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INTRODUCTION 

This report summarizes f ield act ivities and analytical  results associated with soi l 
gas sampling conducted December 8, 2021 and follow-up ambient air sampling 
conducted January 21, 2022, at the DTG Recycling Group landfil l ,  located at 41 
Rocky Top Road, in Yakima, Washington. Sampling activ it ies were conducted by 
Freestone Environmental Services (Freestone). Freestone’s f ield activity reports 
are included in Appendix A.  

Soil  gas and ambient air  sampling were performed to supplement recent 
investigations made by DTG Staff  and Department of Health representatives. 
The northeastern toe and western s lope of the landfi l l  (where sloughing of the 
landfil l  face has opened stress fractures in the upper soi l horizon) indicates a 
possible source of fugit ive odors emanating from the landfil l  operations.  The 
occurrence of the odors, which are described as typical landf i l l  odors, is  
variable and most noticeable in stable to stagnant atmospheric condit ions. The 
intensity of the odors is  greatest in areas where fractures in the earth are 
vis ibly venting or in once open-fractured areas that have then been purposely 
covered.  DTG has initiated efforts to f i l l/cap the fractures to mit igate the 
release of odor-causing gases.  Initia l soil  gas sampling was conducted on 
December 8,  2021, to character ize the odor-causing gasses. Based on the initia l 
sampling results,  DTG requested addit ional ambient air sampling at the landfil l  
boundary,  near surface fractures, and at specif ied intervals from a surface 
fracture.  This ambient air sampling was conducted on January 21, 2022. 
Analyt ical results for both sampling events are summarized in this report.  

DECEMBER 2021 FIELD SAMPLING ACTIVITIES 

Freestone and DTG Staff measured surface temperature readings using an 
infrared temperature gauge and marked three sample locations with f ield 
marker f lags near the supposed source of the odors during routine quarterly 
methane monitoring on December 3, 2021. The three proposed sample locations 
are in different locations than the routine quarter ly methane monitoring. 
Surface and subsurface temperatures were recorded on December 8,  2021, at 
each sampling location using an infrared temperature gauge and digital 
thermometer,  respectively. These measurements are provided in Table 1.  

Soil  gas samples were col lected from the three previously marked locations on 
December 8,  2021. The weather conditions were part ly cloudy,  windy, and 46˚F 
at the time of sampling. Al l soi l gas samples were collected using a hand-pump 
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attached to a vacuum air  sample box equipped with a 1.0-l iter (L)  Tedlar bag. 
Prior to sample col lection,  a minimum of 2 l i ters were evacuated from the 
tubing to ensure a representative sample.  For the sample collection,  the soil  gas 
was drawn into the Tedlar bag,  which was f i l led to the consistency of a ‘soft 
pil low’. Two (2) samples were collected at each sampling location. The second 
sample was a backup sample in the event of a leak from the f irst sample. Only 
one (1) soi l gas sample was tested by the laboratory from each location. Field 
activity photos are included in Appendix A.  

After soil  gas sample collection, each Tedlar bag was labeled with a sample 
identif ication number (Ex. A-1).  The bags were placed in a cooler.  Sample 
information and requested analyses were recorded on a signed chain of custody 
form and placed into the shipping container (the chain of custody can be found 
in Appendix B and C) . The samples were shipped next day early air via UPS to 
Atmospheric Analysis & Consulting, Inc.  located in Ventura,  California.  

The three sample locations are depicted in Figure 1 below. Samples A-1 and A-2 
were col lected on the upper slope of the upper road on the landfi l l  surface.  
Sample A-3 was collected on the upper s lope of the lower road on the landfi l l ,  
below where samples A-1 and A-2 were taken.  

For sample locations A-1 and A-2, there were visible vapors being released from 
fractures in the surface. Such fractures extended roughly 8 inches below the 
slope surface and were about two inches in width. Given such exposure,  the ¼-
inch Teflon tubing was inserted direct ly into the crevice of sample locations A-1 
and A-2 unti l refusal was met. An infrared temperature gauge was aimed down 
each fracture to measure the surface temperature in addit ion to a 12-inch 
digital thermometer to measure the subsurface.   

Sample A-3 was collected on the upper s lope of the lower road with no fracture 
present.  For this sample, a soi l probe was util ized to insert the Teflon tubing 
approximately 8 inches below ground surface (bgs).  The annulus around the 
tubing was sealed using granular bentonite to mit igate inf i ltration and sampling 
of surface ambient air ( i .e. ,  short circuit ing).  

