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Abstract:In this paper the adsorption characteristics of two synthetic organic compounds (SOCs) i.e. methyl parathion(MP) and
trichloroethylene (TCE) and natural organic matter (NOM) on powdered activated carbons (PAC) in natural water were studied. On
the basis of fully characterizing the physical and chemical characteristics of PAC the effect of physical and chemical properties of PAC
on the adsorption of low molecular weight SOCs in natural water was studied by correlation analysis. The effect of molecular weight
fractionation on the adsorption of NOM on PAC was investigated using high performance size exclusion chromatography (HPSEC). It
was found that compared to the surface chemistry the physical property (pore properties) of PAC was the critical factor to determine
its adsorption capacity of MP and TCE in natural water. The adsorption of the low molecular weight SOC and NOM with apparent
molecular weight (AMW) < 500 on PAC was primarily impacted by the micropore surface area and that of NOM with 500 < AMW <
3 000 was affected by the mesopore surface area combined with the mesopore size distribution.
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(NOM) ; apparent molecular weight (AMW) ; high performance size exclusion chromatography (HPSEC)
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(TCE) (apparent (YK)
molecular weight AMW) 4 2
NOM JC  NX; SL HN.
5 JC NX
(PAC) SL HN
SOC :MP TCE
! 1
1.1 MP
PAC: TCE TCE TCE.
1 MP TCE
Table 1  Physical and chemical characteristics of MP and TCE
/°C 1gK,,
N (‘)—
N =
(MP) C4H,,NO,PS O/N<\_/>oz=s 263. 13 158 3.00
Cl Cl
(TCE) C, HCl, >=/ 131. 39 86.7 2.42
Cl
1.2 PAC (Shodex PROTEIN KW-802.5 Shoko
PAC ) 0.22 pm
(Mastersizer 2000 ) ; uv 254 nm.
GB/T 12496. 8-1999 ° ;PAC 1.5 MP. TCE
(Quadrasorb SI ) BET 0.45 pm
PAC T N 40 mL
( ) :PAC MP  TCE
Boehm Tt PAC 1h
1.3 PAC PAC
MP 5 PAC 10
pH pH  (MP220 ) mg/L; TCE 5 PAC
(DOC) (TOC-VCPH 20 mg/L(PAC PAC
) Uv,., (UVVIS  PAC 40 pL 80 pL
8500 )
(2100P )
1.4 NOM 12 h(
NOM ’ ) 200 r/min 25°C 12 h
Amberlite XAD-8 Amberlite XAD—-4 NOM 0.45 pm
5 : N N
N (HPLC-1525 Waters )
NOM MP Waters C18
(HPSEC) V( )/V( ) =70/30 1 mL/min
(PSS) 210 nm;
(Waters 1525 Waters ) TCE (Aglient 6890N Agilent
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) TCE
9 . 2
150°C 39.9 mL/min 50:1
280°C 60 mL/min. 2.1 PAC
3 2 5 PAC
2 5 PAC
Table 2 Physical and chemical characteristics of five PACs
PAC YK SL JC NX HN
/pum 13.96 20. 35 23.04 25. 14 22.03
/mgeg ™! 1140 1100 1000 1026 955
BET /m?eg ™! 1493 1088 807. 3 923.6 1162
/m?eg™! 1331 1023 780.6 886. 8 1037
/m?eg™! 162.3 64.8 26.8 36. 8 125. 4
fem®eg ™! 0.779 4 0.736 6 0.5524 0.5955 0. 683
/em®eg ™! 0.6218 0.6056 0.490 2 0.5162 0.4999
/em®eg ™! 0.1576 0.1310 0.062 2 0.0793 0.183 1
/nm 2.09 2.71 2.77 2.58 2.35
1.55 1.52 1.52 1.40 1.45
1 0.325 0. 040 0. 005 0.340 0.250
/mmol*g
—D — 0.015 0. 040 0.025
/mmoleg " 1.57 1.70 1.96 1.75 1. 44
1)
2 YK
60
BET
4 5 PAC s
B a0
X
A1
YK JC -
o
Q
a
%
2.2 n
= 20
3 &
NOM 1 NOM
7
2. N/
HoB HoN
3 W g5
Table 3 General properties of raw water from Miyun Reservoir
pH DOC/mg-L "' UV,s, /em ™! /NTU HoB. ; HoN ;HoA.
8.08 2.02 0. 0268 0.22 WHoA. - HiM.
1 NOM
Fig.1 Chemical fractions of NOM in raw water
3 from Miyun Reservoir
1 NOM 220+ 700. 1200+ 1 600 NOM
42% 58% 10 000 ~ 30 000
NOM PAC
PAC 2.3 PAC MP TCE
NOM PAC
2 NOM 5 PAC MP
100 ~3 000 170+ TCE 3 5 PAC
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0002351 MP  TCE PAC
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'g MP TCE
E 0.001 5 2 YK . SL .
