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Table 1
Sample collection protocols

Bridgeton Landfill

Analyte group Sample location Analytical method Collection method Sample duration and flow rate Link to methodology

Source and under 
FML(1)

EPA(3) TO‐15 1 Liter Summa canisters
<30 sec, <30 sec total evacuation time by 
regulator

http://www.cdc.gov/niosh/docs/2003‐
154/pdfs/2549.pdf

Ambient(2) on landfill 
and off landfill

EPA TO‐15 6 Liter Summa canisters
240 min, 240 minute total evacuation 
time by regulator

http://www.epa.gov/ttnamti1/files/ambient/airtox/to‐
15r.pdf

Source and under 
FML ASTM(4) D5504

1 liter Tedlar(5) bag, 
partial fill

Low flow sampling pump; max. 10‐15 min 
@ 0.050 lpm(6) http://www.astm.org/Standards/D5504.htm

Ambient on landfill 
and off landfill

ASTM D5504
20 liter Tedlar bag, 
partial fill

Low flow sampling pump; 240 min @ 

0.050 lpm
http://www.caslab.com/Forms‐
Downloads/Flyers/REDUCED_SULFUR_BROCHURE.pdf

Source and under 
FML

Columbia Analytical AQL 
Method 102

Treated silica gel 
sorbent tube

Low flow sampling pump; max. 15 min @ 

1.0 lpm

Ambient on landfill 
and off landfill

Columbia Analytical AQL 
Method 102

Treated silica gel 
sorbent tube

Low flow sampling pump; 240 min @ 0.40 
lpm

Source and under 
FML

Columbia Analytical AQL 
Method 101

Specially treated 
sorbent tube

Low flow sampling pump; max. 15 min @ 

1.0 lpm

Ambient on landfill 
and off landfill

Columbia Analytical AQL 
Method 101

Specially treated 
sorbent tube

Low flow sampling pump; 240 min @ 0.40 
lpm

Source and under 
FML OSHA(7) ID‐188 Carbon beads

Low flow sampling pump; max. 15 min @ 

0.50 lpm

Ambient on landfill 
and off landfill

OSHA ID‐188 Carbon beads
Low flow sampling pump; 240 min @ 0.50 
lpm

Source and under 
FML

EPA TO‐11A 2,4‐DNPH(8) coated 
sorbent tube

Low flow sampling pump; max. 30 min @ 

1.2 lpm

Ambient on landfill 
and off landfill

EPA TO‐11A
2,4‐DNPH coated 
sorbent tube

Low flow sampling pump; 240 min @ 1.2 
lpm

Source and under 
FML

EPA TO‐9
High volume sample, 
PUF(9) sorbent

High volume pump; 24 hours @ >200 LPM

Ambient on landfill 
and off landfill

EPA TO‐9
High volume sample, 
PUF sorbent

High volume pump; 24 hours @ >200 LPM

Source and under 
FML

EPA TO‐13A
High volume sample, 
PUF sorbent

High volume pump; 24 hours @ >200 LPM

Ambient on landfill 
and off landfill

EPA TO‐13A
High volume sample, 
PUF sorbent

High volume pump; 24 hours @ >200 LPM

Volatile organic 
compounds

Reduced sulfur 
compounds

Carboxylic acids
http://www.caslab.com/Forms‐
Downloads/Flyers/CARBOXYLIC_SAMPLING_FLYER.pdf

Amines
http://www.caslab.com/Forms‐
Downloads/Flyers/AMINES_METHOD_101_FLYER.pdf

Ammonia
http://www.osha.gov/dts/sltc/methods/inorganic/id188
/id188.html

Aldehydes
http://www.epa.gov/ttnamti1/files/ambient/airtox/to‐
11ar.pdf

Dioxins and furans
http://www.epa.gov/ttnamti1/files/ambient/airtox/to‐
9arr.pdf

Polynuclear 
aromatic 
hydrocarbons

http://www.epa.gov/ttnamti1/files/ambient/airtox/to‐
13arr.pdf
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Table 1
Sample collection protocols

Bridgeton Landfill

Analyte group Sample location Analytical method Collection method Sample duration and flow rate Link to methodology

Source and under 
FML NIOSH(10) 6010 Soda lime sorbent tube

Low flow sampling pump; max. 15 min @ 

0.05 lpm

Ambient on landfill 
and off landfill

NIOSH 6010 Soda lime sorbent tube
Low flow sampling pump; 240 min @ 0.04 
lpm

Source and under 
FML

NIOSH 6009 Anasorb sorbent tube
Low flow sampling pump; max. 30 min @ 

0.20 lpm

Ambient on landfill 
and off landfill

NIOSH 6009 Anasorb sorbent tube
Low flow sampling pump; 240 min @ 0.20 
lpm

Source and under 
FML

EPA Method 3C
1 liter Tedlar bag, 
partial fill

Low flow sampling pump; max. 10‐15 min 
@ 0.050 lpm

Ambient on landfill 
and off landfill

EPA Method 3C
20 liter Tedlar bag, 
partial fill

Low flow sampling pump; 240 min @ 

0.050 lpm

Footnotes

1)  FML ‐ flexible membrane liner covering specific areas of the surface of the landfill

2)  Ambient ‐ ambient air samples are collected in open air, as opposed to from sources such as under the FML

3)  EPA ‐ U.S. Environmental Protection Agency

4)  ASTM ‐ American Society for Testing Materials

5)  Tedlar ‐ trademarked flexible material used for sample collection bags;  impervious to small molecular weight gases and vapors for known periods of time (holding times)

6)  LPM ‐ liters per minute

7)  OSHA ‐ U.S. Occupational Safety and Health Administration

8)  2,4‐DNPH ‐ 2,4‐dinitrophenylhydrazine

9)  PUF ‐ polyurethane foam

10) NIOSH ‐ U.S. National Institute of Occupational Safety and Health

Fixed gases 
(hydrogen, 
methane, carbon 
monoxide, carbon 
dioxide)

http://www.epa.gov/ttn/emc/promgate/m‐03c.pdf

Hydrogen cyanide
http://www.cdc.gov/niosh/docs/2003‐
154/pdfs/6010.pdf

Mercury 
compounds

http://www.cdc.gov/niosh/docs/2003‐
154/pdfs/6009.pdf
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Table 2
Summary of analytical results for all compounds detected under the FML(1)

