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ABSTRACT — The Accumulation of As, Cd, Cr, Cu, Li, Mg, Ni, Pb, Se, and Zn in
the sediments of 15 storm water injection wells and one infiltration basin which
receive urban runoff in the city of Missoula, Montana were determined. Sediment
samples were taken from the upper 10 cm of accumulated material and compared with
sediment taken from two small creeks which drain into the City of Missoula.
Sampling points on the creeks were considered to be outside of the urban area, and
therefore serve as a reference for natural background concentrations of these elements.
Concentrations of As, Cd, Cr, Cu, Mg, Pb, and Zinc in injection-well sediments were
found to be elevated above background. Liand Ni concentrations were close to those
found in the background samples, and the concentration of Se in both of the creek
samples was significantly higher than that in injection-well sediment. This
information concerning the occurrence and concentrations of trace metals in storm-
water sediments is useful when considering possible contaminant sources as well as

establishing current baseline conditions for future comparison.



INTRODUCTION

Prior to the development of urban centers, groundwater recharge occurred by means of
infiltration of precipitation through pervious land surfaces. This water was relatively
uncontaminated and infiltration due to precipitation and snowmelt was well distributed across the
land surface. Urban development has decreased the total area through which groundwater recharge
may occur and has created new point sources of groundwater recharge. These sources, which
include domestic septic tanks, agricultural and residential irrigation, industrial and stormwater
injection wells, and infiltration basins, often serve to concentrate those environmental contaminants
associated with human activity.

Like most cities in the semi-arid west, Missoula, Montana’s urban runoff (or storm water) is
disposed of primarily by means of shallow injection wells (otherwise known as French drains or
street sumps. Some 6,107 (MCCHD, 1997) injection wells and one infiltration basin are currently
used to inject an estimated 119 million gallons of stormwater annually (Wogsland, 1987). Injection
wells are simple vertical concrete cylinders with seepage slots, which are placed in an excavation
and receive fluid. Stormwater running off the streets collects within the injection well structure and
then simply percolates into the vadose zone. The thickness of this unsaturated zone in the Missoula
Valley generally varies from 20 to 60 feet, and the underlying unconfined aquifer has been
designated a sole-source aquifer by the U.S. Environmental Protection Agency.

Nationally, the contaminants found most commonly in stormwater include volatile and semi-
volatile organic compounds, microorganisms, and trace metals (EPA, 1983). Inputs of metals on

urban surfaces originate from vehicle exhaust, tire wear, corrosion of building materials and road



paint, and atmospheric deposition. Trace metals in stormwater may exist in the dissolved phase or
they may be associated with the entrained sediment load. Because stormwater sediment can contain
many times those concentrations of trace metals dissolved in runoff (Ramanathan, 1996), the
potential impacts from these constituents cannot be completely evaluated solely through the
sampling and analysis of the dissolved phase.

Previous investigations by Nightingale (1975) and more recently by Wigington, et al. (1983),
have documented the accumulation of arsenic and trace elements (PB, Zn, Cu, and Cd) in the soils of
storm water infiltration basins receiving urban runoff. In a previous study of the effects of storm
water injection on groundwater in the Missoula Valley, Woessner and Wogsland (1987)
demonstrated that groundwater concentrations of bicarbonate, calcium, magnesium, sodium,
chloride, and iron increased in response to runoff recharge by means of injection wells. The data
generated in this study also indicates that the metals most commonly found in urban runoff in
Missoula include iron, manganese, zinc, copper, lead, cadmium, and nickel.

As sediments accumulate in injection wells or infiltration basins, they may present a risk of
contamination to underlying groundwater; ultimately affecting public health and the environment.
Furthermore, it is important to have an understanding of the current average concentrations of metals
found in these sediments for use as a baseline comparison. The purpose of this project is to quantify
the total concentrations of trace metals present in sediments in selected injection-wells in Missoula
as an initial step toward evaluating the potential risk of groundwater contamination from

accumulating storm water sediments.



METHODS
Sample Collection

A total of 15 stormwater injection wells were sampled as part of this initial survey. Sample
locations were chosen based on the land use practices within the area that contributes storm water to
each well. Locations were classified on the basis of land use as either commercial industrial,
residential, or as a parking lot. One sample was also collected from an engineered infiltration basin
located adjacent to the Buckhouse Bridge on the Bitterroot River. This basin receives storm water
from the length of Reserve Street southeast of Mount Ave. Sediment samples were collected from
the upper 10 cm of accumulation found in the bottom of the injection well structures, at the locations
listed in table 1.

