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Relationships among soil pH, redox potential, and ferrous iron content data obtained from

various field and lab methods were determined, with the following 4 objectives:

1.) Compare pH values obtained in the field to those obtained in the lab
2.) Evaluate different methods to measure pH in field
3.) Determine the relationship between Eh and field pH
4.) Determine Eh threshold at which iron reduction occurs

Statistical analyses showed there was a significant difference between field and lab pH

methods. Further analysis using orthogonal contrasts revealed no significant difference among

the field methods.

The values obtained from objectives 3 and 4 were compared to previously accepted

literature values. We determined the Eh-pH relationship value was -136 mV per unit of pH.

This value lies in between the empirical value of -59 mV per pH unit and the theoretical value of

-177 mV per pH unit. There is currently a debate among soil researchers as to which of the

values to utilize when normalizing Eh readings to pH 7. Therefore, a value specific to the soil

being measured, as we calculated, is very beneficial.

The iron reduction threshold was found to be lower than the previously reported accepted

range of +300 to +100 mV before and after being normalized to pH 7. The values were found to

be +275 mV before pH normalization and +130 mV after pH normalization.
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Relationships among soil pH, redox potential, and ferrous iron content data
obtained from various field and laboratory methods.

Introduction

The soil pH and redoes potential relationship

This project was designed to investigate the relationship between soil pH and redox

potential (Eh) as measured in the field environment. Baas Becking et al. (1960) express the

relationship between pH and Eh as follows:

Eh = Eo - 59 (a/n) pH

where Eh is redox potential, E. is the standard potential at equal activities of reduced and

oxidized species, a is the number of protons transferred, and n is the number of electrons

involved in the reaction. This equation describes the slope or gradient of the stability boundary

between the oxidized and reduced forms of a chemical species involved in redox reactions.

Ponnamperuma also discussed the relationship between pH and Eh for a general

oxidation-reduction reaction in equilibrium:

Ox. + ne + aH+ = Red.

When a is equated to n, as many researchers have generally assumed, a -59 mV per pH unit

relationship is obtained. However, Baas Becking et al. pointed out that the a/n ratio of natural

systems may range from zero to infinity, and examples are given for four common reactions of

iron in which the a/n ratio is 1, 2, 3, or 4.

For many redox couples in soils the ratio of a/n (or H+/e) is near unity, yielding the -59

mV per pH unit relationship (Bohn, McNeal, and O'Connor, 1979). Another common value

used by researchers is -177 mV per pH unit (Ponnamperuma et al., 1967 and 1969; Collins and

Buol, 1970). This value arises when the a/n ratio is three, as generated by the following

theoretical overall reaction involving the reduction/oxidation of iron:

Fe
3+ + e 3 Fe2+

Fe(OH) + 3H+ s Fe3+ + 3H20

Fe(OH)3 + e + 3H+ s Fe2+ + 3H2O

t
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Whole number ratios indicate that one chemical species is entirely generating the ratio

value. In monoelemental chemical systems, this is the case. However, in situ soils may contain

many redox couples, varying widely in concentration, that contribute to the ratio value. As

stated by Gambrell and Patrick Jr. (1978), unless a given redox couple is present at a relatively

high concentration, electrodes used to measure redox potential are not specific for a single redox

couple. Thus, the platinum electrode responds to the electrochemical potentials of all redox

couples present. Nevertheless, the value of -59 mV per pH unit resulting from the unity a/n ratio

has been widely accepted. Bohn (1971) concluded that while adjustment of mixed potentials

(several redox couples contributing to the measured redox potential) by -59 mV/pH unit has

little experimental or theoretical justification, it is convenient and has been used with reasonable

success in making comparisons between different mediums, though one should be aware of the

limitations involved.

Thus, the pH and the redox potential of natural systems are clearly related, but in many

cases it is difficult to ascertain what the exact nature of that relationship is (Gambrell and Patrick

Jr., 1978). Therefore, a need for better isolation of the exact Eh-pH value exists, particularly

when experimenting with a specific soil or geographical region where many redox couples may

exist and range widely in concentration from those used to determine the accepted theoretical

and empirical values.

pH methods

Better understanding of the Eh-pH relationship raises another question, namely "what is

the best way to measure pH?" In the past, soil researchers have tended to collect soil samples

from the field, dry the samples, and then measure pH in the lab. However, we are interested in

the pH in the field at the time of the Eh measurement. We believe there is evidence that lab and

field pH measurements at the sample time differ. This is supported by the fact that in situ pH

varies seasonally, whereas lab pH measurements remain constant upon drying. Natural system

variation proceeds when seasonally reducing conditions occur and H+ ions are consumed in

reducing reactions; thus raising pH values. When soil samples are extracted and brought back to

lab and allowed to dry out (mimicking natural seasonal drainage), the reverse reaction

(oxidation) occurs, where H+ ions are liberated. Therefore, we propose the hypothesis that the

pH in the field at the time of the Eh measurement should be higher than pH measured in the lab.
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The discrepancy between field and lab pH methods has not been substantially

documented. Therefore, this study addressed the issue of the difference between field and lab

pH measurements by collecting data utilizing both methods. However, this led to two additional

questions--which is the superior method to measure field pH, and do various field pH methods

produce the same results? Thus providing another facet of the project-comparing various field

pH methods.