Bridgeton Landfill

Stantec MDNR (3) Stantec MDNR Stantec MDNR

Volatile Organic Compounds

Propene 27,000 22,546 95,000 168,919 37,000 74,332

Chloromethane ND(4) ND 2,700

1,3‐Butadiene 590 ND ND

Chloroethane ND 5600 ND

Ethanol 99,000 ND ND

Acetone 500,000 672,255 ND 91,455 72,000 124,712

2‐Propanol 60,000 ND ND

2‐Butanone (MEK) 340,000 ND 89,000

Ethyl acetate 4,800 ND ND

n‐Hexane 2,100 ND 2,900

Tetrahydrofuran 170,000 180,816 39,000 ND 70,000 62,828

Benzene 120,000 130,663 620,000 837,007 390,000 450,450

Cyclohexane 1,100 ND ND

1,4‐Dioxane 4,100 ND ND

n‐Heptane 3,200 8,000 3,300

4‐methyl‐2‐pentanone 30,000 20,565 ND ND 16,000 16,181

Toluene 43,000 44,845 100,000 128,129 48,000 73,109

2‐Hexanone 11,000 ND 3,100

n‐Butyl acetate 12,000 ND ND

n‐Octane 9,500 17,000 13,000

Chlorobenzene 3,000 ND ND

Ethylbenzene 27,000 38,700 32,000 42,942 22,000 29,699

Compounds/analytes

Concentrations in µg/m 3(2)

Amphitheater Second Tier East Face
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Table 2
Summary of analytical results for all compounds detected under the FML(1)

Bridgeton Landfill

Stantec MDNR (3) Stantec MDNR Stantec MDNR
Compounds/analytes

Concentrations in µg/m 3(2)

Amphitheater Second Tier East Face

m,p‐Xylenes 57,000 39,511 37,000 31,566 40,000 34,475

0‐Xylene 20,000 13,460 12,000 18,106 16,000 24,836

Styrene 1,200 ND ND

n‐Nonane 16,000 17,000 9,000

Cumene 6,000 5,200 4,300

Alpha‐Pinene 12,000 53,000 16,000

n‐Propylbenzene 3,800 ND 2,200

4‐Ethyltoluene 4,900 ND 2,900

1,3,5‐Trimethylbenzene 6,700 ND 3,500

1,2,4‐Trimethylbenzene 19,000 23,989 ND ND 8,300 19,466

1,4‐Dichlorobenzene 10,000 ND 3,200

d‐Limonene 22,000 22,000 21,000

Naphthalene 510 ND ND

Tentatively Identified 
Compounds

Furan 46,000 120,000 300,000

Dimethyl sulfide 68,000 83,000 280,000

Methyl acetate 44,000 ND ND

2‐Methylfuran 68,000 380,000 240,000

Methyl propionate 45,000 ND ND

1‐Butanol 73,000 ND ND

2‐Pentanone 59,000 ND ND

Methyl butyrate 110,000 ND ND

Dimethyl disulfide 70,000 ND 42,000
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Table 2
Summary of analytical results for all compounds detected under the FML(1)

Bridgeton Landfill

Stantec MDNR (3) Stantec MDNR Stantec MDNR
Compounds/analytes

Concentrations in µg/m 3(2)

Amphitheater Second Tier East Face

2‐Methyl cyclopentanone 51,000 ND ND

Methyl hexanoate 43,000 ND ND

2‐Ethyl cyclopentanone 41,000 ND ND

n‐Decane 40,000 ND ND

p‐Isopropyltoluene 120,000 ND 42,000

n‐Undecane 46,000 ND ND

Dimethyl ether ND 120,000 ND

Isobutene ND 140,000 85,000

n‐Butane ND 41,000 35,000

C4‐H8 Alkene (5.51 RT) ND 83,000 33,000

C4‐H8 Alkene (5.80 RT) ND 90,000 34,000

Isopentene ND 42,000 ND

Cyclopentene ND 41,000 33,000

C6‐H10 Alkene (13.0 RT) ND 110,000 74,000

C10‐H12 Alkene (14.58 RT) ND 92,000 71,000

C10‐H12 Alkene (14.63 RT) ND 110,000 93,000

3‐Methyl‐3‐heptene ND 27,000 29,000

C8‐H14 Alkene (16.96 RT) ND 22,000 ND

C8‐H14 Alkene (16.89 RT) ND ND 31,000

Aldehydes

Formaldehyde ND ND ND

Acetaldehyde 1,200 ND 350

Propionaldehyde 660 ND 140
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Table 2
Summary of analytical results for all compounds detected under the FML(1)

Bridgeton Landfill

Stantec MDNR (3) Stantec MDNR Stantec MDNR
Compounds/analytes

Concentrations in µg/m 3(2)

Amphitheater Second Tier East Face

Butyraldehyde 3,000 ND 1,500

Benzaldehyde 2,300 140 990

Isovaleraldehyde ND 120 ND

Valeraldehyde ND 1,200 ND

o‐Tolualdehyde ND 340 92

2,5‐Dimethyl‐benzaldehyde 720 ND 960

Reduced Sulfur Compounds

Hydrogen sulfide ND 27 ND

Carbonyl sulfide ND 150 150

Methyl mercaptan 490 4,000 260

Ethyl mercaptan 460 130 17

Dimethyl sulfide 240,000 600,000 570,000

Carbon disulfide 190 180 2,300

Isopropyl mercaptan 210 170 ND

t‐Butyl mercaptan 380 29 ND

Ethyl methyl sulfide 12,000 4,000 5,100

Thiophene 11,000 5,000 19,000

Isobutyl mercaptan ND 420 ND

n‐Butyl mercaptan 2,100 710 1,400

Dimethyl disulfide 4,100 20,000 54,000

3‐Methylthiophene 840 330 900

Tetrahydrothiophene ND 210 380

2,5‐Dimethylthiophene ND ND 800
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Table 2
Summary of analytical results for all compounds detected under the FML(1)

