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ABSTRACT

Non-point source delivery of water-born sediments and nutrients from agriculture continues to be a
concern, even with adoption of in-field best management practices. Vegetated filter zones (VFZ)
bordering agricultural fields offer great potential to retain sediments and nutrients if properly
managed, because of their inherent stability and substantial structural resistance to erosion.
However, on most farms, surface runoff from fields flows through the VFZ in natural drainage-
ways, thus remaining concentrated and rendering the VFZ almost ineffective for removal of
dissolved and suspended pollutants.

Our research to date has demonstrated that nutrients and sediments leaving vegetated filter zones
into receiving waters can be substantially reduced by dispersing runoff as it enters the VFZ. Our
previous research has examined pathways and fates for nitrogen forms and effects of dispersed flow
on these fates. We believe research is now needed to clarify the effect of flow dispersion on the
specific soil fractions that are "trapped™ by the VFZ and distributions of phosphorous among the
organic and inorganic pools. Knowledge of the effects of flow dispersion on soil particles and
phosphorous (P) is necessary to properly design and manage VFZs for long-term efficiency.

Specific objectives on this project were to: (1) Estimate soil particle size distribution of transported
sediments entering and leaving the VFZs in surface runoff and concentration in relation to flow rate
and field conditions; and, (2) Determine the distribution of phosphorus (inorganic and organic
origins) in distinct soil particle size groupings entering and leaving the VFZ in surface runoff.

The project failed to fully achieve objectives due to several factors. However, results from the
Hedley P fractionation results indicated that most P leaving VFZs was adsorbed to sediments being
transported by storm runoff was and largely inorganic in origin coming from these Piedmont soils.
Results also suggested that a large proportion (92%) of P in storm runoff was available for uptake
by plants under varying redox potential.
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SUMMARY AND CONCLUSIONS

This study did not achieve the majority of its intended objectives because of the very low sediment
yields from the two, small agricultural fields on the Oxford Tobacco Research Station which was
the research site. If tobacco had been planted as planned instead of a millet cover crop, sediment
yields would have been much higher providing for the wider range of proposed analyses. The bit of
good news here was that the cover crop, the grassed waterway, and the grassed and forested field-
side filter zones definitely reduced sediment yields compared to previous years on these fields when
they were in tobacco.

There was enough sediment recovered from runoff to use the Hedley extraction procedure on a
significant number of samples. Two conclusions were suggested by these results. First, almost all
of the extracted phosphorus was of inorganic origin. This result was not all that unexpected
considering that these Piedmont soils are moderately low in organic matter. Second, almost all of
the phosphorus extracted (92%) was potentially available for plant uptake depending on varying
redox potentials of receiving water columns and sediment profiles. This may be somewhat in
contrast to the situation of phosphorus in situ in these Piedmont soils where relative high
concentrations may accumulate but remain tightly bound to soil particles and thus not be readily
available for plant uptake.

Vi



RECOMMENDATIONS

The indication that a large proportion of phosphorus mobilized in storm runoff was moderately to
relatively readily available for plant uptake, strengthened the need for more information on the
behavior of phosphorus in storm runoff and the fate of phosphorus in vegetated filter zones.
Therefore the recommendation is that one or more like the one proposed here is still very much
needed.

Secondly, the use of level spreaders to distribute storm runoff over vegetated filter zones was one of
the reasons we had such low yields of sediment. Clearly the level spreader should be an integral
part of the construction of all vegetated filter zones.

vii



1. INTRODUCTION
1.1 Background

Nonpoint source delivery of water-born sediments and nutrients from agriculture continues to be a
concern throughout the Southeast (Neary et al. 1989) and nationally (Sims 1993, Logan 1993), even
with adoption of in-field best management practices. Most soil conservation practices remove
water from agricultural fields efficiently and reduce erosion, but only partly reduce the release of
nutrients and toxic chemicals into receiving waters. Our research and others has demonstrated that
vegetated filter zones (VFZ) bordering agricultural fields offer great potential to retain sediments
and nutrients if properly managed, because of their inherent ecological stability and substantial
structural resistance to erosion. This is especially true if channelized flow is dispersed with level
spreaders. Level spreaders are shallow ditches or channels constructed on contour to disperse
concentrated runoff, thereby converting it to sheet flow.

The importance of level spreaders to the effectiveness of VFZ can not be emphasized to strongly.
Use of level spreaders for flow dispersion enables the VFZs to more efficiently trap courser sands
and silts. Without level spreaders research has shown fine materials of high specific surface area
often reach streams (Correll et al. 1994) or were at least carried deeper into the VFZ (Cooper and
Gilliam 1986) where they could more easily be subsequently transported to surface waters or where
pesticides and nutrients such as phosphorus can be desorbed and transported. On most farms,
surface runoff from fields flows through the VFZ in natural drainageways, or ditches, thus
remaining concentrated and rendering the VFZ almost ineffective for removal of dissolved and
suspended pollutants. Our own observations and those of several environmental interest groups are
that concentrated agricultural runoff in ephemeral channels, field ditches, and drainage tiles is a
significant problem in North Carolina's Neuse and Tar-Pamlico basins and other basins. Our
research to date on five Piedmont and three Coastal Plain VFZs has demonstrated that nutrients and
sediments leaving grassed or forested filter zones (FFZ) into receiving waters can be substantially
reduced by dispersing field runoff using level spreaders. We have also demonstrated that vegetation
management practices can further improve VFZ efficiency by increasing frictional drag, plant
uptake of nutrients, and microbial transformation of specific nutrient forms. Our recently
completed research has examined pathways and fates of nitrogen forms and effects of dispersed
flow on these fates (Verchot et al. 1997a,b,c, 1998)

Our research has shown that sediment and nutrients tend to be largely detained during summer and
fall months when concentrations and gravimetric loading are often the highest (Hazel 2000).
Winter and early spring events are often net export events with nutrient and sediments being
“released” from VFZs in low concentrations in long and relatively low flow-rate events. Our
research has also demonstrated that the detention capacity of grassed and wooded filter zones are
somewhat out of phase with each other such that grass is most effective as a filter in early to mid
summer whereas down slope wooded zones are especially able to detain pollutants passing through
or being released by the upslope grassed zones in late summer and early fall (Franklin et al. 2000).
However, most research on VFZ effectiveness, including ours, has largely examined only total
suspended solids and total P moving into and out of these zones. Are soil fractions being detained
by grass and forest zones in roughly equal proportions, or does grass mostly detain sand and other
coarse particles? If there is seasonal detention of P, is P entering the VFZs in the summer and fall as



mostly inorganic P and then leaving the zones as recycled organic P in winter and early spring, and
if that is so, what are the implications for down slope surface waters? If P is transformed within
VFZs, how is this impacted by management of these zones for improved overall detention? Do
similar P transformations occur within grassed and forested filter zones?

Research is now needed to clarify what soil fractions are being deposited within the VFZs after
dispersing concentrated runoff. Also needed are estimates of the effects of dispersing concentrated
runoff and managing vegetation on the distributions of phosphorous among organic and inorganic
pools cycling in and leaving the VFZs. In order to understand the fates of phosphorus, we must
know the types and forms of mineral and organic sediments being deposited into and exported from
the VFZ. This knowledge will provide the basis for modeling, designing and managing VFZs for
long-term efficiency.

It is well known that bioavailable particulate phosphorus (phosphorus that is bound to transported
soil solids, yet is available to support algal growth) comprises a variable portion (10-90%) of the
total particulate phosphorus transported in runoff (DePinto et al., 1981; Dorich et al., 1985;
Sharpley et al., 1992). This variation in the bioavailability of P transported from agricultural runoff
events stresses the need for an accurate assessment of bioavailable P in order to truly evaluate the
functionality of VFZs in reducing inputs into receiving surface waters (Sharpley, 1993a).

The movement of P associated with agricultural runoff into a VFZ, however, must be viewed as the
transport of a nutrient from one ecosystem to another; i.e. the VFZ is not a passive mechanical
filtering device, but a dynamic ecosystem with active nutrient cycling. Thus, P transported into and
retained in the VFZ will be incorporated into various nutrient cycling processes. This will result in
the retention of P within the vegetation of the VFZ and transformations within the soil among
inorganic and organic forms. These later transformations of soil P will have a significant impact on
amounts of particulate bioavailable P eventually transported from the VFZ. An effective evaluation
of design and management of VVFZs, therefore, requires knowledge of amounts of bioavailable P
entering and leaving the FFZ, in addition to amounts of other inorganic and organic fractions that
comprise the particulate P fraction. For example, P exports in organic forms may be less available
for algal uptake than inorganic forms (Hegemann et al. 1983).