The total depth of the injection wells in the study ranged from approximately 1 to 3 meters
from land surface to the interface between accumulated sediment and the more course underlying
sand and gravel. Most of the sumps are not equipped with ladders and it was determined that the
potential safety risks involved in descending into the structures was unacceptable. Therefore a
simple sampling device was constructed.

Two 3-meter lengths of one-inch diameter schedule twenty PVC pipe (sold as electrical
conduit) were purchased. These pipes are flanged at the end so that segments of the same diameter
may be linked together. One of the lengths was cut into 15-cm segments while the other was left as
a 3-m length. These 15-cm segments were then scrubbed with Alconox® soap and water, and then
rinsed with deionized water.

Table 1. Sampling locations, land use, and collection dates.



Land Use: Location: Collection Date:
Industrial SS-1, Commerce and Murphy 2/4/98
Residential SS-2, Westfield Court 2/4/98
Residential SS-3, Woodford and Roosevelt 2/4/98
Parking Lot SS-4, City Parking Lot (@ The Oxford) 2/9/98
Residential SS-5, Blaine and Crosby 2/9/98
Commercial SS-6, Stephens and Mount 2/21/98
Industrial SS-7, Palmer St. 2/4/98
Commercial SS-8, South and Bancroft 2/11/98
Infiltration Basin SS-9, Buckhouse Bridge 2/11/98
Commercial SS-10, Russell and Livingston 2/11/98
Residential SS-11, Linda Vista Blvd. 2/11/98
Residential SS-12, Hillview and 39" 2/11/98
Commercial SS-13, Stephens and Kent 2/18/98
Commercial SS-14, Higgins and Kent 2/18/98
Parking Lot SS-15, County Parking Lot (Alder and Woody) 2/18/98
Background CS-1, Pattee Creek

2/20/98 CS-2, Rattlesnake Creek 2/20/98
Background

A short segment was then inserted into the end of the 3-meter pipe, lowered through the storm

drain grate, and pressed into the sediment at the bottom. Sediment was pushed out of the PVC

tube by hand (using powder-free latex gloves), and the upper 10-cm section of sediment core

was measured and transferred by into a sample container. A new pair of gloves was used at each
sample location.

It has been noted that trace metal contamination of storm water sediments usually decreases
with depth (Wei, 1993). Therefore, as a starting point, the top 10 cm of the sediment accumulation
was collected. The sample collection procedure was repeated several times until enough sediment
was collected to fill a 250-ml pre-cleaned (acid-washed) glass sample container. When a sufficient
volume of sediment was collected from a particular site (i.e. around 125 ml), the 10-cm segment of
PVC was disposed of. The end of the sampler was scrubbed with Alconox® soap and water, rinsed

with deionized water, and a clean segment was inserted at the following sample location.
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Sample ProcessingSample Processing

Samples were stored at room temperature in containers with lids secured until all samples
had been gathered. All the samples were then oven dried by removing the lids and placing the
containers in a convection oven at 80°F. Samples were stirred occasionally during the drying
process with a stainless steel spatula so that the sediment did not dry into a solid. Some samples
remained in the oven for a period of several days until they were completely dried. The dried
samples were then placed on an agitator at a medium setting to allow the larger pieces of dry
sediment to break apart.

Much of the research concerning the processes of metal transport and accumulation in
sediments indicates that significantly higher metal concentrations occur in finer grain-size
fractions (Forstner 1982; Moore and others 1989). This correlation is the result of numerous
factors that are both physical and mineralogical in nature. Several authors have suggested that
intersite comparisons of metal concentrations among environments where grain-size
distributions vary, cannot be made without a correction for grain-size effects (de Groot and
others 1982; Forstner and Wittman 1979; Helmke and others 1977). Therefore a standard
analysis for the less than 63 im fraction was used in this experiment.

In order to separate only this grain-size fraction from the bulk sample, a portion of each
sample was sieved through a 63 im (no. 230 Gibson Corp.) sieve. The sieve assembly with
sediment was secured to an agitator and allowed to shake at a medium setting for 20 minutes.
The less than 63 im fraction was then transferred with a new piece of weighing paper into a new

snap-top sample container. The sieve was thoroughly washed and dried between the processing



of different samples.

The dried and sieved samples were then digested using a microwave aqua-regia
technique described below. Samples were prepared gravimetrically and dilution factors for each
sample were calculated by dividing the difference in the weight of the total solution of digest and
Milli-Q water by the weight of the sediment. This dilution factor was applied to each respective

sample in order to determine the true concentrations of each analyte.

