SHebwAl8ks] 2] #1208 (R3%) 117~130, 2017
J. of the Korean Society for Environmental Analysis

&Y g2Y 24 AN AR X7t B Y ME KM o

O™ - HiX}2T

R e L IR E e LR IERE EE T =

A Study on the Improvement of Self-measurement Agency System
Related with Time Required for Analysis by Measurement Items

Jeong-Kyu Lee and Chae-gun Phae’

Department of Energy Environment Engineering, Graduate School of Energy & Environment,
Seoul National University of Science and Technology, Seoul 01811, Korea

Received August 2, 2017/Revised August 25, 2017/Accepted September 1, 2017

The problem with the current self-measurement agency system is that as in 2007, the self-measurement
agency fee was abolished and was improved to be operated according to the market economy principle, it is
in the state that in the case of the price competition for the measurement agency, the measurement fees are
priced at the lower prices, to set the unit price by applying the lowermost bidding system. With the lower mea-
surement fee, in order to make the measurement fee collected, the cases non-complying with the regulations,
such as the arbitrary result report and so on, are currently occurring, and it is difficult to guarantee the reliability
for the measurement results because it is a limiting factor in recruiting the technical manpower with the cer-
tificates. In this study, the environmental pollutants were divided into the areas of atmosphere (28 items), water
quality (80 items), and indoor air quality (10 items), and then, the time required for the sampling, preprocessing,
analysis, writing reports, etc. was estimated. The sampling time was Min. 12.3 minutes — Max. 170 minutes
in atmosphere, Min. 26.9 minutes — Max. 45 minutes in water quality, and Min. 52.9 minutes — Max. 96.720
minutes in indoor air quality. As a result of calculating the daily workload per 1 group (2 people) for the tech-
nical manpower in the atmospheric field based on these findings, it appeared that the Min. 3 units — Max. 5
units of measurement vent (or companies) could be collected. It is expected that when the limitations of the
workload quantity derived like above might be used as a factor in the rating method by each measuring agent,
it could be a starting point to fix the chronic problem of the current measurement agency system.

Key words: Environmental analysis, Workload, Self-measurement alternative system
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Table 1. Object items for the allowable exhaust standard
of air pollutants

Field Measurement category

NH,, CO, HCl, SOx, NOx, CS,, HCHO, H,S,
HE HCN, Br, CHy, C;H;OH, Hg, As, VC,
THC, CH,Cl,, C,HCl;

Dust, Cd, Pb, Cr, Cu, Ni, exhaust, Zn, Dust
Scattering

Gaseous
substance

Particulate
matter
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Fig. 1. Autonomous check support system of the Ministry
of Environment in the UK.
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Table 2. Scale and measurement frequency for each discharge vent in workplaces

Establishment that Establishment that automatically
do not automatically send to the Control Center

Prevention facility

Type Scale send to the and do not have automatic front and rear
. measurement
Control Center chimney meters
1 80 ton < Dust +SOx+NOx More than More than once More than
once a week every two weeks once a month
9 20 ton < Dust +SOx+NOx < 80 ton More than More than More than once
twice a month once a month every two months
3 10 ton < Dust+SO0x+NOx < 20 ton More than once More than once More than once
every two months every two months per quarter

4 2 ton < Dust+SOx+NOx < 10 ton
5 Dust+SOx+NOx < 2 ton

More than once every half-year




120 ot

- oA

Table 3. List of technical guidelines for autonomous check by the Ministry of Environment in the UK?”