1.2 Research Objectives

Vegetated filter zones (VFZ) bordering agricultural fields offer great potential to detain sediments
and nutrients if properly managed, because of their inherent ecological stability and substantial
structural resistance to erosion. Our research to-date has demonstrated that significant reductions in
nutrients and sediments leaving vegetated filter zones into receiving waters can be substantially
reduced by dispersing agricultural runoff as it enters the FFZ. Research is now needed to clarify the
effect of flow dispersion on the specific soil fractions that are detained by the VFZ and distributions
of phosphorous among the organic and inorganic pools. Knowledge of the effects of flow dispersion
on soil particles and phosphorous is necessary to properly design and manage VFZs for long-term
efficiency.



Specific objectives were to:

(1) Estimate soil particle size distribution of transported sediments entering and leaving the
VFZs in surface runoff and their concentration in relation to flow rate and field conditions;

(2) Determine the distribution of phosphorus (inorganic and organic factors) in distinct soil
particle size groupings entering and leaving the VFZ in surface runoff.

The study proposal was based on having tobacco grown in the fields above the filter zones as had
been done for several seasons before. When the request was made to the station for tobacco to be
grown in those fields, the request was refused. All efforts to get tobacco into those fields were to no
avail. The Soil Conservation Plan, already approved, called for a cover crop of millet and that was
the way it was going to be. We considered our situation and decided to go ahead with the study
with the expectation that the four flumes right at the field edges would give us sufficiently high
yields of sediments and nutrients.

Unfortunately, we had a dry summer and water and sediments yields were much lower than
expected. So much lower in fact that we did not have enough soil mass to do any physical
characterization of soil physical structure. So we focused our attention on characterization of P in
sediment (Objective 2). Thus some of the description of methodology is what we did in terms of
preparation of samples taken early in the study period which subsequently were not used for the
intended analyses. Instead, samples were recombined to have adequate soil mass for the Hedley
Procedure.

2. THE RESEARCH SITE, FACILITIES, PROCEDURES
2.1 Research Site and Facilities

Two 1.6 ha watersheds at the Oxford Tobacco Research Station in Granville County was
instrumented in the previous UNCWRRI-funded study (Franklin et al., 1992). The watersheds
included fields and forested areas typical of farm watersheds in the Piedmont throughout the south.
In each filter zone, field runoff was dispersed along the contour first across a grassed filter zone
(GFZ) and then across a forested filter zone (FFZ) using level spreaders (Figure 1). A level
spreader consisted of a concrete and wood distribution box centered on the natural drainage channel
and two treated wooden troughs (or fabric lined trenches) which extended laterally, on contour,
from each side of the distribution box to disburse flow and force runoff to flow over the whole FFZ
(Figure 2).

Water flowing into the distribution box was measured in a 61 cm H-flume located at the top of the
box. The H-flume contained an integral stilling well used to measure stage with a float driven
potentiometer monitored by a Campbell CR-10 data logger and multiplexer. Runoff samples were
collected in each flume by a Sigma Model 800 SL automatic water sampler. Samples were taken
based on the change in stage as monitored by the data logger (Figure 3).



There were eight runoff-gaging/water sample collection stations on site (four per watershed). Each
watershed had station: (1) at the down-slope end of each of the two field waterways just up-slope
from the level spreaders in the grassed filter zone; (2) in the upper receiving portion of the forested
filter zone just up-slope from the level spreaders in the forested filter zone; and, (3) in the lower
portion of the forested filter zone down-slope from the point at which topography concentrates
runoff into natural ephemeral channels. Each station had an H-flume, float-driven potentiometer,
and automatic water sampler. Thus, characteristics of runoff leaving tobacco fields and flowing
through grassed and forested filter zones was monitored. Each of the eight stations was controlled
and monitored by one of three data loggers. Each data logger monitored one of three tipping-bucket
rain gages.

Instruments were reinstalled and calibrated in early June. Data collection began June 5, 2002.
Sampling ended on October 18, 2002.

2.2 Methods for Runoff Sample Collection and Analyses

Collection of runoff samples was by computer-controlled water samplers installed at the input and
outputs of each FFZ. These devices allowed programmable sampling during specific periods of
rainfall events, allowing reconstruction of particulate input/output for each storm hydrograph. Each
rainfall event that occurred during this period was visually assessed as to the amount of total
particulate matter collected. The recorded hydrographs for those events selected for detailed study
were evaluated and subsamples segregated according to flow rates recorded during the event. For
the two Oxford watersheds, where all sample collected were discrete subsamples, subsamples were
combined, on a volume-weighted basis (see following section on Sample Preparation), for periods
of high flow rate, and low flow rate. Determination of what ranges of flow rates were considered
"high" or "low" was site specific depending on the specific ranges of rates observed at each site.



Fig. 1. Site map of experimental watersheds at the Oxford Tobacco Research Station showing fields, grassed filter zones
(GFZ) and forested filter zones (FFZ)
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Figure 2. Wooden level spreader within a Forested Filter Zone at the Oxford Tobacco Research Station




Figure 3. Trenched level spreader in a Grassed Filter Zone at the Oxford Tobacco Research Station




Figure 4. Interior of an instrument shelter at the Oxford Tobacco Station




Further subdivision of the collected samples was made depending on the characteristics of each
rainfall event. Samples were stored at 4° C until further processing.

Only relatively large precipitation events produced enough runoff to yield sediment samples large
enough for analysis. This was because (1) the millet cover crop yielded far less sediment than a
typical tobacco field, and (2) the samplers would fill to capacity with low sediment yielding
samples. Only four events yielded enough sediment for analysis: July 20, July 24, August 26, and
August 31.

The total volume of each sample or subsample was recorded and then an aliquot removed for
physical and chemical analyses according to established procedures for ongoing research at this site.
The remaining subsamples were combined on a volume-weighted basis per event as noted in the
above section on sample collection. Aliquots from the well-stirred subsamples were combined
together to form at least one composite sample per rainfall event. This composite sample was used
for all subsequent physical and chemical analyses.

There were three objectives in our sample-handling protocol: (1) to make up a composite flow-
proportional pre-floc liquid sample for each flume (location) for each event to use with the
impregnated paper procedure and to do Total Suspended Solids (TSS); (2) to make up a composite
sample of post-floc water for testing dissolved constituents such as total P, dissolved P, and TOC,;
and (3) to make up a composite soil sample for each flume (location) for the Hedley procedure. To
accomplish this, the following steps were performed.

Up to six one-liter bottles per sample were brought back from the field to the Forest Hydrology
Laboratory. The automatic water samplers in the field each had a capacity of 24 one-liter bottles.
Each sampler was programmed to fill six one-liter bottles per sample. Thus, each sampler could
only take four samples during an event as directed by the data logger.

Making composite flow-proportional "pre-floc' samples:

A computer program written in BASIC (HAP, for Hydrograph Analysis Program) was run to
develop a mixing formula for a single 500-ml composite water sample for each set of one-liter
bottles. The flow-proportional composite samples for TSS and the impregnated paper analysis were
made from the discrete sample according to the mixing formula and labeled

Making composite flow-proportional ''post-floc' samples:

Two ml of 4 M calcium chloride (CaClyy were added with a 12-ml pipette to each 1000 ml sample
bottle and the bottle was allowed to stand overnight. The next day, additional 4 M calcium chloride

(CaCly) was added, as needed, to finish clarifying the sample.

When the samples were clarified, a sample was drawn from the top of one of the bottles using a
large syringe according to the composite formula. These drawn sample portions were used to make
up a 500 ml the flow- proportional post-floc samples for dissolved constituents.



Making composite flow-proportional soil sample:

Using a siphon, "post-floc" supernate was removed from each one-liter sample bottle until only 100
rnl remained. The remaining volume of soil and water was combined for each sample.

Using the 500-rnl composite mixing formula, a single 500-rnl composite sample was made and
placed into a labeled clean bottle for storage for Hedley analyses if an evaporating dish and oven
space were not available immediately.

Evaporating dishes (500 rnl capacity) were filled with a 500 rnl sample and placed in a drying in
oven until all liquid evaporated.

After drying, soil was scraped out of dishes with a spatula and placed into a labeled 35 rnl wide-
mouth bottle for transfer to the Soils Science Laboratory.

