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Effect of combined pollution of three antibiotics and Cu on soil catalase activity

ZHANG Wen—jie, YANG Li-li, WANG Jin—hua’, ZHU Lu-sheng, WANG Jun, MAO Shu-shuai

(College of Resources and Environment, Key Laboratory of Agricultural Environment in Universities of Shandong, Shandong Agricultural
University, Tai’an 271018, China)

Abstract: To analyze the single and joint toxicity of antibiotics and heavy metals on the soil catalase ecosystem, this study regarded three
kinds of antibiotics, enrofloxacin (ENR), oxytetracycline (OTC ), and sulfamethazine (SM2), and Cu as target contaminants. Potassium per-
manganate titration was used to study the effects of these contaminants on the activity of catalase, which is an important indicator of soil pol-
lution. The results showed that the treatment of medium and low concentrations of ENR had a certain activation effect on enzyme activity,
and the maximum activation rate was 5.52%. With the increase of exposure concentration, the inhibitory effect of OTC on enzyme activity
increased, and the inhibition rate increased to 8.36%. At the initial stage of SM2 treatment, the medium and low concentration treatment
group activated the enzyme, and the maximum activation rate reached 7.46%. After treatment for 21 d, The high concentration treatment
group activated the enzyme on day 21, and the activation rate was 1.71%. Cu inhibited catalase activity on day 28. The effect of ENR+Cu

treatment on catalase activity was firstly inhibited and then activated with the increase of pollution concentration; on day 7 of the
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OTC+Cu treatment, all the concentration groups had no significant difference with the control, and after 14 d, the high concentration group

inhibited soil catalase activity with the highest inhibition rate of 3.58%. The SM2+Cu treatment groups had an inhibition effect following

the activation effect, with an activation rate of 10.00% on day 7 and an inhibition rate of 4.49% on day 28. During the entire experimental

cycle, the ENR+Cu and SM2+Cu treatment groups were affected by concentration and time; antagonism dominated the OTC+Cu composite

pollution effects. All the findings in this study demonstrated that in the case of a single pollutant, the effect of antibiotics on soil catalase

was related to its type, exposure concentration, and exposure time. With a combination of pollutants, the interaction between antibiotics and

Cu varied, and was characterized by antagonistic and synergistic effects, which were related to the type of antibiotic, ratio of combined pol-

lution concentration and exposure time, and the ratio of antibiotic and Cu coordination reactions to produce complexes.

Keywords: enrofloxacin; oxytetracycline; sulfamethazine; Cu; soil catalase

Ptk FZAE RS UL SR Es gL, iz T
BB RN E BORAE BT LA B RLA T 2 R, ik
FEEAERKY, WmEegit, RERGEE AR 21
T3 v, e 489% FH AL A& Holk , (A= ZE R R Es
HIHT A R TCTEAE S 58 s B AR, 75% bt A &R
2 IR 25y s AR 8 CHE I E A BRESE , HEAE 3R
BErh BRI e Ah KI5 B A R 0Dk A
B BB Z AR R LR 24 BE PR A s i 2 3
FI4 R, U N AR A RUE ST, CulE R S
PAEREFERP A EEEA, TR §ERK
e & BHURTE, BT LIES SRk b 2 A s in—
SE L) Cu, (HUEA Cu S inad i, WA RERE & & 52 4
W, Z 40 Cu S HE R RSN, o B A1
S ARk FR S IR R R T 3K 100~250 mg - kg™, BUAR
fbFeat B 48 (U Cu) PR %X 63.1%Y,

Bt & &K O RE R PiAERA Cus
LFAE LR R R E G, IREPUAE RS
FHE A R RS, T S ES RV RE &
Yy, TN A Y B ARV A A Y - R
TR RAE AT RO, B S 3 4R
FEAEA e, TRy L 35 e 25 A PR FE AR, 0
T A S (CAT) J&fi A Py sshs 4 7= A 1 — 2 i bk
J 2 3 A E S BB AR AL AR 2 RN, Dhad AR
BN IS T B A L A A 0 5 W e Akl G
F o RN R R AR AR g
PLRE VD B (ENR) | 18 %R (OTC) i fiie = mg g
(SM2) 1 Cu ky HART5 444, -3 CAT R AEFE IR,
KRS N R WX =Rt AE R S Cu i —
K ATEYT HHE CATIEYER R, A A R IR R buAe
2 5 E G R E AT YL IREE KU AN S G ih PR A1
—ES%,