Iron reduction threshold

When redox potentials decline to a value low enough to host anaerobic conditions,

microbes must utilize electron acceptors other than oxygen. The accepted saturation order of

reduction is 02, N03-7 Mn4+, Fe3+, and 5042" (Turner and Patrick Jr., 1968; Ponnamperuma,

1972; van Breemen, 1988; Sposito, 1989; Patrick Jr. and Jugsujinda, 1992). When an iron-

reducing [ferric iron (Fe3) -+ ferrous iron (Fe2+)] environment occurs, it is recognized that the

soil is in a considerably reduced state. Iron has been found to play a dominant role in

periodically wet soils since it is usually the dominant oxidant in the absence of oxygen (van

Breemen, 1988).

Using the Eh-pH relationship coupled with detectable iron in solution (ferrous iron) data,

a threshold for iron reduction can be determined. Gotoh and Patrick Jr. (1974) reported Fe

reduction at potentials between +300 and +100 mV in soil-water suspensions regulated at pH 6

and pH 7. Patrick Jr. and Henderson (1981) had critical redox potentials for Fe at +100 mV for

soil-water suspensions held at a constant pH 7. Bohn et al. (1985) gave a range of +300 to +100

mV for Fe potentials but noted the potentials were measured over a range of pHs. Cogger et al.

(1992), in an in situ study, reported Fe2+ in soils at potentials below +200 mV with unadjusted

pH values between 6 and 7. Austin (1997) found detectable levels of Fe2+ with colorimetric

indicators at +300 mV in some Willamette Valley soils.

As seen above in the wide range of redox potentials recorded for iron reduction, attempts

to define a critical threshold potential have not been successful. To remove pH variability

between soils and obtain a common threshold for reduction analysis, redox potentials are usually

normalized to pH 7. However, the value of the adjustment factor is still under debate. As

mentioned earlier, researchers are undecided whether to use empirical or theoretical Eh/pH

values. In either case, these accepted values are not indicative of the activity actually taking is



place in all soils. The Eh-pH relationship value determined in this project can be used to

normalize our iron reduction data to pH 7 to determine a specific iron reduction threshold.

Objectives

In summary, it is known that redox potential (Eh) is related to pH, but the field pH at the

time of the Eh measurement needs to be known as well. It is also known that general

relationships exist between Eh, pH, and iron in solution; but the specific relationships in the field

environment need to be determined.

With the above issues in mind, this project was designed to address the following

objectives:

1.) Compare pH values obtained in the field to those obtained in the lab
2.) Evaluate different methods to measure pH in field
3.) Determine the relationship between Eh and field pH
4.) Determine Eh threshold at which iron reduction occurs

Description of Study Areas

Three sites were utilized for data collection. These sites are located near Corvallis, OR,

and have been established as part of the OSU wet soils project. The specific sites chosen for this

project are all located on OSU owned research land, and include the Schmidt, Turkey, and

Bashaw sites. The Schmidt site is located at the OSU/NRCS Plant Materials center. The Turkey

and Bashaw sites are located at the OSU Poultry Research Facility.

The Schmidt site is on a flat Willamette Valley terrace created by sedimentation from the

Missoula Floods. The soil here is classified as a Woodburn series-fine-silty, mixed,

superactive, mesic, Aquultic Argixeroll. The Turkey site is located on a concave footslope

underlain by heavy clays. The soil at this site is an unnamed series-fine-silty, mixed,

superactive, mesic, Vertic Epiaquept. The Bashaw site is located on an alluvial floodplain at the

base of the footslope of the Turkey site. The soil here is a Bashaw series-very-fine, smectitic,

mesic, Xeric Endoaquert (USDA-NRCS Soil Survey Division, 2000).

4
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Methods/Data Collection

Each of the three sites contained previously installed test equipment as part of the

continuing OSU Wet Soils Project. This equipment includes platinum electrodes to measure Eh,

thermocouples to measure soil temperature, piezometers to measure pressure heads under

saturated conditions, and lysimeters to measure ferrous iron using an ampoule technique for

colorimetric determination. For this study, the existing electrodes, piezometers, and lysimeters

were utilized. Field data were collected bimonthly over a 6-month period--from January until

June, 1999. Data were recorded for Eh, pH by a variety of methods, and ferrous iron by two

methods, at depths of 25 and 50 cm at each of the three sites. Two replicates for each of the

measurements were taken at each of the three sites, with the exception of redox measurements,

which were measured in quadruple.

Redox potential (Eh)

Groups of Pt electrodes are permanently installed below ground at each of the sites. Redox

potential measurements were taken using portable Radio Shack digital voltmeters and a Coming

calomel reference electrode. Placing the reference electrode into a syringe containing a 4 M KCl

solution that was inserted into moist soil created a salt bridge (Bohn et al., 1979) between the

soil and the reference electrode.

pH
Four pH methods were utilized. Three of these methods involved determining soil pH in the

field at the time of the Pt electrode readings. The fourth was a lab determination. All pH

measurements were taken using a Fischer Scientific AP61 hand-held indoor/outdoor portable pH

probe.

