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Abstract

As available freshwater resources continue to become compromised, the need to increase water
efficiency is of upmost concern. A method being employed worldwide to meet this objective is
the use of recycled wastewater (RW) for irrigation. However, there exists concern regarding its
use for raw edible agricultural crops due to the prevalence of micro-contaminants, such as
pharmaceuticals and personal care products (PPCPs) in the latter. PPCPs, many of which are
endocrine disruptors, have been known to endure traditional wastewater treatment procedures
and seem ubiquitous in RW, posing a potential health hazard to consumers of raw food crops
irrigated with such; hence the need for their study within agricultural systems. We investigated
the uptake of 3 PPCPs (atenolol, diclofenac and ofloxacin) at 3 different concentrations (0.5, 5
and 25ug/L) in relation to 3 varying volumetric soil moisture depletion levels of 14% (-4.26
kPa), 10% (-8.66 kPa), and 7% (-18.37 kPa) by various raw edible crop species. We also studied
the effects of these PPCPs and applied soil moisture depletion treatments on crop yield by
quantifying above and belowground plant biomass of selected crops. Experiments were
conducted in a split-split block completely randomized design. PPCPs were extracted using a
developed method of Accelerated Solvent Extraction (ASE) and Solid Phase Extraction (SPE),
and analyzed via LC/MS. Results indicate that all treated crops are capable of PPCP uptake at ng
g concentrations independent of the tested soil moisture content levels and applied PPCP
concentrations. Ofloxacin was the chemical with the highest uptake amounts followed by
atenolol and then diclofenac. Although not statistically significant, higher concentrations of
PPCPs were detected in plants maintained under higher soil moisture levels of 14% (-4.26 kPa).
Plant biomass was not significantly affected by the presence of PPCPs, or by the applied soil
moisture depletion treatments, therefore variations in plant biomass were completely attributed
to crop species effects. Even though this study sheds light upon some of the aspects regarding
RW and the presence of PPCPs within agricultural systems, there still exists extensive space for

further research into this topic.
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Preface

How will irrigation careers be affected by limited water supplies in the future?
An Agricultural Perspective

Winning Essay of the 2011 Irrigation Foundation Student Essay/Video Contest

Sergio Santiago-Meléndez

During recent years, there has been a growing global awareness regarding the perpetuity
of existing natural and environmental resources, in particular the supply and quality of available
freshwater (Pedrero et al. 2010). Water resources are considered the foundation for human
survival and economic development (Agboola and Braimoh 2009), and although it is estimated
that there will be sufficient land and water to produce food for a growing population during the
next 50 years (de Fraiture and Wichelns 2010), a variety of factors such as water pollution, land
use policies, climate change and varying economic tendencies render the future of all water
resources uncertain (Davies and Simonovic 2011). Therefore, I believe that future agricultural
irrigation careers, affected by limited water supplies, will have to focus on Integrated Water
Resource Management (IWRM) and sustainable agricultural practices in order to increase water
efficiency and overcome the challenges presented by such scenario.

IWRM has been defined as an interdisciplinary process which promotes the coordinated
development and management of water, land and related resources in order to maximize the
resultant economic and social welfare, aiming towards sustainable development without
compromising the function of vital ecosystems (GWP 2000). Whereas, sustainable agriculture is
considered an integrated system of animal and plant production, which is application and space
specific, and promotes the following long-term effects: satisfying human needs for food and
fiber, enhance environmental quality and natural resources, make efficient use of farm resources
while integrating natural biological cycles, sustain the economic viability of farm operations, and
enhance society’s quality of life (FACTA 1990). This combined approach towards the
management of not only water resources, but also of other resources and variables intertwined
with these, could offer virtually endless sources of knowledge and techniques from all over the
world that could be adapted to different areas and conditions, and would permit the agricultural

irrigation professional to be more creative and resilient when facing future water shortages.

Additionally, by adhering to IWRM and sustainable agricultural practices, agricultural

irrigation would not operate solely on the allocation of water in order to supplement deficits in
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soil moisture (Rijsberman 2006), but would also need to understand and take into
consideration the entire agricultural system that is to be irrigated. This entails the
comprehension of the resources to be used, their origin, regeneration, the biotic and abiotic
variables that influence them and the potential ecological effects that could arise from their

usage, which will ultimately resulting in a more efficient management of water resources.

Water productivity is an integral component of IWRM and sustainable agriculture. Given
that current global agriculture uses about 70% of available freshwater resources for irrigation
(FAO 2003, 2005), water efficiency represents is a significant challenge for agricultural
irrigation that must be attended if available water resources diminish in the future. Basically,
the objective would be to do more with less; to produce food with the least amount of water
usage possible. This would provide an additional surplus of water that could be used to satisfy

other basic needs apart from food security.

Agricultural water efficiency can be improved in various ways, while still remaining
under the principles governing IWRM and sustainable agriculture. The first and most obvious
approach is the physical approach, which consists of constructing infrastructure and allocating
water to where it is needed. The spectrum of infrastructure for water management can range
from the construction of dams, to the creation of contours on the soil surface for water
harvesting and runoff control. In the past, this has been the major form of providing water for
agricultural systems and other human needs, but when applied as an absolute approach, it has
mostly failed in guaranteeing the integrity of the ecosystems that supply and regenerate water
sources, causing many of the negative effects currently threatening present and future water
supplies (Richter et al. 2003). For which in the future, physical approaches to water
management and efficiency must be multi-facetted and compatible with the sustainability of the

ecosystems that are affected by such.

Another method of improving water efficiency is the recirculation of water within and
across agricultural and ecological systems by means other than natural water cycles.
Recirculation within a system implies that a given amount of water will be used and reused to
serve one or more specific purposes. Across a system implies that the water used in an
agricultural or natural system can be reused for the proper functioning or enhancement of
another system. The reuse rate will depend upon the specific uses and on the quantity and

quality of the resulting water and its potential to be used for the subsequent purpose.
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A prime example of water recirculation within a system is aquaponics, a bio-integrated
system that links recirculating aquaculture with hydroponic crop production (Diver 2006). The
system functions the following manner: fish are cultured in an enclosed water reservoir, water
from this reservoir is supplied hydroponically to plants which absorb the available “waste
products” in solution as nutrients and act as filters by cleaning the water that is then fed back to

the reservoir for further fish production.

In the case of water recirculation between systems, an example can be portrayed in a
case where there is a livestock production farm next to a crop production farm. Here, much of
the runoff water from the first system, which would be rich in nitrogen compounds and other
beneficial inputs for plant growth, could be employed for crop irrigation in the second system
instead of ending up in oxidation ponds and have the potential to contaminate additional soil
and water resources. Subsequently, if we keep on the same trajectory, and there is runoff water
coming off the crop system, given that it originally proceeded from the first livestock system,
this water that became unsuitable for natural ecological systems, could now once again re-enter
and resupply them with minimal impact and maybe enhance them by adding diluted nutrients,

thus further contributing to overall water efficiency.

Finally, a third method that could be employed to improve water efficiency within the
parameters of IWRM and sustainable agriculture is the reversion of large, monocrop
agricultural systems to smaller ones that incorporate efficient crop production models. Before
the establishment of industrial agriculture, which heavily relies on excessive water irrigation and
synthetic fertilizers and pesticides, agricultural systems were on a small to medium scale,
heterogeneous in terms of crops and practices, and functioned according to regional biological
and environmental cycles (Gliessman 1998). These systems are highly adaptable and resilient,
not only because of this harmonious functioning with their environment, but because they also
make good and efficient use of limited resources. Even though many systems of this sort exist
worldwide, they are not the ones responsible for current water inefficiencies. Hence, by
reverting currently existing large scale industrial agricultural systems that employ inefficient
irrigation practices, to smaller, interdependent, sustainable agricultural systems, irrigation

policies would move towards a more integrated and efficient use of water and related resources.

Water is a very complex resource that occurs in a highly dynamic cycle with enormous
temporal and spatial variations (Rijsberman 2006), making accurate predictions of future water
conditions, and the effects of such alternate conditions difficult to determine. Consequently, in

order to confront water shortages in the future, agricultural irrigation careers will encompass a
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much broader spectrum of water management issues than those found in the present, involving
not only the extraction and allocation of water, but also the complex relationships water has
with the human and natural dimensions. By focusing on an integrated approach to water
resource management and by implementing sustainable agricultural practices that aim towards
efficient water use, agricultural irrigation professionals will be able to adapt and most likely

withhold and overcome the limitation of future water supplies.
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Introduction

Water resources, in particular freshwater, can be considered as the foundation for
human survival, economic development, social welfare and ecosystem function (Agboola and
Braimoh, 2009; UN-Water, 2009, 2012). During recent decades a variety of factors such as
water pollution, climate variability, land use polices, urbanization, unstable economic
tendencies, and the overexploitation of freshwater resources, have put an unprecedented strain
on this renewable but limited resource (UN-Water, 2009; Davies and Simonovic, 2011; FAO,
2012; UN-Water, 2012). These elements, added to an expected increase in agricultural food and
fiber production, the possible increase of biofuel crops, and the continuous rising demand of
water for agricultural, industrial and urban uses, further compromise available freshwater
resources and overall water security (Anderson, 2003; de Fraiture et al., 2008; de Fraiture and
Wichelns, 2010; FAO, 2012). Therefore it is imperative to adopt measures that promote an
elevated level of environmental and economic feasibility in the management and utilization of

water resources for present and future water demands.

It has been estimated that agriculture accounts for about 70% of total global freshwater
usage (FAO, 2003, 2005, 2012). Hence, improving water productivity in agricultural systems
would have a significant impact on curving some of the negative impacts brought upon
freshwater resources and aid in attaining future water and food security. Water productivity can
be defined as the net return of benefits per unit of water used, and can be increased by
producing multiple goods and services with the least amount of water possible (Molden et al.,

2010).

A practice that is being used worldwide to increase water productivity in agriculture and
has greatly contributed towards a sustainable management of water resources is the use of
recycled wastewater in the production of goods and services (Anderson, 2003; Botti et al., 20009;
Chen et al., 2012). Recycled wastewater (RW) has been used for a variety of agricultural,
environmental and industrial purposes throughout the world, such as irrigation, manufacturing
processes, groundwater replenishment, streamflow restoration and the creation of recreational
areas (FAO, 1992; Burkhard et al., 2000; Furumai, 2008; Chen et al., 2012; Plumlee et al., 2012;
Bischel et al., 2013). RW has also been used for domestic purposes, as an alternate source of
water in urban areas, (Parsons et al.; Furumai, 2008), and has been considered an economic

“drought-proof” source of water (Anderson, 2003; Benotti and Snyder, 2009).
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The integrated use of RW has numerous environmental and economic benefits
(Anderson, 2006). By increasing water supply, RW reduces the amount of water that has to be
extracted from existing water resources, and in some cases even replenishes them, aiding in
their conservation (Furumai, 2008; Pedrero et al., 2010; Chen et al., 2012). Effectively using
RW for secondary uses also helps decrease water pollution, as there is a decrease in sludge
discharge into the environment (FAO, 1992; Anderson, 2003; Chen et al., 2012). From an
agricultural perspective, RW is also beneficial, not only because it frees up higher-quality water
for alternate purposes other than irrigation, but in addition it contains trace nutrients which can
supplement the soil and therefore be beneficial for crop production (FAO, 1992; Burkhard et al.,

2000; Manas Ramirez et al., 2002; Anderson, 2003; Pedrero et al., 2010).

However, there have been growing concerns regarding the use of RW for irrigation
purposes due to the prevalence of micro-contaminants in the latter. Given that the primary
source of RW originates from municipal wastewater effluent (Sedlak et al., 2000), many
compounds from commercial, industrial and domestic origins can make their way through
wastewater treatment facilities and end up in RW (Fatta-Kassinos et al., 2011). One emerging
group of these compounds are pharmaceuticals and personal care products (PPCPs), which are
used for personal health or cosmetic reasons, and encompass a diverse collection of thousands
of chemicals, including prescription and over-the counter (OTC) drugs, fragrances, and
cosmetic, among others (Fatta-Kassinos et al., 2011). PPCPs have been found to endure
traditional wastewater treatment procedures (Daughton and Ternes, 1999; Drewes et al., 2002;
Stamatelatou, 2003; Carballa et al., 2004; Stackelberg et al., 2007; Zhang et al., 2008; Benotti
and Snyder, 2009; Zorita et al., 2009; Rosal et al., 2010; Deblonde et al., 2011; Ryu et al., 2011),
and can also bio-accumulate in the environment (Vaicunas et al., 2013) with the potential of
reaching humans through the food chain (Stamatelatou, 2003; McClellan, 2010; Fatta-Kassinos
et al., 2011). Additionally, common quality guidelines on RW tend to focus mainly on risks from
pathogens (Fatta-Kassinos et al., 2011), while not subjecting PPCPs to strict scrutiny (Daughton
and Ternes, 1999). Hence, the potential amounts of PPCPs that have been introduced into the

environment via RW, as well as their effects, cannot be accurately assessed.

Although many PPCPs do not exhibit acute toxicity, or have been known to pose a
significant risk to public health in terms of human dietary uptake (Dodgen et al., 2013; Wu et
al., 2013), they do have the potential to disturb the endocrine system of non-target organisms at
very low concentrations during long term exposure (Daughton and Ternes, 1999; Fatta-Kassinos

et al., 2011). Chemical disturbances to the endocrine system interfere with natural hormone
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cycles, metabolism, development, reproduction, and growth (Jackson and Sutton, 2008).
Additionally, PPCPs include antibiotic compounds, which have also been found to endure
traditional wastewater treatment procedures (Miao et al., 2004; Gros et al., 2007; Zorita et al.,
2009; Chang et al., 2010; Gao et al., 2012), and when constantly applied at low doses to the
environment, such as in the case of RW irrigation, may lead to an overall increase of
antibacterial resistance (Willis, 2000; Witte, 2000; Schwartz et al., 2003; Kumar et al., 2005;
Stine et al., 2007; Kemper, 2008; Pignato et al., 2009; Barker-Reid et al., 2010; Knapp et al.,
2010; LaPara et al., 2011; Jechalke et al., 2013), and have the potential to alter microbiota
ecosystem structure and function (Martinez, 2009; Schauss et al., 2009), leading to the
subsequent potential evolution of pathogenic bacteria for which there are no effective defenses
or cures available. Therefore, as RW is widely used for irrigation purposes, it represents an input
pathway of PPCPs and antibiotics into terrestrial food webs with the likelihood of being taken up
by plants and transferred to humans through consumption (Fatta-Kassinos et al., 2011;

Karnjanapiboonwong et al., 2011).

There are a number of studies which have documented the uptake and accumulation of
various PPCPs and antibiotics in plant tissues of food crops which are usually consumed raw.
For example, Boxall et al. (2006) found that florfenicol, levamisole and trimethoprim were
taken up by lettuce, and enrofloxacin, florfenicol, and trimethopirm were uptaken by carrots.
Similarly, Herklotz et al. (2011) determined that cabbage and rape can uptake carbamazepine,
salbutamol, sulfamethoxaxole and trimethoprim when grown under ideal hydroponic
conditions. Dolliver et al. (2007) found that the antibiotic sulfamethazine was uptaken by corn,
lettuce and potato plants grown with sulfamethazine supplemented swine manure, whereas
Jones-Lepp et al. (2010) found that clidamycin was uptaken by spinach, lettuce and carrot roots,
and roxithormycin was taken up by lettuce and carrot roots in a greenhouse experiment.
Triclosan and 17a-ethynylestradiol have also been found to bio-accumulate in bean plants grown
in sand and soil under controlled laboratory conditions (Karnjanapiboonwong et al., 2011), and
carbamazepine has been shown to be uptaken by cucumber plants and bio-accumulated in the
raw fruit (Shenker et al., 2011). Additionally, triclocarban, fluoxetine, triclosan, and diazepam
were found at high levels in roots of lettuce, spinach, cucumber, and pepper crops, while
meprobamate, primidone, carbamazepine, dilantin, and diuron exhibited active translocation
from roots to leaves (Wu et al., 2013). Also, samples of citrus trees grown using reclaimed
municipal waste water indicated that they can uptake and translocate nonylphenol, bisphenol
and [-estradiol to the fruit, while hydroponic studies using lettuce indicated that these same

compounds could all accumulate in the latter (Lu et al., 2012).
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Objectives

In order to further understand the effects of PPCPs in agricultural systems, the main goal
of this study was to examine the effects that soil moisture content, PPCP type, and PPCP
concentration have on the bio-accumulation of such chemicals by certain raw edible crops when
irrigated with simulated RW. In order to attain such goal, the study addressed the following
specific objectives:

1. Assess the potential uptake of certain PPCPs by raw edible crops when irrigated under
various simulated RW scenarios based on different levels of soil moisture depletion.
2. Characterize the utilized PPCPs and related variables within the context of the studied
experimental agricultural system.
3. Asses the physiological response of the evaluated crops to PPCP application in terms of
biomass accumulation and allocation.
The conditions of simulated RW and decreased irrigation water inputs (soil moisture depletion
levels) were combined with the pretext that measures for increasing water productivity and
conservation are most effective when implemented as a series of integrated techniques (Ali and
Talukder, 2008), hence providing a more practical representation of agricultural water usage

based productivity and conservation.

Discussion of Plant Uptake Theory in Relation to PPCPs and Soil Moisture
Depletion

Theoretically, concentrations of the applied PPCPs via irrigation could be equally
expected to be highest in either plants undergoing drought like conditions, as well as in those
found under well-watered settings. In order to form an educated premise as to under which of
these two scenarios in an applied setting higher PPCP concentrations are expected to appear,
certain biophysical mechanisms, and the interaction among them, which govern over plant
water uptake and translocation were analyzed, as water is the medium in which these
compounds are to be found and transported.

Plant uptake of water and dissolved chemicals is determined by a wide range of factors, such as
transpiration, root structure, soil temperature, soil aeration, and soil moisture (Kramer, 1945).
Of these, transpiration determines the rate of water absorption by plants when such is available,
and thus is the main driver of plant water uptake (Kramer, 1945; Slatyer, 1960; Kramer et al.,
1967; Sinha, 2004). In the context of PPCPs, Winker et al. (2010) found that the uptake and

translocation through plant tissue of carbamazepine was attributed to the transpiration process.
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The transpiration process is the principal manner in which water moves through the soil,
into plants and to the atmosphere via a passive pathway maintained by a pressure gradient,
where water moves in response to physical forces, employing mechanisms such as diffusion,
bulk flow and osmosis, and in which plants do not spend direct energy in moving such water
(Slatyer, 1960; Taiz and Zeiger, 1991; Sinha, 2004). Water in the soil moves through bulk flow
and diffusion, and is regulated by the mentioned pressure gradient, in which water moves from
high pressure to low, and by the hydraulic conductivity of the soil, which is a function of soil
texture (Taiz and Zeiger, 1991). Water found in soil occupies the space between soil particles, or
pores, and the amount of water in these pores diminishes or augments, so does the water
potential in direct proportion to its hydraulic conductivity; less water available in pores
translates into more negative water potential, making it harder for the water to move; whereas
more water available equals a more positive water potential, which makes it easier for water to

move.

Following this line, when plants absorb water through the roots, it is because they have a
more negative water potential value than the soil environment around their roots, which pulls
water in. The plant itself distributes this water throughout its higher sections by having more
negative water potential values in these areas which move the water through the plant until they
reach the leaves. In the leaves, water exits the plant through stomata due to the lower water
potential value of the surrounding atmosphere. This establishes the pressure gradient which
permits water to be absorbed by plant roots. In its most simplest form, stomata are apertures on
the leaf surface with guarding cells that open and close due to their turgidity, regulating the

transpiration process and also functioning as gas exchange sites for photosynthesis.

Therefore, from this perspective, the main factors affecting water absorption, and hence
pharmaceutical absorption, are those which are responsible for developing resistances in the
transpiration process (Slatyer, 1960; Kramer et al., 1967). Although there are numerous factors
which can affect transpiration rates, such as atmospheric water vapor concentration, root
respiration, diffusional resistance, boundary layer resistance, and temperature fluctuations
(Slatyer, 1960; Taiz and Zeiger, 1991; Sinha, 2004), we will concentrate on the effect that soil

moisture availability has on the transpiration pathway.

Soil moisture plays a pivotal role in the transpiration and water absorption processes, as
soil moisture in the soil decreases, its water potential decreases, meaning that its hydraulic
conductivity also decreases, making it harder for the plant to absorb water, and subsequently

decreasing water content within plant tissues. As the amount of water within the plant
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decreases, specifically within leaf tissues, the plant reacts by closing its stomata in relation to
available water content in the leaf (Slatyer, 1960; Taiz and Zeiger, 1991). This has the effect of
reducing and/or halting transpiration rates (Sumayao et al., 1977; Robinson and Bower, 1987),
decreasing the pressure gradient (Slatyer, 1960; Kramer et al., 1967; Taiz and Zeiger, 1991), and
hence root absorption (West and Perkman, 1953; Denmead and Shaw, 1962; Singh and
Sasahara, 1981). If soil water content is continuously maintained at favorable levels, the plants
will maintain their stomata open, maximizing photosynthesis, and soil water absorption will
occur at high levels due to high transpiration rates. Consequently, as more water moves through
the plant, more photosynthesis occurs, more biomass is allocated and there is a higher
probability that higher levels of the dissolved pharmaceuticals will be retained in plant tissue
due to this continuous flux of water, in comparison with a plant which has a more limited flux of

water due to reduced transpiration as a response to low soil moisture availability.

However, there is the possibility that higher levels of pharmaceuticals could be found in
plants experiencing drought-like conditions, if the magnitudes of soil moisture depletion are not
as severe as to trigger stomatal closure. Under this scenario, plants would be able to
satisfactorily develop stress-coping measures, such as increasing root coverage to deeper soil
layers and reducing leaf area (Taiz and Zeiger, 1991; Sinha, 2004), and be able to maintain fairly
continuous transpiration rates comparable to plants under well-watered conditions.
Additionally, since there would be less water within the soil’s pore space due to evaporation,
higher concentrations of pharmaceuticals would remain deposited within this pore space until
replenished with more water containing even more pharmaceuticals, having a cumulative effect,
and therefore increasing the amount of dissolved compounds which the plants could absorb

than if maintained under well-watered and more chemically diluted conditions.

Therefore, within the discussed theoretical framework, higher quantities of PPCPs were
expected to be found in plants growing under increased soil moisture depletion conditions, as
the applied treatments would not likely hinder the transpiration process in a significant manner
(providing continuous uptake) and possibility of increased PPCP concentrations in the soil-

water matrix would exist due to soil moisture evaporation and dilution factors.

Chapter 1:

Development of Experimental Procedures
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1.1. Conceptual Description

We determined the PPCP uptake extent of several horticultural crops irrigated with
spiked water as a proxy for RW. This spiked irrigation water contained various chemical
mixtures based on three different PPCPs which have been identified in RW and three altered
concentration levels of the latter. Additionally, the evaluated crops were submitted to three
varying degrees of soil moisture depletion. By these means we created several simulated RW
solutions for irrigation where we evaluated if the treated crops can uptake the applied PPCP
compounds at each given concentration and soil moisture depletion levels. As one of our main
objectives was effect of soil moisture depletion over plant uptake of PPCPs, the interactions
between chemicals in solution was not of concern. Therefore in order to maximize resources,
PPCPs were combined into three chemical mixture solutions which vary in respective chemical

concentration.

The entirety of the project was funded by the U.S. Department of Agriculture (USDA)
Agriculture and Food Research Initiative (AFRI) grant Accession No. 42112533 and was
conducted at the USDA- Agricultural Research Service Arid Land Agricultural Research Center
(USDA-ARS, ALARC) in Maricopa, AZ and at the University of Hawaii at Manoa, College of
Tropical Agriculture and Human Resources (CTAHR)-Magoon Research Station in Honolulu,
HI. Both of these locations have restricted water resources, a long history of using RW for
irrigation, and a strong interest in using RW for expanded purposes. The presented work focuses

on the phase of the project that was conducted in Honolulu, Hawaii.
1.2. Characterization of Experimental Variables

Given that the main response of interest is the uptake and accumulation of selected
PPCPS in edible raw plant material of certain crops based on the effects of soil moisture
depletion levels while taking into account pharmaceutical type and concentration, the variables
that were manipulated and measured were: soil moisture percentage, PPCP type and

concentration within each solution mixture, and crop type.

