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Abstract In 1996, the Tab-Simco site, an abandoned coal

mine 10 km southeast of Carbondale, Illinois, was listed as

one of the most highly contaminated AMD sites in the mid-

continent region. A suite of impacted soil and water sam-

ples were collected from various locations to characterize

the current extent of AMD pollution, following standard

U.S. EPA protocols. The mean pH of soil and water sam-

ples were found to be 2.69 and 2.07, respectively. The

mean sulfur content of the soil samples was 0.5 %. The

AMD-impacted soils contained high concentrations of Fe,

Zn, Ni, Cr, Cu, Pb, and As. The AMD also contained high

concentrations of Fe, As, Zn, Pb, Cr, Al, Cd, Cu, and Ni, as

well as SO2�
4 , all of which were significantly above their

U.S. EPA permissible limits for surface water.

Keywords Acid base accounting � RCRA 8 metals �
Reclamation � Sulfate reducing bioreactor � Surface mining

Introduction

Surface mining is an important industry throughout the

world. A major environmental concern associated with this

industry is the generation of acid mine drainage (AMD)

and acid sulfate soil, which are responsible for habitat

deterioration of the surrounding ecosystem (Ferguson and

Erickson 1988; U.S. EPA 1994a). AMD can degrade

adjacent surface water quality, which becomes unsuit-

able for sustaining biodiversity. In addition, the acid sulfate

soils are structurally unstable and highly prone to erosion.

Former mine sites require proper management practices,

sometimes for decades, to minimize the overall environ-

mental impact; otherwise, the environmental damage could

persist forever (U.S. Forest Service 2005; RoyChowdhury

et al. 2015). In the eastern USA, more than 7000 km of

streams are currently impacted by AMD, and in the western

USA, the number is between 8000 and 16,000 km (Benner

et al. 1997; Jennings et al. 2008; Kim et al. 1982; U.S. EPA

1994a, 2011; U.S. Forest Service 1993). The severe impact

of AMD on aquatic biodiversity has been reported by many

researchers (Gerhardt et al. 2004; Martin and Goldblatt

2007; Hansen et al. 2002; Jennings et al. 2008; Schmidt

et al. 2002; Soucek et al. 2000; Trout Unlimited 2011).

Tab-Simco is an abandoned coal mine located 9.7 km

southeast of Carbondale, IL (Fig. 1). The area is ‘‘horseshoe’’

shaped, and is approximately 37 m higher than the sur-

rounding lowland (Behum et al. 2011; Smith 2002). The

shallow bedrock of Tab-Simco consists of shale, sandstone,

siltstone, and limestone. The Murphysboro and Mount Rorah

coal seams were located within the Spoon formation; the coal

seams were separated by a 3–8 m thick layer of shale and

capped by a 10 m thick layer of pyritic sandstone (Behum

et al. 2011, 2012, 2013; Segid 2010; Smith 2002). Between

1890 and 1955, underground mining in this region targeted

the lower approximately 2.5 m thick continuous Murphys-

boro seam, and the upper 0–1.5 m thick discontinuous patchy

Mount Rorah seam (Behum et al. 2012, 2013; Smith 2002).

As underground mines closed, water flowed into the

mined areas, generating AMD. The resultant mine pool

contains an estimated 40,000–77,000 m3 of severely

& Dibyendu Sarkar

dsarkar@stevens.edu

1 Department of Civil, Environmental and Ocean Engineering,

Stevens Institute of Technology, Hoboken, NJ 07109, USA

2 Department of Earth and Environmental Studies, Montclair

State University, Montclair, NJ 07043, USA

3 Department of Biological Sciences, Michigan Technological

University, Houghton, MI 49931, USA

123

Mine Water Environ (2017) 36:248–254

DOI 10.1007/s10230-016-0401-9

http://crossmark.crossref.org/dialog/?doi=10.1007/s10230-016-0401-9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10230-016-0401-9&amp;domain=pdf


contaminated water (Behum et al. 2012, 2013; Smith 2002).

