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Abstrac_t To understand the corrtammatlon (‘haraclemt,lc% dnd ecologlcal_nsk of’_an hilotics in contaminated fgeld;qf phgrrqaceuﬁcal plantal; samples of the surface 5011-“-‘5"011 column
wastewater treatment ,.prope?s watel ground water, and reilldugr d:?werq,- ected from two typical antlbiotlg pharﬁaceutlc pla-rﬂns' in South and North China. A tofal __(J£87|
com;nonlvlu%ed amltu@cql weye quantified using uhr_qsound:_gxpa nselid pha%e extraction and ultra- hlgh pelformance hquld chrbmatography-mass speCtrometiy. The rﬁgﬁlk"’
showed that a tolal ar' 31 anl‘ifnnucs of five classes were detlected- i ah Iypes nf .e'_r'r'lple% and the maximum, toncyfuatlom at ea.(ﬂ]‘ sampling point in the surfacgsoil, soil column
re%ldue dregs, waste\\ater reatment process water, and grnhn&waltr were/ jQG'ng ¢ 1595 ng+g ", 139 ng g Ilﬁll gL, and 6. 65 ng: L™, respectively. Most of the ?ﬁblotlcs
were found’ in the surface, .ml showing a decreasing renil wﬁh tth depth of the %Qll column. The ecologlpa‘l riskdissessment indicated that sulfamethazine, sulfaqumoxahne
lelradﬁ(‘hne! ("hlorotetra(‘whne and_D -sorbitol werc & hlghel‘ hik Improvmg rl‘_hg Pffl'glenm of antibiotic removal from pharmaceuticalastewater and preventing production shop
leaks jre effec_gve medgureq of contlolhng antibiotic conlamlr_rzaion into a'A d around.-f § In pharmaceutical plants.

Key wofds annblotlcs, pharmaceutical plants ; receiving field emlronment H-stnbuuon risk assessment
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Study area and the distribution of sampling sites of a typical southern pharmaceutical factory
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Fig. 2 Study area and the distribution of sampling sites of a typical northern pharmaceutical factory



