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Determination of Trace Cadmium in Water by Magnetic Covalent Organic Framework-Based Solid-Phase
Extraction Coupled with Graphite Furnace Atomic Absorption Spectrometry CHU Jun-yi, Zhang Qian, Zhang
Fu-lei  (Shandong Public Utilities Environmental Protection Group Inspection and Testing Co., Ltd., Jining, Shandong 273517,

China)

Abstract: Cadmium is highly toxic and is strictly regulated in water, and the direct determination of trace cadmium by graphite furnace
atomic absorption spectrometry (GFAAS) is susceptible to interference from coexisting Ca, Mg, Na and other high-salinity matrix
species. The separation and enrichment of trace cadmium from water by solid-phase extraction (SPE) can effectively address this
problem. Therefore, a thiol-functionalized magnetic covalent organic framework (COF) core-shell adsorbent, Fe;O4@COF-SH, was
prepared, and a highly selective method for the separation, enrichment and determination of trace cadmium in water was established.
Fe304 magnetic cores were prepared by a solvothermal method; a f-ketoenamine COF was grown in situ on the core surface through
Schiff-base condensation, and high-density thiol (-SH) groups were grafted onto the framework via a thiol - ene click reaction. The
morphology, structure and composition of the material were characterized by SEM, FT-IR, XRD and XPS, and the thiol content was
quantified by elemental analysis and the Ellman assay. Trace cadmium was enriched by magnetic solid-phase extraction (MSPE); the
solution pH, adsorbent dosage, extraction time, sample volume and elution conditions were systematically optimized, the effects of
coexisting ions and high-salinity matrices as well as the reusability of the adsorbent were examined, and the enriched analyte was
eluted with nitric acid and determined by GFAAS. Fe;04@COF-SH retained a regular core - shell morphology with a specific surface
area of 155 m%/g; FT-IR and X-ray photoelectron spectroscopy (XPS) confirmed the successful introduction of thiol groups, elemental
analysis gave a sulfur mass fraction of 6.28% and the Ellman assay a free thiol content of 0.94 mmol/g, and the shift of the Sz, binding
energy after cadmium adsorption indicated the formation of Cd-S bonds. The optimal conditions were pH 6.0, an adsorbent dosage of
15 mg, an extraction time of 15 min and a sample volume of no more than 100 mL and elution with 1.0 mL of 0.5 mol/L HNO3, giving
a theoretical enrichment factor of 100 and a measured factor of 96; under identical conditions the recoveries on Fe304, Fe;04@COF
and Fe3O4@COF-SH were 21.4%, 56.8% and 97.5%, respectively. The isotherm data were reasonably described by the Langmuir
model, which gave a fitted maximum adsorption capacity of 130.7 mg/g. The method was linear over the range of 0.05~5.0 pg/L with
a detection limit of 0.008 pg/L; the spiked recoveries for tap, river and lake water were 96.5%~98.5%, with relative standard deviations
of no more than 4.3%. The adsorbent could be reused six times with recoveries above 93%. Soft-soft Cd-S coordination markedly
increases the affinity of the adsorbent for cadmium; the proposed method is applicable to the determination of trace cadmium in
complex water samples.

Key words: cadmium; magnetic solid-phase extraction; covalent organic framework; thiol functionalization; graphite furnace

atomic absorption spectrometry; water analysis
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1.3.1 Fe;0:@COF #ill#%

FesOu B A% R (1 1] £ 4% B SCHR[ 13179 7%« K
1.35 g (5.0 mmol) FeCl3:6H,0 5 3.6 g (44 mmol)
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T, N 50 mL FEPUGR LM N RN R
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I3 BPE BT FesOu RETERER .

