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Study on removal characteristics of typical pharmaceutical substances in
wastewater treated by coagulation, precipitation and sand filtration

BO Longli, ZHAO Pei, GAO Ning, MENG Hailong, FENG Qigqi, TAN Na
(School of Environmental and Municipal Engineering, Xi’an Univ. of Arch. & Tech. , Xi’an 710055, Shaanxi, China)

Abstract: Removal characteristics of pharmaceutical compounds in wastewater, clofibric acid (CA), carbamazepine (CBZ), naprox-
en (NAP) and diclofenac (DCF) were investigated by the change of dosage and dosing mode of poly aluminium chloride (PAC),
polymeric ferric sulfate (PFS) and polyacrylamide (PAM) through an experimental setup of coagulation, precipitation and sand filtra-
tion. The research indicated that removal efficiencies of four target pharmaceuticals reached 30.31% in total initial concentration of 2
mg/L and PAC dosage of 60 mg/L, and the sequence of removal rate was CBZ>DCF>CA>NAP. The best removal rate was up to
28.96% for PFS with the dosage of 100 mg/L, and the order of removal rate was DCF>CA>CBZ>NAP.Negative charges of target
compounds can be neutralized by AI*" or Fe*" from PAC or PFS so that pharmaceutical substances are easily adsorbed onto the de-
stabilized colloid and suspended microparticles, which could be removed in the process of precipitation and sand filtration. Removal
efficiencies of pharmaceutical substances were improved obviously in the presence of PAC and PAM with dosage of 0.5 mg/L, which
was due to adsorption and bridge effect of PAM. The removal of NAP was improved at dosing PAC and PFS simultaneously. How-
ever, the interaction effect between PAC and PFS needs to be optimized by the adjustment of their dosage and proportion. Coagula-
tion and precipitation played important roles in the removal of pharmaceutical substances in wastewater, and the sand filtration was
of little or sometimes even no effect in experiment.
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1.1 SCIgA Rl
A¥HE4E CA (97%)~ NAP (99%)+ DCF (99%)+

TG FHAR (99%)~ 24-ZF KRR (97%) ¥l
HEE Sigma 24 H]; CBZ (99%), B RE; &
WealiH Y, 35 Thermal; 525 7K A Milii-Q A4k
7K (Milipore, USA); TolkZ% PAC, YL X Hiseklé
IKAEPRY 5 43Ar4l PFS, R S b TAHRA
Al Tk gk PAM (FHES 7 &) IR ERS LA IR A R . &
1 i TEAREIN ST S TFERURR
BERB (pK,)~ FERE-KABRE (logK,,) 44k
FpPEAE, I B A T HAE GC-MS/MS % ] 43 Hr i)
FHES T EREETRRERE, DX EMEES
BT M R T

GC (7890A) -MS/MS (7000B) (Agilent, USA)
AR AT - = PY AT BRI A Avanti]-26XP %I
R A B 0Pl (Beckman, USA) ; FEIFHAEE (SPE)
A (Supelco, USA); QGC-12T HIGMAL (R
"), Lifg); 101-3AB RUBEHEXTIRA (RIikE
AR AR, Ki); SHB-MAEEHR KL HE
R (KWRTRARAF, M) ; CI860A
HUEAL (BHURSEHBEARGRIFEA A, KEE);
FA2104N HIHLF- 43 A R P (R B RHAAES A BR
e, Eifg).
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Tab.1 Physicochemical properties of pharmaceutical substances

=/ ¥R T FRAER ERET PR B It 1 pPK, logK,,,
o
CA C,H,,CIO, @A)Lw 128,169,228 128 7.5 2.95 2.57
CBZ C,H,,N,O ~n N 73,165,193 193 18.0 13.9 2.45
NAP C,H,,0, mm 170,185,224 185 19.2 4.2 3.2
DCF C,H,,C,NO, %Ij 214,242,309 214 24.6 4.15 4.51

1.2 XWHR

Sy A E T IR BE- AR DT IE -0 IE T 2R E iR
FEUABCRAE RALE I E 1 B . TREE AR T
oK {5 Ik (HRT) 435024 30 min i1 130 min,
WHUEMIUE# A 3.16 m/h, HARPIKE 30 L/d. ¥4 4
ol B 24 25400 o 1 B IRV BN ON BRI P & 7 AR =
V5 KA R — %7K (COD<30 mg/L, SS 5 mg/L,
NH, -N<5 mg/L, TP<0.2 mg/L pH=7.0~7.5) 1, Jid
il B H AR RIIR K S 500 ng/L Sk .
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TERHE, 180 r/min i FHEFER N, SR )5 sk
NAMR DT, TREE™ A i3 K 22 AR AR BELE4 T