M1: Sampling facility requirements for the monitoring of particulates in gaseous releases to the atmosphere

M2: Monitoring of stack emissions to air

Ma3: Standards, organisations and the UK measurement infrastructure
M4: Standards for IPC Monitoring-Part 2 standards in support of IPC monitoring

M8: Environmental Monitoring Strategy-Ambient Air
M9: Monitoring Methods for Ambient Air

M11: Monitoring of Radioactive Release to Atmosphere

M12: Monitoring of Radioactive Release to Water

M13: Monitoring hydrogen sulphide and total reduced sulphur in atmospheric releases and ambient air

M16: Measurement and monitoring of volatile organic compounds (VOC's) to air from industrial processes

M17: Guidance for monitoring of particulate matter in ambient air around waste facilities

M18: Monitoring of discharges to water and sewer. Guidance on undertaking an Operator Monitoring Assessment

(OMA) Audit
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Table 4. Response rates by each sector

Number of fields Ratio

Registration Area (overlapping response) (%)

Atmosphere 37 314
Water quality 38 322
Indoor air quality 11 9.3
Noise & Vibration 18 15.3
Odor 14 11.9

Total 118 100

Table 5. The number of client workplaces in analysis busi-
ness

Number of managed Number of Average holding

emisession workplaces workplaces person
1to9 3 10
10 to 49 7 85
50 to 149 17 22.7
150 to 500 14 18.9
More than 500 3 22.6
Total 44
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Table 6. Problems of measurement agency system (multiple responses)

Contents Number of responses Ratio (%)
Low measurement fee 36 25.1
Reliability of measurement analysis results 10 7.0
Working Conditions of Employees 27 18.9
Government policy that does not reflect field 31 21.7
Requirements for registration of measurement agents 9 6.3
Appropriate of process test method 13 9.1
Unreasonable demand at the emisession establishments 12 8.4
Etc. 5 35
Total 143 100
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Technical personnel registration requirement IEEEEEEEEEEEEEE—————
Request analysis with low fee I
Request to modify measurement analysis data
Requires re-measurement for free IEEEEEGEGEGEEEEEEEEE————
Procedures and methods of legal education IEEEE———
Non-coordination of discharge site during sampling EEEEE——————

Measure time of indoor air quality IEG—
0.0% 5.0% 10.0% 15.0% 20.0% 25.0%

Fig. 2. Problems of measurement agency system - other opinions.

Table 7. Calculating standard for experimental analysis time

Process Calculation Criteria Remarks
. Equipment setting, sampling, withdrawal time (Based on the Process Test
Sampling
Method)
Pretreatment  Based on the Process Test Method Minute unit survey
Analysis time  Reagent preparation, standard solution preparation, instrument analysis by item

Create analytical Results output, record daily repoty, review and confirmation of input results,
reports test writing time




& Qeoz setEgn ARES] A7} o177} Aol
AN 2] Tt e Age] WARS 3 @ BAIevh 2R SEEs) vEne A}
ofalsict. 27 b Zlolh, BAEYo] S50 1S AT
O AHe) BN AP B AR Ao o Al tlal B89 Ao Brkshe Ae B
R BARA] P5E GBS ATsle] WA B elsht el B pAIRE JEe Bl

of FH] B Aol BZEE 497 ek Ao Wzt EAD.
@ gHle] BAEE, B A offol] wet 24

Table 8. The time required for the sampling and analysis for each analysis items in atmosphere area

