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PROJECT SUMMARY | 

| Title; OCCURRENCE OF ANTIBIOTICS IN WASTEWATER EFFLUENTS AND — 

a THEIR MOBILITY IN SOILS: A CASE STUDY FOR WISCONSIN se 

Project I.D.: DNR Project #169 | | 
a _ Investigators: K.G. Karthikeyan, ‘Assistant Professor, Department of Biological Systems ""° | 

| | Engineering, University of Wisconsin, Madison - | 
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: Wisconsin, Madison | ne 
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| Background/Need: — | | : oe 
Recent reports on the detection of pharmaceuticals in water bodies and waste streams in Europe 

and the United States have raised some environmental concerns. Sulfonamides have been detected in 

leachate from a Danish landfill, in Berlin drinking water wells for which 80% of the groundwater was 
bank-filtered surface water, and in groundwater in Germany. Studies in the U.S. have identified — | 

antibiotics (sulfonamides and trimethoprim) in groundwater down gradient from a landfill containing 

hospital waste, in water supply wells in a Nebraska bank filtration site and in groundwater from | 

Washington. There is an increasing interest among scientists, policy makers and industry personnel in the 

U.S. to survey the nation’s water resources for human and veterinary pharmaceuticals, steroidal 

hormones, etc. The United States Geological Survey (USGS) is leading the efforts by collecting stream 
-’ samples from several locations across the country to obtain baseline information regarding these emerging - 

organic contaminants. Their efforts need to be augmented at the local level by systematically screening 
potential sources (e.g., wastewater treatment effluent, on-site wastewater systems, animal waste lagoons) 

to obtain a better understanding of the transport pathways and environmental fate of pharmaceuticals. 

_ Compared to conventional organic contaminants (e.g., pesticides, PAHs, PCBs), little information is | 
| available on the environmental fate and transport of antibiotics. The molecular properties of the 

antibiotics would favor sorption to soil components and interaction with metal ions in soils. However, 
. our ability to predict mobility and fate of antibiotics in surface and subsurface systems is hampered by a 

lack of understanding of the fundamental processes governing their environmental reactivity. | | 

Objectives: : | : 
i) Conduct a screening for five different classes of antibiotics, namely, sulfonamides, macrolides, 

| tetracyclines, fluoroquinolones, and beta-lactams, in the effluents from wastewater 
treatment systems, and in adjacent groundwater monitoring wells, and 

| ii) Determine the environmental fate and transformation of selected antibiotics, namely, tetracyclines 

and fluoroquinolones. 

Methods: _ 

- Our sampling activities spanned a range of wastewater treatment methods, community size served 

. by the facility, receiving water body impacted by effluent discharge and geographical locations within the 

state. Samples were collected from seven different wastewater treatment facilities (Green Bay, Oshkosh, © | 

| Lake Geneva, Barron-Cameron, Hayward, Spooner, Middle River Health Care), adjacent groundwater 

monitoring wells at two sites (Lake Geneva, Spooner), and two on-site wastewater treatment systems. In 

addition, three water supply wells in La Crosse under the influence of surface water were sampled. 

Filtered water/wastewater samples collected from the study sites were shipped overnight on ice (4 °C) to 

the USGS, Ocala FL for antibiotic analysis. The samples were extracted following established procedures 
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and analyzed using a LC/MS fitted with atmospheric pressure ionization (LC/API-MS) interfaces. Dr. 

Michael T. Meyer (USGS) who has developed a method to extract and analyze 25 antibiotic compounds 

. in water/wastewater/manure extracts, provided analytical and interpretive support for this study. 

Batch experiments were used to quantify the sorption of tetracycline and fluoroquinolone to well- 

_ known soil minerals (hydrous oxides of Fe and Al). These experiments involved reacting | 

Al(OH)3/Fe(OH)); to the selected antibiotics (tetracycline and ciprofloxacin) in centrifuge tubes. After | 
equilibration at 25 °C at 7 rpm for 24 h, the suspensions were centrifuged and filtered (0.2 um). Antibiotic 

concentrations (HPLC, by UV detection), °H/'“C activities (liquid scintillation counting, LSC), and pH 
were determined in the supernatant. LSC provided a measure of the total activity contributed by these 

compounds, while HPLC allowed us to determine whether significant degradation occurred during the _ 
batch experiments. The amount of antibiotics sorbed was calculated from the difference between 

solution-phase '“C/*H activities in equilibrated blanks and suspensions (corrected for any degradation). — 

Results and Discussion: | 

A total of eight antibiotic compounds were detected (1-5 compounds per site), including three 

sulfonamides (sulfamethazine, sulfamethoxazole, and sulfadimethoxine), two tetracyclines (tetracycline, 

chlortetracycline), one fluoroquinolone (ciprofloxacin), one macrolide (erythromycin) and trimethoprim. 

