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Abstract. A remedial investigation was conducted to identify soil contamination in the Riot 
Control Burning Pit area in J-Field, Aberdeen Proving Ground, Maryland. The investigation 
included geophysical surveys to delineate the filled section of the pit, soil-gas surveys to 
locate the organic contamination area, field X-ray fluorescence measurements along the 
burning pit to identify the major metal contamination, and surface and subsurface soil 
analyses to investigate the nature and extent of contamination. This paper presents the results 
of this investigation. 

INTRODUCTION 

The Riot Control Burning Pit (RCP) is located in the southwestern portion of 
J-Field, a site located in the Edgewood area of Aberdeen Proving Ground (APG), 
Maryland (Figure 1). During World War II, the RCP was used for burning riot 
control agents and munitions filled with not control agents. Chemical warfare agents 
(CWAs), chemical wastes, and high explosives were burned or detonated in open 
pits. 

Remedial investigations of soil contamination were first conducted by the U.S. 
Geological Survey and Roy F. Weston, Inc., and then continued by Argonne National 
Laboratory. The investigation included a stage I study to vigorously investigate the 
study area by various direct and indirect methods to locate the hot spots and search 
with the most effective investigative tools for different contaminants. A stage II study 
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FIGURE 1. Location of Riot Control Agents Burning Pit in J-Field 
(Source: Adapted from Hughes 1993). 

was conducted to develop an effective investigative protocol for each type of waste 
disposal site. This paper describes the procedure used to identify and locate 
contaminants in the RCP area of concern. 

REMEDIAL INVESTIGATION OF SOIL CONTAMINATION 

Stage I Investigation 

The stage I investigation included passive and active soil-gas sampling, portable 
X-ray fluorescence analysis, and geophysical surveys to locate the major “hot spot” 
contamination areas. 



Soil Gas Investigation 

The U.S. Geological Survey conducted a soil-gas survey during the hydrological 
assessment (1). The northeastern part of the burning pit and an area south of the 
central section of the pit were identified with readings of chlorinated solvents, 
phthalates, and aromatic compounds. 

In 1994, Argonne conducted a passive soil-gas survey with EMJXUX soil-gas 
collection devices at 40 locations (122-161 in Figure 2). Chlorinated hydrocarbons 
were detected at 10 locations (123, 124, 129, 131, 138, 142, 144, 147,149, and 153); 
the three highest riadings were recorded in samples 149, 142, and 144 (2). Argonne 
also conducted active soil-gas sampling with a Sentex Scentograph Plus 11 portable 
gas chromatograph at 16 locations. Nine samples were collected along the two sides 
of Rickett’s Point Road: ASG39-43 on the north side and ASG55-58 on the south 
side. Seven samples were collected near the northeastern end of the RCP: 
ASG44-47, ASG55-56, and ASG76. Elevated levels of isooctane were detected in 
samples ASG4 1, ASG58, and ASG44. Low levels of I ,  1 -dichloroethylene, benzene, 
methylene chloride, trichloroethylene, 1,2-dichioroethylene, and carbon tetrachloride 
were detected in several samples. 

. In 1995, eight EMFLUX soil-gas samples were collected at seven locations along 
a line intersecting the northeastern end of the burning pit (sampling points 336-343 
in Figure 2). Tetrachloroethylene emission rates were detected at locations 338,339, 
and 342, and trichloroethylene emission rates were detected at locations 341,342, 
and 343 (3). 

In Situ X-Ray Fluorescence 

In 1994, qualitative field X-ray fluorescence measurements were conducted at 
27 locations along the burning pit: XRRCPl-xRRCP16 and XRRCP 19-XRRCP29 
(Figure 3). Relatively high levels of copper were detected at four locations: 
XRRCP24 and XRRCP29 in the northeastern end and xRRCP3 and XRRCP4 in the 
middle section of the pit. High levels of zinc were detected in XRRCP3, XRRCP4, 
and XRRCP6 in the center of the burning pit and XRRCPll, XRRCP15, and 
XRRCP16 in the southwestern end of the pit. Anomalous levels of lead were 
detected in samples XRRCP1, XRRCP4, XRRCW, XRRCP9, and XRRCPll. Low 
levels of strontium were detected in samples XRRCP19, XRRCP22, and XRRCP 27. 
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FIGURE 2. Locations of Soil-Gas Samples in the Riot Control Burning Pit: 1994-1 995. 

