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Effects of Copper (ll) Treatment in Soil on Tetracycline Toxicity
to Growth of Lettuce (Lactuca satival.)
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ABSTRACT: Tetracycline (TC) groups, widely used veterinary antibiotics, can enter into environment through animal manure
application. TC forms a ligand complex with multivalent metal cations via chelation that can affect sorption and mobility of TC
in soil. So far, however, it has been confirmed through the reaction of the soil outside in the aqueous solution and the
evaluation of the performance in the soil cultivation process is insufficient. The purpose of this study was to examine effects of
copper on TC toxicity to lettuce growth. In this research, 750 mg kg’ of TCand 2.5, 7.5, 17.5 mg kg ™' of Cu are treated in soil and
lettuce was cultivated in the treated soil. Growth difference of lettuce by treatment was observed. As a result, 750 mg kg™ of
TC treated soil showed toxic effect to lettuce and the effect is alleviated by copper treatment.
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1. M 2 10~90%7} HEA} (parent compound) FE|Z B s
53to] HEHc} (Halling-Serensen 2000, Jjemba

Tetracycline (TC) 2] YA = SA oA 2w 2002, Kulshrestha et al. 2004). 7}£E20 2 vj=H 3
o, i Sl 2 4% SAS HHeR g2 AN Al A Be s Bl FHlR B &0
%31 QJh (Blackwell et al. 2007). 7}=0)| A ol = & Q1 =)o] (Jechalke et al. 2014), 3HAA] A4S 714 H]
AAlE & oA 8] diAbEA] ¢fa FojFe] e S7MIIAUAE A FEAL dEFE =
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4= %1t} (Boonsaner and Hawker 2013). Song¥} Guo
(2014)— A 9] A= A o] w2 QA Hol 7
BB Stk EF oA TC= ool & gk
714 ol &d, W A 59 7o 7 EF A
Zr=] T} (Tolls 2001). E3HTC = thofst 2-8-7] & 7}
AL Qlo} 2 pHofl whehA] =/ o] ThE iRl 5kt
O 2 ZAY5F 4= ¢Jc}(Sarmah et al. 2006). ]S+ E
4 o) 20] pHi= EF vjoll 4 TC2) S Aok
ZQ 5k IR}t o] QJof| = EQF 9Fo|-2 w25 (cation
exchange capacity, CEC), 47|15 3, 2= 59| B
ol thet TC F2kgoll Y& = A= d2A 8l
T} (Jones et al. 2005, Sassman and Le, 2005, Figueroa
et al. 2010).

TCE= o2 7119] O- &k N-21-87| &5 7HA| AL glew] o
So] HAAEIA (electron donor) 2 ZH-8-3) thoFslt &
21} A351e 4= )t} (Albert and Rees 1956). ©|2F T
3 A3 Ao A OJobEo 24 ojolu Aol
Akl Q= miadls, UHER, 24, 45 5= EH”—Ci

2 ELEgsHog AT Aol FE o|F
(Bahrami et al. 2012). ¥HH B34 o)A TC= OPH
B oI fORIet 584 ol 531 A 2
gt £ U] ool B34S SatstE
£ 9 T TCS| S5} Apolol A o g
8} Z 28wt} [Eo-oFo]l&-TC) o) 3¢t At

2= Uje] Qo] S-TC Bk oHg T 49 TCY

;Laok% 1] Z7} Eth(Zhao et al. 2013). EF 1 T2+

o Hsl=H TCO| 27 W A%, 73, &4l 5=

stab7] wiimoll Tt Sa<ol —4?& o] og2 TC

of 220 that el FQ T 3L ahe (Carter et
al. 2014).

o[t o] = TCO EY W AFl dF=vIA=F
S50 TC O] AJErkg-of thet itz QI3Uct (Thiele-
Bruhn 2003, Li et al. 2010, Zhao et al. 2011b). EF 3

2o gjalo 7 o]0 ZA7} TC S2lefo] Bt
2 shelat d7-5o) of3 RoH, Sl oo A
TCo) Fawo] ke Aew wad uh ot
(Wang et al. 2008, Zhao et al. 2011a). 5}A]Tt o] & A
iz elof SJFHTC ke shs 550 Ao 4 3}
Qg Zlo]], = ol A Bl A slell,

# A70) B (1) BRI A TCO) 412 54 S
B15kaL, 2) £ FollA1 ) Fele] e TC ] F 3
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°J+aloﬂx1 XHHOR“;
mm A2 A2l Aol A8k 4T =
TC 9hCu 12)71 282 Eake Hel e w%aiu}.
TC *]2]5-+= Tetracycline (Sigma-Aldrich)2- 100 g&]
Eko] 21210, 10, 50, 100, 300, 500, 750 mg kg™ ] 2=
T2 2 5 mLo FRFpo] o] H7ReE 520 B &
slo] Anbo]7)5kAt) (Boxall et al. 2006, Liu et al.
2009).