1.2.1. Soil and Soil Moisture Percentages
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The utilized soil in all of the studies was P.W. Gillibrand Co. 60 sieve pure silica sand
(Table 1). Pure silica sand was selected due in order to minimize PPCP solution interactions with
soil organic matter (Hernandez-Ruiz et al., 2012) and be able to better characterize the
biophysical properties of the evaluated PPCPs in relation to plant uptake and soil moisture

depletion.

Table 1. Physical and Chemical Analyses of Soil Used Throughout Project.

Soil Texture
Sand % Silt % Clay % USDA Classification
99.8 0.2 0.0 Sand
Particle Size Distribution
1.0-2.0 mm .50-1.0 mm .25-.50 mm .10-.25 mm .05-.10 mm
0.0 1.5 74.0 23.0 1.5

Chemical Compound Analysis, LOI* and BD"

BD
SI0, | AL,Os Fe,O; | Na,O | caO | MgOo | K,0 | TiOo, | LOI | (g/mL)

75-84% | 8-12% 0.2-0.6% | 1-4% | 1-3% | 0-0.1% | 3-5% | 0-0.3% | 0-0.2% 1.49

% Loss of Ignition
®Bulk density

The experimental soil moisture depletion thresholds used in all studies were set at 14%
(-4.26 kPa), 10% (-8.66 kPa), and 7% (-18.37 kPa) and categorized as high, medium and low
soil moisture content levels respectively. These values were set based on water retention data
obtained from experiments performed on the utilized soil, where it was also determined that
field capacity was set at 28% soil moisture (-0.99 kPa) (Appendix 1 and 2). Soil moisture levels
were measured experimentally using time domain transmissometry (TDT) soil moisture sensors
(Miralles-Crespo and van Iersel, 2011). The utilized TDT sensor readings were verified and
calibrated by measuring and comparing them to the calculated volumetric water moisture
content (Figure 1, Appendix 2). This calibration allowed us also to determine the water mass

relevant to detected soil moisture percentage (Figure 2).
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Figure 1. Soil Moisture Content Calibration Curve.
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1.2.2. PPCPs of Interest

The selected PPCPs to be evaluated throughout the study were: atenolol, ofloxacin and
diclofenac (Table 2). Atenolol is a prescription medication used to regulate blood pressure,
ofloxacin is a synthetic broad spectrum antibiotic, and diclofenac is an anti-inflammatory found
in various over-the-counter medicine formulations. Traces of all three of these PPCPs have been
found in RW and fresh water bodies (Mons, 2003; Ashton et al., 2004; Thomas and Hilton,
2004; Bound and Voulvoulis, 2005; Roberts and Thomas, 2006; Vidal-Dorsch et al., 2012; Li et
al., 2013). The concentrations at which the PPCPs were applied in the experimental trials are
based on PPCP concentrations typically found in wastewater, which range from ng/L to pg/L
levels (WHO, 2012), with the value of 0.5ug/L usually used to represent the typical PPCP
concentration in wastewater within experimental settings. Therefore, within our experiments we
used 3 varying concentrations of PPCP solutions: 1x (0.5ug/L), 10x (5ug/L), and 50x (25ug/L) in

order to account for the varying effect of PPCP concentration on plant uptake.

Table 2. Physical and Chemical Properties of Utilized PPCPs.

PPCP Chemical Structure Formula Molar Weight | pK, log Water
Compound (g/mol) Kow' | Solubility
(25°C)
OH H
Atenolol j)\/@/o\)\/“ CHs | C14H,N,0, 266.34 9.6° | 0.16° | 1.33g/L9
CH
H,N ¢
0O 0
F
| OH
Ofloxacin h“ . C1gH20FN3z0, 361.38 5.97° | -0.39° | 2.83g/L"
/N\) O\/L%
Cl
. NH d f i
Diclofenac cl OH C14H11CILNO, 296.16 4.15 451 2.37mg/L
0

@ Octanol-water partition coefficient.

> O'Neil (2001)
° Tolls (2001)

4 Sangster (1997)
¢ Hansch and Leo (1995)

" Avdeef (2001)

9 McFarland et al. (2001)
hMeylan et al. (1996)
" Fini et al. (1986)
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1.2.3. Therapeutic and Toxicity Dosage Levels of selected PPCPs

Atenolol

Atenolol is a betai-selective (cardioselective) beta-adrenergic receptor blocking agent
without membrane stabilizing or intrinsic sympathomimetic activities; at higher doses, atenolol
inhibits beta2-adrenoreceptors, chiefly located in the bronchial and vascular musculature
(DAILYMED, 2015a). This pharmaceutical is primarily prescribed to treat hypertension and also
used as a treatment for akathisia, essential tremors, hypertrophic subaortic stenosis,
pheochromocytoma, table angina, tachydysrhythmias, thyrotoxicosis, congestive heart failure,
congenital heart conditions, migraine headache prophylaxis and variceal hemorrhage
prophylaxis (HSDB, 2015a). Atenolol is available as 25, 50 or 100 mg tablets for oral
administration, with daily doses ranging from 50-200mg (HSDB, 2015a). The toxicity of beta-
blockers is an extension of their therapeutic effects causing bradycardia, heart block, and
hypotension (HSDB, 2015a). Toxicity levels of atenolol in humans have been reported to be at
ingestions of over 200 mg/day in adults and 2 mg/kg in children (HSDB, 2015a), whereas the
LDs, in mice was found to be 2000 mg/kg and 3000 mg/kg in rats when administered orally
(O'Neil, 2001).

Ofloxacin

Ofloxacin is an antibiotic which exerts its antibacterial activity by inhibiting DNA gyrase,
a bacterial essential enzyme which controls DNA topology and assists in DNA replication,
repair, deactivation, and transcription (DAILYMED, 2015b). Ofloxacin is available in 200-400
mg oral tablets and in 0.3% ophthalmic and otic solutions. Therapeutic doses of orally ingested
tablets usually range between 300-500 mg twice a day for 7-10 days (HSDB, 2015c¢). Although
no toxic doses have been established for ofloxacin, overdosage of the latter would be expected to
produce nausea, vomiting, seizures, vertigo, dysgeusia, and psychosis (ASH-SP, 2011).
Additionally, it has been reported that patients receiving treatment with antibiotics, including
ofloxacin, have suffered from a decrease of normal colon flora, permitting the overgrowth of
Clostridium difficile, which causes what is known as antibiotic-associated diarrhea and colitis or
pseudomembranous colitis (ASH-SP, 2011)s. Oral LDs, for mice has been established at 5290

mg/kg, 3590 mg/kg for rats, and 500 mg/kg for monkeys (Lewis, 2012).
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Diclofenac

Diclofenac is a benzeneacetic acid derivative used in oral and topical formulations of
non-steroidal, anti-inflammatory drugs (NSAID) that exhibits anti-inflammatory, analgesic, and
antipyretic activities in animal models and most commonly indicated for the relief of the signs
and symptoms of osteoarthritis and rheumatoid arthritis (DAILYMED, 2015¢c). The
recommended therapeutic dose is 100 mg/day (DAILYMED, 2015¢), however such dose can
vary by individual (HSDB, 2015b). Even though the toxicological symptoms of a diclofenac
overdose are well documented (i.e. mild overdose- gastrointestinal upset and hematemesis;
severe overdose- seizures, delirium, coma, hypotension, renal failure, hepatic dysfunction,
hypoprothrombinemia, gastrointestinal bleeding, hyperkalemia and metabolic acidosis),
sufficient human data is not available to accurately assess the range of toxicity following acute
overdose (HSDB, 2015b). Oral LDs, for rats was determined to be 55-240 mg/kg, 3200 mg/kg
for monkeys, and 500 mg/kg for dogs (ASH-SP, 2011).
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1.2.4. Evaluated Crops

We tested the growth of several raw edible crop species and their response to the experimental

soil moisture depletion levels and the environmental conditions where the study took place prior

to starting the core PPCP uptake experiments. This was done with the purpose of selecting the

crop species most compatible with our main project objectives and experimental growing

environment, as well as to identify and undertake any corrective action which would provide

better growing conditions to the The evaluated crop species were the following:

Basil (Ocimum basilicum)

o Performed well in experimental setting. Grew hardy, developed good amount of

foliage for analysis and was ready for harvest in approximately 55 days.
Onion (Allium cepa)

o Did not perform well, many of the seedlings would dry out prior to the 30 day

mark. Those that did survive took too long to develop edible-sized bulbs.
Watermelon (Citrullus lanatus)

o Performed well under the experimental environmental conditions, but perished

due to a Fusarium spp. infestation after growing for more than 45 days.
Lettuce (Lactuca sativa)

o Did not perform well initially due to excess heat and the applied water depletion
levels, leading to poor. After mitigating high temperatures within the greenhouse,
formidable amounts of edible material were harvested

Watercress (Nasturtium officinale)

o Performed extremely poor; no individual survived for more than 30 days due to

heat and applied water depletion levels.
Cilantro (Coriandrum sativum)

o Initially performed poor due to heat and water stress. Performed well after

mitigating high temperatures within the greenhouse.
Pepper (Capsicum annuum)

o Performed well after a lag in growth during the first 3 weeks of establishment.

Individuals were attacked by insect pests before they could fully develop.
Cow pea (Vigna unguiculata)

o Performed extremely well under a current experimental regime, growing

aggressively and yielding good amounts of plant material to analyze.

Swiss chard (Beta vulgaris var. cicla)
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o Individuals had a mixed performance, growing well and healthy in certain
experimental bins, but not so much in others.
e Turnip (Brassica rapa var. rapa)
o Overall, this crop species performed extremely well, with good leaf and edible
root development.
e Zuchinni (Cucurbita pepo)
o Tolerated heat stress, but succumbed completely to Fusarium spp. infection
before the 30 day mark.
¢ Collards (Brassica oleraceae var. acephala)
o Showed good signs of heat tolerance, grew fast and yielded large amounts of plant
material for analysis.
e Arugula (Eruca sativa)
o Evaluated plants did not survive water moisture depletion regimen.
e Beet (Beta vulgaris)
o Grew fast and produced a good amount of edible material.
e Okra (Abelmoschus esculentus)
o Performed very good under heat and moisture stress conditions and developed

good-sized edible fruits for harvest in 30-45 days.

Of these, cow peas, Swiss chard and turnip were used for the first PPCP uptake experiment
(Chapter 2.1) and to study the effects of the applied PPCPs on plant biomass (Chapter 3).
Collards, basil, lettuce and cilantro were used for the second PPCP uptake experiment (Chapter
2.2). Cilantro and Swiss chard were also used for an additional PPCP residual experiment
(Chapter 2.4). Peppers, okra, zucchini and beets were employed in a supplemental PPCP uptake

experiment of lesser degree (Chapter 2.3).
1.3. Experimental Design

The selected experimental design for the experiment was a CRD Split-Split-Plot Design
with 3 replications for each. Chemical mixture concentration levels represented the main plot
treatment, while soil moisture depletion percentages comprised the sub plot treatment along
with the interaction of chemical concentration and soil moisture % level. Within each subplot, 3
to 4 plant varieties were grown and constitute the sub-sub plots, as well as the experimental unit
of the experiment. This design allowed for the evaluation and comparison of the treatment

effects of interest for each evaluated crop. Also, since the main factor of interest is the effect of
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soil moisture percentage, which will be assigned as a sub-plot treatment, this design provided

for increased precision regarding the latter.

1.3.1. Treatment Design

Treatments were accommodated into a factorial treatment design (3 chemical mixture

concentrations x 3 soil moisture percentage levels x 3 or 4 plant species):

Concentration level of chemical mix (PPCP) solution (Main Plot Treatment):

1. High (25ug of each chemical / L) [50x]
2. Med (5ug of each chemical / L) [10x]
3. Low (0.5ug/ of each chemical / L) [1x]

Chemical solutions consisted of the following chemicals:
e Atenolol (Prescription drug)
¢ Diclofenac (Over the counter drug)

e Ofloxacin (Antibiotic)

Soil moisture depletion levels (Sub Plot Treatment):

e 14% soil moisture (-4.26 kPa)
e 10% soil moisture (-8.66 kPa)

e 7% soil moisture (-18.37 kPa)

Plant species (Sub-Sub Plot Treatment)

First PPCP Uptake Experimental Trial and Plant Biomass Study (Chapter 2.1 and 3)

1. Cow pea
2. Swiss Chard
3. Turnip

Second PPCP Uptake Experimental Trial (Chapter 2.2)

1. Cilantro
2. Lettuce

3. Basil

4. Collards
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A factorial treatment design was appropriate in this case because the treatment effects over

pharmaceutical plant uptake, along with the interactions between them, could be tested.

Main Plot
10% 7% 14%
Soil Moist Soil Moist Soil Moist
25ug/L
H 7% 14% 10%
Soil Moist Soil Moist Soil Moist
0.5ug/L
7% 14% 10%
. Soil Moist Soil Moist Soil Moist
Suglt 10% 14% 7%
g Soil Moist Soil Moist Soil Moist
5| 25pgL
[e)
(9“ 7% 1% 0% Sub-Sub Plot
g = Soil Moist Soil Moist Soil Moist Crop 1 (15 Plants)
é’ 0.9l 14% 10% 7% Crop 2 (15 Plants)
"y . Soil Moist Soil Moist Soil Moist Crop 3 (15 Plants)
8 5ugiL
o
10% 7% 14%
. Soil Moist Soil Moist Soil Moist
2Hgl 7% 14% 10% Sub Plot
. Soil Moist Soil Moist Soil Moist
0.5ug/L
.10%. -14%. .7% . *For the second PPCP Uptake
= Soil Moist Soil Moist Soil Moist Experimental Trial, each Sub Plot
5ug/L consisted of 4 Sub-Sub Plots instead of 3.
14% 10% 7%
Soil Moist Soil Moist Soil Moist |
Control Sub-Plots

(Extended Blocks)

Figure 3. Experimental Design Layout.
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1.3.2. Determination of number of experimental replicates

The number of replicates was determined using the equation developed by Cochran and Cox

(1957):
SZ
r> Zﬁ(tl +t,)?

Where:

r- number of replicates

s- standard deviation

d- true difference desired to detect

t,- tabular t value for a specified level of significance and degrees of freedom (df) for error

t.- tabular value for df for error and a probability of 2(1-P), where P is the probability of

detecting a significant result in a particular experiment

Based on previous work, the average standard deviation for the response was set at + 3.74 ug of
chemical/kg of fresh plant tissue (Redshaw et al., 2008; Karnjanapiboonwong et al., 2011;
Shenker et al., 2011). The minimum desired difference between main treatments that is desired
to detect is 10X of concentration. Based on these values, along with a power of 80% and an a of

0.05%, the determined number of replicates per treatment is 3.

Table 3. Calculated number of Treatment Replicates for a Completely Randomized Design
(CRD)

Num. Trt. |Est.Rep. |df |S s? d d? t1 t2 r

3 3 6 3.74 13.99 10 100 2.45 0.91 3.14

1.3.3. Analysis of Variance (ANOVA)

Analysis of Variance (ANOVA) was used to compare treatment results and significant
differences were considered at 95% significance levels (P < 0.05). Mean comparisons for
significant treatment effects were performed with Duncan’s Multiple Range test. All statistical
analyses were conducted with SAS 9.3 (SAS Institute Inc.,Cary, NC, USA) and all treatments

were analyzed as fixed effects.

31




Table 4. .Sources of Variation-First PPCP Uptake Experimental Trial and Plant Biomass Study

(Chapter 2.1 and 3)

Source of Variation Calculation df F Test
Total mrst-1 80
Main Plot | PPCP Solution (Ch) m-1 2 MS Ch / MS Error a
Error a (r-)m 6
Soil Moisture % (M) s-1 2 MS M/ MS Error b
Sub Plot | Ch*M (m-1)(s-1) 4 MS Ch*M / MS Error b
Error b (s-1)(r-1)m 12
Plant Crop (P) t-1 2 MS P / MS Error ¢
Ch*P (m-1)(t-1) 4 MS Ch*P / MS Error c
Sub-Sub | M*P (s-1)(t-1) 4 MS M*P / MS Error ¢
Plot Ch*M*P (m-1)(s-1)(t-1) 8 MS Ch*M*P / MS Error c
Errorc (r-D[(t-1)+(m-1)(t- 36
1)+(s-1)(t-1)+ (m-
1)(s-1)(t-1)]

Table 5. Sources of Variation-Second PPCP Uptake Experimental Trial (Chapter 2.2)

Source of Variation Calculation df F Test
Total mrst-1 107
Main Plot | PPCP Solution (Ch) m-1 2 MS Ch / MS Error a
Error a (r-)m 6
Soil Moisture % (M) s-1 2 MS M/ MS Error b
Sub Plot | Ch*M (m-1)(s-1) 4 MS Ch*M / MS Error b
Error b (s-1)(r-1)m 12
Plant Crop (P) t-1 3 MS P/ MS Error ¢
Ch*P (m-1)(t-1) 6 MS Ch*P / MS Error c
Sub-Sub | M*P (s-1)(t-1) 6 MS M*P / MS Error c
Plot Ch*M*P (m-1)(s-1)(t-1) 12 MS Ch*M*P / MS Error c
Error c (r-1)[(t-1)+(m-1)(t- 54
1)+(s-1)(t-1)+ (m-
1)(s-1)(t-1)]

In the case any significant treatement effect is

1.3.4. Hypothesis

Null Hypothesis: The treatments of pharmaceutical mixture concentration, soil moisture %

and/or plant species will not have a significant effect on plant uptake of applied PPCPs and

antibiotic.

He=p1+p2+pu3=o0

Ha=m1+pu2+pu3+o0
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1.4. Experimental Setup

For each experimental trial, plants were grown in 30 polyvinyl chloride (PVC) bins (90
cm X 60 cm x 20cm), each containing 60 kg of the mentioned silica sand used as growing
medium. Fifteen plants of each crop were planted in each bin within a randomly assigned sub-
sub plot measuring 0.18 m2 (Figure 3). Each bin was irrigated by with an automated micro-drip
irrigation system controlled by an Acclima C3500 Irrigation Controller and time domain
transmissometry (TDT) soil moisture sensors (Miralles-Crespo and van Iersel, 2011). When
preset soil moisture percentage thresholds (14, 10, and 7%) were reached for any given bin, the
irrigation controller opened a solenoid valve corresponding to the designated bin needing
irrigation and was watered until reaching estimated field capacity at 28% volumetric soil
moisture. Water, with a measured pH of 7.8, was supplied by municipal water lines and passed
through a chemical injector (Dosatron D14MZ2) delivering a specific amount of plant nutrients
(0.1 g/L 19.5-19.5-19.5 Gaviota 60 soluble fertilizer with 0.05 g/L 15.5-0-0 Yaraliva Calcinit
Solution) and then towards the corresponding bin. Bins were arranged whereas every row
corresponded to one of 3 different PPCP solutions, while every bin in each row had 1 of 3
differently assigned soil moisture percentage thresholds (Figure 3). Every time a solenoid valve
opened in response to the soil moisture sensor reading, irrigation water with nutrient solution
passed through a second chemical injector which supplied the corresponding specific dose of
PPCP solution to the running water. These spiked solutions were maintained at 20°C in 10 L
Nalgene containers under refrigeration. Water pressure was reduced at the intake point to 0.04
MPa using a Senninger pre-set pressure regulator, which also set the water flow to fluctuate at a

maximum of 1.9 L/ min.
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Figure 5. Irrigation System Electronics.

Irrigation controller; Dosatron injectors atop refrigerator containing PPCP solutions; TDT

sensor being placed in bin; solenoid valve controlled by TDT sensor (clockwise).
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1.5. Measured Environmental Parameters

Air temperature, relative humidity and light irradiation intensity were continuously
monitored throughout the duration of the project using a HOBO U12-012 data logger (Appendix

3). Average recorded environmental parameters are as follow:

e First PPCP Uptake Experimental Trial (Chapter 2.1) and Plant Biomass Study
o Air temperature: 27.5°C
o Relative humidity: 61.7%
o Light intensity:6958.13 Lux
¢ Second PPCP Uptake Experimental Trial (Chapter 2.2)
o Air temperature: 26.3°C
o Relative humidity: 68.4%
o Light intensity: 6280.74 Lux

1.6. LCMS Sample Preparation and Extraction

All samples were analyzed with a Waters (Micromass) Quattro Micro API mass
spectrometer using MassLynx v4.1 software, Shimadzu autosampler and dual HPLC pumps. The
mobile phases consisted of 0.1% formic acid in water for one pump and 0.1% formic acid in 2%
methanol/98% acetonitrile the second pump. The column used was a Waters XTerra MS C18 2.5
micron, 2.1 X 50 mm, with guard column and prefilter frit. Sample injections were 20 uL, flow
rate was set at 0.250 mL/min and sample run times were 10 minutes each. All materials used for

sample transfer were borosilicate glass or PTFE/PP to minimize adsorption

1.6.1. Soil Samples

Soil samples were saturated with 25 mL of deionized water and agitated for 2 hours. Soil
and water mix was then vacuum filtered through a 10 pum filter and triple rinsed with 5 mL of
deionized water. The obtained solution was then processed through a 3 mL Strata-X solid phase
cartridge. Cartridges were further processed using a Millipore vacuum manifold containing a 15
mL conical tube as collection vessel. 3 mL of methanol were passed through the tube at a steady
drip, followed by 3 mL of acetonitrile. Both eluants were collected in the same tube. The tube
was evaporated to dryness under a stream of nitrogen. 1 mL of a 5% acetonitrile solution was
the added to each tube which was then vortexed and sonicated to ensure all material was

dissolved. This solution was transferred to a 1.5 mL conical tube and centrifuged for 5 minutes
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at 10,000 rpm. This last remaining solution was then transferred to an HPLC vial and analyzed.
Some samples were re-dried under nitrogen and reconstituted in 250 pl of solvent to provide

more concentrated solutions for LCMS analysis.

1.6.2. Plant Tissue Samples

Edible plant tissue was harvested, weighed, and freeze-dried using a Vitris SP Scientific
benchtop lyophilizer. 1-3 g samples were used for Accelarated Solvent Extraction (ASE). ASE
cells were prepared with a cellulose filter in the bottom, plant material was added, and a 9.6
grams of ASTM 20/30 Ottawa sand was added on top. A methylene chloride/methanol (75/25)
solution was used as the extraction solvent. The programmed extraction was set to run for three
cycles at 50°C, heating for 5 min, then at static temp for 10 min, followed by a 60 sec purge. The
total extract volume at the end of three cycles was 70-75 ml. The extract was evaporated to
dryness under a stream of nitrogen. Samples were then reconstituted to 50-100 mg/mL for
LCMS analysis.

For bean, turnip, and S. chard samples, an additional SPE cleanup step was implemented:

The ASE extract was dissolved in 3 ml of methanol and then 97 ml of water was added. The
solution was loaded onto a pre-wetted Waters Oasis HLB cartridge (3 ml, 540 mg) using a
Fisher PrepSep vacuum manifold. The vacuum was applied using a Brinkmann B-169 vacuum
aspirator so that 15-20 drops/min were collected into the waste receptacle. Up to nine samples
could be simultaneously processed by this slow drip method. After the 100 ml solution was
loaded onto the cartridge, 10 ml of water was used to rinse out the bottle and tubing and was
also loaded onto the cartridge. The cartridge was then transferred to the Millipore vacuum
manifold and eluted with 10 ml of methanol, followed by 3 ml of methylene chloride to strip the
cartridge clean. The extracts were combined and evaporated to dryness under a stream of

nitrogen. Extracts were then reconstituted at 50-100 mg/mL for LCMS analysis.
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Chapter 2:

Studying the effects of soil moisture depletion on crop uptake of
PPCPs

2.1. First Experimental Trial

The first experimental trial was performed with cowpea, S. chard and turnip. Crops were
directly planted into experimental plots, and the experimental trial lasted a total of 98 d, with
crops being harvested at 64, 84, and 98 d, for cow pea, turnip and S. chard, respectively. PPCP
solution application and soil moisture regimes began 20 d after planting and continued until

crops were harvested.