Detected antibiotics fall into the following classes for the frequency of detection: sulfonamides > — 

tetracyclines > fluoroquinolones > trimethoprim > macrolides. The USGS nationwide stream survey lists 

the above compounds among the 30 most frequently detected organic contaminants and the levels 

detected by us are in agreement with those found in the literature. | | | - 
Contrasting sorption behavior of tetracycline and ciprofloxacin to Al and Fe hydroxides was 

observed. Compared to tetracycline the following trends were observed for ciprofloxacin: (i) strong pH- 

dependence (ii) minor differences between LSC and HPLC measurements after both 1 day and 1 week, 

and (iii) higher removal level - maximum sorption of » 72%, unaffected by reaction time, around neutral 

pH. Tetracycline sorption exhibits mild pH-dependence and a significant difference existed between - 
LSC- and HPLC-determined removal levels, highlighting the importance of transformation reactions. _ | 

Our efforts to identify degradation products did not reveal the presence of hydrolyzed forms (most | 

_ plausible reaction products) or other compounds. However, elevated soluble Al levels observed in the . 

presence of tetracycline indicated that ligand-promoted dissolution of Al(OH); could be occurring. The 

presence of Al-tetracycline complexes in solution helps explain the difference between HPLC and LSC | 
quantifications. Our research findings will increase understanding of the environmental occurrence, fate | 

and transformation characteristics of these emerging organic contaminants. | 

Conclusions/Implications/Recommendations: } 
Antibiotics were detected in wastewater influent/effluent, adjacent groundwater monitoring wells — 

| and in samples from on-site wastewater treatment systems. However, the soluble levels were extremely 

low (< 10 pg/L), and importantly were unaffected by the size of the wastewater treatment facility. Future 

--- monitoring programs can be limited to the eight compounds detected in our study. 

Key Words: a | | 7 | 
Antibiotics, wastewater treatment, sulfonamide, tetracycline, fluoroquinolone, macrolide, trimethoprim, | 

ciprofloxacin, sorption, Al hydroxide, Fe hydroxide, transformation — 

Funding: | | | | | 
- Wisconsin Department of Natural Resources : | 

_. Wisconsin Department of Agriculture, Trade, and Consumer Protection — 
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| INTRODUCTION | 

; Recent reports on the detection of pharmaceuticals in water bodies and waste streams in Europe, — 

albeit at low levels, have raised some environmental concerns (Buser et al., 1998; Halling-Sorensen et al., 

1998). There is an increasing interest among scientists, policy makers and industry personnel in the 

- United States to survey the nation’s water resources for human and veterinary pharmaceuticals, steroidal 

hormones, etc. The United States Geological Survey (USGS) is leading the efforts by collecting stream 

samples from several locations across the country to obtain base-line information regarding these 

| “emerging contaminants” (Kolpin et al., 2000). Their efforts need to be augmented at the local level by | 

systematically screening potential sources, such as effluents from wastewater treatment, animal waste 

lagoons, in addition to ground and surface waters, to obtain a better understanding of the transport. 

pathways and environmental fate of pharmaceuticals. - 

Among a wide variety of pharmaceutical compounds, antibiotics assume special significance due | 

to: i) their extensive use (> 50,000,000 Ibs produced annually in the US) in human therapy and veterinary 

medicine (Levy, 1998), ii) contribution from numerous sources (sewage treatment plants (STPs), confined 

animal feeding operations, (CAFOs)), iii) their ability to alter microbial community structure facilitating 

__ the development of antibiotic-resistant human pathogens (Meyer et al., 2000), and iv) the potential to 

serve as indicators for the presence of resistant pathogens. The presence of numerous antibiotics and 

. analytical constraints will dictate the scope of any investigation. The USGS has developed a liquid — 

chromatography-mass spectrometry (LC/MS) based analytical protocol to quantify the presence of 25 _ , 

: antibiotics (sulfonamides, macrolides, tetracyclines, fluoroquinolones, beta-lactams) at parts-per-trillion — 

. [ng/L] levels. A screening study conducted for these different classes of antiobiotics in liquid waste from 
CAFOs reported the following order in terms of frequency of detection: tetracycline>sulfonamides>beta- 

lactams>macrolides. Tetracyclines (TCs) have been detected at g/L concentrations or greater in river 

water (= 1 pg/L, (Watts et al., 1983)), sediments near a fish farm (0.1 — 11 ug/g sediment, (Watts et al., _ 

1983)), groundwater samples collected near waste and wastewater lagoons (> 1 pg/L, (Thurman and 

