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Influence of different relative molecular masses of DOM on the adsorption of
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Abstract: In this study, the authors carried out sorption experiment with the purpose of understanding the effects of
different relative molecular masses of dissolved organic matter (DOM) on PPCPs adsorption behavior. The authors
chose carbamazepine (CBZ) as the target pollutants and quartz sand as the inorganic minerals, and used commer-
cial humic acid ( HA) to prepare DOM with ultrafiltration classification. Then the authors studied the impact of HA
with different relative molecular masses on CBZ adsorption behavior based on fluorescence spectrum and infrared
spectroscopy. It is found that, through ultrafiltration classification technology by 3 000 and 10 000 ultrafiltration
membranes, the structures of HA are different. Large molecular weight fractions of HA which contain more hydroxyl
and benzene ring are mainly hydrophobic substance with better stability and high degree of aromatic tectonics. How-

ever, the structure of HA with medium and small molecular weight is not very different. They contain more oxygen-
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bearing functional groups such as carbonyl and carboxyl groups which are mainly hydrophilic substances. DOM has
a significant effect on the adsorption of CBZ onto quartz sand. Large molecular weight DOM promotes the adsorption
of CBZ on quartz sand, while medium and small molecular weight DOM inhibits the adsorption of CBZ on quartz
sand. The reason is that the large molecular weight DOM can bind on the mineral surface which increases the activ-
ity of adsorption sites on the dielectric surface and its aliphatic and aromatic substances have hydrophobic interac-
tion with hydrophobic groups of CBZ. These effects make CBZ adsorb or accumulate on the surface of the medium,
which promotes the adsorption of CBZ in quartz sand. The polar functional groups of small and medium molecular
weight DOM can bind to the amide of CBZ through polar interaction and increase the solubility of the CBZ mole-
cules, thus inhibiting the adsorption of CBZ on the quartz sand.

Key words: dissolved organic matter( DOM) ; carbamazepine ( CBZ); quartz sand; adsorption; relative molecular

mass
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AR, BB 254 KA A9 BEL L ( pharmaceuti-
cals and personal care products, PPCPs) ¥ 834, 1
TH SR b 22 ARG L S o ol R T M 2 1) K P
A WL Gyl S AS th C FRREESE, 2015) . X 4%
5 YWD AE IR B R (R 5 B R R AR AN iy, (H R A B
SN AR A 2R 40 A AR ) ik R 3 AR K B € Riemen-
schneider et al. , 2017) . | 75 C carbamazepine,
CBZ) 7 PPCPs HH ) it RYg K4 ) 5, 41 0 s il
KW — Rl HATAE) 2 N, FF 2T B 7K AR IR
i th R a2 -, I BRSO , B AR R )
1, KR g 2 T IR 1T ThREHA 3 1L R GE 4t 3 55 Ja R
(Shirazi et al. , 2013; Almeida et al. , 2014; TFESE,
2017) . %5 i P A7 ML T ( dissolved organic matter,
DOM) A Ay FA 855 v — ol B 4 16 296 5 700 0 082 fS 280 4
AT AR AN A B 3% P AR AR R R, AN g 3
STy Ar oSS T SR A v B i B S
GE) 1 Wiz B 2% A0 ) gy » DT 52 ) B < Jes e 3R NTAY
B i A5 ) ST 547 0 O BBEAE, 2017) . B
4h, DOM J& HZ F A AL & A IR &), Horh
& SELAD JO e S A A L R 2 AL R Sy, — R
HHUTLER 1 50% ~80% » P, AHFFOR 7 13
Wb oAt 2R T A IR TE R Chumic
acid, HADAUZK DOM. W50 IL DOM nJ 3 1 S04 |
PR Y KA T 85 2 By a8 S g, Rk
H AR T ALY B SRS DOM 1 45 K 5 ik
(Qiao et al., 2011 4N CBZ AN W] LAk A DOM
IR K X 22 T8 s K g, AR n] DL o 20 B A7 o
SRR 5 2R K DX R B B BE I 45 5 (Ruiz et al.
2013; Zou and Zheng, 2013; Persson et al. , 2008) .
1T DOM 544 (R 52 2% P, D% 73 W dfe L 45 H0 A D) 1)