2.1.1. Water Usage and Applied PPCPs

Water usage and applied PPCPs per experimental variable are resumed in Table 6.

Table 6. Total Water Usage and PPCP Application.

Experimental Variable Mean Applied Water (L) Mean Applied PPCPs (ug)
PPCP Concentration (ug/L)
0.5 48.89 0.07
5 86.30 0.75
25 90.93 3.97
Soil Moisture Level (%)
7 71.93 1.10
10 74.86 1.68
14 79.32 2.00
Crop
Cowpea 50.37 1.05
S. chard 88.15 1.87
Turnip 87.59 1.86

Highest amounts of water usage value means in terms of PPCP concentration were for
experimental units treated with 25ug/L of PPCPs, as was the total amount of applied PPCPs. In

terms of soil moisture depletion treatments, the highest values for water usage and applied
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PPCPs was for the experimental units treated with a soil moisture depletion rate of 14%. Crop
wise, S. chard was applied the most amounts of water and PPCP. Of all variables, the mean
values distributed by soil moisture depletion are the ones of interest, as it is the one that directly
relates to the study’s objectives. Also, when distributed by PPCP concentrations, applied PPCP
values are mostly attributed to the concentration of initial applied solutions, whereas when
distributed by crops, applied water and PPCP value means are mostly attributed to harvest

dates.

2.1.2. PPCP Uptake Means

Based on obtained LCMS analysis results, all treated crops were capable of PPCP uptake
and able to transport them to their raw edible parts at the ng/g (ppt) concentration level. Plant
tissue concentrations of PPCPs were consistently highest for ofloxacin, followed by atenolol and
then diclofenac. When analyzed by applied PPCP concentrations (Table 7, Figure 6), highest
mean PPCP uptake values were obtained in crops irrigated with 25ug/L, followed by those
irrigated with 5ug/L and then the ones treated with o0.5ug/L.

Table 7. Detected Mean PPCP Amounts in Plant Tissue Distributed by Applied PPCP
Concentration Treatment.

Detected Mean PPCP Amounts in Plant Tissue (ng/g)
Applied PPCP Atenolol Diclofenac Ofloxacin
concentration (ug/L)
0.5 9.50 0.53 16.94
5 11.93 0.99 32.86
25 37.01 5.17 65.69

When comparing PPCP uptake mean values by soil moisture depletion levels, plants
treated under the 14% soil moisture regimen had the highest mean levels of all 3 applied PPCPs,
followed by those treated under the 10% regimen and then those treated under the 7% regimen
(Table 8, Figure 7). Whereas, when comparing by plant crop, cowpea was the crop that showed
the highest mean levels of all 3 applied PPCPs (Table 9, Figure 8). Turnip showed the second
highest levels for ofloxacin and diclofenac, while S. chard had the second highest mean level of

atenolol.
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Table 8. Detected Mean PPCP Amounts in Plant Tissue Distributed by Soil Moisture Level

Treatment.

Detected Mean PPCP Amounts in Plant Tissue (ng/g)

Soil Moisture (%) Atenolol Diclofenac Ofloxacin
7 5.93 0.49 16.40
10 13.59 0.89 22.69
14 36.00 4.83 71.42

Table 9. Detected Mean PPCP Amounts in Plant Tissue Distributed by Crop Treatment.

Detected Mean PPCP Amounts in Plant Tissue (ng/g)

Crop Atenolol Diclofenac Ofloxacin
Cowpea 23.00 4.25 59.52
S. Chard 13.70 1.00 30.57

Turnip 19.72 1.12 22.68

2.1.3. PPCP Uptake Response to Soil Moisture Levels and Experimental Variables

No significant levels of PPCP uptake were observed in response to the applied treatment

variables of PPCP concentration, soil moisture depletion levels and crop species (Table 10).

Table 10. Summary Statistics of Main Fixed Effects on PPCP Uptake.

Fixed Effects Df Atenolol Uptake Diclofenac Uptake Ofloxacin Uptake
F value P-value F value P-value F value P-value

PPCP 2 2.46 0.1273 1.51 0.3251 2.06 0.2427

Concentration

Soil Moisture 2 5.28 0.0755 1.70 0.2238 2.81 0.0998

Level

Crop 2 0.46 0.6329 0.46 0.6383 0.43 0.6519
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2.2, Second Experimental Trial

The second experimental trial was performed with collards, basil, lettuce and cilantro.
Crops were also directly planted into experimental plots, and the experimental trial lasted a total
of 92 d, with crops being harvested at 47 d for cilantro, 59 d for lettuce, 88 d for basil, and 92 d
for collards. PPCP solution application and soil moisture regimes began 14 d after planting and

continued until crops were harvested.

2.2.1. Water Usage and Applied PPCPs

Water usage and applied PPCPs per experimental variable are resumed in Table 11.

Table 11. Total Water Usage and PPCP Application.

Experimental Variable Mean Applied Water (L) Mean Applied PPCPs (ug)
PPCP Concentration (ug/L)
0.5 54.56 0.05
5 59.92 0.60
25 50.06 2.50
Soil Moisture Level (%)
7 60.96 1.21
10 50.86 0.84
14 52.72 1.10
Crop
Cilantro 29.86 0.60
Lettuce 51.48 1.03
Basil 5241 0.95
Collards 70.24 1.34

In this second experimental trial, the highest amounts of water usage in terms of PPCP
concentration were for experimental units treated with 0.5ug/L of PPCPs, whereas the total
amount of applied PPCPs was highest in units treated with 25ug/L of PPCPs. In terms of soil
moisture depletion treatments, the highest values for water usage and applied PPCPs was for the
experimental units treated with a soil moisture depletion rate of 7%. Collards were the crop with

the most applied amounts of water and PPCPs. As in the first experimental trial, when
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distributed by PPCP concentrations, applied PPCP amounts are mostly attributed to the
concentration of initial applied solutions, whereas when distributed by crops, applied water and

PPCP value means are mostly attributed to harvest dates.

2.2.2. PPCP Uptake Means

As before, all analyzed crops via LCMS were capable of PPCP uptake and able to
transport them to their raw edible parts at ng/g (ppt) concentration levels. Of the 3 applied
PPCPs, ofloxacin was the one detected in the largest amounts, followed by atenolol. Diclofenac
did not seem to be uptaken by any of the treated plants. When analyzed by applied PPCP
concentrations (Table 12, Figure 9), highest mean PPCP uptake values were obtained in crops

irrigated with 25ug/L, followed by those irrigated with 0.5ug/L and then the ones treated with
5ug/L.

Table 12. Detected Mean PPCP Amounts in Plant Tissue Distributed by Applied PPCP
Concentration Treatment.

Detected Mean PPCP Amounts in Plant Tissue (ng/g)
Applied PPCP Atenolol Diclofenac Ofloxacin
concentration (ug/L)
0.5 3.88 0.01 23.29
5 2.70 0.00 17.02
25 3.89 0.01 26.06

Comparing PPCP uptake mean values by soil moisture depletion levels, plants treated
under the 10% soil moisture regimen had the highest mean levels of ofloxacin. Atenolol was
detected at the same amounts for plants treated under the 10% and 7% soil moisture regimens.
Plants treated under the 14% soil moisture regimen had the second highest mean values for
ofloxacin and atenolol (Table 13, Figure 10). Diclofenac values were virtually inexistent for all
treatments. When comparing by plant crop species (Table 14, Figure 11), lettuce was the crop
that showed the highest mean levels of atenolol and ofloxacin, followed by basil. Cilantro had
the third highest detected mean value for ofloxacin uptake, and the least high for atenolol.
Collars showed the third highest detected mean value for atenolol uptake and the least high

value for ofloxacin uptake.
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Table 13. Detected Mean PPCP Amounts in Plant Tissue Distributed by Soil Moisture Level

Treatment.

Detected Mean PPCP Amounts in Plant Tissue (ng/g)

Soil Moisture (%) Atenolol Diclofenac Ofloxacin
7 3.53 0.01 20.73
10 3.53 0.01 23.55
14 3.42 0.00 22.09

Table 14. Detected Mean PPCP Amounts in Plant Tissue Distributed by Crop Treatment.

Detected Mean PPCP Amounts in Plant Tissue (ng/g)

Crop Atenolol Diclofenac Ofloxacin
Cilantro 2.03 0.00 16.08
Lettuce 5.51 0.00 37.82

Basil 3.74 0.02 2141
Collards 2.70 0.00 13.19

2.2.3. PPCP Uptake Response to Soil Moisture Levels and Experimental Variables

No significant responses of PPCP uptake were observed in response to the applied

treatment variables of PPCP concentration, soil moisture depletion levels and crop species

(Table 15).

Table 15. Summary Statistics of Main Fixed Effects on PPCP Uptake.

Fixed Effects df Atenolol Uptake Diclofenac Uptake Ofloxacin Uptake
F value P-value F value P-value F value P-value

PPCP 2 1.19 0.3926 2.29 0.2178 0.93 0.4668

Concentration

Soil Moisture 2 0.002 0.9980 1.75 0.21530 0.02 0.9802

Level

Crop 3 1.87 0.1456 1.69 0.1802 2.24 0.0940
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2.3. Supplemental Analyses

Various supplemental analyses were derived from the two performed experimental trials
with the purpose of further understanding the behavior and fate of the applied compounds from

an environmental management perspective, as well as to confirm obtained results:

1. Analysis of additional treated crops

2. Analysis of accumulated PPCPs in select crop root tissue

3. Residual PPCP experiment where crops were grown under the established soil moisture
depletion regimens and on previously PPCP irrigated soil without any additional PPCP
inputs

4. PPCP soil degradation study

2.3.3. Analysis of Additional Treated Crops

In addition to the crops included in the ANOVA models for the first and second
experimental trials, several other crops were treated simultaneously but did not yield plant
material of adequate quality or quantity in order to be included in the mentioned analytical
models. These crops were: beets, pepper, okra and zucchini. These last two crops were only
analyzed for PPCPs in root tissue and results are presented in chapter section 2.3.4. Beets and
peppers were harvested at 215 d, while okra and zucchinis were harvested at 92 d. Detected
PPCP levels via LCMS are reported in Table 16,

Table 16. Detected Mean PPCP Amounts in Supplemental Plant Tissue Analysis Distributed by

Soil Moisture Treatment.

Detected Mean PPCP Amounts in Plant
Crop Soil Moisture (%) Tissue (ng/g)
Atenolol Diclofenac Ofloxacin
Beets 7 2.20 0.03 33.96
10 3.65 0.00 33.25
14 2.60 0.10 33.10
Pepper 7 24.80 0.16 263.20
10 36.18 0.55 357.40
14 51.80 0.25 174.30
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Although concrete relationships between the treatment variables and the obtained results
cannot be established due to the lack of treatment data points for these crops (Appendix 9),
applied PPCPs were still detected at ng/g (ppt) concentration levels in the analyzed plant
material. The detected concentrations also followed the same trends as in the first and second
experimental trials, where ofloxacin was the compound detected in the largest amounts,
followed by atenolol and then diclofenac. Detected levels of diclofenac were extremely low and

even non-existent in several analyzed samples.

2.3.4. PPCP Accumulation in Root Tissue

The remaining root tissue of several of the treated crops in the second experimental run
were harvested, processed and analyzed as the edible plant material in the first two
experimental trials. We compared PPCP accumulated values distributed across soil moisture
depletion levels in cilantro (Table 17), and across crop species (Table 18). This was done with the
objective of understanding the prevalence of the applied PPCPs in such tissues and the resulting

implications in an applied crop management scenario.

Table 17. Detected Mean PPCP Amounts in Analyzed Root Tissue Distributed Across Soil

Moisture Treatments in Cilantro.

Cilantro
Detected Mean PPCP Amounts in Root Tissue (ng/g)
Soil Moisture (%) Atenolol Diclofenac Ofloxacin
7 2.20 0.03 33.96
10 3.65 0.00 33.25
14 2.60 0.10 33.10

Table 18. Detected Mean PPCP Amounts in Analyzed Root Tissue Distributed Across Crops.

Detected Mean PPCP Amounts in Root Tissue (ng/g)
Crop Atenolol Diclofenac Ofloxacin
Cilantro 7.15 0.37 27.17
Pepper 35.50 0.50 1.03
Zucchini 15.70 0.00 102.90
Okra 5.80 0.00 92.40
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As in the analyzed edible plant tissues, the highest detected compound in the examined root
tissue was ofloxacin, followed by atenolol and then diclofenac, except in the case of pepper roots,
where higher levels of atenolol were detected, followed by much lower levels of ofloxacin and
diclofenac (Table 18). No significant relationship between soil moisture depletion and PPCP

concentration in root tissue could be established.
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2.3.5. Residual PPCP Uptake Experiment

The residual PPCP experiment consisted in growing crops on the same soil used for the
second experimental trial and irrigated with 25ug/L of PPCPs, without any additional PPCP
inputs, and under the established soil moisture depletion regimens. The objective of this study
was to observe the persistence of the applied PPCPs in the soil and the ability of subsequent crop
cycles to uptake the latter. The experiment was performed within a factorial treatment split-plot

CRD (3 soil moisture percentage levels x 2 plant species) with 3 repetitions (Table 19):

Soil moisture depletion levels (Main Plot Treatment):

e 14% soil moisture (-4.26 kPa)
e 10% soil moisture (-8.66 kPa)
e 7% soil moisture (-18.37 kPa)

Plant species (Sub-Sub Plot Treatment)

e Swiss chard

e (Cilantro

Table 19. Sources of Variation-Residual PPCP Uptake Experiment

Source of Variation Calculation df F Test
Total mrs-1 17
Main Plot | Soil Moisture % (M) m-1 2 MS Ch / MS Error a
Error a (r-1)m 6
Plant crop (P) s-1 1 MS M/ MS Error b
Sub Plot | M*P (m-1)(s-1) 2 MS Ch*M / MS Error b
Error (s-1)(r-1)m 6

The followed experimental, harvesting, processing and analytic procedures were the same as
those employed in the first and second experimental trials, except for the application of PPCP
compounds in the irrigation water. Crops were harvested at 47 d after planting. Based on the
obtained LCMS analysis results, the treated crops were capable of residual PPCP uptake at the
ng/g (ppt) concentration level. As previous experimental trials have shown, ofloxacin was the
compound detected in largest amounts, followed by atenolol and then diclofenac. When
analyzed by applied soil moisture depletion rates (Table 20, Figure 14), highest mean ofloxacin
values were found in crops treated at the 14% soil moisture depletion rate, followed by those
treated at 7% and then those treated at 10%. The highest atenolol concentrations were found in
crops irrigated under the 10% soil moisture depletion regime, followed by those under the 14%

regime, and then those under the 7% regime. Diclofenac was again detected in very low
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concentrations with the highest values being detected in crops treated at 7%, then those under

14% and finally those under the 10% soil moisture depletion treatment. When distributed by

crop type, higher levels of all 3 PPCPs were detected in S. chard (Table 21, Figure 15). However,

none of these PPCP uptake treatment value means were of significant value when analyzed with

the developed ANOVA model (Table 19; Table 22).

Table 20. Detected Mean Residual PPCP Amounts in Plant Tissue Distributed by Soil Moisture

Level Treatment.
Detected Mean PPCP Amounts in Plant Tissue (ng/g)
Soil Moisture (%) Atenolol Diclofenac Ofloxacin
/ 4.13 0.10 37.07
10 5.36 0.02 30.53
14 4.35 0.08 41.07

Table 21. Detected Mean Residual PPCP Amounts in Plant Tissue Distributed by Crop

Treatment.
Detected Mean PPCP Amounts in Plant Tissue (ng/g)
Crop Atenolol Diclofenac Ofloxacin
Swiss chard 4.26 0.07 39.60
Cilantro 4.84 0.07 32.84

Table 22. Summary Statistics of Main Fixed Effects on Residual PPCP Uptake.

Fixed Effects df Atenolol Uptake Diclofenac Uptake Ofloxacin Uptake
F value P-value F value P-value F value P-value

Soil Moisture 2 0.00 0.9958 1.12 0.3867 0.11 0.8962

Level

Crop 1 3.46 0.1124 0.11 0.7502 0.61 0.4653
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Figure 15. Detected Mean Residual PPCP Amounts in Plant Tissue Distributed by Soil Moisture
Level Treatment.
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Figure 16. Detected Mean Residual PPCP Amounts in Plant Tissue Distributed by Crop
Treatment.
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Figure 17. Second Experimental Run.
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2.4. Discussion

Results from the performed studies suggest the following:

1. Treated plant crops are capable of taking up the administered PPCPs at ng/g (ppt)
concentration levels into their raw edible parts, independent of the applied soil moisture
depletion regimens and PPCP concentrations.

2. Plant uptake of the applied PPCPs is attributable to the transpiration process and mass flow
transport.

As a response to the obtained results, we performed a PPCP degradation study (Appendix 12),

where we observed that the studied PPCPs degraded to below half their initial concentrations

within the first 21 days of exposure, with low lingering concentrations thereafter which
eventually degrade completely or almost completely at the end of 84 days. However, when
incorporating these observations with those of the performed residual PPCP uptake experiment,
which was performed immediately after the second experimental trial, we noted that the applied
compounds can still persist within the soil and be subsequently taken up by plants not being
actively irrigated with such; even when harvested after 21 days of PPCP exposure. These
combined results indicate that the applied PPCPs have the potential to persist in the soil
between crop cycle, probably due to their gradual release from being adsorbed to soil particles
and/or decomposing organic matter; especially in the case of atenolol and ofloxacin. Atenolol
has been reported to have a high soil-sorption affinity (Yamamoto et al., 2009; Burke et al,

2013), and interact with soil organic matter (Chefetz et al., 2008; Yamamoto et al., 2009).

Ofloxacin has been seen to adsorb to silica due to the formation of electrostatic repulsion forces

(Goyne et al., 2005) and interact with mineral and organic soil particles (Pan et al., 2012; Zhou

et al., 2014), whereas diclofenac has demonstrated to show mobility in soil while having low

sorption coefficients (Scheytt et al., 2005; Xu et al., 2009), possibly explaining its low detection
amounts in the residual study. Furthermore, we can presume that the behavior of the PPCPs
that are not readily uptaken or adsorbed in the soil are driven upwards towards the soil surface
due to the continuous addition of water. When at the soil surface, they then are degraded by UV

radiation (Kim and Tanaka, 2009; Kim et al., 2009).

Results also suggest that applied treatments did not significantly alter or hinder the
transpiration pathways of the treated crops, allowing them to uptake the applied PPCPs by
means of such process and by mass flow transport. This coincides with results obtained by
Briggs et al., (1982), Chiou et al.,, (2001), Su and Zhu, (2007), Winker et al., (2010),

Karnjanapiboonwong et al. (2011), and Shenker et al., (2011), where they also determined that
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the plant’s transpiration pathway is the main driver in the uptake, transport and translocation of
plant-available soil compounds. Our results also coincide with the theoretical framework of
transpiration-driven uptake, where if soil moisture content is maintained at favorable levels,
plants will maintain their stomata open, maximizing photosynthesis, and soil water absorption
will occur at elevated levels due to increased transpiration rates. Subsequently, as more water
moves through the plant, more photosynthesis occurs, more biomass is allocated and there is a
higher probability that higher levels of the dissolved PPCPs will be uptaken, transported and
retained in plant tissue due to this continuous flux of water. Therefore, the expected incremental
accumulation and re-dilution of PPCPs in the soil to form solutions of higher concentrations in

crops treated with the lowest soil moisture depletion regimen (7%) did not materialize.

Even though the applied soil moisture depletion regimens did not significantly affect
crop uptake of PPCPs, during the first experimental trial, a slight tendency can be observed in
which PPCP uptake increases with added soil moisture (Figure 7). Also, within this experimental
trial, another incremental tendency can be observed in terms of applied PPCP solution
concentrations, where there were higher levels of uptake in crops irrigated with higher
concentrations (Figure 6). These tendencies could be explained in the manner of higher levels of
applied PPCP concentrations and increased irrigation would entail higher levels of PPCPs.
However, these trends were not observed in the second experimental trial or in the additional
treated crops, where uptake tendencies were irregular and not defined by any of the applied

treatments (Figures 9, 10 and 12).

Of the 3 applied PPCPs, ofloxacin was the compound detected in the highest amounts,
followed by atenolol and then diclofenac. Diclofenac was not detected in many of the analyzed
samples, although detected levels are similar to those reported in previous hydroponic studies
(Dodgen et al., 2013). When analyzing degradation test results (Appendix 12), ofloxacin and
atenolol seem to degrade at a more accelerated rate than diclofenac. In terms of crop effect, no
distinct trend was identified and detected levels for crop edible parts was fairly throughout all
experimental trials, further suggesting that PPCP uptake is driven by the transpiration process

and the factors which influence it.

Levels of PPCPs in root tissue were also irregular and no trend could be established.
However, much higher levels of some PPCPs were detected in several plants’ root tissues than in
the analyzed edible parts, such as in the case of pepper, implying that the plants’ anatomical root
structures (e.g. Casparian strip) may also play an important role in plant PPCP uptake and

transport to aboveground structures. This root tissue study, along with the residual PPCP study,
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are of particular interest from an agricultural and environmental management perspective, as
they suggest that the evaluated compounds can continuously accumulate in the soil by means of
irrigation residue and belowground plant biomass incorporation, with the potential to be further
uptaken by subsequent crop cycles and/or be transported across the landscape. This low-
exposure and long-term permanence of PPCPs within the soil could have further ecological
consequences, such as evolving into an energy source by bacteria prompted to adapt to these
novel and readily available inputs, as in the case of atrazine (Rousseaux et al., 2001; Vibber et
al., 2007; Sagarkar et al., 2014). Although the PPCPs in our study were detected in extremely
lower amounts when compared to the amounts of atrazine already present in agricultural
systems, PPCPs could follow a similar trend in the future, proving alternate energy sources to
soil microorganisms and potentially causing significant changes in the soil micro-flora, which

could then expand to more ample ecological changes.

Finally, there was an overall noted variability among detected PPCP values in relation to
treatment means. This variability could be attributed to variables not considered within the
experiments, such as: biotic activity within the soil, crop-specific physiological pathways and

anatomical structure, and PPCP compound transformation throughout the irrigation process.
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Chapter 3:

Studying the Effects of Soil Moisture Depletion and the Presence
of PPCPs on Crop Biomass Accumulation

3.1 Introduction

The premise under all of our PPCP uptake experiments is to simulate an agricultural
system where crops are being irrigating with RW while simultaneously reducing water inputs by
means of limiting soil moisture content specific thresholds. Under such a scenario, and from an
eco-physiological standpoint, the possible occurrence of expanded interactions between the
latter adopted measures cannot be ruled out. It is known that soil moisture availability has
significant impacts on plant biomass and biomass allocation, where water stressed plants have
shown a decrease in overall plant biomass (Perniola et al., 1994; Anyia and Herzog, 2004; Kittas
et al., 2005; Alarcon et al., 2006; Afolabi et al., 2009; Mahieu et al., 2009; Mann et al., 2013)
and in other instances have increased belowground biomass while decreasing aboveground
biomass (Barnes, 2002; Nagakura et al., 2004; Selzer et al., 2013). Consequently, crops irrigated
with RW under a reduced water input regimen would have the potential to allocate different
amounts of dissolved micro-contaminants, such as PPCPs, to above or belowground plant
structures based on their physiological responses to water stress.

The objective of this study was to better understand some of the physiological and
ecological implications of PPCPs in agricultural systems by examining the effects of different
irrigation regimes based on reduced soil moisture levels containing different concentrations of

PPCPs on plant biomass and biomass allocation.