Surface mining in the 1960s and 1970s was responsible for

several break-ins to the previously sealed underground

structure. An average of 150 m3 a day of AMD emerges

through the fractured zones and contaminates the surround-

ing ecosystem (Smith 2002). In 1996, the Tab-Simco site was

reported as one of the most highly contaminated AMD sites

in the mid-continent region (Segid 2010; Smith 2002). AMD

has created a 36,421 m2 ‘‘kill zone’’ in the floodplain on its

way to Sycamore Creek (Fig. 2) and more than 3 km of

Sycamore Creek has been heavily contaminated (Behum

et al. 2011, 2012, 2013; Segid 2010; Smith 2002).

In 2007, a 3000 m2 sulfate-reducing bioreactor (SRB)

was constructed in the Tab-Simco site to assist in managing

(a)

(b)

Fig. 1 a Location of the Tab-Simco site. b Google Earth image of the Tab-Simco site (� Google Earth)

Fig. 2 The AMD-impacted Sycamore Creek at Tab-Simco
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the AMD. The SRB, from bottom to top, comprised a

0.3 m thick limestone layer, 2 m thick organic layer, and

0.3 m water impoundment. The organic layer was com-

posed of woodchips, ground limestone, straw mulch, and

compost (Behum et al. 2010, 2011, 2012, 2013; Burns et al.

2012; Segid 2010). The SRB started operating early 2008

(Lewis 2008; Segid 2010), but failed in 2011 (Behum et al.

2013), presumably because the planned resupply of the

nutrients never took place. The bioreactor is currently filled

with AMD (Fig. 3).

The main objective of this study was to characterize

AMD-impacted soil and water from the Tab-Simco site to

better understand the current extent of the problem. No

data was available for the site since the SRB failed; this

study was intended to fill that gap.

Materials and Methods

Sample Collection

Composite soil samples were collected from the impacted

areas around the SRB (S1 and S2), and from three different

locations (S3, S4, and S5) within the ‘‘kill zone’’ (Fig. 4).

At each sampling location, soil from four different points

were collected and mixed, following the 1981 EPA/CE-81-

1 protocol (Plumb 1981). Water samples were collected

from three different locations (W1, W2, and W3) of the

currently non-functional SRB pond, plus two other loca-

tions (W4 and W5) from the AMD-impacted portion of

Sycamore Creek (Fig. 4). Sampling was conducted in

October, 2014. All samples were transported back to

Montclair State University, NJ for characterization.

Soil Sample Characterization

Collected soil samples were dried, ground, and sieved

through a 1–2 mm mesh. Fractions\2 mm were used for

the following soil characterization protocols. Paste pH and

electrical conductivity (EC) measurements were conducted

following standard protocols using an Oakton ion 510

series pH meter and an Orion conductivity meter (Mills

2014; Page et al. 1982; Rhoades 1996; Sobek et al. 1978).

Soil texture (% clay, silt and sand) was determined using a

Malvern Mastersizer 2000 laser particle size analyzer. All

analyses were done in triplicate.

Total C, H, N, and S concentrations in soil samples

were analyzed by an Elementer Vario EL-III CHNS

analyzer. Dried soil samples were sieved through a

0.5 mm sieve and only the particles that passed through

the sieve were used for this analysis. All analyses were

done in triplicate.

Concentrations of different metals in the soil samples

were determined using the U.S. EPA (1996) 3050B soil

digestion method, using a Linx wireless digestion system.

Digested samples were filtered using a 0.45 lm nylon

syringe filter, and analyzed for total RCRA 8 metals (Ag,

As, Ba, Cd, Cr, Hg, Pb, Se) plus Fe, Al, Ni, Cu, and Mn

concentrations using an inductively coupled plasma mass

spectrometer (ICP-MS, X-series, Thermo Scientific).

Fig. 3 The non-functional SRB filled with AMD at Tab-Simco

Fig. 4 Map of the Tab-Simco showing sampling points; original map

was taken from Behum et al. (2011, 2012, 2013) and Segid (2010),

and modified to show sampling points
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Water Sample Characterization

The pH and EC of the water samples were measured using

an Oakton ion 510 series pH meter and an Orion conduc-

tivity meter. Measurements were made on-site and then

validated in the laboratory. All measurements were made

in triplicate.