Soil core samples were extracted from the required depths using an Oakfield probe. A field

slurry (1:2 soil/distilled water) was prepared using half of each sample. The mixture was

allowed to equilibrate for approximately 20 minutes and the probe was inserted into the slurry to

measure pH. The remainder of each sample was stored in a plastic bag and brought back to the

lab to be dried and measured for pH (see Appendix D for exact procedure).
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The piezometer method determines the pH of the soil solution in 25 and 50 cm piezometers by

lowering the pH meter probe directly into the piezometer and taking the reading when the meter

stabilizes. The lysimeter method extracts soil solution under pressure from the 25 and 50 cm

lysimeters using a 60 cc syringe fitted with a piece of Tygon plastic tubing (used as an adaptor

between the syringe and the lysimeter tube) while Argon (Ar) gas was pumped in to fill the void

created by the exiting solution. Argon was used because it is an inert gas and does not easily

react. The Ar gas regulates the partial pressure in the soil to keep a vacuum from forming which

would pull CO2 into the void, thus changing pH values. Withdrawn solution was forced out of

the syringe into an approximately 20 cm piece of Tygon tubing slightly wider than the pH probe.

The pH probe was then lowered into the plastic tubing containing the withdrawn soil solution

and reading taken when the meter stabilized (See Appendix E for diagrams).

Ferrous iron content

Soil solution was withdrawn from both the piezometers and lysimeters using the syringe and

plastic tubing adaptor for use in ferrous iron content determinations. A portion of each sample

withdrawn was tested in the field by means of colorimetric determination using glass vacuum-

filled ampoules containing 1,10-phenanthroline indicator dye. Colors developed in the ampoules

exposed to soil solutions were compared to reference ampoules provided in a kit manufactured

by Chemetrics to determine a ferrous iron content value.

The remaining portion of each sample was filtered through a reusable cartridge with disposable

filter into plastic storage vials containing dilute HCl acid, stabilizing the solution at pH 1 to keep

iron oxidation from occurring. These samples were brought back to the lab to be

spectrophotometrically analyzed for ferrous iron content (see Appendix F for exact procedure).

A 0.2% solution of a,a`-dipyridyl dye was also used to test for iron reduction in the field. The

solution was sprayed on field-moist samples taken from the specified depths. A pink color

appeared in a few minutes if ferrous iron was present. This indicated that the horizon from

which the sample came was reduced for soil classification purposes (Vepraskas, 1996).



Results and Discussion

pH comparisons
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Figure 1 clearly suggests that the pH as measured in the lab is consistently lower than the

pH measurements from the field methods. Further examination of the data using analysis of

variance (ANOVA) gave the results shown in Tables 1 and 2. The f value of 16.0 for site

exceeds the threshold of 6.965 for 2 degrees of freedom (d.f.), indicating a highly significant (p>

0.01) difference between sites. The ANOVA table also indicates a highly significant difference

between methods due to the f value of 23.6, which far exceeds the threshold of 4.541 for 3 d.f..

Also, a highly significant interaction occurred between site and method, as indicated by the f

value of 6.1, exceeding the threshold of 3.143 for 6 d.f..

pH Methods over Time

6.0

5.8

5.2

5.0
0 1 2 3 4 5 6

Bi-Monthly Sampling (Jan - June)

Figure 1. Field and lab pH methods over sampling time.

7 8 9 10

-*-Fleld
Lab

Lysimeter

ONOPiezometer
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Table 1. ANOVA table of pH data.

Source M. S.S. M.S. f Significance

Site 2 0.25 0.13 16.0

Method 3 0.56 0.19 23.6

Interaction 6 0.29 0.05 6.1

Error 12 0.09 0.01

Total 23 1.99

**=highly significant (1%)

Table 2. Orthogonal contrasts among the various pH methods.

Is H Contrasts d.f. s.s f Significance
Total-Method 3 0.5612 23.6 **
Lab vs. F, P, L 1 0.5512 69.6 **

P vs. L 1 0.0075 0.947

F vs. P, L 1 0.0025 0.316

* *=highly significant (1%)

pH methods key: F=Field Slurry, P=Piezometer, L=Lysimeter

Of these three significant effects, the difference between pH methods was our main

focus. However, the significant difference between sites was to be expected considering the soils

at each site were of different series, located on different landscape positions, and formed in

various parent materials. All we know about the nature of the interaction between site and

method is that the methods should yield similar results from site to site.

To determine the source of the significant difference among the various pH methods, the

method data were further analyzed using orthogonal contrasts (Table 2). The 3 d.f for methods

in the ANOVA (Table 1) allow three contrasts to be set up within them. We chose the following

three comparisons: 1.) Lab method vs. Field slurry, piezometer, and lysimeter methods; 2.)

Piezometer method vs. lysimeter method; and 3.) Field slurry method vs. piezometer and

lysimeter methods. Table 2 shows the statistical analyses of these contrasts. Contrast 1 indicates

that there is a highly significant difference between field and lab methods, which validates the

difference observed visually in Figure 1. On average, the pH values obtained in the lab were 0.3
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pH units lower than the values obtained in any of the three field methods. This is due to the fact

that the lab samples were completely dried (an oxidative process releasing H), ground (a

disturbing process), and then exposed to distilled water for a maximum of 45 minutes (far less

time than is needed to obtain an equilibrium such as that found in a natural environment).