Hostetler, 1999)), and liquid hog lagoon samples [5 to 700 g/L, Meyer et al. (2000)]. Several 

7 fluoroquinolone (FQ) antibiotics (e.g., enrofloxacin for cattles; levofloxacin and sparfloxacin for humans) 

| have been approved over the past three years by the Centre for Veterinary Medicine and Food and Drug 
, Administration (CVM, 1998). Asa result, significant quantities of FQs are being used as antibacterial 

agents in large-scale animal operations. Exposure of other bacteria that constitute the natural microbial . | 
| flora of cattle and poultry, specifically Campylobacter, has resulted in development of resistance to FQs | 

(Gaunt and Piddock, 1996). In the case of C. jejuni, an important human pathogen, such an exposure can 

result in a high FQ minimal inhibitory concentration of 4 mg/L. Fluoroquinolone-resistant C. jejuni has 

been already detected in US poultry products (Smith et al., 1999) and extensive use of FQs in cattle is , 

likely to substantially increase the risk imposed by this species (Anderson et al., 2001). Development of 

resistance to FQs typically occurs within 2 years of its widespread application in veterinary medicine 

(Endtz et al., 1991). | | | 

Unlike pesticides/agrochemicals that are applied sporadically, antibiotics are being continually | 

. released to the environment via STPs and discharge of untreated sewage to the rivers (Daughton and 
| Ternes, 1999). In comparison to conventional organic contaminants (COCs), such as pesticides, PAHs, 

and PCBs, there is very little or no information available on the fate and transformation (bio- and photo-) __ 

of antibiotics in soil/water. The antibiotics possess high polarity and low volatility compared to the COCs 
and, hence, their environmental distribution will be controlled by aqueous transport. However, their 

lipophilic character increases environmental persistence, which along with their non-volatile nature 

increases the tendency to bioaccumulate in terrestrial ecosystems (Daughton and Ternes, 1999). : 

| | | | 6 |



The current scientific literature, drawn from our understanding of the reactivity of COCs in soils 

and the pharmaceutical and medicinal studies on antibiotics, suggest that the molecular properties of — 

-. FQs/TCs would favor sorption.to soil components and interactions with metal ions in soils. The affinity 
of FQs for inorganic mineral surfaces is being exploited in certain bio-medical applications. | 

Hydroxyapatite binds the FQs ciprofloxacin/norfloxacin via cation-bridging, a relatively moderate 

interaction that facilitates slow release of antibiotics to control infection during bone tissue growth 

(Martin and Goissis, 2000). Similarly, titanium based orthopedic materials deposited with ciprofloxacin 

| have potential for use in prosthetic devices to deliver the desired amount of antibiotics to surrounding 

| tissues (Dunn et al., 1994). In addition, kaolin and Mg-trisilicate are effective FQ sorbents and have been 

proposed as replacements for activated charcoal to manage ciprofloxacin poisoning (Ofoefule and a 

Okonta, 1999). It is evident that, although the above studies provide useful information regarding 
sorptive interactions of antibiotics, they are not directly applicable to soil/aquatic environments since the 

geochemical conditions (e.g., pH, background ionic composition) are quite different. Nowara et al. 

(1997) investigated the ability of soils (pretreated to remove organic matter) and phyllosilicates to sorb 

- FQs. Both the soils and clay minerals retained a high amount of enrofloxacin. The extent of sorption to 

soils correlates well with the percent clay content. Similar to the FQs, oxytetracycline interacts with 

hydroxyapatite through cation-bridging and the extent of sorption 1s affected by the presence of 
competing ligands (Ibsen and Urist, 1967). _ | | 

Groundwater contamination is a serious environmental concern in the US, especially in the rural 

areas where it is the major source of drinking water (Moody, 1990). It is well known that the transport of 

‘an organic contaminant to groundwater depends on the nature of its sorption to soil components (i.e., 

strength, degree of irreversibility), its resistance to degradation and the presence of preferential flow __ 
pathways. Our ability to predict mobility, fate and effects of antibiotics is hampered by a lack of - 

| information on fundamental processes governing their behavior in the environment. Sorption processes in 
particular warrant investigation because association of antibiotics with particles and colloidal organic 

| ~ matter influences their mobilization and transport in surface runoff, determines their potential to leach 

into groundwater, controls their mobility in aquifer, and affects their propensity to undergo transformation 

- reactions. Sorption affinities will control whether the soil provides a long-term “‘sink” or merely a . 
temporary reservoir that will release the contaminants when the solution concentration decreases (Gao et 

-al., 1998). Several reports highlighting the importance of sorption on pesticide leaching can be found in 

the literature (Kladivko et al., 1991; Matthies and Behrendt, 1991; Truman and Leonard, 1991). | 

