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VOC AND HEAVY METAL TREATMENT AND RETENTION
IN WASTEWATER INFILTRATION SYSTEMS INSTALLED
IN LOAMY SAND AND SILT LOAM SOILS

P.A. Sauer, E.J, Tyler*

ABSTRACT

Volatile organic chemicals (VOCs) and heavy metals are found in spent oils, greases, and
olvents from routine vehicle maintenance. In Wisconsin, these motor vehicle waste fluids
MVWF) enter catch basins along with rinse waters and are discharged to soil infiltration
ystems after mixing with domestic wastewater in a septic tank (systems installed prior to
992). The purpose of this study was to determine if retention/treatment of VOCs and heavy
1etals occurs in drainfields that receive MVWFs. Toluene, 1,3,5-trimethylbenzene, and
cetone were found beneath beds in loamy sand soils; concentrations of detected VOCs
wmged from 19-270 mg/kg. Volatile organic chemicals were not detected beneath the bed
1 silt loam soils. Thus, drainfields in loamy sand soil appear to provide less treatment of
OCs compared to drainfields in silt loam soils. Volatile organic chemicals were found in
il gas above drainfields in both soil types. Some loss of VOCs from drainfields in loamy
nd and silt loam soils occurs as they diffuse from the drainfield to the soil surface.
admium, chromium, and lead concentrations in soil 15 cm and greater beneath beds in
amy sand and stlt loam soils typically were similar to background concentrations. Heavy
etals in drainfields would most likely be found in the clogging layer at the infiltrative
rface of gravel and soil.

2ywords: VOCs, heavy metals, drainfield, motor vehicle waste fluids, soil

INTRODUCTION

latile organic chemicals and heavy metals are found in septic tanks when caich basins are
mected to service station disposal systems that receive motor vehicle waste fluids
VWE) from motor vehicle maintenance. The purpose of this study was to determine if
'Cs and heavy metals from MVWE are treated/removed in soil absorption systems. This
1y serves as a preliminary assessment and recommends further research to characterize
treatment/degradation and removal processes associated with these contaminants in drajn-
ds. A detailed description of this study including wastewater stream characterization and
Undwater studies are provided in Sauer et al. ( 1993). Literature was not found regarding
C degradation in soil surrounding drainfields receiving MVWF contaminants. However
€r and Tyler (1991) and Sherman and Anderson (1991) have shown removal of VOCs,

sibly through degradation, in drainfields. Limited literature is available regarding heavy
als in soil beneath gravelbeds. Lead was found in low concentrations in soil collected
" motor vehicle service station (MVSS) disposal wells (that received only MVWF) in an
iblished United States Environmental Protection Agency (U.S. EPA) study (U.S. EPA,
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unpublished data, 1989). Peterson (1992) and McGrath and Lane (1989) found thar .
majority of metals applied in sewage sludge remains in the cultivated soil layer (027 o
Itis anticipated that heavy metals discharged into a soil absorption system would most Jika

remain near the infiltrative surface of gravel and soil in the drainfield.

MATERIALS AND METHODS

Three publicly-owned MVSS located in Oneida, Portage, and Columbia counties in HOrtheﬁfh
central, and southern Wisconsin respectively were chosen for the study. Sites selecteqd f(j'%‘s
inclusion in this study had Wisconsin Department of Industry Labor and Human Relatioﬁi‘é_’?
(DILHR)-approved (DILHR, 1983; DILHR, 1985) catch basin/septic tank/soil absorptiéig‘?

systems and employed at least one full-time mechanic. The soil absorption systems Wei?ef;

installed in silt loam or loamy sand soils. Soil absorption systems in Wisconsin are com-
monly installed in these types of soils. The Oneida county site soils are described as

At all sites, soil samples were collected beneath the area of bed identified as receiving effly-
ent. Observation ports installed in the Columbia county drainfield in silt loam soils were,
used to confirm the presence of effluent in the bed. Ground-penetrating radar (GPR) was
used to identify the area of bed receiving effluent at the sites in loamy sand soils (Kung and
Donahue, 1991).

