, wﬂ‘a}]'e Pressure Meter Meter
Posilive | Negative | AH,0 {mfmin ) (€ Imin ) (K =*C+273) (mmHg)
5 1.5 15 3.0 1.708G8 0.86531 320 35T 305.0 757.0
7 25 25 5.0 2.20589 1.11449 40.0 39.46 305.0 757.0
10 34 34 6.8 2.57249 1.28820 48.0 47.35 305.0 757.0
13 53 53 10.6 3.21183 1.61860 54.0 53.27 305.0 757.0
18 6.2 6.2 124 3.47384 1.74990 G0.0 59.19 305.0 757.0
Lingar Regresstion Y ONX:Y=mX+0b Average 305.0 757.0
2
1 |Slope(m) 1.89546 | Linear Equation r 0.984028 | Pstd(mmHg) 760.0
2 |intercept (b) -0.01802|Set Point Flow Rate { X ) (m /min) 1.133 r 0.9919819| Ty 288.0
3 |Comelalion Coelficient ( r) 0.99983 |Final Sel Flow Rate = (1) 0 (Pa/Pstd)*(TstdiTa) 0.973192407
Result C=(Pa/Pstd)"(Tstd/Ta)~0.5 0.986505148
COMMENT
Andersen Instruments, Inc.
y = 30.039231x + 6.237271
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Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,

Thung Song Hong, Lak Si, Bangkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747
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envi research
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Head Office/Tax ID 0105 542 064 981

ENVIRONMENT RESEARCH & TECHNOLOGY Co., LTD.

PM10 HIGH VOLUME AIR SAMPLER CALIBRATION REPORT

Quotalion 2025-00691 Dale May 20, 2025
Sampler Localion TriFuuAsammanTsifon Start Time 11:30 AM
Sampler Number PM-10 No.32 Transfer Standard Type Orifice Slop Time 11:40 AM
Instrument Model HIVOL-BMBBE Calibrator Model TE-5025A
Motor Serial Number 2025-32 Calibrator Serial Number 3883 Calibrated By Mr. Walcharin Charunsilthangkun
Recorder Serial Number
Plale (Delta H) (A) (X) () (Y) Temparature | Baromelric Stant Stop
No. | Pressure Drop Across Orifice (inH,0) {QH,OIPNP,H}H,JaI]‘? Qstd = (1/mi[{A-b)] lample Flow Rate Ic= ![{PafP,,,,)lT,‘,J'Ta]]"z Pressure Meler Meler
Posilive | Negalive AH,O { m:!min ] finch/min ) (*K ="C+273) | (mmHg)
5 14 14 28 1.65074 0.83628 1.2 1.18 305.0 757.0
L 23 23 46 2.11582 1.06935 20 197 305.0 757.0
10 36 36 7.2 2.64707 1.33558 28 2.76 305.0 757.0
13 4.4 4.4 B8 2.92645 1.47558 34 335 305.0 757.0
18 6.0 6.0 12.0 3.41735 1.72160 43 4.24 305.0 757.0
Lingar Regresstion YONX:Y=mX+b Average 305.0 757.0
2
1 |[Slope(m) 1.99546 |Linear Equalion r 0.997365 P:lu:mmHg]! 760.0
2 |imercept{b) -0.01802|Set Point Flow Rate ( X ) (mal'mfn) 1.133 r 0.9986816| Ty | 298.0
3 |Correlation Coelficient (r ) 0.999B3lﬁnal Sel Flow Rale = (1) 0 (Pa/Pstd)*(Tsld/Ta) 0.973192407
Resull C=(Pa/Pstd)*(Tsid/Ta)"0.5 0.986505148
COMMENT
Andersen Instruments, Inc.
IC (Inch) QStd-IC y=23.431919x - 1.716175
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Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,

Thung Song Hong, Lak 5i, Bangkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747
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Head Office/Tax 1D 0105 542 064 981

PM10 HIGH VOLUME AIR SAMPLER CALIBRATION REPORT

Quolation 2025-00891 Dale May 27, 2025
Sampler Location thusaffniads Start Time 9:40 AM
Sampler Number PM-10 No.24 Transfer Standard Type Orifice Stop Time 9:50 AM
Instrument Model HIVOL-EMBBE Calibrator Model TE-5025A
Molor Serial Number 2151 Calibralor Serial Number 3362 Calibrated By Mr.Nigul Phokhamia
Recorder Serial Number 2407
Plate {Delta H) (A) (X) (1) (Y) Temparature | Baromelric Start Slop
No. |Pressure Drop Across Orifice (inH,0)| [AH.O(PalP, )T, /Ta)]' | Qsld = (m)[(A-b)] [ample Flow Rate IC = I[(ParP, )T, T2 Pressure | Meler | Meler
Posilive | Megalive | AH,0 (m’fmin ) (1C4min ) (*K =°C+273)] (mmHg)
5 1.3 1.3 26 1.59174 0.79084 0.0 29.61 305.0 758.0
7 22 22 4.4 2.07068 1.02419 g0 37.51 305.0 758.0
10 34 34 6.8 257419 1.26952 46.0 4541 305.0 758.0
13 4.3 4.3 B.6 289491 1.42578 520 51.33 305.0 758.0
18 6.1 6.1 122 3.44799 1.69526 58.0 57.26 305.0 758.0
Linear Regresstion YONX:¥Y=mX+b Average 305.0 758.0
1 ISIepe{m] 2.05243 | Linear Equation !l 0.992681 |PstdimmHg) 760.0
2 |intercepl(b) -0.03141|Set Point Flow Hale{X)(m)!rnin] 1.133 r 0.9963338| Ty 298.0
3 |Correlation Coefficient { r) 0.99984 |Final Set Flow Rate = (1) 0 (Pa/Psd)*(TsldiTa) 0.974477998
Result | C=(Pa/Pstd)*(TsldTa)~0.5 0.987156522
COMMENT
Andersen Instruments, Inc.
IC (CFM) Qstd-IC y = 31.160592x + 5.550580
R?* = 0.992681
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Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,

Thung Song Hong, Lak Si, Bangkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747

E-mail : envi@enviresearch.co.th

www.enviresearch.co.th

Head Office/Tax ID 0105 542 064 981

TSP HIGH VOLUME AIR SAMPLER CALIBRATION REPORT

Quotation 2025-00691 Dale May 27, 2025
Sampler Location thusafAning Slart Tima 9:50 AM
Sampler Number TSP No.A1S Transfer Standard Type Orifice Stop Time 10:00 AM
Instrument Model HIVOL-BBCBE Calibrator Model TE-5025A
Motor Serial Number 102930701 Calibrator Serial Number 3362 Calibrated By Mr.Nigul Phokhamla
Recorder Serial Number 610-650
Plate (Delta H) (A) (X) (n (Y) Temparalure | Barometric | Stan Slop
No. |Pressure Drop Across Orifice (inH,0) [AH.O(ParP, )T, w{rg)}“ Qstd = (Vm)[(A-b)] ample Flow Rate Indicatiof |C = I[(Pa/P, )T, “_,rra;]"’ Pressure Meter Meler
Positive | Negative | AH,0 (m:'fmin} ([|3fmjn ) ("K = °"C+273) (mmHg)
5 1.5 1.5 30 1.70981 0.84837 300 29.61 305.0 758.0
7 26 26 52 2.25106 1.11208 40.0 39.49 305.0 758.0
10 33 33 6.6 253605 1.25094 48.0 47.38 305.0 758.0
13 48 48 9.6 3.05859 1.50553 56.0 55.28 305.0 758.0
18 6.0 6.0 120 3.41961 1.68143 60.0 59.23 305.0 758.0
Linear Regresstion Y ONX:Y=mX+ b Average 305.0 758.0
1 |Slope{m) 2.05243 | Linear Equation ¢ 0.983597 |PsidimmHg) 760.0
2 |intercept (b) -0.03141|Set Poinl Flow Rale ( X ) !mlfrnin} 1.133 r 0.9917646|Typ 298.0
3 |Corelation Coefficient (r ) 0.99984 |Final Sel Flow Rale = (1) 0 (Pa/Psid)*(TsldiTa) 0.974477998
Resull C=(Pa/Psid)*(Ts1d/Ta)"0.5 0.987156522
COMMENT
Andersen Instruments, Inc.

y = 36.339752x - 0.303991
R? = 0.983597
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TSP HIGH VOLUME AIR SAMPLER CALIBRATION REPORT