Table 1.  Surface and subsurface temperatures at each sample location 

Sample Subsurface 
Digital  Thermometer (°F)  

Surface 
Infrared Gauge (°F)  

A-1 145 149 
A-2 62 61 
A-3 57.4  57 

JMEF461
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ANALYTICAL RESULTS FOR DECEMBER 2021 SAMPLING 

Samples A-1,  A-2,  and A-3 were analyzed on December 9t h  for speciated sulfur 
compounds and December 13, 2021 for Volati le Organic Compounds (VOCs). 
The laboratory analytical  packages for the December sampling event are 
included in Appendix B and C.  

The soi l gas samples were tested for VOCs (Table 2) and tentatively identif ied 
compounds (TICs;  Table 3)  using EPA Method TO-15 and for speciated sulfur 
compounds (Table 4) using method ASTM D5504. Tables 2 through 4 provide 
analytical results for detected analytes during the December 2021 soil  gas 
sampling.   

Figure 1. Soil gas sample, air sample, and quarterly methane monitoring locations at DTG Recycle 
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Table 2.  VOC Concentrations (ppbv) 

Analyte Soil  Gas  Sample Concentrations 
A-1 A-2 A-3 

1,2,4-Tr imethylbenzene 2,010 754 176 
1,3 ,5-Tr imethylbenzene 2,120 696 158 
1,4-Dioxane 5,570 1,620 438 
2-Butanone (MEK) 14,400 2,390 U 
2-Hexanone (MBK) 474 U U 
2-Propanol ( IPA)  39,900 4,120 556 
4-Ethylto luene 1,830 606 130 
4-Methyl-2-pentanone (MiBK)  380 U U 
Acetone 44,600 4,850 U 
Benzene 116,000 25,300 1,470 
Carbon Disul f ide U 586 424 
Chlorobenzene 218 U U 
Chloroethane 1,110 316 U 
Chloromethane 76,700 4,090 U 
Cyclohexane 992 434 U 
Ethanol  4 ,570 982 U 
Ethylbenzene 13,600 9,400 2,040 
Heptane 12,500 5,240 194 
Hexane 19,500 8,470 150 
m & p-Xylene 9,410 3,050 528 
Methanol  125,000 11,900 1,290 
o-Xylene 6,090 2,130 388 
Propene 149,000 25,100 U 
Styrene 2,320 510 114 
Tetrahydrofuran 18,300 3,100 216 
Toluene 17,900 11,800 1,540 
U = Analyte not detected above the Sample Report ing L imit  
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Table 3.  Tentatively Identified Compound Concentrations (ppbv) 

Analyte Soil  Gas  Sample Concentrations 
A-1 A-2 A-3 

Isobutane 4770 --  --  
2-Methyl-1-propene 12700 5660 --  
Butane 8790 4320 --  
2-Butene 5090 2140 --  
Pentane 12300 6220 --  
2-Methyl-2-butene 8760 --  --  
2-Methylpentane 6940 3120 --  
3-Methyl furan 14400 --  --  
2-Methyl furan --  4980 --  
Octane 4300 --  --  
4 ,4 ,5-Tr imethyl-2-hexane 4320 --  --  
3-Methylcyclopentene --  3370 --  
Methylcyclopentane --  2410 --  
5-Methyl-1 ,3-
cyclopentadiene --  2500 --  

3-Methyl-1 ,3-pentadiene --  16600 --  
Decane --  --  268 
2-Ethyl-1-hexanol  --  --  322 
2,4-Dimethyl-2-decene --  --  212 
4-Undecene --  --  228 
Undecane --  --  518 
1-Ethyly-4-ethylbenzene --  --  222 
2,3-Dihydro-4-methyl-1H-
indene --  --  228 

Dodecane --  --  378 
2,4-diethyl-1-
methylbenzene --  --  222 

“--” = Not ident if ied for this sample 
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Table 4.  Speciated Sulfur Concentrations (ppmv) 

Analyte Soil  Gas  Sample Concentrations 
A-1 A-2 A-3 

Hydrogen Sulf ide 12.4  0.49 U 
COS/SO2 0.472 0.055 0.137 
Methyl Mercaptan 11.9  1.75 U 
Ethyl Mercaptan 0.091  U 
Dimethyl Sul f ide 18.3  6.34 U 
Carbon Disul f ide 0.141 U U 
sec-Butyl  Mercaptan / 
Thiophene 1.08 0.329 U 

Dimethyl Disulf ide 0.386 0.319 U 
2-Methyl th iophene 0.606 0.211 U 
3-Methyl th iophene 0.355 0.112 U 
Tetrahydrothiophene 0.406 0.109 U 
Total  Unident if ied Sulfur  1 .54 0.435 U 
Total  Reduced Sul furs  47.2  10.1  U 
U = Analyte not detected above the Sample Report ing L imit  