A2 kA5 B, P Ke FL I AT 73 57 BTER 4 ), FRAIG
FLAS R B2 o M ket — 8 SR ICIL &5 145 L (] i,
2010, H A DE BOAR DU e % 17 5L A S R B
SR A 73 B AN R R /N AT 43 0T S 5 i A7 LB
I %% )7 Miiller and Fritz, 2004) . Nebbioso Z&Hf
FURILGR K S5 K 22 73 A1 T K315 DOM HY, 1fiy /)y
7311 DOM (SR /K S o, HOEHER 557 & 45kl 2 L
FHI# ( Nebbioso and Piccolo, 2012) . Bai 2557 &
K731 DOM 547 882 1 B K HE A A 49348, i /K
EHIIASAIIE T VNI Y QA S I S NG g
I W Y ( Bai et al. , 2008; Jagadamma et al. ,
2012). HHT, KT A2 55 DOM X5 5L b
RISENE , AR 2 2 BTG 1R IF A —EL. Raber SE0F 5T
KL DOM LA LS R 455 5871 5 DOM AT 73
TR RN VIS, K7y 15 DOM 1 T A
Mg K DB K, B 5 5 A HLvs G2 W) 45 & ( Raber et
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CBZ fE L3 IR 4T O, I PPCPs 2895 L)1)
TERBAT g ARG PP AL $2 (1 BT AR i



%5 6 3] 7

2. DOM R[4 % R 4140 % 7 SERb U B 55 75 P (0 S W 5 977

1 MRSk

1.1 SRIwhH

Rl LA DR 25 (9 5 WA, AR 2SI 58 2 FH B — 1)
FYERPAE R B A R IT RS . i IR T A b 7
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0.1 g CBZ ¥y K, 345 n 2 mL HEEAEH, e e T 1
L A7 (0 75 S RIEC A% 100 mg/L 1) CBZ i 45

HA T R EF R A R A A BLS ¢
HA %#T 1 L ik b, B3 pH {755 2 10 1)
B, JHEE A 30 min 2% S5 R HALIEA 0.45 wm 1)
IK R IEIEEFEAT HIUE, JEH W pH W2 7 J51F R LR
FHARYE HA SR
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47.8 mgTOC/L.
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Fig. 1 The schematic diagram of humic acid ultrafiltration

CBZ {5 A B b bR B b S0 s A2 R I B0
RIS g AT, FEMA 35 mL % Rk
(1.041.5.2.0.2.5.3.0.3.5.4. 0 mg/L.) CBZ.0. 01
mol/L NaN, FIVRGH W . SRJG1E25°C 175 v/min 4%
PET 9% W 150 h AR W Bt 3 g 27 51 56 Wk 5, W
BSP- 7 B 18] 52 2R 150 h) 5 BL 3 000 r/min [ 380 55 0
20 min, B b7 WA & ROBOH 14385 4 CHPLC) P &
CBZ [FJH L

AN MIXS 43 F i HA {745, CBZ 7647 9 b
R B AR S 22 TR SR IE S, W CBZ A1 HA
AT AEDTUE I, XoF J 39 W Bt S5 36 AN 2% 32 Bl 5% il
ERE R B OE RIS ¢ A9/, FEIN 35 mL
10 mg/L A RAER; 2> 7 BiiE ) HACM, <3 000
3000 <M, <10 000.M, >10 000).0.01 mol/L NaN,.
ZHIMEC1.0.1.5.2.0.2.5.3.0.3.5.4.0 mg/L)
CBZ MR AW . #£25°C 175 r/min 5c1F FIR%
B 150 h, LA 3 000 r/min ()5 4ES L 20 min, B
VO 5E HA A1 CBZ (KUK .