Quotalion 2025-00691 Date May 27, 2025
Sampler Location thugsrrmund Start Time 12:30 PM
Sampler Number TSP No.A12 Transfer Standard Type Orifice Stop Tima 12:40 PM
Instrument Model HIVOL-BBCBE Calibrator Model TE-5025A
Molor Serial Number 20153 Calibrator Serial Number 3362 Calibrated By Mr.Nigul Phokhamla
Recorder Serial Number 102930701
Plate (Delta H) (A) (%) (n (Y) Temparature | Barometric | Stan Stop
No. |Pressurs Drop Across Orifice (inH;0)| [AH,0(PalP, )T, Ta)l' | Qsld = (Um)[(A-b]] [ample Flow Rate Ingicatio| IC = I[(PalP, )T, ./Ta)]"~ Pressure | Meter | Meter
Posilive | Negalive AHaO { maﬂnin ) { f;’,rmin ) ("K.="C+273) (mmHg)
5 13 1.3 26 1.59174 0.79084 30,0 29.61 305.0 758.0
7 24 24 4.8 2.16275 1.06906 38.0 375 305.0 758.0
10 32 3.2 6.4 249723 1.23207 44.0 43.43 305.0 758.0
13 4.0 4.0 8.0 2.79210 1.37569 52.0 5133 305.0 758.0
18 4.9 4.9 9.8 3.08029 1.52098 580 57.26 305.0 758.0
Linear Regresstion Y ONX:Y=mX+b Average 305.0 758.0
1 |[Slope({m) 205243 |Linear Equalion f’ 0.98268 Psh:l{mmHg]] 760.0
2 |intercepl{b) -0.03141|Sel Point Flow Rate ( X) (m]!min: 1.133 r 0.9913022| T\ | 298.0
3 |Correlation Coefficient (r) 0.99984 |Final Set Flow Rate = (1) 0 (Pa/Pstd)*(Tstd/Ta) 0.974477998
Resull C=(PalPsid)(TsldiTa)*0.5|  0.987156522
COMMENT
Andersen Instruments, Inc.

IC (CFM) Qstd-IC y = 38.372393x - 2.129935
R? = 0.982680
70.00 —
A
LZ
P
60.00 P
W
2
=
e
50.00 /)‘
A
£
40.00
/ Ld
Bl
— o
30.00 "
Z
V
L2
20.00 - —A
Pl
|7
W
10.00 1~
- TIY
0.00 Qstd (m*/min)
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2,00 220

Checked By

( Mr. Prayutetkia )

Technician

( Mr.Panupon Podang )

Environmental Scientist

F-AB-029, Rev, 01, November 16, 201%



Environment Research & Technology Company Limited
25/114 Mu 6 Soi Chinnakhet 1, Ngam Wong Wan Road,

Thung Song Hong, Lak Si, Bangkok 10210

Tel 0-2954-7745-6 Fax 0-2954-7747
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Head Office/Tax 1D 0105 542 064 981

PM10 HIGH VOLUME AIR SAMPLER CALIBRATION REPORT

Quolation 2025-00691 Dale May 27, 2025
Sampler Location tugirmnd Start Tima 12:20 PM
Sampler Number PM-10 No.25 Transfer Standard Type Crilice Stap Time 12:30 PM
Instrument Model HIVOL-BMBBE Calibrator Model TE-50254A
Motor Serial Number 2150 Calibrator Serial Number 3362 Calibraled By Mr.Nigul Phokhamla
Recorder Serial Number 2409
Plate (Delta H) (A) (X) (1) (y) Temparature | Barometric | Start Slop
Mg. | Pressure Drop Across Orfice (inH,0) [.ﬁH:O(Pa.me}[Tmna]]“ Qstd = (1/m)[{A-b)] [ampie Flow Rate Indicalio| IC = I[{PalP,,)(T,, J'ra)]‘z Pressure Meter Meter
Positive | Negative [ AH,0 (m/min ) ( f/min ) (K ="C+273| (mmHg)

5 1.2 1.2 24 1.52930 0.76042 30.0 2961 305.0 758.0

7 2.4 24 4.8 2.16275 1.06906 40.0 39.49 305.0 758.0

10 35 3.5 70 261177 1.28783 46.0 45.41 305.0 758.0

13 4.3 4.3 8.6 28949 142578 56.0 55.28 305.0 758.0

18 6.1 B6.1 122 3.44799 1.69526 64.0 63.18 305.0 758.0
Linear Regresslion Y ONX:Y=mX +b Average 305.0 758.0

1 |Slope(m) 2.05243 | Linear Equation f= 0.981416 | Pstd; a) 760.0

2 |intercept{b) -0.03141|Set Point Flow Rate ( X ) {m:ﬁninl 1.133 r 0.9906644|T,r» 208.0

3 |Comelation Coefficient ( r) 0.99984|Final Set Flow Rate = (1) o (Pa/Pstd)*(TstdiTa) 0.974477998
Resull C=(Pa/Pstd)"(Tsld/Ta)"0.5 0.987156522

COMMENT
Andersen Instruments, Inc.

IC (CFM) Qstd-IC y = 36.710888x + 0.790741
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Abstract: Citizens” wellbeing is mainly threatened by poor air quality and local overheating due
to human-activity concentration and land-cover/surface modification in urban areas. Peculiar
morphology and metabolism of urban areas lead to the well-known urban-heat-island effect,
characterized by higher air temperature in cities than in their surroundings. The environmental
mapping of the urban outdoors at the pedestrian height could be a key tool to identify risky areas
for humans in terms of both poor-air-quality exposure and thermal comfort. This study proposes
urban environment investigation through a wearable miniaturized weather station to get the spatial
distribution of key parameters according to the citizens’ perspective. The innovative system monitors
and traces the field values of carbon dioxide (CO;) concentration, such as air temperature and
wind-speed values, which have been demonstrated to be related to outdoor wellbeing. The presented
monitoring campaign focused on a two-way, two-lane road in Rome (Italy) during traffic rush hours
on both working days and weekends. Collected data were analyzed with respect to timing and
position, and possible correlations among different variables were examined. Results demonstrated
the wearable system capability to catch pedestrian-exposure variability in terms of CO, concentration
and local overheating due to urban structure, highlighting potentials in the citizens” involvement as
observation vectors to extensively monitor urban environmental quality.

Keywords: microclimate; CO, monitoring; urban heat island; monitoring; wearable sensing;
outdoor comfort

1. Introduction

World urban-population growth and urban built-up expansion are internationally recognized
and consolidated trends [1], particularly intense in developing countries [2]. This demographic
tendency means that an increasing number of people will live in urban areas where impervious surfaces
generally replace natural ground, altering local energy balance [3,4]. Increasing concentration of
anthropogenic actions and activities is further responsible for air-quality deterioration and contributes
to local overheating [5,6]. In this view, in 2015, the Member States of the United Nations committed
to implementing the 2030 Agenda for Sustainable Development [7], including the economic, social,
and environmental fields of sustainable development. The Agenda is based on 17 universal Sustainable
Development Goals (SDGs), aimed at reducing inequality and improving living standards all around
the globe, and always keeping high attention on sustainability [8]. The urban sustainability concept is
thus gaining increasing attention among the scientific community and urban planners, as reported by
Shen et al. [9]. Within this framework, governments have to promote urgent actions to fight climate

Sustainability 2020, 12, 3936; doi:10.3390/su12093936 www.mdpi.com/journal/sustainability



Sustainability 2020, 12, 3936 20f 14

change and its impact on humans’ life quality and well-being, and the improvement of urban air
quality is a key point in achieving the proposed SDGs [10-14].

Regarding the pollutant emissions, some research has underlined that transport (including the
movement of people and goods by cars, trucks, trains, ships, airplanes, and other vehicles) is one of
the main sectors for the emission of the Greenhouse Gases (GHGs) [15]. Garceau [16] demonstrated,
through long-term monitoring of air pollutants, that introduction of roundabouts allowed decreasing
PM2.5 concentrations up to 40% in the case study of Knee, New Hampshire (USA). The municipality
of Potsdam (Germany) introduced specific traffic-reducing measures in 2017, and Schmitz et al. [17]
investigated the public acceptance of the implemented actions by means of questionnaire submission.
The study highlighted that individual awareness of the air-quality problem was the most important
predictor of community support. Moreover, the European Commission has defined an important CO,
vehicle-emission-reduction project, setting the limit value for the New European Driving Cycle (NEDC)
of 95 g/km of CO; to be reached before 2021 [18].

Urban areas, and thus citizens, are particularly vulnerable to pollutant exposure since the urban
form alters wind patterns, producing wind-calm or vortex zones [19], and pollutant sources are
mainly concentrated in urbanized areas, such as vehicular traffic, industrial activities, heating systems,
and commercial areas. Thanks to rising awareness and recent emission-reduction standards, important
improvements have been achieved worldwide in terms of air quality, but pollutant-concentration limit
values still exceed the Air-Quality Standards’ threshold values in several cities [20-23]. These standards
mainly focus on PM10, PM2.5, NOy, and SOx concentration monitoring, while CO; is not commonly
mentioned as a pollutant since it is harmful to human beings only at very high concentration levels,
that is, equal to or above 2%, as specified by Langford [24]. Nevertheless, high CO, emissions cause
severe damage to human health [25-27], and variations of its concentration levels below the urban
canopy could represent the existence of punctual anthropogenic sources which may be threatening
the environmental quality of the outdoors. Accordingly, CO, concentration could be assumed as
representative of the air quality [28].