3.2. Experimental Procedures
The study was performed simultaneously with the first PPCP uptake experimental trial
(Chapter 2.1), using the same plant material and treatment variables (3 PPCP concentrations-

0.5ug/L, 5ug/L, 25ug/L; 3 soil moisture depletion levels- 7% [-18.37 kPa], 10% [-8.66 kPa], 14%

[-4.26 kPa]; 3 crops- cowpea, S.chard, turnip). The experimental design was also the same
(split-split plot CRD), with the addition of 3 replicated control treatments incorporated into the
experiment as extended blocks and analyzed with orthogonal contrasts. In these extended blocks
crops were not treated with PPCP solutions but were still subjected to the specified soil moisture
regimes.

Aboveground plant biomass for each crop was harvested when the edible sections of each

crop were mature. Edible plant parts were harvested and lyophilized for PPCP analysis, while
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the non-edible parts were weighed, dried in a convection oven at 70°C for 5 days, weighed again
and added to the dry weight of the lyophilized material to obtain final aboveground biomass
values. Belowground biomass was harvested by sieving the growing media through a 2 mm sieve
plate, drying the recollected roots in a convection oven at 70°C for 5 days, and weighing again to
obtain final belowground biomass values. Biomass values were adjusted to be reflected at a g/m?
scale, and biomass ratios were determined by dividing the final dry weights of belowground and

aboveground biomass values.

3.3. Results and Discussion
The experiment lasted a total of 98 d, with crops being harvested at 64, 84, and 98 d, for
cow pea, turnip and Swiss chard, respectively. Total amounts of applied PPCPs and water are

found in Chapter 2.1.1., Table 6.

3.3.1. Control plots and the effect of PPCP presence on plant biomass

Orthogonal contrast comparisons, which tested for the effect of PPCP presence upon
final biomass plant value by comparing total biomass values of control plots not treated with any
PPCP with those of treated plots, yielded no significant results (Appendix 13). Therefore, the
mere presence of PPCP compounds within the applied irrigation water treatments had no direct

effects on plant biomass or biomass allocation

3.3.2. Aboveground and Belowground Biomass

ANOVA results for aboveground and belowground biomass are summarized in Table 23.
According to such, applied PPCP concentrations and soil moisture depletion levels did not have
significant effects on either aboveground or belowground biomass levels. However, crop species
did significantly influence both biomass levels, which was expected due to their different
physiologies, physical structures and growth mechanisms. The crop species with the highest
aboveground mean biomass value was turnip, with a dry weight mean value of 199.15 g/m?2,
followed by cowpea with 139.33g/m? and Swiss chard with 13.42g/m?2 (Table 26 and Figure 18).
These values are similar to previously reported expected yields for the treated crops (Table 26).
Mean belowground biomass levels were highest in cowpea with a mean of 77.62 g/m2 of dry
weight, followed by Swiss chard with 61.48 g/m2 and turnip with 28.97 g/m2 (Table 26 and
Figure 18). When comparing between PPCP treatments, highest aboveground and belowground
biomass levels were attained in sub-sub plots irrigated with 5ug/L PPCPs, with mean values of

134.98 g/m2 and 81.29 g/mz2, respectively (Table 24 and Figure 16). Across soil moisture
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depletion treatments, highest overall biomass values were recorded in sub-sub plots treated with

10% soil moisture depletion rates, with an average aboveground biomass value of 124.52 g/m?

and a belowground biomass value of 66.09 g/m2 (Table 25 and Figure 16).

Table 23. Summary Statistics of Main Fixed Effects on Plant Biomass.

Fixed Effects df Aboveground Belowground Biomass
Biomass Biomass Ratio

F value P-value F value P-value F value P-value
PPCP 2 0.57 0.6067 1.72 0.2884 0.67 0.5625
Concentration
Soil Moisture 2 0.31 0.8294 0.24 0.0645 0.05 0.9514
Level
Crop 2 27.89 <.0001* 22.94 <.0001 21.95 <.0001*

*Significant treatment effect.

Table 24. Detected Mean Biomass Values Distributed by Applied PPCP Concentration

Treatment.
Detected Mean Biomass Values
(g/m?)
Applied PPCP concentration (ug/L) Aboveground Belowground Ratio
0.5 107.77 37.48 1.74
5 134.99 81.29 2.11
25 109.14 52.75 2.53
Above and Belowgroud Biomass
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Figure 18. Above and Belowground Plant Biomass Distributed by Applied PPCP Concentration
Treatment.
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Table 25. Detected Mean Biomass Values Distributed by Soil Moisture Level Treatment.

Detected Mean Biomass Values (g/m?)

Soil Moisture (%) Aboveground Belowground Ratio
! 116.63 52.75 2.53
10 124.52 66.09 2.13
14 110.75 49.22 2.11
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Figure 19. Above and Belowground Plant Biomass Distributed by Soil Moisture Level

Soil Moisture Depletion Level (%)

Treatment.

Table 26. Detected Mean Biomass Values Distributed by Crop Treatment.

Detected Mean Biomass Values
(g/m?)
Crop Aboveground Belowground Ratio Comparable Crop Yields (g/m?)
Cowpea 139.33 77.62 0.56 100.88°
Swiss chard 13.42 61.48 6.09 16.8°
Turnip 199.14 28.97 0.14 117.9°

4Quinn (1999)
®Masabni (2011)
“Bartholomew (1992)

66




Above and Belowgroud Biomass
350
300
w
g 250
é 200 T B Aboveground
'n% 150 Belowround
|
& 100 T
> | |
[a]
50 - T
|
Cowpea Swiss chard Turnip
Crop

Figure 20. Above and Belowground Plant Biomass Distributed by Crop.

The reason as to why the applied soil moisture depletion levels did not have a significant
effect on plant biomass and biomass allocation could be attributed to the adaptation of plant
structures to stress conditions, such as increasing root coverage to deeper soil layers and
reducing leaf area (Taiz and Zeiger, 1991; Sinha, 2004), resulting in the continuity of the
transpiration process. Also, the relative difference of water present in the soil at the established
soil moisture depletion levels could not be significant enough to cause drought-like responses
from the treated crops. Consequently, treated plants would have maintained fairly continuous
and stable levels of transpiration, allowing them to uptake water and nutrients, subsequently
converted into biomass, at similar rates.

Based on the ANOVA results for biomass allocation (Table 23), the latter followed the
same trend as in the recorded aboveground and belowground biomass results, where crop
species was the only defining variable with significant effects upon biomass allocation. Hence,
PPCP concentrations and soil moisture depletion treatments did not significantly affect plant
biomass allocation. However, mean biomass allocation ratios varied greatly between species
(Table 26), with Swiss chard being the most distinct, with a ratio of 6.01, in comparison with
cowpea and turnip with respective ratios of 0.55 and 0.14. These values indicate that cowpea
and turnip had more biomass accumulated in their aboveground structures, while S. chard
accumulated more biomass in its belowground structures. This suggests that S. chard could
have been partly affected by the applied soil moisture depletion regimes (which had a p-value of

0.0645) into allocating more biomass to its root tissues as a response to such, although such

67



notion cannot be completely certain as external environmental variables, such as elevated
temperatures, could have also played a role in provoking such behavior.

Overall, the applied treatments were shown to have no apparent negative agronomic
effects upon the tested crops. This research also suggests that by utilizing lesser amounts of
water, and tapping into unconventional water resources, such as RW, for expanded applications,

overall water productivity can be improved without compromising agricultural output.
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Conclusion

Results from our study indicate that the treated plant crops were capable of PPCP uptake
into their raw edible parts at ng/g (ppt) concentration levels, independent from the prescribed
soil moisture depletion regimens and the differing levels of applied PPCP concentrations. The
uptake of these PPCP compounds is attributable to the transpiration process and mass flow
transport, which can be affected by a number of physiological and environmental factors.
Ofloxacin was the studied compound detected at the highest levels, followed by atenolol and
diclofenac, which was not detected in all analyzed plant tissue. PPCPs were also detected in
plant root tissues and in crops grown on previously PPCP irrigated soil, posing concerns in
terms of agricultural management and the prevalence of these compounds in the soil and
throughout growing cycles. Even though the dietary uptake of these PPCP by humans seems to
be negligible, as the detected amounts are extremely lower than any therapeutic dose, the
ecological concerns of a continuous input of these compounds could potentially lead to
unwanted outcomes, such as becoming a readily available energy source for soil micro-
organisms, provoking a chain reaction of further ecological change.

In terms of plant biomass, the applied treatments of irrigating with various
concentrations of PPCP concentrations and the prescribed soil moisture depletion levels had no
significant effect on plant biomass or biomass ratio. Our results suggest, that by reducing water
inputs in a coordinated manner, and tapping into unconventional water resources (RW) for
expanded applications, overall water productivity can be improved without significantly
compromising agricultural yields, however the potential long-term ecological implications of
using such resources should be taken into consideration. Finally, there are many variables our
study did not asses, such as soil biotic interactions and other factors apart from soil moisture
which directly influence plant transpiration. Therefore, there still exists a huge potential to
further investigate, not only the uptake of PPCPs by plants, but also the many still unknown

ecological effects and interactions of employing RW for irrigation purposes.
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Appendix

Appendix 1. Physical Properties, Water Retention Data Sets and Curves from Utilized Soil.

NC STATE UNIVERSITY

North Carolina State University is a Department of Soil
land grant university and a constituent  Science

institution of The University of North College of Agriculture
Carolina and Life Sciences
Campus Box 7619

Raleigh, NC 27695

919-515-2655

919-515-2167 Fax

UH-Manoa
2540 Dole St.
Honolulu, HI 96822

Below are the results for the soil sample you submitted to the NCSU Soil Physical Properties

Lab.
Sand Silt Clay USDA
Sample ID % % % Class.
1 99.8 0.2 0.0 sand

% Sand Size Distribution
Sample ID 1.0-2.0 mm | .50-1.0 mm | .25-50 mm | .10-25mm | .05-.10 mm
1 0.0 1.5 74.0 23.0 1.5

Low Pressure Water Retention (intact 3” x 3” core) at bulk density of 1.49 g/cm3
% Volumetric water content (cm® water/cm® dry soil)at pressure (cm of water)
0 10 30 100 333

43.8 40.0 26.3 7.6 6.2

High Pressure Water Retention (disturbed sample)

% gravimetric water content (g of water/g of dry soil) at pressure (bars)
1 5 15

1.07 0.88 0.83
*These values may be multiplied by the bulk density (1.49) to estimate volumetric water content.

Respectfully submitted

Chris Niewoehner
Lab Manager
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Water Retention Curve
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Volumetric water content (%)
Selected volumetric Calculated Pressure Calculated Pressure
soil moisture content % (log cm H,0) (kPa)
7 2.27 18.37
10 1.95 8.66
14 1.64 4.26
21 1.27 1.81
28 1.00 0.99
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Preliminary experiment for the calculation of soil retention points

SAMPLE 1
hgg 46.5 cm
hy, 6.0 cm
d 54 cm
\Y; 137.4 cm’®
Msat+qlass 508.6 g
Mgjass 100.9 g
Msat 407.7 g Bsat 0.476 cm®cm?®
Measurement on sinter
plate
height of

volume | water . .
Data . of water | level pressure positive | volumetric
Point No. Burette reading removed | above head pressure | water

from soil | reference head content

level
before | after
hi =-

Vi = Ai - (hsg-

i A Bi Bi h'; h'i+hy,/2) | hi*(-1) di
cm’=ml | cm®=ml | cm® cm cm cm’.cm™

0 - - - - 0.00001 | 0.00001 | 0.476
1 28.1 26.9 1.2 44.2 -5.3 5.3 0.468
2 28.1 27.9 0.2 43.1 -6.4 6.4 0.466
3 29.1 28.2 0.9 42.9 -6.6 6.6 0.460
4 29.1 28.8 0.3 42.1 -7.4 7.4 0.457
5 30.1 29.2 0.9 41.8 -7.7 7.7 0.451
6 30.0 29.8 0.2 41.1 -8.4 8.4 0.449
7 30.9 30.7 0.2 40.2 -9.3 9.3 0.448
8 32.0 31.8 0.2 39.3 -10.2 10.2 0.447
9 335 33.2 0.3 37.8 -11.7 11.7 0.444
10 345 34.3 0.2 36.6 -12.9 12.9 0.443
11 36.0 35.7 0.3 35.0 -14.5 14.5 0.441
12 37.6 37.3 0.3 33.4 -16.1 16.1 0.439
13 39.1 38.8 0.3 31.8 -17.7 17.7 0.436
14 40.5 40.2 0.3 30.4 -19.1 19.1 0.434
15 42.0 41.4 0.6 29.1 -20.4 20.4 0.430
16 43.8 435 0.3 27.0 -22.5 225 0.428
17 47.0 45.9 1.1 24.4 -25.1 25.1 0.420
18 48.0 46.4 1.6 23.6 -25.9 25.9 0.408
19 48.2 46.0 2.2 21.7 -27.8 27.8 0.392
After sintr: 368.76 ¢ 102.0 0.267
0.1 Bar 351.63 g 305.9 0.254
0.3 Bar 34986 ¢ 1019.7 0.240
1 Bar 34792 ¢ 3059.1 0.223
3 Bar 34558 ¢ 15295.7 | 0.220
15 Bar 34506 ¢
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SAMPLE 2

hsg 61.7 cm
hy, 6 cm
d 54 cm
\V 137.4 cm?®
msat+q|ass 496.5 g
mqlass 51.8 g
Meat 444.7 g
Mary 219.5 g Bsat 0.576 cm®/cm®
Measurement on sinter
plate
height of

volume | water . .
Data . of water | level pressure positive | volumetric
Point No. Burette reading removed | above head pressure | water

from soil | reference head content

level
before | after

Vwi = AI - hi = '(hsd'

i A B B h' h'i+h,,/2) hi*(-1) ai
cm®=ml | cm®=ml | cm? cm cm cm®.cm?®

0 - - - - 0.00001 0.00001 | 0.576
1 13.5 11.5 2.0 57.5 -7.2 7.2 0.562
2 145 13.6 0.9 55.2 -9.5 9.5 0.555
3 16.5 15.1 1.4 53.7 -11.0 11.0 0.545
4 19.0 18.5 0.5 50.0 -14.7 14.7 0.541
5 22.0 21.5 0.5 47.0 -17.7 17.7 0.538
6 25.0 24.4 0.6 44.0 -20.7 20.7 0.533
7 275 26.7 0.8 41.5 -23.2 23.2 0.528
8 30.0 29.1 0.9 39.0 -25.7 25.7 0.521
9 33.1 325 0.6 355 -29.2 29.2 0.517
10 35.1 33.0 2.1 35.0 -29.7 29.7 0.501
11 36.0 34.0 2.0 33.9 -30.8 30.8 0.487
12 37.5 35.2 2.3 32.7 -32.0 32.0 0.470
13 385 36.4 2.1 31.6 -33.1 33.1 0.455
14 40.3 37.7 2.6 30.2 -34.5 345 0.436
15 41.0 38.9 2.1 28.9 -35.8 35.8 0.421
16 43.0 40.9 2.1 26.8 -37.9 37.9 0.405
17 45.1 41.7 3.4 26.0 -38.7 38.7 0.381
18 45.0 43.1 1.9 24.6 -40.1 40.1 0.367
19 46.0 44.7 1.3 23.0 -41.7 41.7 0.357
20 46.0 455 0.5 22.0 -42.7 42.7 0.354
After sintr: 39310 g 102.0 0.233
0.1 Bar 376.50 ¢ 305.9 0.216
0.3 Bar 37415 ¢ 1019.7 0.204
1 Bar 37255 ¢ 3059.1 0.186
3 Bars 370.02 ¢ 15295.7 | 0.180
15 Bars 369.18 g
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SAMPLE 3

heg 61.6 cm
hy, 6 cm
d 5.4 cm
Y 137.413 cm’®
msat+q|ass 432.62 g
Mglass 100.92 g
Msat 432.62 g
Mary 204.66 g Bsat 0.598 cm®/cm?®
Measurement on sinter
plate
height of

volume water i .
Data . of water | level pressure positive | volumetric
Point No. Burette reading removed | above head Eressure water

from soil | reference ead content

level
before after
h=-

Vwi = Al - (hsd'

[ A B; Bi h'; h'i+hy./2) | hi*(-1) o]
cm’=ml | cm®*=ml | cm?® cm cm cm®.cm?®

0 - - - - 0.00001 | 0.00001 | 0.598
1 10.0 6.8 3.2 61.8 -2.8 2.8 0.574
2 12.0 9.8 2.2 58.7 -5.9 5.9 0.558
3 13.8 13.0 0.8 55.4 -9.2 9.2 0.553
4 18.0 16.9 1.1 51.3 -13.3 13.3 0.545
5 22.0 20.5 1.5 475 -17.1 17.1 0.534
6 25.5 23.6 1.9 44.3 -20.3 20.3 0.520
7 28.7 26.7 2.0 41.1 -23.5 23.5 0.505
8 31.7 28.8 2.9 39.9 -24.7 24.7 0.484
9 33.0 30.0 3.0 37.6 -27.0 27.0 0.462
After sintr: 394.2 g 102.0 0.198
0.1 Bar 357.9 g 305.9 0.187
0.3 Bar 356.4 g 1019.7 0.176
1 Bar 354.9 g 3059.1 0.165
3 Bar 353.4 g 15295.7 | 0.162
15 Bar 352.9 g
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Appendix 2. Volumetric Water Content Calibration Curve and Water Mass to Soil Moisture Percentage Ratio Data.

Volume of sand (mL) Dry sand mass Volume of water Bulk Density

(g) added (mL) (g/mL)
3660 5130.5 2015.1 1.401775956
Sand + water + container | Sand + water water mass (g) gravimetric volumetric Moisture Sensor 1 Moisture Mean
+ sensor mass (g) mass (g) water content water content | Reading (%) Sensor 2 (%)

Reading (%)

7683.6 7145.6 2015.1 0.392768736 0.55057377 42.9 45.5 44.2
7090.1 6552.1 1421.6 0.277088003 0.388415301 41.4 43.7 42.55
7038 6500 1369.5 0.266933047 0.374180328 41.1 43.6 42.35
7042.9 6504.9 1374.4 0.26788812 0.375519126 40.7 43.3 42
7026.8 6488.8 1358.3 0.264750024 0.371120219 40.5 433 41.9
7025.3 6487.3 1356.8 0.264457655 0.370710383 40.3 43 41.65
7021.7 6483.7 1353.2 0.263755969 0.369726776 40.3 42.7 41.5
7016.5 6478.5 1348 0.262742423 0.368306011 40.1 42.5 41.3
7009.5 6471.5 1341 0.261378033 0.366393443 40 423 41.15
7002 6464 13335 0.259916188 0.364344262 40 42.2 41.1
6994.5 6456.5 1326 0.258454342 0.362295082 40 42.2 41.1
6992.1 6454.1 1323.6 0.257986551 0.361639344 39.8 42.2 41
6984.2 6446.2 1315.7 0.25644674 0.359480874 39.7 42.1 40.9
6983.8 6445.8 1315.3 0.256368775 0.359371585 39.7 42 40.85
6980.3 6442.3 1311.8 0.25568658 0.358415301 39.7 42 40.85
6980 6442 13115 0.255628106 0.358333333 39.7 41.9 40.8
6967.2 6429.2 1298.7 0.253133223 0.354836066 394 41.3 40.35
6956.6 6418.6 1288.1 0.251067147 0.351939891 39.3 41.2 40.25
6954.5 6416.5 1286 0.250657831 0.35136612 38.9 41.1 40
6946 6408 1277.5 0.249001072 0.349043716 38.9 41.1 40
6942.9 6404.9 1274.4 0.248396842 0.348196721 38.9 41.1 40
6935.4 6397.4 1266.9 0.246934997 0.346147541 38.9 41.1 40
6934 6396 1265.5 0.246662119 0.345765027 38.7 40.9 39.8
6928.9 6390.9 1260.4 0.245668064 0.344371585 38.5 40.9 39.7
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Sand + water + container | Sand + water water mass (g) gravimetric volumetric Moisture Sensor 1 Moisture Mean
+ sensor mass (g) mass (g) water content water content | Reading (%) Sensor 2 (%)
Reading (%)
6915.6 6377.6 1247.1 0.243075724 0.340737705 38.5 40.9 39.7
6829.7 6291.7 1161.2 0.226332716 0.31726776 374 40.8 39.1
6824.1 6286.1 1155.6 0.225241205 0.315737705 37.1 40.6 38.85
6814.2 6276.2 1145.7 0.223311568 0.313032787 36.7 40.3 38.5
6809.3 6271.3 1140.8 0.222356495 0.311693989 36.5 38.9 37.7
6803.5 6265.5 1135 0.221226001 0.31010929 36.2 38.3 37.25
6801.2 6263.2 1132.7 0.220777702 0.309480874 35 35.4 35.2
6718.3 6180.3 1049.8 0.204619433 0.286830601 334 334 334
6705 6167 1036.5 0.202027093 0.283196721 33.2 325 32.85
6703.4 6165.4 1034.9 0.201715232 0.282759563 32.9 32.1 32.5
6695.5 6157.5 1027 0.200175421 0.280601093 32.6 31.8 32.2
6690.7 6152.7 1022.2 0.19923984 0.279289617 324 31.2 31.8
6406.3 5868.3 737.8 0.143806647 0.201584699 27.6 214 24,5
6404.7 5866.7 736.2 0.143494786 0.201147541 26.9 20.7 23.8
6400.1 5862.1 731.6 0.142598187 0.19989071 26.4 204 23.4
6383.2 5845.2 714.7 0.139304161 0.195273224 25.9 20.1 23
6381.1 5843.1 712.6 0.138894845 0.194699454 25.5 19.7 22.6
6378 5840 709.5 0.138290615 0.193852459 25.4 19.7 22.55
6286.3 5748.3 617.8 0.120417113 0.168797814 22.8 16.9 19.85
6282.3 5744.3 613.8 0.119637462 0.167704918 21.6 15.9 18.75
6219.5 5681.5 551 0.10739694 0.150546448 19.7 14.6 17.15
6201.6 5663.6 533.1 0.103908001 0.145655738 19.2 14.1 16.65
6178 5640 509.5 0.09930806 0.13920765 19 14 16.5
6167.5 5629.5 499 0.097261475 0.136338798 18.7 13.7 16.2
6083 5545 414.5 0.080791346 0.113251366 16.5 12.3 144
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Appendix 3. Summary Graphs for Measured Environmental Parameters.

Recorded environmental parameters of soil temperature, ambient temperatures, relative humidity and light intensity were stable
throughout the experimental trials.
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Light Intensity (May 7-August 1, 2013)
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Soil Temperature (May 7-August 1, 2013)
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Appendix 4. First Experimental Run Applied Water and PPCP Summary Statistics and Data
Set.