2.3 Analytical Procedures for Phosphorus

Each size fraction and an aliquot of the original composite sample was to be analyzed using the
following chemical procedures:

Total P (TP) - perchloric acid digestion (Olsen and Sommers 1982)

Total Dissolved P (TDP) - filtration through 0.1 um filter followed by
acid ammonium persulfate digestion.

Particulate P (PP) - calculated as difference between TP and TDP
(Sharpley 1993b).

Bioavailable P (BAP) - based on the procedure of Sharpley (1993a) using
iron oxide-impregnated filter paper

Sequential P extraction - modified Hedley P fractionation procedure
(Hedley et al. 1982).

Due to the very limited quantity of soil mass available, only the first and last procedures (Total P
perchloric acid digestion and Hedley P Fractionation Procedure, respectively) were done (Table 1).

2.4 Total P Analysis

Eighteen field samples were analyzed by extracting from two to five aliquots extracted using 2.4

normal sulfuric acid (H2SOg4), Final, solid dry mass concentration was estimated for each aliquot
and averaged for each field sample. Standard deviations and coefficients of variation were
estimated for each field sample.
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Table 1. Mass of suspended sediment extracted from runoff samples for events
with adequate sediment mass for phosphorus analyses

Watershed 1 Watershed 11

SField NField GFZ FFZ | SField NField GFzZ FFZ

Event | (gms)  (gms) (gms) (gms) | (gms)  (gms)  (gms) (gms)
201 - e e e | e e e 1.39

239 - - 3.07 - 226 - 196  --—---

242 2.55 1.41 1.88 1.17 1.94 2.45 1.50 1.44

283 - - 3.32 1.94 2.32 415  -—--- 2.12
283b 0.85 1.37 1.46 1.41 1.71 1.33 0.72
288 1.55 1.15 0.81 0.55 1.49 151 - -

2.5 The Hedley Procedure

Characterization of the forms of inorganic and organic particulate P entering and leaving the VFZ
was done using the sequential extraction procedure of Hedley et al. (1982). This procedure
combined widely used chemical extractants for soil P and thus incorporated knowledge from
published research of how specific extractants reacted with different P containing soil constituents.
The extraction procedure fractionated the sediment P into 5 inorganic P pools, 3 organic P pools,
and 1 residual P pool. The resin-extractable P was considered the labile P pool directly in
equilibrium with the soil solution. The sodium bicarbonate extractable P was considered to be
sorbed, labile, inorganic P and easily mineralizable organic P. Sodium hydroxide extractable P was
associated with less available amorphous and crystalline Fe and Al phosphate. The sodium
hydroxide extractable organic P was considered to be associated with more stable organic P forms
involved in long-term transformations. The sonicated hydroxide extraction estimated
microaggregate-protected, stable Al- and Fe bound inorganic and organic P. A hydrochloric acid
extraction was used to remove Ca-bound inorganic P. Typically the last extraction step was a
sulfuric acid digestion to estimate the remaining residual P which included strongly retained,
"recalcitrant™ inorganic and organic P. In this case, the sulfuric acid extraction was not done so
residual P was estimated by subtracting P removed by prior extractions from total P. Forty-four
analyses were run from 16 field samples from five rainfall events.

2.6 Laboratory Facilities

The majority of the chemical analyses in support of this research were done in the Analytical
Services Laboratory of Dr. Wayne P. Robarge in the Department of Soil Science. Instrumentation
used included an ICP emission spectrometer, atomic absorption spectrometers, a UV/VIS scanning
spectrophotometer, total organic carbon analyzer with autosampler, Dionex ion chromatograph with
autosampler, Lachat dual channel flow-injection analyzer with autosampler, elemental carbon and
nitrogen analyzer with autosampler, as well as high-speed centrifuges, automatic dilutors, balances,
muffle furnaces, steam plates, digestion plates and fume hoods. Well-trained technicians under Dr.
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Robarge's supervision were available to train and assist graduate students with the analyses of
samples.

Particle-size characterization of the runoff samples were done in the Forest Hydrology Laboratory
in the Department of Forestry. This laboratory was equipped with the necessary sieves, storage area
and other necessary equipment for the characterization of suspended particulates in agricultural
runoff.

3.0 RESULTS AND DISCUSSION
3.1 Description of Rainfall Events

The sampling period for the project was June through November 2002. The beginning of the period
was set by the effective funding date while the end date was set based on the loss of key personnel
due to state budget reductions effective July 1, 2002 that made field collection and instrument
maintenance no longer possible. Several factors in addition to the somewhat truncated sampling
period resulted in a low number of adequate runoff events. A notable and historic drought occurred
in the Piedmont and much of North Carolina during the summer and fall of 2002. Also, as noted
above, Station staff would not plant tobacco in the watershed fields as requested and instead, a low-
runoff yielding grain sorghum cover crop was planted. Also, a series of instrument failures plagued
the project throughout the sampling season. Following shutdown of the complex system of
samplers, rain gages, and data loggers, it was discovered that a groundhog had burrowed through a
runoff collection berm and had stripped insulation of the main data communication cable on site
which had in some instances caused absolute failure of some components and in others caused what
in retrospect was determined to be suspect data.

Because of these above discussed factors, only eight events resulted in adequate sampled runoff for
sediment extraction. These were July 20 (Julian Day 201), July 24 (JD 205), August 26 (JD 238),
August 29 (JD 239), August 30 (JD 242), two events (“a” and “b”’) on October 10 (JD 283), and
October 15 (JD288). Electronically recorded rainfall data agreed nicely with nearby gages and
were apparently correct. With only two exceptions, only precipitation events approaching one inch
(25.4 mm) generated runoff due to the cover crop and often low-antecedent soil moisture during the
drought. However, runoff data recorded through the H-flumes for several flumes seem
unreasonable, therefore no runoff data can be considered as correct. This was most unfortunate
because P concentrations are multiplied by runoff volumes to calculate mass flow for events.

3.2 Total P Analysis

Total P analysis indicated concentrations from 691 to 1204 micrograms P per gram of soil mass.
These values are well within the range of values typically observed on this site in previous and on
other research sites in the lower Piedmont and upper Coastal Plain of North Carolina (Franklin et al.
1992, 2000). Precision of estimates was good with coefficients of variation ranging from 0.1 t0 9.1
percent (Tables 3.1, 3.2).

3.3 The Hedley Procedure

12



The sodium bicarbonate (NaHCO3) extraction removed inorganic and organic P that was readily
soluble and available for plant uptake. No measurable amount of organic P was detected in this
fraction so it was essentially all inorganic P. This fraction also contained the resin-extractable P
which was the labile P pool directly in equilibrium with the soil solution. A separate resin
extraction was not performed on these samples (Hedley et al. 1982). This extraction yielded 28%
of the total phosphorus found in these samples (Table 4.1).
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Table 2. Rainfall and runoff characteristics for runoff events in 2002 at the Oxford Tobacco Research Station

Watershed |

Event Peak  Average Peak Peak Peak Peak
Date Total 5-Min.  5-min. Runoff  Runoff Runoff Runoff Runoff Runoff Runoff Runoff

(Julian Rainfall Rainfall Rainfall Fieldl Field 2 GFz FFZ Field1l  Field 2 GFz FFZ
Day) Year (mm) (mm) (mm) (M3) (M3) (M3) M3 (MPHY  (MPHY  (MPHY  (MPHT
201 2002 54.5 11.2 1.4  333.93 13.30 188.69 13.25  843.13 1.00 277.06 18.65
205 2002 15.5 6.2 0.78 35.49 24.94 15.33 0.02 111.05 49.62 27.83 0.11
238 2002 46 5.8 0.68 14459  103.99 86.06 33.16 222.78  130.97 84.88 28.45
239 2002 8.3 3 046  371.63 180.55 1,627.60 971.02 56.55 10.20 1,416.49 1,083.15
242 2002 22.5 1.9 0.33 57.77 53.90 281.82 223.77 59.29 55.05  440.87  340.02
283a 2002 149.8 34 0.75 78549 72419 171.15 78.38 262.20 175.68 55.05 19.27
283b 2002 25.3 35 0.54 21835 22591 51194 19573 28276 165.16 1,267.16 625.18
288 2002 28.9 0.9 0.19 99.42  111.06 27.61 0.02 32.73 37.69 52.39 0.22

Watershed 11

Event Peak  Average Peak Peak Peak Peak
Date Total 5-Min.  5-min. Runoff  Runoff  Runoff Runoff Runoff Runoff Runoff Runoff