Furthermore, cities are affected by the well-known phenomenon of the Urban Heat Island
(UHI) [29,30] due to their morphological peculiarities, land surface cover and usage, and lack of
greenery [31]. This specific microclimate characteristic mainly occurs in the higher air temperatures
detected in the urban areas with respect to rural surroundings, but it also further deteriorates the air
quality of urban spaces, altering city photochemistry [32] and affecting atmospheric circulation [33].
The relationship between microclimate features, such as air temperature, solar radiation, wind speed,
air pollution, and urban morphology, can be understood through a detailed analysis of the temporal
and spatial distribution of the Urban-Heat-Island Intensity (UHII) [34] which numerically expresses
the impact on microclimate due to urban environment. High values of UHII compromise citizens’
everyday commuting, open-air activities, and dwellers” well-being, in general [35,36].

Zhang et al. [37] considered a diagnostic methodology to evaluate the UHI effect in Xi’an, a Chinese
city. They proposed a model to estimate the maximum UHI intensity on the basis of real meteorology
data of a rural station, analyzing the link between UHI and the city morphology. Pakarnseree et al. [38]
highlighted the importance of considering, in buildings, such physical features as the Water Surface
Ratio (WSR), Street Surface Ratio (SSR), Park Surface Ratio (PSR), Building Coverage Ratio (BCR),
and Floor Area Ratio (FAR) that strongly influence the presence of the UHI issue in the Bangkok area.
Li et al. [39] underlined the interaction between the UHI and the Urban Pollution Island (UPI) by
analyzing their effects on the environment during summer in Berlin, focusing on various risky aspects
that made citizens more vulnerable during hotter seasons. Rizvi et al. [40] showed the existence of
UHI in a city in the Pakistan zone and analyzed the effects of its interaction with Heat Waves (HWs)
which are foreseen to be more intense and frequent in the next decades due to climate change [41].
The sensitivity of the existing synergy between HWs and UHI was investigated through climate
modelling by Zhao et al. in [42], even in future climate scenarios. The relationship between microclimate
parameters in urban zones and the effects of global warming were analyzed by Sun et al. [43]. Gu and
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Li [44] evaluated the impact of precipitation on the intensity of UHI in the continental United States at
microclimate scales. Jato-Espino [45] analyzed the impact of UHI in the Mediterranean area by means
of statistical analysis, considering the value of the daily thermal fluctuations.

The common practice of urban environmental monitoring is conducted by means of fixed
monitoring-station networks [46,47] properly designed in order to optimize monitoring costs, that
is, the instruments, installation and maintenance, and spatial coverage [48]. Nevertheless, the high
heterogeneity of city landscapes leads to highly granular microclimatic conditions which could not be
detected by those networks due to their dimensions [49]. Furthermore, weather stations are generally
located above roof levels, and such position does not allow to catch the pedestrians’ perspective in
the urban environment, losing information for an accurate evaluation of citizens’ life quality and
well-being. Spatial distribution of anthropogenic activities, which could be assumed as punctual or
linear sources of pollutants, produces different air quality levels at the pedestrian height throughout
cities [50] that could not be highlighted from common station networks either.

Therefore, experimental data collection below the urban canopy is fundamental to map the
urban environment in terms of site-specific microclimate conditions and air-quality personal exposure.
To guarantee citizens” health and security, the current challenge is to study more and more sophisticated
monitoring systems and methods for real-time evaluation of the urban-microclimate spatial pattern.

Nowadays, the scientific community is moving in this direction, focusing on collecting
environmental data at a high spatial resolution, taking advantage of advances in technology and
communication sectors [51-53]. Dominguez et al. [54] developed a cloud platform to integrate different
typologies of environmental-sensor networks with a sensor web providing urban air and noise pollution
data to common citizens. Pedestrians can thus decide how to move around the city on the basis of
pollutant spatial distribution, as proposed by Dhingra et al.’s IoT-Mobair application [55].

Considering this scenario, the current work moved from previous contributions of the authors [56-58]
to further investigate monitoring potentials of an experimental innovative system in terms of urban
CO;-level mapping. In particular, CO, concentration was assumed as an indicator of existing
anthropogenic activities in the investigated area [59] that may affect the environmental quality at
the pedestrian height which cannot be highlighted by common fixed monitoring stations. Taking
advantage of the improvements in wearable sensing techniques [60], pedestrians became predominant
observational vectors allowing to accomplish a twofold aim: (i) to increase monitoring network
coverage, and (ii) to focus data collection on humans exposed to urban environmental conditions.
In particular, the developed system was a miniaturized weather station which could be settled on a
common bike helmet due to its small size and light weight. The adoption of a wearable sensing technique
also allowed to monitor the quality of the urban environment across areas which were not approachable
by vehicles that were the most common observation vectors. Moreover, the monitoring perspective
was that of the pedestrian, thus data collected through this method were strictly related to the real
perception of dwellers living in the outdoor spaces of the city. As the key research progress with respect
to previous works, here the focus was also on CO,-concentration mapping through wearable sensing
techniques, which are considered to be an innovative tool for identifying air quality as specifically
perceived by pedestrians in dense and polluted urban areas [61]. In addition, CO; concentration, even
at a very local scale, may be correlated to an increase in premature mortality. CO, local increase in
concentration was indeed correlated to an increase in ozone concentration and particulate matter. In this
view, even more importantly, specific granular, localized CO,-concentration-mitigation strategies may
also be helpful in reducing local air-pollution mortality, even if CO; is not specifically controlled in
adjacent regions [62].

The experimental set-up with the basic information on the prototype design, embedded sensors
accuracy and system recording mode, and a description of the planned monitoring for the CO,
concentration analysis across the case study area are presented in Section 2. The monitoring system
was tested by planning a monitoring campaign focused on the limited area of Rome (Italy) which is
described in Section 3. Finally, the obtained monitoring results are discussed, showing detected CO,
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spatial distribution and pointing out correlations among the monitored gas particles, other collected
environmental parameters, and site-specific characteristics.

2. Material and Methods

The experimental campaign focused on a heavy-traffic urban road which was monitored during
peak rush hours, i.e., around 9:30 a.m. and 6:30 p.m., by means of a miniaturized weather station
settled on a common bike helmet. The observer was always the same person throughout the whole
monitoring campaign, thus the worn station was always at the same height, i.e., sensors platform
was at about 180 cm in height, and the walking speed was kept constant as much as possible going
along the selected road from A to B and backward. The designed monitoring system and the planned
monitoring campaign are described in the following subsections.

2.1. Monitoring System

The monitoring system was a miniaturized weather station specifically designed in order to be
worn by pedestrians or city bikers and thus to catch the perspective of these weak categories within the
urban environment. The system monitored the main environmental parameters such as air temperature,
relative humidity, wind speed and direction, solar radiation, illuminance level, and CO, concentration.
Table 1 reports technical specifications of the embedded sensors in terms of data accuracy which was
acceptable considering the small size of the whole system.

Table 1. Technical specifics of the embedded sensors.

Monitored Parameter Technical Specifications

Operation range: —40 < Ta < +85°C
Absolute accuracy: + 0.5°C at 25°C
Relative Humidity (RH) [%] Absolute tolerance: + 3%
Operation range: 300 < Pa < 1100 hPa
Sensitivity error: + 0.25%
Spectral range: 360 < SR < 1120 nm
Calibration uncertainty: + 5%

Air Temperature (Ta) [°C]

Atmospheric Pressure (Pa) [hPa]

Global Solar Radiation (SR) [W/m?]

Lighting (E) [lux] Spectral error: 2.3%
Operational range: 0.25 < E <40 m/s
Wind Speed (ws) [m/s] Resolution: 0.1 m/s

Sensitivity: 0.13 m/s
Resolution: 1°
Sensitivity: + 1°
Accuracy: + 2% full scale
at 20°C and 1000 hPa

Wind Direction (wd) [deg]

CO;, Concentration (CO,) [ppm]

Data were collected every two seconds, and each observation was associated with GPS coordinates,
i.e., latitude, longitude, elevation, and attitude (roll, pitch, and yaw). The GPS horizontal spatial
accuracy was 2.5m. The operator communicated with the system through a Wi-Fi access point which
was automatically generated by the system when it was switched on. The Wi-Fi connection allows
to check data in real time and manage data-recording sessions from a smartphone or other portable
device. The authors have already presented the monitoring system validation and its potentials in
detecting critical conditions for citizens in terms of thermal comfort in [56,57].