Sampling time (min) Analysis time (min)
Fild Item Analysis method Standard Standard Other 8
Average . Average ... Resources
Deviation Deviation ..
(Difference)
. Precipitation 33.10
Sulfur oxides (SOx) itration method 48.2 25.87 375 24.17 (4.40)
Ammonia (NH3) Indianphenol method 34.0 21.85 61.2 2541 ég(l)g)
Sulfur dioxide (SO,)  Absorption photometry  60.0 35.18 44.7 23.81 ég;g)
Hydrogen sulfide (H,S) Absorption photometry 28.0 11.66 51.2 18.75 (:ig(l)g)
. Non-dispersive 14.10
Carbon monoxide (CO) infrared analysis 32.1 25.73 26.0 18.28 (11.90)
UV/VIS Spetrometry- 39.10
Nitrogen oxide (NOx) Naphtyl Ethylene 42.3 31.80 53.3 31.11 (21'23)
Diamine ’
Semi-Automatic 104.10
Dust Method 65.9 28.09 97.9 87.26 (6.16)
. High volume 64.10
Scattering dust air sampler 170.0 152.64 313 2.17 (-32.85)
Smoke Ringelmann chart 16.4 8.75 15.0 5.00 (1 40;0(;
Atmos- . . .
. Atomic absorption 56.10
phere Cadmium (Cd) photometry 57.7 22.24 78.1 67.40 22.03)
Atomic absorption 56.10
Lead( Pb) photometry 57.7 2224 74.4 64.59 (18.34)
Atomic absorption 56.10
Chrome (Cr) photometry 60.8 19.40 75.3 66.37 (19.19)
Atomic absorption 56.10
Copper (Cu) photometry 60.7 18.69 80.0 67.14 (23.90)
. . Atomic absorption 56.10
Nickel (Ni) photometry 60.8 19.40 75.3 66.37 (19.19)
. Atomic absorption 56.10
Zinc (Zn) photometry 60.8 19.40 744 64.59 (18.34)
. Absorption 30.10
Hydrogen fluoride (HF) photometry 48.9 9.94 60.3 26.70 (30.19)
Flame Ionization 24.10
THC Detector 30.6 12.59 49.0 15.62 (24.90)
Chlorine (Cl) Ortho Toulidine Method 12.3 7.50 29.1 16.76 (3;13%
Hydrogen chloride Mercury Thiocyanate 98.4 12.68 386 14.70 33.10

HCD UV/VIS Spectrometry ’ (5.51)
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Table 8. The time required for the sampling and analysis for each analysis items in atmosphere area (Continued)

Sampling time (min)

Analysis time (min)

Fild Item Analysis method Standard Standard Other 8)
Average .. Average ... Resources
Deviation Dewviation ...
(Difference)
Hydrogen cyanide Pyridine Pyrazolone 52.10
(HCN) Method 30.0 19.36 38.1 17.04 (-13.98)
High Performance Liquid 21.60
HCHO Chromatography 42.2 26.99 50.0 31.01 (28.40)
Bromine (Br) Absorption photometry 28.0 11.08 36.7 21.81 ?420670)
Methylethylketone 58.10
Benzene (CgHg) method 20.7 13.02 70.0 58.05 (11.90)
Atmos- . . 35.60
phere phenolic compounds  Absorption photometry  30.8 14.41 45.0 20.00 9.40)
Arsenic (As) Absorption photometr 58.7 32.63 87.1 59.39 231.10
rpuon p v : : : : (-14.404)
Atomic absorption 256.60
Mercury (Hg) photometry 60.0 34.82 79.4 53.67 (177.23)
Vinyl chloride (VC) Gas Chromatography 15.6 7.68 110.0 97.34 (jéég)
Dichloromethane Gas chromatograph 94.10
(CH,CL,) method 18.8 7.63 104.5 83.49 (10.45)

Table 9. The time required for the sampling and analysis for each analysis items in water quality area

Sampling time (min)

Analysis time (min)

Fild Item Analysis method Standard Standard Other 9
Average .. Average . .. Resources
Deviation Deviation ...
(Difference)
H Glass electrode 32.8 9.01 6.5 231 5.00
P . . . . (154)
. 3.50
Temoerature Direct measurement 26.9 13.79 9.1 7.33 (5.59)
12.50
DO Electrode Method 319 7.73 20.8 14.66 8.27)
.. . 10.50
Chromaticity Permeability method 33.3 6.24 28.7 20.61 (18.17)
Sodium azide conversion 45.50
BOD method 34.8 9.55 6,056.7 2,556.62 6,011.17)
COD ermanganate method 34.3 8.98 50.4 25.62 28.00
Water permang ‘ : ' : (22.39)
quality potassium dichromate 29.00
CODcr method 375 6.37 90.5 66.95 (61.50)
9.00
SS GF/C method 343 8.98 116.4 74.57 (107.42)
. 47.00
Cyanogen(CN) Absorption photometry — 37.3 6.55 70.0 35.31 23.00)
. 31.00
Phenol Absorption photometry 35.3 8.31 49.2 29.92 (18.21)
. . 29.00
Fluorine(F) Absorption photometry 37.3 6.55 76.7 35.90 47.67)
. Atomic absorption 50.50
Arsenic(As) photometry 35.8 6.40 66.7 34.40 16.21)
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Table 9. The time required for the sampling and analysis for each analysis items in water quality area (Continued)

