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antibiotics, which are extensively used for therapeutic Table 1:Properties of Soils, Manure and AI-WTR
dies have shown that yclines can enter the envi in
ated land application of manure and accumulate in soil, generating
man health risks. Our earlier batch sorption and incubation studies
ffinity of Al-based drinking water treatment residuals (WTRs) for
etracycline (OTC). Based on the successful results from the sorption EC(usiem) 363123  59.0%45 203+13 24055
d that AI-WTR could be a promising green sorbent for TTC and OTC rich
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amended soils. A greenhouse column study was set up to evaluate effectiveness of OM@ko) ~ 240£878  840£02 80015 2505+25 \&«*“ \é@* &\\w & Qﬁ\\% &
— . : . & o
e manure and two physico qhemwa.ll'y va'.na.ut soil types (from Immokalee' a'.ud (AP, 02885 0080001 5422046 <MpLw | o 8 <
es) were chosen based on their potential differences with regard to TCs reactivity. (gikg) Treatment (ImM TTC) Treatment (10mM TTC)
grass (Cynodon dactylon) and corn (Zea mays L.) were used as control and test plants (Al+Fe),, 963+45  002+0001 120+0005 <MDL** T00% T00%
vely. Manure and soil samples were spiked with various concentrations of TTC/OTC (0, 1, and (9/ka) ®IME2M E3M =AM =IM =M EIM EaM

and amended at three rates (0 2.5 and 5%) of AI-WTR. Soil/manure and leachate samples TCs(MM) ~ <MDL**  <MDL**  <MDL**  <MDL**

e 11 d periodically; i diately after spiking (time zero), and after 1, 2, 3, and 4 months.
Soil/manure samples were subjected to four different treatments; DI water, IM KCl (competing ion
effect), methanol (hydrophobicity), and 0.25M EDTA (chelating agent) followed by solid phase
extraction (SPE) and analysis by HPLC. Results showed that compared to the unamended (no WTR)
manure/soils, leaching and mobility of TTC/OTC significantly (p<0.001) decreased by 45-70% within
4 months across all the treatments tested. Leaching of TTC and OTC reduced significantly (p< 0.05)
from manure and soils amended with 5% AI-WTR as compared to those with 2.5% AI-WTR. Presence [
of Bermuda grass and corn reduced leaching of TTC/OTC by 5-9% compared to columns with no
plant cover. Highest total leaching (time zero to 4 months) was observed in Immokalee soil, followed
by Belleglade soil and manure, showing leaching behavior is related to soil physico-chemical
properties. Solid phase extraction results showed less than 10% removal of the initial TTC/OTC
concentration in both manure and soils in different phases tested (DI water (< 2%), IM KCI (< 4%),
methanol (< 5%), and 0.25M EDTA (<10%) after 3 months, indicating strong binding of TCs on Al-
'WTR. The release behavior observed is very encouraging with respect to stability of TTC/OTC sorbed
to the retentive surfaces of the WTRs in amended soils and manure. This is the first greenhouse
column study documenting WTR as an effective green sorbent for TCs rich manure and manure
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Fig. 5. Leachate analysis from soils (Immokalee and Belleglade) amended with TTC/OTC rich manure, manure rich in TTC/OTC, and treated/untreated
with different rates of A-WTR in presence of plants (Corn). [TTC/OTC], ;= 1 and 10 mM, AI-WTR rates: 0, 2.5 and 5%, and sampling period: 1, 2,
3, and 4 months. After 4 months, highest amount of leaching was observed for Immokalee soil, followed by Belleglade, and manure in all the TTC and
OTC concentration tested. Results showed  that highest amount of leaching was observed after Ist month for both the soils and manure, at all the TTC
and OTC treatment tested. Significant (p < 0.001) decrease in the amount of TTC and OTC leached was observed in A-WTR treated soils and manure
in comparison to control (no AI-WTR) soil and manure. With increase in the amount of AI-WTR, significant (p < 0.05) decrease in the amount of TTC in
the leachate was observed .
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'VAs are being used increasingly to protect the health of farm animals and also to accelerate their growth § N ' | I i I ' I gﬁ 2 ' ' i N ' ' '
(Boxall et al., 2003). Studies have shown that as much as 50 to 90% of the VAs administered orally may & 0 i woy [
pass through the alimentary canal of cattle unchanged (Chee-Sanford et al., 2001; Kumar et al., 2005). & & & 4& é& & \4& & A— & g& & /3- f g‘ &
Once excreted in urine and manure, VAs can enter into soils, surface water and/or groundwater via manure Xs' wg?“' 5“‘ S "a § 58T Xn“ JCAC A W&“““ A
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applied soils or via sludge storage at concentrated animal feeding operations (CAFOs). The presence of « « \6“‘\ @\ v Q‘L\\" @\Q’ vhf‘( = ‘@*“5“ « s \x“& @L% e‘\\" <§>\% &s‘ é\& &&"
VAs in aquatic and terrestrial environments is of concern because, even at ng/L levels, these molecules are 6A Treatment (LmM TTC) ~ 6B A
biologically active and can affect critical developmental stages and endocrine systems of aquatic and Treatment (10mM TTC)
terrestrial organisms (Aga, 2008; Daughton et al., 1999; Ingham et al., 1994; Levy, 1987). Also, the =DI-Water ®IMKCl  ®Methanol ~ =0.25M EDTA =10 ®DI-Water ®IMKCI ®Methanol ®0.25M EDTA
widespread use and frequent detection of VAs in the environment have raised concerns over proliferation s
of antibiotic-resistant bacteria, decrease in the effectiveness of medical antibiotics, and other potential g 12
adverse human health and ecological effects (Agerse et al., 2006; Campagnolo et al., 2002; Thiele-Bruhn S 10
ctal., 2003). g
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«»Evaluate the effectiveness of AI-WTR to immobilize TTC and OTC in TCs rich soils and manure in a i 0
: 1 ) ol Smd}? i } ; &(& & & {{& 51— ,,6 & é& ‘ﬁ- ¢ & & & «Q— 4& ‘ & ‘ é& ‘@«Q'
«#Identify the role of soil and manure properties in TTC and OTC retention and release in the presence N I N 8° ;f““ K x" @“‘“ "5“‘ 8 {S‘“ 5 8T
and absence of AL-WTR & & @ @c »@‘& s & ¢ ¢
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"Investlgate the degradants and metabolites of TCs using solid-phase extraction and liquid | 6C Treatment (ImM OTC) 6D Treatment (10mM OTC)
hy—tandem mass spectrometry. Fig. 6. Extractions were carried out after 4 months to determine potential release of TTC (A and B) and OTC (C and D) from the soils
(Immokalee and Belleglade) in presence of corn amended with TTC/OTC rich manure, manure rich in TTC/OTC, and treated/untreated with
AI-WTR. Four different treatments (DI water, 1M KCI, methanol, and 0.25M EDTA) were used. Methanol treatment was used to check the
MATE R I AL AN D M ETH O DS role of hydrophobicity on sorption, KCI was used to see the effect of competing ion on sorption, and EDTA was used as a chelating agent to