COF 5¢/Z4 [ R4 5 1E FesO4 HEZ KR
PrAEK: B 100 mg il & 45 1) FesOq BETERIER, &
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19, RIIN 21 mg (0.10 mmol) 1,3,5- = F[]
K= (Tp) « 16 mg (0.15 mmol) XK % (Pa)
F10.5mL (6 mol/L) LE/KEFHAEMEALT], ZAIR
PR T 120 °ClEIRM. 72 hs BE5r B JE UL N,N-—
FH 25 R Jre R PR 59 9% 3 I, 60 °CHEZS 5 12
h, 131%7451 Fes04@COF .
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B GM m )RBIGIN COF 5 48: HX 100
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B 0.5 mL 1,6-C. —#il¥ 5 10 mg Y51 & 55 DMPA,
ZA 0 30 min AABRE: EER (25°C) FEA
365nm A6 (ThFRLZ 100 W) FFEEMRE 4 h 374
P, A IR — b SN2 S COF B 283G 1% C=C
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BB 3 R CARR 25 OB i 5 51 & 7, 60 °C
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PR AR SRR SR T B,
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H RN AT S s b3 60 s 1 Ik
HE 5 kV, 435 K%E Fes0s. Fes0s@COF K
Fe;04@COF-SH 51 M4 -
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mL (pH 8.0)/¥] Tris-HC1 ZZ ¥+, JIA 0.10 mL
(4 mmol/L) 5,5'- AR (2- LK HR) (DTNB)
W, BEEHRY 30 min [ERET B, B EIEWRT 412
nm AEIEROGEE, 4 L-2 b BRbn itk it 2 4 55N
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FEH — @ AHKEE, F# HNO; B NaOH iff
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JEAF B T2 LL 100 mL 5 1.00 pg/LCd> 1
FRAEKONBRKEE, % 1.3.4 JFE HINAAS A 45
= Na's K'. Ca?'. Mg?'. Zn*'. Mn?*'. Ni*',
Fe3*. Cu?*. Pb?", CI'. SO4-. NOs. HCOs K JE
1R, DA SE 15 25 AR I 5% A FIHE A 2 5% 440 ) 7o
VRS A AR Ll Ca?t (50, 200, 500
mg/L) + Mg?" (50, 200, 500 mg/L) . Na" (200.
1000+ 2000 mg/L) J =3 BB & HERFATH %2, I
CAAE RIS 7K F B K BEAR G E AR AR . B R
GFAAS W& AS .
1.3.6 B EE A0 A 1 R

FRRZER S B e s » CLEB A KK IR B 77115
ZREWESE, W EEEERT N —IREEL
P 100 mL 5 1.00 pg/L CA* B K PEIE 4L 2 %% 7
IR, 25 G ot 7] 255 Y mTUAg 2 PR AR A A 0
1.4 GFAAS TAE&M

GFAAS FEHTAEZSHIITE 1, AHPTHE
RT3 2, WINERKHN 228.8nm, K
PR — A AR R AR G 7

#1 GFAAS FET{ESH
Tab.1 Main operating parameters of GFAAS

Parameter Value/Condition
Wavelength 228.8 nm
Lamp current 4 mA
Spectral bandwidth 0.7 nm
Injection volume 20 uL
Ar flow rate 250 mL/min

Matrix modifier
R2 ASmPTHERET

Tab.2 Temperature programme of the graphite furnace

Stage T/C Ramp time/s Hold time/s
Drying 1 85 5 20
Drying 2 120 10 20

Ashing 500 10 20
Atomization 1800 0 3
Cleaning 2400 1 2
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a. Fe;04; b. Fe304@COF; c. Fe;04@COF-SH
Bl 1 FesOu MERZIMERTEA [R5 B BEH SEM RAL
Fig.1 SEM characterization of Fe3;O4 magnetic core
microspheres at different preparation stages
2.1.2 AN As
% A FTIR 4 Fes0s « Fes;04@COF  J%
Fe;04@COF-SH (3R B BERIHEAT 1 3RAE, WA 2
Fiim e MEIHOR I 3 IR AEL) 580 et ALISIA77E
— AR, VA8 T Fe-O MI4aiRaN, WESLT
Fe;O4 Mtz I REEFAE T EAaMEI . 55 Fes04
tt, FesOs@COF 1 J5RL Tp 7T 1640 cm! [
P C=0 MR LUK Pa 1 -NH, [ 4fidI 2l ik
AWK, AL 1580 cm & 1250 cm! AL HIER A T
C=C 5 C-N MFHER Y, TESE T Tp 5 Pa &%
R SN A - e AR e, TR T BB
17l COF & 4204, 25215, Fes04@COF-
SH % [ 7E 2550 cm! Jff 32 HH I — 0 G5 E AT J ¥ S-H
i 45 4 2 W, R BS C=C R i 0 BR E AH B
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Fig.2 FT-IR spectra of Fe3O4, Fe304@COF and
Fe;04@COF-SH
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FIH XRD X5 AR A4S5 8 5 COF 145 &
PEHAT T o0h7, RN 3. 7E FesO4 1) ARTH
K, 20 2954 30.1°, 35.5°, 43.1°, 53.5°, 57.0°
H162.6°4 L T 6 LHAFAEATIIE, 433X BT
REmALER Fes04 [11(220). (311)- (400). (422).
(511)F1(440)#41H (JCPDS No. 19-0629) , FHfT
W REIAZ N4 5 R I FesOso 7E Fes04@COF [HAT
SR RN X3, 20 2 4.7° KEHIEL— R
firsdtug, )9JE T H100) 44, B COF #isA
B R IR FLIE S50, 20 23 26°HT i) T W X N
COF ZHM m-r HEZ(001). 7E Fe;0.@COF 5
Fe;04@COF-SH i B+, BEAREA T FesOs IR A
FFEIE, N REEH] COF AR FA FE(100)FIEIE, IF
SETH I G ONEE A, Hoh COF KRV A
XTELSS . BIBELEIEME, MOEL S RHIEAT S I A B 5
ARAAR , RO BRI s i RS ARTEIR FesOq i A 25
5 COF WIZIRA Pk,