Aqua Regia Microwave Digest Procedure (modified from Lucy, 1992)

Dried and sieved samples were weighed to the ten thousands of a gram into tarred, labeled, 120
ml Teflon reaction vessels (Savillex Corp #578). Sample weight was brought up to a target
of .5000 grams, and the actual weight was recorded for use in the calculated dilution factor.

When all samples were weighed into the reaction vessels, a target weight of .5 g (or ml) of Milli-
Q water was added to each sample. This water was tapped around the vessel until all (or as
much as possible) of the sediment was wet. The samples were then covered and allowed to
sit for 30 minutes.

3.75 ml of trace metal grade hydrochloric acid and 1.25 ml of trace metal grade nitric acid were
then added to each wetted sample. The acid was used to wash any dust on the sides of the
vessel down. Vessels were tapped until the sediment appeared to be equally saturated. The
samples were again covered and allowed to sit for 60 minutes.

At the end of this one hour pre-digestion period, vessel caps were tightened with special plastic

wrenches provided by the manufacturer. Pressure caps were then tightened ¥4 turn beyond



the point where the caps first resist tightening. Proper seating of the threads and closure of
the pressure cap is essential in avoiding the venting of fumes during microwave digestion.

As many as seven vessels were then placed in a plastic “cake keeper” container. A vent tube
was then attached to each vent hole on the pressure caps. The free ends of the tubes were
then placed in small vials of indicator solution made up of 5 drops 0.5M NaOH in 250 ml of
Milli-Q water; three drops of phenolphthalein was added to each vial. These vials indicate
venting of acid by losing their pink color.

The sealed “cake-keeper” with vessels and indicator vials inside was then placed in the
microwave oven on a wind-up turntable. Four 250-ml polyethylene bottles full of cold tap
water were placed in all four corners of the oven. With the turntable rotating, the samples
were microwaved on high power (=570 watts) for a period of six minutes.

At the end of the six-minute microwave digestion, the cake-keeper was taken to the fume hood
and opened. The samples were left under the hood for several minutes to allow the chlorine
smell to dissipate. Indicator vials were examined to determine if any vessels had vented, and
a note would have been made had this occurred. Sealed vessels with digested sample were
allowed to sit overnight under the fume hood.

Pressure tops on the vessels were carefully opened under the fume hood, with the pressure relief
opening pointed into the hood. Vessels all displayed a sudden release of pressure, indicating
that they had not vented during digestion. Vessel caps were then loosened and the contents
were transferred into a pre-weighed (without the cap) and labeled centrifuge tube.

Because the goal is to transfer everything from the digest vessel into the centrifuge tube, the cap



and vessel were rinsed into the centrifuge tube several times, being certain that no sample
remained. Because of the high organic matter content of these samples, there was often a
dark residue left in the digest vessel. This was removed by swirling a small volume of Milli-
Q around in the vessel until the residue was removed. Care was taken not to use too much
water in the rinse in order to prevent filling the centrifuge vessel over the target volume of
50ml.

Centrifuge tubes were then brought to a target solution weight (keeping in mind the recorded
weight of the tube alone) of 50 grams with Milli-Q water. Actual weights were recorded.

Centrifuge caps were tightened and the tubes were centrifuged for 5 minutes at 2500 rpm to
clarify the digest

Clarified digests were transferred to 60 ml polyethylene sample bottles labeled with original

sample name and information.

Sample Analysis

Concentrations of metals in the extracts were determined by multi-element analysis
performed by inductively coupled argon plasma emission spectroscopy (ICAPES) using a cyclonic
nebulizer. All samples were run at the Murdock Environmenta Lab on the University of Montana

campus over three separate analysis events.

Quality Assurance



Three separate QA/QC tools were used to determine both the accuracy and precision of
analytical procedures. The primary tool used to determine the precision of each analysis, was the
running of quality control standards. On the ICP, after standardizing the machine on a series of
standard solutions, the EPA COMP (composite solution) was analyzed just prior to, and just after,
the analysis of unknown samples. This composite solution contains known concentrations of all of
the constituents of concern to this project, and its concentrations were closer to those of the analyzed
unknowns than other available standards. The precision of analyses (in percent) is based on the
relative standard deviation of all the runs of the EPA COMP. This percent error is incorporated as
error bars in graphs 1 through 10.

Precision of analysis (based on the concentrations in the blanks) for each reported parameter

as well as the detection limits are summarized in table 2.