Soil samples were collected op two occasions beneath gravel beds at each site, At the'.;
Oneida county site, samples were collected on October 3, 1991 and July 9, 1992; Portage

All subsequent soi samples were collected from pits dug adjacent to the drainfields at each
site.  Pits were dug with one sidewall approximately 15 cm from the outside edge of the
gravel bed, and to the sampling depth below the bed. Sojl pits at the Portage and Columbia
county sites were hand dug; at the Oneida county site, they were dug using a backhoe
because there was approximately 1.5 to 1.8 m of soil over the drainfield. Two or three pits
were dug at each site for each sampling event. Stainless steel sof] probes or hand shovels
were used to collect soi samples horizontally from the site of the pits 15 and/or 30 cm
beneath the bed, depending on site soil conditions. Figure 2 shows the approximate sampling
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.oth that sojl samples were collected beneath gravel beds. All soil and background samples
ore prepared for analysis using the same techniques. Soil samples were scanned for 40
OCs and analyzed for cadmium, chromium and lead. The first set of soil samples for VOC
jalysis collected at the Oneida county site were stored in 200-mL glass vials with Teflon
Ips, preserved in 100 mL methanol, and refrigerated at 4°C until analysis. All subsequent
il samples for VOC analysis were stored in 40-mL glass volatile organic analysis (VOA)
als with Teflon™ caps, preserved in 25 mL methanol, and refrigerated at 4°C until analysis
iegrist and Jenssen, 1990: Urban et al., 1991). Soil samples for heavy metals analysis
ere stored in plastic bags and frozen until analysis.

Vent pipe or
Observation Port

Soll Gas Sarnplesc_'l

Catch Basin LT f— | Yo

Soll Samplese

Saptic Tank / Unsaturated Soil \

___.—«———'—“_“——-—_‘_‘___._____._—-————'_—ﬁ-——

Saturated Zone

Figure 1. Approximate Location Where Soil and Soil Gas Samples Were
Collected Beneath and Above Gravel Beds in MVSS Drainfields.

he first set of soil samples for VOC analyses collected at the Oneida county site were
nalyzed using gas chromatographic-mass spectroscopic method 624 (U.S. EPA, 1984). All
ther soil samples were analyzed using gas chromatographic methods 601, 602 (U.S. EPA,
984) and 8021 (U.S. EPA, 1987). Standard methods for atomic absorption spectroscopy
sction 303A for total cadmium and chromium and section 304 for total lead were used for
nalyses of metals in soil samples (APHA, AWWA, and WPCF, 1985).
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Figure 2. Sojj Sampling Location Beneath Gravej Beds.

Gas Sampling

Gas samples for VOC analyses were collected from vent pipes or observation ports in each
drainfield at each sjte (Fig. 1). Samples for VOC analysis were collected on 150 mg of actj-.
vated charcoal in tubes Placed in-line between fubing lowered into the Vent pipe or port ang.
an air sampling pump. Samples were collected for 15 to 60 minutes at flow rates from 500
to 1000 mL/min.

After exposure, fubes Were sealed at both ends, maintained at 4°C ypyj] delivered 1o the

laboratory for analysis. Activated charcog] Was desorbed in carbop disulfide and analyzed :
using Occupational Safety and Healin Administration (OSHA)-approved gas chromatographic'-'fE
methods (OSHA, 1990y,

Soil Gas Sampling

each pair of cans wag removed after 14 days of exposure to soil gas. Exposure times were
estimated based op studies conducted by Kerfoot and Mayer (1986). The rémaining three
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vOCs_in Observation Ports and Vent Pipes

[oluene, limonene, and/or petroleum distillates ‘were usually found in gas in vent pipes or
jpservation ports at all sites. Toluene was typically found in septic tank effluent at all sites.
:ffluent samples were not analyzed for limonene and petroleum distillates. Limonene is a
itrus-derived solvent used for parts and hand cleaners {Merck, 1989). Petroleum distillates
aclude low molecular weight aliphatics such as hexane and hexane isomers (LaVonne
Aatthews, Wis. Occupational Health Laboratory, personal commumication, 1992). Detection
f volatile organics in vent pipes and observation ports confirms their presence in drainfields
t all sites.

"0Cs in Soil Beneath Gravel Beds

nly three VOCs, m- and p-xylenes and 1,3,5-trimethylbenzene of the 40 that were scanned
ir, were found at quantifiable levels in three of the 22 soil samples collected beneath gravel
:ds. At the Oneida county MVSS, 19 and 24 ng’kg m- and p-xylenes were found in soil
mples collected October 3, 1991 at 20-48 cm and 8-46 cm depths, respectively. Trace
vels of 1,4-dichlorobenzene and o-xylene were also found. Volatile organic compounds
ere not found in samples collected on July 9, 1992 at 30 em depths. Xylenes and 1,4-
chlorobenzene along with many other VOCs were found in septic tank effluent and sludge
this site.

ace levels of acetone and m- and pP-xylenes were found in soil samples collected on July
» 1992 at 15 cm depths at the Portage county MVSS. In samples collected on August 11,
92 at 15 cm depths, m- and p-xylenes and 1,3,5-trimethylbenzene were found at concentra-
ns of 180 and 270, ug/kg respectively, along with trace levels of 2-butanone at 15 and 30
1 depths. Volatile organic compounds, including those found in soil beneath the bed at this
*, were found in septic tank effluent and slidge.