e
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Bl 3 FesO4. FesO4@COF 5 Fe3;04@COF-SH [1) XRD #
&
Fig.3 XRD patterns of Fe304, Fe304@COF and
Fe304@COF-SH
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T i PRI B - ot P R 2 18 2 S AR ) TV A, HLAE AR
AN R X AEAE B BA, 3R BIA R R AR AE A FLGS
o MK 3 TTUEH, # FeOufLARK, &k
HAEE A 58 m¥/g; COF 5¢)2 FesO4 HEKZ R IH
JRAL A K G LR THARBEIS 2 194 mYg, SMFLEM
0.19 F+ £ 0.30 cm¥/g. LFHiHAEM/F, Fes0s@COF-
SH MR A5 LA AH L FesO4@COF A Al T F%,
ATARE T8RO B BEsE S 4 7 54> COF fLiE
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Ghfarpisl,
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Fig.4 N2 adsorption-desorption isotherms of Fe3Oa,
Fe304@COF and Fe;04@COF-SH (inset: pore size
distribution)
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Tab.3 Specific surface area and pore structure parameters of

the materials

Sger(m? g Total pore Average pore
Sample
D) volume(cm®-g™)  diameter(nm)
FesOs 58 0.19 9.8
Fes04@COF 194 0.30 4.6
Fes04@COF-SH 155 0.23 4.1
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B XPS 2t BRI TR A . 5
RA UL Ca R Bl (B 50 o Al (&
5a) A%, Fe;04@COF-SH FHEESH C. N,
O. Fe Ml S5 MLE, &mumMiraEsTx
4, ERNTHR, REGFAEMN Fes04@COF Ak
RIS 55, VLA R BB Hh 34 s
RSl Ne TE Sop mHHE (F 5b) o, Af4rIEfl &
BRI T L 163.5 eV 5 164.7 eV IFENE, 735
X Sopsn 5 Sapias VHJEF-SH/C-S, %k LAIEAN 7
IR TES. W Cd g, AiEdEi Cd 5
5, £ 4053 eV 1 412.1 eV &b HIPL Cdsesn 5 Cd
sa32 W s Sop WE IR ZE B BB T WS 2 0.6 eV, &
AR R 7 (A LT cdx e AR B AE, R Cd-S
o

@ g x10* (b)

(b)S2p S2py,

Fe,0,@COF-SH

Fe,0,@COF-SH-Cd S2p

Intensity (a.u.)
IS
Intensity/a.u.
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a. Axifi; b, S, B HHE
Bl'5 Fe;04@COF-SH JH It Cd>* i f5 1) XPS 1% &
Fig.5 XPS spectra of Fe304@COF-SH before and after Cd>*
adsorption

2.1.6  HiEEENEENE

5 B A SR KT, X FesOs@COF
5 Fe;0.@COF-SH #17 | CHNS JT& /., LA
Ellman {ANENE 7 MRS5S =, &R
XPS R ICR AT 08— TR 4. REBIMHH
Fe;04@COF it o1 & 73 8K T 0.05%, XPS 4
HERHIL Syp (545 &5i-Em i RM)E, Fes0s@
COF-SH i i) 5t 540 £ T+ 22 6.28%, XPS M43
RIS JRTFE0N 4.8%, Ellman 75157 25 575 2
HEN 0.94 mmol/g. 1% 1,6-C BiEE— i 5 42
C=C M~ 75— B i B s B it B, i 200 B
FIERCE 2N 0.98 mmol/g, 5 Ellman k45 B
AWE, =35 2 1A 2 AT PR T8 4 S A T 1L
BRI ARRES DTNB o0 R M. FiRERgs R
5 FT-IR o 2550 em! 20 S-H R 4i#R3N. HLER I
G FLAERIIED T B B EE, (R SR 2t Cpk
5| N\ COF H24L,
R 4 Fes04@COF 5 Fes04@COF-SH K 7T & 4k J b