Table 2. Precision of Analysis, Concentrations in Blanks, and Detection Limits

Parameter Precision (%) Blank (ppb) Detection Limit (PQL) ppb
As 6 <65 65
Cd 2 <5 5
Cr 2 <5 5
Cu 3 <5 5
Li 7 <5 5
Mg 5 <5 5
Ni 2 <15 15
Pb 8 <60 60
Se 3 <80 80
Zn 7 <5 5

As a second quality control measure, seven separate digests of USGS Standard Reference

Sediment Sample “Sed 2” were subjected to the same digest procedures as the unknowns. The
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resultant concentrations, their averages, and their standard deviations were then used to compare
the results of analysis to the concentrations given on the USGS “Statement of Analysis” for
Sed2. While all of the average concentrations appear to be within the acceptable range of values
provided along with the reference standard, the data for both Hg and Mn were shown (by use of
a student T-test with computed effective degrees of freedom and uncertainty of difference) to
differ significantly from the USGS data set and therefore can not be reported at the chosen 95%
confidence interval. The concentrations given in the USGS Statement of Analysis as well as the
results of the Study analyses are included as table 3. Hg and Mn were dropped from the list of
reportable constituents. This procedure gives an indication of the overall precision of digest and

analysis procedures.

Table 3. Results of seven separate digests and analyses of USGS Sed 2, and results of student T-Test at
95% confidence.

USGS Statement of Analysis Study Analysis T-Test

(concentrations in mg/kg) (concentrations in mg/kg) Result
Constituent  Average  Std. Dev. N Average  Std. Dev. N pass
As 144 33 8 171 3 7 pass
Cd 8.3 1.6 13 8.5 34 7 pass
Cr 13.2 3.6 11 12.3 1.0 7 pass
Cu 11 2 12 115 .6 7 pass
Hg 8 2 9 75 5 7 fail
Li 13.7 3.1 3 12.7 1 7 pass
Mg 52 5 11 50 1.4 7 pass
Mn 15 1 11 13 3 7 fail
Ni 10.8 2 9 10.1 5 7 pass
Pb 149 24 13 144 4.2 7 pass
Se .6 3 7 .63 A1 7 pass
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RESULTS AND DISCUSSION

The significance of the accumulation of the study elements in the injection-well sediments
was determined relative to sediments of the same size fraction collected at background sites. The
creeks used for background determination do not receive urban runoff. However, they may receive
airborne pollutants from sources in the urban environment.

Graph 1 through graph 12 show total concentrations of the study elements found in the
upper 10 cm of collected injection-well sediments as well as the concentrations found in sediment
collected from both Pattee Creek and Rattlesnake Creek. As an additional tool in determining the
possible enrichment of each metal in the samples, the graphs also include the average crustal
abundance of the particular element. A complete list of analyte concentrations for each sample
location, including the background samples, is included as Appendix A. Table 4 is a summary of
the average of all the concentrations found at the separate sample locations, their standard
deviations, and the concentrations found at the two control sites.

Table 4. Summary of the average, and standard deviation of the concentrations of the study elements and
the two background samples. All concentrations in mg / kg.

(mg / kg) As Cd Cr Cu Li Mg Ni Pb Se Zn
Average 843 17 404 439 157 6158 149 172 401 3417
Std. Dev. 195 .91 149 113 479 1128 3.18 848 1.67 133.8
Pattee Cr. 521 .41 811 179 6.07 2271 854 159 110 50.2

RattlesnakeCr. 697 52 106 18.0 14.0 3387 133 741 952 329

In order to determine the relative enrichment (above background) of these elements, a simple

comparison can be made. Table 5 includes the background concentration of each analyte (based on
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the average of the two creek samples), and the location and concentration where the greatest
enrichment of that constituent was found. Based on this comparison, the injection-well sediments
are enriched in all of the reported constituents, with the exception of Selenium. The Average
concentration of selenium found in the two creek samples (10.23 ppm) is 2.55 times the average

concentration found in the injection-well sediments (4.01ppm)

Table 5. Highest conc. of each study element (which injection well sediments are enriched in), background (avg. of
two creek samples), and an enrichment factor (high conc. / background).

Constituent Background High Conc. Sample Enrichment
As 6.09ppm 12.36ppm SS-7 2.03
Cd A46ppm 2.85ppm SS-9 6.20
Cr 9.37ppm 60.17ppm SS-10 6.42
Cu 17.96ppm 60.60ppm SS-5 3.37
Li 10.04pppm 23.96ppm SS-9 2.40
Mg 2827.13ppm 7375.81ppm SS-9 2.61
Ni 10.93ppm 18.93ppm SS-8 1.73
Pb 11.65ppm 293.17ppm SS-12 25.16
Zn 41.51ppm 488.12ppm SS-14 11.76

Given these enrichment factors, some potential sources of these contaminants in the urban
environment can be hypothesized:

Zinc is an additive in the manufacture of the rubber used in tires, and cadmium is a trace
impurity in zinc (Solo-Gabriele, 1997). In addition to tire wear, corrosion of galvanized steel
(used in culverts, roofs, etc.) can be a major source of aqueous emission of zinc.

