+ 1% (Soils), 2021, 53(3): 563-570

DOI: 10.13758/j.cnki.tr.2021.03.016
(%, FRRAE, REFIT. . AEWITRHGIT B IR T B 56 € BN L SR RS OB, L, 2021, 53(3): 563-570.

EYRREARZUNAREE® T PERENEZ TR
fFBY e "

1% 2okas BEMF RAX, 2 B £ ) sEN

(1 BN AR KA SRS TR, B 201418; 2 FEBEBKFIS AR L SIRBEHFTAT, W#  610041)

~

8 E: DRI RGN B X2 a7 A Rt 6+ 2 HBHE R H 35, R = Nt AT B0 e + ki
B, DH9E TR 1% A Bir K 3 4R AR 0T 2 bl eSSt A 2R (R A e — P M I P AN AL RHE A2 ) 255K,
Freundlich 5 R2RETE 4F ML i AE 2 7E 3P (SRR B 2%, e AE M Bk £ T L3 A= R B RE 77, W4 K B AMRIK
Jo: Ak 1% sk E>HT0E 1% Flse E>XF MR s A U R B P v e R e R M E AR VR B I (B Ry . 1k 1% Rk
T<Hifif 1% s <WFRR, BRI AT e B TR INREA B D I 4 6 - BT AR R AR IGEERS LR e — R BRI (1 B4R R
B AEWIBUR B 3 a )5 T HEHUA R E R S BHERCR A it e, EEIER T 3 pH 4R E .

KER: AWBUR; PiAER; WM T8, K6t Rk

FESES: X53 XEFRAERS: A

Effects of Biochar Application and Ageing on the Transport of Sulfonamides in Calcareous

Purple Soil

REN Mei'?, CHENG Jianhua?, TANG Xiangyu®, GENG Chunnu!", LIU Chen?, GUAN Zhuo?, XIAN Qingsong?

(1 School of Ecological Engineering, Shanghai Institute of Technology, Shanghai 201418, China; 2 Institute of Mountain
Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China)

Abstract: The effects of biochar addition (at rate of 1%) and field aging (for 3 years) on antibiotic transport were investigated in
calcareous purple soil of farmland, which is distributed widely in the hilly areas of the upper Yangtze River. The sorption and
transport of sulfadiazine and sulfamethazine in the soils were studied by batch equilibrium method and breakthrough experiments
with repacked soil columns, respectively. The results showed that the isotherm adsorption data of both antibiotics were fitted
better by the Freundlich equation. Biochar application improved the adsorption of both antibiotics to the soils, with the values of
the Freundlich adsorption capacity (Kj) following the order: 1% biochar amended soil after 3 years of ageing > 1% fresh biochar
amended soil > control soil. The peak relative concentrations of both antibiotics in the column effluents followed the order: 1%
biochar amended soil after 3 years of ageing < 1% fresh biochar amended soil < control soil, indicating that biochar application
could effectively reduce the leaching of the antibiotics. Field ageing enhanced the retention and transport of the two antibiotics in
the soils, probably as the result of the observed increase in soil pH, and such effects were more pronounced for sulfamethazine
than for sulfadiazine.

Key words: Biochar; Antibiotics; Sorption; Transport; Purple soil; Field ageing
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1.1 fikart

L1 2S5 e e e (SD, 4k
J& =99.5%) Fli e — H BLmERE (SMT, 4l =99.5%)
I [ % E Dr. Ehrenstorfer 2% &) , FeA 4 i 03¢ 10137,
AW BT R TR o, T R = AT R B
WK, EAANEIRAFEFFAE 500 C |, JSASME T i
A=A, HopH 4 10.2, HEREAN 13.85 mY/g,
RN 83.4%. CNE RIS, AR (AL
B WAL Jy 3 et

®1 BirmEROERMR

Table 1 Basic properties of the investigated antibiotics

R o et ] VR KRR (1gKo)  TREME B (pKa)  KTIEAFIE(mg/L)
T Jrig 1 g C0H0N40,S/250.28 0 I\ 0.81 pKa. 1=2.0 77
SR N pK,, ,=6.48
N={ 0 ’
Tt e — W Jemzng  C,H1uN40,S/278.34 0.14 pKa 1 =2.65 1500
pK, 2 =7.65