Bridgeton Landfill

Stantec MDNR (3) Stantec MDNR Stantec MDNR
Compounds/analytes

Concentrations in µg/m 3(2)

Amphitheater Second Tier East Face

2‐Ethylthiophene ND ND 840

Carboxylic Acids

Acetic Acid 11,000 ND ND

Propionic Acid 13,000 ND 9,200

2‐Methylpropionic Acid 12,000 ND 13,000

Butanoic Acid 56,000 ND 41,000

3‐Methylbutanoic Acid 11,000 ND 9,000

Pentanoic Acid 23,000 ND 3,800

3‐Methylpentanoic Acid 610 ND ND

4‐Methylpentanoic Acid 1,100 ND ND

Hexanoic Acid 53,000 ND 1,200

Heptanoic Acid 2,900 ND ND

2‐Ethylhexanoic Acid 4,800 ND 1,800

Octanoic Acid 690 ND ND

PAHs

Naphthalene 35 7.9 13

Acenaphthene 4.5 0.23 0.22

Fluorene 3.4 0.2 0.18

Phenanthrene 0.21 0.44 0.19

Anthracene 0.19 0.022 0.041

Fluoranthene ND 0.019 0.026

Pyrene ND 0.021 0.016
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Table 2
Summary of analytical results for all compounds detected under the FML(1)

Bridgeton Landfill

Stantec MDNR (3) Stantec MDNR Stantec MDNR
Compounds/analytes

Concentrations in µg/m 3(2)

Amphitheater Second Tier East Face

TCDD TEQ 1.52E‐08 1.03E‐08 3.00E‐08

Footnotes

1)    FML ‐ flexible membrane liner covering specific areas of the surface of the landfill

2)  µg/m3 ‐ micrograms per cubic meter

3)  Missouri Department of Natural Resources

4)  ND ‐ not detected

5)  Refer to Figure 1, Location of Samples, for location descriptions
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Table 3
Polychlorinated dibenzo‐p‐dioxins and dibenzofurans (PCDD/PCDF) detected under the FML(1)

Bridgeton Landfill

ID (2) Sample 
#

Date collected Location/description
2,3,7,8‐TCDD 
(µg/m3)

1,2,3,7,8‐
PeCDD 
(µg/m3)

1,2,3,4,7,8‐
HxCDD 
(µg/m3)

1,2,3,6,7,8‐
HxCDD 
(µg/m3)

1,2,3,7,8,9‐
HxCDD 
(µg/m3)

1,2,3,4,6,7,8‐
HpCDD 
(µg/m3)

OCDD 
(µg/m3)

2,3,7,8‐TCDF 
(µg/m3)

A/U 1425 8/17/2012 Amphitheater, under FML ND(3) ND ND ND 8.74E‐09 8.14E‐08 5.07E‐07 2.34E‐08

B/U 1422 8/17/2012 Second Tier of LF, under FML ND ND ND ND ND 4.58E‐08 1.61E‐07 ND

C/U 1423 8/17/2012 East Face of Landfill, under FML 1.76E‐08 ND ND ND 3.49E‐08 6.11E‐08 ND 1.53E‐08

ID
Sample 

#
Date collected Location/description

2,3,4,7,8‐
PeCDF 
(µg/m3)

1,2,3,4,7,8‐
HxCDF 
)µg/m3)

1,2,3,6,7,8‐
HxCDF 
(µg/m3)

1,2,3,7,8,9‐
HxCDF 
(µg/m3)

2,3,4,6,7,8‐
HxCDF 
(µg/m3)

1,2,3,4,6,7,8‐
HpCDF 
(µg/m3)

1,2,3,4,7,8,9‐
HpCDF 
(µg/m3)

OCDF

A/U 1425 8/17/2012 Amphitheater, under FML 1.41E‐08 3.56E‐08 1.53E‐08 ND ND 1.21E‐07 ND 3.65E‐07

B/U 1422 8/17/2012 Second Tier of LF, under FML 1.22E‐08 3.41E‐08 1.19E‐08 ND ND 9.90E‐08 ND 4.23E‐07

C/U 1423 8/17/2012 East Face of Landfill, under FML ND 2.98E‐08 1.57E‐08 ND ND 1.44E‐07 ND 1.25E‐06

ID
Sample 

#
Date collected Location/description

Total Tetra‐
dioxins

Total Penta‐
dioxins

Total Hexa‐
dioxins

Total Hepta‐
dioxins

Total Tetra‐
furans

Total Penta‐
furans

Total Hexa‐
furans

Total Hepta‐
furans

A/U 1425 8/17/2012 Amphitheater, under FML ND 8.57E‐09 1.93E‐08 8.14E‐08 ND 3.76E‐08 5.66E‐08 1.21E‐07

B/U 1422 8/17/2012 Second Tier of LF, under FML ND ND ND 1.34E‐07 ND 2.94E‐08 6.16E‐08 1.47E‐07

C/U 1423 8/17/2012 East Face of Landfill, under FML ND ND 3.49E‐08 1.22E‐07 2.93E‐08 3.18E‐08 5.87E‐08 ND

Footnotes

1)  FML ‐ flexible membrane liner covering specific areas of the surface of the landfill

2)  ID is common location identifier. Each sample location is assigned a unique letter or combinaton of letters

3)  ND ‐ not detected
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Table 3
Polychlorinated dibenzo‐p‐dioxins and dibenzofurans (PCDD/PCDF) detected under the FML(1)