2.2. Monitoring Campaign and Data Analysis

The monitoring campaign aimed to statistically characterize a heavy-traffic urban road in terms of
CO; concentration according to the pedestrian perspective.

In this view, the designed campaign consisted of several repetitions of the same path in different
days in order to compute means and fluctuations of the parameter in the specific area and thus to verify
the monitoring system’s capability in detecting CO, punctual or linear sources, most probably related
to intense anthropogenic activities in urban contexts [58]. All the monitoring sessions were carried out
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during the same month (March 2019) to avoid a significant effect of collected data fluctuation due to
the seasonal cycle of the gas.

In particular, the observer covered the same path from point A to point B and backward along
the selected road several times throughout the month, always during traffic rush hours, i.e., around
9:30 a.m. and 6:30 p.m. The presented monitoring campaign comprised 16 continuously monitored
transects consisting of eight sessions at 9:30 a.m. and eight sessions at 6:30 p.m.; five out of the
16 conducted sessions concerned weekend days, as summarized in Table 2. In this way, a comparative
assessment of the two traffic-dependent conditions was possible.

Table 2. Performed monitoring sessions.

Number of Monitoring Sessions

Time 9:30 a.m. 6:30 p.m.
Weekdays 6 5 11
Weekend days 2 3 5
8 8 Total: 16

The monitoring repetitions allowed to collect a significant amount of data and to analyze both the
background level and the events-related spatial distributions of the analyzed gas. In particular, datasets
collected during each monitoring session were analyzed in terms of detected minimum and maximum
values, and the average and standard deviation of the data distribution. The same statistical analysis
was performed on the whole collected population of data and two data partitions outlined following
two different criteria: (i) morning and afternoon campaigns, and (ii) weekdays and weekends.

Finally, correlations between detected CO, concentration and other environmental parameters,
i.e., air temperature and wind speed, were investigated since possible significant dependencies would
support the analysis of the CO,-level dispersion throughout the monitored area. All the presented
data were simultaneously collected by the same wearable station described in the previous section.

3. Case Study

The case study was selected in order to be a relatively “short” transect of the city that could be
(i) easily accessible by the researcher wearing the system and (ii) covered in a limited time span in
order to avoid time-related fluctuations of the monitored parameters in each single monitoring session.
Furthermore, the selected area had to present a clearly defined morphology;, i.e., unique orientation
and almost-constant aspect ratio, in order to avoid any possible fluctuations of the parameter which
could be imputed to different configurations of the crossed area. All the observed variations were thus
to be imputed to punctual sources existing in the area or to mutual dependencies among different
environmental parameters.

Given the presented constraints, the specific case study was in a moderately polluted area,
according to the reports of the Regional Environmental Protection Agency [63], connecting one of the
two main railway stations in Rome to one of the functional hubs of the city.

The case study comprised two carriageways, both of two lanes covering a road of 450 meters
in length in Rome (Italy) and connecting two squares which were generally congested during traffic
rush hours, around 9:30 a.m. and 6:30 p.m. The monitoring path started and finished in the Southern
square. The operator covered both the roadsides and a single monitoring session comprising forward
and backward routes, i.e., total length of each session of about 900 meters. The walking average speed
was 6 km/h, and it ensured a dataset of about 260 observations for each performed session. Figure 1a
and b shows the monitored area scheme and the conducted monitoring campaign, respectively.

The monitored road intersected at two points by secondary roads. These were one-way, one-lane
streets, and both intersections with the main road under study were regulated by traffic lights. Therefore,
it was common to face frequent acceleration and deceleration of traffic speed along the selected road
with a consequent increment of vehicle emissions in the area.
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Figure 1. (a) Monitored area scheme; (b) conducted monitoring campaign.

4. Results and Discussion

Human exposure to varying carbon dioxide concentration was investigated in terms of CO,
geospatial distribution and combining detected pollutant levels with air temperature and wind speed
monitored data. In particular, CO, concentration analysis was correlated with each specific session
of monitoring, day of the week (weekends and working days), timing during the course of the
day, and position along the path, with particular attention to crossroads points, which have been
demonstrated to exacerbate pedestrians” wellbeing, as showed in previous studies [64]. In detail,
Figure 2 shows the spatial distribution of the collected CO, concentration along the monitored
route for each monitoring session, both forward and backward. Evident massive variability of
carbon-dioxide-concentration levels was visualized by means of the proposed techniques. Monitoring
sessions 1 and 2 (both tests) and monitoring session 6 in the afternoon refer to weekends showing a
relatively weaker anthropogenic pressure, compared to most weekdays. Non-negligible local increase
of concentration was focused in specific spots with no clear instant correlation to crossroads (highlighted
sections) and in specific peak times, even within the same monitoring round. Results demonstrated
how highly detailed and granular data are required to be integrated into classic weather stations” data,
since the variability of air-quality related parameters was strongly affected by the local and temporary
phenomena, affecting pedestrians” wellbeing.

a) 9:30 a.m. a) 6:30 p.m.

crossroad

Monitoring session
w
i /
/ /y
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Figure 2. Spatial distribution of CO, concentration as collected during the performed monitoring
sessions at (a) 9:30 a.m., and (b) 6:30 p.m.
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Table 3 shows that the single-session averages throughout the several performed campaigns
assumed similar values around 450 ppm, ranging in between a minimum of 419 ppm and a maximum
of 592 ppm. Nevertheless, between the total 16 sessions, two of these (session 5 at 9:30 a.m. and
session 7 at 6:30 p.m.) were clearly out of the common concentration profile, presenting higher CO,
concentration baseline, i.e., an average value of 524 and 592 ppm, respectively. This fact can be
explained considering that both sessions were monitored during working days when the maximum
flux was concentrated at rush hour.

Table 3. Statistical descriptors of datasets collected in each monitoring session.

Monitoring Session

9.30 am 1 2 3 4 5 6 7 8
Min [ppm] 290 330 360 260 350 190 160 290
Max [ppm] 620 710 570 600 800 750 700 790
Ave [ppm] 441 445 448 419 524 441 449 479

St. Dev. [ppm] 49 44 27 44 65 95 60 78

6.30 pm 1 2 3 4 5 6 7 8
Min [ppm] 350 300 310 230 260 350 340 390
Max [ppm] 610 540 660 620 560 610 1340 550
Ave [ppm] 458 442 425 430 419 462 592 469

St. Dev. [ppm] 38 35 44 51 41 27 205 27

For a better understanding, correlation to other physical parameters is here discussed.

COy, variability (i) in space for the whole 9:30 a.m. and 6:30 p.m. monitoring sessions, and (ii)
during every single session are expressed simultaneously by graphs in Figure 3 on the xz and yz
planes, respectively. Moreover, each observation was associated with the collected air temperature
(Figure 3a,b) and wind speed (Figure 3c,d) values by color plots. The space variation, along the x-axis,
is expressed in terms of absolute distance between the specific observation location and the starting
point of the monitoring path in meters. Locations of the two crossroads are highlighted on the xz
planes of the graphs.

The highest peaks of CO, were observed during monitoring session 7 at 6:30 p.m. when the
collected dataset standard deviation rose up to 205 ppm. The CO, peaks were detected in the proximity
of the Northern crossroads and at the beginning of the monitoring path, i.e., when the operator was still
in the Southern square. Moreover, such CO, peaks occurred almost simultaneously with the highest
detected air temperatures and low values of wind speed, responsible for buoyancy and stagnation.

The same Figure 3a,b also shows interesting data in terms of air-temperature overheating.
An increase in air temperature was registered during the afternoons when a more compact temperature
distribution was monitored, imputable to local anthropogenic actions. In fact, morning air temperature
was still dependent on weather conditions, which were relatively buffered in the afternoons due to
UHI perceived at the pedestrian level. The only exception is the monitoring number 7, when both
the morning and the afternoon sessions showed comparable values with an average temperature of
18.2 °C and 17.7 °C, respectively. This condition could be imputed to hotter conditions experienced
during the day, able to dominate the local UHI effect.