 

JANUARY 2022 FIELD SAMPLING ACTIVITIES 

Based on results from the December 2021 field sampling, DTG requested further 
interrogation of the ambient air  concentrations at locations near existing 
fractures and at mult iple locations along the landfil l  boundary. Summa 
cannisters equipped with a regulator were used for sampling to al low for the 
collect ion of the air sample over a 2-hr time interval  to account for var iable 
ambient conditions ( i .e. ,  wind, barometric  pressures, temperature, source 
f luctuations) .  This t ime interval  approach is  a better assessment of var iable 
ambient outdoor condit ions compared to an instantaneous sample. Addit ional ly ,  
summa cannisters were chosen over Tedlar bags to al low for a greater sample 
hold time, more accurate ppbv-level analysis,  and the cannisters abil ity to 
capture samples in the relat ive breathing zone of workers.  On January 21, 2022, 
Freestone and DTG staff walked down the proposed boundary sample locations 
and the landfil l  surface sample locations.   I t was antic ipated that surface 
fractures similar to the December sampling would be evident in January, 
however,  ongoing landfi l l  cover activ it ies resulted in no actively venting 
fractures at the landfil l  surface.  A non-venting fracture was identif ied at 
location S-1 and ambient air samples were col lected from the immediate area 
surrounding the fracture.  As depicted in Figure 1, four (4)  samples were 
collected from the landfi l l  boundary. Three (3) surface samples were col lected 
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from the vicinity of a fracture at intervals :  within 1 ft ,  5 ft ,  and 15 ft from the 
fracture,  and one (1) upwind sample was collected for background comparison.  

After sample col lection the summa cannisters were packaged for shipping.  
Sample information and requested analyses were recorded on a s igned chain of 
custody form (Appendix D) and placed into the shipping container.  The samples 
were shipped ground via UPS to Atmospheric Analysis & Consult ing,  Inc. 
located in Ventura, California.  

The weather conditions were part ly cloudy and 37 ˚F at the time of sampling. 
Wind conditions were var iable between 0-3 mph and from a south-westerly  
direct ion.   Pr ior to sample col lection, a ll  summa cannisters were placed in the 
sampling locations and posit ioned approximately 3-ft above ground surface. 
Surface temperatures were recorded at each sampling location using an infrared 
temperature gauge. For the sample col lection,  the f low regulator on the summa 
cannister was opened and t ime-on was recorded. The summa cannisters were 
monitored during the sampling period and the intake valve was closed leaving 
some vacuum pressure in the canister per the laboratory protocol.  Sampling 
information is summarized in Table 5.  

 

  

 
Table 5.  Ambient Air Sample Collection Information 

Sample Sample 
Location 

Surface 
Temperature at 

Sample Location 
(°F)  

Time On Time Off  

S-1 Fracture 54 1249 1456 
S-2 5-f t  downwind 44 1250 1443 
S-3 15-ft 

downwind 
49 1250 1445 

S-4 Upwind 34 1246 1440 
S-5 Boundary 31 1300 1455 
S-6 Boundary 44 1257 1446 
S-7 Boundary 31 1253 1448 
S-8 Boundary 45 1233 1415 
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ANALYTICAL RESULTS FOR JANUARY 2022 SAMPLING 

Samples S-1, S-2,  S-3, S-4, S-5, S-6,  S-7, and S-8 were analyzed for VOCs and 
TICs using EPA Method TO-15 on January 27, 2022. Speciated sulfur compounds 
were not analyzed for this sampling event given that the primary objective was 
to identify the ambient distribution of the higher-r isk organic compounds 
measured during the December 2021 sampling event. The laboratory analytical  
packages for the January sampling event are included in Appendix D. Tables 6 
through 8 provide analytical results for detected analytes identif ied using EPA 
Method TO-15. Table 6 provides the VOC analytical results in ppbv and Table 7 
provides a conversion to µg/m3 so that the results can be compared to Model 
Toxics Control Act (MTCA) Method B and C c leanup levels.  MTCA Method B and 
C cleanup levels are provided for reference only.  MTCA regulations apply to the 
cleanup and prevention of contaminated sites and therefore may not be 
applicable for decis ion making at this location.  The TIC compounds provided in 
Table 8, are for information only s ince they were provided in the laboratory 
analytical report .   
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Table 6.  VOC Concentrations (ppbv) 

Analyte Ambient Air  Sample Concentrations 
S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 