Bridgeton Landfill

ID (2) Sample 
#

Date collected Location/description

A/U 1425 8/17/2012 Amphitheater, under FML

B/U 1422 8/17/2012 Second Tier of LF, under FML

C/U 1423 8/17/2012 East Face of Landfill, under FML

ID
Sample 

#
Date collected Location/description

A/U 1425 8/17/2012 Amphitheater, under FML

B/U 1422 8/17/2012 Second Tier of LF, under FML

C/U 1423 8/17/2012 East Face of Landfill, under FML

ID
Sample 

#
Date collected Location/description

A/U 1425 8/17/2012 Amphitheater, under FML

B/U 1422 8/17/2012 Second Tier of LF, under FML

C/U 1423 8/17/2012 East Face of Landfill, under FML

Footnotes

1)  FML ‐ flexible membrane liner covering spe

2)  ID is common location identifier. Each samp

3)  ND ‐ not detected

1,2,3,7,8‐
PeCDF 
(µg/m3)

1.43E‐08

1.54E‐08

1.29E‐08
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Table 4
Summary of analytical results for all compounds detected in ambient air (1) samples from the downwind locations and on the landfill

Bridgeton Landfill

Volatile organic compounds

Propene 13,000 3,100 —— 8.61E+05 1.6 1.8 2 ND(7) ND 1.8 1.1 0.86 2.2 1.8

Dichlorofluoromethane 440 100 4.21E+06 4.21E+04 2.2 2.7 2.3 2.2 2.1 2.2 2.2 0.86 2.2 1.8

Ethanol 140,000 32,000 1.88E+06 1.88E+06 ND ND ND ND 16 ND 12 ND ND 8.5

Acetonitrile 260 63 6.72E+04 3.36E+04 0.82 ND ND ND 0.76 0.88 14 ND 1.9 ND

Acetone 140,000 32,000 2.38E+06 1.19E+06 17 18 13 13 14 11 ND 8.9 21 ND

Trichlorofluoromethane 3,100 730 5.62E+06 5.62E+06 1.2 1.4 1.3 1.3 1.1 1.1 1.1 1.1 ND 1.1

Methylene chloride 1,200 96 8.68E+04 1.74E+05 ND ND ND ND ND 0.94 0.79 ND 2.1 0.88

2‐Butanone (MEK) 22,000 5,200 5.90E+05 5.90E+05 ND ND ND ND ND ND ND ND ND 11

Ethyl acetate NA NA 1.44E+06 1.44E+06 17 5 8.7 8 3.1 ND ND ND ND 1.6

Tetrahydrofuran 8,800 2,100 5.90E+05 1.47E+05 2.7 2.6 3 ND ND 2.5 1.2 ND 2 4.7

Benzene 1.6 0.31 3.19E+03 1.60E+03 10 10 16 ND 1.1 11 ND 1.5 6.1 6.2

Toluene 22,000 5,200 7.54E+05 7.54E+04 3.7 3.3 3.4 1.7 1.6 2 ND 1.1 2.6 1.6

n‐Octane NA NA 2.34E+06 1.40E+06 ND ND 0.98 ND ND ND ND ND ND ND

Tetrachloroethene 47 9.4 6.78E+05 1.70E+05 ND ND ND ND ND ND 2.1 ND ND ND

Ethylbenzene 4.9 0.97 4.34E+05 8.68E+04 0.72 0.83 0.91 ND ND ND ND ND ND ND

m,p‐Xylenes 440 100 4.34E+05 4.34E+05 1.5 1.7 3.2 ND ND ND ND ND ND ND

0‐Xylene 440 100 4.34E+05 4.34E+05 ND ND 1.1 ND ND ND ND ND ND ND

n‐Nonane 880 210 1.05E+06 1.05E+06 ND ND 0.87 ND ND ND ND ND ND ND

Alpha‐Pinene NA NA 5.57E+05 1.11E+05 ND ND ND ND ND 1.1 ND ND ND ND

d‐Limonene NA NA 0.99 ND ND ND ND ND ND ND ND ND

Concentrations in µg/m 3(6)

RSL 
Res. (3)

OSHA 
PEL (4)

ACGIH 
TLV (5) Pond Center Pond East Pond West Summit

East 
Fenceline #1

Compounds/analytes
RSL 

ind. (2)
Amphi‐
theater

Summit 
valley

East 
Fenceline #2

South 
Fenceline #1

South 
Fenceline #2

1.67E+05 (AIHA WEEL(8))
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Table 4
Summary of analytical results for all compounds detected in ambient air (1) samples from the downwind locations and on the landfill

Bridgeton Landfill

Concentrations in µg/m 3(6)

RSL 
Res. (3)

OSHA 
PEL (4)