Soil Moist Obs Variable Mean Std Dev N Minimum Maximum

7 27 Total_Water 71.9255794 49.9731839 27 7.2700271 205.7314737
Total_PPCP  1.1010943 1.4164927 27 0.0072700 4.4513866

10 27 Total_Water 74.8612262 61.2598397 27 5.4036660 253.7457850
Total_PPCP  1.6814975 2.1424458 27 0.0314815 7.5261371

14 27 Total_Water 79.3243055 37.9668365 27 16.3706648 150.5227413
Total_PPCP  2.0041614 2.4375856 27 0.0468930 7.3270014

PPCP Obs Variable Mean Std Dev N Minimum Maximum

0.5 27 Total_Water 48.8888889 23.0146897 27 7.2700271 89.0277326
Total_PPCP  0.0719256 0.0499732 27 0.0072700 0.2057315

5 27 Total_Water 86.2962963 70.9509352 27 5.4036660 253.7457850
Total_PPCP  0.7486123 0.6125984 27 0.0540367 2.5374578

25 27 Total_Water 90.9259259 32.4529454 27 35.9063011 146.5400271
Total_PPCP  3.9662153 1.8983418 27 0.8185332 7.5261371

Crop Obs Variable Mean Std Dev_ N Minimum Maximum

1 27  Total_Water 50.3703704 28.0830523 27 5.4036660 116.6371546
Total_PPCP  1.0506539 1.2890739 27 0.0072700 4.0302953

2 27 Total_ Water 88.1481481 54.5592132 27 13.0049523 253.7457850
Total_PPCP  1.8758743 2.3390618 27 0.0144672 7.5261371

3 27  Total_Water 87.5925926 54.6013857 27 13.0049523 253.7457850
Total_PPCP  1.8602249 2.3189848 27 0.0145999 7.5261371

Crop 1-Cow Pea Crop 2-Swiss chard Crop 3-Turnip
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Applied PPCP

Rep | Treatment (png/L) Soil Moist % | Crop Total Applied PPCP (ug/L) | Total Applied Water (L)
1 0.5 7 1 0.007270027 7.27

1 0.5 7 2 0.014467233 14.4672329
1 0.5 7 3 0.014599914 14.5999136
2 0.5 7 1 0.034276703 34.276703
2 0.5 7 2 0.063254872 63.2548722
2 0.5 7 3 0.06242214 62.4221403
3 0.5 7 1 0.041817371 41.8173707
3 0.5 7 2 0.075933373 75.9333726
3 0.5 7 3 0.075933373 75.9333726
1 0.5 10 1 0.045710794 21.36

1 0.5 10 2 0.047415298 47.6804088
1 0.5 10 3 0.047415298 47.2005798
2 0.5 10 1 0.031481467 34.0619163
2 0.5 10 2 0.052469579 67.7173952
2 0.5 10 3 0.050927843 66.8259155
3 0.5 10 1 0.116637155 33.4262384
3 0.5 10 2 0.205731474 55.3851183
3 0.5 10 3 0.205731474 55.3851183
1 0.5 14 1 0.062445443 16.37

1 0.5 14 2 0.053667049 37.8523583
1 0.5 14 3 0.053667049 38.1995066
2 0.5 14 1 0.046893045 46.6613807
2 0.5 14 2 0.113649167 89.0277326
2 0.5 14 3 0.110371154 85.7519442
3 0.5 14 1 0.065506199 39.7563909
3 0.5 14 2 0.120616751 73.6815091
3 0.5 14 3 0.121679401 73.6815091
1 5 7 1 0.213593081 45.71

1 5 7 2 0.476804088 47.4152977
1 5 7 3 0.472005798 47.4152977
2 5 7 1 0.340619163 31.4814672
2 5 7 2 0.677173952 52.4695793
2 5 7 3 0.668259155 50.9278433
3 5 7 1 0.334262384 116.637155
3 5 7 2 0.553851183 205.731474
3 5 7 3 0.553851183 205.731474
1 5 10 1 0.05403666 5.40

1 5 10 2 0.130049523 13.0049523
1 5 10 3 0.130049523 13.0049523
2 5 10 1 0.282299002 28.2299002
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Applied PPCP

Rep | Treatment (png/L) Soil Moist % | Crop Total Applied PPCP (ug/L) | Total Applied Water (L)
2 5 10 2 0.603198517 60.3198517
2 5 10 3 0.585830479 58.5830479
3 5 10 1 1.071388089 107.138809
3 5 10 2 2.53745785 253.745785
3 5 10 3 2.53745785 253.745785
1 5 14 1 0.919486521 58.89

1 5 14 2 0.842598594 59.57975

1 5 14 3 0.842598594 59.57975

2 5 14 1 0.372006537 50.2886327
2 5 14 2 0.785023697 67.210569
2 5 14 3 0.777134615 65.4891088
3 5 14 1 0.782926941 71.2240365
3 5 14 2 1.328432219 150.522741
3 5 14 3 1.340135885 150.522741
1 25 7 1 0.81853324 62.45

1 25 7 2 1.892617913 53.6670489
1 25 7 3 1.90997533 53.6670489
2 25 7 1 2.333069035 46.8930452
2 25 7 2 4.451386629 113.649167
2 25 7 3 4.287597211 110.371154
3 25 7 1 1.987819543 65.5061988
3 25 7 2 3.684075454 120.616751
3 25 7 3 3.684075454 121.679401
1 25 10 1 2.944276986 91.95

1 25 10 2 2.978987499 84.2598594
1 25 10 3 2.978987499 84.2598594
2 25 10 1 2.514431634 37.2006537
2 25 10 2 3.360528451 78.5023697
2 25 10 3 3.27445544 77.7134615
3 25 10 1 3.561201826 78.2926941
3 25 10 2 7.526137065 132.843222
3 25 10 3 7.526137065 134.013589
1 25 14 1 4.03029525 80.61

1 25 14 2 6.103654584 122.073092
1 25 14 3 6.103654584 122.073092
2 25 14 1 1.795315054 35.9063011
2 25 14 2 4.642423182 92.8484636
2 25 14 3 4.595769231 91.9153846
3 25 14 1 3.560055355 71.2011071
3 25 14 2 7.327001357 146.540027
3 25 14 3 7.215350539 144.307011
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Appendix 5. First Experimental Run PPCP Uptake Summary Statistics and Data Set.

Crop Obs Variable Mean Std Dev N Minimum Maximum

1 27 Atenolol  22.9960000 20.8927715 25 2.3000000 92.9000000
Diclofenac  4.2480000 16.8251825 25 0 84.8000000
Ofloxacin  59.5240000 151.4264130 25 6.9000000 773.2000000

2 27 Atenolol  13.7048611 23.1983114 24 1.0000000 87.1000000
Diclofenac  1.0000000 0.8570678 24 0 2.5500000
Ofloxacin  30.5708333 36.4304069 24 5.5000000 180.4000000

3 27 Atenolol  19.7160000 94.7706560 25 0.1000000 474.6000000
Diclofenac  1.1160000 2.8186403 25 0 14.3000000
Ofloxacin  22.6800000 58.2870269 25 2.0000000 298.9000000

Crop 1-Cow Pea Crop 2-Swiss chard Crop 3-Turnip
Soil M Obs Variable Mean Std Dev N Minimum Maximum
7 27 Atenolol 5.9266667 7.5837912 25 0.3000000 26.9000000
Diclofenac  0.4860000 0.4270831 25 0 1.5000000

Ofloxacin  16.3980000 14.2047562 25 4.6000000 67.8000000

10 27 Atenolol  13.5934783 20.8941831 23 0.1000000 87.1000000
Diclofenac  0.8913043 0.9282991 23 0  3.1000000
Ofloxacin  22.6891304 16.4118302 23  4.6000000 60.5000000

14 27 Atenolol  35.9961538 92.9631743 26 0.4000000 474.6000000

Diclofenac  4.8250000 16.5591259 26 0 84.8000000
Ofloxacin  71.4230769 158.0233560 26 2.0000000 773.2000000

PPCP_Obs Variable Mean Std Dev N Minimum Maximum

0.5 27 Atenolol 9.5000000 16.7013832 26 0.3000000 69.6500000
Diclofenac  0.5340000 0.5225578 25 0 1.7000000
Ofloxacin  16.9420000 12.4721998 25 3.6000000 52.9000000

5 27 Atenolol  11.9360000 20.2599334 25 0.1000000 87.1000000
Diclofenac  0.9903846 1.1620688 26 0 3.7000000
Ofloxacin  32.8596154 41.4939514 26 2.0000000 180.4000000

25 27 Atenolol  37.0137681 98.0751874 23 0.4000000 474.6000000
Diclofenac  5.1739130 17.6058931 23 0 84.8000000
Ofloxacin  65.6913043 165.8269495 23 4.6000000 773.2000000

88



Cowpea

pPCP Weight Weight Weight SPE

Sample Name | Concentration Sample(g) Extract (g) Extract (g)
B2 5 ug/L (Med) 3.032 0.1187 0.0269

B3 25 pg/L (Hi) 3.031 0.1179 0.0263

B4 0.5 pg/L(Low) 3.005 0.1074 0.0173

B5 25 pg/L (Hi) 3.006 0.1059 0.0116

B6 5 ug/L (Med) 3.005 0.0721 0.0112

B7 0.5 pg/L(Low) 3.023 0.0936 0.0101

B8 0.5 pg/L(Low) 1.417 0.0476 0.0090

B9 5 pg/L (Med) 3.022 0.0963 0.0092
B10 25 pg/L (Hi) 3.020 0.0723 0.0082
B12 5 ug/L (Med) 3.013 0.0653 0.0077
B13 25 pg/L (Hi) 2.691 0.0692 0.0140
B14 0.5 pg/L(Low) 3.007 0.0707 0.0102
B15 25 pg/L (Hi) 3.004 0.0799 0.0169
B16 5 pg/L (Med) 3.003 0.0863 0.0148
B17 0.5 pg/L(Low) 3.002 0.0978 0.0143
B18 0.5 pg/L(Low) 3.005 0.0936 0.0162
B19 5 pg/L (Med) 3.002 0.1089 0.0126
B20 25 pg/L (Hi) 3.003 0.0986 0.0090
B22 5 pg/L (Med) 3.006 0.1111 0.0174
B23 25 pg/L (Hi) No Sample No Sample No Sample
B24 0.5 pg/L(Low) 1.580 0.0552 0.0101
B25 25 pg/L (Hi) 3.000 0.1044 0.0127
B26 5 ug/L (Med) 3.009 0.1039 0.0094
B27 0.5 pg/L(Low) 2.890 0.0945 0.0147
B28 0.5 pg/L(Low) 3.003 0.1389 N/A

B29 5 ug/L (Med) 3.005 0.0750 0.0072
B30 25 pg/L (Hi) 3.000 0.0926 0.0114
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Cow Pea Detected Concentration (ng/g)
Sample ID | Applied PPCP | Atenolol | Diclofenac | Ofloxacin
B2 5 pg/L (Med) 4.4 0.2 28
B3 25 pg/L (Hi) 25.3 0.3 13.8
B4 0.5 pg/L(Low) 19 3.1 38.1
B5 25 pg/L (Hi) 11.3 0.9 12.5
B6 5 pg/L (Med) 4 0.2 6.9
B7 0.5 pg/L(Low) 9.7 3.7 135.4
B8 0.5 pg/L(Low) 12.3 3.1 43.5
B9 5 pg/L (Med) 2.3 0.1 11.2
B10 25 pg/L (Hi) 26.9 0.4 24.9
B12 5 pg/L (Med) 15.5 0.6 23
B13 25 ug/L (Hi) 61.1 0.1 20
B14 0.5 pg/L(Low) 6.7 0.1 10.7
B15 25 ug/L (Hi) 21.4 0 17
B16 5 pg/L (Med) 13.7 104
B17 0.5 pg/L(Low) 7.8 0.5 20
B18 0.5 pg/L(Low) 6.6 0.1 10.7
B19 5 pg/L (Med) 28.5 0.7 16.6
B20 25 pg/L (Hi) 28.2 0.3 21
B22 5 pg/L (Med) 42.6 0.8 215
B24 0.5 pg/L(Low) 12.3 9.9
B25 25 pg/L (Hi) 43.9 3.9 88.1
B26 5 pg/L (Med) 33.6 0.7 24
B27 0.5 pg/L(Low) 6.3 60.5
B29 5 pg/L (Med) 38.6 1.6 47.2
B30 25 pg/L (Hi) 92.9 84.8 773.2
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Compound name: Atenolol

Correlation coefficient: r = 0.993776, 12 = 0.987591

Calibration curve: 57.0195 * x + 24.4322

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: Diclofenac

Correlation coefficient: r = 0.999436, r"2 = 0.998872

Calibration curve: 61.9929 * x + 8.02395

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: Ofloxacin

Coefficient of Determination: R"2 = 0.993416

Calibration curve: 0.102939 * X2 + 56.1225 * x + -6.81989

Response type: External Std, Area

Curve type: 2nd Order, Origin: Exclude, Weighting: 1/x, Ads trans: None
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Swiss Chard

Sample PPCP Weight Weight Weight SPE

Name Concentration Sample(g) Extract (g) Extract (g)

S2 5 pg/L (Med) 1.503 0.1410 0.0265
.0112; .0095;

S3 25 pg/L (Hi) 1.503 0.1372 .0058

S4 0.5 pg/L(Low) 1.502 0.1149 .0147; .0031

S5 25 pg/L (Hi) 0.823 0.0441 0.0073

S6 5 ug/L (Med) 1.500 0.0886 0.0149
.0160; .0045;

S7 0.5 pg/L(Low) 1.502 0.0995 .0003

S8 0.5 pg/L(Low) 0.694 0.0486 0.0075

S9 5 ug/L (Med) 1.512 0.0898 0.0164

S10 25 pg/L (Hi) 0.689 0.0412 0.0096

S12 5 pg/L (Med) 1.504 0.0946 .0088; .0093

S13 25 pg/L (Hi) 1.503 0.0921 .0015; .0075

S14 0.5 pg/L(Low) 1.502 0.0902 0.0086

S15 25 pg/L (Hi) No Sample No Sample No Sample

S16 5 ug/L (Med) No Sample No Sample No Sample

S17 0.5 pg/L(Low) 1.502 0.0843 0.0104

S18 0.5 pg/L(Low) 1.498 0.0873 0.0109

S19 5 ug/L (Med) 1.501 0.1007 0.0137

S20 25 pg/L (Hi) No Sample No Sample No Sample

S22 5 ug/L (Med) 1.501 0.1237 0.0121

S23 25 pg/L (Hi) 1.503 0.1027 0.0145

S24 0.5 pg/L(Low) 1.499 0.0954 0.0095

S25 25 pg/L (Hi) 1.160 0.0823 0.0163

S26 5 ug/L (Med) 1.510 0.1011 0.0171

S27 0.5 pg/L(Low) 1.006 0.0640 0.0116

S28 0.5 pg/L(Low) 0.707 0.0485 0.0077

S29 5 pg/L (Med) 1.508 0.0835 0.0129

S30 25 pg/L (Hi) 1.009 0.0723 0.0119
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Swiss chard Detected Concentration (ng/g)
Sample Name | Applied PPCP | Atenolol | Diclofenac | Ofloxacin
S2 5 pg/L (Med) 1.7 0.2 5.5
S31 25 pg/L (Hi) 35 0.7 13.8
S32 25 pg/L (Hi) 3.3 0.5 16.8
S33 25 pg/L (Hi) 3.6 2.1 16.2
S4 1 pg/L (Low) 4.4 0.2 6.4
S42 1 pg/L (Low) 5.9 2 22.5
S4 wash 1 pg/L (Low) 126 97.1 397.3
S5 25 pg/L (Hi) 4.5 15 13.2
S6 5 pg/L (Med) 2 0.5 11.2
S71 1 pg/L (Low) 3.3 3.7 14.6
S72 1 pg/L (Low) 136 1.4 38.6
S7 wash 1 pg/L (Low) 0.4 0.1 2.3
S8 1 pg/L (Low) 56.3 2.2 180.4
S9 5 pg/L (Med) 1 0.4 9.2
S10 25 ug/L (Hi) 6.7 0.5 11.3
S121 5 pg/L (Med) 3.4 1.1 20.7
S122 5 pg/L (Med) 4.4 0.8 11.2
S131 25 pg/L (Hi) 23 0.4 14.2
S132 25 pg/L (Hi) 24.9 1.4 24.6
S14 1 pg/L (Low) 17 0.2 9.8
S17 1 pg/L (Low) 2.2 0.8 12
S18 1 pg/L (Low) 1.3 0.5 7.8
S19 5 pg/L (Med) 2.7 14.4
S22 5 pg/L (Med) 6.6 1.7 31.1
S23 25 pg/L (Hi) 5.1 2.3 40.7
S24 1 pg/L (Low) 1.9 0.1 67.8
S25 25 pg/L (Hi) 10.1 2.3 46
S26 5 pg/L (Med) 5.9 1.5 22.8
S27 1 pg/L (Low) 15 7.2
S28 1 pg/L (Low) 1.4 0.1 52.5
S29 5 pg/L (Med) 87.1 0.2 52.9
S30 25 pg/L (Hi) 7.8 2.4 45.9
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Compound name: Atenolol

Correlation coefficient: r = 0.997585, r"2 = 0.995175

Calibration curve: 333.646 * x + -27.3579

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: Diclofenac

Correlation coefficient: r = 0.999299, r"2 = 0.998599

Calibration curve: 65.962 * x + 4.1795

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axs trans: None
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Compound name: Ofloxacin

Coefficient of Determination: R"2 = 0.991771

Calibration curve: 0.786388 * x"2 + 52.7349 * x + 33.1893

Response type: External Std, Area

Curve type: 2nd Order, Origin: Exclude, Weighting: 1/x, Axs trans: None
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Turnip

Sample PPCP Weight Weight Weight SPE
Name Concentration Sample(g) Extract (g) Extract (g)
T2 5 pg/L (Med) 3.005 0.1268 0.0212

T3 25 pg/L (Hi) 3.009 0.1205 0.0134

T4 0.5 pg/L(Low) 1.265 0.0326 0.0080

T5 25 pg/L (Hi) 3.001 0.0818 0.0171

T6 5 pg/L (Med) 3.009 0.0925 0.0169

T7 0.5 pg/L(Low) 3.012 0.1096 0.0194

T8 0.5 pg/L(Low) 3.004 0.0792 0.0149

T9 5 pg/L (Med) 3.002 0.1267 0.0183
T10 25 pg/L (Hi) 3.002 0.0662 0.0149
T12 5 ug/L (Med) 3.012 0.1207 0.0148
T13 25 pg/L (Hi) 3.000 0.0894 0.0190
T14 0.5 pg/L(Low) 2.934 0.0126 0.0059
T15 25 pg/L (Hi) 0.940 0.0856 0.0184
T16 5 pg/L (Med) 2.999 0.0923 0.0158
T17 0.5 pg/L(Low) 2.999 0.0908 0.0130
T18 0.5 pg/L(Low) 3.002 0.1738 0.0117
T19 5 pg/L (Med) 3.008 0.1900 0.0138
T20 25 pg/L (Hi) 2.999 0.1452 0.0167
T22 5 ug/L (Med) 3.007 0.1430 0.0160
T23 25 pg/L (Hi) No Sample No Sample No Sample
T24 0.5 pg/L(Low) 2.999 0.1329 N/A

T25 25 pg/L (Hi) 0.484 0.0087 0.0037
T26 5 ug/L (Med) 3.000 0.1152 0.0204
127 0.5 pg/L(Low) 3.008 0.0860 0.0172
T28 0.5 pg/L(Low) 3.000 0.1229 0.0158
T29 5 ug/L (Med) 3.007 0.1195 0.0169
T30 25 pg/L (Hi) 3.000 0.1770 0.0161
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Turnip Detected Concentration (ng/g)
Sample Name Applied PPCP | Atenolol Diclofenac | Ofloxacin
T2 5 pg/L (Med) 0.7 0 3.6
T3 25 pg/L (Hi) 04 0.9 115
T4 1 pg/L (Low) 0.7 0.9 35
T5 25 pg/L (Hi) 0.6 5.6
T6 5 pg/L (Med) 04 0.2 111
T7 1 pg/L (Low) 0.5 0.3 2
T8 1 pg/L (Low) 1.3 0.6 4.5
T9 5 pg/L (Med) 1.2 15
T10 25 pg/L (Hi) 0.5 04 8.2
T12 5 pg/L (Med) 0.3 0.2 4.6
T13 25 pg/L (Hi) 0.8 0.4 6.6
T14 1 pg/L (Low) 21 0.4 39
T15 25 ug/L (Hi) 0.4 0.3 5
T16 5 pg/L (Med) 0.5 6
T17 1 pg/L (Low) 3.9 0.4 15.2
T18 1 pg/L (Low) 0.5 0 5.3
T19 5 pg/L (Med) 0.8 1.2 9.7
T20 25 ug/L (Hi) 0.8 1 7.9
T22 5 pg/L (Med) 0.1 0.8 6.5
T23 25 pg/L (Hi) 0.6 0 4.6
T24 1 pg/L (Low) 0.3 1 10.3
T25 25 ug/L (Hi) 474.6 14.3 298.9
T26 5 pg/L (Med) 0.3 0 15.2
T27 1 pg/L (Low) 0.3 3 25.4
T28 5 pg/L (Med) 0.4 0.6 6.6
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Compound name: Atenolol

Correlation coefficient: r = 0.996801, "2 = 0.993612

Calibration curve: 266.829 * x+-20.6175

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, AXis trans: None
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Compound name: Diclofenac

Correlation coefficient: r = 0.999819, 2 = 0.999638

Calibration curve: 50.7806 * x + 5.72003

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: Ofloxacin

Coefficient of Determination: R"2 = 0.998502

Calibration curve: 0.651842 * x'2 + 30.288 * x + 22.3759

Response type: External Std, Area

Curve type: 2nd Order, Origin: Exclude, Weighting: 1/x, Axs trans: None

Response




Appendix 6. ANOVA Analysis for the First Experimental Trial.

The GLM Procedure

Class Level Information

Class Levels Values

PPCP 3 0.5 5 25
Soil M__ 3 7 1o 14
Crop 3 123
Rep 3 123

Number of Observations Read
Number of Observations Used

The GLM Procedure

Dependent Variable: Atenolol Atenolol

Sum of

Source DF Squares Mean Square
Model 44 155224.7803 3527.8359
Error 29 84268.3570 2905. 8054
Corrected Total 73 239493.1373

R-Square Coeff Var Root MSE Atenolol Mean

0.648139 285.5990 53.90552 18.87455

Source DF Type III SS Mean Square
PPCP 2 13379.03180 6689.51590
ERROR A 6 5067.03860 1266.75965
Soil M__ 2 19130.12982 9565.06491
PPCP*S0il M__ 4 32750.88935 8187.72234
ERROR B 12 46642.95516 3886.91293
Crop 2 2700.72834 1350.36417
PPCP*Crop 4 17021.54606 4255.38651
Soil M_ *Crop 4 15461.51035 3865.37759
PPCP*Soil M__*Crop 8 38609.64287 4826.20536
Error C 29 84268.3570 2905. 8054

o8

81
74

F Value

1.

21

F Value

5.

28

.46

2.11

R R R

.46
.46
.33
.66

Pr > F

0.2939

Pr > F

0.0755

0.1273
.1424

[

.6329
.2385
.2823
.1510

[OREGEN RN



Dependent Variable: Diclofenac

Sum of

Source DF Squares Mean Square
Model 44 4868.765931 110.653771
Error 29 2301.380556 79.357950
Corrected Total 73 7170.146486

R-Square Coeff Var Root MSE Diclofenac Mean
0.679033 416.9606 8.908308 2.136486

Source DF Type III SS Mean Square
PPCP 2 441.8390115 220.9195058
ERROR A 6 586.132642 146.533161
Soil M__ 2 523.539934 261.769967
PPCP*Soil M__ 4 891.246790 222.811697
ERROR B 12 1851.080239 154.256686
Crop 2 72.375787 36.187894
PPCP*Crop 4 109.052448 27.263112
Soil M__ *Crop 4 257.263197 64.315799
PPCP*Soil M__*Crop 8 470.575126 58.821891
Error C 29 2301.380556 79.357950

99

F Value

1.

39

F Value

1.

OO0 OO0

51

.70
.44

.46
.34
.81

74

Pr > F

Q.

1737

Pr > F

[OR)

[OIO RN

.3251

.2238
.2803

.6383
.8463

.5288
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Dependent Variable: Ofloxacin

Sum of

Source DF Squares Mean Square
Model 44 469806.6698 10677.4243
Error 29 211341.3817 7287.6339
Corrected Total 73 681148.0515

R-Square Coeff Var Root MSE Ofloxacin Mean
0.689728 226.5206 85.36764 37.68649

Source DF Type III SS Mean Square
PPCP 2 42304.04742 21152.02371
ERROR A 6 41077.2605 10269.3151
Soil M__ 2 73323.2925 36661.6463
Soil_M__ *Crop 4 22413.5790 5603.3947
ERROR B 12 156635.0066 13052.9172
Crop 2 6329.4593 3164.7296
PPCP*Crop 4 15435.6794 3858.9199
Soil_M__ *Crop 4 22413.5790 5603.3947
PPCP*Soil M__*Crop 8 51477.9863 6434.7483
ERROR C 29 211341.3817 7287.6339
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F Value

1.