1,2,4-
Tr imethylbenzene U U U U U U U U 

1,3 ,5-
Tr imethylbenzene U U U U U U U U 

1,4-Dioxane U U U U U U U U 
2-Butanone (MEK) U U 1.95 U U U U U 
2-Hexanone 
(MBK) U U U U U U U U 

2-Propanol ( IPA)  U U U U U U U U 
4-Ethylto luene U U U U U U U U 
4-Methyl-2-
pentanone (MiBK)  U U U U U U U U 

Acetone 3.64 3.76 10.9  U U 3.57 U U 
Benzene 13.3  13.0  26.8  U U U U U 
Carbon Disul f ide U U U U U U U U 
Chlorobenzene U U U U U U U U 
Chloroethane U U U U U U U U 
Chloromethane 12.7  10.1  17.7  U U U U U 
Cyclohexane U U U U U U U U 
Ethanol  U U 7.46 U U U U U 
Ethyl Acetate U U 2.69 U U U U U 
Ethylbenzene 1.85 1.99 5.82 U U U U U 
Heptane 1.16 U 3.05 U U U U U 
Hexane 1.96 1.84 4.02 U U U U U 
m & p-Xylene U U 1.91 U U U U U 
Methanol  U U 28.8  U U U 9.46 U 
o-Xylene U U U U U U U U 
Propene 23.6  18.0  35.6  U U U U U 
Styrene U U U U U U U U 
Tetrahydrofuran U U U U U U U U 
Toluene 4.49 3.98 23.8  U U U U U 
U = Analyte not detected above the Sample Report ing L imit  
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Table 7.  VOC Concentrations Compared to MTCA Cleanup Levels (µg/m3) 

Analyte 
Ambient Air  Sample Concentrations MTCA CULs* 

S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 Method B 
Noncancer 

Method C 
Noncancer 

1,2,4-Tr imethylbenzene U U U U U U U U 27 60 
1,3 ,5-Tr imethylbenzene U U U U U U U U 27 60 
1,4-Dioxane U U U U U U U U 14 30 
2-Butanone (MEK) U U 5.7  U U U U U 2,300 5,000 
2-Hexanone (MBK) U U U U U U U U NA NA 
2-Propanol ( IPA)  U U U U U U U U 91 200 
4-Ethylto luene U U U U U U U U NA NA 
4-Methyl-2-pentanone (MiBK)  U U U U U U U U 1,400 3,000 
Acetone 8.6  8.9  25.9  U U 8.5  U U 14,000 31,000 
Benzene 42.5  41.5  85.6  U U U U U 14 30 
Carbon Disul f ide U U U U U U U U 320 700 
Chlorobenzene U U U U U U U U 23 50 
Chloroethane U U U U U U U U NA NA 
Chloromethane 26.2  20.9  36.6  U U U U U 41 90 
Cyclohexane U U U U U U U U 2,700 6,000 
Ethanol  U U 14.1  U U U U U NA NA 
Ethylbenzene 8.0  8.6  25.3  U U U U U 460 1,000 
Heptane 4.8  U 12.5  U U U U U 180 400 
Hexane 6.9  6.5  14.2  U U U U U 320 700 
m & p-Xylene U U U U U U U U 46 100 
Methanol  U U 37.7  U U U 12.4  U 9,100 20,000 
o-Xylene U U U U U U U U 46 100 
Propene 40.6  31.0  61.3  U U U U U NA NA 
Styrene U U U U U U U U 460 1,000 
Tetrahydrofuran U U U U U U U U 910 2,000 
Toluene 16.9  15.0  89.7  U U U U U 2,300 5,000 
*MTCA CULs der ived from Cleanup Levels and Risk Calculat ions (CLARC) tables 
NA = Analyte does not  have a c leanup level in the CLARC tables  
U = Analyte not detected above the Sample Report ing L imit  
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Table 8.  Tentatively Identified Compound Concentrations (ppbv) 

Analyte Ambient Air  Sample Concentrations 
S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 