PR
[E==N

Tab.4 Elemental composition and thiol content of

Fe304@COF and Fe;O4@COF-SH

c(-
Sample C/% N% O/% S/% w(S)/% SH)/(mmol

cgh

Fe;04@COF 72.6 9.8 145 N.D. <0.05 N.D.
Fe;0,@COF-SH  68.9 8.9 14.6 4.8 6.28 0.94

: C. N. O. S A XPS MAHMERREICHIETAE: wS)AILRIHT
TSR %G o(-SH)A Ellman VAR 35S &: ND.&
NAKH .
2.2 AFEMET CA> AU e ELER

NIXJy COF 582 5HEIREA & H TR,
FEAHFEZ5F T, HELT FesO4. Fes04@COF 5
Fe304@COF-SH X} CA> A B3R, H4% 2.5 11
T3NS =3 R B KRB &, 45 IR LR 5. #R FesOq
IREMKEER AR S Ca? R A 55 M i FEL /R F AN
R4, FUERN 21.4%; W COF %ZJEt
R 58 m¥g W E 194 m¥g, “H 4P ERIE I
FPRAE T N. O SR, TR 56.8%:
BE— PGS, R LB O R RS )
P EER AR E S 155 mYg, ISR EIR = 5 97.5%,
B KW BBt 48.6 mg/g HE A 130.7 mg/g. HFE
TR Bee i 25 B e s BTt wd B PERE S T 3
TR H AP IR AL SR A B AL i TR AR
() EE R IHAR RN ; COF 58 /A PR FIAE T st R $R it
i H o TR R A R

53 R CA A HUE RE b

Tab.5 Comparison of the extraction performance of the three

materials for Cd?*

c(-

Sper/ (g qn/(mg-g
Adsorbent N SH)/(mmol-  R/% RSD/% 5
gh
Fe304 58 N.D. 214 4.5 12.8
Fe;04@COF 194 N.D. 56.8 38 48.6
Fe;0,@COF-SH 155 0.94 97.5 24 130.7

VE: FEESEEN 100 mL KEE. p(Cd*)=1.00 pug/L. pH 6.0+ WEF7) 15
mg. $k% 15 min, n=3: g A Langmuir $U5 FrfGE R & .
2.3 SEER AL

B A RALSELS 4 P 100 mL 5 1.00 pg/L Cd2
HIER A KON RUK RS, BRITE SRR AN, HAR%
PH% 1.3.4 $UAT: WEHBERZE 1.0 mL J5 AL
5E SR LB A SRR E S IS B2 H



T, BT E 3k, CUPERE, &
R RSD A KT 4.5%-
2.3.1  JKAK pH HY52 0

K 6 ics% T pH 2.0~8.0 [X[] P Fe;04@COF-
SH & /K CA AR (Y %) B4k, mI e
E i, 16 pH2.0~3.0 i, [FIUSCRH BAmK: mikE
H'5 C& S i sh b al, #H]-SH [m) 25l /) B 58
FRIRR S 5 (-S-)# 8, {8 Cd-S FoAzAE DL 78 20 g 3716l
1 pH F+ & 4.0~6.0, HHT FIRRSIATIREE /R, Sk
(S5 RE 7045 DURR IR, (IS e bl 2 PRk 28 7+, 7 pH
6.0 PHTiA R . pH A 2.04 3.0 4.0. 5.0. 6.0.
7.0 F1.8.0 B, MIAF B FEIWCEZRAK N 20.6%38.4%-
72.3%- 90.7%- 97.5%- 92.1%H1 81.5%. AkE4E 5
pH, B FE]EMN T Cd> /KA CAOH) .
Cd(OH): %5, i CA*NEE T I, RIS i (A
T o AU R HURICR 5 RS E 1, 1 58 f 5258 pH
6.0,

100
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Recovery/%

60

504

401

Bl 6 ¥ pH Xt Cd2* IR 82

Fig.6 Effect of solution pH on the recovery of Cd>*
2.3.2 MR =

WS B 70 FH B ke 1 AT AR Cd2t 456 TS PR AT A
R o [ E HAR KA, %% T Fes04@COF-SH 7£
5~25mg JEE N AR (B 7) « HEH Smg
WA 15 mg i, EICRE 67.0%R3ETHE 97.5%,
5.10.15.20.25 mg FrxJ B 1) BRI 67.0%-
85.3%- 97.5%. 98.1%F1 97.9%, XAt Ll 107
MECH IS TR S CA R RN . 4k s
R PFAIINE, ESCERAAE 98% b i sl ,
XU 15 mg IR A I A 1) S BT SR T KR
RS CA2 O B B &, PR3 IR B R0 AR R
S Tk, RmAEE M ENERE . SOt 15
mg N fEHE.