latile organic compounds were not found at 15 and 30 cm depths for soil samples col-
ted on April 23, 1992 and June 16, 1992 at the Columbia county MVSS. They were
ind in septic tank effluent at this site. Thus, VOCs were found only beneath gravel beds
loamy sand soils, whereas they were not found beneath the bed in silt loam soils.

tor vehicle service station drainfields in loamy sand soils provide less treatment of VOCs
npared to drainfields ir silt loam soils. However, Sauer and Tyler (1991) have shown that
1¢ degradation of toluene, chloroform, and 1,1,1-trichloroethane occurred in sandy soil
eath a model soil absorption system. Volatile organic compounds were removed from
dy soils beneath drainfields that recejved only domestic septic tank effluent in a study con-
ted by Sherman and Anderson (1991). Wilson et al. (1981) and Anderson et al. (1991)
aboratory studies have shown VOC degradation in sandy and silt loam soils. Thus, treat-
1t of VOCs occurs in drainfields in silt loam and loamy sand soils, treatment being more
ctive in silt loam soils. This study was unable to determine if treatment occurred in or
1e infiltrative surface of the gravel and soil beneath the crust layer.

ion Il U.S. EPA studies at MVSS (U.S. EPA, unpublished data, 1989) found VOCs in
ly and coarse-textured soils near disposal wells (privately-owned) that received only
WF. Benzene, ethylbenzene, xylene, and toluene were commonly found in soil samples
:cted near disposal wells at concentrations ranging from several pg/kg to greater than
00 pg/kg. At one MVSS, 15,165, 27,299, 62,898, and 9,047 ug/kg benzene, toluene,
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Drainfields in sandy soils that receive domestic waste and MVWF may provide mora treg
ment of VOCs than disposal wells in similar soils. Other considerations: higher VOC ¢
centration_s were found in disposaj well effluent at many sites in the U.S. EPA study ag com
pared to septic tank effluent in this study; MVWF disposal activities in Wisconsip may diff,
from other states and regions, more fluids may be recycled in Wisconsin; and there may b
differences in MVWFE disposal activities between privately- and publicly-owned facilitieg ¢

VOCs in Soil Gas Above Drainfields
=200 Jas Above Drainfields

Tetrachloroethylene wag found in soi] £as samples collected above the Oneida county drajp:-
field. Although this VOC was not analyzed in catch basip and septic tank effluent samples,
tetrachloroethene and 1,1,1-trichloroethane were found at thege sampling locations. Volatile
Organic compounds Were not found in soj] gas samples at the Portage county site. Sojj gas
samplers at this sjte may have required longer exposure 1o soil gas due to soj] temperapyre
and moisture content.  Petroleum distillates were found in soil £as samples collecteq above

from silty clay Ioam soils. Some loss of VOCs occurred in MVSS drainfields in loamy sand )
and silt loam soils, as they diffused from the drainfield to the soil surface and were found
in soil gas,

Heavy Metals

Heavy metals discharged from septic tanks to the drainfields at MVSS would most likely be
found at the infiltrative surface. Peterson (1992) has shown that metals in land-applied
sludge remain where applied in the zone of cultivation. Metals in drainfields may behave
similarly to sludge-borne metalg in soil in that they may bind through Organometallic com-
Plexation and carion €xchange to organic substances in the crust layer at the infiltrative sur-
face (Logan and Chaney, 1983).

InaU.S. Epa Region 11 study (U.S. EPA, unpublished data, 1989}, lead was typically the

11 soil samples collected near disposal wells in sand and gravel sojls. Lead
concentrations ranged from 0.01 to 0.053 mg/L (results were not provided in mg/kg). Soil
samples were collected from 1.5 8.3 beneath the soi] surface at varying distances from
Several disposal wells thar received only MVWE.

Cumulative loading rates of each metal for the lifetime of each drainfield were estimated by
multiplying the

average concentration of each metal found in the septic tank effluent by the
average daily flow rage 10 each drainfield. Ap average service station flow rate of 2082
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Table 1. Heavy Metals in S01l Beneath Gravei Beds at MV3SS m Wisconsin, @