Water samples filtered using a 0.45 lm syringe filter

were diluted 100 fold and analyzed for total-recoverable

RCRA 8 metals plus total Fe, Al, Ni, Cu, and Mn by ICP-

MS. Water samples filtered using a 25 lm syringe filter

were diluted 50-fold and analyzed for total sulfate (SO2�
4 )

concentration using a Dionex ion chromatograph.

Mineral and total acidity of the water samples were

measured using the U.S. EPA 305.1 titration method and a

1 N NaOH solution (U.S. EPA 1994b). Mineral acidity

(methyl orange acidity) was measured by titration to a pH

of 3.7, the methyl orange end point. Titration to the phe-

nolphthalein end point (pH 8.3) measures both mineral

acidity plus acidity due to weak acids, as weak acids are

neutralized by titration to pH 8.3. This total acidity is also

called phenolphthalein acidity. A 50 mL water sample was

used for the titration. Analysis was done in triplicate.

The following equations were used to calculate the

mineral and total acidity:

All measurements were carried out in triplicate, following

the established QA/QC protocols of the Environmental

Geochemistry Laboratory of Montclair State University, and

using external standards. Spike recoveries of ±10 % were

considered acceptable for ICP-MS analyses. Continuing cal-

ibration verifications were performed at ten sample intervals.

Results and Discussion

Soil Characterization

Table 1 presents selected physico-chemical properties of

the Tab-Simco soils. All of the soils from the sampling area

were highly acidic, with a mean pH of 2.69 ± 0.05. Mean

EC was 2.35 ± 0.14 mS/cm. The soil was comprised

mostly of silt (53.5 %) and sand (36.8 %), followed by clay

(9.7 %). The total S content of the soil was 0.54 %. The

soil contained an average of 7.8 % total nitrogen, and

0.08 % total carbon.

Physico-chemical characterization of the Tab-Simco soil

revealed its acidic nature. Due to this high acidity, the

metals are likely to become soluble and bioavailable. Only

those metals that were found in high concentrations in Tab-

Simco soil after acid digestion are listed in Table 2. High

concentrations of Fe (41,012 ± 10 mg/kg) were reported

in all of the soil samples. High concentrations of Zn

(419 ± 63 mg/kg), Ni (175 ± 5.9 mg/kg), Cr (152 ±

15 mg/kg), Cu (148 ± 2.1 mg/kg), Pb (145 ± 25 mg/kg),

As (127 ± 16 mg/kg), Cd (4 ± 0.5 mg/kg), and Hg

(3.7 ± 0.2 mg/kg) were also reported in the soil samples.

From the soil characterization results, it was clear that

the Tab-Simco soils were heavily impacted by the AMD

from the underground mine pool. A number of metals were

found in high concentrations in the soil. Moreover, the high

acidity increases the toxicity of the metals to biological

organisms as the metals become more bioavailable.

Water Characterization

The impact of AMD on the Tab-Simco water samples is

apparent (Table 3). Samples W1, W2, and W3 verified that

the SRB was not functional (Behum et al. 2013), and

reflected the characteristic properties of AMD, as did the

samples collected from Sycamore Creek (W4 and W5).

The water samples had a mean pH of 2.07 ± 0.02. The

mean EC was 3.94 ± 0.03 mS/cm. The mineral and total

acidity of the water were 467 ± 50 mg/L CaCO3 and

1089 ± 60 mg/L CaCO3, respectively, indicating that the

Tab-Simco mine is negatively impacting the surrounding

water bodies, making them potentially unsustainable in

terms of aquatic population and biodiversity.

The Tab-Simco water samples contained 137 (±5) ppm

of Fe, which was more than 100 times higher than the U.S.