Sampling time (min)

Analysis time (min)

Fild Item Analysis method Standard Standard Other 8
Average .. Average . . Resources
Deviation Deviation ..
(Difference)
Atomic absorption 40.00
Mercury(Hg) photometry 35.8 6.40 53.7 33.43 (13.67)
Gas chromatograph 97.00
Alkylmercury method 40.0 12.25 130.0 86.02 (33.00)
. Gas chromatograph 89.00
Organic phosphorus method 37.1 10.30 186.4 152.94 (97.43)
. 49.50
PO,-P Absorption photometry 33.7 8.26 48.7 33.14 0.81)
T-P Absorption photomet 33.3 8.98 53.7 50.59 13.00
- rption p v : : : : (40.65)
Gas chromatograph 13.00
DTP method 35.0 7.07 61.4 65.86 (48.40)
Gas chromatograph 112.00
PCB method 371 10.30 2553  182.68 (143.29)
Gas chromatograph 108.00
TCE method 375 9.68 161.6  128.60 (53.63)
Gas chromatograph 108.00
PCE method 375 9.68 161.6  128.60 (53.63)
Atomic absorption 32.00
6+
Cr photometry 39.3 8.34 56.7 51.85 ©24.71)
. Atomic absorption 41.00
Cadmium(Cd) photometry 39.3 8.34 69.9 66.39 28.94)
Atomic absorption 41.00
Water Lead(Pb) photometry 39.3 8.34 69.9 66.39 28.94)
quality Atomic absorption 41.00
Copper(Cu) photometry 39.3 8.34 69.9 66.39 28.94)
. Atomic absorption 41.00
Zinc(Zn) photometry 39.3 8.34 69.9 66.39 (28.94)
Atomic absorption 41.00
Iron(Fe) photometry 393 8.34 69.9 66.39 28.94)
Atomic absorption 41.00
Manganese(Mn) photometry 39.3 8.63 69.9 66.39 (28.94)
.. Atomic absorption 41.00
Aluminium(Al) photometry 38.6 9.90 94.9 92.42 (53.86)
. 32.50
n-hexane Weight method 37.3 6.55 160.7 114.60 (128.17)
n-hexane (Photocellulose, . 51.50
Plants and animals) Weight method 373 6.55 179.2  168.91 (127.74)
Chlorine ion(Cl) Titration(silver nitrate) 37.3 6.55 254 6.40 I(Zgg)
Absorption photometry 36.50
NHy-N (Indianphenol method) 340 8.00 53.0 21.60 (16.50)
Cyanogen(CN) Absorption photometry — 37.3 6.55 70.0 35.31 ?275;0000)
. 31.00
Phenol Absorption photometry  35.3 8.31 49.2 29.92 (18.21)
. . 29.00
Fluorine(F) Absorption photometry  37.3 6.55 76.7 35.90

(47.67)
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Table 9. The time required for the sampling and analysis for each analysis items in water quality area (Continued)

Sampling time (min) Analysis time (min)