47

F Value

[

[ORORORN
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.81
.43

.43
.53
.77
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Pr > F
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Appendix 7. Second Experimental Run Applied Water and PPCP Summary Statistics and Data

Set.
Soil Moist Obs  Variable Mean Std Dev Minimum Maximum
7 45  Total Water 60.9603196  29.5731425 24.4282926 152.1196596
Total PPCP 1.2121810 1.6925688 0.0249468 7.6059830
10 45  Total Water 50.8568187 21.4232429 24.1803279 105.1867615
Total PPCP 0.8443978 0.8708059 0.0241803 3.6182573
14 45  Total Water 52.7159167 19.5292271 24.8050337 95.0697913
Total PPCP 1.1002377 1.2527451 0.0248050 4.2414183
PPCP Obs  Variable Mean Std Dev Minimum Maximum
0.5 45 Total Water 545555556 20.6231673 24.1803279 101.4488960
Total PPCP 0.0545556 0.0206232 0.0241803 0.1014489
5 45 Total Water 59.9153509 23.8355112 24.4282926 105.1867615
Total PPCP 0.5991535 0.2383551 0.2442829 1.0518676
25 45  Total_Water 50.0621486 27.0341701 24.2423882 152.1196596
Total PPCP 2.5031074 1.3517085 1.2121194 7.6059830
Crop Obs Variable Mean Std Dev Minimum Maximum
1 27 Total_Water 29.8589181 6.0605203 24.1803279 48.8565853
Total PPCP 0.6028484 0.6448446 0.0241803 1.8364885
2 27 Total Water 51.4814815 16.9762076 27.7294854 95.0697913
Total_PPCP 1.0283333 1.1738426 0.0290188 4.2414183
3 27 Total Water 52.4074074 14.3961057 26.4481052 82.1603145
Total PPCP 0.9475926 0.9975593 0.0315613 3.1810637
4 27 Total_Water 70.2369756 25.6106729 32.4076256 152.1196596
Total PPCP 1.3412932 1.6920699 0.0380981 7.6059830
Crop 1-Cilantro Crop 2-Lettuce Crop 3-Basil Crop 4-Collards
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Total Water

Total PPCP

Water & FFCF Application
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Applied PPCP

Rep Treatment (ug/L) Soil Moist % | Crop | Total Applied PPCP (ug/L) Total Applied Water (L)
1 5 14 1 0.32638487 32.638487
1 25 7 1 1.484004538 29.6800908
1 0.5 10 1 0.025248139 25.248139
2 25 7 1 1.457783427 29.1556685
2 5 14 1 0.284195026 28.4195026
2 0.5 14 1 0.024981785 24.9817851
3 0.5 14 1 0.048856585 48.8565853
3 5 1 0.244282926 24.4282926
3 25 1 1.461316603 29.2263321
1 5 1 0.457348078 45.7348078
1 25 14 1 1.375524674 27.5104935
1 0.5 14 1 0.024805034 24.8050337
2 25 10 1 1.45572804 29.1145608
2 5 1 0.287336387 28.7336387
2 0.5 1 0.025837887 25.8378871
3 0.5 10 1 0.033480284 33.4802842
3 5 14 1 0.252053509 25.2053509
3 25 10 1 1.21211941 24.2423882
1 5 10 1 0.316267053 31.6267053
1 25 10 1 1.390470788 27.8094158
1 0.5 7 1 0.024946827 24.9468274
2 25 14 1 1.836488533 36.7297707
2 5 10 1 0.328468586 32.8468586
2 0.5 10 1 0.024180328 24.1803279
3 0.5 7 1 0.032663131 32.6631305
3 5 10 1 0.265571462 26.5571462
3 25 14 1 1.576563987 31.5312797
1 5 14 2 0.510684437 51.0684437
1 25 7 2 2.509996523 50.1999305
1 0.5 10 2 0.045696673 45.6966725
2 25 7 2 2.140324406 42.8064881
2 5 14 2 0.950697913 95.0697913
2 0.5 14 2 0.029018778 29.0187781
3 0.5 14 2 0.059874882 59.8748815
3 5 2 0.411280123 41.1280123
3 25 2 2.134274987 42.6854997
1 5 2 0.724974674 72.4974674
1 25 14 2 2.353529207 47.0705841
1 0.5 14 2 0.041753065 41.7530648
2 25 10 2 3.618257261 72.3651452
2 5 7 2 0.620822128 62.0822128
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Applied PPCP

Rep Treatment (ug/L) Soil Moist % | Crop | Total Applied PPCP (ug/L) Total Applied Water (L)
2 0.5 7 2 0.043871992 43.8719915
3 0.5 10 2 0.051907741 51.9077409
3 5 14 2 0.367116732 36.7116732
3 25 10 2 1.39612015 27.922403
1 5 10 2 0.514340889 51.4340889
1 25 10 2 1.38647427 27.7294854
1 0.5 7 2 0.047550263 47.5502627
2 25 14 2 4.241418333 84.8283667
2 5 10 2 0.428479959 42.8479959
2 0.5 10 2 0.04710923 47.1092304
3 0.5 7 2 0.048217378 48.2173776
3 5 10 2 0.821603145 82.1603145
3 25 14 2 2.219604863 44.3920973
1 5 14 3 0.510684437 51.0684437
1 25 7 3 2.509996523 50.1999305
1 0.5 10 3 0.0500092 50.0091996
2 25 7 3 1.605243304 32.1048661
2 5 14 3 0.746918859 74.6918859
2 0.5 14 3 0.03156126 31.5612601
3 0.5 14 3 0.059874882 59.8748815
3 5 3 0.411280123 41.1280123
3 25 3 2.021585653 40.4317131
1 5 3 0.724974674 72.4974674
1 25 14 3 2.353529207 47.0705841
1 0.5 14 3 0.06124885 61.24885

2 25 10 3 2.713692946 54.2738589
2 5 3 0.680818955 68.0818955
2 0.5 7 3 0.062202031 62.2020314
3 0.5 10 3 0.051907741 51.9077409
3 5 14 3 0.367116732 36.7116732
3 25 10 3 1.322405258 26.4481052
1 5 10 3 0.514340889 51.4340889
1 25 10 3 1.38647427 27.7294854
1 0.5 7 3 0.06874195 68.7419503
2 25 14 3 3.18106375 63.621275
2 5 10 3 0.572262186 57.2262186
2 0.5 10 3 0.051236708 51.2367085
3 0.5 7 3 0.048217378 48.2173776
3 5 10 3 0.821603145 82.1603145
3 25 14 3 2.656009089 53.1201818
1 5 14 4 0.559287268 55.9287268
1 25 7 4 3.469814743 69.3962949
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Applied PPCP

Rep | Treatment (pg/L) Soil Moist % | Crop | Total Applied PPCP (pg/L) Total Applied Water (L)
1 0.5 10 4 0.07061631 70.6163097
2 25 7 4 2.304103393 46.0820679
2 5 14 4 0.936627637 93.6627637
2 0.5 14 4 0.038098111 38.0981106
3 0.5 14 4 0.082439262 82.4392624
3 5 4 0.649930123 64.9930123
3 25 4 7.60598298 152.11966
1 5 4 0.923257019 92.3257019
1 25 14 4 3.277108434 65.5421687
1 0.5 14 4 0.06279923 62.7992296
2 25 10 4 2.634442649 52.688853
2 5 4 0.924303589 92.4303589
2 0.5 4 0.101448896 101.448896
3 0.5 10 4 0.05885958 58.85958

3 5 14 4 0.398202261 39.8202261
3 25 10 4 1.620381282 32.4076256
1 5 10 4 0.717455713 71.7455713
1 25 10 4 1.753076823 35.0615365
1 0.5 7 4 0.081584461 81.5844607
2 25 14 4 3.061453958 61.2290792
2 5 10 4 0.589068775 58.9068775
2 0.5 10 4 0.080452993 80.4529934
3 0.5 7 4 0.068701158 68.7011575
3 5 10 4 1.051867615 105.186762
3 25 14 4 3.09355286 61.8710572
1 5 14 5 0.559287268 55.9287268
1 25 7 5 3.469814743 69.3962949
1 0.5 10 5 0.07061631 70.6163097
2 25 7 5 2.304103393 46.0820679
2 5 14 5 0.936627637 93.6627637
2 0.5 14 5 0.038098111 38.0981106
3 0.5 14 5 0.082439262 82.4392624
3 5 5 0.649930123 64.9930123
3 25 5 7.60598298 152.11966
1 5 5 0.923257019 92.3257019
1 25 14 5 3.277108434 65.5421687
1 0.5 14 5 0.06279923 62.7992296
2 25 10 5 2.634442649 52.688853
2 5 5 0.924303589 92.4303589
2 0.5 5 0.101448896 101.448896
3 0.5 10 5 0.05885958 58.85958

3 5 14 5 0.398202261 39.8202261
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Applied PPCP

Rep | Treatment (pg/L) Soil Moist % | Crop | Total Applied PPCP (pg/L) Total Applied Water (L)
3 25 10 5 1.620381282 32.4076256
1 5 10 5 0.717455713 71.7455713
1 25 10 5 1.753076823 35.0615365
1 0.5 7 5 0.081584461 81.5844607
2 25 14 5 3.061453958 61.2290792
2 5 10 5 0.589068775 58.9068775
2 0.5 10 5 0.080452993 80.4529934
3 0.5 7 5 0.068701158 68.7011575
3 5 10 5 1.051867615 105.186762
3 25 14 5 3.09355286 61.8710572
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Appendix 8. Second Experimental Run PPCP Uptake Summary Statistics and Data Set.

Soil M Obs  Variable Mean Std Dev Minimum Maximum
7 45 Atenolol 3.5277778 3.9149976 0.3000000 16.5000000
Diclofenac 0.0055556 0.0232311 0 0.1000000
Ofloxacin 20.7277778 25.8791655 3.2000000 114.4000000
10 45 Atenolol 3.5250000 5.3358826 0.2000000 25.1000000
Diclofenac 0.0114286 0.0322803 0 0.1000000
Ofloxacin 23.5527778 40.2185493 2.9000000 193.6000000
14 45 Atenolol 3.4222222 5.2857821 0.5000000 21.2000000
Diclofenac 0.0027778 0.0166667 0 0.1000000
Ofloxacin 22.0916667 50.0808111 3.6000000 247.6000000
PPCP Obs Variable Mean Std Dev Minimum Maximum
0.5 45 Atenolol 3.8833333 4.8786122 0.2000000 20.9000000
Diclofenac 0.0111111 0.0318728 0 0.1000000
Ofloxacin 23.2916667  35.6564110 2.9000000 194.4000000
5 45  Atenolol 2.6972222 3.3528228 0.5000000 16.5000000
Diclofenac 0 0 0 0
Ofloxacin 17.0222222  23.0615835  3.4000000 114.4000000
25 45 Atenolol 3.8944444 5.9774311 0.3000000 25.1000000
Diclofenac 0.0083333 0.0280306 0 0.1000000
Ofloxacin 26.0583333 54.3336432 3.2000000 247.6000000
Crop Obs Variable Mean Std Dev Minimum Maximum
1 27 Atenolol 2.0259259 2.3328082 0.2000000 8.9000000
Diclofenac 0.0076923 0.0271746 0 0.1000000
Ofloxacin 16.0777778  27.5857869 2.9000000 114.4000000
2 27 Atenolol 5.5074074 6.7300661  0.4000000 21.2000000
Diclofenac 0 0 0 0
Ofloxacin 37.8222222 65.3613643  4.2000000 247.6000000
3 27 Atenolol 3.7370370 5.6965677  0.3000000 25.1000000
Diclofenac 0.0185185 0.0395847 0 0.1000000
Ofloxacin 21.4111111 30.7376033  4.1000000 150.9000000
4 27 Atenolol 2.6962963 2.4948380 0.6000000 8.7000000
Diclofenac 0 0 0 0
Ofloxacin 13.1851852 1 0.2734798  4.9000000 46.7000000

Crop 1-Cilantro

Crop 2-Lettuce Crop 3-Basil

Crop 4-Collards
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Cilantro

pPCP Weight Weight Weight SPE

Sample Name | Concentration Sample(g) Extract (g) Extract (g)
Ci2 25 pg/L (Hi) 1.004 0.1212 0.0820
Ci3 5 ug/L (Med) 1.002 0.1681 0.1095
Ci4 1 pg/L (Low) 1.010 0.1080 0.0652
Ci5 1 pg/L (Low) 1.005 0.1130 0.0526
Ci6 25 pg/L (Hi) 1.002 0.1104 0.0611
Ci7 5 ug/L (Med) 1.007 0.1038 0.0478
Ci8 1 pg/L (Low) 1.004 0.1105 0.0621
Ci9 25 pg/L (Hi) 1.009 0.1149 0.0518
Ci10 5 ug/L (Med) 1.003 0.1335 0.0433
Ci12 25 pg/L (Hi) 1.010 0.1092 0.0462
Ci13 5 ug/L (Med) 1.008 0.1315 0.0589
Cil4 1 pg/L (Low) 1.002 0.1361 0.0675
Ci15 1 pg/L (Low) 1.005 0.1054 0.0544
Cil6 25 pg/L (Hi) 1.007 0.1382 0.0778
Cil7 5 pug/L (Med) 1.004 0.1367 0.0739
Cil8 1 pg/L (Low) 1.002 0.1306 0.0901
Ci19 25 pg/L (Hi) 1.007 0.0978 0.0505
Ci20 5 ug/L (Med) 1.009 0.0868 0.0378
Ci22 25 pg/L (Hi) 1.007 0.0982 0.0389
Ci23 5 ug/L (Med) 1.008 0.0945 0.048
Ci24 1 pg/L (Low) 1.007 0.1251 0.0656
Ci25 1 pg/L (Low) 1.008 0.0958 0.0434
Ci26 25 pg/L (Hi) 1.006 0.0944 0.0443
Ci27 5 ug/L (Med) 1.005 0.0952 0.0414
Ci28 1 pg/L (Low) 1.004 0.1364 0.0718
Ci29 25 pg/L (Hi) 1.007 0.1355 0.0855
Ci30 5 ug/L (Med) 1.002 0.1343 0.0921
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Cilantro Detected Concentration (ng/g)
Sample Name | Applied PPCP | Atenolol | Diclofenac | Ofloxacin
Ci2 25 pg/L (Hi) 0.7 0 4.7
Ci3 5 pg/L (Med) 5.8 0 7.4
Ci4 1 pg/L (Low) 0.2 0 2.9
Ci5 1 pg/L (Low) 0.3 0 3.2
Cib 25 pg/L (Hi) 0.7 0 5.3
Ci7 5 pg/L (Med) 2.3 0 6
Ci8 1 pg/L (Low) 0.9 0 6.3
Ci9 25 pg/L (Hi) 1 0 3.4
Cilo 5 pg/L (Med) 1.2 0 4
Cil2 25 pg/L (Hi) 0.7 0 4.5
Cil3 5 pg/L (Med) 14 0 4.2
Cil4 1 pg/L (Low) 1.2 0 3.6
Cil5 1 pg/L (Low) 1 0 3.5
Cilé 25 pg/L (Hi) 8.9 0 114.4
Cil7 5 pg/L (Med) 7.2 0 75
Cils 1 pg/L (Low) 7.1 0 81.5
Ci19 25 pg/L (Hi) 25 0 11.6
Ci20 5 pg/L (Med) 1.8 0 14.5
Ci22 25 ug/L (Hi) 1.7 0 13.4
Ci23 5 pg/L (Med) 1.7 0 124
Ci24 1 pg/L (Low) 14 0.1 9.5
Ci25 1 pg/L (Low) 1.7 0 5

Ci 26 25 pg/L (Hi) 1.2 0 5.3
Ci27 5 pg/L (Med) 0.6 0.1 3.8
Ci 28 1 pg/L (Low) 0.5 0 9.7
Ci29 25 pg/L (Hi) 0.5 0 7.3
Ci30 5 pg/L (Med) 0.5 0 11.7
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Compound name: Atenolol

Correlation coefficient: r = 0.996818, r"2 = 0.993647
Calibration curve: 315.262 * x+ 19.2894

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Adis trans: None
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Compound name: Diclofenac

Correlation coefficient: r = 0.999747, "2 = 0.999494
Calibration curve: 95.6754 * x+ 17.0365

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: Ofloxacin

Correlation coefficient: r = 0.999538, "2 = 0.999076
Calibration curve: 99.9623 * x + -53.503

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Lettuce

pPCP Weight Weight Weight SPE

Sample Name | Concentration Sample(g) Extract (g) Extract (g)
L2 25 pg/L (Hi) 1.004 0.1488 0.1061
L3 5 ug/L (Med) 1.006 0.1287 0.0982
L4 1 pg/L (Low) 1.005 0.0843 0.0700
L5 1 pg/L (Low) 1.002 0.1206 0.0730
L6 25 pg/L (Hi) 1.009 0.1766 0.1256
L7 5 pug/L (Med) 1.005 0.1624 0.0604
L8 1 pg/L (Low) 1.004 0.1455 0.0710
L9 25 pg/L (Hi) 1.008 0.1377 0.0558
L10 5 ug/L (Med) 1.004 0.1625 0.0796
L12 25 pg/L (Hi) 1.007 0.1477 0.0553
L13 5 ug/L (Med) 1.002 0.1798 0.0917
L14 1 pg/L (Low) 1.008 0.1521 0.0939
L15 1 pg/L (Low) 1.010 0.1916 0.1136
L16 25 pg/L (Hi) 1.005 0.1187 0.0686
L17 5 ug/L (Med) 1.008 0.1191 0.0581
L18 1 pg/L (Low) 1.009 0.1332 0.0616
L19 25 pg/L (Hi) 1.000 0.1028 0.0601
L20 5 ug/L (Med) 1.006 0.1281 0.0826
L22 25 pg/L (Hi) 1.004 0.1207 0.0600
L23 5 ug/L (Med) 1.008 0.0809 0.051
L24 1 pg/L (Low) 1.005 0.1024 0.0581
L25 1 pg/L (Low) 1.001 0.1127 0.0571
L26 25 pg/L (Hi) 1.002 0.1106 0.0579
L27 5 ug/L (Med) 0.747 0.0758 0.0413
L28 1 pg/L (Low) 1.004 0.1382 0.0544
L29 25 pg/L (Hi) 1.007 0.1171 0.0545
L30 5 pg/L (Med) 1.002 0.1566 0.0761
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Lettuce Detected Concentration (ng/g)
Sample Name | Applied PPCP | Atenolol | Diclofenac | Ofloxacin
L2 25 pg/L (Hi) 1 0 12.6
L3 5 pg/L (Med) 1.8 0 7.9
L4 1 pg/L (Low) 0.8 0 6.7
L5 1 pg/L (Low) 1 0 9.6
L6 25 pg/L (Hi) 3 0 8

L7 5 pg/L (Med) 1.3 0 7.7
L8 1 pg/L (Low) 3.7 0 124
L9 25 pg/L (Hi) 1.7 0 9.8
L10 5 pg/L (Med) 15 0 8.8
L12 25 pg/L (Hi) 1 0 7.1
L13 5 pg/L (Med) 21.2 0 247.6
L14 1 pg/L (Low) 20.9 0 194.4
L15 1 pg/L (Low) 18.3 0 193.6
L16 25 pg/L (Hi) 16.5 0 66.9
L17 5 pg/L (Med) 7.9 0 56.2
L18 1 pg/L (Low) 6.1 0 34
L19 25 ug/L (Hi) 1.1 0 8.6
L20 5 pg/L (Med) 12.7 0 49.8
L22 25 ug/L (Hi) 1 0 7.6
L23 5 pg/L (Med) 3.5 0 6.7
L24 1 pg/L (Low) 0.6 0 7.2
L25 1 pg/L (Low) 0.6 0 4.9
L26 25 ug/L (Hi) 1.1 0 7

L27 5 pg/L (Med) 0.4 0 4.2
L28 1 pg/L (Low) 11.3 0 13.7
L29 25 pg/L (Hi) 0.9 0 7.5
L30 5 pg/L (Med) 7.8 0 20.7
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Compound name: Atenolol

Correlation coefficient: r = 0.999130, "2 = 0.998261
Calibration curve: 225.385 * x + 24.4801

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: Diclofenac
Correlation coefficient: r = 0.999219, r"2 = 0.998439
Calibration curve: 57.938 * x+ 19.797
Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: Ofloxacin

Correlation coefficient: r = 1.000000, r2 = 0.999999
Calibration curve: 59.7611 * x + 93.2068

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Basil

PPCP Weight Weight Weight SPE
Sample Name | Concentration Sample(g) Extract (g) Extract (g)
B2 25 pg/L (Hi) 1.009 0.1054 0.0598
B3 5 ug/L (Med) 1.004 0.1225 0.0477
B4 1 pg/L (Low) 1.002 0.1140 0.0555
B5 1 pg/L (Low) 1.005 0.1155 0.0662
B6 25 pg/L (Hi) 1.007 0.1293 0.0462
B7 5 pg/L (Med) 1.003 0.1042 0.0402
B8 1 pg/L (Low) 1.004 0.1362 0.0678
B9 25 pg/L (Hi) 1.004 0.1110 0.0376
B10 5 ug/L (Med) 0.921 0.1516 0.0915
B12 25 pg/L (Hi) 1.009 0.1157 0.0388
B13 5 ug/L (Med) 1.005 0.1250 0.0463
B14 1 pg/L (Low) 1.010 0.1322 0.0482
B15 1 pg/L (Low) 1.010 0.1519 0.0704
B16 25 pg/L (Hi) 1.008 0.1325 0.1135
B17 5 ug/L (Med) 1.007 0.1487 0.0495
B18 1 pg/L (Low) 1.004 0.1178 0.0447
B19 25 pg/L (Hi) 1.008 0.0803 0.0308
B20 5 ug/L (Med) 1.005 0.1173 0.0507
B22 25 pg/L (Hi) 1.006 0.0825 0.0277
B23 5 ug/L (Med) 0.851 0.0752 0.0278
B24 1 pg/L (Low) 1.005 0.0929 0.0405
B25 1 pg/L (Low) 1.001 0.1168 0.0312
B26 25 pg/L (Hi) 1.002 0.1080 0.0318
B27 5 ug/L (Med) 1.010 0.0939 0.0295
B28 1 pg/L (Low) 1.005 0.1430 0.0579
B29 25 pg/L (Hi) 1.008 0.1240 0.0515
B30 5 pg/L (Med) 1.005 0.1350 0.0516
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Basil Detected Concentration (ng/g)
Sample Name | Applied PPCP | Atenolol | Diclofenac | Ofloxacin
Ba2 25 pg/L (Hi) 1.2 0 8.3
Ba3 5 pg/L (Med) 15 0 8.2
Ba4 1 pg/L (Low) 1.8 0.1 104
Bab5 1 pg/L (Low) 0.4 0 7.5
Ba6 25 pg/L (Hi) 2.1 0 7.7
Ba7 5 pg/L (Med) 3.3 0 7.4
Ba8 1 pg/L (Low) 1.6 0 10.5
Ba9 25 pg/L (Hi) 4.5 0 16
Balo 5 pg/L (Med) 0.3 0.1 10.3
Bal2 25 pg/L (Hi) 1 0 6.2
Bal3 5 pg/L (Med) 3 0 4.7
Bal4 1 pg/L (Low) 16.9 0 52.9
Bal5 1 pg/L (Low) 25.1 0.1 150.9
Bal6 25 pg/L (Hi) 8 0 75
Bal7 5 pg/L (Med) 8.1 0 31.1
Bal8 1 pg/L (Low) 10.2 0.1 45.1
Bal9 25 pg/L (Hi) 2.2 0 215
Ba20 5 pg/L (Med) 1.7 0 15.6
Ba22 25 pg/L (Hi) 0.8 0 5.8
Ba23 5 pg/L (Med) 1.9 0 5.6
Ba24 1 pg/L (Low) 0.9 0 12.3
Ba25 1 pg/L (Low) 0.5 0 4.1
Ba26 25 pg/L (Hi) 0.7 0 19.3
Ba27 5 pg/L (Med) 0.9 0 4.9
Ba28 1 pg/L (Low) 0.5 0 9.8
Ba29 25 pg/L (Hi) 1 0 14.9
Ba30 5 pg/L (Med) 0.8 0.1 12.1
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Compound name: Atenolol