—136—

| HREE

1.1 R Bef et
L1150 1 4

TR B AR AR R A R A X SR A
HUREVE , RBRRIZAREL B FIZRIH | em 2419 R)Z
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mmol - kg™ L CullkE M 0.315 mmol'kg’l,ﬂf&%m?&? Cu
HelE 4 0.018 3~0.018 9 mmol -kg ™'
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0.05.0.20.,0.80 mmol - kg™) F1 2 /K- (Cu 15 2 MR EE
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Table 1 Experimental factors and levels(mmol *kg™)

v I
Corit;?ntiznls ! 2 3 4 5 6 ! 8
Cu 0 0 0 0 1.60 1.60 1.60 1.60
ENR 0 0.05 0.20 0.80 0 0.05 0.20 0.80
OTC 0 0.05 0.20 0.80 0 0.05 0.20 0.80
SM2 0 0.05 0.20 0.80 0 0.05 0.20 0.80

mmol * L™ i 45 ¥ , B 3.582 2 g i R il & 25 % 100 mlL,
FER B2 70.93 mmol - L', F 4 ClEGIRAE) , F U
Fb A8 7 2 A B8 b, U 43 51024 0.035 mL (0.05
mmol * kg™) . 0.141 mL (0.20 mmol - kg™) | 0.564 mL
(0.80 mmol - kg™) . 1.128 mL(1.60 mmol - kg™) . 4t
B PR IE A 4y £ P A B AR TR 5 mL, Fl AR AR TR
FAZ B TR TR % B 25 B /KA B B A 2 AN
W, ARG AR G 1, BT 25 C4F
FEREFRFE R CRE %, IFAE 7 14 21 AR 28 d e L3 rp
CAT A 35 1, 300 100 (F - 98 b i FR 97 7 I KRRk 1Y
50%~60%.

38 CATT 1 R FH e i T 4 9 T A DU e
PELA T g T3 AEAY 0.02 mol - L™ 75 5 B2 A1 11 22 TH 5K
FOoR, AR U-g
1.3 #iiEabiE

15 1 Excel 2010 353025 2H 52 50 v 3 Y 5 Pl 4K
PRI B R bR 2, 22 R IR ] 5 SR F SPSS 17.0
PAEXPEAE AT RUR R Ty 2250 W, 22 57 B & MK
P<0.05; f# f] Canoco for Windows 4.5 (Microcomputer
Power, Ithaca, NY ) 73 B 8 4 43 B 24358 IR - 5 1l 0% 1k
Z ] AH G
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(1) Tl 0% 5 0 B 2 S ARG S 3 7R 56 21 d L iR Bl i
WOE % 5.52% . 5528 d, Bl ENR V& B3 55, %) CAT 1%
PEROE VE S48, ENR 254 (0.80 mmol *kg™)
ZHF) T 5 PR OSSR N 6.04% . 55 7.14.21 AL 1.6
mmol kg_l Cu PR — Kb PREGVE P S X% IR o I8 & 5 5.

TEENR Al Cu A AL BT IRk B ENR(0.05 mmol -
kg™ )l Cu &2 A Ab FRZH 738400 R T I CAT 6P 5
X HE 4 22 S YR B 2 ik B ENR M Cu &2 G b P2
TE2F 28 d W VA A ], 3060 58 H 5.18% 5 11 g ¥ 2
ENR Fl Cu & 454k 352 (0 Tl 0 P R4 Sl S0 PN 5 %) B
AHC R 2.

AN EL S B — b PR HE L 2R 21 d R AR
1K) 52 A5 Aub B2 50 B — b L TS AR Ak N B 2 IR
W ENR I Cu 524 Ab B2 76 565 28 d I 1k 2 3% v
F Cuff—AbPHA . 7255 21 d FIEE 28 d, PP ENR
il Cu & A 4b P4 BTG VE 5525 I T ENR Ao i o —
AL BRZ RN Cu B —AbFHAL . &V B2 ENR Fll Cu &2 & 4
FRZH il 15 1 7R 5 28 d I T ENR iR L —4b B
. FZ 3PS  ENR 5 Cu 98— K& 4 ab 3
T, REE R T CAT VG PER S B 22 5%

22 OTCEH CuB—RE&TTEIT T CATIEEAIZ M

B 2 0] 5, 55 7 d Cu B — 4 B2 5 %6 R 4 A1
Lb 8 3 P T S 0 5.34% , Z I I B R B[]