Fild Item Analysis method Standard Standard Other 8
Average .. Average . . Resources
Deviation Deviation ..
(Difference)
. Atomic absorption 50.50
Arsenic(As) photometry 35.8 6.40 66.7 34.40 16.21)
Atomic absorption 40.00
Mercury(Hg) photometry 35.8 6.40 53.7 33.43 (13.67)
Gas chromatograph 97.00
Alkylmercury method 40.0 12.25 130.0 86.02 (33.00)
. Gas chromatograph 89.00
Organic phosphorus method 37.1 10.30 186.4 152.94 (97.43)
. 49.50
PO,-P Absorption photometry — 33.7 8.26 48.7 33.14 0.81)
T-P Absorption photomet: 33.3 8.98 53.7 50.59 13.00
- rphon p vy : ' : : (40.65)
Gas chromatograph 13.00
DTP method 35.0 7.07 61.4 65.86 (48.40)
Gas chromatograph 112.00
PCB method 37.1 10.30 2553  182.68 (143.29)
Gas chromatograph 108.00
TCE method 375 9.68 161.6  128.60 (53.63)
Gas chromatograph 108.00
PCE method 375 9.68 161.6  128.60 (53.63)
Atomic absorption 32.00
6+
Cr photometry 39.3 8.34 56.7 51.85 ©4.71)
. Atomic absorption 41.00
Water Cadmium(Cd) photometry 39.3 8.34 69.9 66.39 28.94)
quality Atomic absorption 41.00
Lead(Pb) photometry 39.3 8.34 69.9 66.39 28.94)
Atomic absorption 41.00
Copper(Cu) photometry 39.3 8.34 69.9 66.39 28.94)
. Atomic absorption 41.00
Zinc(Zn) photometry 39.3 8.34 69.9 66.39 28.94)
Atomic absorption 41.00
Iron(Fe) photometry 39.3 8.34 69.9 66.39 28.94)
Atomic absorption 41.00
Manganese(Mn) photometry 39.3 8.63 69.9 66.39 (28.94)
.. Atomic absorption 41.00
Aluminium(Al) photometry 38.6 9.90 94.9 92.42 (53.86)
n-hexane Weight method 37.3 6.55 160.7 114.60 32.50
& : : : : (128.17)
n-hexane (Photocellulose, . 51.50
Plants and animals) Weight method 373 6.55 179.2  168.91 (127.74)
Chlorine ion(Cl") Titration(silver nitrate) 373 6.55 254 6.40 l(ggg)
Absorption photometry 36.50
NHy-N (Indianphenol method) 340 8.00 53.0 27.60 (16.50)
Absorption photometry 14.50
NO,-N (diazotization) 34.3 8.21 54.4 38.62 (39.85)
Absorption 20.50
NOyN photometry(brucine) 343 821 516 28.24 (3L.11)
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Table 9. The time required for the sampling and analysis for each analysis items in water quality area (Continued)

Sampling time (min) Analysis time (min)