Contrast 2 revealed no significant difference between the piezometer and lysimeter field

pH determination methods. Through contrast 3, no significant difference between the field

slurry or piezometer and lysimeter field pH methods was found. Together, contrasts 2 and 3

suggest that there is no significant difference among the field pH methods, and the "method of

choice" would be the one that is the least disturbing to the site and most expedient to measure,

which in this instance is the piezometer method. Recall the piezometer method requires merely

lowering the pH probe into the soil solution stored in the piezometer tube and taking a reading.

Eh-field pH relationship

The third objective was to determine the relationship between Eh and field pH. First, the

redox potential measurements, made in the field with the calomel reference electrode, were

adjusted to the standard H2 electrode by adding 244 mV (Garrels and Christ, 1965). The Eh and

field pH relationship was then graphed, and a best fit line was obtained through regression

analysis. The equation of this line is Eh = E. - 136 (a/n) pH (Figure 2). Although the slope of

this line is lower than the commonly accepted empirical value of -59 mV per pH unit, it is

distinctly higher than the theoretical value of -177 mV per pH unit calculated on page 1. This

intermediate value originates from the fact that the natural soil landscape system clearly does not

behave as a pure chemical solution as the theoretical value suggests, nor is it in equilibrium. On

the other hand, the value deviates far from -59 mV per pH unit value suggesting the a/n ratio is

not one or three (producing the -177 mV per pH unit value) but an obvious mixture of the two

ratios.
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Eh vs. Field pH

Figure 2. The relationship between redox potential and field pH.

Iron reduction threshold

The fourth and final objective was to determine the Eh threshold at which iron reduction

occurs. Researchers have found that this iron reduction threshold occurs in the range of +300 to

+100 mV under various pH conditions (Gotoh and Patrick Jr., 1974; Patrick Jr. and Henderson,

1981; Bohn et al., 1985; Cogger et al., 1992; Austin, 1997). Without normalization to pH 7, our

data indicated detection of ferrous iron at redox potentials of +275 mV (see figure 3). When the

ferrous iron data were normalized for pH 7 using the Eh-pH relationship equation value of -136

mV per pH unit determined in this project, the reduction threshold was about +130 mV (Figure

4). This value seems to agree well with earlier observations of +300 to +100 mV, but is lower

than the +200 mV value used by some researchers. Note the difference between the distribution

of points in Figures 3 and 4 arising from the adjustment of each data point according to its

individual pH value.
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Figure 3. The relationship between redox potential and ferrous iron content.

Redox Potential vs. Ferrous Iron Content

Ferrous Iron Content (ppm)

Figure 4. The relationship between redox potential and ferrous iron content when
normalized to pH 7.
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Figure 4 also shows that once the soil is strongly reducing (i.e., Eh values below +130

mV), there is no further relationship between Eh and the amount of ferrous iron in solution. This

may simply be due to the fact that there is no more iron to dissociate into the soil solution. Or,

iron reduction may be a very time-dependent process, in which case there may be an abundance

of iron to reduce but the time scale in which the ferrous iron content was measured may not

allow for a precise estimate. Another reason for low Fe2+ values is that as Eh values decline, FeS

(s) may form, limiting the solubility of
Fe2+.

Conclusions

In conclusion, the results of the objectives are as follows:

When field and lab pH data were compared, statistical analysis showed that the lab values were

highly significantly different than the field methods. On average, the lab values were 0.3 pH

units lower than any of the field methods. However, further statistical analysis using orthogonal

contrasts between the pH methods showed there was no statistical difference among field

methods. Therefore, the "method of choice" is the piezometer method because it is the easiest

and least disturbing to the soil of three field pH methods.

The slope of the Eh-pH relationship equation, which we determined to be -136 mV per

pH unit, lies in between accepted empirical and theoretical literature slope values. The slope

value we determined is more indicative of a natural soil system containing mixed redox

potentials.

The specific iron reduction threshold of +130 mV determined in this study (when

normalized to pH 7) lies in between values of +300 to +100 mV that other researchers have

found.

The variability that arises when comparing these data with the literature values can be

explained by recognizing that the soil itself is very variable. This project collected data from

three relatively related soils in a small geographical area. Each site had its own individual

thresholds concerning the relationships between Eh and pH; and Eh and Fe reduction. These

relationships can be determined on any geographical level (a specific soil type, a soil catena, a

geographical region, or at the national or global scale). However, the specificity of these

relationships would be lost proportionally with geographical scale.
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APPENDIX A