EFO] Feli= CuSO4 2 A = A 253l o w1
L 71740, 2.5, 7.5, 17.5 mg kg™ (Cu-0, Cu-1, Cu-2,
Cur3)o) 45022 Al 2o o320
2]+=Daoust et al. (2006) 2] FH-S LK A 5}o] 23]
SHITh 2 mmE A3 EOF200 g2 CuSO4&Ho] 1:1. 5
9] H]& (w/v)E 500 mL Nalgene bottleo]] @11 24 A 7F
F9F |G o] §3}o] FYBIATE. 50 72 K175
o 2] F2to) Aol 4+ QLES AR A AT T
2] A7} 73 Boll Eok §o1e 4B E]] (Avanti 1 E,
Beckman, CA, USA)E 0]-83}o] 30 £7F 5000xg 2]
2704 QBT F AFAS ANt =
pH o]0l th] Z4e|RolT) e Eof ERES
@804 60°CR A%AA Bafet 3 Zejud o
stk 9 oA AT e ) B Uy
BT AR] o7 548 L 591 750 m
ke'o] TCE Azatol Feje} TCO| B3 A2 w0}
(TCu-0, TCu-1, TCu-2, TCu-3)2 A 25T}

EFO B4, pH, 7= A 555 T, CEC &
2 FHH e B 2 A=A —'vj‘@.‘i’j (NIAST
20000 917 EAjshlon okl Alg 7he A
40 Mehlich-IT 2419 0] 25199 (Mehlich 1984).

2.2 Al=9 il

Gehsol| A 3Lt A X|ulAls: (Lactuca sativa L.)
2 43S 5ok 2t2be) A2l H B petr dish
(60 x 15 mm)oj| 35 g & 4|3t &, pre-germinated %l
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Table 1. Major properties of soil used in this study.
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Property Value Remark
Sand (%) 82.1
Texture Silt (%) 16.8 Loamy fine
Clay (%) 1.1
pH 7.7
Organic matter (OM) (%) 0.76
Cation exchange capacity (CEC) (cmolw kg™ 11.88

Table 2. Total heavy metal concentration of soil after Cu treatment (meantSD). The letters after numbers indicate significant
difference among the treatments at P<0.05 by ANOVA and Tukey test.

Treatment Heavy metal (mg kg™

Cu As Cd Ni Pb Zn
Cu-0 5.02+1.95° N.D.! 1.75+0.29° 5.90+1.04° 13.03%£1.13% 71.13+6.32°
Cu-1 7.63+1.27° N.D. 1.72+0.21% 6.35+3.07% 8.87+1.54° 72.21+6.14°
Cu-2 14.10+1.66° N.D. 1.92+0.24° 9.75+4.71% 10.28+0.37° 75.67+8.56°
Cu-3 25.05+2.57° N.D. 1.7120.11° 8.37+2.70° 14.45+1.17° 67.80+4.01°

'Not detected.

Table 3. Heavy metal availability of soil after Cu treatment (extracted by Mehlich — Il method) (meantSD). The letters
after numbers indicate significant difference among the treatments at P<0.05 by ANOVA and Tukey test.
Treatment Heavy metal (mg kg™)

Cu As Cd Ni Pb Zn
Cu-0 0.74+0.06° N.D." 0.04+0.00% 0.08+0.01% 2.74+0.14° 0.75+0.03°
Cu-1 2.88+0.12° N.D. 0.04+0.00% 0.08+0.02° 2.85+0.09° 0.74+0.05
Cu-2 5.78+0.59" N.D. 0.04+0.00% 0.09+0.02° 2.77+0.23° 0.810.09°
Cu-3 12.88+0.88° N.D. 0.04+0.00% 0.10+0.02° 2.69+0.19° 0.790.07°

"Not detected.