Geophysical Survey 

In 1995, a focused geophysical survey was conducted to delineate the filled 
section in the northeastern part of the burning pit. Electromagnetic conductivity, 
electromagnetic induction, magnetometer, and ground-penetrating radar methods 
were used (4); the location of the frlled pit is shown in Figure 3 by a dotted line. 

Stage 11 Investigation 

Su$ace Soil Investigation 

In 1991, the US. Geological Survey collected soil samples at a 1 ft depth from 
five locations (16-20 in F&ve 4). These samples were analyzed forjnetals, volatile 
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FIGURE 3. Locations of Field X-Ray Fluorescence Surveys in the Riot Control Burning Pit, 

organic compounds (VOCs), semivolatile organic compounds (SVOCs), and 
explosive-related compounds (5). Elevated levels of lead (68 mg/kg) and zinc 
(158 m&g) were only detected in the sample collected from-location 16. Trace 
amounts of acetone and low levels of butylbenzyl phthalate and benzoic acid, both 
SVOCs, were detected in these samples. 

In 1992, Weston collected soil samples from nine locations (Figure 5). These 
samples were analyzed for metals, pesticides, SVOCs, and VOCs (6). Results of 
VOC analysis indicated that samples collected inside the burning pit had low levels 
of acetone and methylene chloride and that samples collected outside the burning pit 
had low levels of other analytes. The SVOC analysis detected high levels of benzoic 
acid in samples collected at 3 in. depth from the middle section of the pit: JBTl-C 
(5,270 pg/kg), JBTM-A (4,380 peg), and JBTM-B (1,900 pg/kg). Low levels of 
bis(2-chloromethyl)ether and di-n-butyl phthalate were detected in samples JBTM-A 
(3 in.), JBTl-C (3 in. and 2 ft), and JBTM-B (3 in.). The JBTP-C sample collected 
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FIGURE 4. Locations of Surface Soil Samples Collected by the U.S. Geological 
Survey in the Toxic Burning Pits Pushout Area (Source: Adapted from 
Hughes 1992). 

from the marsh northwest of the pit (at a 1 ft depth) contained 188 pgkg of di-n- 
butyl phthalate and 106 pgkg of benzoic acid. 

Results of pesticide analyses indicated that only sample JBTM-B (3 in.) had a 
4,4’-DDT level (307 pg/kg) and that sample JBTP-B (1 fi) had a 4,4’-DDD level 
(7.8 pgflcg). 

Elevated levels of antimony, cadmium, chromium, copper, lead, nickel, and zinc 
were detected in samples JBT1-E, JBT1-C, and JBTl-W (inside the pit) and 
sample JBTP-B (near the southwestern end of the pit). Sample JBT1-E (3 in.) had the 
highest levels of cadmium (5.24 mgkg), chromium (106 mg/kg), copper 
(742 mg/kg), and nickel (40.2 mgkg). Sample JBTl-E (2 ft) had relatively high 
levels of copper (262 mgkg), lead (49.2 mgkg), and zinc (139 mg/kg). 
Sample JBTl-C (3 in.), collected from the center of the pit, had the highest levels of 
antimony (7.48 mgkg), lead (339 mg/kg), and zinc (742 mgkg) and a relatively high 
level of copper (18 1 mg/kg). The JBTP-B samples had elevated levels of copper 

’ 
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FIGURE 5. Locations of Soil Samples Collected by Weston from the Riot Control Burning 
Pit: 1992 (Source: Adapted from Mazelon 1993). 

(48.4 mg/kg at 3 in. and 49.4 mgkg at 1 ft) and lead (90.4 mgkg at 3 in. and 
127 mgkg at 1 ft). 

In 1993, surface soil samples were collected from depths of M in. (A samples) 
and 6-12 in. (B samples) in six locations (ORCPl-ORCP6 in Figure 6). These 
samples were analyzed for metals, SVOCs, and VOCs. Sample ORCPlA, collected 
near the middle section of the burning pit, had slightly elevated levels of arsenic 
(1 1.1  mgkg), barium (123.8 mgkg), and copper (23.8 mgkg). Vanadium levels 
slightly higher than the calculated background (46.6 mgkg) were detected in all 
samples (48.9-94.8 mgkg). No SVOCs were detected. The VOC analysis indicated 
methylene chloride in ORCPIB (50 pgkg), ORCP3B (100 pgkg), and ORCP4B 

’ 

(50 p&9. 