100

90

80

Recovery/%
=
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3 ll(l 1|5 ZIO 2‘5
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B 7 B Cd2 B R [
Fig.7 Effect of adsorbent dosage on the recovery of Cd**
2.3.3  ZEHUNS(A]
8 1B EE T WS [A]7E 2~30 min N, ZKFEH
Cd? AL HY [R] i 2 i A% B[] 354 1) 22 Ak 35 . m LA
F Y, AEHUR RIZE 2~10 min, [R]USC3R 56 A% L) A) 15
I EHRGE, 10 min B CEEE 93%; 1IX—ILR AT HE
BT p-EiE A COF HUBE N FLALIE —
()4 B A% 5 B s ) SRR A6 O3k R 4 40 T
CA> HIEM R m g A AR e S, ff Cd-S
Bo A2 45 L G471, 10~15 min 5 1 B S5 ka2,
2 15 min FEATE B4 2. 5. 104 15, 20,
30 min JITXS R ECRAR IO 41.2% 73.6%
92.8%- 97.5%- 97.9%F1 98.0%; ZKELIEKZE 20,
30 min, FIYWCEREANFRZESET, Bk, PI#HE 15 min
AU TH] .
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Bl 8  ZEIUNFX Cd>* a2 5
Fig.8 Effect of extraction time on the recovery of Cd**
234  FEAER
[ € IR Cd>* i B, A 73 il Bl ) TR BUA

10~250 mL (RI7KFEA, LA IRFEARE BUR %5 %2 [l
2, K9 fos. SPREW, FRAERAELL 100
mL i, Cd*&E R RERE 95%LL L, ik



A 150 mL K& LA, FISCRIFE R, X2&R
SN B T PR R B ) P B B[R] K AR A4 AR
PR T CA? K T I8 3R PP Fir 75 1RO B[], 358
gy BbR e AR R A Bemkm kK A % i . 104 25,
50, 100 150+ 200. 250 mL JIxd 5 () a1 A%
N 98.2%. 98.0%. 97.6%- 97.5%-. 88.4%. 76.9%
A1 63.5%. BT FH BB AAFR Y 1.0 mL, A 100 mL
NERAFAFR, Tk E A ETIA 100;
DLUE SR AT fE TAE 2Rt 2 oo, Sl s 4R A5 4K
96,

1004

90

80

Recovery/%

60

504

0 50 100 150 200 250
Sample volume/ml

B9 FEALARRRT Cd BRI
Fig.9 Effect of sample volume on the recovery of Cd**
235 AL
VELFA T HRE 70 E AR R RE S € B AN
EEZR. LL100mL & 1.00 pg/L CA* R ALK EE A
WG, T YIRS IR SRR, 45
R 6. FIMWRE T HNOs I¥EAE 8T HCl,
X5 NOs AN G5 C Tt e il &4, HA X5tk
PL S T S S N BB K. HNOs K BEE 0.1 mol/L
B2 0.5mol/L i, FIEH 68.5%F 2 97.5%, 4k
SEEZE 1.0 mol/L T EIERT; 7E 0.5 mol/L
HNO; H I 0.1 mol/L iR Ji ISR BE A 4 v, {H
BRIR 275 A S0 R 5] NBAMR 1 SR, ok R A
Vet AR 0.5 mL B2 1.0 mL B [FUSCRIA & F
T+, H2% 2.0 mL WA PSR, B SRS EUR G .
HEBHEWLAR 5 'E HA5 4L, %% 1.0 mL (.5 mol/L)
NOs FBelii 26t Wi iEme RN nl R0 e e, Wit
AR TE R B 77 B e & DAnT i R A AR R .
R 6 VR Cd2 BRI

Tab.6 Effect of elution conditions on the recovery of Cd?*

Eluent ¢/(mol L'y  V/mL R/% RSD/%

HNO; 0.1 1.0 68.5 3.6
HNO; 0.3 1.0 88.2 3.1

Eluent ¢/(mol « L)  V/mL R/% RSD/%
HNO; 0.5 1.0 97.5 24
HNO; 1.0 1.0 97.8 2.7
HC1 0.5 1.0 913 33
HNOs+thiourea 0.5+0.1 1.0 98.1 29
HNO; 0.5 0.5 82.6 4.1
HNO; 0.5 2.0 98.0 2.5