1.4 MK K FAEFHE

(1) CBZ Al o iy B0UAH B i A 50 F A B
AN T GC2010, Agilent XAD-C18 4 i #1: (4. 6 mm
x 150 mm) , #i:¥ 30°C , BEFE & 10 pL: sl Al h 2
AGEBLEKCEBEI R 6:4) 5 WE 1.0 mL/min. X3
HFRY 3.9 pe/L, &N 15.6 pg/Le.

(2) FHEREME . %% KA RF-6000 7%
IIVEIEREVECHAR B A w]D , PUIAT A A eI, ok
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Table 1 Experimental control conditions
GRS e S Sl HA x5 Bkt HA % /mg-L™! CBZ #ef/mg L™ NaNy/iff¥mol-L”'  pH
C-1 0 1.0
C-15 0 1.5
C-2 0 2.0
1 C-25 AR S g - 0 25 0.01 7
C-3 0 3.0
C-35 0 35
C-4 0 4.0
L-0 10 0.0
L-1 10 1.0
L-1.5 10 1.5
2 L2 FIRD S g M<3 000 10 20 001 7
L-2.5 10 25
L-3 10 3.0
L-3.5 10 35
L-4 10 4.0 —~
M-0 10 0.0
M-1 10 1.0
M-1.5 10 15
3 I\T;S AR S g 3 000<M;<10 000 :g ;‘S’ 0.01 7
M-3 10 3.0
M-3.5 10 315
M-4 & 10 ( \ 4.0
H-0 10 0.0
H-1 10 1.0
H-1.5 10 1.5
H-2 b 10 2.0
4 Hoo s FdRkSg M>10 000 10 3s 0.01 7
H-3 10 3.0
H-3.5 10 35
H-4 10 4.0
i =7 FRARIA IR

FUR I G w4 55 2348 5 nmo ZEGHUR K5
FECEEMs) 13 & 3 K 4 200 ~ 600 nm, [H] [& 4 5
nm; KA 300 ~800 nm, [HIFE N 5 nmo MV I
[f: E3h; FAREE T 60 000 nm/min; F958 63 3E4T 4%
B IE .

(3) B4 —n] WO OG gl e o A WA 8 ok
B HCERS=1] WG 436 6 BE T, Kl 200 ~
800 nm, £ 0.5 nm, LIBAUKM S L, m .

(4) LAMETEIME o A7 AR e 27 A0 3 A R
5 0 5% [ Nicolet 7 7] Magna-IR750, F Bk (4%
1: 200 (A FE i KBr BB 434152
1.5 HIEE

(1) LRIk S5 R B 7 72

Q.=K, C,

A, €, Es i CBZ W FATHR EE (mg/ L), Q, 0
P AT SR CBZ )11 W B B C pg/kg ) 5 K
H CBZ #EATJERY L R4 R L/kg) »

(2) WL REL ayss: AR AM-1] W23 60 BE T
W WO BE I oF S (AT AR 48, 20160, Ron Koy 14

0 AT S 5 1) i, VR A S R
a, =2.303 A,/1
X, A, AWOGEE, L R AE (m) CERAb—1] W53
FH A B AL 56 24 0. 01 m), a, &P
Kx B R (m ™).
(3)HA T AMEAT HLEK CTOC) B vF 5= 1 1 5K
560 R B HUAR I S A4S E 1) TOC A5 MR i FR 3L
ayss H RUF B2 R (Zhang et al. , 2016) , AR SLK:
DE T ASRVAR NS 23 7 i HA S W) G B (2048
10,12 mg/L) F TOC 5 a5 WAE, f5H T TOC 55 ;s
AR R
M, <3 000: TOC =2.796 5 ay + 0.032 9
(R*=0.999 9)
3000 <M, <10000: TOC =6.872 0 a; +0.490 8
(R*=0.999 8)
M. >10000: TOC =12.218 a,; —0.189 2
(R =1)
Ji BARE SR IR 1S R R LUAE Sy LA S SUVA,, IS 354
M7 TOC M54
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(4) WO R A EEAE S, R AL HLT A AR T
I3 TR RN G5 AT L 43 0l v s W
JE AR PR T AL BV S T A6 4%, 2016) « THEL AR
ﬁDT