ACGIH 
TLV (5) Pond Center Pond East Pond West Summit

East 
Fenceline #1

Compounds/analytes
RSL 

ind. (2)
Amphi‐
theater

Summit 
valley

East 
Fenceline #2

South 
Fenceline #1

South 
Fenceline #2

Tentatively Identified 
Compounds

Furan NA NA —— —— 3.4 4.7 ND ND ND 3.5 ND ND ND 13

Dimethyl sulfide NA NA —— 2.54E+04 4.5 4.4 2.8 ND ND 5.2 ND ND ND 12

Methyl acetate NA NA 6.06E+05 6.06E+05 ND ND ND ND ND ND ND ND ND 10

2‐Methylfuran NA NA —— —— 3.7 5.4 ND ND ND 3.9 ND ND ND 14

Methyl propionate NA NA —— —— ND ND ND ND ND ND ND ND ND 5.5

Methyl butyrate NA NA —— —— ND ND ND ND ND ND ND ND ND 12

Isobutene NA NA —— —— ND 2.9 ND ND ND ND ND ND ND ND

C6‐H10 Alkene (13.0 RT) NA NA —— —— ND ND ND ND ND ND ND ND ND 4.6

Unidentified (9.41 RT) NA NA —— —— 4.1 4 3.3 ND ND 3.1 ND ND ND ND

Ethyl propionate NA NA —— —— 14 7.1 11 9.9 4.1 ND ND ND ND ND

Ethyl butyrate NA NA —— —— 14 8.4 11` 9.7 5.9 3.9 ND 4.9 ND 4.5

Hexamethylcyclotrisiloxane NA NA —— —— 12 3.5 3.4 ND ND 15 ND ND ND ND

2‐Ethyl‐1‐hexanol NA NA —— —— 3.2 ND ND ND ND ND ND ND ND ND

Acetic acid NA NA 2.46E+04 3.68E+04 ND 4.7 ND ND ND ND ND ND ND ND

2‐Butoxyethanol NA NA 2.42E+05 9.60E+04 ND ND ND 2.8 ND ND ND ND ND ND

Isopentane NA NA —— —— ND ND ND ND 4.9 ND ND ND ND ND

Aldehydes

Formaldehyde 0.94 0.19 9.21E+02 3.68E+02 6.3 6.2 6.2 6.1 ND ND ND 1.5 1.7 NS

Acetaldehyde 5.6 1.1 3.31E+04 4.50E+04 1.7 1.5 1.6 1.5 19 10 8.3 1.1 1.5 NS

Valeraldehyde NA NA —— 1.76E+05 0.47 0.62 0.46 ND ND ND ND ND 0.47 NS
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Table 4
Summary of analytical results for all compounds detected in ambient air (1) samples from the downwind locations and on the landfill

Bridgeton Landfill

Concentrations in µg/m 3(6)

RSL 
Res. (3)

OSHA 
PEL (4)

ACGIH 
TLV (5) Pond Center Pond East Pond West Summit

East 
Fenceline #1

Compounds/analytes
RSL 

ind. (2)
Amphi‐
theater

Summit 
valley

East 
Fenceline #2

South 
Fenceline #1

South 
Fenceline #2

2,5‐Dimethylbenzaldehyde NA NA —— —— 0.94 0.91 0.86 0.9 ND ND ND ND 0.94 NS

Reduced sulfur compounds

Dimethyl sulfide NA NA —— 1.93E+03 NS NS NS NS NS 19 NS NS 33 NS

PAHs

Naphthalene 0.36 0.072 5.24E+04 5.24E+04 NS NS NS 0.089 NS 0.029 NS NS NS NS

Acenaphthene NA NA —— —— NS NS NS 0.0076 NS 0.004 NS NS NS NS

Fluorene NA NA —— —— NS NS NS 0.0089 NS 0.0038 NS NS NS NS

Phenanthrene NA NA 2.00E+02 2.00E+02 NS NS NS 0.023 NS 0.011 NS NS NS NS

Fluoranthene NA NA 2.00E+02 2.00E+02 NS NS NS 0.004 NS 0.0021 NS NS NS NS

Pyrene NA NA 2.00E+02 2.00E+02 NS NS NS 0.002 NS ND NS NS NS NS

TCDD TEQ (9) 3.20E‐07 6.40E‐08 ‐‐ ‐‐ ‐‐ 1.49E‐08 ‐‐ 7.88E‐09 ‐‐ ‐‐ ‐‐ ‐‐

Footnotes

1) Ambient air samples are collected in open air, as opposed to from sources such as under the FML

2) RSL Ind. U.S. Regional Risk‐based Screening Level for industrial/commercial reference

3) RSL Res. U.S. Regional Risk‐based Screening Level for residential reference

4) U.S. Occupational Safety and Health Administration Permissible Exposure Limit

5) American Conference of Governmenta Industrial Hygienists Threshold Limit Value

6) µg/m3 ‐ micrograms per cubic meter

7) ND ‐ not detected

8) American Industrial Hygiene Association Workplace Environmental Exposure Level

2.0E‐04 (Leung HW(10))
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Table 4
Summary of analytical results for all compounds detected in ambient air (1) samples from the downwind locations and on the landfill

Bridgeton Landfill

Concentrations in µg/m 3(6)

RSL 
Res. (3)

OSHA 
PEL (4)

ACGIH 
TLV (5) Pond Center Pond East Pond West Summit

East 
Fenceline #1

Compounds/analytes
RSL 

ind. (2)
Amphi‐
theater

Summit 
valley

East 
Fenceline #2

South 
Fenceline #1

South 
Fenceline #2

9) U.S. EPA recommended 2,3,7,8‐TCDD Toxicity Equivalent Concentration (TEQ) using the Toxicity Equivalence Factors (TEFs) (U.S. EPA, December 2010), see also Table 5

10) Lueng HW et al, Am Ind Hyg Assoc J, 1988
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Table 5
Individual polychlorinated dibenzo‐p‐dioxin and dibenzofuran (PCDD/PCDF) isomers and conversion to 2, 3, 7, 8‐TCDD 

toxicity equivalents (TEQs); on landfill and downwind
Bridgeton Landfill

Measured TEQ (4) Measured TEQ

2378‐TCDD 1 3.58E‐09 3.58E‐09 ND NA

12378‐PeCDD 1 5.2E‐09 5.2E‐09 3.62E‐09 3.62E‐09

123478‐HxCDD 0.1 ND NA 2.66E‐09 2.66E‐10

123678‐HxCDD 0.1 3.98E‐09 3.98E‐10 6.07E‐09 6.07E‐10

123789‐HxCDD 0.1 6.35E‐09 6.35E‐10 8.4E‐09 8.4E‐10

1234678‐HpCDD 0.01 3.87E‐08 3.87E‐10 3.84E‐08 3.84E‐10

OCDD 0.0003 1.96E‐07 5.88E‐11 1.57E‐07 4.71E‐11

2378‐TCDF 0.1 1.80E‐08 1.8E‐09 6.64E‐09 6.64E‐10

12378‐PeCDF 0.03 4.19E‐09 1.257E‐10 ND NA

23478‐PeCDF 0.3 4.14E‐09 1.242E‐09 ND NA

123478‐HxCDF 0.1 6.60E‐09 6.6E‐10 8.64E‐09 8.64E‐10

123678‐HxCDF 0.1 4.89E‐09 4.89E‐10 2.88E‐09 2.88E‐10

123789‐HxCDF 0.1 ND NA ND NA

234678‐HxCDF 0.1 ND NA ND NA

1234678‐HpCDF 0.01 2.70E‐08 2.7E‐10 2.71E‐08 2.71E‐10

1234789‐HpCDF 0.01 ND NA ND NA

OCDF 0.0003 1.09E‐07 3.27E‐11 8.70E‐08 2.61E‐11

Total TEQ 1.49E‐08 7.88E‐09

 