pH Data

SCHMIDT SITE-pH DATA

Date 2/8/99 2/23/99 3/8/99 3/23/99 4/6/99 4/20/99 5/4/99 5/18/99 6/1/99 AVG

SOIL
pH-field
25-A 5.8 6.3 5.7 5.8 6.0 5.8 5.5 5.2 5.7 5.8

25-B 5.9 6.2 5.6 5.8 6.1 5.6 6.0 5.7 5.8 5.9

50-A 5.9 6.2 5.8 6.1 6.2 5.8 6.0 6.1 6.0 6.0

50-B 5.9 6.1 5.9 6.1 6.1 6.0 6.1 6.1 6.1 6.0

pH-lab
25-A 5.6 5.7 5.5 5.2 5.5 5.3 5.5 5.3 5.6 5.5

25-B 5.7 5.7 5.6 5.3 5.6 5.3 5.4 5.3 5.6 5.5

50-A 6.0 6.0 5.9 5.5 5.9 5.6 5.9 5.7 5.7 5.8

50-B 5.9 5.9 5.9 5.5 5.9 5.9 5.9 5.7 5.8 5.8

SOLUTION
pH

L1-25 6.1 5.9 6.1 X X X X X X 6.0

L2-25 5.8 5.6 5.7 X 5.5 X X X X 5.7

L1-50 6.1 5.9 5.9 5.4 5.9 X X X X 5.8

L2-50 6.0 5.9 5.5 5.4 5.9 X X X X 5.7

P1-25 5.8 5.8 6.2 X X X X X X 5.9

P2-25 5.7 5.8 5.8 X X X X X X 5.8

P1-50 5.8 5.8 5.8 5.9 5.8 X X X X 5.8

P2-50 5.9 6.1 5.8 5.7 6.0 X X X X 5.9

9
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TURKEY SITE-pH DATA

Date 2/2/99 2/15/99 3/1/99 3/16/99 3/31/99 4/13/99 4/27/99 5/13/99 5/25/99 AVG

SOIL
pH-field
25-A 5.7 5.6 5.8 5.6 5.4 5.4 5.4 4.7 5.4 5.4

25-B 5.4 5.5 5.8 5.4 5.4 5.5 5.4 5.3 5.3 5.4

50-A 5.7 5.6 5.7 5.6 5.5 5.3 5.4 4.7 5.1 5.4

50-B 5.8 5.5 5.7 5.5 5.4 5.6 5.4 5.1 5.4 5.5

pH-lab
25-A 5.3 5.2 5.5 5.1 5.3 5.4 5.3 5.1 5.1 5.3

25-B 5.2 5.3 5.3 5.1 5.2 5.4 5.2 5.1 5.0 5.2

50-A 5.3 5.2 5.4 5.0 5.3 5.3 5.2 5.2 5.0 5.2

50-B 5.2 5.1 5.2 4.9 5.2 5.1 5.1 5.0 5.0 5.1

SOLUTION
pH
L1-25 6.1 5.4 4.9 5.8 5.7 X X X X 5.6

L2-25 5.8 5.6 5.1 5.8 5.4 X X X X 5.5

L1-50 5.6 5.6 5.4 5.0 5.5 5.7 X X X 5.5

L2-50 5.4 5.9 5.5 5.5 5.1 5.3 X X X 5.5

P1-25 5.8 5.8 6.0 5.9 5.8 X X X X 5.9

P2-25 5.8 5.7 6.0 5.9 5.7 X X X X 5.8

P1-50 5.8 5.8 5.7 5.8 5.3 5.9 X X X 5.7

P2-50 5.7 5.7 5.7 5.7 5.3 5.8 X X X 5.7



17

BASHAW SITE-pH DATA

Date 2/2/99 2/15/99 3/1/99 3/16/99 3/31/99 4/13/99 4/27/99 5/13/99 5/25/99 AVG

SOIL
pH-field
25-A 6.1 5.8 5.8 5.8 5.9 6.2 6.1 6.0 5.5 5.9

25-B 5.9 5.9 5.9 5.9 5.8 5.9 6.1 5.8 5.7 5.9

50-A 6.1 5.8 6.0 6.0 6.0 6.0 6.1 5.9 6.5 6.0

50-B 5.9 5.9 X 5.9 5.9 5.8 6.0 5.6 5.8 5.9

pH-lab
25-A 5.4 5.3 5.5 5.5 5.2 5.5 5.5 5.3 5.6 5.4

25-B 5.5 5.5 5.6 5.5 5.1 5.1 5.5 5.2 5.4 5.4

50-A 5.6 5.7 5.9 5.7 5.4 5.6 5.7 5.4 6.5 5.7

50-B 5.5 5.8 5.7 5.9 5.5 5.6 5.8 5.5 5.9 5.7

SOLUTION
pH
L1-25 5.9 5.6 5.5 5.8 5.5 X X X 5.7

L2-25 5.8 5.9 5.6 5.9 K5.7 5.6 5.9 5.8 X 5.8

L1-50 X X X X X X X X

L2-50 X X X X X X X X

P l-25 5.6 5.7 5.7 5.8 5.5 5.7 X X X 5.7

P2-25 5.4 5.8 5.6 5.7 5.2 5.5 X X X 5.5

P1-50 5.8 5.8 6.0 6.2 5.8 5.7 X X X 5.9

P2-50 6.1 5.4 5.4 5.8 5.4 5.4 X X X 5.6

0

X
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APPENDIX B

Redox Potential Data

SCHMIDT SITE-Redox Potential Data