HN

112 AR RSO s B SR A |
Eclipse plus C18 {fi%4:(4.6 mm x 150 mm) (1200, 3
Agilent 2AF]) . R RO (1% - = F DU ZLFT #R I T
Y (HPLC-MS-MS, 1260-6410B, Agilent, ZE[H).
RO EHL (FD-1A-50, Jb AT JEse 56X A8 A RS
Al) . AN - = HE S K - R SRR (Aqualog,
HA Horiba JY /A#]). pH i1 (Senslon+MM150, 3%
) . ERIED R(ZWE-200, V830 HrACEs il
AT FRA AN

1.1.3 it +3E U EEAEE 3 FdEE. XTI
+ . HIEZEA 3 a 19 1%0t5k 1 BrifiR A i 1%)t %
+ o A IO R RS A, SR AP EE
b b S A A IR I N X, IR
VLTI A BAMRIL S 2015 4 5 HLL 1%
7 FO) BN ks A ) o it THFEZ (0 ~ 20 cm)
t, 20t 3 a HETBERRZE, RESILR /DX

LR TSR, FITRERRE R 10 B
PR HEALIME S A T ORI TR
R TR THRE ARG b P
W5 ARG, KR T 120 'C. 0.115 MPa
etk R HE SR B 2 b

2 BAEHEREKRMER

Table 2 Basic properties of the soils with different treatments

T e pH EC(mS/cm)

X HE A 7.63 0.25
Bt 1% fitise+ 7.73 0.36
EAk 1% ikt 8.12 0.17

e pH A EC E m(+): VoK)= 1:5,

1.2 ZHE#tsTFERHHLE
KW A 1:10 (m:V), FREL1.0 g KT +kE
T30 ml B4, UIN 10 ml 55 PR Az 2 (T Frig s
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SR AWt FH B A A0 B 5 6 e S R AT RHIE A 2 ) 565

W 5 ik il — P LM TR A TR, I E AP R W
WREZRFN N 0.5, 1. 5. 10, 20 mg/L(F 3 F5 i i
10 mmol/L CaCl, MK H ) 0.1 g/L NaN3), %' 3
ANEE, FT25°C. @6, 180 r/min Y1 T IHIE R
¥ 24 h, {FEE Rk FSEA , LA 4 000 r/min 250> 10 min,
BB, 4 0.45 um PTEF S8, @ lE
WAIHT A R
1.3 EERIHRNEZIBAE

F AR A R K S AR R
A HLS P ERARE . (A A R et R
L SRENAE . AR AR 4 FRM N, KRR
1) SR (1] 52 PR B R T IS AE (N AR 2.4 om,
15 em)N . EAEZEEIKIHT, Ul 20 pl/min
HEAT BB (A 0.1 g/L NaN; f) 10 mmol/L CaCly),
fdiK ot B AN HEA R HEGR RT, SR S B
FiR TR 1 do BRI AGERE, 453K U
K% 20 mmv/h, TS, PAGEBEMYE 5 AN FLER AR
(PV), i HA R S, K05, IMAEHE
PRyt AR Z R (100 mg/L Br(KBr ). 0.1 g/L
NaN;., 1 mg/L HFrbtAEZR . 10 mmol/L CaCl, i),
M HRIE WA R 5 N FLBABUS 15 1k 25, BIZ0E
A EIAW(H 0.1 g/L NaN; % 10 mmol/L CaCl, %
W), A S ANFLERREL, 4 Bl B ReceR H B
SRR, B E AR 50 min SR—IREE, W
FEF pH. HLFH(EC). BT & IBRIEA Lok
(DOC) i S Ho B Ah- =4 eitk . 4 Hbnpid &
AR,
1.4 ®lSHAHEZE
1.4.1 P ZE A 2 FhiAE 2R S AR A
T AR B A, AL AR S WA K=
25 75K L), #ERERE 20 pl, 3K 0.8 ml/min, A
i 30 °Cy AN WK K 270 nm, FR B EfE] . fif
JEWERE 3.5 min, fifiE —H FEBELE 5.3 min, 2 APk
FERIFRYY A 0.05 mg/L, FRuEZk gt h
0.1 ~ 5 mg/L(R°=0.999).
1.4.2 VA BILTARS U LB UL T A L
J5T (DOM) 41 J R FH 58 AR - = 2 38 k- e 8 5 6okt
TEAAYHT, FESLETARUER) 1 om £ 3 L@ ML EA T
1, MR IR By 25 °C, BUMRIFRES R 0.5 s,
BRI 240 ~ 450 nm, AEHIEEKN 21325 ~
620.80 nm, PIEAIKE 1, #EATHUNKE .
143 BB T KRR AT
PRfE, PP IE 60 Hif . FREL 1.00 g FE&L, A
30 ml B0, A 2.5 ml FIEEFI 2.5 ml EDTA-Mc