Isobutane --  --  --  --  --  --  --  --  
2-Methyl-1-propene 4.86 4.88 7.37 --  --  --  --  --  
2-Methylbutane --  --  --  --  4 .37 --  --  --  
Butane 3.54 3.86 6.81 --  --  --  --  --  
2-Butene --  --  --  --  --  --  --  --  
Pentane --  3 .96 9.07 --  --  --  --  --  
2-Methyl-2-butene 4.65 1.89 3.12 --  --  --  --  --  
2-Methylpentane --  --  --  --  --  --  --  --  
3-Methyl furan --  --  --  --  --  --  --  --  
2-Methyl furan --  --  2 .51 --  --  --  --  --  
Octane --  --  1 .73 --  --  --  --  --  
Hexamethylcyclotr is i loxane --  --  5 .04 --  --  --  --  --  
2 ,2 ,6-Tr imethyloctane --  --  4 .07 --  --  --  --  --  
4 ,4 ,5-Tr imethyl-2-hexane --  --  --  --  --  --  --  --  
3-Methylcyclopentene --  --  --  --  --  --  --  --  
Methylcyclopentane --  --  --  --  --  --  --  --  
5-Methyl-1 ,3-cyclopentadiene  --  --  --  --  --  --  --  --  
3-Methyl-1 ,3-pentadiene  --  --  --  --  --  --  --  --  
Decane  --  --  1 .70 --  --  --  --  --  
1-Methyl-4-(1-methylethyl )-benzene  --  --  8 .02 --  --  --  --  --  
2-Ethyl-1-hexanol  --  --  --  --  --  --  --  --  
2 ,4-Dimethyl-2-decene  --  --  --  --  --  --  --  --  
4-Undecene  --  --  --  --  --  --  --  --  
Undecane  --  --  --  --  --  --  --  --  
1-Ethyly-4-ethylbenzene  --  --  --  --  --  --  --  --  
2 ,3-Dihydro-4-methyl-1H-indene  --  --  --  --  --  --  --  --  
Dodecane  --  --  --  --  --  --  --  --  
2 ,4-diethyl-1-methylbenzene  --  --  --  --  --  --  --  --  
Propane  --  --  --  --  --  1 .74 --  --  
“--” = Not ident if ied for this sample 
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OBSERVATIONS 

The following observations are made based on the sampling results:  

• Soil  gas concentrations from samples col lected December 2021, were 
highest (as expected) at the actively venting fracture locations A-1 and A-
2. Elevated concentrations, particular ly of VOC compounds correlated 
with heavy odors during the sample col lection event.  

• Soil  gas concentrations were signif icantly lower at the A-3 location where 
venting was not occurring.  

• The detected VOC compounds were s imilar at a l l  three soil  gas sampling 
locations A-1, A-2,  and A-3 suggesting s imilar sources.  

• Compared to the December 2021 analytical results,  January 2022 were 
signif icantly lower or not detected, even in the three samples collected 
from the shal low fracture (samples S-1,  S-2, and S-3).  This was expected 
given that the January 2022 samples were collected from the ambient air  
and therefore subject to greater natural  diffusion and di lution. 

• VOC concentrat ions from the landfil l  boundary sample locations are 
largely non-detect except for occasional detections of acetone and 
methanol which are common laboratory contaminants.  

• Because of the uncertainty of the identif ication of the TICs, the 
interpretation of the results and their meaning to this project is diff icult .  

• The detected analytes evident at the landfil l  surface locations in 
December 2021 and January 2022 are associated with a variety of sources 
including plast ics, fuels,  solvents,  lubricants,  and other decaying organic 
compounds.  The benzene, toluene,  ethylbenzene,  and xylene (BTEX) 
compounds are typically associated with gasol ine and diesel-range 
organics ( i .e. ,  fuels) .    

• The nature and concentrat ion of detected analytes warrant increased 
consideration of PPE and IH monitoring while working proximate to the 
actively vented fracture locations. Ambient concentrat ions appear to 
diss ipate quickly along the working surface of the landfil l  and part icular ly 
at the further reaches of the landfi l l  boundary. 
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FIELD SUMMARY REPORTS AND PHOTOS  
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Photo 3: Sampling at location A-3. 
December 8, 2021 

Photo 1: Sampling at location A-1. 
December 8, 2021 

Photo 2: View of sampling down the vent at 
location A-1. December 8, 2021 

Photo 4: Bentonite seal used during sampling 
at location A-3. December 8, 2021 
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Photo 7: Sampling at location S-4. 
January 21, 2022 

Photo 5: Sampling at location S-1. 
January 21, 2022 

Photo 6: View of air sampling at S-1, 
S-2 and S-3. January 21, 2022 

Photo 8: Air sampling at location S-6. 
January 21, 2022 
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DECEMBER SOIL GAS SAMPLING 
ANALYTICAL LABORATORY REPORT FOR EPA 

METHOD TO-15 – VOLATILE ORGANIC 
COMPOUNDS AND TENTATIVELY IDENTIFIED 

COMPOUNDS  
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DECEMBER SOIL GAS SAMPLING 

ANALYTICAL LABORATORY REPORT FOR METHOD 
ASTM D5504 - TOTAL REDUCED SULFUR 
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