1006 R TR 45 %
®1 BHREZENMEREESY
Table 1 Types of targeted antibiotics and their abbreviations
S i ¥ 44 % 45 AR/ EA 45
it J 1% 9 sulfacetamide SCT it Jli¢ S Wk sulfachloropyridazine SCP
it J}i¢ 1% WE sulfadiazine SDZ it i 2= sulfadoxine SDO
ik e — B Mk 1 sulfadimethoxine SDM fith %2 I sulfaguanidine SG
T iz — W 5 BE sulfamethazine SMZ fifk iz FHBEME sulfamethoxazole SMX
1 25 (SAs) e X HH 40 5 sulfameeter SM 5} 1] 1 40185 5 sulfamonomethoxine SMM
it JHe Y 2k B BE sulfamerazine SMR ik e L BE sulfapyridine SPD
itk [l M2 BERE sulfaquinoxaline SOX itk e — P SBEM: sulfisoxazole SX
fiffi 2 WE K sulfathiazole STZ fifi f# sulfanilamide SA
i Jrig Y 480 sulfamethoxipyridazine SMPZ Ttk i HH 4 sulfamethizole SMT
NP A ciprofloxacin CFX B Vb 2 danofloxacin DAN
5 A difloxacin DIF R ) 2 enrofloxacin EFX
FB VP B fleroxacin FL B Vb B lomefloxacin LFX
S T T S (F Q) i 70 B marbofloxacin MAR i & norfloxacin NFX
S D ofloxacin OFX R0 AL pefloxacin PEF
LTS B sarafloxacin SAR P 70 B cinoxacin CIN
S b & gatifloxacin GAT TSR B levofloxacin VX
W E clarithromycin CTM ke & erythromycin- S ‘f,ETME,HZO
Jt %5 % leucomycin LCM PR oleandoﬁlycin ___._ﬂj", jQ-IDM
W 41 FF % roxithromycin p J i RTM S ?ti] ﬁlosm i .‘..i'"l lYL
RIFNTEEZE (MLs) W 73 8% % azithromycin "'F AZM iﬂl@@% dirithrom; m ._,.--""l/—D‘T,M )
K% 2 gamighmomycin i GAM SCP/ FH jos m}cm ' ‘ _,JI'\I/[,,W'h
T % spi,@!,m}-cm | ¢ — SPM g;‘@@%medemqu s -"‘Zmﬁn
~ /) vk ) g s [y e g 20
Ia', p ’;f ] .-;',':' AMFZ hlprtwdq&cl’.;;/ .-;-”f'] , cre V'ﬁi':%? ipcke lige € - e
il ‘o / Il-"a' 38 1% K doxyc yf“fil o T/ F DC %gﬁ = methvf vclke g S
: |i II.:I- LI_ TR lU—tb’i DM Fhlort@tra};{rr :line, DM-CTC i’@ ?Pemeolm c lmp ]%’C'
- 2 1) 5@%% 4jepll-doxv|( yol'me | 4-epi-DC .ﬂﬂ%‘oxylelmcyohné}l ‘orc
( mﬁ?%§m CS) ' lﬁﬂﬂ il A2 iﬁ% 4- epi’—oxyllelracly(’hne I _34—epi—OTC H}fﬂ( P PR anhydrolelm"cycline ATC
‘.'I p '"'.::‘ I 'I::f ‘i g ' 1L ERR 4;%)1—thofrgtralcyc 4-epi-CTC 22 [0 PUIF K 4-epi-tertracycline 4-epi-TC
r-,.':::'l -4 DM-Z P4 35 # DM-doxycycline DM-DC 4-2Z2 10 it K DU PR R 4-epianhydrotetracycline 4-epi-ATC
¥ 5 PUSR 2 iso-chlortetracycline is0-CTC  JL % & kitasamycin KIT
A JE F florfenicol FF S % chloramphenicol CAP
Sk AELER ceftiofur CEFT  SAMEVYAR cloxacillin CLOX
I A1 5 B cefaclor CCL F 1 2% % thiamphenicol TAP
LA E “cefradin CRD e BT 5% ¥ biapenem BIPM
B-P Bk Bz 24 (B-lactams ) £ Je P K penicillin G PG 155t K B betamipron BP
HR PG K oxacillin OXCL K% cefalexin CEX
Z VAR ampicillin AM 14 2% % novobiocin NV
BT 9% 74 Ak azlocillin AZL S ALBE AT cefotaxime CTX
TR EE F "amikacin AM D-111 B4 D-sorbitol D-S
B HEH & ‘monensin MON 55 2 novobiocin NOV
B Cothers) 3L 30 %2 &K narasin NAR M\‘W%%ﬁ‘lincomycin LIN
4 W BE trimethoprim TMP A K & bacitracin BACI
F £ carbadox CAR T JE K ormetoprim OMP

1) AR G 2 P

1.3 AR TAL B

b2 R A PR IR R SR E AR BT -207C

ORI SRS BIF S i

60 H i [, B AN FE G FREL 2 ¢
T HFE(0.2 ¢ 253 T ¥R B

LA IMABUE R MR

(100 ng= ") T R IE 240 T B R, 32 U BRI
A 10 mL A7 R 22 P ik (pH=3) Fl1 10 mL & Jiif , ¥4 Jie
1 min, B 15 min, 7£ % & T 2L 3 000 rmin™ # .0 10
min, %% FIEW R RCPR . HE FiRRBUD TR 3
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W AIFERIRBOK T 55°CF iEsE 78 % 4 min. [7] iE 7%
Jo B K AT A 29 0.2 g Na,EDTA, I/l A 200 mL ##
afi K IRA) . MU 10 mL FEE AT 10 mL 8 2K 35 1k
SAX-HLB HBEAE 5, LA S mLemin™ B9 90 28 00 2% B 5
FESLINE S 5 I, LA A T T 29 30 min, 3l TS
FH 10 mL FP R ﬁkFT{E%ﬂﬁ%?ﬁﬂ%%ﬁEﬁmﬁﬂ’x
B 2=+, 1 mL Merck I FEE 25,33 0. 22 pm A
HLJE e U8 B, I A7 F A €0 a0F B /1 ﬁﬁ#ﬂ,ffﬁ/ﬂnﬁﬁ—
.