EPA permissible limit of Fe (1 ppm) in surface water

(NCAC 2003; U.S. EPA 1994c). Also, the concentrations

of As (4 ± 0.01 ppm), Zn (11 ± 0.9 ppm), Pb

(7 ± 1.2 ppm), and Cr (1 ± 0.04 ppm) were well above

the U.S. EPA permissible limits (0.05, 0.5, 0.25, 0.5 ppm,

respectively) (NCAC 2003; U.S. EPA 1994c). Other met-

als, such as Al (80 ± 15 ppm), Cu (4 ± 0.05 ppm), Cd

Mineral acidity
mg

L
CaCO3

� �
¼ Volume of NaOH to raise pH to 3:7� Normality of NaOH � 50� 1000

Volume of sample taken
ð1Þ

Total acidity
mg

L
CaCO3

� �
¼ Volume of NaOH to raise pH to 8:3� Normality of NaOH � 50� 1000

Volume of sample taken
ð2Þ
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(1 ± 0.01 ppm), and Ni (3 ± 0.25 ppm) were also present,

along with high SO2�
4 concentrations (2481 ± 50 ppm).

These results (Table 4) clearly demonstrate the impact of

the AMD. The presence of metals such as Fe, Al, and Mn

in AMD-contaminated sites have been reported in

Alabama, Indiana, Kentucky, Maryland, Ohio, Tennessee,

and West Virginia (Skousen and Ziemkiewicz 2005). What

makes the Tab-Simco mine site unusual for a coal mining

site is significantly higher amounts of some contaminants

normally only associated with hard rock mines. Although

Table 1 Physico-chemical properties of the Tab-Simco soil samples, indicating soil properties for individual sampling sites (n = 3) along with

the mean (n = 5) value for the entire area

Sample pH EC (ls/cm) Total C (%) Total H (%) Total N (%) Total S (%) Soil texture

Clay (%) Silt (%) Sand (%)

S1 2.69 2.25 0.08 1.62 7.9 0.54 9.7 53.8 36.5

S2 2.76 2.47 0.09 1.59 7.8 0.59 9.7 53.5 36.8

S3 2.74 2.52 0.07 1.69 7.8 0.53 9.8 53.3 36.9

S4 2.65 2.35 0.07 1.65 7.8 0.5 9.7 53.5 36.8

S5 2.64 2.15 0.08 1.55 7.9 0.56 9.7 53.4 36.9

Mean 2.69 ± .05 2.35 ± .14 0.08 ± .01 1.64 ± 0.05 7.8 ± .06 0.54 ± .03 9.7 ± .3 53.5 ± .2 36.8 ± .1

Table 2 Metal concentrations (mg/kg) in the Tab-Simco soil samples

Sample As Cd Cr Cu Fe Hg Ni Pb Zn

S1 125 4 160.7 148 41,005 3.8 174 146 526

S2 116 3.3 125.9 145 41,002 3.3 165 103 409

S3 109 4.5 152.9 151 41,029 3.5 176 148 410

S4 149 3.7 161.7 148 41,015 3.9 181 157 362

S5 137 4.5 162.1 148 41,012 3.8 177 169 386

Mean 127 ± 16 4 ± 0.5 152 ± 15 148 ± 2.1 41,012 ± 10 3.7 ± 0.2 175 ± 5.9 145 ± 25 419 ± 63

Data show metal concentrations at individual sampling sites (n = 3) along with the mean (n = 5) value for the entire area

Table 3 Characterization of

the Tab-Simco water samples

for individual sampling sites

(n = 3) along with the mean

(n = 5) value for the entire area

Sample pH EC (ms/cm) Mineral acidity

(mg/L CaCO3)

Total acidity

(mg/L CaCO3)