Correlation coefficient: r = 0.997879, 2 = 0.995762

Calibration curve: 325.033 * x + -17.3047

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Ads trans: None
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Compound name: Diclofenac

Correlation coefficient: r = 0.999916, r"2 = 0.999832

Calibration curve: 92.3815 * x + 5.68953

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: Ofloxacin

Correlation coefficient: r = 0.998302, r"2 = 0.996607

Calibration curve: 72.9671 * x + -44.482

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, AXis trans: None
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Collards

pPCP Weight Weight Weight SPE
Sample Name | Concentration Sample(g) Extract (g) Extract (g)
Co3 5 ug/L (Med) 1.507 0.2326 0.0897
Co4 1 ug/L (Low) 1.507 0.2052 0.0915
Co5 1 pug/L (Low) 1.507 0.2241 0.0830
Co6 25 ug/L (Hi) 1.505 0.2110 0.0948
Co7 5 ug/L (Med) 1.501 0.2106 0.0704
Co8 1 ug/L (Low) 1.506 0.2278 0.0937
Co9 25 ug/L (Hi) 1.510 0.2168 0.0892
Col0 5 ug/L (Med) 1.509 0.2267 0.0404
Col2 25 ug/L (Hi) 1.504 0.2215 0.0718
Col3 5 ug/L (Med) 1.507 0.2449 0.0993
Col4 1 ug/L (Low) 1.509 0.2257 0.0961
Col5 1 ug/L (Low) 1.508 0.2250 0.0645
Col6 25 ug/L (Hi) 1.509 0.2596 0.1098
Col7 5 ug/L (Med) 1.504 0.2429 0.1479
Col8 1 ug/L (Low) 1.503 0.3677 0.2387
Co19 25 ug/L (Hi) 1.507 0.2945 0.1165
Co20 5 ug/L (Med) 1.508 0.2812 0.1440
Co22 25 ug/L (Hi) 1.502 0.2512 0.0792
Co23 5 ug/L (Med) 1.506 0.2160 0.0421
Co24 1 ug/L (Low) 1.505 0.2361 0.0618
Co25 1 ug/L (Low) 1.508 0.2181 0.0596
Co26 25 ug/L (Hi) 1.504 0.2243 0.0596
Co27 5 ug/L (Med) 1.502 0.2092 0.0503
Co28 1 ug/L (Low) 1.510 0.1977 0.0622
Co29 25 ug/L (Hi) 1.504 0.1854 0.0511
Co30 5 ug/L (Med) 1.500 0.2382 0.0138
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Collards Detected Concentration (ng/g)
Sample Name | Applied PPCP | Atenolol | Diclofenac | Ofloxacin
Co2 25 pg/L (Hi) 1.7 0 9.4
Co3 5 pg/L (Med) 1.8 0 13.1
Co4 1 pg/L (Low) 0.8 0 12.8
Co5 1 pg/L (Low) 2.1 0 7
Cob 25 pg/L (Hi) 2.9 0 12.9
Co7 5 pg/L (Med) 1.2 0 8.1
Co8 1 pg/L (Low) 1.7 0 124
Co9 25 pg/L (Hi) 34 0 9.9
Col0 5 pg/L (Med) 4.1 0 15.3
Col2 25 pg/L (Hi) 0.8 0 9.3
Co13 5 pg/L (Med) 0.8 0 5.7
Col4 1 pg/L (Low) 0.8 0 6.7
Col5 1 pg/L (Low) 11 0 6
Col6 25 pg/L (Hi) 8.7 0 46.7
Col7 5 pg/L (Med) 8.5 0 37.1
Col8 1 pg/L (Low) 5.3 0 24.2
Co19 25 pg/L (Hi) 8.2 0 21
Co20 5 pg/L (Med) 5.6 0 30.1
Co22 25 pg/L (Hi) 2.1 0 7.2
Co23 5 pg/L (Med) 3.9 0 11.8
Co24 1 pg/L (Low) 14 0 6.9
Co25 1 pg/L (Low) 1.2 0 8.3
Co26 25 pg/L (Hi) 1 0 6.3
Co27 5 pg/L (Med) 0.8 0 4.9
Co28 1 pg/L (Low) 0.7 0 6.2
Co29 25 pg/L (Hi) 1.6 0 104
Co30 5 pg/L (Med) 0.6 0 6.3
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Compound name: Atenolol

Correlation coefficient: r = 0.999653, r"2 = 0.999306
Calibration curve: 290.506 * x + 39.436

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Adis trans: None
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Compound name: Diclofenac
Correlation coefficient: r = 0.999731, r"2 = 0.999461
Calibration curve: 81.5495 * x + 21.581
Response type: External Std, Area
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Compound name: Ofloxacin
Coefficient of Determination: R"2 = 0.999998
Calibration curve: 0.668847 * X2 + 98.5588 * x + -65.3759
Response type: External Std, Area

Curve type: 2nd Order, Origin: Exclude, Weighting: 1/x, AXis trans: None
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Appendix 9. Supplemental Experimental Run PPCP Uptake Summary Statistics and Data Set
(Beets and Pepper).

Beets
Soil M Obs Variable Mean Std Dev Minimum Maximum
7 3 Atenolol 2.2000000 1.2529964 0.9000000 3.4000000
Diclofenac  0.0333333 0.0577350 0 0.1000000
Ofloxacin  33.9666667 0.0819549 23.5000000 45.4000000
10 2 Atenolol 3.6500000 3.4648232 1.2000000 6.1000000
Diclofenac 0 0 0 0
Ofloxacin 33.2500000 10.8187338 25.600000  40.90000
14 1 Atenolol 2.6000000 0 2.600000 2.6000000
Diclofenac 0.1000000 0 0.100000 0.1000000
Ofloxacin 33.1000000 0 33.100000 33.1000000
Pepper
Soil M Obs Variable Mean Std Dev Minimum Maximum
7 3 Atenolol 24.8000000 17.0941510 12.4000000 44.3000000
Diclofenac 0.1666667  0.1527525 0 0.3000000
Ofloxacin 263.2000000 258.6392082 74.4000000 558.0000000
10 6 Atenolol 36.1833333 15.9875472 15.2000000 57.0000000
Diclofenac 0.5500000 0.3316625  0.1000000 0.8000000
Ofloxacin 357.4000000 193.1095958 59.7000000 561.5000000
14 2 Atenolol 51.8000000 57.9827561 10.8000000 92.8000000

Diclofenac 0.2500000 0.3535534 0 0.5000000
Ofloxacin 174.3000000 155.8463346 64.1000000 284.5000000
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Beets

Detected Concentration (ng/g)

Sample
Name

Applied
PPCP (ug/L)

Soil Moisture (%)

Atenolol

Diclofenac

Ofloxacin

Be 2

25

14

2.6

0.1

33.1

Be 4

0.5ug/L

10

6.1

25.6

Be 8

0.5ug/L

7

3.4

0.1

33

Be 12

25ug/L

7

0.9

45.4

Be 15

0.5ug/L

10

1.2

40.9

Compound name: Atenolol

Correlation coefficient: r = 0.998769, 2 = 0.997539
Calibration curve: 114.824 * x + 13.4706

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None

Compound name: Diclofenac

Correlation coefficient: r = 0.999402, r"2 = 0.998805
Calibration curve: 35.3573 * x + 4.32743

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: Ofloxacin
Correlation coefficient: r = 0.999983, 12 = 0.999966
Calibration curve: 31.7734 * x + -12.8746
Response type: External Std, Area
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Peppers

Detected Concentration (ng/g)

Sample
Name

Applied PPCP
(ug/L)

Soil Moisture (%)

Atenolol

Diclofenac

Ofloxacin

P5

0.5

7

44.3

0

558

P9

25

10

37.6

561.5

P16

25

10

57

0.8

457.4

P17

5

10

30.6

0.5

400

P22

25

10

15.2

479.8

Compound name: Atenolol

Correlation coefficient: r = 0.998494, "2 = 0.996990
Calibration curve: 143.301 * x+ 16.0774

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None

Compound name: Diclofenac

Correlation coefficient: r = 0.996029, 2 = 0.992073
Calibration curve: 39.8128 * x+ 0.675106

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Ads trans: None
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Compound name: Ofloxacin
Correlation coefficient: r = 0.999815, r"2 = 0.999630
Calibration curve: 39.8326 * x + -15.4346
Response type: External Std, Area
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axds trans: None
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Appendix 10. Supplemental Experimental Run Additional PPCP Root Tissue Values and

Summary Statistics (Cilantro and Pepper).

Cilantro Roots

Soil M Obs Variable Mean Std Dev Minimum Maximum
7 3 Atenolol 4.6333333 1.7009801 2.9000000 6.3000000
Diclofenac 0.2000000 0.0 0.2000000 0.2000000
Ofloxacin 23.6666667 6.2740205 17.1000000 29.6000000
10 3 Atenolol 4.0666667 3.9272552 1.7000000 8.6000000
Diclofenac 0.2000000 0.1414214 0.1000000 0.3000000
Ofloxacin 30.9333333 30.8084945 12.5000000 66.5000000
14 3 Atenolol 12.7666667 15.8985324 1.8000000 31.0000000
Diclofenac 0.9000000 0.0 0.9000000 0.9000000
Ofloxacin 3 26.9333333 15.5178392 9.7000000 39.8000000
Pepper Roots
PPCP__ Obs Variable Mean Std Dev Minimum Maximum
0.5 1 Atenolol 41.3000000 0.0 41.3000000 41.3000000
Diclofenac 0.0 0.0 0 0
Ofloxacin 1.0000000 0.0 1.0000000 1.0000000
5 1 Atenolol 34.1000000 0.0 34.1000000 34.1000000
Diclofenac 0.0 0.0 0 0
Ofloxacin 1.1000000 0.0 1.1000000 1.1000000
25 1 Atenolol 31.1000000 0.0 31.1000000 31.1000000
Diclofenac 1.0000000 0.0 1.0000000 1.0000000
Ofloxacin 1.0000000 0.0 1.0000000 1.0000000
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Appendix 11. Residual PPCP Uptake Experiment Summary Statistics, Data Set and ANOVA.

Soil _Moist Obs Variable Mean Std Dev Minimum Maximum
6 Atenolol 4,1333333 4.0519954 0.6000000 9.4000000
Diclofenac 0.1000000 0.1095445 0 0.3000000
Ofloxacin 37.0666667 29.8186966 6.3000000 77.4000000
6 Atenolol 5.3600000 4.7930158  1.9000000 13.0000000
Diclofenac 0.0200000 0.0447214 0 0.1000000
Ofloxacin 30.5333333 28.3132242 4.6000000 84.6000000
6 Atenolol 4.3500000 3.5898468 0.5000000 8.7000000
Diclofenac 0.0800000 0.0836660 0 0.2000000
Ofloxacin 41.0666667 31.3207705 6.4000000 80.1000000
Crop Obs Variable Mean Std Dev Minimum Maximum
9 Atenolol 4.2625000 3.5322747 0.5000000  9.1000000
Diclofenac 0.0666667 0.0707107 0 0.2000000
Ofloxacin 39.6000000 28.9812008 4.6000000 80.1000000
9 Atenolol 4.8444444  4.3903619 0.7000000 13.0000000
Diclofenac 0.0714286 0.1112697 0 0.3000000
Ofloxacin 32.8444444 29.0979858 6.3000000 84.6000000
Crop 1- S. chard Crop 2- Cilantro
Obs Rep | Crop Soil Moist | Atenolol | Diclofenac | Ofloxacin
R1-7C 1 1 7 9.1 0 77.4
R1-7SA 1 2 7 9.4 0 71.5
R1-14C 1 1 14 8.7 0 80.1
R1-14SA 1 2 14 8.5 51.2
R1-10C 1 1 10 7.2 0.1 32.8
R1-10SB 1 2 10 13 84.6
R2-7C 2 1 7 2.7 0.1 17.9
R2-7SA 2 2 7 2.3 0.1 22.3
R214C 2 1 14 3.1 0.1 18.7
R2-14SB 2 2 14 4.4 0.1 17.2
R2-10C 2 1 10 2.2 0 25.1
R2-10SB 2 2 10 2.5 0 23.8
R3-7C 3 1 7 0.6 0.1 27
R3-75B 3 2 7 0.7 0.3 6.3
R3-14C 3 1 14 0.5 0.2 72.8
R3-14SB 3 2 14 0.9 0 6.4
R3-10C 3 1 10 0 4.6
R3-10SB 3 2 10 1.9 0 12.3
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Compound name: Atenolol

Correlation coefficient: r = 0.998630, "2 = 0.997261

Calibration curve: 347.468 * x + 18.7342

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: Diclofenac

Correlation coefficient: r = 0.999217, "2 = 0.998435

Calibration curve: 131.403 * x + 3.28009

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: Ofloxacin
Correlation coefficient: r = 0.999302, r'2 = 0.998605
Calibration curve: 111.979 * x+ -35.9859
Response type: External Std, Area
Curve type: Linear, Origin: Exclude, Weighting: 1/, Axis trans: None
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Dependent Variable: Atenolol

The GLM Procedure

Class Level Information

Class Levels Values
Rep 3 123
Crop 2 12
Soil_Moist 3 7 10 14
Number of Observations Read 18
Number of Observations Used 18

Residual test ANOVA

The GLM Procedure

Sum of

Source DF Squares Mean Square F Value
Model 11 254.0016667 23.0910606 15.92
Error 6 8.7033333 1.4505556
Corrected Total 17 262.7050000

R-Square Coeff Var Root MSE Atenolol Mean

0.966870 27.90093 1.204390 4.316667
Source DF Type III SS Mean Square F Value
Soil_Moist 2 0.34333333 0.17166667 0.00
ERROR A 6 242.6166667 40.4361111
Crop 1 5.0138889 5.0138889 3.46
Crop*Soil_Moist 2 6.0277778 3.0138889 2.08
Error 6 8.7033333 1.4505556
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The GLM Procedure

Dependent Variable: Diclofenac

Sum of
Source DF Squares Mean Square F Value Pr > F
Model 11 0.09277778 0.00843434 1.69 0.2694
Error 6 0.03000000 0.00500000
Corrected Total 17 0.12277778
R-Square Coeff Var Root MSE Diclofenac Mean
0.755656 115.7084 0.070711 0.061111
Source DF Type III SS Mean Square F Value Pr > F
Soil_Moist 2 0.02111111 0.01055556 1.12 0.3867
ERROR A 6 0.05666667 0.00944444
Crop 1 0.00055556 0.00055556 0.11 0.7502
Crop*Soil_Moist 2 0.01444444 0.00722222 1.44 0.3075
Error 6 0.03000000 0.00500000
The GLM Procedure
Dependent Variable: Ofloxacin
Sum of
Source DF Squares Mean Square F Value Pr > F
Model 11 11669.92778 1060.90253 3.14 0.0861
Error 6 2028.26333 338.04389
Corrected Total 17 13698.19111
R-Square Coeff Var Root MSE Ofloxacin Mean
0.851932 50.75881 18.38597 36.22222
Source DF Type III SS Mean Square F Value Pr > F
Soil_Moist 2 339.2711111 169.6355556 0.11 0.8962
ERROR A 6 9122.270000 1520.378333
Crop 1 205.368889 205.368889 0.61 0.4653
Crop*Soil_Moist 2 2003.017778 1001.508889 2.96 0.1274
Error 6 2028.26333 338.04389
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Appendix 12. PPCP Degradation Study.

With the purpose of determining the degradation rate due to ambient conditions of the
evaluated PPCPs, and the role soil moisture levels could potentially have on such, an 84 d
chemical degradation study was performed. 5o0mL glass vials were filled with 10g of soil (silica
sand) and were subjected to the following 3 soil moisture levels: estimated field capacity [-0.99
kPa] (1.69g of water in 10g of soil), 75% field capacity [-1.81 kPa] (1.23g of water in 10g of soil),
and 50% field capacity [-4.26 kPa] (0.68g of water in 10g of soil). Water weight values relating
to the soil moisture levels (%) were determined using the equation obtained from the Water
mass to soil moisture percentage ratio curve (Figure 2): y=0.027x + 4.5482, and using the
original soil mass (5130.5g) present in developing such curve as the comparative proportion
value in relation to the corresponding amount of water to be added. The vials undergoing the
prescribed soil moisture regimes were buried in the soil within the experimental plots where the
PPCP uptake trials took place with their tops exposed and uncovered. One set of 3 vials per week
was not buried, directly exposed to aboveground ambient conditions, and maintained at field
capacity. These vials were assigned as the ambient condition treatment.

Soil samples were initially saturated to their corresponding weight with a 5oug/L PPCP solution
containing atenolol, diclofenac and ofloxacin. For each soil moisture levels and the ambient
treatment there were 3 repetitions for each week, for 12 weeks. Every week, the corresponding
set of vials was removed and extracted for analysis, while the remaining vials were weighed and
replenished with tap water to their specified weight. Vials were removed and extracted on

assigned days 7, 14, 21, 28, 42, 56, and 84.

Atenolol Mean Degradation Values (ng/g)
Field 75% Field 50% Field Ambient
Time Capacity Capacity Capacity Conditions
(Days) [-0.99 kPa] [-1.81 kPa] [-4.26 kPa] [-0.99 kPa]
7 3.10 18.81 4.10 5.68
14 4.11 9.88 1.82 4.43
21 4.40 26.12 1.43 1.33
28 2.28 3.10 0.33 1.37
42 0.44 4.53 0.07 0.07
56 3.15 15.10 1.46 1.56
84 4.34 0.09 0.28 0.27
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Diclofenac Mean Degradation Values (ng/g)

Field 75% Field 50% Field Ambient
Time Capacity Capacity Capacity Conditions
(Days) [-0.99 kPa] [-1.81 kPa] [-4.26 kPa] [-0.99 kPa]
7 62.68 18.81 25.41 8.91
14 29.45 9.88 6.81 7.29
21 59.78 26.12 7.38 5.73
28 18.53 3.10 0.00 0.03
42 5.21 4.53 2.98 0.11
56 52.76 15.10 14.02 10.16
84 1.03 0.09 0.27 0
Ofloxacin Mean Degradation Values (ng/g)
Field 75% Field 50% Field Ambient
Time Capacity Capacity Capacity Conditions
(Days) [-0.99 kPa] [-1.81 kPa] [-4.26 kPa] [-0.99 kPa]
7 1.96 0.47 0.57 0.51
14 0.26 0.25 0.27 0.22
21 0.00 0.00 0.00 0.00
28 0.01 0.05 0.01 0.03
42 0.31 0.24 0.20 0.21
56 0.24 0.15 0.21 0.20
84 0.20 0.23 0.20 0.19
Atenolol degradation under different soil
moisture levels
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Dicloflenac degradation under different soil
moisture levels
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Based on the obtained LCMS results, the overall trend regarding the degradation of the studied
PPCPs is an initial extreme degradation within the first 21 days of exposure, with low lingering
concentrations thereafter which eventually degrade completely or almost completely at the end
of 84 days. Ambient condition samples degraded at relatively the same rate as soil buried
samples. The contrasting and irregular degradation patterns of atenolol under the 75% field
capacity treatment and diclofenac under the field capacity treatment are probably due to sample

contamination or irregular exposure to the ambient conditions during the study.

132



Week 1

Sample Ofloxacin | Diclofenac Atenolol
name Soil moist. % [pressure] (ng/g) (ng/g) (ng/g)
1/Fa Field Capacity [-0.99 kPa] 2.6 319.3 194
1/Fb Field Capacity 3.8 225.8 6.1
1/Fc Field Capacity 23.1 396.2 21
1/75a | .75 Field Cap. [-1.81 kPa] 4.8 84.8 25.7
1/75b .75 Field Cap. 1.2 155.8 9.3
1/75c .75 Field Cap. 1 41.8 2.6
1/50a .50 Field Cap [-4.26 kPa] 2.3 209.2 53
1/50b .50 Field Cap 1.5 35.9 2.4
1/50c .50 Field Cap 4.8 136.5 6.1
1/Aa Ambient-Field Cap. [-0.99 kPa] 35 101.5 30.2
1/Ab Ambient-Field Cap. 0.8 20 24.5
1/Ac Ambient-Field Cap. 34 12.3 30.6
St1 Standard (0.05ppm) 2.9 504.2 272.1
Week 2
Sample Ofloxacin | Diclofenac Atenolol
name Soil moist. % [pressure] (ng/g) (ng/g) (ng/g)
2/Fa Field Capacity [-0.99 kPa] 0.9 19 9.1
2/Fb Field Capacity 2.1 374.4 34.1
2/Fc Field Capacity 0.9 48.8 18.5
2/75a .75 Field Cap. [-1.81 kPa] 0.9 32.5 10.7
2/75b .75 Field Cap. 1.3 44.8 10.2
2/75c¢ .75 Field Cap. 1.5 71 14
2/50a .50 Field Cap [-4.26 kPa] 1.1 37.6 9.4
2/50b .50 Field Cap 1.5 25.4 10.6
2/50c .50 Field Cap 14 39.2 7.3
2/Aa Ambient-Field Cap. [-0.99 kPa] 0.9 28.4 16.4
2/Ab Ambient-Field Cap. 1 49.3 28.4
2/Ac Ambient-Field Cap. 1.4 31.7 21.7
St2 Standard (0.05ppm) 59.6 448.4 216.3
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Week 3

Sample Ofloxacin | Diclofenac Atenolol
name Soil moist. % [pressure] (ng/g) (ng/g) (ng/g)
3/Fa Field Capacity [-0.99 kPa] 0 299.5 25
3/Fb Field Capacity 0 275.8 21.6
3/Fc Field Capacity 0 322.4 19.5
3/75a | .75 Field Cap. [-1.81 kPa] 0 129.2 6.8
3/75b .75 Field Cap. 0 113.9 9.8
3/75c .75 Field Cap. 0 149.1 8.4
3/50a .50 Field Cap [-4.26 kPa] 0 48.5 7.6
3/50b .50 Field Cap 0 46.5 7.1
3/50c .50 Field Cap 0 15.8 6.7
3/Aa Ambient-Field Cap. [-0.99 kPa] 0 40.8 8.3
3/Ab Ambient-Field Cap. 0 0 0.7
3/Ac Ambient-Field Cap. 0 45.3 11
St3 Standard (0.05ppm) 35 4435 188.1
Week 4
Sample Ofloxacin | Diclofenac Atenolol
name Soil moist. % [pressure] (ng/g) (ng/g) (ng/g)
4/Fa Field Capacity [-0.99 kPa] 0.1 99.8 18
4/Fb Field Capacity 0 83.6 13
4/Fc Field Capacity 0 94.8 3.2
4/75a | .75 Field Cap. [-1.81 kPa] 0 1.9 3.7
4/75b .75 Field Cap. 0 27.7 6.9
4/75c .75 Field Cap. 0.7 17 5.6
4/50a .50 Field Cap [-4.26 kPa] 0 0 1.4
4/50b .50 Field Cap 0 0 3
4/50c .50 Field Cap 0.1 0 0.5
4/Aa Ambient-Field Cap. [-0.99 kPa] 0.5 0.3 11.6
4/Ab Ambient-Field Cap. 0 0 6.9
4/Ac Ambient-Field Cap. 0 0.2 2
St4 Standard (0.05ppm) 2.3 374.2 246.7
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Week 6
Sample Ofloxacin | Diclofenac Atenolol
name Soil moist. % [pressure] (ng/g) (ng/g) (ng/g)
6/Fa Field Capacity [-0.99 kPa] 1.2 26.8 1.6
6/Fb Field Capacity 2.1 8 4.1
6/Fc Field Capacity 1.3 43.4 0.9
6/75a | .75 Field Cap. [-1.81 kPa] 1.4 22 0.3
6/75b .75 Field Cap. 1.1 24.9 0.1
6/75c¢ .75 Field Cap. 1.1 21.1 0.1
6/50a .50 Field Cap [-4.26 kPa] 0.9 15.3 0.3
6/50b .50 Field Cap 1.1 184 0.5
6/50c .50 Field Cap 1 11 0.3
6/Aa Ambient-Field Cap. [-0.99 kPa] 1.3 0.2 0.3
6/Ab Ambient-Field Cap. 1 0.1 0.2
6/Ac Ambient-Field Cap. 0.9 1.3 0.5

Week 8
Sample Ofloxacin | Diclofenac Atenolol
name Soil moist. % [pressure] (ng/g) (ng/g) (ng/g)
8/Fa Field Capacity [-0.99 kPa] 1.2 186.7 10.6
8/Fb Field Capacity 1.2 235.3 25.8
8/Fc Field Capacity 1.2 370.3 10.9
8/75a .75 Field Cap. [-1.81 kPa] 1.1 85.5 8.4
8/75b .75 Field Cap. 1.1 70.2 6.6
8/75¢ .75 Field Cap. 71.1 15.2
8/50a .50 Field Cap [-4.26 kPa] 58.5 10.6
8/50b .50 Field Cap 80 7.3
8/50c .50 Field Cap 1.1 72 4.1
8/Aa Ambient-Field Cap. [-0.99 kPa] 24 5
8/Ab Ambient-Field Cap. 118.4 15.1
8/Ac Ambient-Field Cap. 10.1 3.3
St8 Standard (0.05ppm) 1.4 294.3 136.2
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Week 12

Sample Ofloxacin | Diclofenac Atenolol
name Soil moist. % [pressure] (ng/g) (ng/g) (ng/g)
12/Fa Field Capacity [-0.99 kPa] 1.0 8.2 15.2
12/Fb Field Capacity 1.0 6.2 46.8
12/Fc Field Capacity 1.0 1.1 3.2
12/75a | .75 Field Cap. [-1.81 kPa] 1.4 0 3.4
12/75b | .75 Field Cap. 1.0 0.6 1.5
12/75c | .75 Field Cap. 1.0 0.8 1
12/50a | .50 Field Cap [-4.26 kPa] 1.0 1.3 0.6
12/50b | .50 Field Cap 1.0 1.2 1.9
12/50c | .50 Field Cap 1.0 1.5 1.7
12/Aa Ambient-Field Cap. [-0.99 kPa] 0.9 0 1.4
12/Ab | Ambient-Field Cap. 0.9 0 1.8
12/Ac Ambient-Field Cap. 1.0 0 0.9
St12 Standard (0.05ppm) 0.9 226.3 161.5
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Appendix 13. Extended Control Blocks Orthogonal Contrast Analysis for Plant Biomass Study.