_ Although our major goal was to determine the occurrence of antibiotics in groundwater, due to 

low environmental concentrations of these compounds we initially targeted potential environmental | 

sources. Therefore, the approach used in this study was to collect samples from municipal wastewater | 

treatment facilities with a special focus on those with land-based effluent discharge systems. Based on 

the background information presented in this section, specific objectives of the proposed work are to: ; 

a (i) Conduct a screening for five different classes of antibiotics, namely, sulfonamides, macrolides, 

tetracyclines, fluoroquinolones, and beta-lactams, in the effluents from wastewater treatment. OS 

| systems and in adjacent groundwater monitoring wells, and | | ; 

Oo (ii) Determine the reactivity of selected antibiotics (e.g., tetracycline, ciprofloxacin) with 

| important soil minerals (e.g., hydrous oxides of Al and Fe). : | 
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| PROCEDURES AND METHODS: | 

Wastewater/water Sample Collection: | : 

Sites for our Wisconsin antibiotics survey were selected based on differences in wastewater -  * 

treatment method, size of the community served by the facility, receiving water body impacted by effluent 

_. discharge, and geographical location. In coordination with the WI Department of Natural Resources | 

: (DNR), contacts were established with regional DNR engineers and treatment plant operators in different 
regions of the state. We identified several wastewater treatment facilities, listed in Table 1, satisfying the _ 

above requirements for our screening protocol. | : 

Table 1. Sites for wastewater sampling and antibiotics survey in Wisconsin. 

Location | County Average Community —s Secondary 7 Effluent 

- Daily Flow Size _ Treatment Discharge 

| (MGD) | Process | | 

City of Oshkosh Winnebago 9.6 73,192" Activated Fond du Lac River 
WWTP’ | sludge [Lake Winnebago]” 

| Green Bay Brown ~30° ~150,000 Activated Mouth of Fox River 

- Metropolitan sludge — _ discharging to 

Sewerage District _ Green Bay 

City of Lake Walworth 1.3 several 1000s Oxidation -_ groundwater® 
Geneva WWTP! - ~ ditch [Fox River]? 

Barron-Cameron Barron 1.3 Aerated lagoons | groundwater“ | 

WWTF | & seepage cells | 

Hayward City Sawyer 0.772 | Aerated lagoons groundwater® | 

WWTF” | & seepage cells 

‘Spooner City Washburn 0.375 | _ Aerated lagoons groundwater“ , 

WWTF” & seepage cells : 

Middle River 0.018 | Middle River 
| Health Care’ | [Lake Superior]? 

| La Crosse water La Crosse [2500 gpm, 100 ft sandstone wells under the influence of surface water] 

| supply well" oo | 

‘wastewater treatment plant oo - “plus leachate from 2 landfills | 

wastewater treatment facility | *water body ultimately impacted | 

° dedicated wastewater treatment unit for this health care facility “domestic + 2 paper mills } 

‘currently under viral & endocrine disruptor sampling study, USGS “monitoring wells active | a 

oe At each site, samples influent to and effluent from the secondary treatment systems (e.g., activated 

sludge, oxidation ditch, seepage cells) were collected in amber glass bottles, transported on ice and stored 

_at 4°C prior to solid-liquid separation and analysis. Treatment plants in certain locations, such as Green 
| Bay and Oshkosh, are required to follow a 24-hr flow-based composite sampling protocol. In such cases, 

one sample corresponding to a 24-hr period (e.g., 7 am to 7 am next day) was obtained. For grab 

‘ | 8



_ sampling events at other facilities, replicate samples were collected. Groundwater monitoring wells 

located downstream of effluent discharge points at the Lake Geneva and Spooner wastewater treatment 

-_ facilities were also sampled. Relevant sample characteristics are provided in Table 2. 

Table 2. Characteristics of wastewater collected from various sampling locations. | 

| MGD): | (mg/L mg/L (mg/L) | (mg/L) (mg/L) mg/L) date 

er PE TE Tewela Lae Leal | Influent || 162 137 1068.6 | 1317 N/A N/A 7.25 | 6/12/02 

eer | Tes [2 Looe [om [ee BT oes | Effluent N/A 4 940.8 1072 0.32 1.15 (TKN) | 7.42 | 6/12/02 

eer PTE TEE oo lem [ee [ee Us Lea Influent 122 232 672 877 3.88 14.7 (NH3) | 7.3 | 6/12/02 

Fal EP Pa Effluent 24 6 | 575.4 | 765 0.37 7 (NH) 7 6/12/02 

tanec [PEPE YL tay 8 LP Influent (TKN) | 

lA Effluent (TKN) 

een | ee er #217* | 760 6/11/02 

eee era #220* 780 6/11/02 

Green Bay Metropolitan Sewerage District; “City of Oshkosh wastewater treatment facility; 

*City of Lake Geneva wastewater treatment plant; ‘Average daily flow (million gallons per day) . | 
*Groundwater monitoring well [Depth to groundwater: Well #217 - 3.45 ft; Well #220 - 2.76 ft] - : 

@determined in our laboratory : . 