(Julian Rainfall Rainfall Rainfall Fieldl  Field 2 GFz FFZ Field1l  Field 2 GFz FFZ
Day) Year (mm) (mm)  (mm) (M%) (M%) (M%) M (MHY)  (MHY) (MPHY)  (VPHY
201 2002 54.5 11.2 1.4 72537 21450 1,520.35 1,690.04 630.10 503.30 357.94 674.90
205 2002 15.5 6.2 0.78 28.79 27.00 73.86  324.32 64.31 62.21 7456  157.93
238 2002 46 5.8 0.68 113.77 63.36 97.93 317.98 153.72  104.99 32.61 58.97
239 2002 8.3 3 0.46  390.09 81.25 396.95 163.91 21.98 12.16  834.20 332.77
242 2002 22.5 1.9 0.33 45.63 29.14 32.93 17.72 44.80 36.01 54.11 3.01
283b 2002 25.3 35 0.54 22477 1,285.13 81.49 55.06 210.03  177.58 77.18 47.73
288 2002 28.9 0.9 0.19 100.66 2,986.13  165.77 57.28 3550 155.90 240.94 68.80
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The sodium hydroxide (NaOH) extractable P removed in this step contained both organic and
inorganic P. Results indicated that the inorganic P removed represented 50% of all P extracted from
these samples, but organic P represented only 4% (Table 4.1 ). In this step, organic P was extracted
from soil organic matter while the inorganic P was extracted from Al and Fe oxides. There was a

ot of organic material dispersed by this extraction step. First, total P was determined, then the
solution was acidified. Then the organic matter was spun down and the in inorganic P left in
solution was determined. There was relatively little P associated with the organic fraction which
indicated that most of the P in this extraction step came from inorganic P bound to Al and Fe
oxides. This fraction (54%) was the largest fraction of P separated during the whole fractionation
process (Table 4.2).

The hydrochloric acid (HCI) extraction yielded amounts of P representing 11% of total P. This
extraction was dissolved weathered mineral P, which were predominantly calcium phosphates.
There was a measurable amount of P in this fraction but it was not a major fraction of the total P
extracted. All of this fraction was considered to be inorganic P (Table 4.2).

The residual P fraction was not determined by sulfuric acid (HoSOg4) extraction but was estimated
by the difference between the total P and the sum of the other measured fractions. The standard
deviation is based on propagation of errors from sums and differences of actual measured values.
Results indicate there was very little residual P (8%) left in most of the soils put through the
Hedley fractionation procedure (Table 4.2).

One conclusion suggested by these results was that P adsorbed to sediments being transported by
storm runoff was largely inorganic in origin coming from these Piedmont soils. Results also
suggested that a large proportion (92% in this study) of P in storm runoff was available for uptake
by plants largely in relationship to varying redox potential of water columns and sediment profiles.
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Table 3.1 Concentrations of dry mass of total P per gram of total soil, mean concentrations, standard deviations
and coefficients of variation for each field sample with sufficient soil for analysis.

Average Average
Final Final Std. Final Final Std.
Conc. Conc. Dev. Conc. Conc. Dev.
Solid Solid
Sample Sample Solid Dry Solid Dry  Dry Sample Sample Solid Dry Solid Dry  Dry
Source ID Mass Mass Mass CV | Source ID Mass Mass Mass CV
ug/g ug/g ug/g % ug/g ug/g ug/g %
WS1 1205 796 WS2 K201 780
SFIELD 1205 846 SFIELD K201 782
1205 963 K201 872 799 41 5.1
1205 783 WS1 GL238 1158
1205 784 835 76 9.1 | FFZ GL238 1156 1157 2 0.1
WS1 1201 736 WS1 GU238 919
SFIELD 1201 760 GFz GU238 850 884 49 55
1201 716 WS1 J205 915
N
1201 778 FIELD J205 1029 972 81 8.3
1201 737 745 24 3.2 | WS2 K205 1034
WS1 1238 696 SFIELD K205 954 994 57 5.7
SFIELD 1238 733 WS1 J283a 1139
N
1238 701 FIELD J283a 1268 1204 91 7.6
1238 731 WS2 HU205 909
1238 730 718 18 2.5 | GFz HU205 981 945 51 54
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Table 3.2 Concentrations of dry mass of total P per gram of total soil, mean concentrations, standard deviations
and coefficients of variation for each field sample with sufficient soil for analysis.

Average Average
Final Final Std. Final Final Std.
Conc. Conc. Dev. Conc. Conc. Dev.
Solid Solid
Sample  Sample Solid Dry Solid Dry  Dry Sample  Sample Solid Dry Solid Dry  Dry
Source ID Mass Mass Mass CV | Source ID Mass Mass Mass CV
ug/g ug/g ug/g % ug/g ug/g ug/g %
WS2 L201 657 WS2 L239 679
N FIELD L201 738 N FIELD L239 702 691 16 2.4
L201 761 WS1 1239 897
L201 686 S FIELD 1239 972 935 53 5.7
L201 619 692 58 8.4 | WS1 1283a 1443
WS2 L205 769 SFIELD 1283a 1424 1433 14 0.9
N FIELD L205 748 WS1 J238 1314
L205 676 SFIELD  J238 1318 1316 3 0.2
L205 716 WS2 K238 1069
L205 726 727 35 48 | SFIELD K238 1087 1078 13 1.2
WS2 K201 783 WS2 L238 884
S FIELD K201 779 N FIELD L238 931 908 33 3.6

17



Table 4.1. Results of Hedley analysis for runoff samples on two agricultural watersheds for five runoff events in 2002

NaHCO3 NaOH NaOH
Extracted Extracted Extracted
Event Number Inorganic P ‘ Inorganic P Organic P
Std. Std. Std.

Sample (Julian of Mean Dev. Mean Dev. Mean Dev.

Source Day) Samples -ug/gm- %- ug/gm- -ug/gm- %- ug/gm- -ug/gm- %- ug/gm-
WS | Field 1 201 2 165 22 5 387 52 7 41 6 1
WS Il Field 1 201 3 209 26 4 422 53 10 51 6 1
WS 1l Field 2 201 3 208 30 23 404 58 18 30 4 2
WS | Field 1 205 3 297 36 18 439 53 16 18 2 4
WS | Field 2 205 2 227 23 7 606 62 6 56 6 3
WS 1l Field 2 205 3 300 41 33 437 60 38 8 1 25
WS Il GFZ 205 3 217 23 0 488 52 6 43 5 3
WS | Field 2 238 2 405 31 29 607 46 4 39 3 3
WS | GFZ 238 3 231 26 2 506 57 4 52 6 6
WS | FFZ 238 2 230 20 3 667 58 14 56 5 6
WS 1l Field 1 238 2 181 17 3 420 39 6 43 4 1
WS |1 Field 2 238 2 197 22 6 373 41 26 30 3 3
WS | Field 1 239 2 158 17 4 416 45 5 41 4 3
WS | GFZ 239 2 203 27 54 428 56 16 26 3 3
WS Il Field 1 239 2 232 23 4 515 52 18 53 5 3
WS 1l Field 2 239 2 194 28 - 364 53 - 17 3 -
WS | Field 1 283a 2 409 29 9 580 40 0 46 3 3
WS | Field 2 283a 2 579 48 93 572 48 8 34 3 9
WS | GFZ 283a 2 408 41 34 209 21 4 2 0 0
Mean 28 50 4
Std. Dev. 8 10 2
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Table 4.2. Results of Hedley analysis for runoff samples on two agricultural watersheds for five runoff events in 2002

HCI Extracted

Number Inorganic P Residual P Total P

Sample of Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.