An obvious source of lead deposition has been the combustion of leaded gasoline, prior to the
move to unleaded gasoline. Additionally, the use of lead chromate based road paint (until 1996

in Missoula) is a potential source of both lead and chromium to storm-water sediment.
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Missoula uses a magnesium chloride-based deicer on its roads in the winter and this is a source

of magnesium as well as some trace impurities in the deicer (such as arsenic).

RECOMMENDATIONS AND CONCLUSIONS

The results of this research have established that As, Cd, Cr, Cu, Li, Mg, Ni, and Zn do
accumulate to above-background concentrations in the upper 10cm of the sediment that collects in
storm-water injection wells receiving urban runoff. Most of these elements have very low
solubilities at the pHs found in natural waters and they are readily removed by the injection-wells
(Pitt, 1994). An understanding of the total concentrations of metals found in these is useful in
establishing a baseline for comparison of future impacts to injection-well sediments. Further
research into the issue of potential groundwater contamination due to injection-well sediments might
include the performance of a sequential extraction in a column experiment to determine what type of

environmental changes might remobilize these contaminants.

14



Appendix A.

Total concentration of all analytes at each sample location (including background samples). All concentrations given in ppm (mg
analyte / kg sediment).

Sample Location As Cd Cr Cu Hg Li Mg Mn Ni Pb Se Zn
SS-1 8.94 1.99 30.80 53.65 0.00 14.90 6944.18 285.12 14.90 110.27 2.98 376.52
SS-2 10.00 0.00 14.99 31.99 0.00 12.00 4988.00 216.91 10.00 22.99 3.00 101.96
SS-3 6.00 1.00 26.99 37.98 1.00 11.00 5607.76 442.82 14.99 210.92 3.00 329.87
SS-4 9.01 1.00 35.04 54.05 1.00 13.01 4744.74 321.32 16.02 17017 3.00 463.46
SS-5 8.94 0.00 28.81 60.60 0.00 12.91 6834.90 415.26 17.88 41.72 2.98 160.94
SS-6 9.06 257 59.21 46.41 0.09 15.38 7122.52 351.24 18.51 228.88 6.57 447.58
SS-7 12.63 2.83 32.15 54.96 0.22 15.80 6782.85 414.00 16.52 135.64 6.18 425.09
SS-8 9.24 247 59.44 42.53 0.38 20.78 7222.53 385.23 18.93 224.25 6.19 420.26
SS-9 8.31 2.85 51.04 51.79 0.69 23.96 7375.81 200.70 17.29 189.53 7.05 528.51
SS-10 8.55 1.95 60.17 42.01 0.46 16.04 6635.09 402.42 15.55 243.87 5.53 445.53
SS-11 4.67 0.79 25.27 18.66 0.20 8.24 3748.23 249.75 9.02 31.54 1.83 107.62
SS-12 5.49 1.46 57.65 33.06 0.93 12.89 5950.51 311.10 10.41 293.17 2.70 279.35
SS-13 7.65 1.41 44.68 28.70 0.32 22.98 6691.98 182.89 10.84 161.60 3.26 234.06
SS-14 7.78 225 56.62 46.14 0.98 23.48 7034.78 111.80 15.84 241.30 2.88 488.12
SS-15 10.67 217 27.74 46.10 0.40 11.23 4382.05 484.65 17.41 277.55 3.49 341.63
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SS-16 8.01 2.07 35.29 53.09 0.20 16.98 6477.95 261.69 13.69 161.95 3.51 315.97
Average 8.43 1.68 40.37 43.86 0.43 15.72 6158.99 314.80 14.86 171.58 4.01 341.65
Standard Dev. 1.95 0.91 14.97 11.34 0.37 4.79 1127.54 105.94 3.18 84.78 1.67 133.84
Background Samp. As Cd Cr Cu Hg Li Mg Mn Ni Pb Se Zn
CS-1(Pattee) 5.21 0.41 8.11 17.89 0.06 6.07 2271.45 641.71 8.54 15.90 10.95 50.16
CS-2(Rattlesnake) | 6.97 0.52 10.62 18.04 0.49 14.02 3386.81 573.18 13.31 7.41 9.52 32.85
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