Water/wastewater samples were initially centrifuged in 250 mL polypropylene co-polymer bottles 

on a Sorvall Super T 21 high-speed, bench-top centrifuge. Following centrifugation, the supernatant was, 

filtered through a 0.45 um polypropylene membrane filter and stored at 4°C in 500 mL amber glass | : 

bottles. The supernatant samples obtained after centrifugation and filtration were shipped overnight on _ 
~ ice (2-4 °C) to Dr. Michael T. Meyer U.S. Geological Survey, Ocala, FL for antibiotic analysis. The low 

environmental concentrations of antibiotics require careful sample pretreatment and use of sophisticated 

instrumentation. Dr. Meyer has developed a LC/MS method to extract and analyze 25 antibiotic | 

compounds (Table 3) in wastewater, ambient water, and sediment and is an expert in developing and 

) adapting methods for the analysis of “emerging organic contaminants” in environmental samples. These _ 

~ compounds are in the USGS target list for “National Reconnaissance of Emerging Contaminants in US 

Streams” (Kolpin et al., 2000). We have obtained analytical and data interpretive support for this project | 

through a joint funding agreement with Dr. Meyer. 7 | 

| External QA/QC consists of field and equipment blanks, field spikes, and blind samples. One 

- field blank, equipment blank, field spike, and blind sample were submitted with each sampling round or | 
every 10 samples. Spiking solutions were prepared by the Ocala Water Quality and Research Laboratory. _ 

The samples received were logged in and refrigerated at 2-4 °C until extracted. The samples were : 

extracted within 14 days after they were received and the extracts were frozen until analysis, which were 

within 30 days after they are extracted. Extraction of samples was performed in sets of 16 that include 11 

_ samples, one duplicate, two standards and two blanks. The extraction conditions are as follows: 50 mL of 
sample was pumped through a Cig solid phase extraction [SPE] disk and eluted with a solvent mix 

| | 9



comprising 0.1% trifluoroacetic acid, methanol, acetonitrile, and water. The samples were then analyzed 

by USGS personnel using a LC/MS equipped with atmospheric pressure ionization interfaces (LC/API- | 
MS). Duplicate seven point standard curves were generated by extracting 500mL ultra pure water 

| ‘samples spiked at 0.02, 0.05, 0.1, 0.2, 0.5, 1.0, and 2.0 pg/L with a standard mix containing 2.5 ng/jl of | - 
each analyte. The standards of each sample set were checked against the existing standard curve. Blanks 

| were used to check for potential sample carryover. Stock solutions of each analyte were prepared from 

analytical grade standards at a concentration of 1 mg/mL in methanol. The standard mix was prepared in 

100 mL batches from individual stock solutions in ultrapure water with 20 mM ammonia acetate adjusted 
to pH 6. The standard mix was divided into 20 mL aliquots that were kept frozen until use. 

- Table 3. Antibiotics analyzed by LC/MS in water/wastewater extracts and their quantitation limits 
[Source: Dr. M.T. Meyer]. | OT 

Antibiotic Quantitation Limit [ug/L] Antibiotic | | Quantitation Limit [ug/L] — 

Sulfonamides . -Fluoroquinolones | 

Suflamethizole 0.1 | Norfloxacin 0.05 

Sulfathiazole 0.1 Enrofloxacin 0.05 
| Sulfamerazine 0.05 Ciprofloxacin 0.05 

| Sulfamethazine 0.05 Sarafloxacin 0.05 

Sulfachloropyridazine — 0.1 | 
Sulfamethoxazole 0.05 7 | a | 

,  Sulfadimethoxine 0.05 Others | 

_ Macrolides Lincomycin — a 0.05 

| | : Carbadox a 0.1 | 
Tylosin | 0.05 | Trimethoprim 0.05 
Roxitrhomycin 0.05 Virginiamycin 0.1 

Erythromycin-H,O 0.05 Spectinomycin 20 

(dehydrated metabolite of erythromycin) _ — Vancomycin 2.0 | 

| Roxarsone 2.0 7 7 
| Tetracyclines | | | | | | 

Tetracycline 0.05 | | | 
Oxytetracycline 0.1 . | 

Chlortetracycline 0.05 | — 

Doxycycline — 0.05 | | 

Batch Sorption Experiments: | | 

— Batch sorption experiments with well-known model sorbents (e.g., minerals or organic matter 

fractions) provide the ability to isolate reaction pathways and minimize competing fate processes possible. 