Ilvaine 2% W% W (0.1 mol/L Na,EDTA + 0.1 mol/L
Na,HPO, + 0.06 mol/L #7152, pH =4.00), #5ji¢ 1 min,
500 w7 15 min, £ 4 000 r/min #% 3% F 25.> 10 min;
HEAT R ARI 3 R BYBRAE S , 2 WA L 1 2R
W, K H R A 10% DUT, 5 Ak
R B BOR 2= 75 ml; LA 1 ml/min (9 30 808 76 B S
M4 BURGE T HLB A, $EBOR 450 A 5 9k 2
L2520 min, FH 6 ml FEEVENG, o FH e 25 R 10K
Ve g 2, B KR (IR R 8:2)%
AZE 0.5ml, FEfaE 0.22 pm JEE S 81 HPLC-MS-
MS K 3 Fh H bRBT A R AU o e mag e R e —
PP EIBE 0 AR I RV 1 ~ 500 pg/L(R?
=0.999 8), KPR M 0.1 pg/L.

1.5 HIESHT

151 WRRHEERIAG AREHESE X PR AR R AR
TR B4 g 4 5 A Freundlich 24 (Z( 1), Langmuir
BRI 2) LAY (X 3)3 ol L ARty 252305 R A A0
HEAT R B

g0, =lgK; +L1gC, (1)
n

1/Qc :l/Qm +1/(KLQch) (2)

lgK, =1g(0, /C,) 3)

P Qo PG M i (mg/kg),  Co - O (Y
YA W BE (mg/L), KM Freundlich WY 725 &0 %8,
Un S el B 3R Ze R WL 22 5% Langmuir
W R R AL Ky SRR R R B DL, O, T
A ZR B 2 W BB R R R B i (mg/kg) s Ky WER
A IR A 76 1% T8 9 A 0 i R (L k)
152 FOLiESEHTE Ji FE AL B (HIX)
255 nm R IK T, 435 ~ 480 nm & S KA SO
SR FHME AN 300 ~ 345 nm FOERUMEZ ., HIX
E#E, Uil DOM i sE AL FE i s U

H A TRFERBIX) A 310 nm &K F 380 nm
55 430 nm 19 & FHE KA ERR L L AE, FH T DOM
W K 11 A= STk B il O,

S FH BT L 7KV F(355)2R 1 355 nm U I K
& S KAE 440 ~ 470 nm 22 8] (550 e K (E
ST AR KT AR A, FR JS I o o e T

2 HRSHE

2.1 HHRAEYIRK R TIE DOM B =406t
FFE
it 52 b W E R LA e 3 R 4 L R
BRI B WA DOM =ZE58 66 1 FfR .
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PG A (E, /E,, =220 ~ 250/380 ~ 480 nm) M 55N 43, BEATBRAD AN o BT 6F A 1) B 9 G
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Fig. 1 EEM fluorescence spectra of dissolved organic matter in the biochars and soils of different treatments

£3 E£YRREELIELIES DOM MK AFESE

Table 3  Fluorescence spectra parameters of biochar and soils of different treatments

28 Bt Y Bk AW X B - B 1% i+ A 1% Hix+
HIX 2112 20.06 5.69 8.37 7.85
BIX 0.58 0.59 0.64 0.68 0.62
F,(355) 8 995.82 631.28 549.81 1383.12 544.78
22 MARERBMFERERUE AR, HIRMSZIEATRAT, — A& TSR

Pk ZIEAF AR H o SR MR i E BHRSR, HUCHTP S TIES, BRI TIEER,
2R, RITG, R TR E e X SR 1% i e -tk s TR Y pH
FEMEWETE 5200 1 h R BB AY 250 (3 4), S5 AR RFENE, AyHIh 7.09 F 7.5, XFTOX PR, it
ST R 4, Freundlich J5FEM Langmuir 77 T T A0A TR B9k e s w0 =5 22 A B B A7, AUCH
FREYIT] R MBI B A ZE SR, FII G E R RS AR/INERBI LA R 3 A7 AE 5 Tk e — FF R ms e R 43
43510 0.970 F10.963, iAE| TR EASE, Wkt i TAETE NS UIB S AETE . IR
EHA SERAYF-14 R*{EAU N 0.856; Freundlich J5 4L %&E’Jﬁ;ﬁﬂﬁ:ﬁﬂﬁﬂ%’ WE = 8 3 Ao B 7K 3 TR FH R A

