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INTRODUCTION

The content of metals in soils has been studied for many years.  The objective of early

studies was to characterize and investigate the genesis of soils.  Recent interest in metals in

soils revolves around the ability of soils to supply certain elements to plants and the potential

toxic effect of these elements on humans and animals (Risser and Baker, 1990).  In addition,

many of these elements are pollutants that have or could be added to soils in the form of

sewage sludge or other materials.  Baseline data on the naturally-occurring levels of metals in

soils is needed to provide a better understanding of the interactions of these metals in soils.  In

Pennsylvania, this type of baseline data is not available.  Because of this shortcoming, a study

was initiated to characterize the metal content of an array of Pennsylvania soils developed

from a number of parent materials.

MATERIALS AND METHODS

Two hundred and ten (210) samples representing 67 soil profiles were selected from

the Penn State University Soil Characterization Laboratory library of soil samples (Ciolkosz and

Thurman, 1993).  These samples were collected and analyzed for basic soil characteristics

and properties over a number of years as a part of an inventory of Pennsylvania's soil

resources.  A surface horizon (A) and two or three subsoil horizons (B or C) were selected

from each profile (Table 1).

The U.S. EPA Acid Digestion of Sediments, Sludges, and Soils Method 3050 was used

to analyze the soils (USEPA, 1986).  The Pennsylvania Department of Environment Resources

recommends this method for sludge and soil analysis in their Municipal Waste Management

program (PADER, 1988).  Additional information on sludges is given in NERRP (1985).  With

this method, the fine earth (< 2 mm) soil sample material is digested in nitric acid, hydrogen

peroxide, and hydrochloric acid, and the extract is analyzed by atomic absorption
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spectroscopy.

The following elements were analyzed according to Method 3050:  Aluminum (Al),

Cadmium (Cd), Calcium (Ca), Chromium (Cr), Copper (Cu), Iron (Fe), Lead (Pb), Magnesium

(Mg), Manganese (Mn), Nickel (Ni), Potassium (K), Sodium (Na), Zinc (Zn).  Total Phosphorous

(P) was determined on the sample extracts using the vanadomolybate method of Olsen and

Sommers (1982).  Additional soil characterization data obtained as a part of the Pennsylvania

State University Soil Characterization program (Ciolkosz and Thurman, 1993; Thurman et al.,

1992) includes pH (1:1 soil to water); percentages of sand, silt, and clay (pipette method); and

percent Fe2O3 (Citrate-Bicarbonate-Dithionite, CBD, method).  Many of these samples have

also been used in a study on the amorphous material in Pennsylvania soils (Ciolkosz et al.,

1989).  Additional data on metals in Pennsylvania soils are provided in studies by Ciolkosz et

al (1993a, 1993b).

RESULTS AND DISCUSSION

The data for Fe, Al, Mn, Ca, Mg, Na, and K are given in Table 1, and the data for Cu,

Zn, Ni, Pb, Cd, Cr, and P are given in Table 2.  Table 3 summarizes the median, minimum, and

maximum values of each element for the surface and subsurface horizons by parent material

origin.  This study does not provide a representative sampling of all soils in Pennsylvania and

does not lend itself to extrapolating baseline data in all cases.  For instance, while baseline

estimates of elemental extractions for soils forming from limestone residuum may be possible,

such estimates may not be reliable for soils forming in other parent materials which have fewer

samples.

Most of the values for the extracted elements do not follow a normal distribution (Table

3).  The data are predominantly skewed toward the low end of the range, with a few high

values.  This is especially true in the subsurface horizons.  The surface horizons show

evidence of additions of many of the elements.  Mechanisms for additions probably include

application by humans (as in the case of agricultural activities), atmospheric deposition,



5

biocycling, or a combination of processes.  Some general differences in parent materials are

evident.  Specific trends are noted in the discussion that follows.