W1 2.06 3.94 480 1100

W2 2.07 3.92 520 1170

W3 2.06 3.92 400 1000

W4 2.11 3.99 430 1089

W5 2.09 3.95 500 1090

Mean 2.07 ± 0.02 3.94 ± 0.03 467 ± 50 1089 ± 60

Table 4 Concentrations (mg/L) of different contaminants in the Tab-Simco water samples at individual sampling sites (n = 3) along with the

mean (n = 5) value for the entire area

Sample Al As Cd Cr Cu Fe Ni Pb Zn SO2�
4

W1 90 4 1.06 1.09 4 135 3.5 8.7 11.8 2515

W2 95 4 1.05 1.01 4 136 3.4 8.1 11.5 2516

W3 87 4 1.04 1 4 135 3.1 8.3 11.1 2525

W4 61 3.96 1.01 1 3.88 132 2.9 6.05 9.6 2420

W5 69 3.99 1.05 1 3.97 145 3 6.34 11.7 2433

Mean 80 ± 15 4 ± .01 1 ± .01 1 ± .04 4 ± .05 137 ± 5 3 ± .25 7 ± 1.2 11 ± 0.9 2481 ± 50
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exploring the specific sources of these metals was beyond

the scope of this study, the very low pH makes these metals

soluble, and hence mobile, thus exposing the surrounding

ecosystem to high concentrations of bioavailable metals.

Conclusion

The objective of this study was to evaluate the current extent

of AMD pollution at the Tab-Simco mine site after failure of

the SRB in 2011. The results clearly showed that both soil

and water in the area have been heavily impacted by AMD.

High concentrations of Fe, Zn, Ni, Cr, Cu, Pb, and As were

found in the soil samples, which are very likely mobile in

the highly acidic environment. The water samples were also

characterized by their very low pH, and high mineral and

total acidity. The water samples contained high concentra-

tions of Fe, As, Zn, Pb, Cr, Al, Cd, Cu, and Ni, and very

high SO2�
4 concentration. Samples collected from Sycamore

Creek indicated severe AMD impact. Given that mining at

the Tab-Simco site ceased in the 1970s, this study reveals

the extent of AMD pollution that can persist at an abandoned

mine site decades after mining, and the necessity of devel-

oping proper remedial and/or management plans to protect

the surrounding ecosystem from AMD pollution.

Acknowledgments The authors thank the United States Department

of the Interior, Office of Surface Mining Reclamation and Enforce-

ment for providing funding for this study (OMB No.: 4040-0004).

ARC gratefully acknowledges the Assistantship offered to him by the

Ph.D. Program in Environmental Management at Montclair State

University. Assistance provided to ARC by Dr. Samuel Ma and

Mathew Adler from the Southern Illinois University at Carbondale in

collecting the soil and water samples from the Tab-Simco site is also

acknowledged.

References

Behum PT, Kiser R, Lewis L (2010) Investigation of the acid mine

drainage at the Tab-Simco mine, Carbondale, Illinois. In:

Proceedings, 38th annual meeting of the National Association

of State Land Reclamationists, Carbondale, IL

Behum PT, Lefticariu L, Bender KS, Segid YT, Burns AS, Pugh CW

(2011) Remediation of coal-mine drainage by a sulfate-reducing

bioreactor: a case study from the Illinois coal basin, USA. Appl

Geochem 26:S162–S166. doi:10.1016/j.apgeochem.2011.03.093

Behum PT, Lewis L, Kiser R, Lefticariu L (2012) Remediation of

acid mine drainage using sulfate-reducing bioreactors—case

example: the Tab-Simco passive treatment system. In: Proceed-

ings, National meeting of the American Society of Mining and

Reclamation (ASMR), Tupelo, MS

Behum PT, Lefticariu L, Walter E, Kiser R (2013) Passive treatment

of coal-mine drainage by a sulfate-reducing bioreactor in the

Illinois coal basin. In: Proceedings, West Virginia Mine

Drainage Task Force symposium, Morgantown, WV

Benner SG, Blowes DW, Ptacek CJ (1997) A full-scale porous

reactive wall for prevention of acid mine drainage. Groundw

Monit Remediat 17(4):99–107

Burns AS, Pugh CW, Segid YT, Behum PT, Lefticariu L, Bender KS

(2012) Performance and microbial community dynamics of a

sulfate-reducing bioreactor treating coal generated acid mine

drainage. Biodegradation 23:415–429. doi:10.1007/s10532-011-

9520-y

Ferguson KD, Erickson PM (1988) Pre-mine prediction of acid mine

drainage. In: Salomons W, Forstner U (eds) Dredged material

and mine tailings. Springer, Berlin, pp 24–43. doi:10.1007/978-

3-642-61362-3_2

Gerhardt A, de Bisthoven LJ, Soares AMVM (2004) Macroinverte-

brate response to acid mine drainage: community metrics and

on-line behavioural toxicity bioassay. Environ Pollut

130(2):263–274

Hansen JA, Welsh PG, Lipton J, Cacela D (2002) Effects of copper

exposure on growth and survival of juvenile bull trout. Trans Am

Fish Soc 131(4):690–697

Jennings SR, Neuman DR, Blicker PS (2008) Acid mine drainage and

effects on fish health and ecology: a review. Reclam Res Group

Publ, Bozeman, MT. Retrieved from: http://reclamationresearch.

net/publications/Final_Lit_Review_AMD.pdf

Kim AG, Heisey B, Kleinmann R, Duel M (1982) Acid mine

drainage: control and abatement research. U.S. DOI, Bureau of

Mines IC 8905, p 22

Lewis LL (2008) Addressing acid mine drainage from complex

conditions at the Tab-Simco mine. In: Proceedings, 30th Annual

National Association of Abandoned Mines Land Programs

conference, Durango, CO, USA

Martin AJ, Goldblatt R (2007) Speciation, behavior, and bioavail-

ability of copper downstream of a mine-impacted lake. Environ

Toxicol Chem 26(12):2594–2603

Mills C (2014) Acid base accounting (ABA) test procedures.

Retrieved from: http://technology.infomine.com/enviromine/

ard/. Website accessed: 15 Dec 2014

North Carolina Administrative Code (2003) NC DENR—Division of

water quality ‘‘Redbook’’ surface waters and wetlands standards.

NC Administrative Code 15A NCAC 02B .0100 & .0200.

Amended effective: 1 April 2003

Page AL, Miller RH, Keeney DR (1982) Methods of soil analysis:

part 2—chemical and microbiological properties, 2nd edn.

American Society of Agronomy, Soil Science Society of

America, Madison, pp 199–209

Plumb Jr. RH (1981) Procedure for handling and chemical analysis of

sediment and water samples. Tech. Rep. EPA/CE-81-1, prepared

by Great lakes Laboratory. State Univ College at Buffalo,

Buffalo, NY. Retrieved from: https://yosemite.epa.gov/r10/

CLEANUP.NSF/ph/T4?Technical?Documents/$FILE/Plumb.

pdf

Rhoades JD (1996) Salinity: electrical conductivity and total

dissolved solids. In: Sparks DL, Page AL, Helmke PA, Loeppert

RH (eds) Methods of soil analysis, part 3: chemical methods.

SSSA book series, vol 5.3. Soil Science Society of America,

Madison, pp 417–435. doi:10.2136/sssabookser5.3.c14

RoyChowdhury A, Sarkar D, Datta D (2015) Remediation of acid

mine drainage-impacted water. Curr Pollution Rep 1:131–141.