Footnotes

1)  Ambient air samples are collected in open air, as opposed to from sources such as under the FML

2)  µg/m3 ‐ micrograms per cubic meter

3)  TEF ‐ Toxicity Equivalence Factor

4)  TEQ ‐ Toxicity Equivalent Concentration

US EPA, Recommended Toxicity Equivalence Factors (TEFs) for Human Health Risk Assessments of 2,3,7,8‐Tetrachlorodibenzo‐p‐dioxin and Dioxin‐
Like Compounds, EPA/100/R 10/005. December 2010

Analyte TEF (3)

Concentrations in ambient air (1)  on Landfill, in µg/m 3   (2)

Summit East Fenceline #1
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Table 6
Summary of analytical results for all compounds detected in at least one upwind/background sample

Bridgeton Landfill

Volatile organic compounds

Dichlorofluoromethane 440 100 4.21E+06 4.21E+06 2.1 2.1 2.2 2.2 2.2 2.2

Acetonitrile 260 63 6.72E+04 3.36E+04 ND(6) 0.78 ND ND ND 0.88

Acetone 140,000 32,000 2.86E+06 1.19E+06 12 ND 13 ND 21 ND

Trichlorofluoromethane 3,100 730 5.62E+06 5.62E+06 1.1 1.1 1.2 1.1 1.1 1.1

Ethyl acetate NA NA 1.44E+06 1.44E+06 2.6 ND 3 ND 2.7 ND

Toluene 22,000 5,200 7.54E+‐5 7.54E+04 1 ND 1.4 ND 1.1 ND

Tetrachloroethene 47 9.4 6.78E+05 1.70E+05 1.4 ND ND 1.8 ND ND

Unidentified (9.41 RT) NA NA —— —— 3.3 ND ND ND 4.6 ND

Ethyl propionate NA NA —— —— 5 ND 4.7 ND 5.2 ND

Ethyl butyrate NA NA —— —— 7.6 5.4 6.5 ND 7.9 ND

Hexamethylcyclotrisiloxane NA NA —— —— 3.3 ND ND ND 12 ND

Acetic acid NA NA 2.46E+‐4 3.68E+04 ND ND 3.7 ND ND ND

Benzaldehyde NA NA ND ND ND ND 3.4 ND

Formaldehyde 0.94 0.19 9.21E+02 3.68E+02 ND 2.9 ND 3.1 ND 3.2

Acetaldehyde 5.6 1.1 3.31E+04 4.50E+04 17 1.3 19 1.2 18 1.2

2,5‐Dimethylbenzaldehyde NA NA —— 1.76E+05 ND 0.41 ND 0.51 ND 0.81

TCDD TEQ 3.20E‐07 6.40E‐08 1.94E‐08 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Footnotes

1)  µg/m3 ‐ micrograms per cubic meter

2)  RSL Ind. U.S. Regional Risk‐based Screening Level for industrial/commercial reference

3)  RSL Res. U.S. Regional Risk‐based Screening Level for residential reference

   4) U.S. Occupational Safety and Health Administration Permissible Exposure Limit

5)  American Conference of Governmenta Industrial Hygienists Threshold Limit Value

6) ND ‐ not detected

7) U.S. EPA recommended 2,3,7,8‐TCDD Toxicity Equivalent Concentration (TEQ) using the Toxicity Equivalence Factors (TEFs) (U.S. EPA, December 2010), see also Table 5

8) Lueng HW et al, Am Ind Hyg Assoc J, 1988

8.69E+03

2.0E‐04 (Leung HW(7))

Compounds/analytes RSL ind. (2) RSL Res. (3)

Aldehydes

Tentatively Identified 
Compounds

Concentrations in µg/m3 (1)

OSHA 
PEL (4)

ACGIH 
TLV (5)

Grassy Knoll 
Center (1)

Grassy Knoll 
Center (2)

Grassy Knoll 
West (1)

Grassy Knoll 
West (2)

Grassy Knoll 
North (1)

Grassy Knoll 
North (2)
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Table 7
Individual polychlorinated dibenzo‐p‐dioxin and dibenzofuran (PCDD/PCDF) isomers and 

conversion to 2, 3, 7, 8‐TCDD toxicity equivalents (TEQs); in upwind samples
Bridgeton Landfill

Measured TEQ

2378‐TCDD 1 ND NA

12378‐PeCDD 1 7.51E‐09 7.51E‐09

123478‐HxCDD 0.1 4.85E‐09 4.85E‐10

123678‐HxCDD 0.1 4.33E‐09 4.33E‐10

123789‐HxCDD 0.1 1.08E‐08 1.08E‐09

1234678‐HpCDD 0.01 4.11E‐08 4.11E‐10

OCDD 0.0003 1.39E‐07 4.17E‐11

2378‐TCDF 0.1 2.65E‐08 2.65E‐09

12378‐PeCDF 0.03 8.53E‐09 2.559E‐10

23478‐PeCDF 0.3 9.90E‐09 2.97E‐09

123478‐HxCDF 0.1 1.64E‐08 1.64E‐09

123678‐HxCDF 0.1 9.18E‐09 9.18E‐10

123789‐HxCDF 0.1 ND NA

234678‐HxCDF 0.1 6.52E‐09 6.52E‐10

1234678‐HpCDF 0.01 3.02E‐08 3.02E‐10

1234789‐HpCDF 0.01 ND NA

OCDF 0.0003 1.16E‐07 3.48E‐11

Total TEQ 1.94E‐08

Footnotes

1) 

2)  µg/m3 ‐ micrograms per cubic meter

3)  TEF ‐ Toxicity Equivalence Factor

Analyte TEF

Concentrations in ambient air (1)  on Landfill, in µg/m 3 (2)

Grassy Knoll Center

Ambient air samples are collected in open air, as opposed to from sources such 
as under the FML
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Table 7
Individual polychlorinated dibenzo‐p‐dioxin and dibenzofuran (PCDD/PCDF) isomers and 

conversion to 2, 3, 7, 8‐TCDD toxicity equivalents (TEQs); in upwind samples
Bridgeton Landfill