SR Un B/NT 1, SFR L ARE L AL, T AP Y B, TR 18 I8 A i ek

TSP AE RAEAR A pH 2514 F AARIBIEA e WY RRmEE i 32 Ay B 25— T2 25 10 il g s e U
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Fig. 2 Sorption isotherms of antibiotics in the soils with different treatments
T4 HRALTEPREEZERMAEMUEER
Table 4 Fitted parameters of equations to the adsorption isotherm data of the target antibiotics in the tested soils
Y #E + 1 Freundlich #i#! Langmuir %4 24 it
K¢ 1/n R? On K R? Ky R’
it Jg s i popi:t 0.87 0.25 0.990" 1.76 1.09 0.937" 0.06 0.855"
B 1% i+ 1.14 0.39 0.967" 3.94 0.32 0.977" 0.14 0.837
Ak 1% Jtiskt 1.61 0.31 0.958™ 3.90 0.70 0.927" 0.14 0.804"
il i — i g g popic 1.47 0.49 0.939™ 7.54 0.20 0.971" 0.28 0.833"
BE 1% s+ 1.92 0.59 0.988™" 17.09 0.09 0.974™ 0.52 0.955™
1 1% fExt 3.43 0.43 0.975™ 13.92 0.26 0.992"" 0.54 0.854"

e *RIRIE P<0.01 BRI, *FIRNIE P<0.05 I E K,

L5747 07 P ) R AT 2 T 2 [RIAE AR R LR T, B g
BHEEAECEAR X BN it 1% iR Rk )

BER A RS AL pH IR KA BAE(E 2),
MPTA R WM K (ER4E5 nT Be B2 2R AY
TR BRI 25 9, LR R — I SEmsng K (A 4R
o R PR e TR MR 0 1% o TP R AR o 280
3 a#%AkJ5 , BET LR EF(H 6.35 mY/g 7 & 6.60 m”/g)
LA 0.004 7 cm®/g B4 0.006 2 cm®/g)#BAX
A/NESERD, AR 1% His t/9 pH H Bt it A
APy 7.73 B3 8.12, LML ASHING . 25,

Ak 1% e - At I T TR pH(7.84)
TR 1% fimkt . XPRER R R AEEAL 1%
Jiti i = P e e STV VR R AR S DL R AR,
LKA BCAE & AR . B, #AE 1% it
BT A 28 W R 25 1 B (K I I R T e 1% it
T+, ARl TP R E (DK, o (B 20 )R B A 4 5
W8 DR T B JHg W W (p K o TELARLAIR) o BT, RIS AT ST
BRPZPUR S, A0 S 350 A= W 5 e PR AR Ak I
DOM it e Xf + i A: 2 W 25 s i 22 B 5 I8 +

e EYRE AT R BRI ST, H R T g

AW -DOM-HUAE FAH BAE M= 58— . RGETEN
PLERIA,
23 ARMEYRZI EHEHRRERLFIERN

A1)

R A b pH . EC I DOC ¥R 1Y
b an & 3 iRl 5 A~ PV Pt RIRIREA
BB, J5 5 A PV AESIRIRIEABB) . ANF 43
AR pH 225K, HBE PV By 3s in i
WAL B 1% Jiti e 1 AYIEBAE R EC 1R
FHABPF L3, SRR TR, EERBEAEY
Jo R AR B T 5 0 R R B R T B, Bl
Bagreev VL B W R fE % AL iE B Zn Mn 7
SR AW TR B AT TR, Hofth— ek T R
(1) 2 e AN [ 2 B b o 6 0 B = AR 1% i
petmiE, FOWIEIAY R EC (HF4 8 Hh 54 PV
PUAE VWO TS R BRI KBr TS, 3 Fh 33
FERE I T DOC WREEHRARIIREE PV B0y 1S in i
WNFE TR AR, AR R 1 KNI e
1% iR >8>0k 1% it 1+, 3% -5t
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Fig 3 Variations of pH. EC and DOC concentration in the effluents of repacked soil columns
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Fig. 4 Breakthrough curves of Br™ and sulfonamide antibiotics in repacked soil columns
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Fig.5 Vertical distribution characteristics of antibiotic content in soil column
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