doi:10.1007/s40726-015-0011-3

Schmidt TS, Soucek DJ, Cherry DS (2002) Modification of an

ecotoxicological rating to bioassess small acid mine drainage-

impacted watersheds exclusive of benthic macroinvertebrate

analysis. Environ Toxicol Chem 21(5):1091–1097

Segid YT (2010) Evaluation of the Tab-Simco acid mine drainage

treatment system: water chemistry, performance and treatment

processes. M.S. Thesis, Dept of Geology, Southern Illinois Univ,

Carbondale, IL

Skousen J, Ziemkiewicz P (2005) Performance of 116 passive

treatment systems for acid mine drainage. In: Proceedings, 2005

national meeting of the ASMR, Breckenridge, CO, pp 1100–1133

Mine Water Environ (2017) 36:248–254 253

123

http://dx.doi.org/10.1016/j.apgeochem.2011.03.093
http://dx.doi.org/10.1007/s10532-011-9520-y
http://dx.doi.org/10.1007/s10532-011-9520-y
http://dx.doi.org/10.1007/978-3-642-61362-3_2
http://dx.doi.org/10.1007/978-3-642-61362-3_2
http://reclamationresearch.net/publications/Final_Lit_Review_AMD.pdf
http://reclamationresearch.net/publications/Final_Lit_Review_AMD.pdf
http://technology.infomine.com/enviromine/ard/
http://technology.infomine.com/enviromine/ard/
https://yosemite.epa.gov/r10/CLEANUP.NSF/ph/T4%2BTechnical%2BDocuments/%24FILE/Plumb.pdf
https://yosemite.epa.gov/r10/CLEANUP.NSF/ph/T4%2BTechnical%2BDocuments/%24FILE/Plumb.pdf
https://yosemite.epa.gov/r10/CLEANUP.NSF/ph/T4%2BTechnical%2BDocuments/%24FILE/Plumb.pdf
http://dx.doi.org/10.2136/sssabookser5.3.c14
http://dx.doi.org/10.1007/s40726-015-0011-3


Smith PA (2002) Characterization of an acid mine drainage site in

Southern Illinois. In: Proceedings, 19th annual national meeting

of the ASMR, Lexington, KY, pp 472–486

Sobek AA, Schuller WA, Freeman JR, Smith RM (1978) Field and

laboratory methods applicable to overburdens and minesoils

(West Virginia Univ, Morgantown College of Agriculture and

Forestry): U.S. Environmental Protection Agency, Cincinnati,

Ohio. EPA-600/2-78-054, U.S. National Technical Information

Service Report PB-280 495, pp 47–50

Soucek DJ, Cherry DS, Currie RJ, Latimer HA, Trent GC (2000)

Laboratory and field validation in an integrative assessment of an

acid mine drainage-impacted watershed. Environ Toxicol Chem

19(4):1036–1043

Trout Unlimited (2011) The west branch Susquehanna recovery

benchmark project. Lock Haven, PA. Retrieved from: http://

www.patrout.org/docs/reference-materials/west_branch_susque

hanna_recovery.pdf?sfvrsn=2

U.S. EPA (1994a) Technical document: acid mine drainage predic-

tion. EPA 530-R-94-036. NTIS PB94-201829

U.S. EPA (1994b) Methods for the chemical analysis of water and

wastes. EPA/600/4-79/020, U.S. Environmental Protection

Agency, Washington, DC

U.S. EPA (1994c) Water quality standards handbook, 2nd edn. EPA

823-B-94-005a, U.S. Environmental Protection Agency, Office

of Science and Technology, Washington, DC

U.S. EPA (1996) Test methods for evaluating solid waste, SW 846,

3rd edn, U.S. Environmental Protection Agency, Office of Solid

Waste and Emergency Response, Washington, DC

U.S. EPA (2011) Mining operation as nonpoint source pollution.

Retrieved from: www.epa.gov

USDA Forest Service (1993) Acid mine drainage from mines on the

National Forests, a management challenge. US Forest Serv Publ

1505:1–12

USDA Forest Service (2005) Wildland waters. Issue 4. FS-812.

Retrieved from: http://www.fs.fed.us

254 Mine Water Environ (2017) 36:248–254

123

http://www.patrout.org/docs/reference-materials/west_branch_susquehanna_recovery.pdf%3fsfvrsn%3d2
http://www.patrout.org/docs/reference-materials/west_branch_susquehanna_recovery.pdf%3fsfvrsn%3d2
http://www.patrout.org/docs/reference-materials/west_branch_susquehanna_recovery.pdf%3fsfvrsn%3d2
http://www.epa.gov
http://www.fs.fed.us

	Assessment of Soil and Water Contamination at the Tab-Simco Coal Mine: A Case Study
	Abstract
	Introduction
	Materials and Methods
	Sample Collection
	Soil Sample Characterization
	Water Sample Characterization

	Results and Discussion
	Soil Characterization
	Water Characterization

	Conclusion
	Acknowledgments
	References




