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Table 1 Specifications and performance of a portable
open-path type methane analyzer tested

Wavelength-modulation spectroscopy
for infrared absorption

InGaAsP distributed-feedback laser
1653.7

Response time (s) 0.1

Weight (kg)

Nickel-metal hydrate
battery (V)

Detection principle

Light source

Wavelength (nm)

Retroreflector

Excavating
point

4
12

i Aerovane

Excavator with
hoe equipment

Portable open-path
type CH, analyzer

Fig.1 Schematic of the proposed monitoring method
for hazardous gas based on methane at an
excavating point in a landfill or illegal dumping
site, using a portable open-path type methane
analyzer and a retroreflector
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Fig. 2 Schematic of the sampling method for landfill gas
in landfill sites

Table 2 Outlines of landfill sites tested

Category of landfill site  Site name Category of main landfilled waste Elapsed year* (y) Type of landfill site

A All domestic waste 15 Open
B All domestic waste 0**-5 Open
C All domestic waste 1-10 Open
o D All domestic waste 0.5 Open
;‘j;izg:i;gz E Ash and incombustible waste 10 Open
F Ash and incombustible waste 15 Open

G Residue of crushed incombustible and large size wastes 0 Closed system

H Residue of crushed incombustible and large size wastes 0 Closed system

I Residue of crushed incombustible and large size wastes 0 Closed system
Landfill site for J All industrial waste 10 Open

industrial waste

*: Elapsed year after landfill had stopped **: Under landfilling
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Table 3 Results of gas concentration in landfill and illegal-dumping sites by literature search

Type of site Site name

Category of main landfilled waste

Concentration range reported

CH, (%) CO; (%) H.S (ppm)
KW Domestic waste 35-57 25-37 2-3
o L Domestic waste, Ash 18.2-59.4 14.9- 375 0.24-52.2
é‘j;ifsﬂtlifl;eaig M Domestic waste, Ash 14-59 — 0.4-150
N@ Domestic waste, Ash 56-66 — 5-87
o Domestic waste, Ash 24-66 — 7-120
p® Various industrial waste 19-85 0.8-7.8 0.1-100
Landfill site for QY Various industrial waste 1.0-12 1.0-15 0.005-0.05
industrial waste R Various industrial waste 0.6-62 0.2-27 0.3-54
S Various industrial waste 10-57 13-32 60-1190
T Various waste 0.3-75 0-19 0.1-1200
llegal dumping site uw Various waste with sulfate pitch 33-95 — 10-32000
Vo Various waste with gypsum 0.05-78 — 0-22000
W Various waste 2.2-46 9.5-19 1.2-6400
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Table 4 Results of measured gas concentration in 10 landfill sites tested

Type of Site Elapsed Concentration range measured
site name years(y)* CH.4 (%) CO: (%) 0:(%)  H.S(ppm) Benzene (ppm) Toluene (ppm) NH;(ppm)
A 15 16.2-27.8 85-12.5 12.1-13.9 0.1-0.5 ND ND ND
5 2.1-155 09-11.8 16.7-18.9 0.2-0.8 ND-0.7 2-8 ND
B 2 34.8-57.7 23.3-35.2 0.1-13.6 12.0-27.0 0.2-2.0 2-4 ND
0™ 45.7-57.3 31-38.6 0.2-4.7 25-130 0.2-26 25-60 1-3
c 1 18.5-44.0 10.9-32.3 5.2-12.6 2.0-20.0 ND-2.0 4-5 ND
Landfill site 10 0.19-7.99 0.012-0.3 19.6-20.1 ND ND-5.0 ND ND
for deomestic 5 14-28 0.33-2.0 19.9-20.1 ND ND ND 8-50
waste E 10 0.062-5.4 00645 95202 ND ND ND ND
F 2 0.76-3.77 0.42-3.07 12.4-20.3 ND-0.1 ND ND ND
G 0™ 0.0050-0.031 0.05-0.8 19.4-20.1 ND ND ND ND
H 0™ 0.00023-0.00091  0.05-0.5 20.1-20.5 ND ND ND ND
I 0™ 0.00023-0.00142  0.055-0.3 19.6-20.6 ND ND ND ND
Landfill site

for industrial ] 10 0.0094-2.2 0.05-0.37  19.3-20.1 ND ND ND ND

waste

*: Elapsed year after landfill had stopped **: Under landfilling ND : Not detectable
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industrial waste