Source Event Samples -ug/gm- %- -ug/gm-  -ug/gm- %- -ug/gm-  -ug/gm-  -ug/gm-
WS | Field 1 201 2 33 4 1 119 16 26 745 24
WS Il Field 1 201 3 75 9 6 42 5 43 799 41
WS Il Field 2 201 3 43 6 1 8 1 65 692 58
WS | Field 1 205 3 25 3 2 56 7 80 835 76
WS | Field 2 205 2 63 6 2 20 2 81 972 81
WS Il Field 2 205 3 35 5 10 53 -7 67 727 35
WS Il GFZ 205 3 55 6 2 142 15 51 945 51
WS | Field 2 238 2 111 8 2 154 12 30 1316 3
WS | GFZ 238 3 60 7 1 35 4 49 884 49
WS | FFZ 238 2 84 7 1 120 10 16 1157 2
WS Il Field 1 238 2 221 21 6 213 20 15 1078 13
WS |1 Field 2 238 2 48 5 9 259 29 43 908 33
WS | Field 1 239 2 69 1 251 27 54 935 53
WS | GFZ 239 2 118 16 3 -6 -2 56 760 3
WS Il Field 1 239 2 79 8 2 115 12 60 994 57
WS |1 Field 2 239 2 47 7 - 69 10 - 691 16
WS | Field 1 283a 2 261 18 1 137 10 17 1433 14
WS | Field 2 283a 2 185 15 3 -166 -14 131 1204 91
WS | GFZ 283a 2 428 43 13 44 -4 101 998 95
Mean 11 8 951
Std. Dev. 9 11 42
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5.0 APPENDICES
Appendix Table A.1. Total P analysis for samples with enough soil mass

Sample

Source
WS1
S FIELD

WS1
SFIELD

WS1
SFIELD

WS2
N FIELD

ID.
1205
1205
1205
1205
1205
1201
1201
1201
1201
1201
1238
1238
1238
1238
1238
L201
L201
L201
L201
L201

ID #

©O© 00N OB WN -

NP R RERRRRRPRR
O W oo N Ol WDNBEFE O

Sample Tray Tare

gms
61.65
67.24
66.69
85.32
66.42
64.43
66.93
86.95
61.68
82.50
62.81
61.51
62.11
66.53
64.50
66.56
66.90
66.04
86.47
62.40

Final
Vol.

75 mL

Tare + Sample Extract Extract
Vol.

Sample

gms
62.17
67.76
67.12
85.83
66.95
64.95
67.44
87.47
62.20
83.01
63.32
62.03
62.63
67.06
65.03
67.09
67.42
66.56
86.99
62.92

Mass

gms
0.52
0.52
0.43
0.51
0.53
0.52
0.51
0.52
0.52
0.51
0.51
0.52
0.52
0.53
0.53
0.53
0.52
0.52
0.52
0.52

Conc.

ug/mL

5.5
5.9
5.5
5.3
5.5
5.1
5.2
5.0
5.4
5.0
4.7
5.1
4.9
5.2
5.2
4.6
5.1
5.3
4.8
4.3

23

mL
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75

Mass P
Extracted

ug
414
440
414
399
416
383
388
372
405
376
355
381
365
387
387
348
384
396
356
322

Final

Conc.
Solid
Mass

ug/mL
796
846
963
783
784
736
760
716
778
737
696
733
701
731
730
657
738
761
686
619

Mean
Final

Conc.

Solid
Mass

ug/g

835

745

718

692

Std.

Dev.

Solid

Mass CV
uglg %
76 9.1
24 3.2
18 25
58 8.4



Appendix Table A.2. Total P analysis and statistics for samples with enough soil mass

Sample

Source
N FIELD

WS2
SFIELD

WS1
FFZ
WS1
GFzZ
WS1
N FIELD
WS2
S FIELD
WS1
N FIELD
WS2
GFzZ

Sample Tray Tare

ID.
L205
L205
L205
L205
K201
K201
K201
K201
K201

GL238
GL238
GU238
GU238
J205
J205
K205
K205
J283a
J283a
HU205
HUZ205

ID #
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

1
2

gms
66.65
60.93
66.56
66.21
66.59
65.40
65.68
64.30
66.44
62.47
82.50
66.31
62.89
87.40
67.15
66.55
65.77
86.15
62.24
64.26
63.89

Final
Vol.

75 mL

Tare + Sample Extract Extract
Vol.

Sample

gms
67.17
61.45
67.08
66.72
67.12
65.92
66.22
64.83
66.94
62.99
83.01
66.83
63.40
87.93
67.68
67.06
66.29
86.67
62.74
64.78
64.41

Mass

gms
0.52
0.52
0.52
0.51
0.53
0.52
0.54
0.53
0.50
0.52
0.51
0.52
0.51
0.53
0.53
0.51
0.52
0.52
0.50
0.52
0.52

Conc.

ug/mL
5.2
4.7
5.0
4.9
55
5.4
5.6
55
5.8
8.0
7.9
6.4
5.8
6.5
7.3
7.0
6.6
7.9
8.5
6.3
6.8

24

mL
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75

Mass P
Extracted

ug
389
352
372
370
415
405
421
414
436
602
589
478
433
485
546
527
496
592
634
473
510

Final

Conc.

Solid
Mass

ug/mL

748
676
716
726
783
779
780
782
872
1158
1156
919
850
915
1029
1034
954
1139
1268
909
981

Mean
Final

Conc.
Solid
Mass

ug/g

727

799
1157
884
972
994
1204

945

Std.

Dev.
Solid
Mass

ug/g

35

41

49
81
57
91

51

CVv

%

4.8

5.1

0.1

5.5

8.3

5.7

7.6

5.4



Appendix Table A.3. Total P analysis and statistics for samples with enough soil mass

Sample

Source
WS2
N FIELD
WS1
S FIELD
WS1
SFIELD
WS1
N FIELD
WS2
S FIELD
WS2
N FIELD
WS1
N FIELD
WS2
N FIELD
WS1
GFz
WS2
FFz

Sample

ID.
L239
L239
1239
1239
1283a
1283a
J238
J238
K238
K238
L238
L238
J288
J288
L288
L288
GU283b
GU283b
HL283B
HL283B

Tray Tare

ID# gms
3 8551
4  84.60
5 8524
6 84.58
7 85.70
8 84.70
9 85.04
10 67.15
11 86.11
12 84.28
13 64.00
14 85.20
1 66.55
2 -
3 66.20
4  61.67
5 6280
6 86.95
7  66.59
8 -

Final

Vol.

75 mL

Tare + Sample Extract Extract
Sample Mass Conc. Vol

gms gms  ug/mL mL
86.04 0.53 4.8 75
85.12 0.52 4.9 75
85.74 0.50 6.0 75
85.08 0.50 6.5 75
86.23 0.53 10.2 75
85.21 0.51 9.7 75
85.54 0.50 8.8 75
67.67 0.52 9.1 75
86.61 0.50 7.1 75
84.78 0.50 7.2 75
64.51 0.51 6.0 75
85.71 0.51 6.3 75
67.07 0.52 7.2 75
66.69 0.49 55 75
62.17 0.50 6.3 75
63.34 0.54 94 75
87.44 0.49 8.6 75
67.08 0.49 6.1 75

25

Mass P

Final

Conc.
Solid

Extracted Mass

ug
360
365
449
486
765
726
657
685
535
544
451
475
540
409
471
706
643
458

ug/mL
679
702
897
972
1443
1424
1314
1318
1069
1087
884
931
1038
834
942
1307
1312
934

Mean
Final

Conc.
Solid
Mass

ug/g
691
935
1433
1316
1078
908
1038
888
1309

934

Std.
Dev.
Solid
Mass CV
uglg %
16 24
53 57
14 09
3 0.2
13 1.2
33 36
76 8.6
3 0.3



Appendix Table A.4. Total P analysis and statistics for samples with enough soil mass

Sample

Source
WS1
S FIELD
WS1
FFZ
WS2
FFZ
WS2
S FIELD
WS1
N FIELD
WS2
GFz
WS2
N FIELD
WS1
FFZ
WS2
FFZ
WS1
S FIELD

Sample

ID.
1242
1242

GL288
GL288
HL242
HL242
K239
K239
J242
J242
HU239
HU239
L242
L242
GL283A
GL283A
HL283A
HL283A
1288
1288

Tray Tare
ID# gms
9 6210
10 64.43
11 66.61
12 -
13 66.43
14 66.44
15 86.45
16 67.23
17 66.89
18 66.91
19 6153
20 64.51
1 64.01
2 87.38
3 6715
4  84.60
5 62.88
6 84.70
7 85.30
8 8571

Final
Vol.

75 mL

Tare + Sample Extract Extract
Conc.

Sample

gms
62.62
64.93
67.13
66.94
66.96
86.99
67.76
67.40
67.43
62.09
65.01
64.51
87.90
67.65
85.10
63.37
85.20
85.82
86.21

Mass

gms
0.52
0.50
0.52
0.51
0.52
0.54
0.53
0.51
0.52
0.56
0.50
0.50
0.52
0.50
0.50
0.49
0.50
0.52
0.50

ug/mL

6.5
6.5
6.5
5.8
5.8
6.8
6.6
6.6
7.1
7.1
6.5
4.0
5.1
6.9
7.2
7.1
6.5
6.4
6.5

26

Vol.

mL
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75

Mass P
Extracted Mass

ug
486
489
491
437
437
507
498
498
531
532
486
299
382
521
537
535
490
480
490

Final

Conc.
Solid

ug/mL
935
978
943
856
839
938
940
976
1020
950
972
598
735
1041
1075
1091
981
923
980

Mean
Final

Conc.