= in whole soils. Compared to dynamic flow-through column studies, static equilibration studies offer an | 

| “economical way to quickly evaluate the effect of numerous environmental variables (e.g., pH, ratio of | 

antibiotics to sorbents) as well as reaction time on the fate and transformation of antibiotics. The batch 
_ sorption technique has been often used to assess the capacity of minerals and organic materials for various | 
chemical contaminants and its simplicity accounts 1n part for its popularity. Macroscopic batch | 

| experiments were performed to quantify the sorption of tetracycline and ciprofloxacin to poorly a 

crystalline Al and Fe hydroxides. Selected physico-chemical properties of these compounds are provided 

| in Table 4. Experimental stock solutions were prepared by mixing radiolabeled forms of these antibiotics 

: 10 ae |



(7--H-tetracycline obtained from American Radiolabeled Chemicals, Inc., St. Louis, MO and 2-'*C- | 

ciprofloxacin from Moravek Biochemicals, Brea, CA) with unlabeled compounds (obtained from Sigma 

Aldrich, St. Louis, MO and ICN Pharmaceuticals, Inc. Costa Mesa, CA). Al hydroxide was synthesized 

by gradual neutralization of a 0.5 M AICI; solution to pH 7 using 0.5 M NaOH (Huang et al. 1977). This _ 

| material has been characterized using X-ray diffraction as poorly crystalline gibbsite and it possesses a 

surface area of 80 m’/g as determined by BET-N) analysis. Fe hydroxide (6-line ferrihydrite) was 

synthesized by adding 10 g of Fe(NO3)3.9H20 to 1 L of distilled water heated to 75 °C. The suspension 

was maintained at 75 °C for 10 min and then cooled rapidly, dialyzed to remove excess NO3 and then 

freeze dried (Schwertmann and Cornell, 2000). | 

Table 4. Selected physico-chemical properties of tetracycline and ciprofloxacin (Stephens et al., 

1956; Huang et al., 1997; Tolls, 2001). : 

Propert 
| Structure | oe Hou Ny is Y | | 

| ) | | VS i oH So N | 
| er i : “ ) SS 

| SO OH 0 OH 0 0 | ° ° | 

| 

coefficient (log Koy) | 

constants (pKj) | a, | 

| 

| For each batch system, 30 mg of Al(OH)3(s) were added to tared 16 mL round-bottomed culture 

tubes with PTFE lids (solid-to-solution ratio - 1:500) along with variable proportions of 0.01 M NaCl, 

NaOH, and HCI to obtain a range of final pH values. Stock solution of tetracycline or ciprofloxacin was 

added to obtain final concentrations ranging from 0.1 to 50 mg/L. Controls [no Al(OH)3] were identically 

prepared to account for losses as sorption to PTFE tubes, volatilization and transformation. All 

experiments were conducted in dark in triplicates using MilliQ-grade deionized water. The suspensions 

_-were equilibrated at 25°C by end-over-end rotation at 7 rpm for 24h. At the end of the reaction period, | 

suspensions were centrifuged and then passed through 0.45 pm filters. Supernatant solution pH was | 

determined using an Accumet AR-50 pH/conductivity meter. Tetracycline and ciprofloxacin 

concentration in the filtrate were measured using HPLC ona Waters'™ Spherisorb column using UV 

detection. Solution '*C and °H activities were determined using liquid scintillation counting [LSC]. 

HPLC measurement is specific for tetracycline and ciprofloxacin. Conversely, since each mol of 7/H- | 

tetracycline and 2-'*C-ciprofloxacin contains 1 mol of *H and '“C, respectively, LSC provides a measure - 

of the total carbon contribution from these compounds, 1.e., | | | 

| | (4CPH]tsc = [antibiotics]yprc + [antibiotics] ansformed | (1) | 
Therefore, the difference between concentrations measured by LSC and HPLC will provide an estimate of 

the amount of ciprofloxacin and tetracycline subjected to transformation reactions. , |



RESULTS AND DISCUSSION: | | 
Antibiotics Analysis: | | | 

oe | Table 5 provides the soluble concentration of antibiotics measured in wastewater samples - 
- collected from the treatment plants in Green Bay (GB), Oshkosh (COS), Lake Geneva (for COLG-"' * 

treatment plant plus 2 groundwater monitoring wells), Barron, Hayward, Spooner (including a monitoring | 
: ~ well) and the Middle Health Care Facility near Superior. A ‘total of eight antibiotic compounds were =: 

detected (1-5 compounds per site), including three sulfonamides (sulfamethazine, sulfamethoxazole, and 

sulfadimethoxine), two tetracyclines (tetracycline, chlortetracycline), one fluoroquinolone (ciprofloxacin), 

| one macrolide (erythromycin) and trimethoprim. Compounds that are not listed in this table were found 

at levels below their quantitation limits. | | 

Table 5. Concentration (ug/L) of antibiotics in wastewater influent and effluent samples. 