An examination of the data shows, with some exceptions, the following trends:

1. Iron (Fe):  The nitric acid-hydrogen peroxide-hydrochloric acid method extracts more Fe

than the CBD method.  The content of extracted Fe is greatest in the subsurface (Bt >

Bx > Bw) and least in the surface (A) horizons.  The largest quantity of extracted Fe

occurs in soils developed from crystalline rock and calcareous shale parent materials.

Some limestone-derived soils, particularly those with high clay contents, also had high

concentrations.  The lowest quantities of extracted Fe occur in soils of glacial till and

sandstone parent materials.

2. Aluminum (Al):  The extracted Al content is generally high but usually lower than the

extracted Fe content.  The highest concentrations usually occur in the upper B

horizons.  The greatest content of extracted Al typically is found in soils derived from

crystalline rock and limestone parent materials, and the lowest content usually occurs in

sandstone residuum soils.

3. Manganese (Mn):  The maximum extracted Mn contents are in the surface (A) horizons;

the lowest occur in the the upper B horizons.  In some cases, extracted Mn

concentrations increase below the B horizon.  Poorly drained soils frequently show

slightly different trends.  The upper B horizons of some limestone and basic crystalline

rock soils show high concentrations of Mn.  This may be associated with black coatings

observed in these soils.

4. Calcium (Ca):  The highest contents of extracted Ca occur in soils derived from

limestone, red calcareous shale, and basic crystalline parent materials.  Soils of acidic

parent materials have the lower extracted Ca contents.  Surface enrichment of Ca is

evident, particularly in the Ap horizons.  In soils of calcarous parent materials, the

extracted Ca content increases below the B horizon.

5. Magnesium (Mg):  The extracted Mg content generally increases with depth in all soils

except those forming from crystalline rock parent materials.  In these soils, the Mg
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content either decreases with depth or reaches a maximum in the upper B horizon.

Soils forming in limestone residuum have the greatest extracted Mg content; pre-

Wisconsinan till, acid crystalline rock, and sandstone soils have the lowest contents of

Mg.

6. Sodium (Na):  The greatest concentrations of extracted Na occur in soils derived from

basic crystalline rock parent materials.  In these soils, the Na content increases with

depth.  No consistent trend in extracted Na is evident in any of the other soils.

7. Potassium (K):  Extracted K content is generally greater in the shale and limestone

residuum and colluvial soils and lowest in the crystalline, sandstone, and pre-

Wisconsinan till soils.  No consistent trend with depth is evident.

8. Phosphorus (P):  Total P is typically greatest in the surface (A) horizons and is lowest in

the subsurface (generally the Bt horizon).

9. Copper (Cu): The content of extracted Cu generally increases with depth (lowest in the

A horizons).  Soils forming in basic crystalline rock and red calcareous shale parent

materials tend to have the greatest amounts of extracted Cu.

10. Zinc (Zn): Extracted Zn content tends to be greater in soils forming in Wisconsinan till

and gray (acid and calcareous) shale parent materials and lower in soils forming in pre-

Wisconsinan till, crystalline rock, and sandstone parent materials.  No regular trend with

depth is evident.

11. Nickel (Ni):  The content of extracted Ni generally increases with depth.  Soils forming

in basic crystalline rock parent materials tend to have the greatest amounts of extracted

Ni while soils forming in acid crystalline rock, sandstone, and pre-Wisconsinan till

parent materials have the lowest contents.

12. Lead (Pb):  The greatest contents of extracted Pb are usually found in the surface

horizons (A).  Soils forming in limestone and red calcareous shale parent materials

generally have greater extracted Pb contents while soils forming in crystalline rock and

pre-Wisconsinan till parent materials have lower contents.

13. Cadmium (Cd): The content of extracted Cd tends to be greatest in the surface
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horizons (A) and lowest in the B horizons.  Soils forming in calcareous parent materials

generally have greater extracted Cd contents in the subsurface than soils forming in

other parent materials.

14. Chromium (Cr):  The B horizons typically have a greater content of extracted Cr than do

the A or C horizons.  Extracted Cr is generally greater in soils forming in basic

crystalline rock parent materials.
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