Solid
Mass

ug/g
956
943
848
939
998
961
666
1058
1036

951

Std.

Dev.
Solid
Mass

ug/g

31

12

32

15

97

24

40

CcVv

%

3.2

14

0.1

3.2

1.6

HHH

2.2

7.5

4.2



Appendix Table A.5. Total P analysis and statistics for samples with enough soil mass

Sample

Source
WS1
GFzZ
WS2

S FIELD
WS2
GFz
WS2

S FIELD
WS1
GFz
WS2

N FIELD
WS2
FFZ
WS1

S FIELD
WS1
GFz
WS2

S FIELD

Sample

ID.
GU283A
GU283A

K242
K242
HU288B(3)
HU288B(3)
K283A
K283A
GU239
GU239
L283A
L283A
HL201
HL201
12838
1283B
GU288
GU288
K283B
K283B

Tray Tare

ID# gms
9 67.15
10 85.18
11 85.23
12 84.56
13 85.04
14  64.24
15 84.12
16 86.49
17 64.52
18 85.50
19 85.54
20 84.15
21 85.10
22 63.88
23 85.46
24 -
25 8394
26 -
27 85.15
28 86.98

Final
Vol.

75 mL

Tare + Sample Extract Extract
Vol.

Sample

gms
67.64
85.68
85.72
85.06
85.53
64.74
84.62
87.03
65.02
85.99
86.03
84.69
85.58
64.37
85.98

84.44

85.64
87.49

Mass

gms
0.49
0.50
0.49
0.50
0.49
0.50
0.50
0.54
0.50
0.49
0.49
0.54
0.48
0.49
0.52

0.50

0.49
0.51

Conc.

ug/mL
7.0
6.2
5.3
51
6.6
6.1
54
6.3
51
5.0
55
6.1
5.2
55
6.2

5.1

3.7
4.4

27

mL
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75

75

75
75

Mass P

Extracted

ug
522
466
397
386
492
458
407
475
381
371
412
457
391
416
462

385

275
327

Final

Conc.
Solid
Mass

ug/mL
1065
932
811
771
1004
915
815
879
762
758
841
846
814
849
889

770

560
640

Mean
Final

Conc.
Solid
Mass

ug/g
998
791
960
847
760
843
831
889
770

600

Std.

Dev.
Solid
Mass

ug/g
95
28
63

45

25

57

Cv

%

9.5

3.5

6.6

5.3

0.4

0.5

3.0

9.5



Appendix Table A.6. Total P analysis and statistics for samples with enough soil mass

Sample

Source
WS1
FFZ
WS1
FFZ
WS1
GFz
WS1
N FIELD
WS2
GFz
WS2
S FIELD

Total/Means

Sample

ID.
GL283B
GL283B

GL242
GL242
Gu242
Gu242
J283B
J283B
HU242
HU242
K288
K288

Tray Tare

ID# gms
29 85.14
30 83.90
31 86.69
32 84.68
33 65.32
34 85.39
35 8348
36 63.67
37 85.10
38 85.09
39 8252
40 66.32
114

Final
Vol.

75 mL

Tare + Sample Extract Extract
Mass

Sample

gms
85.64
84.39
87.18
85.19
65.82
85.85
83.98
64.17
85.60
85.61
82.99
66.80

gms
0.50
0.49
0.49
0.51
0.50
0.46
0.50
0.50
0.50
0.52
0.47
0.48

Conc. Vol.
ug/mL mL
6.5 75
6.1 75
4.0 75
3.9 75
4.6 75
4.5 75
7.9 75
7.7 75
6.5 75
6.2 75
4.8 75
5.1 75

28

Mass P
Extracted Mass Mass

ug
484
458
297
291
345
338
593
574
487
465
358
384

Mean
Final  Final
Conc. Conc.
Solid  Solid
ug/mL  ug/g
968
934 951
607
571 589
690
734 712
1187
1148 1167
974
895 934
761
800 781
916

Std.
Dev.
Solid
Mass CV
ug/lg %
24 25
26 43
31 43
27 23
56 6.0
27 35
38 4



Appendix Table B.1. Details of the Hedley extraction procedure prepared by Wayne Robarge, January 11, 2004

Sample
Source

WS2
N FIELD

WS1
N FIELD
WS1
SFIELD
WS1
GFz
WS1
N FIELD
WS2
N FIELD
WS1
GFzZ
WS1
S FIELD

WS2
N FIELD

Spl. Id.

L201
L201
L201
J238
J238
1283A
1283A
GU239
GU239
J283A
J283A
L239

GU283A
GU283A
1205
1205
1205
L205
L205
L205

No Acid
+NaHCO3 Vol. Extractx10dil
Tube Spl. Tare
1d. Mass +Spl Tare+spl  Added P conc.
gms gms gms mL ug/mL

45.54 1.00 14.54 45.54 30 0.61
45.29 1.00 14.29 45.29 30 0.70
45.46 1.00 14.46 45.46 30 0.77
45.11 1.00 14.11 45.11 30 1.28
45.51 1.04 14.47 45.51 30 1.48
45.14 1.04 14.10 45.14 30 1.40
45.28 1.00 14.28 45.28 30 1.39
45.42 0.94 14.48 45.42 30 0.76
45.32 1.00 14.32 45.32 30 0.55
45.39 1.00 14.39 45.39 30 1.71
45.19 1.00 14.19 45.19 30 2.15
45.32 1.00 14.32 45.32 30 0.65
45.10 1.00 14.10 45.10 30 1.28
45.71 1.00 14.71 45.71 30 1.44
45.70 1.00 14.70 45.70 30 1.06
45.56 1.00 14.56 45.56 30 0.95
45.60 1.00 14.60 45.60 30 0.96
45.66 1.00 14.66 45.66 30 1.10
45.71 1.00 14.08 45.71 30 1.03
45.08 1.00 14.71 45.08 30 0.88

0.5N NaHCO3 Extraction

29

Vol. Left
No Organic
Acid + Minus Minus
Extract Inorganic NaHCO3 NaHCO3
P
Mass  Pconc. Tare+spl Tare+spl
ugms ug/gm gms mL
183 183 16.103 1.50
210 210 15.835 1.49
230 230 16.041 1.52
384 384 15.743 1.57
443 425 16.131 1.60
419 402 15.871 1.70
416 416 15.945 1.60
227 241 15.853 1.32
165 165 15.778 1.40
513 513 15.860 1.41
645 645 15.726 1.48
194 194 15.919 1.54
384 384 15.620 1.46
432 432 16.211 1.44
318 318 16.363 1.60
285 285 16.212 1.59
288 288 16.299 1.63
329 329 16.364 1.64
308 308 15.776 1.63
264 264 16.302 1.53




Appendix Table B.2. Details of the Hedley extraction procedure prepared by Wayne Robarge, January 11, 2004

Carry
Over 0.1M NaOH Extraction
No Organic
Sample P Mass No Acid Acid + Plus Acid
Source NaHCO3 +NaOH Vol. Total Extractx10dil Extract Inorganic Extractx10dil
Tube
Spl. Id. Id. Taret+spl Tare+spl Added Vol. P conc. P Mass P conc. P conc.
ugms gms mL mL ug/mL ugms ug/gm ug/mL
WS2 L201 45.54 9.2 45.654 30 31.1 1.49 454 454 1.39
N FIELD L201 45.29 10.4 45.443 30 31.1 1.43 433 433 1.33
L201 45.46 11.6 45.616 30 31.1 1.37 414 414 1.28
WS1 J238 45.11 20.1 45.273 30 31.1 2.15 649 649 2.02
N FIELD J238 45,51 23.6 45.696 30 31.2 2.22 668 643 2.10
WS1 1283A 45.14 23.8 45.434 30 31.3 2.16 652 627 2.01
S FIELD 1283A 45.28 22.2 45.538 30 31.2 2.08 627 627 1.92
WS1 GU239 4542 10.0 45.441 30 30.9 1.38 417 443 1.29
GFz GU239  45.32 7.7 45.364 30 31.0 1.53 466 466 1.45
WS1 J283A  45.39 24.2 45.367 30 30.9 2.06 611 611 1.92
N FIELD J283A  45.19 31.8 45.246 30 31.0 2.04 601 601 1.95
WS2 L239 45.32 9.9 45.459 30 31.1 1.26 382 382 1.20
N FIELD
WS1 GU283A 45.10 18.7 45.167 30 31.0 0.74 209 209 0.74
GFz GU283A 45.71 20.8 45.771 30 31.0 0.73 204 204 0.73
WS1 1205 45.70 16.9 45.903 30 31.1 1.59 477 477 1.52
S FIELD 1205 45.56 15.1 45.732 30 31.1 1.47 441 441 1.42
1205 45.60 15.7 45.819 30 31.2 151 455 455 1.44
WS2 L205 45.66 17.9 45.910 30 31.2 1.52 456 456 1.59
N FIELD L205 45.71 16.7 45.319 30 31.2 1.52 457 457 1.45
L205 45.08 13.5 45.823 30 31.1 1.40 421 421 1.33
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Appendix Table B.3. Details of the Hedley extraction procedure prepared by Wayne Robarge, January 11, 2004