Date 2/8/99 2/23/99 3/8/99 3/23/99 4/6/99 4/20/99 5/4/99 5/18/99 6/1/99

Eh
25 1 -14 -167 -29 -68 -193 -63 271 4 -7

2 -56 -87 -127 18 -17 64 261 52 -58

3 3 -55 -14 104 -18 -6 241 1 74

4 -145 -113 -166 -157 -126 178 73 170 87

AVG -53 -105.5 -84 -25.75 -88.5 43.25 211.5 56.75 24

50 1 60 -18 40 8 0 -64 124 0 -49

2 28 10 -10 29 -8 -107 100 3 -33

3 15 15 33 41 69 78 185 0 3

4 23 13 70 49 49 116 218 5 -3

AVG 31.5 5 33.25 31.75 27.5 5.75 156.75 2 -20.5

TURKEY SITE-Redox Potential Data

Date 2/2/99 2/15199 3/1/99 3/16/99 3/31/99 4/13/99 4/27/99 5/13/99 5/25/99

Eh
25 1 -60 4 -16 -29 -16 13 175 82 157

2 -50 -5 -2 -89 2 -39 191 4 3

3 107 0 3 19 -3 44 127 151 30

4 61 X -19 56 -6 49 143 146 191

AVG 14.5 -0.3333333 -8.5 -10.75 -5.75 16.75 159 95.75 95.25

50 1 -1 -8 -12 -11 -12 -5 -96 -1 1

2 28 -5 -10 -118 -10 -151 157 271 112

3 -29 -3 -5 -13 -13 -16 110 166 284

4 -127 -125 -79 -27 -75 -21 382 5 388

AVG -32.25 -35.25 -26.5 -42.25 -27.5 -48.25 138.25 110.25 196.25
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BASHAW SITE-Redox Potential Data

Date 2/2/99 2/15/99 3/1/99 3/16/99 3/31/99 4/13/99 4/27/99 5/13/99 5/25/99

Eh
25 1 -77 -63 -81 -166 -101 -186 -225 -4 -270

2 -142 -73 -128 -136 -145 -127 -184 -210 -13

3 -68 -86 -137 -163 -142 -201 -219 -3 -270

4 -64 -83 -85 -163 -137 -170 -182 -250 -225

AVG -87.75 -76.25 -107.75 -157 -131.25 -171 -202.5 -116.75 -194.5

50 1 -61 -3 -16 -14 22 -27 -162 -75 -91

2 -2 86 42 13 -30 -93 -81 0 -4

3 -59 -2 -12 -42 -125 -40 -24 -50 -207

4 -87 10 -39 -54 -62 5 -121 30 7

AVG -52.25 22.75 -6.25 -24.25 -48.75 -38.75 -97 -23.75 -73.75
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APPENDIX C

Ferrous Iron Content Data

SCHMIDT SITE-Ferrous Iron Data

Date 2/8/99 2/23/99 3/8/99 3/23/99 4/6/99 4/20/99 5/4/99 5/18/99 6/1/99

SOLUTION
Fe-field
L1-25 0.3 2.0 3.0 X X X X X X

L2-25 0.6 0.2 0.3 X 0.1 X X X X

L1-50 0.8 1.0 1.5 0.4 0.4 X X X X

L2-50 0.1 0.1 0.6 1.0 2.0 X X X X

P1-25 0.8 2.0 2.5 X X X X X X

P2-25 0.6 1.0 2.0 X X X X X X

P1-50 0.2 0.2 0.3 0.3 0.4 X X X X

P2-50 0.2 0.2 0.2 0.4 0.6 X X X X

Fe-lab
L1-25 0.95 1.31 3.24 X X X X X X

L2-25 0.72 0.24 0.30 X 0.17 X X X X

L1-50 0.85 1.22 1.32 0.98 0.39 X X X X

L2-50 0.31 0.28 0.57 0.49 1.50 X X X X

P1-25 0.74 1.93 4.36 X X X X X X

P2-25 0.84 0.95 1.96 X X X X X X

P1-50 0.20 0.24 0.25 0.24 0.29 X X X X

P2-50 0.22 0.45 0.27 0.38 0.47 X X X X

SOIL
a-a-D
25-A N X N N N N N N N

25-B N X N N N N N N N

50-A N X N N N N N N N

50-B N X N N N N N N N
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TURKEY SITE-Ferrous Iron Content
Data

