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Abstract: The main goal of this study is to analyze import, transfer, fate of PPCPs as trace
pollutants in situ and ex situ. This study attempts to examine the fate and transport of PPCPs in
small fields using LC-ESI-MS/MS as a tool to monitor. In addition, transport and sorption of
selected PPCPs in undisturbed soil columns will be evaluated with bromide tracer and
HYDRUS software. Contribution of preferential flow and colloid-facilitated transport to the
overall PPCPs movement to subsurface drain will also be featured in field studies and column
experiments in this project. The output of this project will extend our knowledge of PPCPs and
other emerging pollutants which are likely to affect organisms as well as human beings.
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1. Introduction

Pharmaceuticals and personal care products (PR@BsIso been synthesized for industrial uses Hsasvéor
medicinal purposes. Some PPCPs released into tieoement bring about adverse effects on aquatid an
terrestrial organisms as well as on human beingé, as malfunctions in physiological systems aedritluction of
specific diseases. Especially, surface water, ghoater and farmland using manure as fertilizerliZedy to be
contaminated by these pollutants owing to indulsivastewater, municipal sewage and agriculturatesi

In general, pharmaceutical drugs include all theliniees used for the diagnosis, treatment, andemtén of
disease. The use of PPCPs continues to grow watédaliong with many agrochemicals. Unlike agrochafsjc
they are disposed or discharged into the envirohmera continual basis via domestic/industrial wastter and
runoff (Chad et al, 2006). PPCPs are in part stibjeto the metabolism of the user; then, excreseshietabolites
plus some unaltered parent compounds.

Recently, pharmaceuticals and Personal Care Pm@RECPSs) used for human health and in the livkestoltistry
were frequently detected in water sources andiiidartin et al., 2003, Kolpin et al., 2002). Whiseveral studies
reported on detection frequency and the developwiedetecting methods using analytical facilitide fate of
PPCPs discharged into aquatic systems is not wd#énstood because of complexity of environment(Brewal.,
2006; Campagnolo et al., 2002). Therefore, thesgeesneed more investigation. Moreover, some PRG@pde
refractory to biodegradation or may undergo chehtieasformations leading to nontoxic or less tdwians.

The overall objective of our current research isltify and broaden our knowledge of the fate aadsport of
PPCPs, based on well-established analysis in emmieatal research fields as well as undisturbedcetilmn.

2. Research Area Description

Haean catchment is located within Soyang rivertoagmt in northern region of South Korea, betweegitode
128° 5'to 128° 11' E and latitude 38° 13' to 38°N, and the range of altitude is about 500 to0b@0T he annual
precipitation in the region is up to 1200mm, anél5df total precipitation is concentrated on monsseason from
June to August. Two small experiment fields wereseim to describe transport of 3 sulfonamides uditfarent
storm events in situ. The size of each experimieft fvas ca. 20AWidth; 2.5m, Length: 8m) and had different
slope (2.5° and 7.5°).
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3. Materialsand M ethods
3.1 Chemicals and Reagents

3 sulfonbamide antibiotics (sulfamethazine, sulfdmoeaxole and sullfadimethoxine) were purchasech f&gma
(St. Louis, MO, USA). Acetonitrile and deionized tesa for HPLC were obtained from Th. Geyer GmbH
(Renningen, Germany). Sulfamethazine-d4, sulfanzetkme-d4, sulfadimethoxine-d4 were from Toronto
Research Chemicals Inc. (Toronto, Canada). OASIB efttraction cartridge (60 mg, 3 mL) were purchafsedh
WATERS (Milford, USA).

3.2 Batch and Column Experiments

Soil and weak salted water (0.01M CgGilrere added to 30ml small, respectively. The sw@iks for each batch
experiment were identical. The batch equilibriunpesments were done using various concentration8 of
sulfonamides. The compounds were added to triglicatls to create solution various concentratiquub(level).
The soil-water mixtures were agitated by rotatidrthe vials. After 1,2,4,8,12,24,48, and 96h, tlwtlbs are
centrifuged, and aliquots are removed and theryadsar HPLC-ESI-MS/MS (1200L High performance lidu
chromatography-mass spectrometry, Varian, Darms@&ettmany).

Undisturbed and homogeneous soil columns (D 20ci®Q¢in) were taken from agricultural lands in Haaad
botanic garden in University of Bayreuth. Each omiuwas slowly wetted over a 24-h period using akwneesdt
solution (0.01M CagG). This was done to reduce the amount of entrapreahd to maintain soil structure. Both
KBr and sulfonamides were passed through the shilnin. The steady-state was essentially constanbdith
bromide ion and PPCPs experiments (average caaftiof variability <5%). The column effluents wemlected
every 10 min, and each fraction was analyzed fominle ion and sulfonamides using the ion selealeetrode
and HPLC-ESI-MS/MS described earlier for the baxperiment.