4)  TEQ ‐ Toxicity Equivalent Concentration
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Table 8
Summary of compounds detected under the FML with associated odor thresholds, and concentrations

detected in downwind and landfill ambient air samples
Bridgeton Landfill

Compounds/analytes Odor Threshold Laboratory MRL (7) 

(range)

Concentration detected in 
landfill and downwind ambient 

air samples (range) 6
Characterization of Odor

Volatile Organic Compounds

Propene 39,584(3) 0.69 ‐ 1.4 1.1 ‐ 2.2 Grassy, aromatic

Chloromethane NP(4) 0.69 ‐ 1.4 ND(5) Ether

1,3‐Butadiene 220(1) 0.69 ‐ 1.4 ND Aromatic, rubber

Chloroethane NP 0.69 ‐ 1.4 ND

Ethanol 342(2) 0.69 ‐ 1.4 8.5 ‐ 16 Sweet alcohol

Acetone 47,500(2) 0.69 ‐ 1.4 8.9 ‐ 21 Sweet minty, chemical

2‐Propanol 105,697(3) 0.69 ‐ 1.4 ND Rubbing alcohol

2‐Butanone (MEK) 750(1) 0.69 ‐ 1.4 11 Sweet

Ethyl acetate 1.0(1) 1.4 ‐ 2.8 1.6 ‐ 17 Fruity, pleasant

n‐Hexane NP(3) 0.69 ‐ 1.4 ND Gasoline

Tetrahydrofuran 7,375(2) 0.69 ‐ 1.4 1.2 ‐ 4.7 Ether‐like

Benzene 4,500(2) 0.69 ‐ 1.4 1.1 ‐ 16 Sweet solvent

Cyclohexane 1,435(2) 1.4 ‐ 2.8 ND Sweet aromatic

1,4‐Dioxane 10.8(2) 0.69 ‐ 1.4 ND Ether‐like

n‐Heptane 200,000(2) 0.69 ‐ 1.4 ND Gasoline

4‐methyl‐2‐pentanone 410(2) 0.69 ‐ 1.4 ND Sweet, sharp

Toluene 1,000(1) 0.69 ‐ 1.4 1.1 ‐ 3.7 Rubbery mothballs

2‐Hexanone NP 0.69 ‐ 1.4 ND Sweet, paint

n‐Butyl acetate 2,993(3) 0.69 ‐ 1.4 ND Sweet banana

n‐Octane 725,000(2) 0.69 ‐ 1.4 0.98 Gasoline

Chlorobenzene 980(2) 0.69 ‐ 1.4 ND Almond‐like, shoe polish

Ethylbenzene 400(1) 0.69 ‐ 1.4 0.72 ‐ 091 Oily solvent

m,p‐Xylenes 1,000(1) 0.69 ‐ 1.4 1.5 ‐ 3.2

O‐Xylene 1,000(1) 0.69 ‐ 1.4 1.1

Styrene 430(2) 0.69 ‐ 1.4 ND Solvent, rubbery

n‐Nonane 3,412,500(2) 0.69 ‐ 1.4 0.87

Cumene 39.2(2) 0.69 ‐ 1.4 ND Sharp

Alpha‐Pinene NP 0.69 ‐ 1.4 1.1

n‐Propylbenzene NP 0.69 ‐ 1.4 ND

4‐Ethyltoluene NP 0.69 ‐ 1.4 ND

1,3,5‐Trimethylbenzene 10,815(3) 0.69 ‐ 1.4 ND

1,2,4‐Trimethylbenzene 11,798(3) 0.69 ‐ 1.4 ND

1,4‐Dichlorobenzene 722(3) 0.69 ‐ 1.4 ND Mothballs

d‐Limonene NP 0.69 ‐ 1.4 0.99 Citrus

Contentration, in µg/m 3 (8)
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Table 8
Summary of compounds detected under the FML with associated odor thresholds, and concentrations

detected in downwind and landfill ambient air samples
Bridgeton Landfill

Compounds/analytes Odor Threshold Laboratory MRL (7) 

(range)

Concentration detected in 
landfill and downwind ambient 

air samples (range) 6
Characterization of Odor

Contentration, in µg/m 3 (8)

Naphthalene 50(1) 0.69 ‐ 1.4 ND Mothballs

Tentatively Identified 
Compounds

Furan NP NA 3.4 ‐ 13

Dimethyl sulfide 2.5(2) NA 2.8 ‐ 12 Decayed cabbage

Methyl acetate 412(2) NA 10 Sweet ester

2‐Methylfuran 90,450(2) NA 3.7 ‐ 14

Methyl propionate NP NA 5.5

1‐Butanol 2,638(3) NA ND Sweet alcohol

2‐Pentanone 27,125(3) NA ND

Methyl butyrate 52.8(2) NA 12 Body odor

Dimethyl disulfide 0.1(2) 5.2 ‐ 7.5 ND

2‐Methyl cyclopentanone NP NA ND

Methyl hexanoate NP NA ND

2‐Ethyl cyclopentanone NP NA ND

n‐Decane NP NA ND

p‐Isopropyltoluene NP NA ND

n‐Undecane NP NA ND

Dimethyl ether NP NA ND

Isobutene NP NA 2.9

n‐Butane NP NA ND

C4‐H8 Alkene (5.51 RT) NP NA ND

C4‐H8 Alkene (5.80 RT) NP NA ND

Isopentene NP NA ND

Cyclopentene NP NA ND

C6‐H10 Alkene (13.0 RT) NP NA 4.6

C10‐H12 Alkene (14.58 RT) NP NA ND

C10‐H12 Alkene (14.63 RT) NP NA ND

3‐Methyl‐3‐heptene NP NA ND

C8‐H14 Alkene (16.96 RT) NP NA ND

C8‐H14 Alkene (16.89 RT) NP NA ND

Aldehydes

Acetaldehyde 0.2(2) 0.32 ‐ 0.70 1.1 ‐ 19

Propionaldehyde 10(1) 0.32 ‐ 0.70 ND
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Table 8
Summary of compounds detected under the FML with associated odor thresholds, and concentrations

detected in downwind and landfill ambient air samples
Bridgeton Landfill

Compounds/analytes Odor Threshold Laboratory MRL (7) 