JKRE R B« 7K B R Ak B 2 2 AR IR A B ST 1)
Sy MO RN R B AR BR AR < AE K AR R im A 100
ng* L AR, 4 HLB(6 mL/500 mg) /MEHEHUE 4, LA 5
mL i | 4 mL 2 BRI 3 mL = 54 H I 56 I R
HLB /N Y 8 W 0K B 25 T ) - i i — .
1.4 {UERHr &1

{6 P 1 A €533 ACQUITY UPLC A3 Bt = Py
W A B 3% BE A Xevo TQ-S(UPLC-MS/MS, Waters,
USA) , & I ms 25 w3 85 (ESD I, 15 22 [ R e il
(multipie reaction monitoring, MRM) & :0F ﬁﬁn87 i
ik # . R ACQUITY UPLC BEH=CI8 (i £ (2. 1
X 50 mm, 1.7 pm)ﬂﬁff’é Hﬁwﬂa ﬁifék

" et ﬁmﬁﬁmﬁwﬁgxﬁwﬁ}ﬂﬂﬁ

0] 1% aa@ﬁaaﬁgmum ﬁ;ﬁzomﬁaﬁﬂwm%
f#ﬁf%ﬂﬁ&ﬁ%‘ﬂ%‘zz HE R 15 ﬁz;wo (; /zai

I'J"'mLfmln B E“é&fﬁﬁs* wsiLgd [, ._ﬁ,_.ﬁﬁ-
), 7 |5 wenmes £ =
o Table2  Program of gradient elution
o1 min KA A% B B/%
0 85 15
0.3 85 15
2 70 30
5.5 0 100
58 0 100
6.5 15 85

1) KATAR 0. 1% TR /K B E0 A DL B S

J5T 1% 43 M7 7R ESTIEIE | 6708 748 0 I E ek
BT IR R 150°C, B IR B 500°C, L
Al 1100 L-h', 25 6K 71 R 700 kPa, B 4
BHLEN 2. S kY, PRSI NAR.

1.5 i

SR FH A AR ¥ 452 1 T AH A6 05 1R Y E B A 5 0 4
&K AERFE Ry Ml J‘%ﬁﬁﬁﬁéﬁﬂﬁﬁ?"ﬁ?ﬂ
RAR B E LI % A LIRS VR S EORINAR AR
LA FURUINARFE i h/\#uﬁ/\ﬂ?ﬁ 1E25 FRE

‘)‘é

B

st ARSI B H AR AL A . F R U s A B AR
FIR G WP HEIN LR, o RECRII KT 0.99. & H
FRAb & W i AR BSCR  50%~150% | 4 HBR (LOD)
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Table 3 Toxicological data of different antibiotics
1 i BAEHCR /gL Tk e i
SMX Earthworm LC,,=4.00x10° mg kg™ — 89.02 4000 ECOTOX
EFX Japanese Medaka ~ LC,=100 100 5017 50 100 ECOTOX
0TC Springtail EC,,=5.00x10°mg kg™’ — — 5000 ECOTOX
TMP Earthworm LC,,=2.00x10°mg kg™ — 19.07 2000 ECOTOX
CAR Daphnia LC,,=420 420 31.6%) 13272 EPI
4-epi-0TC Earthworm LC,,=41 807 mg-kg™' — 5.7x10°2! 41 807 EPI
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GMM Daphnia LCy=1 942 mg-kg™' — — 1942 EPI
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SX Daphnia LC,,=1.952 1.952 0.627 1.21 EPI
CFX Flatworm LC,,=1.00x10° 1000 29724 297 000 ECOTOX
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Fig. 3 Distribution characteristics of antibiotics in surface soils from typical pharmaceutical factories in South and North China
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Fig. 4 Distribution characteristics of antibiotics in soil column samples from typical pharmaceutical factories in South and North China
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Fig. 5 Types of antibiotics in soil samples of a typical pharmaceutical factory in the south and north