ee Te ee ee | | Date : | 

eee ee | Influent 6/12/02 0.27 0.17 

ee eT el] | Effluent 6/12/02 | | 0.38 

se le Influent 6/12/02 : 1.2 | 

fee (eer el | Effluent 6/12/02 0.25 0.29 | 0.07 

corr tee Te fe Influent 6/11/02 0.7 po 

[pment fei | TT foo | foe fost foos | | Effluent | 6/11/02 | 1.00 0.08 | 0.11 | 0.05 

ere me Pe a | 6/11/02 0.08 | 

cuore ee 6/11/02 0.5 

eee eee | Influent oo 

ere eee | Effluent | Ly, | 

ferme em eet | Influent | | | 

Bere ee | Effluent | . 

eee Ter influent = | 

El a al : effluent | | 

ee monitoring well | | 

(ea [et | Health Care -Inf | | | 

Fa ll _| Health Care - Eff |. | 

Compound #1 - sulfamethazine,; #2 - sulfamethoxazole; #3 — sulfadimethoxine; #4 - tetracycline; 

#5 - chlortetracycline; #6 ciprofloxacin, #7 - erythromycin, #8 - trimethoprim — 
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A recent USGS stream survey lists the above compounds among the 30 most frequently detected 

organic contaminants (Kolpin et al., 2002). In addition, the levels reported in Table 5 are in agreement 
with-those found in the literature (Hirsch et al., 1999). Our preliminary results indicate that the secondary 
treatment processes used in these treatment facilities are capable of reducing the concentration of 
antibiotics in the soluble phase. However, no correlation was observed between antibiotics removal levels 

: and the reduction in BOD and total suspended solids (TSS). Soluble concentration of antibiotics is 
relatively low (< 4 j1g/L) and more importantly are independent of the treatment capacity of a wastewater 

treatment facility. Samples collected from two on-site wastewater treatment systems contain 

oxytetracycline and higher levels of tetracycline (between 2.2 and 11 pg/L) than detected in municipal 
‘. wastewater influents and effluents. ‘ \ 

, Batch Sorption Experiments: ; 

Figure 1 shows the amount of tetracycline sorbed onto Al(OH)3(s) (measured as the loss from 

solution of 7H label (LSC) and tetracycline (HPLC)) as a function of pH and reaction time (1 d and 1 wk). 

LSC data revealed a slight increase in tetracycline sorption between pH 4 and pH 6.0, above which it 

decreased with increasing pH values. Longer reaction time did not affect the pH-dependent trend as well 
as the extent of removal as determined by LSC. Loss of tetracycline from solution as measured by HPLC 

could be due to abiotic transformation mediated by Al(OH);(s) (e.g., acid-catalyzed hydrolysis), besides 
sorptive removal. Based on a comparison of the data obtained from these independent analytical 

methods, it appears that significant amount of transformation of tetracycline is occurring under our 

solution conditions. Possible degradation products include anhydrotetracycline and epi- 
anhydrotetracycline (Halling-Sorensen et al., 2002). Since these products remained in solution (counted 
by LSC), they probably do not have a strong affinity towards Al(OH);(s). Our efforts to identify 

degradation products did not reveal the presence of hydrolyzed forms (most plausible reaction products) 

or other compounds. However, elevated soluble Al levels (measured using Atomic Absorption 
Spectrometry in our laboratory) were observed in the presence of tetracycline indicating that ligand- 
promoted dissolution of Al(OH); could be occurring. The presence of Al-tetracycline complexes in 

solution can help explain the difference between HPLC and LSC quantifications. Longer reaction time 

appears to promote Al(OH); dissolution thereby resulting in a greater difference in removal levels 
determined independently by LSC and HPLC. y 

100 la aul gale Ul la a a | Tee Lec 1 q 

90 | HPLC td 
c 80 ag + -e - LSC 1 wk 

2 79 | A [PLC 1 wk 
2 Transformation | 

aL —— | = 50 +——____—_- 7 
8 40 | Se tg 5° WEP eg 

20 ‘7. | 

10 | 
0 

4 5 6 t 8 9 10 

pH 

Figure 1. Sorption of tetracycline [measured as loss from solution of °H label (LSC) and 
tetracycline (HPLC)] to Al(OH);3(s) as a function of pH. 
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Tetracycline levels in solution were monitored by HPLC and LSC in the absence of Al(OH)3(s) to 

account for losses due to sorption to glassware, volatilization, and hydrolysis. LSC always yielded higher 

levels in solution and the recovery of *H label was greater than 95.2 and 96.4 % after 1 d and 1 wk, 
respectively (Figure 2). The difference between HPLC and LSC measurements (2.5 - 6% after 1 day; 5.6 

- 11.2% after 1 wk) increased with increasing reaction time. 

a0 _ - + em -LSC 1d 

s ey —o— HPLC 1d 
5 16 —o— HPLC 1wk 

3 147——— “ZF + -e- - LSC 1wk 
§ 12> — = 

g 0 ee 
= ) epi ee 
® . 