alA) =alry) expl =SCA =A,) ]
SR :S<275~295)/S(350~400)

X, Ay NS WK Com), 18 i HE SR A 57 3%
280 nm 1E A 7E 275 ~295 nm 9K 1S %K,
385 nm fE4 350 ~400 nm FEKFHSHRK; S &
WO AR (nm ™) 5 6

(5) SUVA,,: RIEANLUT IS B Ikomeg, thEesh-
B U235 56 B T 5 IR B R AT UE B AT A AR
2016):

SUVA,, =a,,,/TOC

K, TOC AEREVEG PR B (mg/L) 5 ays, K 254
nm P AR IR FR L

2 HR5®R
2.1 [EEBHBIELE S S A

h A3 B AN [ A 43 % 55 DOM. &5 84 1) 2 7, %
HA J5U 8 38 7> 2 37 X5y S Ky 7 5 HA (M, >
10 000) « H1 il 43§ HA (3 000 < M, < 10 000) F1 /)
I3 T HACM, <3 000D, H3E4T T 4840-n] WLk
DGk LLAM RS LR SOOI R Al . Hor, Sy AT EA
FAEA LT 43 7 58 1R K /N, AR 231 ot ok

0.8

K Sy MHBAR A4S, 2016) . WIEE 2 b S, 38
1, AT BAF K4 T8 HA 19 S, fE A, /N4 T
&= HA 1 S, i H 547 & HA ZEA K,
LR K 2> 75 HA (W AR XS 2 7 0 de oK, i v i)
T HA AN 70+ LB K T/ & HA, % 5%
AR WO TR 2 e ¥ /N oy 1 oA e 1] 31 i HA
g — e, A IFeR . Beah, [k i 75 & kA
U&= KAL) 05 B s AL FE FE (1) SUVA,, A2
B R CATREE, 2016), 5o /N1 HA ML, K
T HA Tz s, UK T3 HA 5 &k
KWy o BN S A, AR HA WREE IR OR,
SUVA,, Sy FEARAA, BB HA [FJAHXS 4 ¥ i 05
e 5 HKR FE IF 6 W 2 O

HI I SZIGAE ] 3 500 1 14 000 [R5 Hr 48 HE4T
HA JSURRE AT S8, K50 AN R 23+ & HA JFEAT
T LA AL, R ILARX 5> 7 KT 14 000
1) HA A7 B 2 E B 5 & S R TG 15 4, LA 7K 4
i . AR 3 B E /N T3 500 1) HA W& 1
W2 N EERRIE RN, 2018) . BT IR 7T
VTN 4y T8 HA (02 5, AT T 404 i
HAE, g5 R WK 3 K 2. 4515 KT 10 000 [ 5>
763 430 em ' Ab A 5 BH S 9 R B A, b Ak UH JE O —
OH ¥ 4 P 2 e, i W L FR B & B A0 205 6 1 565
em AL IIRIETE TR C = C B4 Rs), H)5 &
PESEHIBE 73 & (9N AL 59, Ui WK 43 F B HA
T Z ORI E B KRS, 1X 5 SUVA,, BT f53 H

