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Abstract: Through quantitative analysis of major multi-class dominant coexisting components in municipal tailwater, this study
conducted comparative experiments to examine the differences in the rejection selectivity behavior of a self-made heterogeneous
polyamide nanofiltration (NF) membrane towards three typical trace-level pharmaceutical active compounds (PhACs), under
conditions with and without the influence of solute-solute affinity interactions. Building on this foundation, the existence forms and
partitioning characteristics of target PhACs in the presence of the complex environmental matrix of municipal tailwater were further
explored, revealing the size and hydrophilic/hydrophobic effects of bounded PhACs. The results demonstrated that the co-existing
components enhanced the water/diclofenac selectivity of the piperidine-doped NF membrane by 1.15 orders of magnitude.
Characterizations based on apparent hydrodynamic diameter, absorbance ratio and fluorescence spectroscopy collectively provided
robust evidences for the occurrence of solute-solute micro-interfacial affinity interactions between target PhACs and the dominant
co-existing components. The percentage of bounded PhACs ranged from 71.2% to 96.3%. Furthermore, the study observed a positive
correlation between the molecular weights of bounded-PhACs and their hydrophobicity. Besides, the expression of dominant
hydrophobic fractions was found to be closely associated with the dissociation tendency and strength of PhACs in environmental
water bodies.

Key words: municipal tailwater; nanofiltration membrane; pharmaceutically active compounds; residual particulate matter;

occurrence form
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(DOM). kAl Ca™ /Mg i & 15 1) A5 4, 3X L6 Py /
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FBRE A EE TR L R T AL SR R 4t 2
PRAR, KA R (R 0RE 45 4 25 PhACs 38 ] LU L /N T
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Table 1 The critical physicochemical characteristics of all selected pharmaceuticals in this study

WwEY) fRIFR JrFai(g/mol) ATl pKa log Kow  FGTEME(PH 7.4) WG 4%(nm) Ku(L/kg) 25
PIE R ] DCF 296.2 CiH; CpNO,  4.20 451 ok 0.354 400~700 HiR
b A NOR 319.3 CisHisFN;0;  6.22,8.51 1.66 i 0.47 3700013000  HiEZ

i P ST SMX 253.3 CiHiN;05S  1.71,5.64  —0.56 1 0.396 4.3~20.1 i %

PPRE: BT F AL Ay S8 25 15 ) 1) 2R Tk e b o
(hlE R DL 1). 7 - R Norank—f-Saprospiraceae

V) 7 5 B R AE R R JEAR (MSCOS0) 11 AR R E
JEER B > T BRI 50,10,5,3,1kDa)¥ ey [ ik FE
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TRl IR 2 7). R /K &R PES TALIEI(fLIE A
0.45. 0.22. 0.10 & 0.05um)I F AT LA E BRI ARHY
HRA T ARG 2 DAX-8 Fl XAD-4 BRI [ 35 5
Sigma 2~ . [ AHZEEUH(HLB, 200mg, 6m L) JSEF
= [F Waters A+,

S L T O A TR R K BEAT U, B S R &
1.5mL 2500 Y, 15 30 KB AR B 5 1R TR AT RIORE A7)
2
1.2.2 U5 DOM fis %I R i 2 1 ik
S 287 H AR A =4 (SMP). 3 14 ¥ Y L A
(R 55 57 07 92 ST IR [20]. 7tk 5 v B8 78 %500 R
1247 6h, B 5 [ YT 30min, ] 0.45um JEMF L v L
TR /KRN SMP fif £
1.2.3 JKFERIHI#  EARREFUR W IFRLH T 4
Tl & 1t AR R

T IBUR 7K PR 885 7K R < T 3 A T IBUR K P s IR
2410 HFr PhACs (200pg/L), B il 117 B0 K R 35 7K
FE BT (T BOUR /K X B 300 w48 B 2 T R T B0
IKAEFE T (K FF I HE K 1,4 0.45um i AE AL PE i
Ji B E R AR LR 2.

F2 MHHERBBISKEE EKE 0.45um EREALIE AT
FERIBILFFIE R —R A HiBRE
Table 2 Main physicochemical properties of raw municipal
tailwater from Xinxiang city, the sample pretreated by 0.45um

filter and the related national discharge standard
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Fig.1 Schematic diagram of chemical bonding modes (a),
fabrication process of BP incorporated nanofiltration

membrane (b)
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(200pg/L) i, A K AE AL

BEPLKRE B At K B 078 I i it py/
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6674 S ES 7 N A = - 45 %
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Fig.2 Particle size/molecular weight grading device (a), hydrophilic/hydrophobic fraction separation procedure (b)

#&3 B#r PhACs ISR B IE NI &4
Table 3 Detailed high performance liquid chromatography
test conditions for target PhACs
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Fig.3 Interception selectivity of NF membranes towards

inorganic salts and target PhACs
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Fig.4 Particle size distribution and corresponding UV-vis absorbance values (inset), 3DEEM spectra of real municipal tailwater in

the absence and presence of target PhAC, and proportion of the occurrence forms of three PhACs in real aquatic environment
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Fig.5 Relative abundance of microbial communities at species and genus levels, the colony growth status after 48h of culturing at a

dilution of 10—fold (b;) and 100—fold (b,), as well as the content (¢) of residual particulate matter (before and after treatment with a
0.45um filter)
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Fig.6  Proportions of target PhACs associated with residual

colloidal particulates with various micro—nano sizes (a), and

different hydrophilic/hydrophobic properties (b)

YIERUKFE B /4N DOM 4544 PhACs
HHAT T4y P UIRIAHE, 2 s A 45 SR i 7(a)
NGRS N8R DOM & A S IR AT T I 45
A SMX 5 NOR BA 5] M/ A E 6 BSR4 7
X AUl L 45524 DCF WA AR fE 10~
50kDa. >50kDa P4 41K 75 1 & X 8] P, 53 ) i ik
53.3%H11 37.2%.3X ] fg A KA BAT AR log Kow
1) SMX Fl1 NOR it & (1fifi i « i FBUlE 3t 4 e 5
DOM =5 (R Rl 1 7 480 1 e A J 47 ) S
e LB B AR T S0 0 i % e ) A
TE/NGY RS KPE DOM .

55 I R I P 5 5 ) ) R B K e A D)
W5 5K T EH/KYE DOM 55 & HE o

SRR Y R 2 5 RS AR FH P 35 e v iy ) 5 30
DOM %54 2% SMX Fl NOR 5 Ky Y51 M3 A7 46 AN [
Iy E DX R AL 3 T T SRS K PR 1) SMX B2 5 /)N
5y f 5 DOM A4l & A& AR iR gt K 2 1
DCF 3l i /K- B /K SE RAZ BR - HERR 254 T
A2 B DOM 45 & A& WAL 73 A /K T 10kDa (1) [X.
[F), R TIH b =2 1A) B S ) 23 1 ik B vE i 9 45 R
U] DOM 45425 PhACs 17> 18 K /N 5505 44
H & 5K P (log Kow) 2 1EAHR.

F4 SMP & 0.45um BRI E I E EE M R IBIL4FE
(mg/L)
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with different molecular weights (a) and hydrophilic/
hydrophobic properties (b)
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