A Z2E 5 mm Zo|2 10704 A%ic) 1 & petri
dishE growth chamber= %{1 %, water holding
capacity @] °F 50% =02 BT 7116 A7 of
7k 8 AZte} g7] 270l A fj_”\ll?l%i?—“‘% 2rE=
21£2°C 21 0.2 FAIAA ek 2 A 2|t 30k
51500 TCO| ofju] A4 Ao 15 71 &=3 ol
gpateieh

S|

|

2.3 AlE9|

AT

Aui7E 52 AE2 2 3 o] upR fiEjo &
& B JAE Hol] Sfelo] 2B SHE] AT
Tupao g SRR Ak AlHo] ¢hie 4
EA|+=Epson Perfection V700 (Epson, Nagano, Japan)
5 -5510] 278l o) o|W]K| 4] =131 (WinRhizo

5.0a, Regent, Canada)2 £35}0] 2H-5-2] Zo| (RAMH+
2312 24t Z4E o] v me Balo] 4
277 B4 I, B, o)A 84 F A8
| o] A= 245} (Koo et al. 2013).

Ago] AMge EoFo) 2 5498 Table 1] 3}
Aok 4718 T 0.76%0H EAL FANAE
(lomy fine) = pHi=7.70| 31t} Aol o] =Y
Fat 2] ¢l w784 Bl vlste] f7lE defol At

< A7 13E T TR A2 TC 9A] EoF W #7]
Eofl wo] FatEckal defA Qlrk (Jechalke et al.
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Table 4. Mortality rate, fresh weight per seedling after tetracycline (TC) treatment. Control and TC-750 are treatments

with tetracycline 0 and 750 mg kg

respectively. The letters after numbers indicated significant difference among
the treatments at P<0.05 by ANOVA and Tukey test.

Property Control TC - 750
Mortality rate (%) 142
Fresh weight per seedling (g) 0.082° 0.086"

2014). o] wfjiZo]| = AR of| AME B2 B4 thE
ool wlalo] §71% o] 4 A BeESl)

Table 20f e hiz b o] mh2 o] 72
SOl AE Cu-03} Cur1749] 2] 120 elat 2}
o1} §I9ATL, Cu-2, Cu-3] A Th 2 £-2J5hA) 435
ek, ol 2le] BAL T 4 Ol vl e Yo
Cu-13} Cu-204] &=7h 435 Zaxgt 2 A @fsfal
= 312kE] 7] oFQtt} Table 39 LR Mehlich-3 o]
ofshH HEE S ulepae] Aol 4o Ha
M o= CU-IOHH—‘?H Cu-09} H|uLsto] F-ofgh

o] o] A2 3lo1519) 0 1 Cu-1, Cu-2, Cu-32]
SAR ASH0 2 05 Aot THE vl 8l
450 s ol WasH el mrepA] B
AP T A= A Ao ot FFEE AL
2 et

3.2 A0l it tetracyclinel| SA AlE
TC =4 HEE o7 Q8 15:U71e] =& Alg oA

A% 5 W 9)o] A4 500 mg kg 1A BAIH 0.2 90
gk 2po) 7} LhehbR] 99kaL, 750 mg kg ol A T A2
ol ulato] @AHA AYAFo] At Sict (P < 0.05)
(Fig. 1). A28 2] (logistic model)S E35}10]
TC & A| g2 gi8] 50% 2] A A8 E dov)=
FEQ EC507}10%2] A% AslE B 5=l
EC10& A48T A 5k Mol A= EC500] U
EfL}A] 9Foko o (>750 mg kg'), EC10-2 726.83 mg
kg' o0& Uehgth o]% TC7 A2 EA] ke fjzt
(TC-0)2} 750 mg kg' < TC7} Azd AT
(TC-750)0l| 4] 337t A== AfulgE Aatol A S A] A3
kol §-oJ5t Zfol & ERIst it (Fig. 2). TC7} A ]
7] gk 1‘41544750 mgkg ' 7} A2 E A2 7o] 3
o+ AR (mortality rate, A3 7] A4/ THESE A
% 100), A5 (5 FA / okt 7hA] 42)2 5-2] 5t
Z}o| = Kol o}om} (Table 4).

