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Preparation of Magnetic Composite Materials and Its Application in the Determination of PCBs in Water WANG Fu-de',
ZHANG Wen-shu**( 1. Yishui County Inspection and Testing Center, Linyi 276400, China; 2. Institute of Environment Hefei
Comprehensive Science Center,Hefei 231299, China)

Abstract: A magnetic composite material, NiFe,0,/Si0, @ PDA | was synthesized by coating the surface of a magnetic material
with polydopamine (PDA).A method for the rapid determination of 18 PCBs in water using magnetic solid-phase exiraction
coupled with gas chromatography-mass spectrometry ( MSPE-GC-MS) was established.NiFe,0,/Si0,@ PDA extractant (0.05 g)
was added to water (15 mL;the pH of the sample was adjusted to 3. 0) ,and a surrogate standard solution (1.0 pL) was added.
The mixture was extracted by vortexing for 1.5 min, separated with a magnet, and the supernatant was decanted. Subsequently,
1. 0 mL of V(dichloromethane) :V(acetone)= 1:1 was added, followed by vortex desorption for 2 min and a second separation
with a magnet.The solution was transferred to a chromatographic vial and injected into a gas chromatography-mass spectrometer for
determination.The method validation results were as follows : the method detection limits (MDLs) for the 18 PCBs ranged from 30
to 100 ng/L,with correlation coefficients (r) =0. 9995.Spiked recovery tests were performed on actual wastewater samples at two
concentrations (3.33 and 13.3 pg/L).The spiked recoveries ranged from 91. 8% to 105% and 92.8% to 105% ,respectively,
with relative standard deviations (RSDs) of 1.7% ~4.4% and 1. 6% ~3.9% (n=6).After six repeated extractions using the
magnetic composite material , the recoveries of the target analytes remained in the range of 93. 1% ~ 103%.This method is simple,
rapid, accurate, recyclable ,and can be applied to the determination of 18 PCBs in water.
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Fig.1 Magnetic materials
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Fig.3 XRD patterns(a) and FT-IR spectra (b) of

magnetic materials
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Tab.1 BET results of magnetic materials

Specific surface Pore volume/ Pore size/

Sample
ample area/(m*-g ') (em’-g!) nm
NiFe,0,/Si0, 152. 30 0.327 6. 556
NiFe,0,/Si0,@ PDA 93.26 0.214 7.310
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Fig.5 Effect of the amount of NiFe,0,/Si0,@ PDA

on extraction performance of 18 kinds of PCBs(a,b)
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VWS Fhw A ML O PCBs £ BUPERE W 52
Wi, IR AT PCBs A8 HCHE BE Y 52 Wi 45 5 4 (%]
TR, HET AR YRR R V(A
$t) VAR = 1: RGBS, T PCBs %
HCPERER KRS M VOIECKE) V(R =
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(c,d) on the extraction performance of 18 kinds of PCBs



55 48 £45 5 W)

FEARR AR RGNS SR ] g8 SOHCAE /K Hh 2 SIS H A 10 59

8a.8b I LI H, 2 HLAF I 0.5 T+ 2 1.5 min
I, A BUPERERR PCB28 . PCB105 . PCB153 PCB157
B EFHERSNEARRFRRE , I, 2505
PEHCEFEIRH 1.5 min,

H &l 8c 18 8d AT LAE MY, M i ] DA 0. 5 4
F+£] 2.0 min J5,PCBs B AR REZR Wit =, 4
SR B ] 3 — A 188 o it A6 BOPE fiE I L T R