3.3 Batch and Soil Column M oddl

Freundlich sorption isotherms were used to desthidédatch equilibrium experiments and help idgrikié effects
of various soil fractions on sorption. In the Fralich sorption isotherm, the concentration of selatisorbed on
the soil matrix is related nonlinearly to the aqueooncentration in the soil solution:

S=k,C"

where K, is the Freundlich distribution coefficient andsnain empirical constant that controls the deviafiom
linearity. A nonlinear, least-squares approximatioethod is used to obtain the best-fit equatiothtoobserved
data by optimizing the unknown parameters. The fugefit of determination was determined to meagshee
goodness of the fit.

To describe the dynamic fate and transport, a fteocsnvection-dispersion model (Van Genuchten\Afadjenet,
1989) with transformation and Freunlich kinetic g@n was chosen. The following is the partial eiéntial
equation that governs the none-equilibrium transpor homogeneous systems during one-dimensiondl an
steady-state flow:

oC 0S 0°C oC
60— +p,— =6V -V — - u,6C - 1.p,S

Ot Iob Ot axz aX :uw /'Ispb
where t is time (h)py, is soil bulk density)(cm) is the dispersivity, x is depth (cm), amglandus are first-order
degradation/transformation rate constants forithéd and sorbed phases. For a stable nonsorbiotessuch as
the chloride ion, Sq,= us= 0.

The model is considered that included transformatar production of the various PPCPs metaboREEPs may
undergo rapid transformation in agricultural soflee chemical non-equilibrium, convective-dispeesivodel that
is considered includes transformation in both agaemnd dissolved phases and is governed by thédisppsctial
differential equations.
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3.4 Field Experiments

The size of each experiment field was ca. 40 2.5m, L: 8m) and had different slope (2.5° &ns°). The same
management has been adopted in the field, includiage. The small fields had two furrow (widtHD@m) in order
to drain runoff, respectively. At the end of therfiws, runoff collecting system was installed. Td@gparatus
consists of two 20L buckets and 4 pressure seresigiged for measuring water level in the bucketeStomate soil
water content under storm events, 8 TDR probes insszted at ridges and furrows at depth of 15580,70 cm.
Soil-water was collected by suction candle.

4. Expected Results

4.1 Batch and Column Experiments

Within 48 hours, the batch experiments for 3 swdfoides appeared to be at equilibrium. Freundliothesm was
used to determine sorption rates between 3 selsatfthamides and soil. Organic carbon contenipea&xchange
capacity, specific surface area and mineral partiistribution were strongly related to sorptiortesaand
capacities. Additionally, the amount of sulfonanside the supernatant decreased after the ultrafteyation

experiment. It suggested that 3 selected antilsiotiere found on colloids in the supernatant. Téssilt point out
that colloid facilitated transport may play in derto determine the fate and transport of sulfo@siin

environment.

In column experiments, fate and transport mechannsulfonamides were evaluated. The target antidsi can
easily move in undisturbed soil column becauseefigpential flow and colloid-facilitated transpdri.contrast, the
sulfonamides remained at top of homogeneous ssiiésy

4.2 Field Experiment

The amount of runoff was affected by precipitaiimiensity, slope and soil structure. Both two ezsh fields have
similar physical properties of soil and adapteddme tillage method. Slope of the experiment fietaild be a
main factor of runoff in this experiment. With ieersing slope value, runoff could be generatedyeasil the
amount of runoff during heavy storm event was gtynorrelated to slope.

During precipitation, sulfonamides in top soil weeglistributed in soil, soil-water and runoff. Hgastorm events
would change the distribution of the antibioticstle small soil system because it could generapage and
runoff, which contain organic matters, soil pagilnd other materials derived from agriculturatilas well as
target antibiotics. Analysis of soil-water, soildarunoff obtained after every precipitation could bseful to
describe the transport phenomena of the antibiotigarious storm events.

5. Conclusion

Comparing to other hydrophilic compounds, the silitylof 3 sulfonamides is relatively low, up tovaral mg/L.
Owing to the low solubility of target compoundsg thobility of 3 sulfonamides (sulfamethazine, sukghozaxole
and sullfadimethoxine) would be restricted in hosmgpus soil system. In undisturbed soil columniepeatial
flow and colloid facilitate transport through therpus media would play an important role to incesa®bility of
the target antibiotics.

Distribution of sulfonamides in small agricultutahd was affected by precipitation, the rate obffito seepage,
soil structure and properties. With increasing slepe of field, more runoff would be generated, afgb the
antibiotics in top soil could easily move to sudagater system, respectively.

From the research, fate and transport model giolatants which considers physico/chemical prapsmf PPCPs
and structure of porous media can be developedad@ievements of this research include primary diserption
and transport on the target PPCPs which have vapbysico/chemical properties and different scikam.
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