Sample
Source

WS2
N FIELD

WS1
N FIELD
WS1
SFIELD
WS1
GFz
WS1
N FIELD
WS2
N FIELD
WS1
GFzZ
WS1
S FIELD

WS2
N FIELD

Vol. Carry 1M HCI
0.1M NaOH Extraction Left Over Extraction
Plus NaOH NaOH

Acid Ext. Ext. Minus Minus P Mass Total

Extract Inorganic Organic  NaOH NaOH NaOH +HCI Vol. Vol.

Spl. Id. Tubeld. P Mass P conc. Pconc. Tare+spl Tare+spl Tare+spl Tare+spl Added Added
ugms ug/gm ug/gm gms mL ugms ugms ugms ugms

L201 4554 422 422 31 16.154 1.6 24 46.101 30 31.6
L201 45.29 402 402 30 15.814 15 22 45,781 30 31.5
L201 45.46 387 387 27 16.025 1.6 21 46.037 30 31.6
J238 45.11 608 608 41 15.740 1.6 35 45,771 30 31.7
J238 45.51 630 606 37 16.139 1.7 37 46.175 30 31.7
1283A 45.14 606 583 44 15.913 1.8 39 45.907 30 31.8
1283A 45.28 578 578 49 15.870 1.6 33 45.854 30 31.6
GU239 45.42 390 415 28 15.824 1.3 18 45.844 30 31.4
GU239 45.32 442 442 24 15.760 14 22 45.759 30 314
J283A 45.39 571 571 41 15.826 1.4 29 45.804 30 31.4
J283A 45.19 573 573 27 15.698 15 31 45.693 30 315
L239 45.32 364 364 17 15.939 1.6 20 45.930 30 31.6
GU283A 45.10 212 212 -2 15.621 15 11 45.625 30 315
GU283A 45.71 206 206 -2 16.173 15 11 46.169 30 31.5
1205 45.70 458 458 19 16.433 1.7 27 46.425 30 31.7
1205 45.56 428 428 13 16.299 1.7 25 46.307 30 31.7
1205 45.60 433 433 22 16.399 1.8 27 46.384 30 31.8
L205 45.66 477 477 -21 16.557 1.9 29 46.580 30 31.9
L205 45.71 434 434 23 16.461 2.4 36 46.491 30 32.4
L205 45.08 400 400 21 16.002 1.3 18 46.030 30 31.3



Appendix Table B.4. Details of the Hedley extraction procedure prepared by Wayne Robarge, January 11, 2004

1M HCI
Sample HCI HCI Ext.
Source Extract Extract Inorganic
Tube
Spl. Id. 1d. Pconc. P Mass P conc.
ugms ugms ugms
WS2 L201 45.54 2.17 44 44
N FIELD L201 45.29 2.05 43 43
L201 45.46 2.04 43 43
WS1 J238 45.11 4.57 110 110
N FIELD J238 45.51 4.88 118 113
WS1 1283A 45.14 9.77 272 261
S FIELD 1283A 45.28 9.28 260 260
WS1 GU239 4542 4.05 109 115
GFz GU239 4532 4.52 120 120
WS1 J283A 45.39 6.76 183 183
N FIELD  J283A 45.19 6.93 187 187
WS2 L239 45.32 2.12 47 47
N FIELD
WS1 GU283A 45.10 13.65 419 419
GFz GU283A 4571 14.23 437 437
WS1 1205 45.70 1.69 26 26
S FIELD 1205 45.56 1.56 24 24
1205 45.60 1.58 23 23
WS2 L205 45.66 2.00 35 35
N FIELD L205 45.71 1.87 25 25
L205 45.08 2.02 45 45
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Appendix Table B.5. Details of the Hedley extraction procedure prepared by Wayne Robarge, January 11, 2004

Sample
Source

WS2
SFIELD

WS2
N FIELD

WS1
GFzZ

WS2
SFIELD
WS2
SFIELD
WS1
SFIELD
WS1
N FIELD
WS1
SFIELD

Spl. Id.

K201(3)
K201(3)
K201(3)
1238
1238
1238
GU238
GU238
GU238
K238
K238
K205
K205
1239
1239
3205
3205
1201
1201
1201

+NaHCO3 Vol.
Tube Spl. Tare
1d. Mass +Spl Tare+spl  Added
gms gms gms mL

45.26 1.00 14.47 45.47 30
45.47 1.00 14.07 45.07 30
45.07 1.00 14.26 45.26 30
45.10 1.05 14.12 45.17 30
45.17 1.00 14.10 45.10 30
45.17 1.04 14.13 45.17 30
45.45 1.00 14.45 45.45 30
45.16 1.00 14.16 45.16 30
45.08 1.00 14.08 45.08 30
45.47 1.00 14.47 45.47 30
45.63 1.00 14.63 45.63 30
45.29 1.00 14.29 45.29 30
45.19 1.00 14.19 45.19 30
45.33 1.03 14.30 45.33 30
45.49 1.00 14.49 45.49 30
45.21 1.05 14.16 45.21 30
45.27 1.00 14.27 45.27 30
45.29 1.00 14.29 45.29 30
45.27 1.01 14.26 45.27 30
45.36 1.00 14.36 45.36 30

0.5N NaHCO3 Extraction Vol. Left
No Organic
No Acid Acid + Minus Minus
Extractx10dil Extract Inorganic NaHCO3 NaHCO3
P

P conc. Mass  Pconc. Taret+spl Tare+spl
ug/mL ugms ug/gm gms mL
0.68 205 205 15.987 1.46
0.70 209 209 15.868 1.73
0.71 213 213 15.847 1.53
0.67 200 191 15.843 1.66
0.67 200 200 15.790 1.63
0.70 210 202 15.850 1.65
0.78 233 233 16.046 1.53
0.77 232 232 15.711 1.49
0.76 229 229 15.618 1.48
0.60 179 179 16.082 1.55
0.61 183 183 16.194 1.50
0.76 229 229 15.832 1.48
0.78 234 234 15.838 1.58
0.53 160 155 15.868 1.51
0.54 161 161 16.095 1.54
0.78 234 222 15.809 1.59
0.77 232 232 15.850 1.52
0.56 169 169 15.827 1.48
0.56 169 167 15.773 1.45
0.53 160 160 15.900 1.48

33



Appendix Table B.6. Details of the Hedley extraction procedure prepared by Wayne Robarge, January 11, 2004