Date 2/2/99 2/15/99 3/1/99 3/16/99 3/31/99 4/13/99 4/27/99 5/13/99 5/25/99

SOLUTION
Fe-field
L1-25 0.1 0.1 0.1 0.2 0.1 X X X X

L2-25 0.1 0.1 0.2 0.3 0.1 X X X X

L1-50 0.3 0.1 0.4 0.6 0.6 0.7 X X X

L2-50 0.6 0.3 0.2 0.4 0.8 0.6 X X X

P1-25 0.1 0.1 0.1 0.1 0.1 X X X X

P2-25 0.1 0.1 0.1 0.3 0.1 X X X X

P1-50 0.1 0.1 0.1 0.1 0.3 X X X X

P2-50 0.1 0.2 0.1 0.1 0.3 0.3 X X X

Fe-lab
L1-25 0.29 1.02 0.21 0.18 0.22 X X X X

12-25 0.50 0.76 0.37 0.28 0.34 X X X X

L1-50 0.61 0.69 0.41 0.52 0.63 0.71 X X X

L2-50 0.63 0.95 0.15 0.43 0.65 0.74 X X X

P1-25 0.30 0.90 0.26 0.19 0.32 X X X X

P2-25 1.07 0.75 0.30 0.49 0.39 X X X X

P1-50 0.85 0.08 0.19 0.19 0.35 0.28 X X X

P2-50 0.88 0.14 0.19 0.20 0.30 0.51 X X X

SOIL
a-a-D
25-A N N N N N N N N N

25-B N N Y N N N N Y N

50-A N N N N N Y N N N

50-B N N N N N N N N N
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BASHAW SITE--Ferrous Iron Data

Date 2/2/99 2/15/99 3/1/99 3/16/99 3/31/99 4/13/99 4/27/99 5/13/99 5/25/99

SOLUTION
Fe-field
L1-25 0.3 0.1 0.6 0.6 0.6 0.6 X X X

L2-25 0.1 0.2 0.2 0.8 0.4 0.3 0.1 X

L1-50 X X X X X X X X X

L2-50 X X X X X X X X X

P1-25 0.1 0.2 0.1 0.1 0.1 0.2 X X X

P2-25 0.1 0.1 0.2 0.2 0.2 0.2 X X X

P1-50 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 X

P2-50 0.1 0.1 0.1 0.2 0.1 0.1 0.3 0.2 X

Fe-lab
L1-25 0.01 0.15 0.77 0.58 0.70 0.64 X X X

L2-25 0.28 0.16 0.20 0.18 0.65 0.40 0.44 0.18 X

L1-50 X X X X X X X X X

L2-50 X X X X X X X X X

P1-25 0.21 0.15 0.12 0.14 0.17 0.29 X X X

P2-25 0.32 0.11 0.29 0.22 0.14 0.21 X X X

P1-50 0.26 0.09 0.08 0.05 0.05 0.06 0.10 0.31 X

P2-50 0.23 0.12 0.09 0.16 0.27 0.22 0.09 0.35 X

SOIL
a-a-D
25-A X N N N N N N N N

25-B X N N N N N Y N N

50-A X N N N N N N N N

50-B X N N N N N N N N
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APPENDIX D

LABORATORY PROCEDURES
pH Analytical Methods

(Taken from Methods of Soil Analysis Used in the Soil Testing Laboratory at Oregon State
University, September 1989 Publication)

pH-1:2 soil to water ratio

A. Reagents
Buffer solutions for calibration of pH meter.
Note: The buffer solutions can be purchased if desired

1. pH 4.005-0.05 M potassium biphthalate (KHC8H4O4). Dry KHCsH4O4 for two hours at
110 C. Dissolve 10.21 g KHC8H4O4 in distilled water and dilute the solution to a volume
of 1 L with distilled water. As a preservative, add 1.0 mL chloroform or a crystal (about
10 mm in diameter) of thymol per liter of buffer solution.

2. pH 6.860-0.025 M KH2PO4 and 0.025 M Na2HPO4. Dry the two phosphate salts for
two hours at 110 C. Dissolve 3.40 g of KH2PO4 and 3.55 g ofNa2HPO4 in distilled water
and dilute the solution to a volume of 1 L with distilled water. As a preservative, add 1.0
mL chloroform or a crystal (about 10 mm in diameter) of thymol per liter of buffer
solution.

3. pH 9.177-0.01 M Na2B4O7- 10H2O. Dry the Na2B4O7-1OH20 for two hours at 110 C.
Dissolve 3.81 g in distilled water and dilute the solution to 11.

4. Hydrochloric acid, 0.1 N HCI-Dilute 8.3 mL of concentrated HCl to 1 L volume with
distilled water.

B. Procedure
1. Scoop 20 cc (g) of dry soil into a 3-oz. paper cup or 100 mL beaker.
2. Add 40 mL of distilled water and stir thoroughly.
3. Let stand about 15 min, stir a second time, and allow suspended soil to settle for at

least 15 min before reading pH.
4. Calibrate the pH meter according to instrument instructions using two of the prepared

buffer solutions. After instrument calibration, rinse the electrodes with 0.1 N HCl
and then distilled water to remove any trace of the buffer solutions.

5. Read the pH by placing the electrodes in the supernatent liquid and swirling gently.
Record the pH to the nearest 0.1 unit.

6. Rinse the electrodes with distilled water and pat dry between pH determinations.
7. When the meter is not in use, immerse the electrodes in pH 6.860 buffer.
8. pH readings should be made routinely on known standard soil samples, every 15

minutes in the Oregon State University Soil Testing Laboratory (OSUSTL).