In 1995, 14 surface soil samples were collected in the RCP area of concern 
(RCPS 1-RCPS 13 in Figure 6). These samples, collected from a depth of 0-6 in., 
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FIGURE 6. Locations of Soil Samples in the Riot Control Burning Pit: 1993 and 1995. 

were analyzed for metals. Elevated levels of metals were detected in samples 
collected within the pit, including 6.8 mgkg of cadmium in RCPS 1,1,770 mgkg of 
copper in RCPS 1,385 mgkg of zinc in RCPS 12,191 mgkg of chromium in RCPS1 
and 45.6 mgkg in RCPS2, and 1,070 mg/kg of lead in RCPS10 and 175 mgkg in 
RCPS12. Two samples collected near the suspect previous trench (RCPS7 and 
RCPS8) had levels of cadmium, mercury, and selenium representative of local soil 
conditions, and a slightly elevated level of copper in sample RCPS7 was attributed 
to the pit because the sample was taken at the pit’s edge. Soil samples collected near 
the southwestern end of the pit (RCPS 13 and RCPS 14) contained only insignificant 
amounts of cadmium, copper, and lead. Soil samples collected from the clear area 
near the middle section of the pit (RCPS3-RCPS6) and from the marsh northwest of 
the pit (RCPS9 and RCPS 1 1) had levels of some metals insignificantly higher than 
the calculated background. 

Subsuqace Soil Investigation 

In 1994, soil borings were advanced at three locations (RCPBOR 1, RCPBOR2, 
and RCPBOR4 in Figure 7) at 2 ft depth intervals from the surface down to 10 ft. 
Samples were analyzed for metals, SVOCs, and VOCs. The RCPBOR:! sample had 
arsenic levels slightly higher than the calculated background (5.03 mgkg): 7.4 m a g  



FIGURE 7. Locations of Soil Borings in the Riot Control Burning Pit: 1994 and 1995. 

at a depth of 0-2 ft  and 5.9 mgkg at 2 4  ft. The SVOC analysis indicated that these 
samples had di-n-butylphthalate levels of 180-280 pgkg. The VOC analysis 
indicated that samples from RCPBORl had carbon disulfide levels of 44 pgkg at the 
2-4 ft depth interval and 81 pgkg at 6 8  ft. 

~ In 1995, three soil borings (RCPBORS, RCPBOR6, and RCPBOR7) were drilled 
in the northeastern part of the pit where most previous disposal activities had 
occurred (Figure 7). Soil samples were collected from the three borings at 2 ft 
intervals from the surface down to 16 ft. Most of the samples were analyzed for 
metals and VOCs, and selected samples were also analyzed for SVOCs, pesticides, 
polychlorinated biphenyls (PCBs), dioxins and furans, explosives, total petroleum 
hydrocarbons (TPHs), cyanide, and chemical warfare agent (CWA) degradation 
products. These parameters were selected on the basis of the mobility of the analytes 
and anticipated depth of the pit. Results of metal analysis indicated that the upper 4 ft 
of soil near the northern part is slightly contaminated with cadmium, copper, lead, 
silver, and zinc. Metal contamination was found more often in borings RCPBORS 
and RCPBOR6 near the disposal center. Boring RCPBOR5 had copper levels of 89.2 
and 125 mgkg at depths of 0-2 and 2-4 ft, respectively; an arsenic level of 
5.2 mgkg at 6-8 ft; and silver levels of 0.6 and 1.3 mgkg at 0-2 and 2 4  ft, 

. 



respectively. Boring RCPBOR6 had copper levels of 2 1.6,25.8, and 32.1 mgkg at 
depths of 0-2, 2 4 ,  and 6-43 ft, respectively; lead levels of 64.1 and 185 mgkg; and 
zinc levels of 96.8 and 121 mgkg from the upper 4 ft. Boring RCPBOR7 did not 
have any elevated levels of metals, except arsenic (5.2 and 7.6 mgkg at 2-4 and 
4-6 ft depth, respectively). 