R2 LUREFNET E) 8 R E W E R E ST

Table 2 Results of two—factor ANOVA based on concentration and time

ik % e & Concentrations 5} 8] Time e & XIRFA] Concentrations X Time

Antibiotics df F P df F P df F P

ENR* 3 4.088 0.001 7 174.823 <0.001 21 3.282 <0.001

oTC* 3 37.931 <0.001 7 69.049 <0.001 21 3.031 <0.001

SM2 3 1.497 0.186 7 200.614 <0.001 21 3.413 <0.001

T RS CAT Il P HA 25520 (P<0.05)

Notes : * denotes a significant effect on catalase activity (P<0.05).
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T Uck O ENR-0.05 M ENR-0.20 A ENR-0.80
o 5t NCu B ENR-005+Cu  [MENR-0.20+Cu  [3ENR-0.80+Cu
£ , e b @ b pe
% 4T hab aababbapab @ a “aaaa babab}.)\%hli E :}\\iceﬂ;c—
v .l ZN=|IIEE Z2\= = [ =[HE
i:? 3 g§ 2 g g “ g
S ot N NS = =
# /\ Z/N\\= — —
Zo1r /\ NI — —
3 % ANE = NE

0 = = =

7 14 21 28
B} 8] Time/d

(i) — I} [ AN ] SRR R Ak BRZR 22 1) 22 5 19 25 (P<0.05) o [

Different letters in columns at the same time are significantly different at P<0.05. The same below

Bl 1 AEEEERE ENRFA Cu BB — R 8 &5 £3T 115 CATiE RIS

Figure 1 Effects of single and joint toxicity of ENR and Cu on soil catalase activity in different sampling times

R3 ILSDEEILRHBERRFEDN
Table 3 Results of single—factor ANOVA and LSD multiple comparisons

iz e B Concentrations [5HE] Time
Antibiotics CK 0.05 0.20 0.80 Cu 0.05+Cu  0.20+Cu  0.80+Cu  7d 14d 21d 28d
ENR a a a a a a a a a b ¢ d
OTC ab ab b ¢ a a a b a a b ¢
SM2 a a a a a a a a a b ¢ d
T s AT AN R] B 7R AN [k 2 B A% 5 ) [E) % CAT 52 22 5tk 2% (P<0.05)
Notes : Different letters in a row indicate significant differences among different concentrations or exposure time (P<0.05).
6 -
T Ock O orc-0.05 M 01C-0.20 0TC-0.80
5 5F Cu E 0TC-0.05+Cu [ OTC-0.20+Cu [ OTC-0.80+Cu
2 4 s a ab a ¢ .
EoaphetegeRibhe ibbodiib g demt o hesbec
3 — =[] f:: AN =11
o — — Z\\= =
2 3r — — 7 \N\= —
< —] — 0 \N\ == —
= — — N\ = —
S ot - — NE =
= = = NE
= 17 — — INE
5 = = NE
© 0 —] —] 7N\
7 14 21 28

2 AEBHERBOTCFCuBE—RESTHRITTEECATEGE

At 18] Time/d

gbA )

Figure 2 Effects of single and joint toxicity of OTC and Cu on soil catalase activity in different sampling times
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i 28 8.36%., OTC H Ik ik i 20 5 % BB 41 TG
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A2 A b BRA BTG ME S IEAL B L, 22 RN B S
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2.3 SM25 Cu B —REATHEX HIE CATEMERZNE

M 3 AL, Cu B—Ab FRZH CAT 35 1 5 % BE G
WEZES . HT7 M 21 d, SM2 PR EE A BRLL 5
Xof BECHH EL 34 3¢ B Sk 3 0TS A TS R
7.46% . SM2 =V EAIAESS 21 d BTG M 2 2 8 1
H L BIEFEN 1.71%.

SANEA A AR B SM2 F Cu B A AL B
5% RRAL L, FESE 7 d B IS VR T S R R
9.15%, %5 14 d FEE PERL NG, 55 21 .28 d B M S5 %0
NG W 25 25 S 5 e Wik 5 SM2 I Cu B84 b P2 15 %) B
AL, 7RSS 7 d A 0 TS AR S 43R 10.00%
14 d Ji 5 A AR T, 00 28 5 o 4.49% .