90
g—a 8 B 75 :
07 F L3430
X 5 ——3 ?
A :
‘JI: T d 60 <3000 /
06 _m 5 M<3000 --m--SUVA,_ -M=<3000 . ’
oF —0— 5,-3000<M<10000 -0 SUVA,,-3000<M<10000 f | X
—— 5eM>10000 === SUVA, - M, >10000 %
05 - . “ 3000~10 000
23 & & Breeeneenen A 430
O-mmemeeees o] o % ------------ O
04 5
B .
0 3 1 . 1 . 1 . 1 N 1 N 1 1 ' L I ‘ : 1 : i 1 M 1 i 1 : 1 1
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HAHRHE /mg L' e #/om™
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Fig. 2 The values of SUVA,,, and S; of various

ultrafiltration components of HA

K3 IR A g AL 73 L0401
Fig. 3 FTIP of various ultrafiltration components

of HA
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Table 2 FTIR spectra absorbance peak for various

ultrafiltration components of HA

W/ em ™! )R
3430 FREEM o O—HD HRE)
1565 BRI C=C 3 IR C=CI#3)
1375 JIR D3 B B 2 4R 2
1104 P B IK AL S T C—O 4
670 ~900 ZRIR C—H T4 i3]
616 COO—IJHL LR )

g R —5. M4y 18/ T3 000 FR#8 23 W 1 616
em ™ 11 104 em ™ A B IR0, 1 BT/ 437 i HA
2 MEERR L, CLSRKY A &, ) o
HA T 1100 P9 5 22 100, BE A 800 1) S 7K P, A
A58 s Kk
FERF 0 B 58 06 6 1% 43 M ik, = 42 etk 4y
B AR 3 [ I 98 A O R A DI B A T T 1 ¢
S R G R HBE CEEMS ), 1] LA A 5 4 1fi 1)
DOM &3k B145 KL, #8575 AN [ DOM ) R AN 41 73
SER (AR, 2017) o AEAHETU T, HA 38 I {3
(1985 R 73 = 4 ¢ 6 06 1 38 AF A1 AN B B 1 2
600
550
500
450
400
350
300
250
500
550
500
450
400
350

300

00
300 400 500 600 700 800
Em/nm

U, o390 Ry 2 R LR VA A RIS T R e B, A5 U o
Wik 4 fior.

Pt A CEx/Em 24 240 ~ 270 nm/370 ~ 440
nm) A AN S E BRI, 20— LR 4
JHI NI G R AN S, HE DOM
PR EREEFIR JEAH G (AR AR 45, 2017) o X198
W A, K7r 78 HA 98GR AR L% B 5
IRCE 4D o P g (E AR U0 K20 T & HA JT & 1%
SR H D, SO 55, IR R AE T K 2> 75 HA
JIT 8 AR BE M BRI A5 5 U 4 W BE TR D, T
NGY i HA FZ R 1 % o X e L A AT 3 0 e
INIRE S TR0 38O AS BRIE AT e, A5 5% s 5 5 8 i C A
B, 2008; AN, 2017). #OGUEA B AT
KorF ot HA o B4 2R (R0 59 sl eI F i
VI %, i LA s 3k . duk il B, — 285 50 Er g
FAnREE B FE 4% F 2770 T HA MIX 7 T I E R
NI Ay, AE R T REHAR S R D WL IEB
(Ex/Em 2} 350 ~440 nm/430 ~ 510 nm) K K5
T IRV, 5 58 /K 1 K 4y 1 AH O, AT IR SRAE DOM 1)
J§ BAAGRR B, BV (1) 5% 5 5 B 52 ) ol Pk B oy 1

-5000
-3000
-1000

™ 1.300E+04

400 500 600 700 800

K4 JETEIR A UE AL 1 = 49 1 1
Fig. 4 3D-EEM spectra of various ultrafiltration components of HA
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G, — 28K 0 5 TR A D i AR R
04 T 90 51 B B 17 5 B0 Ol v Pk B AR, i 08
FHERING: . X T80 B, Kor 1 it HA HIUE(E 4L
H NGB HA B B0 T SOt 4 o b (A
i, 2010)