I, S5 S 5 e B[R] SR 2. 0 min,

2.3 JiIRSERIESS R
FERACPIFE IR AR T, B8 T M5 & 6k

NFHFK A 18 Fl PCBs A6 14 5 1k 2 S5 45

W2, mFE2 Al%, 18 A PCBs MYMEX R B AF

(r=0.9995) , £ H BRIE B A 30 ~ 100 ng/L, & &

PRI FE A 120~400 ng/L,

x2  JikRIE

Tab.2 Methodology verification

Compounds RT/min m/z Regression equation r LOD/ (ng-L7") LQD/(ng-L™")
PCB28 8.756 256.258.260  y=236.681200x-670. 432059 0. 9999 90 360
PCB52 9. 631 292 290,294  y=26.487933x-289. 036748 0. 9995 30 120
PCB101 12. 095 326,328,324 y=35.4454639x-270. 938319 0. 9998 80 320
PCB81 12.924 292 290,294  y=23.4400689x—126. 589323 0. 9996 70 280
PCB77 13. 230 292 290,294  y=22.531455x-104. 395714 0. 9996 100 400
PCB123 13.951 326,328,324  y=24.657716x-34. 981053 0. 9996 80 320
PCB118 14.018 326,328 324 y=31.750129x-67. 731725 0. 9995 90 360
PCB114 14,372 326,328,324 y=29. 898272x—136. 764533 0. 9995 50 200
PCB138 14.727 360,362,364  y=23.953813x-3. 621085 0. 9996 70 280
PCB105 14. 860 326,328,324 y=27.836127x—67. 512492 0. 9995 60 240
PCBI153 15. 614 360,362,364  y=21. 1944059x—76. 825540 0. 9996 80 320
PCB126 15. 920 326,328 324 y=20.511976x+51. 621618 0. 9995 90 360
PCB167 16. 537 360,362,364  y=20. 178066x+34. 121290 0. 9996 90 360
PCB156 17.278 360,362,364  y=21.704403x~14. 622173 0. 9995 100 400
PCB157 17. 459 360,362,364 y=22. 157047x—4. 449769 0. 9996 80 320
PCB180 17. 823 394 396 398  y=20.942824x-71. 954375 0. 9998 90 360
PCB169 18.519 360,362,364  y=19. 170730x+123. 021025 0. 9995 60 240
PCB189 19.727 394 396,398  y=23.698762x—22. 556630 0. 9997 100 400
2.4 FbrEah AR — IbEkios
ARSI B LT REPER B FOR T TR 2
KA 18 B PCBs RRI, I EAT 2 A Bl vk 3 Jﬁ
BEY51 (50,200 ng) HAR , W52 45 5L 03 3, BE JMJML%
RE SR BB O G I 0, S5 SER, ! - . N

FE b I A (8105 223 43 5 R 91. 8% ~ 105% F11
92. 8% ~ 105% , RSD 35 Bl 43 %M 1. 7% ~ 4. 4% Fl
1. 6% ~3. 9%, JE KA b OISR & 2 A 1)
[RISCR L FE K 93. 6% ~102%
2.5 fEIIH SRR A5 R

NiFe,0,/Si0,@ PDA R A 4k &2 2K
6 U, FE A INAR BN R 93. 1% ~ 103% , ik
TGS A AR TR

t/min

1.2.PCB28-d4 #l1 PCB28;3.PCB52;4.PCB101;5.PCB81;
6.PCB77;7.PCB123;8.PCB118;9,10.PCB114 #1 PCB114-d4;
11.PCB138;12.PCB105;13.PCB153;14.PCB126;
15.PCB167;16.PCB156;17.PCB157;18.PCB180;
19.PCB169;20.PCB189
B9 Bl B IR it 4 B 10 € 1 4
Fig.9 TIC of industrial wastewater samples and

spiked samples
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Tab.3 Samples determine results

Compounds  Background/ (ug-L™") Spiked level/ng Measured/ ( pg-L™") RSD/ % Recovery/ %
50 4.26,4.14,4.39,4.22,4.08,4. 30 2.7 92.9
PCB28 1. 160 ) ’ ’ ’ .
200 14.09,13.90,14. 40,14.00,13.53,13. 66 2.2 96.0




60 {2 %  CHEMICAL REAGENTS 548 B 5 1)

sk

Compounds  Background/ (ug-L™") Spiked level/ng Measured/ ( pg-L™") RSD/ % Recovery/ %

50 3.90,3.83,3.96.4.12,3.87,4. 14 3.4 92.6
PCB52 0. 883 ’ ’ ’ ’