TR REAL I AR R 2 T R ) 9 A 9
A B AE AT AT AT TR T AL e
WS S R ST (PCA) L IS 45 5 1 754 R
BN 6 BT or% , FE AL O b A X () A A L 0
P2 ) 26 ARG V2% 1S 3 M T8 2
ST AT B0 B S e ) i,f'l
2.2 JKREHRYE 2 0TS AR GE

M. ﬂﬁﬁ?ﬁ%mkﬁiaﬁﬁﬂﬁmmﬁ

}ﬁmﬂ9ﬁh$%ﬁﬂLEW@ﬁﬂﬁﬁ
ﬁMﬂéﬂfﬁ&%% ﬁ¢ﬁ%éﬁﬁ T
ﬁﬁm%mﬁﬁé%g@Ll~fwf'r

-ﬁ%mmﬁh%%zamﬁﬁqﬁ¢7wrnm
ﬁﬁiWETﬁQTLlwhgﬂ ﬁﬂ?ﬁ%%a
ﬁ%ﬂ%iﬁﬁ%@éﬂﬂfﬁmﬁﬁﬁﬁ
In sﬂ?fﬁlﬁiﬂ 100% , ¥ JiF 5 K A 7T 35 939 ng- L™
b RE 2 K b ). T E i B S K B P R 3K
939 ng- L' 1Y SDZ £ 33 K 4b B 5 7R MK Bk
15. 3 ng- L, [A1 05} 88. 9% (W4T A R A 15 /K 4b B i 72 vp
2 L U 25 T A K A B M X 2 0 e

LV
o MU

8- (a)f#5

PC2 (14.4%)

PC1 (19.0%)

LU 22 L G O 5 o 0 R
.
i)

1.7%

Wy ELA B R BRSO . e T BB 25 ) KRR
T AT E AR DUA R MON, 45 T Bk F
A 3 100% , W B0 LDl 208~1 151 ng- L7, 7E
HEK O FPp(MON)j:I 1151 ng-L" TH;M*M" %)
p(MON) % 208 ng-1)". H%ﬂ%mﬂmﬁ%o%%
?Aikﬁiméﬂhﬁﬂﬁﬁﬁ#ﬁiﬂ 3t 909
W HE 1 fah B A @Fﬁyﬁﬂ
bl mmhﬁﬁﬁﬁﬂwr%mggxﬁ m
E%ﬁwﬁﬂﬁ?}?i&% mﬁkﬁiﬁm/f&ﬁ’bﬁﬁni
%@ﬂ/’iﬂ@Lﬂﬁﬁ% ﬁﬁ%ﬂmiﬁ#ﬁﬁlﬁﬁj
ﬂﬁ?ﬂ(th“ Xyﬁﬂiﬁfaﬂf‘ﬂiﬂﬂﬁi%iuﬂ?ﬁ
EE{E#L 'i “]] I j;:':
rw*mﬁm¢h@ﬂzﬁm¢% W T
%““Xﬂm?ml,ﬁiiﬂhﬁz%?E’Jﬂﬁtlﬂy:ﬁ, SAs. FQs
FITCs (I 25551 R 78. 9% . 100% F147. 3%. R4
2T N/ N 71 S < 5 7 - 0 AT = (B A = R
IKFEAE Z R [l Fppi Az 25, R WP A 2 ] fead o + I
A S OK kA — s R IR R AT PR E I 24
X R 2 A2 A PR i s e B T AT T RS

(b) Jng

oo
T

PC2 (14.4%)

PC1 (19.0%)

Ele6 MERER. LAXARHAG TEXRBPHPCARH

Fig. 6 PCA distribution of antibiotics in soil samples from a typical pharmaceutical factory in the south and north
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Table 4 Range, average values, and detection rates of substances detected in groundwater and process water
of typical pharmaceutical factories in South and North China
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SDZ 0.798~939 200 100 — — —
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M7
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MAR 0~9.13 9.13 16.7 — — —
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