Cadmium

ampling Depth Chrominm Lead
mg/kg mg/kg mg/kg

neida County

amy sand soil

¥3/91 b

0-48 cm (N=1) 0.37 5.6 0.9

45 cm (N=1) 0.54 7.3 0.5

9/92

0 cm (N=4) <0.1 4.3-6.9 0.6-1.4

3ackground N ] <0.1 ] 8.1 1.9

ortage County

amy sand soil

14/92

5cm (N=4) 0.1 4.5-6.5 0.7-1.4

3ackground 0.1 4.6 0.9

'11/92

5 cm (N=2) <0.042 4.9-6.3 1.2-1.3

0 cm (N=2) <0.04 3.6-43 1.2

ackground <0.038 5.3 1.4

olumbia County

It loam soil

i23/92

S5 cm (N=2) 0.41-0.9 11.8-31.9 6.8-11.9

0 cm (N=2) 0.94-0.95 7.3-32.4 4.0-11.3

Jackground 0.88 31.6 12.1

16/92

15 em (N=2) <0.16-0.25 9.6-26.9 4.8-11.6

30 cm (N=2) <0.16-0.14 6.2-22.5 2.7-1.3

3ackground <0.08 28.6 10.6

Detection limits based on 2-g samples are as follows: cadmium is 0.25 mg/kg; chromium
is 1.0 mg/kg; and lead is 0.1 mg/kg or 1.0 mg/kg, depending on metal concentration.

N = number of samples collected at specified depth.
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were 40-170 times 8reater and for silt loam soifs 8 times greater than the WI NR 204 ma
mum cumulative application rate for cadmium in sludge-amended s0ils. Estimateq lifetim
curmnulative loading rates for lead in loamy sand soils Was up to 8 times greater than ¢
allowed application fate.  Loading rates for the site in silt loam soils wag less than g,
required application rate. Thus, there may be greater Cumulative loading of cadmium ap,
lead on a 2-cmy thick crust in drainfields installed in loamy sand angd silt loam soils, tha
receive MVWF and domestic wastewater, than are allowed to accumnulate on g sludge
amended agricultural fie]d with a 30-cm plow layer,

Table 2. Estimated Lifetime Cumulative Cadmium, Chromium, and Lead Loadirig
Rates for MVsS Drainfields ig This Study.a
Location and Soj Texture Cadmium Chromium Lead

kg/ha kg/ha kg/ha
Oneida County 855 1815 4200
loamy sand
Portage County 210 645 2580
loamy sand
Maximum Cumulative Appl. 5 NAD 500

(WI NR 204) sandy soi

Columbia County 81 195 330
silt loam
Maximum Cumulative Appl. 10 NA 2000

(WI NR 204) silt loam soil

b NA = values not available,
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CONCLUSIONS

. On!y three VOCs, m- aqd p-xylenes and 1,3,5-trimethylbenzene of the 40 that were Scanned
Hfor, were found at quantifiable levels in three of the 272 soil samples collected beneath grave]
peds in drainfields that received MVWE. The VOCs were found only in drainfields installed
in loamy sand soils. Variation occurred in the types and concentrations of VQOCs found
beneath gravel beds in loamy sand soil ar any given time. Motor vehicle Service station
drainfields in silt Ioam soils treat VOCs, loamy sand soils provide less treatment of VOCs,
Further research is needed to determine if treatment/degradation of VOCs occurs in the clog-
ging layer at the infiltrative surface of gravel and soil in drainfields.

~oncentrations of VOCs found in loamy sand soil in drainfields at MVSS in this study were
ess than those reported in sandy and coarse-textured soil near disposal weils in an U.S. EPA
Region II study (U.S. EPA, unpublished data, 1989). Drainfields that receive domestic
vaste and MVWF may provide more effective treatment of VOCs than disposal wells that

olatile organic chemicals were found in soj gas above MVSS drainfields in sijt loam and
amy sand soils. Thus, some loss of VOCs from drainfields in silt loam and loamy sand
ils also occurs as they diffuse from drainfield to soil surface.

*avy metal concentrations in soil beneath beds at all sites typically were less than or within
> same range as background. Heavy metals in drainfields would most likely be found in

: clogging layer at the infiltrative surface of gravel and sojl. Further studies are needed
confirm this.

is estimated that cadmium and/or lead lifetime cumulative loading rates for drainfields
eiving MVWF contaminants in loamy sand and silt ioam soils may exceed WI NR 204
Ximum cumulative application rates for cadmium and lead in sludge-amended soils. There
y be greater cumulative loading of cadmium and lead op a 2-cm thick crust in drainfields

1t MVSS than is allowed to accumulate on a sludge-amended agricultural field with a 30-
thick plow layer.

ed on the resulis of this study, recommendations are to phase out connection of floor-
ns and catch basins to on-site wastewater infiltration systems, especially those installed
indy soils, due to the risk of intentional or accidenta] mtroduction of MVWEF., Also, it

» personal communication,
). They may require that caich basin wastes discharge to hazardous waste holding
 Soil and groundwater beneath drainfields may have to be monitored to determine the

't of MVWF contamination and remedial action may be necessary if extensive contam-
m is found.
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