Figure 4 shows the CO, concentration with respect to both air temperature (Figure 4a) and wind
speed (Figure 4b), considering the whole collected data to better underline possible existing correlations
among the presented data. The CO, dispersion fluctuated around the average value, i.e., 459 ppm,
representative of the monitored area level of pollution. CO, values above 1000 ppm were observed
only for air temperatures between 17.6°C and 19.0°C and wind speed below 1.3 m/s, suggesting the
occurrence of air stagnation.
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Figure 3. CO, concentration and air temperature with respect to the distance from the starting point for
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to the distance from the starting point for each session conducted at (c) 9:30 a.m. and (d) 6:30 p.m.
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Figure 4. CO,-concentration distribution with respect to (a) wind speed and (b) air temperature for the
whole collected data.
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The detected CO, dispersion across the monitored road is statistically analyzed in Figure 5,
by taking into account the two day-time monitoring sessions, i.e., 9:30 am. and 6:30 p.m.,
and distinguishing between working days and weekends. The continuous horizontal lines in the
graphs represent CO, data range out of what observations can be considered outliers. In particular,
outliers were defined from the interquartile range (IQR), which is the difference between the third
(Qs3) and the first (Qq) quartile of the dataset, i.e., 75th and 25th percentiles, respectively, as reported in
Figure 5.
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Figure 5. CO, distribution with respect to the latitude of the (a) 9:30 a.m., (b) 6:30 p.m., (c) weekdays,
and (d) weekends monitoring sessions.

The monitoring sessions performed in the morning and in the afternoon did not show any
significant differences in terms of the sample distribution. The upper and lower outlier limits were the
same for both obtained datasets, i.e., 360 and 540 ppm, respectively. On the other hand, the collected
CO; range seemed less disperse during the weekends with respect to weekdays. Therefore, the peak
daily hours may be defined as having similar air quality conditions, even if they are characterized by
different levels of UHI, as previously shown. These observations were in line with the choice of the
monitoring times as the two traffic rush hours throughout a working day. In addition, the weekday
traffic may be responsible for important peaks of CO,-concentration increase, which were not visible
during the weekends, where the anthropogenic action in terms of CO;-concentration increase was
more compact and narrowly distributed.

5. Conclusions

The study of physical environmental parameters influencing the pollutant dispersion in urban
areas plays a key role in achieving the main sustainable goals that are fixed in the 2030 Agenda for
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Sustainable Development. These variables are also important for determining population well-being
in urban areas affected by anthropogenic actions, responsible for urban heat island and local climate
change. In this view, this work presents the original results coming from the novel adoption of a
wearable sensing device meant to map environmental parameters” (including CO, concentration)
spatial distribution in the urban environment from the pedestrian perspective. Citizens have an active
role in environmental mapping of the urban spaces. The above-mentioned device was placed on
a common bike helmet and the environmental information collected by the system was linked to
geographic coordinates by means of a GPS antenna embedded in the compact experimental apparatus.
The performed monitoring campaign consisted of several repetitions of the same path at traffic rush
hours on both working days and weekends. In particular, the selected case study was a two-way,
two-lane road in Rome, and 16 monitoring sessions were performed in total throughout one month,
that is, eight at 9:30 a.m. and eight at 6:30 p.m. Collected CO,-concentration values were therefore
correlated to timing, position, and other environmental parameters affecting pedestrians” well-being in
the outdoors.

Data analysis showed that CO, concentration was generally around 450 ppm in the area.
The pollutant dispersion was quite homogeneous along the road, while peaks were observed during
only a few performed monitoring sessions. Rare concentration peaks, that is, up to 1340 ppm,
meant the temporary presence of punctual sources of CO; or, referring to traffic flow, vehicle
accelerations/congestions on working days. This assumption was confirmed by peak spatial distribution:
they were located almost in proximity of the crossroads, regulated by both roundabouts and traffic
lights. Therefore, the wearable monitoring system demonstrated the ability to catch pedestrian
exposure variability to vehicle exhaust gases with a high spatial and temporal resolution. The same
CO; concentration was also investigated in parallel to the air temperature analysis along the path,
which showed to be influenced by emitted anthropogenic heat during the afternoons, combined with
UHI intensity exacerbation.

The complexity of the monitoring system, indeed, allows to simultaneously collect several
environmental parameters and experimentally investigate existing correlations. In this work, the CO,
concentration was then analyzed with respect to air temperature and wind speed. None of the
investigated correlations was found to be of statistical relevance, even if reasonable observations
were carried out. For instance, CO; levels above 1000 ppm were observed only in relatively high
air temperatures, that is, ranging between 17.6°C and 19.0°C, and low wind speed, that is, below
1.3 m/s, suggesting the occurrence of air stagnation. Finally, differences between weekday and weekend
measures were analyzed. The dataset collected during weekends was more concentrated around the
average, 450 ppm for both datasets. The monitored area was, indeed, less congested than during
the weekends.

The experimental analysis and data assessment showed that the innovative methodology can
provide further insight into people’s well-being in an urban environment, where several variables
affecting people’s health and city livability may be correlated and need to be monitored at a specific
pedestrian level in order to identify realistic risk and vulnerability maps. Therefore, further size
reduction of the proposed tool and its diffusion among citizens may provide new opportunities and
perspectives to extensively monitor and improve the life quality of pedestrians, influenced by poor air
quality and local overheating, especially in a very dense and polluted city such as Rome.

As a future development to push forward effective exploitation of wearable monitoring systems,
further monitoring campaigns will be planned in order to compare data collected in (i) different
areas of the same city or (ii) the same types of outdoor spaces but located in different geographical
areas. Final optimal configuration of combined monitoring strategies (e.g., weather stations, satellite
measurements, and portable wearable instruments) for detecting microclimate granularity within the
urban areas is the final ambition of this research.
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ABSTRACT Temporal & spatial variations in ground-level total non-methane hydrocar-
bon (TNMHC) were studied in Nagpur urban agglomeration (UA) for a year over three sea-
sons viz. post-monsoon (September-October), winter (January-February) and summer
(May-June) in 2013-14. Ground-level TNMHC showed low to moderate spatial (over resi-
dential, commercial, traffic intersections, residential cum commercial sites) and temporal
(at 7:00, 13:00; 18:00 and 23:00 h in all three seasons) variations. There was no specific
increasing or decreasing trend with time, either within a day or a season. Daily mean con-
centration of TNMHC (averaged over concentrations at 7:00, 13:00; 18:00 and 23:00 h)
ranged from 0.88-1.73 ppmV, 1.75-4.04 ppmV and 1.20-1.53 ppmV at residential sites;
2.99-6.47 ppmV, 1.52-7.38 ppmV and 0.98-1.63 ppmV at traffic site; 0.83-1.15 ppmV, 2.03-
3.24 ppmV, 1.1-1.70 ppmV at residential cum commercial sites and 1.05-4.79 ppmV, 6.2-
8.58 ppmV, 0.34-0.64 ppmV at the purely commercial site, during post-monsoon, winter
and summer, respectively. Occasional spikes (TNMHC > 10 to < 13.6 ppmV) were observed
on three occasions over two sites in winter but reasons thereof remained unidentified. Dur-
ing Diwali Festival (in post-monsoon) marked by large-scale firecrackers bursting, observed
TNMHC concentrations hovered around 3-5 ppmV, which almost matched with 90" per-
centile of other post-monsoon concentrations. Highest mean seasonal TNMHC concentra-
tion was observed during winter, followed by means of post monsoon and summer sea-
sons while mean ground-level TNMHC concentrations on weekdays were slightly higher
(1.17-1.21 times) than weekends over all seasons.

KEY WORDS Air pollution, NMHC, Urban, VOC, Weekend

1.INTRODUCTION

Non-methane hydrocarbons (NMHCs) together comprise major group of organ-
ic pollutants (Caselli et al.,, 2010; Xiao and Zhu, 2003) that are actively involved in
atmospheric photochemical reactions (Mudliar ef al., 2010; Elbir ef al., 2007). The
NMHCs are constituents of volatile organic compounds (VOC) that have short
atmospheric lifetimes (fractions of a day to months) and have direct but small
impacts on atmospheric radiative forcing (Intergovernmental Panel on Climate
Change; https://www.ipcc.ch/ipccreports/tar/wgl/ 140.htm). NMHCs may also
have serious health effects like neurosis and dementia among others (Kandyala et

Copyright © 2020 by Asian Journal of Atmospheric Environment
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al, 2010; Filley et al,, 2004; Chen et al,, 1994). High reac-
tivity of NMHCs enables them to produce tropospheric
ozone (O;) through reactions with nitrogen oxides
(NO,) and radicals. As NMHCs have certain influence
on O, formation, controlling NMHC emissions assumes
significance and has been imposed to attain O; standards
(Batterman et al., 2005). In rural areas, where NO, con-
centration is generally low, O generation is also less, but
in polluted urban locales, presence of low ambient
NMHCs might lead to substantial O; production under
significant NO, levels (Donahue and Prinn, 1990).
NMHC:s are thus well known agents of O; precursor
through the involvement of OH radical and NO, (War-
nec, 1988). World Meteorological Organization Global
Atmospheric Watch (WMO/GAW) programme under-
takes measurements on NMHCs and other reactive
compounds in global network (WMO, 2007).