(range)

Concentration detected in 
landfill and downwind ambient 

air samples (range) 6
Characterization of Odor

Contentration, in µg/m 3 (8)

Butyraldehyde 13.6(2) 0.32 ‐ 0.70 ND

Benzaldehyde 8(2) 0.32 ‐ 0.70 ND

Isovaleraldehyde NP 0.32 ‐ 0.70 ND

Valeraldehyde NP 0.32 ‐ 0.70 0.47 ‐ 0.62 Decayed, rancid

o‐Tolualdehyde NP 0.65 ‐ 1.4 ND

2,5‐Dimethylbenzaldehyde NP 0.32 ‐ 0.70 0.86 ‐ 0.94

Reduced Sulfur Compounds

Hydrogen sulfide 0.7(2) 7 ND Rotten eggs

Carbonyl sulfide 24.3(2) 12 ND

Methyl mercaptan 0.04(2) 9.8 ND Sulfide‐like

Ethyl mercaptan 0.0032(2) 13 ND Garlic

Dimethyl sulfide 2.5(2) 13 19 ‐ 33 Decayed cabbage

Carbon disulfide 24.3(2) 7.8 ND Disagreeable

Isopropyl mercaptan 0.2(2) 16 ND

t‐Butyl mercaptan 1.6(2) 18 ND

Ethyl methyl sulfide 48.7(2) 16 ND

Thiophene 2.6(2) 17 ND Aromatic

Isobutyl mercaptan 2.0(2) 18 ND

n‐Butyl mercaptan 1.6(2) 18 ND

Dimethyl disulfide 0.1(2) 9.6 ND

3‐Methylthiophene NP 20 ND

Tetrahydrothiophene NP 18 ND

2,5‐Dimethylthiophene NP 23 ND

2‐Ethylthiophene NP 23 ND

Carboxylic Acid Compounds

Acetic Acid 2,500(2) 20 ND Sour, vinegar

Propionic Acid 200(3) 2.4 ND Sour

2‐Methylpropionic Acid NP 2.5 ND

Butanoic Acid 1.0(2) 2.4 ND Sour, perspiration

3‐Methylbutanoic Acid 52.8(2) 2.4 ND Body odor

Pentanoic (Valeric) Acid 2.6(2) 2.5 ND

3‐Methylpentanoic Acid NP 2.5 ND

4‐Methylpentanoic Acid NP 2.5 ND

Hexanoic (Caproic) Acid NP 2.5 ND
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Table 8
Summary of compounds detected under the FML with associated odor thresholds, and concentrations

detected in downwind and landfill ambient air samples
Bridgeton Landfill

Compounds/analytes Odor Threshold Laboratory MRL (7) 

(range)

Concentration detected in 
landfill and downwind ambient 

air samples (range) 6
Characterization of Odor

Contentration, in µg/m 3 (8)

Heptanoic Acid NP 2.4 ND

2‐Ethylhexanoic Acid NP 2.5 ND

Octanoic (Caprylic) Acid NP 2.4 ND

PAHs

Naphthalene 50(1) 0.011 ‐ 0.015 0.029 ‐ 0.089 Mothballs

Acenaphthene 505(2) 0.011 ‐ 0.015 0.004 ‐ 0.0076

Fluorene 6,000(2) 0.011 ‐ 0.015 0.0038‐ 0.0089

Phenanthrene NP 0.011 ‐ 0.015 0.011 ‐ 0.023

Anthracene NP 0.011 ‐ 0.015 ND

Fluoranthene NP 0.011 ‐ 0.015 0.0021 ‐ 0.004

Pyrene NP 0.011 ‐ 0.015 0.002

TCDD TEQ(10) NP NA(9) 7.88E‐09 ‐ 1.49E‐08

Footnotes

1) 

2) 

3) 

4)  NP ‐ not published

5)  ND ‐ not detected

6)  Does not include samples where the comound was undetected (ND)

7)  MRL ‐ Minimum Reporting Limit

8)  µg/m3 ‐ micrograms per cubic meter

9)  NA ‐ not available
10) 

11)  Odor descriptions for the individual compounds as given in the source reference

US EPA, Reference Guide to Odor Thresholds for Hazardous Air Pollutants Listed in the Clean Air Act Amendments 
of 1990, EPA/600/R‐92/047, March 1992

Ruth, J.H., Odor Thresholds and Irritation Levels of Several Chemical Substances: A Review, Am. Ind. Hyg. Assoc. J. 
47:A‐142 through A‐151, March 1986

American Industrial Hygiene Association, Odor Thresholds for Chemicals with Established Occupational Health 
Standards, 1997 edition

U.S. EPA recommended 2,3,7,8‐TCDD Toxicity Equivalent Concentration (TEQ) using the Toxicity Equivalence 
Factors (TEFs) (U.S. EPA, December 2010), see also Table 5
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Figure 1  

Stantec and MDNR personnel collecting VOC samples from one of the sampling ports beneath the FML. 

 

 

Figure 2 

High volume sampling of source gas from under the FML on the amphitheater, second tier, and east face 



 

Figure 3 

High volume sampling of source gas from under the FML on the second tier 

 

 

Figure 4 

High volume sampling of source gas from under the FML on the east face 



 

Figure 5 

Apparatus used to collect ambient air or source gas for PAH and Dioxin/Dibenzofuran analysis 

 

 

Figure 6 

Apparatus used to collect ambient air or source gas for PAH and Dioxin/Dibenzofuran analysis 



 

Figure 7  

Apparatus used to collect ambient air or source gas for PAH and Dioxin/Dibenzofuran analysis 

 

 

Figure 8 

Ambient air sample collection structures and pump assemblies 



 

 

Figure 9 

Ambient air sample collection structures and pump assemblies 

 



 

Figure 10 

Ambient air sample collection structures and pump assemblies 

 

 