Carry Over 0.1M NaOH Extraction
Sample P Mass No Acid  No Acid Organic  Plus Acid
+
Source NaHCO3 +NaOH  Vol. Total Extractx10dil Extract Inorganic Extractx10di
I
Spl. Id. Tubeld. Taretspl Tare+spl Added Vol. P conc. P Mass P conc. P conc.
ugms gms mL mL ug/mL ugms ug/gm ug/mL
WS2 K201(3) 45.26 10.0 45,531 30 31.0 1.59 483 483 1.43
SFIELD K201(3) 45.47 12.1 45.405 30 31.3 1.55 471 471 1.38
K201(3) 45.07 10.9 45.401 30 31.1 1.53 465 465 1.36
WS2 L238 45.10 111 45.352 30 31.2 1.30 394 375 1.19
N FIELD  L238 45.17 10.8 45.328 30 31.2 1.36 411 411 1.27
L238 45.17 11.6 45.367 30 31.2 1.45 439 422 1.34
WS1 GuU238 45.45 11.9 45.556 30 31.0 1.82 553 553 1.68
GFz GuU238 45.16 115 45.236 30 31.0 1.86 564 564 1.68
GuU238 45.08 11.3 45.137 30 31.0 1.83 556 556 1.65
WS2 K238 45.47 9.2 45.596 30 31.1 1.54 468 468 1.40
SFIELD K238 45.63 9.2 45.723 30 31.0 151 459 459 1.37
WS2 K205 45.29 11.3 45.336 30 31.0 1.83 556 556 1.67
SFIELD K205 45.19 124 45.338 30 31.1 191 581 581 1.73
WS1 1239 45.33 8.0 45.403 30 31.0 1.53 467 453 1.40
S FIELD 1239 45.49 8.3 45.611 30 31.1 151 461 461 1.37
WS1 J205 45.21 12.3 45.321 30 31.1 2.29 700 666 2.09
N FIELD  J205 45.27 11.7 45.429 30 31.1 2.16 658 658 1.98
WS1 1201 45.29 8.3 45.349 30 31.0 1.43 433 433 1.29
S FIELD 1201 45.27 8.2 45.311 30 31.0 1.43 433 429 1.29
1201 45.36 7.9 45.408 30 31.0 1.39 421 421 1.25
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Appendix Table B.7. Details of the Hedley extraction procedure prepared by Wayne Robarge, January 11, 2004

Sample
Source

WS2
SFIELD

WS2
N FIELD

WS1
GFz

WS2
SFIELD
WS2
SFIELD
WS1
SFIELD
WS1
N FIELD
WS1
SFIELD

Vol. Carry 1M HCI
0.1M NaOH Extraction Left Over Extraction
Plus NaOH NaOH

Acid Ext. Ext. Minus Minus P Mass Total

Extract Inorganic Organic  NaOH NaOH NaOH +HCI Vol. Vol.

Spl. 1d. Tubeld. P Mass P conc. Pconc. Tare+spl Tare+spl Tare+spl Tare+spl Added Added
ugms ug/gm ug/gm gms mL ugms ugms ugms ugms

K201(3) 45.26 433 433 50 15.851 1.4 22 45.868 30 31.4
K201(3) 45.47 421 421 50 16.017 1.9 30 46.090 30 32.0
K201(3) 45.07 412 412 52 15.778 15 23 48.065  34.13 34.1
L238 45.10 361 343 32 16.291 2.2 28 51.563  37.28 37.3
L238 45.17 385 385 26 16.399 2.3 31 46.378 30 32.3
L238 45.17 406 390 32 16.118 2.0 29 46.081 30 31.9
GU238 45.45 508 508 45 16.014 1.6 28 46.011 30 31.6
GU238 45.16 508 508 55 15.650 15 28 45.623 30 315
GU238 45.08 501 501 55 15.604 15 28 45.590 30 31.5
K238 45.47 424 424 43 16.150 1.7 26 46.161 30 31.7
K238 45.63 417 417 43 16.309 1.7 25 46.332 30 31.7
K205 45.29 505 505 51 16.084 1.8 33 46.071 30 31.8
K205 45.19 526 526 55 16.113 1.9 37 46.116 30 31.9
1239 45.33 427 414 39 15.875 1.6 24 45.900 30 31.6
1239 45.49 418 418 43 16.071 1.6 24 46.085 30 31.6
J205 45.21 638 608 58 15.915 1.7 40 45.855 30 31.7
J205 45.27 604 604 54 15.970 1.7 36 45,961 30 31.7
1201 45.29 393 393 41 15.811 15 22 45.858 30 31.6
1201 45.27 393 389 40 15.797 1.5 22 45,778 30 31.5
1201 45.36 379 379 42 15.878 1.5 21 45.849 30 31.5
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Appendix Table B.8. Details of the Hedley extraction procedure prepared by Wayne Robarge, January 11, 2004

1M HCI
HCI HCI Ext.
Sample Extract Extract Inorganic
Source Pconc. P Mass P conc.

Spl. 1d. Id. ugms ugms ugms

WS2  K201(3) 45.26 3.31 82 82
SFIELD K201(3) 45.47 3.15 71 71
K201(3) 45.07 2.82 73 73
WS2 L238 45.10 2.34 59 56
N
FIELD L238 45.17 2.17 39 39
L238 45.17 2.50 o1 49
WS1 GU238  45.45 2.77 59 59
GFz GU238 45.16 2.81 61 61
GU238  45.08 2.83 61 61
WS2 K238 45.47 7.92 225 225
SFIELD K238 45.63 7.65 217 217
WS2 K205 45.29 3.46 77 77
SFIELD K205 45.19 3.66 80 80
WS1 1239 45.33 3.01 71 69
SFIELD 1239 45.49 291 68 68
WS1 J205 45.21 3.28 64 61
N
FIELD J205 45.27 3.18 64 64
WS1 1201 45.29 1.75 34 34
SFIELD 1201 45.27 1.71 32 32
1201 45.36 1.76 34 34
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Appendix Table B.9. Details of the Hedley extraction procedure prepared by Wayne Robarge, January 11, 2004

Sample
Source

WS2
GFzZ

Ws1
FFZ

Sample
Source

WS2
GFz

Ws1
FFZ

Spl. Id.

HUZ205
HU205
HUZ205
GL238
GL238

Spl. Id.

HUZ205
HU205
HUZ205
GL238
GL238

0.5N NaHCO3 Extraction

No Acid
+NaHCO3 Vol. Extractx10dil
Tube Spl. Tare
1d. Mass +Spl Tare+spl  Added P conc.
gms gms gms mL ug/mL
45.20 1.00 14.20 45.20 30 0.72
45.09 1.00 14.09 45.09 30 0.72
45.32 1.00 14.32 45.32 30 0.72
45.46 1.00 14.46 45.46 30 0.76
45.27 1.00 14.27 45.27 30 0.77
Carry
Over 0.1M NaOH Extraction
P Mass No Acid
NaHCO3 +NaOH Vol. Total Extractx10dil
Tube
Id. Tare+spl Tare+spl Added Vol. P conc.
ugms gms mL mL ug/mL
45.20 11.5 45.374 30 31.1 1.73
45.09 11.3 45.288 30 31.1 1.73
45.32 11.4 45.505 30 31.1 1.77
45.46 10.8 45.455 30 30.9 2.34
45.27 11.8 45.382 30 31.1 2.40
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Vol. Left
No Organic
Acid + Minus Minus
Extract Inorganic NaHCO3 NaHCO3
P
Mass Pconc. Taretspl Tare+spl
ugms ug/gm gms mL
217 217 15.851 1.59
216 216 15.728 1.58
217 217 15.954 1.57
228 228 15.941 1.42
232 232 15.864 1.53
No Organic
Acid + Plus Acid
Extract Inorganic Extractx10dil
P Mass P conc. P conc.
ugms ug/gm ug/mL
527 527 1.59
527 527 1.60
538 538 1.63
713 713 2.17
733 733 2.21



Appendix Table B.10. Details of the Hedley extraction procedure prepared by Wayne Robarge, January 11, 2004

Sample
Source

WS2
GFz

WS1
FFZ

Sample
Source

WS2
GFZ

WS1
FFZ

Vol. Carry 1M HCI
0.1M NaOH Extraction Left Over Extraction
Plus NaOH NaOH
Acid Ext. Ext. Minus Minus P Mass Total
Extract Inorganic Organic  NaOH NaOH NaOH +HCI Vol. Vol.
Spl. Id. Tubeld. P Mass P conc. Pconc. Tare+spl Taret+spl Tare+spl Tare+spl Added Added
ugms ug/gm ug/gm gms mL ugms ugms ugms ugms
HU205 45.20 482 482 45 16.063 1.9 32 45.994 30 31.8
HU205 45.09 488 488 40 15.919 1.8 32 45.892 30 31.8
HU205 45.32 495 495 43 16.173 1.8 33 46.165 30 31.8
GL238 45.46 661 661 52 16.026 1.6 36 46.000 30 31.5
GL238 45.27 673 673 61 15.875 1.6 38 45.842 30 31.6
1M HCI
HCI HCI Ext.
Extract Extract Inorganic
Pconc. P Mass P conc.
Tube
Spl. Id. Id. ugms ugms ugms
HU205 45.20 2.81 57 57
HU205 45.09 2.66 53 53
HU205 45.32 2.79 56 56
GL238 45.46 3.84 85 85
GL238 45.27 3.84 83 83
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