evaluate competitively displaced sorbed TTC/OTC from soil, manure, and AI-WTR. TTC and OTC release from Al -WTR treated soils
manure with all the four treatments was minimal compared to control smls and manure ( no AI-WTR), suggesting strong sorption. Less
7% of the sorbed TTC/OTC was removed in the methanol phase that hydrophobic i ion between AI-WTR and TT¢

< Al-WTR was obtained from the Bradenton, Florida water treatment facility. was minimal. With the treatment of 1 M KCI, less than 5% of the sorbed TTC/OTC was removed, indicating that the TT
+Cattle manure was obtained from Rutgers, Cook Campus, NJ. mechanism was stronger than just non-specific electrostatic interaction. Less than 12% of the total sorbed TTC/OTC was rels

. . lori . lori Fig. 4. Photographs from greenhouse column study in soils and manure treated with AI-WTR suggesting strong TTC/OTC-AI-WTR complexes
< :
sSource of TCst: Te[racydme hydl‘och oride and Oxytetracyclme hydroch oride Table 2: Mass Balance of TTC and OTC (1mM treatment) in Immokalee and Belleglade series soils. The m

«“*Prior to their use in the greenhouse column study, the soils, manure, and WTR were characterized WCHCHNELEERERIEEREIR R UERep el E I RUEEL MR G ey R T
for physicochemical properties using standard methods. accumulated in plants

“*Two types of soil — Immokalee and Belleglade series with varying physico-chemical properties
were used (Table 1).

«»Amendment of AI-WTR to soils and manure significantly reduce

“*The soils were wetted to 70% of their water holding capacity and amended with TTC/OTC rich ol | Leachate end | Extraction | Extraction Extraction| Extraction | oo o oy o moned! | OTC via immobilization or stabilization.
at a rate of 11.2 Mg ha'! to simulate a realistic field loading rate in PVC columns (15 high x TTCoong | Of4menths | Dlwater | Methanal | KCI EDTA soivmanure | ** Results from extraction experiments showed minimal rele:
6” diameter) as shown in the figure 1. AI-WTR was added at different rates (0, 25, and 50 g kg™!). |m.;\1;rr‘w“/;1/§r|-gm 72% 3% 4% % 8% 95% 5% four treatments tested, indicating strong TTC/OTC-AI-WT
PUNT P ¥ R
“+Zea mays (corn) and Cynodon dactylon (Bermuda grass) were used as test crop and control grass | imm-25%Al- * Al bésed ‘WTRs could be a promising, ‘cost effective,
y. WTR(ImMTTC)| 2% 2% 2% 4% 6% & 60% of TCs in manure and manure amended soils.
petivel “»The current research is the first step in our
++The TCs rich manure-applied soils were loaded in PVC columns (15 high x 6” diameter). Corn and | '™ S%ALWTR |50, 1% 2% 2% 5% 2% 0% M 1 : e tep .
pp AmmMTTC) to immobilize and stabil
Bermuda grass seeds were used. Colyttfns were arranged in a randlomlze(? l?lock design and were EoisosAwTR o - ™ o o o o “Future studies being planned include
rotated periodically to account for variations in temperature and sunlight within the greenhouse. The | (mMTTC) dynamic interaction of manure, Soil
. o P - - , soil,
plants were maintained and fertilized as per standard guidelines. W?gg(lzr‘ns,;/”ﬁc) 15% 2% 2% 3% 8% 29% 71% Gl cedtitens
+#The manure and manure amended soils, sorbent-treated/untreated were analyzed after extraction 55'3:31/*_';‘2;“? 13% 1% 1% 2% 5% 2% 79% REFERENCES
using HPLC at time zero (i diately after sorbent- dment), after 1, 2, 3 and 4 months. Manure-0%Al- aioe
e . 55% 4% 6% 8% 1% 17%
«* Leachate samples were collected periodically and analyzed for TCs using HPLC. mR (1";': ;;"A? poriis
nure-2.5 % Al- A
“+Liquid chromatography-tandem mass spectrometry was performed to analyze degrad and |wiRammTTg) | 1% 2 2 22 2 7% 5320 e :ﬁfﬁ.m, zm’sLA-
i i ] g Manure 5% Al- G C. b6 Katikeyn 0050
metabolites of TTC and OTC in leachate and soils samples after SPE extraction. St ) 12% 206 1% 3% 5% 23% 78% ool Vi, . D