Gasoline filling stations, open-waste burning practices,
LPG leakages, solvents and vehicular emissions are the
primary anthropogenic sources of NMHCs in urban air
(Duan et al., 2008; Tang et al., 2007). Also, power and
petrochemical plants, refineries, chemical plants, paint-
ing operations, varnishes, coating operations, consumer
products, cold clean degreasing, printing inks, dry-clean-
ing and solid waste disposal are other sources (Srivastava
and Mazumdar, 2011; Barletta et al., 2002; Arya, 1999).
Vehicular emission is one of the major NMHC sources
and their emissions from vehicles include refuelling loss-
es, starting emissions, evaporative losses and tailpipe
emissions (Batterman et al., 2005). As per Tan et al.
(2011), i-pentane, ethene, ethane, ethyne, toluene and
propane were the primary hydrocarbons (HCs) in Fos-
han in China. Generally, most abundant HCs exhibited
high concentration in morning, dipped to the lowest
level in afternoon and increased to higher values in eve-
ning hours. But, i-pentane exhibited highest level in
afternoon, indicating accelerated solvent evaporation in
higher temperature. Vehicular emissions were the main
source of propene, i-butene, isoprene, ethene, benzene
and toluene and n-pentane, n-hexane, and n-heptane
came from petrol evaporation. LPG leakage could have
been the main source of propane, while leakage of natu-
ral gas was source of ethane in Foshan City (Tan et al,
2011). Potential sources of greenhouse gases and air pol-
lutants in Nagpur Urban Agglomeration (UA) has been
discussed before (Majumdar et al., 2013; Majumdar and
Gajghate, 2012) and some of these sources are also
potential emitters of NMHCs in Nagpur city.

2 www.asianjae.org

Monitoring of total NMHC (also known as TNMHC)
concentrations in ground-level air has been undertaken
sparsely from a few Indian cities (Sharma et al., 2016;
Sarkar, 2015; Nishanth et al,, 2014) and there are some
reports on ambient concentrations of select individual
NMHCs and VOCs from a few Indian locations (Srivas-
tava and Mazumdar, 2011; Purkait et al., 2009; Sahu and
Lal, 20062, b). Knowledge on ground-level TNMHC
concentrations could actually help formulate air quality
management planning of a city. Indian cities could be
potential hotbeds of NMHCs due to variety of NMHC
sources like vehicular traffic consisting of sizeable fleet of
old vehicles, fossil fuel burning in household and com-
mercial sector, small manufacturing units, painting and
varnishing workshops, petrol pumps, auto refinishing
workshops etc. and therefore, it is important to assess
ground-level TNMHC concentrations over Indian cities.
This work was undertaken to measure TNMHC in
ground-level air of Nagpur, one of the major and pro-
gressive cities of Central India over post-monsoon (Sep-
tember-October), winter (January-February) and sum-
mer (May-June) during 2013-2014 in a year-long study.
Temporal (diurnal and seasonal) and spatial variation in
TNMHC vis a vis the abundance of reported sources
over the selected UA has been examined and reported.
Also, mean TNMHC concentrations during weekdays
and weekends over all the seasons were calculated, evalu-
ated and compared.

2. RESEARCH METHODS

2.1 Background of Study Area and Potential
Sources of NMHCs

The study was conducted in Nagpur city within Maha-
rashtra State of India. As per Govt. of India’s last Census
data in 2011, Nagpur is an Urban Agglomeration (UA)/
city with a Million Plus population (2,122,965). It is the
largest UA/city in Central India and by population, 3"
largest in State of Maharashtra. Nagpur District has an
area of about 9897 sq. km. while Nagpur UA/city
encompasses about 217.65 sq. km. (Nagpur Municipal
Corporation 2006). National highways NH-7 and NH-6
and Asian highways AH-43 and AH-46 pass through
Nagpur (Bhonsle, 2010) and carry significant load of
commercial and personal vehicles.

Nagpur has a variety of potential sources of NMHCs.
A detail reconnaissance was conducted to make an inven-



tory of prominent sources of NMHCs (Table 1). Some
of these sources like thermal power plants and industries
could potentially contribute to TNMHC in ground-level
air of Nagpur through local and regional dispersion,
although some of the sources are located beyond 10 km
of the nearest air quality monitoring sites. Prevailing sea-
son is also expected to have a direct role to play on rela-
tive predominance of specific sources by influencing
activities like open burning, domestic heating/cooling,
tourist influx and festivities.

Suitable sites for collection of ground-level air samples
for estimations of NMHCs were scouted by a thorough
analysis of city map followed by reconnaissance, delineat-
ing various residential, commercial, market areas and
important traffic intersections and roads. Inventory was
made on various potential sources of NMHCs during
reconnaissance. It was observed that there was conspicu-
ous overlapping of various important activities viz. vehic-
ular movements, commercial activities, sporadic biomass
combustion, residential activities, cooking by fossil fuels
in restaurants and mobile streetside food stalls, operation
of petrol pumps etc. at several sites that could affect diur-
nal and seasonal air quality in terms of NMHCs. There-

Variability in Ground-level TNMHC

fore, selected sites could only be classified into (i) Resi-
dential (ii) Purely commercial (iii) Traffic intersections
and (iv) Residential cum commercial, based on major
activities in and around the sites. The sites in Nagpur
study area is presented in Fig, 1.

2.2 Sampling and Analysis of TNMHC

Sampling for ground-level air was undertaken over 2
months during summer (May-June), post-monsoon
(September-October) and winter ( January-February)
seasons in 2013-14. Ground-level city air at about 1.5m
above ground level was collected at different time peri-
ods of a day (08:00h, 13:00 h; 18:00h and 23:00h) over
about three weeks in each season to capture diurnal and
spatial variations. The samples represented city’s ground-
level air which was influenced by direct emissions from
an ensemble of abundantly available NMHC sources,
most of the sites being active in-terms of anthropogenic
activities like cooking in roadside eateries, movement of
vehicles, presence of petrol pumps (in a few areas), envi-
ronmental tobacco smoke in congested areas (especially
in commercial and traffic intersections) etc. TNMHC
was analyzed in the ground-level air samples collected in
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Tedlar bags (SKC Inc., USA) as specified by ASTM-
D6345-98 by passive filling up for about 30 minutes.
Some of the sites, as described above, were directly inside
heavy traffic or commercial activities in the heart of the
city and being just above ground level, were directly
under the heavy influence of ground level NMHC emis-
sions. TNMHC was determined by a Hydrocarbon
Analyser (Model HCS1M, Environment, SA) within 12
hours of sample collection. This analysis is based on
flame ionization detection of hydrocarbons (0-1000
ppm). The analyzer was fitted with a FID housed in oven
with a column that separated methane from TNMHC.
The gas samples pass at 1.4 L/min flow rate through a
specially layered packed column wherefrom CH, is fed
first into the detector. Subsequently, the column is back-
flushed and other hydrocarbons are passed into the
detector, resulting in two quantifications, one of them
being the TNMHC. Instrument calibration was under-
taken by CH,,-free zero air for zeroing and a standard cer-
tified NIST traceable 10000 ppb hydrocarbon (as isobu-
tylene) in Air balance (Chemtron Science Laboratory,
Mumbai) with certification accuracy of + 1%. Lowest
detectable limit (LDL) of the instrument was 0.05 ppm
HC while zero drift was 0.2 ppm and span drift was
< 1% over 7 days. The uncertainty of the standard devia-
tion of measurements, related to the dispersion of results
(Udisp) was calculated by the following expression:

Udisp = S(q)/(n) 2

where s(q) is the standard deviation and n is the number
of readings (Madeira et al., 2009). The Uy, for
TNMHC measurement by the instrument was estimat-
ed to be 0.1257.

2.3 Meteorological Data

Temperature, relative humidity, wind direction and
speed that govern ground-level concentrations, distribu-
tion and dispersion of NMHCs over the UA were col-
lected to support air quality data on TNMHC. Nagpur’s
meteorological data was collected from online data
archived at wunderground.com that uses meteorological
data received from the meteorological station of Indian
Meteorological Department (IMD) in Nagpur. World
Meteorological Organisation’s (WMO) global station
data archive on vertical atmospheric temperature profile
data reported by radiosondes was used to represent
atmospheric temperature inversions in June, September
and December.

Variability in Ground-level TNMHC

2.4 Statistical Calculations

Measures on descriptive statistics (mean, median,
mode, standard deviation, range, percentiles) were
undertaken on season-wise dataset. Student’s t-test was
used to estimate statistical difference in seasonal mean
concentrations of TNMHC. Kruskal-Wallis One Way
Analysis of Variance on Ranks test was conducted to test
the medians of site-wise TNMHC concentrations over
all the seasons to test significant difference amongst sites.
The TNMHC concentration dataset was subjected to
cluster analysis for tree clustering of sites via Ward Meth-
od. Significant differences between values were calculat-
ed by Duncan’s Multiple range Test (DMRT). Statistical
analyses were carried out by Statistica (Dell Software,
Version 13) and MSTAT C Software (Crop and Soil Sci-
ence Division, Michigan State University, USA).