JC . NX HN BET
0.0010 -
89.1% « 94.0%  96.7% -
0.0005 | 96.0%  89.2%
PAC
0 I TN
10 1000 10 000 10 000 MP TCE PAC
AR I
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2 NOM
Fig.2 Distribution of apparent molecular weight of 4 PAC MP. TCE
NOM in raw water from Miyun Reservoir Table 4  Correlation between physical characteristics of PAC
and adsorption capacities of MP and TCE on PAC
PAC R*(MP) R*(TCE)
700 BET 0.94 0.92
600 L . * & MP-YK 0.99 0.97
. M B MP-SL 0.88 0.87
X . = A MP-IC
500 |- ® MP-HN 0.88 0. 87
!& X MP-NX 0.59 0.54
- ¢ TCE-YK
T, 400 ,} 0.65 0. 69
] g 0.74 0.75
% A TCE-IC
& 300 O TCE-HN 0.59 0.51
% TCE-NX
200
° © MP. TCE
q
100 @ % % MP. TCE
* A a
3% 2
| | | |
0 10 20 30 40 50
co/mg-L7!
PAC
3 5 PAC MP TCE
Fig.3  Adsorption isotherms of MP and TCE on five
PAC MP TCE
PACs in the raw water from Miyun Reservoir
5 PAC N
2 s0cC YK >HN 20 mg/L
>SL >NX  >]JC MP  TCE
10
5 PAC 5.
PAC MP  TCE PAC ;
20 mg/L MP  TCE PAC
PAC  BET N 5 MP  TCE
N PAC
4. SOC
4 PAC  MP  TCE e PAC
( )

SOC
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PAC ()
— JEK
— 2 mg/L
5 PAC MP. TCE ——4mg/L
Table 5 Correlation between chemical characteristics of PAC — 8mgl
12 mg/L
and adsorption capacities of MP and TCE on PAC — 20 mg/L
PAC R>(MP) R?(TCE) —— 50 mg/L
100 mg/L
0.5328 0.5100 — 500 mg/L
0.5699 0. 666 0
2.4 PAC () NOM - .
100 1000 10 000 100 000
NOM FWAR 7T R
PAC
5 JC
PAC NOM
Fig.5 AMW distribution of NOM in raw water from Miyun Reservoir
13 before and after adsorption at different dosages of PAC JC
PAC NOM
YK jC NOM  PAC NOM
2 PAC NOM
HPSEC PAC . 3
NOM 2 PAC 500 ~3 000 NOM
PAC PAC
( )
4 5 NOM
< 500
00030 NOM PAC
— Bk
0.0025 - — 2mg/L >500 NOM PAC
— 4 mg/L . 13
- 00020 — ?2mgﬂ,;1, Li
E mg
3 00015 - — hmek ) :
g — 50 mg/L YK 2 JC 2 YK
— 100 mg/L
0.0010 500 mg/L 3 JC 3 YK
0.0005 — NOM JC
| _ NOM co. 2 PAC
100 1000 10 000 100 000 NOM
RAARS 23T ik
NOM 2 YK
4 YK NOM JC YK
Nom NOM JC
Fig.4 AMW distribution of NOM in raw water from Miyun Reservoir NOM YK jC
before and after adsorption at different dosages of PAC YK
YK NOM JC
2 PAC (2. 4 mg/L) 2
3 (100 < AMW <500) PAC - YK JC
3 <500 BJH 62 PAC
NOM  PAC > 500 NOM <3 nm YK
2 2  PAC JC >3 nm JC YK
>10 nm
PAC NOM >3 nm
NOM JC YK NOM



2 499
>3 nm YK . YK 0.003 0
2 g/L PAC IC
<3mm 2 ¢/L PAC YK
YK 0.002 5 — EK
NOM
0.0020 -
PAC 500 ~ 3 000 TE
3 00015 |-
>3 nm 2
PAC 0.0010
PAC PAC
0.000 5
<500
05 0 e
- YK 100 1 000 10 000 100 000
. —4A—1IC MR TR E
04
PN \ 7 2 PAC
o
E 03 | " NOM
"'é \. Fig.7 AMW distribution of NOM in raw water from Miyun
i 02+ A\ Reservoir before and after adsorption at extremely
% A\‘.\ high dosage of PAC YK and JC
01l A\:\‘xf
\F.\ e ) YK DOC JC
% 2 4 6 8 10 12 PAC NOM YK
. #B/mm NOM ;
6 YK JC BJH JC DOC YK
Fig.6  Mesopore size distribution of PAC YK NOM PAC
and JC based on BJH theory JC NOM
; DOC
2 PAC NOM 2 PAC NOM
2  PAC (2 g/L) PAC
NOM 7. NOM NOM  10%
7 YK JC
YK O PAC YK
20 PACIC
NOM. 1.6 H
NOM _
2 PAC 500 mg/L 2000 mg/L 3 12 7
& Z
300 ~3000 NOM 2 é 7
& 0.8 é é 7
100 ~ 300 NOM | 7
NOM 0.4 H
PAC I
ou d A A 3
" 10 000 ~ 30 000 8 12 20 50 100 500 1000 2000
NOM #RE/mg L!
NOM 8 2 PAC DOC
PAC Fig. 8 DOC variation in raw water from Miyun Reservoir
2 PAC before and after adsorption at different
DOC 8 dosages for PAC YK and JC
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