Fild Item Analysis method Standard Standard Other 8
Average .. Average . . Resources
Deviation Deviation ...
(Difference)
T-N Absorption photometr 34.2 9.32 445 31.91 13.00
rphon p v ' ' ' : (31.54)
. 13.00
DTN Absorption photometry  35.7 7.28 52.7 37.29 (39.67)
. Atomic absorption 19.00
Selenium(Se) photometry 38.8 9.27 81.6 65.33 (62.56)
ABS Absorption photometry — 37.3 6.55 69.4 54.99 39.00
(30.39)
. .. Electrical conduction 15.00
electric conductivity method 35.5 7.82 12.5 8.77 (:2.53)
Chl-a Absorption photometr 35.0 5.00 38.7 16.92 10.20
rphon p v : : : ' (28.47)
25.00
test tube 30.7 7.76 1,012.3 1,033.58 (987.33)
Total coliform group membrane filtration 325 4.33 1,209.0 983.51
17.00
plate colony 353 8.65 1,089.7 884.53 (1,072.67)
Inductively Coupled 48.50
Strontium(Sr) Plasma Atomic Emission 38.3 10.67 137.5 102.56 (89' 00)
Spectroscopy ’
ecotoxicit; Use water flea 38.0 11.66 1,460.0 797.25 45.50
y : : P : (1,414.50)
flavor Organic functions test 38.3 10.67 16.7 9.43 8.50
Water g ’ ’ ’ ’ 8.17)
quality smell Organic functions test 36.3 9.92 28.3 22.67 12.50
(15.83)
o 13.00
Turbidity Nephelometry 36.0 9.17 18.6 16.39 (5.64)
. . 44.00
Sulfate ion Titration, 38.6 9.90 85.7 68.84 41.71)
.. Gas chromatograph 86.00
Diazinon method 38.3 10.67 1425  129.69 (56.50)
. Gas chromatograph 86.00
Parathion method 383 10.67 180.0  129.61 (94.00)
. Gas chromatograph 86.00
Malathion method 383 10.67 80.0 28.28 6.00)
. Gas chromatograph 108.50
1.1.1.-Trichloroethane method 38.3 10.67 165.5 126.46 (57.00)
. Gas chromatograph 108.50
1.2-Dichloroethane method 38.3 10.67 146.1 126.31 (37.64)
Gas chromatograph 108.50
Chloroform method 38.3 10.67 146.1  126.31 (37.64)
. Gas chromatograph 63.50
1.4-Dioxane] method 38.0 11.66 326.1  471.75 (262.64)
Di-EthylHexyl Phthalate  Gas chromatograph 74.00
(DEHP) method 38.0 11.66 201.7  249.69 (127.67)
Gas chromatograph 108.50
CCl, method 38.0 11.66 2404  230.33 (131.93)
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Table 9. The time required for the sampling and analysis for each analysis items in water quality area (Continued)
Sampling time (min) Analysis time (min)
Fild Item Analysis method Standard Standard Other )
Average .. Average . . Resources
Deviation Deviation ..
(Difference)
. Gas chromatograph 108.50
Dichloromethane method 38.0 11.66 2404  230.33 (131.93)
Gas chromatograph 108.50
Benzene method 38.0 11.66 2705  235.71 (162.00)
Inductively Coupled 50.00
antimony Plasma Atomic Emission ~ 38.0 11.66 2575  279.85 ;
(207.50)
Spectroscopy
Gneral bacteria Pour plate method 36.7 11.06 1,105.0 970.32 33.00
P : ' A : (1,072.00)
. 32.00
Fecal Coliforms Membrane filtration 36.7 11.06 1,038.0 585.30 (1,006.00)
Gas chromatograph 108.50
Toluene method 38.0 11.66 441.9 460.13 (333.36)
Gas chromatograph 108.50
Ethylbenzene method 38.0 11.66 4419  460.13 (333.36)
Gas chromatograph 108.50
Xylene method 38.0 11.66 4419  460.13 (333.36)
. Gas chromatograph 108.50
1.1-dichloroethylene method 38.0 11.66 4419  460.13 (333.36)
1.2-dibromobutane-3- Gas chromatograph 108.50
Water chloropropane method 380 11.66 5340 507.84 (425.50)
quality . . Gas chromatograph 108.50
Vinyl chloride method 38.0 11.66 505.5 467.60 (397.00)
_ Gas chromatograph 108.50
Acrylonitrile method 38.0 11.66 505.5  467.60 (397.00)
Hardness Hardness method 36.7 9.43 38.8 16.91 28.00
(10.75)
Permanganate potassium Titration 37.1 1030 328 1988 oL
consumption (1.78)
. . 9.00
Evaporation residue Weight method 36.7 9.43 165.5  221.50 (156.45)
Bromoform Mass spectrometry 38.0 11.66 505.5 467.60 -
High Temperature 50.00
TOC Combustion Method 38.0 11.66 230.0  256.28 (180.00)
.. o 30.00
Alkalinity Titration 37.1 10.30 120.0 227.38 (90.00)
Inductively Coupled 48.00
Barium Plasma Atomic Emission ~ 38.3 10.67 1943  231.88 )
(146.29)
Spectroscopy
Bromate(Bro™) Ion Chromatography 375 12.99 195.0 45.00 -
Flow rate survey(small . 44.00
river) Velocity Area Method 45.0 15.00 750.0  690.00 (706.00)
34. BEEY 712008 15T 12 YR MY WP A el
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Table 10. The time required for the sampling and analysis for each analysis items in indoor air quality area

Sampling time (min)

Analysis time (min)