3. RESULTS AND DISCUSSION

3.1 Diurnal and Seasonal Variation of TNMHC
Ground-level TNMHC concentrations had low to
moderate temporal variation diurnally (coefficient of
variation or CV'=36-110%) as well as over post-mon-
soon, winter and summer seasons (CV =52-122%)
apart from also having low-moderate spatial variations
over the selected sites (CV=8-152%). There was also
intra-site differences in TNMHC concentration amon-
gst various chosen time periods viz. 8:00, 13:00, 18:00
and 23:00 hrs, only few of which were statistically signifi-
cant (Table 2). Over the various time periods in a day
(24-h), mean TNMHC concentrations ranged from
0.88-1.73 ppmV, 1.75-4.04 ppmV and 1.20-1.53 ppmV
at residential sites; 2.99-6.47 ppmV, 1.52-7.38 ppmV
and 0.98-1.63 ppmV at traffic site; 0.83-1.15 ppmV,
2.03-3.24ppmV, 1.1-1.70 ppmV at residential cum com-
mercial sites and 1.05-4.79 ppmV, 6.2-8.58 ppmV, 0.34-
0.64 ppmV at purely commercial sites during post-mon-
soon, winter and summer, respectively. Occasional
spikes in concentration (TNMHC > 10 to <13.6
ppmV) were observed on three occasions at two sites on
two winter days and considered in calculations, leading
to high case-specific mean concentrations, but reasons
thereof remained unidentified. In winter, the purely
commercial site returned highest mean TNMHC values
at all times of the day, followed by the traffic site. Overall,
mean TNMHC values were highest in winter (mean
TNMHC Conc.: 3.15 ppmV) that was >2 times higher

www.asianjae.org 5



6

OAJA.E Asian Journal of Atmospheric Environment, Vol. 14, No. 1, 1-13, 2020

Table. 2. A summary of average TNMHC concentrations (ppm) at different times of day and sites over various seasons.
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Summer

Winter

Post-Monsoon

Time

Pure
commercial

Residential

Pure
commercial

Residential
+ commercial

Pure
commercial

Residential

Traffi
rathe + commercial

Residential

Traffic

Residential

Traffic .
+ commercial

Residential

0.64a

1.54a
1.68 a

1.53a 1.60 a

8.58a

2.04a

1.52a

1.20a 2.17a

1.15a
0.88 a

0.88a 2.99a

08:00
13:00
18:00

23:00

0.53a

098 a

1.27a

6.72 a

2.07a

1.89 a
7.38b
4,08 a

1.75a

4.79b
1.05a

6.47b

092a

0.34a

1.15a
1.70 a

1.21a 1.14a
1.63a

6.81a

324a

4.04 a

4.90 ab 1.08a

5.06b

1.73a

0.49 a

1.20a

6.20a

2.03a

2.75a

4.04 ab

0.83a

1.34a

Values followed by same letters are not statistically different from each other at 5% level of significance as per DMRT.

over both post monsoon (mean TNMHC Conc.: 1.62
ppmV) and summer (mean TNMHC Conc.: 1.26
ppmV) concentrations. Weaker dispersion and ground-
level subsidence of city air in winter could also have
played the most significant role in causing TNMHC to
scale highest values in winter. Near ground-level inver-
sion was also prominent in winter, affecting elevated
ground-level TNMHC concentrations, as discussed later
in this section. Intra-season temporal variability in
ground-level TNMHC concentrations was highest in
post-monsoon (coefficient of variation, CV: 122%), fol-
lowed by winter (CV: 80%) and summer (CV: 52%).
Higher usage of biomass fuels for warming water and
house warming in city slums could be one the major rea-
sons behind highest mean TNMHC concentration in
residential areas in this season. It has been estimated that
about 4.9 Tg of Non-methane VOCs (NMVOCs) are
generated annually in India from residential cooking
(Pandey et al., 2014). Fleming ef al. (2018) have report-
ed substantial VOC emissions from dung-fired cook-
stoves in Indian homes. Further, wanton open waste
burning in practiced in various cities in India, leading to
air pollution (Kumar ef al,, 2018, 2015) and emissions of
NMHCs (Sharma et al., 2019; Chen et al., 2017). In
summer months, TNMHC concentrations were gener-
ally lower at all sites over all the time periods of the day
which could have been influenced to a great extent by
higher dispersion supported by low pressure, warmer
conditions and higher wind speed (Fig. 2). Also, house-
hold fuel combustion and open waste burning towards
heat generation could actually be lower in summer, lead-
ing to decline in NMHC generation. On the other hand,
increasing levels of ground-level TNMHC was evident
from October onwards when atmospheric temperature
started to dip with approaching winter. The comparative
scenario of ground-level TNMHC concentrations over
the three seasons (Fig. 3) indicates some sporadic
extreme and outlier values, possibly due to sampling very
near to NMHC sources at ground level in congested and
anthropogenically active areas. Highest mean seasonal
TNMHC concentration was observed during winter
due to lower dispersion followed by post-monsoon and
summer. Also, the non-outlier range of TNMHC con-
centration was highest in winter. Summer had no outli-
ers and range of TNMHC concentrations was low, prob-
ably due to apparent lack of commercial roadside cook-
ing in summer when dining out declines and also, declin-
ing open burning activities for lack of need of warmth,
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Fig. 2. Seasonal variation in atmospheric temperature, dew point temperature, barometric pressure, wind speed and gust, and wind direc-

tion in Nagpur city during the study.

accompanied by quick dispersal after generation.
All-season data in terms of daily time-dependent
TNMHC concentrations reflected that concentrations at
8:00 and 23:00 h were frequently lower than 13:00 and
18:00 h (Fig. 4). Higher TNMHC concentrations at
13:00 and 18:00 h could be strongly influenced by real
time vehicular movements and commercial activities that
remain at their peaks during these hours in Nagpur. At
Ttwari (purely commercial site), a winter day witnessed a
bout of relatively higher TNMHC concentrations, rang-
ing from 7.8-12.6 ppmV while another winter day wit-
nessed a concentration of 13.6 ppmV at 18:00 h in Mahal
(a residential site). In terms of season-wise mean
TNMHC concentrations, highest was observed during
winter due to potentially lower dispersion of ground-lev-

o Median

14} [ 25%-75%

T Non-Outlier Range

12} © Outliers

# Extremes =
+ Mean

Ambient TNMHC Conc. (ppmV)

)
}Bo—ianan CE T

+
D i
]

Winter

Post-Monsoon Summer

Fig. 3. Summary statistics of near-ground TNMHC concentra-
tions in different seasons.
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el air, followed by post monsoon while summer concen-
trations were persistently the lowest. There was a pres-
ence of strong ground-level inversion in winter (in Dec-
ember) (approx <250-750 m) revealed by Radiosonde
data on vertical atmospheric temperature profile over
Nagpur (Fig. S), signifying increased chances of lower
dispersion of pollutants at ground level. Also, a weaker
inversion was observed in September (post-monsoon
season), just before the winter set in. However, during
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peak summer of June, near-ground inversion was absent
and the inversion layer was detected above 750 m height
above ground, indicating better chances of dispersion
and dilution of air pollutants at ground level. Descriptive
statistics of a season-wise database is presented in Table
3, which reflects stand-alone characteristics of winter
TNMHC concentrations. The season-wise TNMHC
database were found to be normally distributed.
TNMHC concentrations at some locations measured



during Diwali Festival (Festival of Lights which is charac-
terized by large-scale firecrackers bursting and coinciding
with late post-monsoon season), ground-level TNMHC
concentrations hovered mostly around 3-4.4 ppmV,
which almost matched with 90" percentile of post-mon-
soon concentrations excepting Diwali period. Although
concentrations >4 ppm were obtained on 2 different
occasions on Diwali day that were more than average
summer concentration and also, post-monsoon concen-
trations on several days, no persistent increasing or dec-

Table 3. Outcome of Descriptive statistical test on air quality
data.

Post-

Variability in Ground-level TNMHC

reasing trend in ground-level concentrations were obser-
ved over pre- or post-Diwali periods. Emissions from fire-
cracker bursting is reportedly instrumental in elevating
ambient concentrations of NMHCs (Chang et al,, 2011).