MEH E, fRR%—E mR e AMRTE, BiE
JE gk A BT 2R IE A IR R . R
W, [—2fF RS 4PT SRR, RASR N
HoPIE.

e ﬂ/ﬁ%&&%?ﬂl
iy

Tk izt 3l

SRAER3

ARt 023

ok RAER2 KA a4
ik

1 KEREREE
Fig.1 The diagram of experimental setup
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1.3 HmMAER DA

Fi Kok AESe sk iRk &2 pH=2.0~2.5 A
Wh 2, 4-Z@RH R (FERHIK 2, 428K
HERARUERE B » SRJ5 0.45 pm JREGIIE, IEHOE
W4 10 mL PR B B8 AR AR ITEAL I C18 /)
AT E AR, BiJE AT 10 mL AR, PRl
FEFE 60 CTFEMKE | mL J5%H. (RIBIRTER
. JKAT, FEIAE SN 100 pL T 56 3 HR AT
AR, F 100 CHEFHATA 90 min, RJFE
GC-MS/MS & &8l %€ . GC-MS/MS 43 #rill =& H An4
MBESER: R (&R, 99.999%) fi#E 1.35
mL/min, G HP-5MS (325 ‘C: 30 m X250 pym
X 0.25 um) , FHEORSE 270 C, FFHHENFH
PR R4, HEFER 1 aL. %S IR E
230 C, BEEHIE-70 eV, HHIHIEHE 50~450
m/z. FHEFF N EIRE 100 C, fRFF | min;
ARIGPA 30 C/min R TIE 155 C; #HML 3 C
/min F-ZF 220 C, {#¥F 2 min; )P, 12 C/min
FHEE 260 C. g 7R FRI REOE, ALE R
WEMEE T HE (SIM), 4 MEZGRADTE
GC-MS/MS w1yt it ] AN &l 2 FoR .

NAP 19.2
41

w
T
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MR/ 10°
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Fig.2 Total ion spectrums of target pharmaceutical
compounds
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*2  fAREIE
Tab.2 Recovery

300pg/L [ A/%  S00ug/L B /% P Iul /%

=
T

CA 112.77 88.60 100.69
CBZ 94.34 98.00 96.17
NAP 123.53 101.43 112.48
DCF 127.45 114.32 120.89

2 FER58

2.1 PAC 2 INE IR0 347
SCBG AT PAC HUE PE 58 =15 K03, 3@

WiG5K) ) PAC #ehniR 15~20 mg/L 2h, #)E
B R EZ R E AR E (K 2 mg/L,
FERMR 500 pg/L), SZREEET 204 40 60v 80
#1100 mg/L PAC BmEXT 4 FhE252 H A 2
BRBUR, 25K 3 iR,

50 5201

40t

30+

HFRE/%

20+

280

PAC HEIE/meL! ok WE B E

B3 PAC iZ/MEXEHLEM R LR
Fig.3 The influence of PAC dosage in the removal of
pharmaceutical substances

& 3a wJ A, 5 PAC 82 T AR E,
PAC #tIEAE 60 mg/L BfEEZGRY BB ZBERN
30.31%; PAC %f CBZ. DCF #I CA f— &M%
, i H CA By2:%h PAC BEimE g Kbk,
{H PAC Xf NAP My EBRBRBRELERA . AHA
A, ToWLTREER PAC 2D Btk vp A 75 ok o
B AR T e R ULTE , {HIT 2 g PAC 28 AR A X
e e PR T SR e R 251 ik | Pk,
A1 logK, BUE A HTRT A, CBZ P4y F TR,
CA. DCF #1 NAP DL & T8 A7 T2k, 1 H CBZ
F1 DCF ZFHOMRi M, Eit CA. DCF 1 NAP
67 21 AR PAC i), 252K H by 32
B RS P AR AR M IR BR 2. Bk, SEFHIE
PAC X BEAK M94E A RARAE 2 BR BB 25 AL S 4
o efE M, PAC W8N E 1 —RAE 60
mg/L. CBZ 255 BiAs i AR 28 7R i A 5%
DCF~ CA {1l 2B W] g it b A % 52 A4 i o6t 4 ) 4
IR 255, T CA WEBRKE PAC HE &k i3 i 3
T HED BT BB CA 55 PAC B4 rpr A 2 2244
PUUE . NAP By R BRZCRZ vl i85 H i i fnj5 i 5
B IR IR A S /AN 5 R A %