VE: BRKEEN 100 mL. p(Cd2)=1.00 ug/L, n=3.
2.4 JEFRMESEARRN
241 BTN

PL 100 mL & 1.00 pg/L Cd2* HIBEAL KL K%t
%, MR ZENBL 5% N HE %5 T W74
I RVEEE, SRR 7. WERESW &S
FXFI e JUT-5EA 520, Nat i) Se vFA550E 1x103,
K*. Ca*. Mg¥ik 5x10%. 488 7R
BOUE] S TR, Zn?. Mn?t N 2x103 4%, Ni2t, Fe3*
N 1x103 4%, Cu*. P A 5x102 ff%. Cu?'l Pb?
) JB AR R B A TR BE8 5 SR BT s A e IR I
Y, IRERER S ca e a A . AT,
AT PR 32 BRI A0 vy Eh B AR B 525 %)
TH B EREmSTREAKE, BAeTRREEGE
28 N CREARAR, B4l AR I IEAZ IE . ]
B HCOs [ SR VA BRI (2x10%) , Al fE
HHEMER S 7R R S50R pH A% FEEIR
7E 100 1% LA A 5200 P i o

27 AN CAE R

Tab.7 Effect of coexisting species on the determination of

Cd2+

Coexisting species Added as Tolerance ratio R/%
Na* NaCl 1X10° 98.2
K* KC1 5X104 97.6
Ca?* CaCl, 5X10* 96.8
Mg?* MgCl, 5X10* 97.1
Zn** Zn(NO;3), 2X10? 96.2
Mn? MnCl, 2X103 97.0
Ni%* Ni(NOs), 1X103 96.5
Fe3* Fe(NO;)3 1X103 95.4
Cu? Cu(NOs), 5X10? 95.1
Pb?* Pb(NOs), 5X10? 94.8
Cl NaCl 1X10° 98.2
SO4* Na,SO4 5X10* 974
NO5 NaNOs 5X10* 98.0



Coexisting species Added as Tolerance ratio R/%
HCOs NaHCO; 2X104 96.3
Humic acid - 1X10? 95.6

T RVEREERINE R ZEANEIL 5%, PSS Cad M ERE
2, p(Cd*)=1.00 pg/L, n=3.
242 SRR R

N E— 25 UL T v SRR AR R E B, AR
100 mL % 1.00 pg/L Cd>*[FIEE A K H 23 A ]
JFUEIRER Ca2'. Mg?'. Na' & =F IR E K,
CAAH [F] bR 7K (7K RE AN S G TR FH AR . B
GFAAS Ml fEANTR, SRR 8. B FE
Ca’"5 Mg WAFTEME N EE R G, p(Ca>)N
500 mg/L [ IE 158.0; Na*{f# il & Emik,
p(Na)ly 2000 mg/L bf IS 69.0%, SN
BT D A I AR A ) B SO R AR B A
Ko BTG FIREARTE BRI AT CbE I
%, FACE R RIRCRIZTE 96.0%~99.0% 2 [H,
RSD AKT 3.2%.

#8  FEhIERILAEN CA I E L

Tab.8 Determination of Cd?" in the presence of high-salinity

matrices
Pairect/ (gL~ puspe/(ng L RSD/

Matrix direct/%0 Ruspe/%
D D %
None 0.99 99.0 0.98 98.0 22
Ca?" 50 mg-L! 1.12 112.0 0.98 98.0 24
Ca?" 200 mg-L! 1.31 131.0 0.97 97.0 2.6
Ca?" 500 mg-L! 1.58 158.0 0.96 96.0 3.0
Mg?* 50 mg-L! 1.09 109.0 0.99 99.0 23
Mg> 200 mg-L 1.24 124.0 0.97 97.0 25
Mg?* 500 mg-L-! 1.46 146.0 0.96 96.0 29
Na* 200 mg-L"! 0.91 91.0 0.99 99.0 2.1
Na* 1000 mg-L"! 0.78 78.0 0.98 98.0 2.7
Na* 2000 mg-L"! 0.69 69.0 0.96 96.0 32
Mixed* 1.42 142.0 0.97 97.0 2.8

2.5 WRPREEIR S S B ATLER

EMfiE TR EMENZM G, H—PHE%
Fe;04@COF-SH %48 1) 71 4 i 715 W Bt A o FREX
W B 7] 20 mg, 43 I 50 mL 1L E N 10~200
mg/L ) CA* AW, T pH 6.0, 298 K FIR% 2T
1, $EVHTAR BE AT XS LR P B B g, 455 I
Kl 100 BE-PHTKREE co THE, ge EWIPRZETE, A
F| 60 mg/L JE¥GA I BALE, Mk AKu ) LiEKF,