£ A Aol A= TCol| &J5t AF5=2] ko] A s
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Fig. 1. Elongation of lettuce with exposure to different
concentration of tetracycline on soil. Error bar indicates
standard deviation.
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Fig. 2. Length per seedling with different concentration
of copper in soil. Copper concentrations in Cu-0, Cu-1,
Cu-2, Cu-3 are 5.02, 7.63, 14.10 and 25.05 mg kg'1,
respectively. Error bar indicates standard deviation.
Means with different letters indicate significant difference
at P<0.05 by ANOVA and Tukey test.

S I 4= STk TCo 23t A1&-2] A4 #al= 7]
E9] AollA & chekgh 2710 A] ZelE|lck Hillis
et al. (2014)2] QLo A= dutul, G, A SollA]
TCol| 9J3t =A)-2 3}+015}91 31, Pomati et al. (2004)2]
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Fig. 3. Length of seedling on control and TC-750. Control
and TC-750 are treatments with tetracylcine 0 and 750
mg kg'1, respectively. Error bar indicates standard deviation.

Aol A= SRS o2 AE =S TC7HA
ol Asg YoqS ERIstelet. 3T Hillis et al.
(2014) 2] 915L0]| A AF3=2] EC102F EC509] ghe- 7+t
1.815, >10 mg L' o2 2 oA Ao tpehf=
EC10 711 726.83 mg kg™ of] B]5}o] 480 7}2F W<k
th 0|5 F5ko] TC7t 7 AulE Foto] mE =S
ol ulste] EQRS Folo] leEH S o o e 54
S YRtk AFAS I3k 4= 919iT

3.3 2| o mE dF9 g Hlw

] @ A 2] 2 $FCu-0, Cu-1, Cu-2, Cu-3 2]
o Al A}k A2e9] 7o) 7k7) 64.02, 71.87, 61.60 L
50.69 mm = X 2|3k 2] fFeol| whetba] A=A 9] 434
=7k oA ekt (Fig. 3). Cu-0 Bl alstod Cu-1
I} Cu-200| 4 2] 4J3=2] Lol = §-2J5t 2fo] & UEpf A
AT, Cu-30 A= frolshA A5kt Cu-3+=
Cu-09} H]asto] g4k A7t vehd 22 21 4
At 52 FTF Cu-1of|4]= F-29Jgt Zfo]7t
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Fig. 4. Length per seedling with different treatment soil.
Error bar indicates standard deviation. Means with

different letters indicate significant difference at P<0.05
by ANOVA and Tukey test.

LHA] 9431 Cu-2, Cu-3 o)A 52 a7k 2IE S
ARk, et AR Cu-03} B|1ske] Cu-1, Cu-2,
Cu-39] B= A 2] Ftof| A IAReo] 2] 5ot A2
s}o15}IT} (Table 5).
A3 Aol A Cu-13} Cu-200|A4 A459] +1e] &
T YRR SR T o' HAo] Y
Ik Cu-30]4 9] 2] Fpahe FYEer 9]
£ dolA EAo] i | Ao & wotHh
= AE U g deA glom ngF ey
A2 5 Ho Utk B WollAl 7219 w=710.1
mg kg W]EH W= Ay S0 R Qlsto] A8 Y%
o] E7Ms3tal 4 A Itk (Mocquot et al. 1996).
TFe7H 53598 EolA= 7= AlH|sto] A
AFFS 3R A1 717 = gt} (Baker and Walker 1989).
HhH T oF Tl 2] 9f gho] AU A =& B-oll=
FRHA 712 Aa Aatol] ke o S A Alst
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Table 5. Mortality rate and fresh weight per seedling of lettuce on Cu treatments. The letters after numbers indicated
significant difference among the treatments at P < 0.05 by ANOVA and Tukey test.

Treatment
Property
Cu-0 Cu-1 Cu-2 Cu-3
Mortality rate (%) 18° 8° 4 4
Fresh weight per seedling (g) 0.082° 0.086° 0.076° 0.063°




68 B. Lee et al. / Ecology and Resilient Infrastructure (2017) 4(1): 063-070

Table 6. Mortality rate and fresh weight per seedling of lettuce on TCu treatments. The letters after numbers indicated
significant difference among the treatments at P < 0.05 by ANOVA and Tukey test.