Step 0. Define orthogonal contrasts
Step 1. Calculate correction factor (CF)
(2Y;)?

rt
Step 2. Calculate Total SS

Total SS = (ZY;;)? — CF

Step 3. Calculate Replicate SS

Y_Z
Rep SS = %— CF

Step 4. Calculate Treatment SS

v, 2
Trt SS = T —CF

Step 5. Calculate Error SS
Error S§S = Total SS — Rep SS — Trt SS

Step 6. Analyze via ANOVA

Contrasts Soil Moist
Block 1 7%
Comparison Block 2 10%
Control PPCP Treatment | Block 3 14%
Block-Crop Mean for all PPCP treated
Response experimental units under given soil
to PPCP 1 -1 | moisture %
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Cowpea Aboveground Biomass

Cowpea Belowground Biomass

Trt Trt

Treatment Block Trt Total | Mean Treatment Block Trt Total | Mean

1 2 3 1 2 3
Control 151.50 174.67 119.17 445.33 148.44 | Control 67.73 23.8 | 143.9242 235.46 78.49
PPCP 125.64 180.44 111.90 417.99 139.33 | PPCP 73.70 88.97 70.18 232.85 77.62
Block Total 277.14 355.11 231.07 863.32 Block Total 141.43 112.77 214.10 468.31
Block Mean 138.57 177.55 115.54 143.89 | Block Mean 70.72 56.39 107.05 78.05
CF 124220.9 CF 36551.83
ANOVA ANOVA
Source of Var. df SS MS F F.05 Source of Var. df SS MS F F.05
TOTAL 51| 4308.5515 TOTAL 5| 7589.105
Block 2 | 3931.1967 | 1965.598 | 15.55453 19 | Block 2 | 2728.382 | 1364.191 | 0.561443 19
Trt [1] 12461824 Trt [1] 1130977
Control vs PPCP 124.61824 | 124.6182 | 0.986152 18.51 | Control vs PPCP 1| 1.130977 | 1.130977 | 0.000465 18.51
Error 252.73648 | 126.3682 Error 2 | 4859.592 | 2429.796
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Swiss Chard Aboveground Biomass

Swiss Chard Belowground Biomass

Trt Trt

Treatment Block Trt Total | Mean Treatment Block Trt Total | Mean

1 2 3 1 2 3
Control 2.78 14.78 7.44 25.00 8.33 | Control 87.08 23.8 | 131.9306 242.81 80.94
PPCP 13.27075 15.26 28.53 14.27 | PPCP 66.18 67.68 50.58 184.43 61.48
Block Total 16.05 30.04 7.44 53.53 Block Total 153.26 91.48 182.51 427.25
Block Mean 8.02 15.02 7.44 10.71 | Block Mean 76.63 45.74 91.25 71.21
CF 477.6422 CF 30423.51
ANOVA ANOVA
Source of Var. df SS Ms F F.05 Source of Var. df SS MsS F F.05
TOTAL 51 212.94568 TOTAL 5 6650.2
Block 2 | 130.06694 | 65.03347 | 1.609787 19 | Block 2 | 2159.596 | 1079.798 | 0.550556 19
Trt [1] 2.0811296 Trt [1] 568.0278
Control vs PPCP 2.0811296 | 2.08113 | 0.051515 18.51 | Control vs PPCP 568.0278 | 568.0278 | 0.28962 18.51
Error 80.79761 | 40.39881 Error 3922.576 | 1961.288
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Turnip Aboveground Biomass

Turnip Belowground Biomass

Trt Trt

Treatment Block Trt Total | Mean Treatment Block Trt Total | Mean

1 2 3 1 2 3
Control 213.89 233.67 115.83 563.39 187.80 | Control 36.41 | 83.08081 | 43.67521 163.17 54.39
PPCP 231.5405 196.95 180.94 609.43 203.14 | PPCP 37.62 26.76 22.53 86.91 28.97
Block Total 445.43 430.62 296.77 1172.82 Block Total 74.03 109.84 66.21 250.08
Block Mean 222.71 215.31 148.39 195.47 | Block Mean 37.01 54.92 33.10 41.68
CF 229252.3 CF 10423.08
ANOVA ANOVA
Source of Var. df SS Ms F F.05 Source of Var. df SS MsS F F.05
TOTAL 5 | 9654.6465 TOTAL 51 2351.544
Block 2 | 6705.5059 | 3352.753 | 2.583232 19 | Block 2 | 541.2759 | 270.638 | 0.643674 19
Trt [1] 353.35941 Trt [1] 969.3519
Control vs PPCP 353.35941 | 353.3594 | 0.272257 18.51 | Control vs PPCP 969.3519 | 969.3519 | 2.305466 18.51
Error 2595.7812 | 1297.891 Error 840.9164 | 420.4582
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Appendix 14. Plant Biomass Study Summary Statistics, ANOVA, Mean Comparisons , and

Data Set.
PPCP _Obs Variable Mean Std Dev Std Error Variance N
0.5 27 Abov_Bio 107.7676981 95.7744472 18.4318010 9172.74 27
Below_Bio 37.4789971 33.0857677 6.3673590 1094.67 27
_Biomass_Ratio 1.7410276 2.8716349 0.5526464 8.2462871 27
5 27 Abov_Bio 134.9832927 124.4123637 23.9431706 15478.44 27
Below_Bio 81.2880509 64.0421189 12.3249115 4101.39 27
_Biomass_Ratio 2.1142068 2.7568930 0.5305643 7.6004592 27
25 27 Abov_Bio 109.1440871 118.0166297 22.7123110 13927.92 27
Below_Bio 49.2969070 50.5722852 9.7326408 2557.56 27
_Biomass_Ratio 2.9248647 6.3277834 1.2177825 40.0408434 27
Soil M_Obs Variable Mean Std Dev Std Error Variance N
7 27 Abov_Bio 116.6258356 115.0425600 22.1399510 13234.79 27
Below_Bio 52.7529784 51.3457628 9.8814967 2636.39 27
_Biomass_Ratio 2.5312973 3.8130594 0.7338236 14.5394221 27
10 27 Abov_Bio 124.5220715 123.1367343 23.6976756 15162.66 27
Below_Bio 66.0943625 59.1741410 11.3880687 3501.58 27
_Biomass_Ratio 2.1325377 4.8223438 0.9280605 23.2549999 27
14 27 Abov_Bio 110.7471707 102.8133994 19.7864479 10570.60 27
Below_Bio 49.2166141 50.1803184 9.6572068 2518.06 27
_Biomass_Ratio 2.1162641 4.3288820 0.8330937 18.7392197 27
Crop Obs Variable Mean Std Dev Std Error Variance N
1 27 Abov_Bio 139.3296857 62.8505433 12.0955927 3950.19 27
Below_Bio 77.6169184 64.6644113 12.4446718 4181.49 27
_Biomass_Ratio 0.5520557 0.5163838 0.0993781 0.2666523 27
2 27 Abov_Bio 13.4180327 10.0206202 1.9284693 100.4128299 27
Below_Bio 61.4781265 51.7655071 9.9622765 2679.67 27
_Biomass_Ratio 6.0893380 5.7832386 1.1129848 33.4458488 27
3 27 Abov_Bio 199.1473594 127.8652770 24.6076840 16349.53 27
Below_Bio 28.9689101 26.1574839 5.0340101 684.2139636 27
_Biomass_Ratio 0.1387054 0.0764499 0.0147128 0.0058446 27
Crop 1-Cowpea Crop 2- Swiss chard Crop 3-Turnip
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Aboveground Biomass

Class
PPCP
Soil |
Crop

Rep

Split-split plot CRD

The GLM Procedure

Class Level Information

Levels

Mi

Values

3 0.5 5 25

3 7 10 14

Number of Observations Read 81
Number of Observations Used 81
Aboveground Biomass
Split-split plot CRD
The GLM Procedure
Dependent Variable: Abov_Bio Abov Bio
Sum of

Source DF Squares Mean Square F Value
Model 44 702530.332 15966.598 1.84
Error C 36 313218.649 8700.518

Corrected Total 80 1015748.981

R-Square Coeff Var Root MSE Abov_Bio Mean
0.691638 79.52078 93.27657 117.2984

Source DF Type III SS Mean Square F Value
PPCP 2 12692.2283 6346.1141 0.57
Error A 6 44721.3494 11180.3374

Soil M 2 2579.9142 1289.9571 0.31
PPCP*Soil M 4 2971.7564 742.9391 0.18
Error B 12 50738.4465 4228.2038

Crop 2 485345.5312 242672.7656 27.89
PPCP*Soil M *Crop 8 14801.2166 1850.1521 0.21
Soil M *Crop 4 6381.8580 1595.4645 0.18
PPCP*Crop 4 5949.3653 1487.3413 0.17
Error C 36 313218.649 8700.518
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Duncan's Multiple Range Test for Abov_Bio

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error

rate.
Alpha 0.05
Error Degrees of Freedom 36
Error Mean Square 8700.518
Number of Means 2 3
Critical Range 51.49 54.13

Means with the same letter are not significantly different.

Duncan Grouping Mean N Crop
A 199.15 27 3
B 139.33 27 1
C 13.42 27 2

t Tests (LSD) for Abov_Bio

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error

rate.
Alpha 0.05
Error Degrees of Freedom 36
Error Mean Square 8700.518
Critical Value of t 2.02809

Least Significant Difference 51.487

Means with the same letter are not significantly different.

t Grouping Mean N Crop
A 199.15 27 3
B 139.33 27 1
C 13.42 27 2
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Belowground Biomass
Split-split plot CRD

The GLM Procedure

Class Level Information

Class Levels Values

PPCP 3 0.5 5 25

Soil M 3 7 10 14

Crop 3 123

Rep 3 123

Number of Observations Read 81
Number of Observations Used 81
Belowground Biomass
Split-split plot CRD
The GLM Procedure
Dependent Variable: Below Bio
Sum of
Source DF Squares Mean Square F Value
Model 44 203321.6921 4620.9475 6.39
Error C 36 26013.3164 722.5921
Corrected Total 80 229335.0085
R-Square Coeff Var Root MSE Below Bio Mean
0.886571 47.98365 26.88107 56.02132

Source DF Type III SS Mean Square F Value
PPCP 2 27740.96519 13870.48260 1.72
Error A 6 32174.60417 8043.65104
Soil M 2 4278.21115 2139.10557 0.24
PPCP*Soil M 4 5959.49472 1489.87368 0.17
Error B 12 57883.50921 8817.19417
Crop 2 33155.44629 16577.72314 22.94
Soil M *Crop 4 1741.16746 435.29187 0.60
PPCP*Soil M *Crop 8 2632.60540 329.07568 0.46
PPCP*Crop 4 12329.08662 3082.27166 4.27
Error C 36 26013.3164 722.5921
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<.0001

Pr > F

0.2884

o

.0645
.7903

o

.0001**
.6634
.8788
.0063%*
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Duncan's Multiple Range Test for Below Bio

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error

rate.
Alpha 0.05
Error Degrees of Freedom 36
Error Mean Square 722.5921
Number of Means 2 3
Critical Range 14.84 15.60

Means with the same letter are not significantly different.

Duncan Grouping Mean N Crop
A 77.617 27 1
B 61.478 27 2
C 28.969 27 3

t Tests (LSD) for Below Bio

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error

rate.
Alpha 0.05
Error Degrees of Freedom 36
Error Mean Square 722.5921
Critical Value of t 2.02809

Least Significant Difference 14.838

Means with the same letter are not significantly different.

t Grouping Mean N Crop
A 77.617 27 1
B 61.478 27 2
[ 28.969 27 3
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Biomass Ratio
Split-split plot CRD

The GLM Procedure

Class Level Information

Class Levels Values

PPCP 3 0.5 5 25

Soil M 3 7 10 14

Crop 3 123

Rep 3 123

Number of Observations Read 81
Number of Observations Used 81
Biomass Ratio
Split-split plot CRD
The GLM Procedure
Dependent Variable: _Biomass Ratio
Sum of
Source DF Squares Mean Square F Value Pr > F
Model 44 983.994479 22.363511 1.65 0.0632
Error C 36 488.863945 13.579554
Corrected Total 80 1472.858424
R-Square Coeff Var Root MSE _Biomass Ratio Mean
0.668085 163.0527 3.685045 2.260033

Source DF Type III SS Mean Square F Value Pr > F
PPCP 2 19.7810937 9.8905469 0.67 0.5625
Error A 4 59.3334691 14.8333673 1.09 0.3750
Soil M 2 2.9837393 1.4918696 0.05 0.9514
PPCP*Soil M 4 17.9156850 4.4789213 0.16 0.9545
Error B 12 170.2466934 28.3840571
Crop 2 596.1814385 298.0907193 21.95 <.0001**
Soil M *Crop 4 7.7252999 1.9313250 0.14 0.9653
PPCP*Soil M *Crop 8 30.2306607 3.7788326 0.28 0.9690
PPCP*Crop 4 43.9694823 10.9923706 0.81 0.5274
Error C 36 488.863945 13.579554
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Duncan's Multiple Range Test for _Biomass Ratio

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error

rate.
Alpha 0.05
Error Degrees of Freedom 36
Error Mean Square 13.57955
Number of Means 2 3
Critical Range 2.034 2.138

Means with the same letter are not significantly different.

Duncan Grouping Mean N Crop
A 6.089 27 2
B 0.552 27 1
B
B 0.139 27 3

t Tests (LSD) for _Biomass_Ratio

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error

rate.
Alpha 0.05
Error Degrees of Freedom 36
Error Mean Square 13.57955
Critical Value of t 2.02809

Least Significant Difference 2.0341

Means with the same letter are not significantly different.

t Grouping Mean N Crop
A 6.089 27 2
B 0.552 27 1
B
B 0.139 27 3
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Aboveground Biomass

Biomass Dry weight (g/18m2

Adjusted Above-Dry Weigth (g/m2)

Main Sub Sub-Sub Rep Rep SSP MP SP
PPCP Soil M % Crop 1 2 3 1 2 3 Trt Totals PPCP Totals |Soil Totals
0.5 7 1 8.82 13.30 26.85 49.00 73.89f 149.19 272.08
0.5 7 2 1.34 0.59 0.65 7.42 3.29 3.59 14.30
0.5 7 3 59.30 29.81 30.72 329.44] 165.60f 170.66 665.71 952.09
0.5 10 1 30.17 51.29 25.39 167.61)  284.95)  141.06 593.62
0.5 10 2 4.81 4,01 0.29 26.70 22.30 1.60 50.60
0.5 10 3 13.53 19.64 20.85 75.19 109.12 115.83 300.14 944.36
0.5 14 1 25.76 32.39 24.05 143.11 179.95 133.64 456.70
0.5 14 2 3.66 1.20 4.39 20.34 6.67 24.41 51.42
0.5 14 3 25.03 22.75 18.83 139.03 126.39 104.61 370.03 2774.60 878.15
5 7 1 27.16 9.74 27.13 150.89 54.09 150.69 355.67
5 7 2 4.20 3.01 2.36 23.33 16.72 13.13] 53.18
5 7 3 79.33 8.07 51.56 440.74 44.841  286.46 772.04 1180.89
5 10 1 32.74 12.95 22.21 181.91 71.94 123.38 377.24
5 10 2 7.70 0.65 0.56 42.78 3.61 3.11 49.50
5 10 3 68.25 24.90 21.61 379.17y 138.33; 120.04 637.54 1064.28
5 14 1 9.96 11.32 8.53 55.31 62.87 47.37 165.55
5 14 2 3.45 0.78 0.31 19.15 4.32 1.73 25.19
5 14 3 78.15 13.95 42.09 434.17 77.48] 233.82 745.46 3181.38 936.21
25 7 1 35.25 30.29 25.00 195.86/ 168.28] 138.89 503.03
25 7 2 4.62 2.58 2.15 25.67 14.36 11.93 51.95
25 7 3 65.50 18.86 31.95 363.89 104.76 177.47 646.12 1201.10
25 10 1 41.23 38.18 38.15 229.06 212.12 211.94 653.12
25 10 2 1.00 3.28 2.42 5.56 18.25 13.46 37.26
25 10 3 91.38 26.20 13.28 507.68 145.56 73.75 726.98 1417.37
25 14 1 17.50 15.63 36.15 97.22 86.85!  200.81 384.88
25 14 2 1.03 1.32 2.85 5.72 7.33 15.81 28.87
25 14 3 35.54 31.95 24.85 197.44 177.47 138.06 512.97 3545.19 926.72
Rep Totals 4313.37|] 2381.34f 2806.45
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Belowground Biomass

Biomass Dry weight (g/18m2)

Adjusted Below-Dry Weigth (g/m2)

Main Sub Sub-Sub Rep Rep SSP MP SP
PPCP SoilM% Crop 1 2 3 1 2 3 Trt Totals [[PPCP Totals |Soil Totals
0.5 7 1 4.26 3.95 16.22 23.68 21.93 90.10 135.72
0.5 7 2 3.88 3.04 13.72 21.53 16.87 76.24 114.64
____________ 05 ..7....3..96 21 808 | s3el 1199 aag7 | 11047 360.83
0.5 10 1 4.25 23.29 5.73 23.631  129.39 31.82 184.84
0.5 10 2 2.84 17.08 3.71 15.75 94.89 20.59 131.23
____________ 05 10 3. 06 202 250 i  36% 1120 138% | 2873 344.79
0.5 14 1 6.36 13.62 21.37 35.35 75.671  118.73 229.76
0.5 14 2 4.89 10.70 13.06 27.19 59.46 72.56 159.21
0.5 14 3 1.98 2.76 4.83 11.02 15.31 26.83 53.16 1147.75 442.13
5 7 1 35.94 1.49 18.39 199.68 8.27f 102.16 310.10
5 7 2 35.94 2.34 9.19 199.68 13.00, 51.08 263.75
5 7 3 8.23 0.70 15.26 45.69 3.89 84.78 134.36 708.22
5 10 1 35.00 0.88 5.70 194.44! 4.86 31.66 230.96
5 10 2 24.23 0.75 6.27 134.62 4.17 34.83 173.61
5 10 3 8.47 0.44 3.34 47.06 2.43 18.54 68.02 472.59
5 14 1 25.74 1.75 2.26 142.98 9.72 12.57 165.27,
5 14 2 17.82 2.33 1.38 98.99 12.96 7.68 119.63
5 14 3 7.85 1.88 2.98 43.61 10.47 16.53 70.61 1536.32 355.51
25 7 1 17.62 4.35 17.18 97.89 24.18 95.42 217.49
25 7 2 19.38 3.68 16.03 107.68 20.46 89.06 217.20
____________ 25 ...7....3..10 166 515 | sse3dl  oo2a oseal | 937 528.40
25 10 1 34.47 25.85 8.97 191.51} 143.61 49.83 384.94
25 10 2 24.62 21.87 8.28 136.79 121.51 45.99 304.30
____________ 5 .10 32024 360 210 i 11242 2000 1167 | 144.09 833.33
25 14 1 5.40 4.87 32.32 29.95 27.03!  179.56 236.57
25 14 2 3.17 4.87 23.70 17.64 27.03 131.68 176.34
25 14 3 2.85 3.05 8.31 15.85 16.97 46.18 79.00 1853.65 491.92
Rep Totals 2087.74) 916.53| 1533.46
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Biomass Ratio

Main Sub Sub-Sub Rep Rep SSP MP SP
PPCP SoilM% Crop 1 2 3 1 2 3 Trt Totals [|PPCP Totals|Soil Totals
0.5 7 1 1.09 0.16 0.30 6.08 0.90 1.67 8.65
0.5 7 2 6.34 0.74 5.16 35.21 4.10 28.69 68.00
____________ s ...7....3..03% o1 oo |1 1o o6l oss | 295 79.60
0.5 10 1 0.02 0.04 0.10 0.12 0.22 0.55 0.89
0.5 10 2 1.63 0.47 10.32 9.07 2.61 57.34 69.02
____________ 05 10 3 074 008 025  t 413 047 137 5.97 75.88
0.5 14 1 0.08 0.09 0.20 0.43 0.47 1.12 2.02
0.5 14 2 2.25 0.58 3.47 12.48 3.24 19.29 35.01
0.5 14 3 0.11 0.13 0.44 0.63 0.75 2.45 3.83 196.34 40.86
5 7 1 0.23 1.40 0.79 1.30 7.77 4.38 13.45
5 7 2 8.56 3.69 7.78 47.54 20.48 43.24 111.26
5 7 3 0.07 0.60 0.63 0.38 3.35 3.48 7.21 131.92
5 10 1 0.13 0.30 0.73 0.72 1.69 4.06 6.47
5 10 2 4.55 1.35 10.18 25.25 7.48 56.53 89.27
5 10 3 0.51 1.04 0.42 2.81 5.77 2.31 10.88 106.62
5 14 1 0.43 2.06 0.67 2.37 11.43 3.73 17.54
5 14 2 7.47 2.25 7.27 41.49 12.50 40.40 94.39
5 14 3 0.23 0.31 0.41 1.25 1.73 2.27 5.25 355.72 117.18
25 7 1 0.08 0.56 0.15 0.45 3.13 0.82 4.40
25 7 2 3.86 0.90 0.64 21.43 5.02 3.58 30.02
____________ 25 ..7....3..0% 02 os | e 109 279 | 55 39.94
25 10 1 0.09 0.08 0.36 0.52 0.44 2.00 2.96
25 10 2 24.23 0.23 2.59 134.62 1.27 14.37 150.26
____________ 5 .10 . ..3..02 08 06 i 150 464 346 | 960 162.82
25 14 1 0.28 0.68 0.36 1.55 3.80 2.01 7.36
25 14 2 34.91 1.15 3.23 193.97 6.41 17.94 218.32
25 14 3 0.09 0.15 0.95 0.50 0.85 5.30 6.64 435.09 232.33
Rep Totals 549.34f 112.28] 325.53
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