3.2 Site-Specific Variability in Ground-level
TNMHC

Site-specific TNMHC concentrations over all the sea-
sons together (Fig. 6) revealed important observations in
terms of influence of site-specific activities on ground-
level TNMHC concentrations. Mean TNMHC concen-
trations were found to be highest at the commercial site
(Itwari), closely followed by a residential cum commer-
cial site (Wanadongri). While Itwari is known to have
strong NMHC sources like vehicles, commercial cook-

Parameter Monsoon Winter  Summer
ing, petrol pumps and DG sets, the residential cum com-
Sample number 83 84 72 mercial areas also had some of the similar sources apart
Mean (ppm TNMHC) L61 3.15 1.26 from various household ones. On the other hand, the
Mfdian (ppm TNMHC) 0.88 2:38 1.28 traffic site had lower TNMHC concentrations than sev-
! dquamle (ppm TNMHC) 06 176 078 eral primarily residential areas rather unexpectedly. But,
3" quartile (ppm TNMHC) . 375 L7 it was noted that roadside eateries and biomass combus
Geometric mean (ppm TNMHC) 1.04 2.52 0.94 . L . ith oth o u
Interquartile range (ppm TNMHC) 0.8 1.9 0.94 tion activities were co-existent with other activities in
Variance (ppm TNMHC) 391 6.42 434 many residential areas in this UA, making the latter
Skewness 2.44 234  —9.56¢10°2 potentially a strong TNMHC emission hub. Guo et al.
Kurtosis 5.46 594 -7.18107" (2004) reported that internal combustion engines,
Distribution Normal Normal  Normal unburnt fuel, solvents including paints, liquefied petro-
(Anderson-Darling normality test) leum gas (LPG) or natural gas leakages, solvents, fuel
16
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Fig. 6. Site-wise summary statistics of ambient TNMHC concentrations recorded over post-monsoon, winter and summer.
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combustion, chemical factories and power plants were
the major sources of NMHCs in Hong Kong. In Nagpur,
a few of above sources could potentially get together to
contribute to TNMHC present in ground-level air and
might be one of the reasons for getting sporadic high
concentrations in residential areas. As per Kruskal-Wallis
One Way Analysis of Variance on Ranks test, the differ-
ences in the median values among the sites, in terms of
TNMHC concentrations over all the seasons together,
are greater than would be expected by chance and there-
fore, there was a statistically significant difference (P <
0.001).

Cluster analysis was performed and the branching den-
drogram represented similarity or dissimilarity amongst
various groups of sites in terms of ground-level TNMHC
concentrations (Fig. 7). The site-groups of Airport Colo-
ny and Narendra Nagar; Nandanwan and Wanadongri
were categorized as similar ones and were not very differ-
ent from each other. The sites of Sitabuldi, Itwari and
Seminary Hills, Mahal were outstanding in nature and
were also much different from others, as revealed by
height of their vertical lines that signified the degree of
difference between branches i.e. longer the line, greater is
the difference. Seminary Hills, Hudkeshwar and NEERI
Colony could also be categorized as stand-alone sites in
terms of ground-level TNMHC concentrations.

Ambient TNMHC concentrations reported by various
researchers over the world are observed to be highly vari-
able spatially and temporally. Zielinska et al. (2001) in a
study conducted near California/Mexico border report-

ed concentration ranges of <0.1 ppm to slightly greater
than 0.2 ppm at Rosarito at 10:00 AM and 1:00 PM sam-
ples while another site Mexicali showed concentrations
up to near about 2.4 ppm in 6:00 AM samples in the
month of September. As per Nishanth et al. (2014), the
annual maximum, minimum and average TNMHCs were
25.45,13.84 and 19.23 ppbyv, respectively, in a rural coast-
al location at Kannur, India during November 2009 to
December 2011. Chen ef al. (2014) reported TNMHC
concentration distribution over 2007-2011 in Taiwan
under two monitoring networks viz. air quality stations
(AQS) of USEPA across Taiwan and Photochemical
Assessment Monitoring Stations (PAMS) that generate
hourly observations of 56 non-methane hydrocarbons
(NMHCs). The time-series concentrations by both net-
works showed wide temporal variations but maximum
TNMHC values reached were about 1.6 ppm under both
networks while the lowest concentrations touched down
to about 0.02 ppm in PAMS. Sharma et al. (2016) mea-
sured TNMHC at one site during the month of May in
New Delhi, India and reported that TNHMC concentra-
tion varied from 0.22-0.25 ppm during day to night time.
The low variation in this study obviously was a result of
short duration of study and also, summer being chosen
as the study time, when ground-level air is known to have
good all-round dispersion and vertical mixing as well. In
a study conducted in summer season at three locations in
a zone of 5 km radius around Mathura Refinery in India,
TNMHC was found in the range of 0.11-5.7 ppm while
at two of the sites, concentration was frequently found

(Res) Seminary Hills

(Res) Airport Colony ———

(Res) MNarendra Nagar

(Res) Abhayankar Nagar

(Res) Nandanwan

(Res+Comm.) Wanadongri 4}

(Res+Comm.) Hudkeshwar Road

(Res) NEERI Colony

(Res) Trimurti Nagar

(Res) Mahal

(Comm.) Rwari

(Traffic) Sitabuldi

3 4 5 6 7 8 9

Linkage Distance

Fig. 7. Cluster pattern of selected sites in terms of ambient TNMHC mixing ratio recorded over all the seasons.
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over 4 ppm and 2 ppm during the short study (EIL, 2015).
Vehicular traffic emissions were found to be one of the
predominant sources of hydrocarbons at these stations.

Considering year-round average (2.02 ppmV), 90" per-
centile (4.07 ppmV), several instances of high TNMHC
concentrations in short-period samples of this study and
also, in the light of average TNMHC concentrations
reported at some other locations in the world, it is evi-
dent that a good number of short-term TNMHC con-
centrations encountered in this study were much higher
than reported in most other studies. The reasons thereof
could be: this study reports ground-level concentrations
at the height of only about 1.5 m, which at times were
directly sampled (i) near kerb sites severely affected by
traffic emissions or nearby commercial activities like
burning fossil fuels like biomass, charcoal, coal and LPG
in closely located restaurants and mobile food vendors or
(ii) just adjacent to streams of city crowd where influence
of environmental tobacco smoke on TNMHC concen-
trations cannot be ruled out or (iii) within the influence
zones of petrol pumps that are abundant and quite close
to each other in this city. Even ground-level sampling in
residential zones could be influenced by occasional traf-
fic movements, especially of two-wheelers that are popu-
lar in this city.

3.3 Weekday-Weekend Variability in Ground-level
TNMHC
There was subtle weekend effect on mean ground-level

Variability in Ground-level TNMHC

TNMHC concentrations observed over all sites, time-
periods and the seasons. A few of the higher TNMHC
concentrations were recorded during winter weekdays
while mean TNMHC concentrations on weekends
(Sundays) in all the seasons were lower than weekdays. It
may be noted from mean and 90" percentile values of
TNMHC reported in Fig. 8 that the escalations regis-
tered in mean TNMHC concentrations on weekdays
over weekends were low and statistically insignificant
(1.17-1.21 times more on weekdays) but perceptible in
all seasons. This probably hinted at a slim positive influ-
ence of larger on road vehicular fleet and escalated com-
mercial activities of weekdays on ground-level NMHCs.
Traffic-driven TNMHC emissions have been aptly refle-
cted in the study of Liu ef al. (2014), where TNMHC
concentrations within a traffic tunnel was found to reach
up to about 2.8 ppm when the traffic was slow-moving at
about 45 km h™', which is similar to general traffic move-
ment speed in most Indian cities. In another tunnel study
in Taiwan (Chang et al.,, 2008), where downslope entra-
nce, downslope exit, upslope entrance and upslope exits
were monitored, average TNMHC was observed to be
1.9,3.5,0.8 and 2.7 ppm.

4. CONCLUSIONS

Intra-season variability in ground level TNMHC in
Nagpur were low to moderate. Concentrations in winter
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Fig. 8. Distribution and summary statistics of TNMHC concentrations during weekdays and weekends in different seasons.
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were conspicuously higher over other seasons and con-
centrations in summer were lowest, evidently due to bet-
ter dispersion. In spite of lower dispersion with dipping
night-time temperature, TNMHC build-up was not
found to be alarming at 23:00 h over day-time hours in
any season and observed concentrations at 23:00 h were
almost consistently lower than noon and evening-time
concentrations when higher vehicle movements and
operation of other sources might have played a major
role in elevating ground-level TNMHC. At morning
8:00 h when atmospheric temperature remains lower
than noon and evening, there was no substantial build-up
of TNMHC, probably because winter is mild in Nagpur
and by morning 8 o'clock, the city heats up substantially
to allow good dispersion. Causes of spurts in ground-lev-
el TNMHC at some localities could not be identified.
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