Treatment
Property
TCu-0 TCu-1 TCu-2 TCu-3
Mortality rate (%) 147 16° 20° 8
Fresh weight per seedling (g) 0.086%° 0.088° 0.079™ 0.074°

3.4 M0 CHSt tetracyclineQ] MZF X{5HO|
ojxls £ T2l ¥E

FFoll "istel TC7} oAl = A A sfoll B -2

7t mlAE AgES BRI $isted, TC7H B

750 m kg © 2 A=A gt Eok | e &=Fo| o}
2 7}7}9] 2] TCu-0, TCu-1, TCu-2, TCu-3¢]14] 3
Z7bAE2 Ak L Ak TCu-00] Hste] 7-e]
o] =2 Al 71A] A 8]t TCu-1, TCu-2, TCu-3 X

POl A 52 Aol F-olakA S7FsFAAI R Al A
7 bl ol Aol H 215 ettt (Fig. 3). 2
AE| e AES 717 14, 16,20 9 8% 54
O o5k Aol7h LK) gkl I 28 420 Lpet
ok AE S TCu- 1= TCu-02t -7-2J3t 2ol & LE}
WA 949kaL, TCu-22} TCu-3+= TCu-10f| H|5}o] 72}
S1A| Zh4=513iH (Table 6).

E Al 2:1 EOF AE 3521 montmorillonite o]

tiste] L] TCO| B2to A AT 28-S A3 2
ol whEw a)7} gl 2o BT} Sle 7} o] 27

5} 918 v TC o) B2l S7lek AL Selsieich
TCS} 72lo] AVl TCole B2 Sl Auch
montmorillonite T3}o] Z2FA|147} =9kt (Wang et
al. 2008). T34 1:1 &<l kaolinite =montmorillonite
ofu|ms}o] 48 &5k CECE 7Hm] =515
ZHA AL QIA] ¢F7] wizol] EH A o] AZ-of| &= kaolinite
£ oz g Aol A el 7h EAE Al F2to] 27
Z71skc)a B 318}t (Zhao et al. 201 1b). 0]+= 2]
0]20] kaolinite®] ol WX AW A3l (inner-
sphere complex) S 550 F-2] 7} EHH of Thets] Aot
5ko TC 9] of 2 3el-g-E3} kaolinite Afo]of| 4] F-2]o]
2o the]ofare 5}7] tjFolen ATk (Zhao et
al. 2011b).

2 A+ Aol A -2 9] A 2of| ofsfj A TC7} A 2]
Fl EQollA] At 5o A A7 sk Ae &

AstAet. 71E9] A Ao np7 A= Bof Ui

2)of] 2 TC 9] F2to & QI5te] A7} F4=3H TC7}

st Axtg 2ol B3 TCu-29 TCu-32] A

o] fhagt A2 dpFe] e = Qlsf HAdo HrHE Al
2 ke

r

N
my

=

Al3] Eoko]| A] AFZo] B TC O] A2 B4 A3 2
7}, 750 mg kg 520l 4] 20t f-olak 2ol 7} e}
sk o)A AFET} upasA| 2 TCo| 2Jsked 443:9)
x{;‘q] 7lo] ].zzhopd ;qu]- o]h z,\_g_ouoﬂ/\«] /K]—i E/H o]
BBl S5 o) v] W] 4008] 7170] & 3 1
o] 4=L M o|| A9} EoFo| A 2] B4 vha o] gl S 3
Ve 4= Ak 72 Aol whE o) A A
e, o272l Cu-02} vl isto] 2]} 371 Cu-
Cu-2, Cu-39] 504 Aol F7kek A& gl
o0, Cu-12) 904 2o} 714 2 vhebgta
2] apgo] /M Cu2s) CusolE asisic
o= 2|7} ek W 22 H L Aol w50l
=]t ko] Tl ©8)3 B4-S Lhehil A o]
3t}
vpA] e 2 e} 2e) 1k TCO) A% A
afol] 1] X1 dgL Bl A 22 TC7H A=
Foll= 2|7k F7HE A Ftof| A= wjsfEo] st
Sk ol= 7] A7 TC O B 3 At} F2o]
S7Fsto] Aa a7 Asked 7] diimofl Aol o
Sk ol afo] At A o & vhhe]w, ALejglero] wot
A= Z5ols =44 Agh At HojAl =g ol = &
& e TR QR 540l Ao ® wetETh olzgt
EF AoA 9 Aite TCO 83} 55=7F #oM=
A o] Qofli= 48 o] At Aot AR RS
e

FU R TCR 2 A8 57 A} Bl 2 5342)
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