X BRSNS R, 0L i Cd> b
PEFRI, OB A f ERR o 43 7 LA Langmuir F1
Freundlich 77 F2XJ S 20w n DAL G, iR 4640040 AL
£ 9, ESHILE 10, FAHXTHR, Langmuir £
IAHICREL R> 9 0.9998, T Freundlich f54Y 1)
0.9424; M Langmuir ZethA6 R SRS Bk
W% B & gm A 130.7 mg/g, Langmuir % %% K1 4 0.0492
L/mg. MM KI5 BT Ri=1/(1+Krco)fE 0.092~
0.670 Z 8], H4bF 0~1 X [8], FHIZEMH TR
MEER )7 ERA RN
9 Fes04@COF-SH X Cd>* 1IN b iR 26 F

Tab.9 Adsorption isotherm data of Cd?** onto Fe3O4@COF-

SH
co/ e/ q¢ celqe/(g'L
Inc, Ing.
(mg'L)  (mgLh)  (mggh) D)
10 3.05 17.38 0.175 1.115 2.855
20 6.88 32.80 0.210 1.929 3.490
40 16.42 58.95 0.279 2.799 4.077
60 29.36 76.60 0.383 3.380 4339
80 43.97 90.08 0.488 3.784 4.501
100 61.15 97.13 0.630 4.113 4.576
120 78.30 104.25 0.751 4.361 4.647
150 106.55 108.63 0.981 4.669 4.688
200 153.60 116.00 1.324 5.034 4.754
120
100
& 80
=
& w0
>
o
404
204
0

o 20 0 0 80 100 130 10 160
C,/ (mg-L™)
Bl 10 Cd**7E FesO4@COF-SH _b [ B 2535 28 (Langmuir
ME)
Fig.10 Adsorption isotherm of Cd?* onto FesO4@COF-SH
(Langmuir fit)
%10 Langmuir 5 Freundlich ¥ % g3l &2 80"

Tab.10 Fitting parameters of the Langmuir and Freundlich

models



Model Parameter Value
Langmuir qu/(mg * g™ 130.7
Langmuir Ki/(L » mg!) 0.0492
Langmuir R? 0.9998
Langmuir Ry 0.092~0.670
Freundlich Ke/((mg * g) « (L » mg!)'m) 10.1
Freundlich 1/n 0.485
Freundlich R? 0.9424

##: RyA cg=10~200 mg/L & Bl P 4> B R T

KT Cd-S B rIHIWT, B Sy &5 A RERINLFE
ZAh, B LR U A EAEE: (1) pH 52
e R I NP 25 1F T RS B35 AR S pH 6.0 FifE
IRFIEAE, 5-SH fif 85 M-S 5 FL AL AE 774 5 1) e 25
—8 () HAFE T BRI IR BAE T
] Cu\ Pb> TP itt, A0 BRI J3 1) Ca2t s Mg?" .
Na®JUPAFIE, 56 R B 5 ) By 189 (1 328 ¢
PERIT s (3) REHFIHEN Fes04@COF [RIRAX
N 56.8%, Fi A5 NAE [F R B KR B == (R 2
PE; (4) 0.5 mol/LHNO; BRI AN 45 52 |, it
BA 44 75 sUCA S LA N 3, T AEAS A3 19 4k 24 0T
e H gm=130.7 mg/g #EG BRI E N 1.16
mmol/g, =T Ellman yE7S FI0F 25 S & 0.94
mmol/g, K HITE =R B 244 N R Cd-S B Az4h, COF
HHHM N, O AR RFLENNFBRIERAESS
IR
2.6 W PRI S A R PR

FERZEBLSE R BL 1.0 mL (0.5 mol/L) HNO; ¥
i, P HEAUKERRERE P, oS EERE
T T &% X 100 mL 2 1.00 pg/L Cd2*
RUKPEESERERUR I, 28 1~6 IREIEISCRIK N
97.5%. 97.1%-. 96.8%-. 96.0%. 95.2%%1 93.6%,
557 KB 89.4%. [IWF MG T 3 25 H )
B HETE S I e R0 2 R 0 R e R A S i B
PR BT 0% o FESEBRRL T Hh, G 0Rs R —FH R B 741
(1) S A0 OB HIAE 6 YAV, FE LIS [T sk
I P MR
2.7 JiktERE

TEMRAL G FIZEBCS ME 56 T, BURSI R
FEM) CA2hRuEKRE, 4 1.3.4 AL e A FE 5 1
MUK, AFR X ERE A X R IR p LR A,
ol TAEMZR; ZBMEVER . &G RS e s RIS LUK
B CAX I RIRFE 1. 455 BoR, Cd¥7E 0.05~
5.0 pg/L 3 Bl Y RO P AR 5 2R MR 3, [R5 R