Results of VOC analysis detected elevated acetone levels in samples collected 
from RCPBORS. RCPBOR6, and RCPBOR7. The higher levels of acetone detected 
in samples from borings RCPBOR5 (3,000 and 1,020 pgkg at 6-8 and 8-10 4, 
respectively), RQBOR6 (96 and 94 pgkg at 6-8 and 8-10 ft), and RCPBOR7 
(1,700 and 104 &Ag at 10-12 and 12-14 ft) were probably related to past waste 
disposal activities. 

Results of SVOC analysis detected a few SVOCs, and most of them were present 
in the upper 4 ft of soil. Boring RCPBORS had low levels of naphthalene (95 p e g ) ,  
phenanthrene (130 pgkg), and pyrene (44 pgkg) at the 0-2 ft  depth interval and 
2-methylnaphthalene (300 pgkg) and bis(2-ethylhexy1)phthalate (58 pgkg) at 2 4  ft. 
Sample RCPBOR6 ( 2 4  ft) contained low levels of benzo@]fluoranthene (41 pgkg), 
benzoEg,h,i]perylene (79 pgkg), benzo[k]fluoranthene (48 pgkg), hexachloroethane 
(41 pgkg), and indeno[1,2,3-cd]pyene (72 mgkg). Sample RCPBOR6 (6-8 ft) 
contained 320 p*@g of 2-methylnaphthalene, 43 pgkg of bis(2-ethylhexyl)phthalate, 
and 340 p e g  of naphthalene. 

The RCPBORS (0-2 and 2-4 ft) and RCPBOR6 (0-2,2-4, and 4-6 ft) samples 
were analyzed for pesticides and PCBs. Insignificantly low levels of delta-BHC and 
4,4’-DDD were detected in sample RCPBORS (2-4 ft), and no PCBs were detected. 
Samples from RCPBORS (2-6 and 8-10 ft) and RCPBOR6 (4-16 ft) were analyzed 
for TPHs. The TPH levels in RCPBORS samples were 222 mgkg at 2-4 ft, 
110 mgkg at 4-6 ft, and 180 mgkg at 8-10 ft. The TPH levels in the RCPBOR6 
samples were 262 mgkg at 4-6 ft, 381 mgkg at 6-8 ft, 178 mg/kg at 8-10 ft, and 
234 mgkg at 14-16 ft. 

The RCPBOR6 samples (4-6 and 6-8 ft) were analyzed for dioxins and furans. 
Low levels of octachlorodibenzo-p-dioxin were detected in both samples: 0.1 pgkg 
at 4-6 f t  and 0.13 pgkg at 6-8 ft. The RCPBORS (4-6 ft) and RCPBOR6 ( 2 4  and 
4-6 ft) samples were analyzed for CWA degradation products, including organic 
phosphorus, organic sulfur, and thiodiglycol. No CWA degradation products were 
detected. A few soil samples from the borings were analyzed for cyanide and 
explosive-related compounds, and no such compounds were detected. 



CONCLUSION 

The contamination at the RCP area of concern is closely related to the location 
of the pit. According to the X-ray fluorescence field survey and the surface and 
subsurface soil investigation, the area near the northeastern section of the pit (which 
has been filled) and an area near the middle of the pit are contaminated with low to 
moderate levels of heavy metals, including cadmium, chromium, copper, lead, and 
zinc. Locally, low levels of antimony and arsenic contamination were found. The 
metal contamination was present in the upper 4 ft of soil. The southwestern end of 
the pit is only saghtly contaminated with metals, probably because most of the 
pushout material-was placed in the northeastern area of the pit. Low levels of 
petroleum-related SVOCs were found along the trench. The SVOCs seem to be near 
the surface. More mobile VOCs (such as acetone; benzene, toluene, and xylenes; 
tetrachloroethylene; and trichloroethylene) were detected in soil or soil gas near the 
filled trench in the northeastern part of the pit. 

The clear area and the suspect trench near the middle of the pit were not 
contaminated with metals. The subsurface soil at the disposal center in the filled 
portion of the pit was not fully characterized because borings could not be installed 
for safety reasons. According to the soil-gas data and soil data from nearby brings, 
petroleum-related compounds and chlorinated methane, ethane, and ethene 
compounds are likely to be present in the subsurface. 
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