C. Comments
This method is described by McLean (1982). The one used has a 1:2 soil-water ratio

where the pH is measured in the supernatent instead of in the soil suspension, for convenience
and to minimize the errors introduced by liquid junction potential.
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Buffer solutions should be prepared fresh at least once a month. If solutions are
purchased, expiration dates need to be noted. The pH meter needs to be calibrated periodically

when making a series of determinations to check for drift. Check samples should alsobe
incorporated into a series of analyses to ensure accurate readings. For pH measurements in soil,

a combination (single) or a dual electrode can be used. The OSUSTL uses a dual electrode.
Greweling and Peech (1968) indicate that the pH may shift slightly with a change in the

soil-to-water ratio used in sample preparation. Seasonal fluctuations in pH can also be expected.
Soil pH will tend to be lower for samples collected after heavy fertilization. Conversely, pH may
increase as the concentration of fertilizer salts decreases. Salt accumulation in soil tends to lower
pH, and salt removal by leaching will have the opposite effect of raising pH. Fluctuations in pH
due to seasonal or analytical effects may vary from 0.1 to 1.0 pH units.

Soil pH can also be determined using prepared salt solutions; this indicates the effect of
salts in the sample. For example, the pH value obtained using 1 N KCl will normally be 1 to 1.5
units lower than the distilled water value. The soil pH measured in 0.01 M CaCl2 will be about
0.4 to 0.8 units lower than in distilled water. Measuring soil pH in these salt solutions has the
added advantage of maintaining flocculation, which minimizes errors caused by liquid junction
potentials.

D. Equipment
.1. pH meter with suitable electrode
2. Paper cups
3. Stirring rods
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APPENDIX F

LABORATORY PROCEDURES
Soluble Fe(II) Analysis

Spectrophotometric Determination
Adapted by John E. Baham from Loeppert, R.H., and W.P. Inskeep. 1996. Iron. In D.L. Sparks

(ed.) Methods of soil analysis. Part 3-Chemical methods. SSSA Book series no. 5.

Reagents and Consumable Materials
hydroxylamine hydrochloride 12%--Dissolve 6.0 g of hydroxylamine hydrochloride in 50 mL

of deionized water. Prepare weekly.

sodium acetate/ acetic acid buffer, 3N-Dissolve 102 g sodium acetate trihydrate in 500 mL
of deionized water; bring to a volume of approximately 750 mL and chill in an ice bath. Slowly
add 44 mL of glacial acetic acid and then bring to a final volume of 1.000 L.

1,10 phenanthroline, 0.2% (w/v)-Dissolve 0.60 g of 1,10-phenanthroline in 15 mL of ethanol
(95%) and dilute to 0.20 L with deionized water. Store solution in the dark. Stable for 30 days.

Standard Preparation
Stock Solution (100 mg Fe/L)-Dissolve 0.484 g of ferric chloride hexahydrate in 500 mL of

18 Mohm water and add 2.0 mL of concentrated sulfuric acid. Mix the solution and then bring to
the 1 L volume mark. Prepare a new stock solution on a weekly basis.

Working Stock Solution (WSS, 10 mg Fe/L)-Dilute 10 mL of the 100 ppm Fe stock solution to
100 mL in a volumetric flask.

External Standard-Pour approximately 5 mL of a NITS traceable Fe standard (1,000 mg
Fe/L) into a clean plastic beaker. Wet the beaker with the standard and discard the solution.
Now pour in another 5 mL aliquot. Withdraw 2.50 mL with a pipette and transfer to a 25 mL
volumetric flask; dilute to volume with deionized water yielding a 100 ppm solution of Fe.
Prepare a working stock solution of 10.00 mg.Fe/L by diluting 10.00 mL of the 100 ppm solution

to 100 mL in a volumetric flask.

Working Standards-Using the WSS, prepare the following standards in 100 mL volumetric

flasks. Prepare on a daily basis.

Standard Fe Concentration mgFe/L) mL WSS
F 0.00 0.00

E 0.02 0.20
D 0.05 0.50

C 0.10 1.00

B 0.25 2.50

A 1.00 10.00

X 0.06 0.60

EXTB 0.25 2.50
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Standard Operating Procedure
1. Prepare the reagents, stock solutions and QC samples as described above.

2. Turn on the spectrophotometer 30 minutes prior to the analysis run.

3. Prepare Automation and Sample Tables with the sample ID code or number. Load
Fe(II) method into the spectrophotometer software system.

4. Pipette 3.50 mL of standard solution of QC samples into plastic tubes. Next add 0.5
mL of 12% hydroxylamine hydrochloride solution and mix sample by inverting the
sample six times. Allow the standards to react for 15 minutes. Add 0.5 mL of buffer
followed by 0.5 mL of 1,10-phenanthroline and-then mix by inverting the sample six
times. Allow 20 minutes for color development.

Standards-
3.5 mL standard
0.5 mL 12% hydroxylamine hydrochloride solution
0.5 mL buffer
0.5 mL 1,10-phenanthroline

5. Color development of samples is accomplished as follows: 3.50 mL of sample is
pipetted into a numbered plastic tube. Next, 0.5 mL of buffer is added followed by
0.5 mL of 1,10-phenanthroline. The contents of the tube are mixed by inverting the
tube six times. The tubes are allowed to stand for color development.

Samples-(determination of Fe(ll))
3.5 mL sample
0.5 mL buffer
0.5 mL 1,10-phenanthroline

0