9 A=0.0573p+0.0021, AHX FEL R?=0.9994. VAT
DA B i el = s o B S S v R B
5 (30) 5 10 £% (100) 1515 /5546 H R (LOD)
AR (LOQ) 44124 0.008 F1 0.027 pg/L, it
T GB 3838-2002 Al WHO # & [F7K Ak IR B 48
FRAE . AT AU SR % SR, XK
FEN 1.0 pg/LCA* 7KFEFAT 22500 E 7 ¥X, RSD
N 2.8%. IEMEBEERESENL A TR 11,
RN TN EENERES
Tab.11 Analytical performance of the proposed method

Parameter Value

Linear range 0.05~5.0 ug/L

Regression equation A=0.0573p+0.0021

R? 0.9994
LOD (3¢, n=11) 0.008 pg/L
LOQ (10g, n=11) 0.027 pg/L
RSD (1.0 ug/L, n=7) 2.8%

Theoretical EF 100 (100 mL—1.0 mL)

Measured EF 96
Maximum sample volume 100 mL
Elution 1.0 mL, 0.5 mol/L HNO;

Adsorbent dosage 15 mg

qm 130.7 mg/g

Spiked recovery 96.5%~98.5%

Pretreatment time 20 min

Reusability 6 (R>93%)

2.8 SEBREESL TR

B T5 R T B SRAK AT 7K B K H R R
E, A CUIIAR I SR IG 2 e R, 25 R A TR
12, 3 Fi/KFEL 0.45 pm FUFLIEMRSEJE. W pH &
6.0 Jii, AAEHAth Ab 3 RY Bz N HCS I e -
MR R EIR, BRI AR B, KRS HIKE
KIS ES I 0.310.17 pg/L, ¥k T GB 3838-
2002 H5E 1 FRAE « 17 2% /K FE 43 AN 1.002.00 pg/L
1) CEHrttEfE, IR T 96.5%~98.5%, AHXT
PRUEM Z (n=3) AN 2.9%.

12 SEBRAKRE PR I 2 45 SR B bR ] Ui

Tab.12 Determination of Cd in real water samples and

spiked recoveries (n = 3)



Found Added Determined  Recovery = RSD
Sample
Aug' LD /(gL Aug-L) % %
Tap N.D. 1.00 0.98 98.0 2.6
water 2.00 1.97 98.5 2.1
River 0.31 1.00 1.28 97.0 2.9
water 2.00 224 96.5 23
Lake 0.17 1.00 1.14 97.0 27
water 2.00 2.12 97.5 2.0

29 HOEHIIETER I

WA D7 RS B WARE B LR K 48 I € J5
FELEVEVE I R IR SR BESE T T 1 LB, 45
RINTR 13, it A B AN A2 BOZAH
bo, ATER IR AR T — R L, B
A EAL 15 mg, FAFE B AT AL LR (7] 2] 20 min.

R 13 RIS ORI E T EIITERE LA
Tab.13 Comparison of the proposed method with reported

methods for cadmium determination

Linear LOD/(pg:

Method RSD/% Ref.
range/(pg L) L
CPE-FAAS 5.0~75.0 1.3 <28 [18]
SPE-FAAS 2.0~40,0 0.6 <1.9 [19]
the proposed
MSPE-GFAAS 0.05~5.0 0.008 <43
method
3 4

W TR P i SR A HLHESE 7 J2 5 S Bk
G AR T — M, il A% 5 A5 R B
FesO4@COF-SH, 57 [ i [l AH A B -7 47 Joi
WS v N 7K IR B4R 1) AT 7. FesOa
MRS £ TG BB A 5 E 0 B-
i f7s e COF DAL A FL 5 K LR TH RN 3R
1) 2 B AR AR T RS I ARSI Cd-
S W-TRALAT B e T TR SE AT MR E R
Fe;04. Fe;04@COF 5 Fe;04@COF-SH HIZEHL [A]
WCRAK N 21.4%. 56.8%F1 97.5%, i KWL EEAK
YN 12.8.48.6 Fi1 130.7 mg/g. A7 85 TSR0 R M,
Na'fE 1x10° f5. Ca?™5 Mg* 1t 5x10* 5 AN A
SN , T ) R B A SRR IR Cuty PO Ui
REHCR 5x102 4%, 735 BEREEVE 3 BRI 9% i Eh
SRR %25 1F Ca*B Mg? N 500 mg/L. Na*hy

2000 mg/L B, BEHEEAEIE ) R AE 69.0%~
158.0% 18], MZAT7iEE S IEVIRFFE 96.0% LA
b AT, AR IR 0.008 pg/L, SEPR7K
FEIMFREICEAN T 96.5%~98.5%, W7 A HEE
R 6 VK, T A2 3 2 9206 =5 I AR IR B M DU
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