& 3b &y PAC #thiE 60 mg/L T 4 fh H AL &
Yk AR 2, mENTAIEZ 2 B AR %R
Z A /NA CBZ>DCF>CA>NAP; CBZ. DCF. CA
M2 bR R BB B A ., PRIEX H A — e W
ZBk, VLB ZAR R B AT A — E Y
W HRE ST 5 NAP iy 2% BRBIREEUTIE, WPUEX HEH
BOR, IR NAP SRR E ORI o Y
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MITTAS BEFERNIE T2 i H TR B
2.2 PFS #MMEHNT 4T

eGP BE 252 H bk ¥k 500 pg/L R, 4351
SN 20~ 40 60+ 80~ 100 mg/L [ PFS, PI3ELH

FRPIHTRSE-UIIEARDIEBCR, LBRBCRINIE 4 Fis.

av 20mg/L e by 40 mglL Jca
3% Bz " sz
$0.93% = 79.23% =
[IDpCF [CIDCF
=k stk
0.11% 7.93%
sam, L% 8.520% 26065%
¢\ 60 mg/L CJca dv 80 mg/L CJca
e S e 7455% Bz
21% AP [ NAP
[CIDCF [CIDpCF
[EE Btk
5.95% 6.75%
9.1% 3724 0%% 197%  503% 37%
ev 100 mg/L CJcA
71.04% ez
[ NAP
[_IDCF
Dtk
JA% =
4 PFSZMEXNEHALY
1/,
BREERREZ T
<o Fig.4 The influence of PFS
10.66% o .
694 samn 5% dosage in the removal of
pharmaceutical substances

HHE 4 w41, #4hn PES pyBCm&En] DI S E 2
KPS BERR, (HE LR KEE; PFS #
fin: 100 mg/L T, EZRY S ZRERN 28.96%,
Hrp DCF. CA. CBZ il NAP Wy EBRRCE S 51A
10.66%-~ 7.96%- 5.8%#14.54%. DCF ) logKOW{E
8%, BAWBMEKYE, T Westerhoff! 4\ K
TRBEVLVE T R 25 P i) 2: B R 5 H ik k2 73
FE—ERR, logK  AHMK, RBEXTZPIMEERE
i . i, PFS 8 F DCF i £ B35 5 iF . CA
By EBREZ PFS BUMB R EMA K, S ERE R
IR AR S i prp R CA 22 R U Ff ke 32 224
Fl. CBZ Wy 2:FxbE PFS B g MG K misg Kk,
T3 CBZ (W Fh25 bR 28 A Az pl it 1 384 2 1
K. NAP [ BB B 22, LAY NAP
I AR 2, X5 PAC WIFE FIRAGL R — 30 .

XFHERIE 3 A 4 sTRLURIR, BeAEBCnE T Hf
TeALZE RS PAC 1 PFS X 25 K4 i il 2 IR0
FHIE , 3X 5 A0ATT+3 Area b ek 2 [R) G e itk v Fge
EEALPEA % . fH PAC W& 20 2+ PFS, Tij
H PAC Wyiisgiris bt PFS FyfEE., [HUk PAC )
PR

2.3 PAC 5 PAM [EIRHE I BYZI SR 94
BT 2 B AR ) — 2t 7K B T 488 T e Ak B I
2[Rl I PAC Fi1 PAM, DAsE X SS w25
K. B, 7EME PAC & 60 mg/L &4, 5
BT PAM 1% 0.5+ 1.0 fi1 1.5 mg/L | 4 Fh
HbrP g LBR20R, 4R E S.
70 -
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Fig.5 Removal efficiencies of pharmaceutical substances
in the presence of PAC (60 mg/L) and PAM with
different dosages

WE S Fiaw, 58 PAC Mk, A 0.5
mg/L ] PAM J5, CA Fl NAP [ £ %EH THRKM
PE, HREE T 51.79%F 57.87%; X CBZ Fi
DCF 234 31K 40.52%F11 35.76%, 43 &5 i
BUN. HTIAA, PAM AR — Pk i A AL 43
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1] PAM $thn £ 228 KK %A .

2.4 PAC 5 PFS ERHZ MR 24

BMMPACTRHERS, ARAIAESR, oK E S
4 BRI, AERAEGAS T PO R 5 b ZPAMMMA )G,
R B A A P 2R 45 & MRk T iR . PFSK
i, AEEILAE/S, SR BEEF S DTRE, AE H 7Kk B
MR . 7 P40 FIPAC 5 PFSE AR BRI
T BEBIRIB R, RIAH BB BOMEA Y
WA HAE R & T IRBERCR . B, 7675 JEPAC
5PFS A B NAE M Re i 5 AR Bk BL 2R At |, 52
By 82 7 I EEN30 mg/L PACHI30 mg/L PFS4A4:
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Fig.6 Removal efficiencies of pharmaceutical substances
in the presence of PAC and PFS
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