Fild Item Analysis method Standard Standard Other 9
Average .. Average ... Resources
Deviation Deviation ..
(Difference)
. . . 47.70
Fine dust (PM;,) gravimetric method 360.0 0.00 20.0 9.26 (:27.70)
.. non-dispersive infrared 27.70
Carbon dioxide (CO,) spectrometer 63.3 9.43 7.5 2.50 (:20.20)
2,4-DNPH cartridge
HCHO-Newly and high performance  60.0 0.00 714 5167 M0
built housing .. (-44.27)
liquid chromatograph
HCHO-Multi-use 2" PNPH cartridge 97.70
facilit and high performance 60.0 0.00 714 51.67 (26.27)
y liquid chromatograph ’
Total floating bacteria Crach method 52.9 22.19 30.0 0.00 (17777%)
Carbon monoxide (COy Pon-dispersive infrared 5 943 14450 143500 2070
Ind spectrometer (1,417.30)
i nitrogen dioxide (N0, Chemiluminescence o, o 943 14450 143500 2770
quality s 2 method : : AU SERTY T (1,417.30)
sorbent tube and gas
le ?lfshljl‘l’;';y chromatograph using  60.0 000 2600 101.98 (19654570(;
g MS/FID '
sorbent tube and gas 154.70
VOCs-Multi-use facility — chromatograph using 60.0 0.00 260.0 101.98 (105'30)
MS/FID ’
Asbestos phase contrast 75.0 1500 700 2236 070
microscope (-7.70)
. 27.70
ozone Ultraviolet photometer 63.3 9.43 43.3 23.57 (15.63)
Radon (Short-term Contmuogs radon 3,040.0 45255 475 2165 30.00
measurement) monitor (17.50)
Radon (Long-term Contmuogs radon 96,7200 5L717.63  60.0 0.00 80.00
measurement) monitor (-20.00)
Prepare Sampling1 Sampling2 Numberof
measurement
‘Eg-:iifl- . F vent
19rw(2|=eopb) el = e ek ambe
Travdtime L{’vﬁﬁ Traveltime <
- - ‘Lﬁ/j sampledin
One set of devices one day
Fig. 3. How to calculate the workload based on site investigation.
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Table 11. Assumption conditions
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Table 12. The formula for calculating the possible amount of sampling for 1 group per day

480min - [O(min) + 3] 7Hmin)]

1L AENH s =

480min : 1¥ ¢ F A1 7H8h)
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Table 13. Estimation for the possible amount of daily sampling under the conditions

Number of measurement vent

Consumption that can be sampled in one day
Formula Result
Travel time between 480“.1111 _ [97.1(m1.n)] N}lmber B Extra
workplace (15 min) [15(min) + 97.1(min)l/ + first Spot + (1 workplace) 54
Condition workplace (1 workplace)
Travel time between 480“.1111 - [97.1(m1.n)] Nymber of Extra
workplace (30 min) [30(min) + 97.1(min)}/ + first spot * (1 workplace) 50
workplace (1 workplace)
Travel time between 480min - [60(min) + Number of
Condition  workplace (15 min), 15(min) + 97.1(min)] . Extra
. - - + first spot + 4.7
2 Travel time of longest [15(min) + 97.1(min)}/ (1 workplace)
. . (1 workplace)
distance (60 min) = workplace
. 480min - [60(min) +
Travel time between mim ! (mm). Number of
. 60(min) + 97.1(min)] . Extra
workplace(15min), 5 9710 + first spot + (1 workplace) 43
Short distance(120min) (15(min) + 97.1(min)] (1 workplace) P
workplace
Travel time between 480min - [90(min) + Number of
Condition  workplace (15 min), 90(min) + 97.1(min)] . Extra
. . - - + first spot + 3.8
3 Medium distance [15(min) + 97.1(min))/ (1 workplace)
. (1 workplace)
(180 min) workplace
Travel time between 480min - [120(min) + Number of
workplace (15 min), 120(min) + 97.1(min)] + st spot 4+ Extra 33
Long distance [15(min) + 97.1(min))/ D (1 workplace) ’

(240 min)

workplace (1 workplace)
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