Zx LTIk 8 U A T A AN R AR G 43 B I
HA ZiKgA7 i 22 5%, Hoh M, > 10 000 ) HA 28 3R %5
KPS A KR IS B %, 05 B i AR B
2 J A oy 1 0 v R M AR ) B K P A L
Y. 1 M, <10 000 [ HA " 2 15 A H e,
WIS FR L 46, T B2 — SE R X 43 1 T /N 1)
Sk . a4y TR HA YRR E TR E 2
), B A7 55 s P S K A, AT — IRk
2.2 AEHEMSFRE HA X CBZ ERAERD LK

B B 52 11

K S P W B A5 73 | Freundlich #57 DL & Lang-
muir BEADGAS[RIFRS 737 i HA 520~ CBZ 75 £
Seth bR B il e EAT T HUA, 8 kX B B e L
L MER AL LG RO BB i, i 5 s, A
INGY R DL K R A 43 T B HA JG . CBZ (W% B 4 1
BARTTC HA AFAE I A T CBZ AW B =, 1 I
Kr¥H HA J5 CBZ [t &3, Shdk—5 00
IR AN [RIAR 27 5T & HA IS %6 CBZ (W% 47
IR REMR K25 2 AR R IR B 23 liC R 8 K, 54T T3
S 85 R 723 R P HEE B, AT N
HA J5 CBZ ¥ K, fH MG, B HA A0 2 7 B &/
840 T CBZ LEA T LR B o T 4 i AN K53
& HA J5,CBZ ") K, i T4 CBZ Wb 1) K, A,
YLK 1 & HA Re% et CBZ 7e ) b b

2500

2000

1500+

-
k-
;&: 1000
o
500 ra—
T o
I &7 e ] HA
0k & e s N FRHA
— A mHA

_500 1 L 1 ' L 1 1
500 1000 1500 2000 2500 3000 3500 4000
C./mgL”?

KI5 CBZ fEATTERD F IR L W B 71
Fig. 5 Linear adsorption model of CBZ onto quartz sand

# 3 AXRWI CBZ RMEREEESHK
Table 3 Parameters of adsorption isotherms of CBZ

on quartz sand

HA 487405 M. >10000 3000 <M, <10 000 M, <3 000 JG HA

K, 598 173 300 485
R? 0.944 0.960 0.910  0.936

H B ERFUAN A 4y 718 HA XF CBZ W= 4
ZE SRR, XA DERb R B CBZ 1 5 BT T
PENNCIE I RAE, 25 T UL 6. 5T 961 A, In A
P AN 3 BT R HA 5 PR R B~ 28 s v e (i 25 7
i X T OGIE B, HAA MK 7 77 HA BB
T R AR B B FRAIG, X T g 55 HA 5 CBZ W45 &
TERA K. At SU R I, HA 5 CBZ 45 &
FEEN LR BRI CBZ ML HA Wt R
REMII 245, IR AAE /N5 5 HA ' CBZ #iK
KLU HA NS 7 0 5575 75 1k 4 A8 1wk AE L, 2 2
FAEAE RS ¥ & HA H (Jagadamma et al. , 2012)
2.1 ATAN, 9t A WEAE 5 — e AU R REHTAR O,
TN A 437 e 1 HA e, S5 8 50 8 RE A C
FRHED 5 CBZ 43 1T M 0 43 8 ok Al PR AR FH 45
A B 38 5 TR A Y A A R P A v o b S AT
WEAE IR . 9e6Ug B Ok AU 8 i R U, 5 i K 1k K
AR, iTAREK DOM [ AR . /Ny 1 iR
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Fig. 6 3D-EEM spectra of HA with CBZ before and after adsorption on quartz sand
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Fig. 7 The adsorption amount of HA on quartz sand
with the existence of CBZ
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Fig. 8 The conceptual model of CBZ adsorption on quartz

sand under the influence of different molecular masses of HA
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