2 4 oo “TS Sra 

id a ‘dada oa 
Se gin aca en aye HE SSE ON EG | 

0 

3 4 5 6 7 8 9 10 11 

i pH 

Figure 2. Loss of tetracycline from solution in the absence of Al(OH)3(s) as measured 

using LSC (?H) and HPLC. 

Figure 3 shows the amount of ciprofloxacin sorbed onto Al(OH)3(s) [measured by LSC and 
HPLC] as a function of pH and reaction time (1 d and 1 wk). Compared to tetracycline the following 
trends were observed: (i) strong pH-dependence - sorption level increases sharply between pH 4.5 and 7, 
reaches a maximum in the circum-neutral pH range, and then decreases with increasing pH, (ii) minor 
differences between LSC and HPLC measurements after both 1 d and 1 wk, and (iii) higher removal level 

(determined by LSC) - maximum sorption of ~ 72%, unaffected by reaction time, around neutral pH. 

80 sila sora me sisi arma eae 

; | [em -Lsc 1d 
(Q .——e—e | etic te 

nt eens wg | + re -LSC 1wk 

¢ 60+; a NS [HPLC tk 
° , » oye 0 | 
3 504 4 ht 
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e  € 2 ’ | 
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‘ 3 . \: | 
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Figure 3. Sorption of ciprofloxacin [measured as loss from solution of '4C Jabel (LSC) and 

ciprofloxacin (HPLC)] to Al(OH)3(s) as a function of pH. 
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On-going Research Activities — Determining Antibiotic Levels in Sludge Samples: 

Treatment processes used for municipal wastewater can be highly effective in removing antibiotics 

as evidenced from low effluent soluble levels in this study and by other researchers (Golet et.al., 2002). 
We are currently (in collaboration with Dr. Michael Meyer, USGS, Ocala FL and Dr. Joel Pedersen, Soil 

Science, UW-Madison) developing new, robust and powerful extraction methods which will provide high 

recoveries and precision to determine antibiotic levels in a variety of solid environmental sample matrices 
(e.g., sewage sludge, animal manure, septic tank solids). One of our initial project objectives was to | 

determine antibiotics concentration in manures and in soils subjected to frequent animal waste : 

application. Due to the complexities involved in developing a procedure with widespread applicability, 
a we were unable to make significant progress with this particular objective. However, asapartofouron- _ 

. going research activities we anticipate analyzing several manure and soil samples to determine the 
| , concentration of particulate-bound antibiotics. Extraction and cleanup procedure for antibiotics will _ 7 

involve accelerated solvent extraction (ASE, available with Dr. Pedersen) followed by solid-phase 
extraction (SPE). Sewage sludge samples have been collected from the treatment plants listed in Table 1 

and are being preserved in a freezer. Prior to extraction, the samples will be dried, finely ground and 

stored in amber bottles. Dried sludge samples will be extracted using ASE in vatious extraction mixtures 

for different classes of antibiotics. | - 

| —  CONCLUSIONS/AMPLICATIONS/RECOMMENDATIONS: | 7 

_ Antibiotics were detected in wastewater influent/effluent, adjacent groundwater monitoring wells 
and in samples from on-site wastewater treatment systems. However, the soluble levels were extremely ; 

low (< 10 pg/L), and importantly for the wastewater treatment systems were unaffected by the size of the 

facility. Future monitoring programs can be limited to the eight compounds detected in our study. | | 

Contrasting sorption behavior of tetracycline and ciprofloxacin to Al and Fe hydroxides was observed. 

, Compared to tetracycline the following trends were observed for ciprofloxacin: (1) strong pH-dependence 
(ii) minor differences between LSC and HPLC measurements after both 1 day and 1 week, and (iii) higher 

removal level - maximum sorption of 72%, unaffected by reaction time, around neutral pH. 

- Tetracycline sorption exhibits mild pH-dependence and a significant difference existed between LSC- and 
HPLC-determined removal levels, highlighting the importance of transformation reactions. Our research 

findings will increase understanding of the environmental occurrence, fate and transformation 
| characteristics of these emerging organic contaminants. | | 
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