AT G Y b AR L, 55 7 A, B AT
e 45 VIR JRE A PR 2 Ko S M 1 RS U LR | T A%
P AbPRAL 5 14 d, 5 AT Yl A TR R Ak B A il S
PR T 4% B — A0 BRAH 3 55 21 R MR JE SM2 Fl Cu B &
A P2 Tk 9 S I TR R B SM2 B — Ab R A 5 5
28 d, Ve BE SM2 1 Cu 2 4 Ak P20 XoF il 336 1 990 o
P 2R T —Ab 3. PR30, SM2 5 Cu i . —
KA A T5 YAk B vh 5 Y it ) X CAT 36 PE B S i A

BEFES
24 MERECuBE—REGTEN CATEMERZ A
RS

W 4 Frs , 6 F ENR DL, 5521 d 525 7. 14,
28 d Z [H]Je M HE R, A BH 2 R O, RIS 21 d AR b 4
. X T OTC UL, 557 d il 14 d Z [\] 2 M AR
/NCEE 21 A28 d Z [A] e Al AR /0N, 156 BH 1 5 1 A8 Ak
RS AR . X T SM2 SN, 55 21 d 128 d 22 ]
AR/, UL B AR fb B A A3 0T, 56 7 d 550
14.21.28 d Z [[] e MKk, IS 7 d ARl B 3%
7dENR il 14dENR (945 H A5 50, 156 B ENR 4b PEAE5S

1.0
Oy4
28dENR
14dSM2
7dEN
8044k
50 .
T
03 -
285M2
60
27 21SM2
7dSM2 #7
21dENR
JoTC 21d0TC
. 14doTC | '28d0TC
_] . 1 1

-1.5 1.0

7dENR , 14dENR \21dENR \28dENR 43 5 F/8 ENR 5 Cu B — R K475
DEAEEET 14,2128 d B XHEHEFEIEZI, OTC SM2 A 8 .
1~8 53 FRRPUER S Cuth— NI B I Y 8 MR
7dENR, 14dENR, 21dENR and 28dENR indicate the effect of single and
joint toxicity of ENR and Cu on catalase activity on day 7th, 14th, 21st and
28th, respectively. OTC and SM2 are the same as above. 1~8 represents
eight concentration levels of single and complex pollution

of antibiotics and Cu
E4 ZMRERECBE-RE/RITHRE CATEMAI RDA 5347
Figure 4 Redundance analysis(RDA) of the effects of single and

joint toxicity of three antibiotics and Cu on catalase activity
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i e B ENR Fl Cu A 15 Je RBUNFEHUE 55 28 d,
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Figure 3 Effects of single and joint toxicity of SM2 and Cu on soil catalase activity in different sampling times
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F4 AEBUERE ENR.OTC . SM2F Cu 3t CATHI R BEAE A ZER
Table 4 Type of interaction of ENR,O0TC,SM2,and Cu on catalase at different sampling times in soil

S S 4 2R Inhibition rate/% ZCH AR Type of interaction
Antibiotics  Treatments 7d 14d 21d 28 d 7d 14d 214d 28 d
ENR 0.05 -1.59 -0.19 -1.47 -0.52
0.20 -4.58 0.00 -5.52 -3.11
0.80 -2.39 -0.76 1.84 -6.04
Cu -3.39 0.95 -0.92 1.90
0.05+Cu 0.20 0.57 -2.95 -2.59 Pyl ERE G| it
0.20+Cu -1.59 -1.14 0.37 5.18 ! T R A
0.80+Cu -2.59 -1.33 1.10 -1.55 WA EEa bt 31
oTC 0.05 -2.54 2.39 -0.65 0.83
0.20 0.96 3.92 1.14 1.67
0.80 5.34 8.36 4.23 6.67
Cu -5.34 -1.02 -0.49 2.67
0.05+Cu -4.02 -1.02 -1.79 -1.83 B RN EREN Hit
0.20+Cu -4.29 -1.88 0.98 1.50 B3] it (3] Hit
0.80+Cu -0.09 2.56 3.58 3.33 it it it EENN
SM2 0.05 -4.72 0.33 -5.91 1.88
0.20 -7.46 1.33 -3.94 -1.45
0.80 -1.67 1.25 -1.71 1.50
Cu -1.97 0.67 -0.66 2.61
0. 05+Cu -9.15 3.50 -0.82 2.90 it Il Pl i
0. 20+Cu -10.85 4.17 -2.46 1.74 T G Byl |
0. 80+Cu -10.00 3.83 2.13 4.49 i G bt G|

£ OTC 5 Cu & A 15 YL 1 45 Ab P4 v, ARV S
OTC Ml Cu &G 15 Y AL 7 d KRB PRREIVE T 1 /5 7Y
B[] — R BN U 5 1M = vk OTC Fl Cu B &
15 YL M AR HEA G R X R BN FEHTVE L

TESM2 5 Cu B A TG Y45 A BRAL 7255 7 d
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