6 ] Ao oW M-A Fo— KB OB B =
glianggll% site% ﬁll:aanggﬂ s@te[\{/ - N Wind direction 6
an site n site |
= % W AUA\JI\A /\[\v WAVAN\\J/\V m\'\\/AWAVAWUAAVAAj‘AI\‘ 4 E’
jasi = 3
9 - 'bUh‘U< ‘W VW, Mo E
2 2 PN e 22
:ﬁ S d speed W §
.2 E P 0
S 0 5 10
S Time (min)
§ 600
54 Excavation Excavation
g
o = 400 |
=
=
CHs (%) T 200 f

Fig.5 Relationship between CH. concentration and
concentration ratio (H.S/CH,) in illegal dump-
ing sites

B AT 5 2 B BIRALKE D A & R
i, Fig 4 1RT &£ )12 P, Q R #LSHTIE, —i
BEFEM AN O LR IFFARETH o 7275, S ik
WG B TIIRREEL o720 ZD70, FEEEEHY
TR TORALKED A & VR, ek 1072 42
JETh o7,

—7J7, NEHFIY;CIE S BN A Ot bk
DAY VEEIIE, Fig 5 lI2m$ & 12, —fkBEI DL
R0 BESEBE R LAYy L I NT, AR E L &
ol MYy FRABR- FEOMES 4 &
BEEM A AFERE I N TV S U, V AREHRERY T,
WAL KT D A &7 VIEEIEFICE {, RAR 10 BRET
Holo

Do R LY, AP - HA IR B0 & 58
THMEI T ATDEET AFAY Y e ETHIE, B
EOPBEEINDIBEN AL LTHER SN0 mKE
ThLHENSE NI &, fbKFEDO R ViEEIIERK
W' RETHLZEDbRY, KETRAY VIRELFHR
Hll 77 A H DA T A OTEAERY 7 fee bl % e 4 C RPN 5
HEZY ) Y TIREIC R A T EDRET. B, B
Lo TE, HHIA AERALKRRUSN DB ET A D E F
NLGEDHDDT, TOREEFTAREEL, 25 VI
X3 B L O R K Z LIRS 2 LWEND S,

3.2 XA EBIBEELEBEHXBEE=2YIF
BOB IS EATTRE M Di%ET
IAEHRFEBS IS BT, EE IV CORERED O
THI & BEHI P O X A 1 R L 7 BRI, SR
TAZIREI R 2 58 Tm BN M T, A8 VRE LR
MEEZE=% 1 » 5 L7-fl% Fig.6 & Fig. 7 125§

0 5 10
Time (min)

Fig.6 Examples of CH, concentration change and wind
change at a reclamation site near an excavation
point
(X=10m, X,=1m, Y=05m, Co=4.5 ppm)

w

= =z
8 w AN A A r Wind,direction é
3 W YW W 2 2
5 3 AAA . a 8
2 \ /v\r\Wind speed ¥ vV 1 o
g NS =}

E \\/J 8
= =

. P . . 0
0 5 10
Time (min)
150
Excavation Excavation Excavation

z 100 F
2,
g
=
5 sot

0 N

0 5 10
Time (min)

Fig. 7 Examples of CH4 concentration change and wind
change at a reclamation site located 7 m from an
excavation point
(X=10m, Y=7m, Co=4.5ppm)
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Abstract

We propose a convenient method for monitoring hazardous gas based on the determination of ppm-level
concentrations of CH, in ambient air. The proposed method can be applied during the excavation of landfill or
dumped waste at reclamation sites, and we investigated its usability in an actual field. A portable open-path
type analyzer and a retroreflector were used to determine the CH4 concentration.

The hazardous gas in landfill gas emitted from final disposal and illegal-dumping sites always contains
CH, and H.S occurring together, with the latter considered to be the main hazardous component. The maxi-
mum concentration ratio (H.S/CH,) at final disposal and illegal-dumping sites was expected to be about
107", This study showed clearly that the ambient CH4 concentration could be useful as an indicator for the
monitoring of hazardous gas for the evaluation of potential danger.

It was also shown that the proposed method could be useful for monitoring as a safety control at a
reclamation site. This method works by comparing the measured ppm concentration levels of CHy with a
management value that is decided by considering the maximum concentration ratio (of the hazardous gas
that was most harmful at the site, such as H.S/CH,), its acceptable concentration and a safety ratio.

Key words : methane, open path analyzer, landfill site, hazardous gas, hydrogen sulfide