200 15.61,14.67,15.39,14.77,14.99,14. 11 3.6 105.0

50 4.09,4.22,4.16,4.13,4.26,4.09 1.7 102.0
PCB101 0.797

200 13.93,13.46,13. 86,144.21,14. 26 ,14. 38 2.4 99. 5

50 3.63,3.57,3.56,3.79,3.55,3. 47 2.9 93.0
PCB81 0. 505

200 13.62,13.43,13.77,13.22,12.99,13. 54 2.1 97.0

50 3.64,3.43,3.60,3.49,3.60,3. 67 2.5 93.5
PCB77 0. 455

200 12.86,13.11,13.15,14.19,12. 90, 13. 41 3.7 96. 1

50 3.38,3.66,3.51,3.63,3.57,3. 69 3.1 101.0
PCB123 0.221

200 13.70,13.25,13.12,13. 83,13.28,13. 23 2.2 98.9

50 3.42,3.44,3.21,3.38,3.43,3.48 2.8 9.5
PCB118 0.239

200 12.63,13.11,13.15,14.19,12. 90, 13. 41 3.9 95. 4

50 3.53,3.72,3.65,3.86,3.69,3. 65 3.0 97.9
PCB114 0. 445

200 12.43,12.69,12.50,13.03,12.81,13. 31 2.6 92.8

50 3.18,3.30,3.36,3.45,3.28,3.51 3.5 97.6
PCB138 HK S e 1 e 1 e

200 12.94,13.11,12.52,12.76,12.90,12. 73 1.6 95.5

50 3.13,3.16,3.49,3.39,3.33,3. 43 4.4 91.8
PCB105 0.277

200 13.52,13.21,13.02,14.04,14. 30, 14. 15 3.9 101.0

50 3.86,3.97,3.83,3.75,3.90,3. 70 2.6 105.0
PCB153 0. 340

200 13.33,13.66,12.87,13. 65,12. 74,13. 45 3.3 96. 4

50 3.09.3.15,3.14,2.93,3.02,3. 18 3.0 92.6
PCB126 HA 0 12 o 14

200 14.07,13.81,13.62,13.20,14.00,13. 80 2.3 103.0

50 3.16,3.06,3.03,3.21,3.14,3. 10 2.1 93.5
PCB167 EN ot

200 12.62,12.52,12.76,12.90,12. 73 3.0 97.3

50 3.52,3.46,3.48,3.30,3.34,3. 48 2.6 98.4
PCBI56 Kok o e 1n e 1 -

200 12.51,13.01,12. 87,13.65,12. 74 ,13. 45 3.3 96. 7

50 3.39,3.29,3.25,3.32,3.37,3. 41 1.9 97.0
PCB157 AR ’ ’ ’ ’ ’

200 13.07,12. 80,12.46,13.33,13.67,13.06 3.2 97.2

50 3.50,3.66,3.39,3.44,3.49 3. 45 2.6 95.4
PCB180 0.310

200 12.89,12.63,13.02,13.44,12.73,12.99 2.2 94.8

50 3.38,3.55,3.46,3.37,3.30,3. 43 2.5 102.0
PCB169 A o a4 e 1m

200 13.38,13.49,13.42,14.03,12.90,13. 75 2.8 101.0

50 3.24,3.37,3.28,3.40,3.51,3. 45 3.0 9. 6
PCB189 0.167

200 13.12,12.77,12.72,13.17,13.43,13.04 2.0 9. 6

50 6.35,6.47,6.20,6.26,6.07,6.52 2.7 94.7
PCB28-d4 102%

200 6.82,6.36,6.57,6.34,6.20,6. 50 3.4 97.0

50 6.20,6.46,6.52,6.84,6.28,6.56 3.5 97.2
PCB114-d4 93.6%

200 6.14,6.25,6.01,6.27,6.59,6.21 3.1 93.7
2.6 HIEAOTELE ATLLE A J7 1 A AL B B (B4 1.5 min,

AINES T TR A LT R 4, k4 AR 4 hHIE SR R 4% T 10 5L E 7ede
R4 ATk SCHRAGE T 7R Y UL

Tab.4 Comparison of the present method with methods reported in the literature

Method Compounds Extraction time/min V/mL LOD/(ng-L7") RSD/ % Recovery/ % Ref.
SPE-GC-ECD 6 ' PCBs — 100 0.2~1.7 1.6~11.3 78~91 [17]
SPE-GCMS 9 fit PCBs >135 1000 1.1~2.2 0.21~4.8 77.0~106 [18]
MSPE-GC-ECD 7 f PCBs 40 10 7.30~10. 45 4.7~7.5 89.8~108.0 [12]
SPE-GCMS 18 Ff' PCBs >120 1000 0.5~2.1 1.5~12 65.5~133.0 [19]
MSPE-GCMS/MS 7 F PCBs 15 50 0.18~0.40 4.0~13.1 73.8~117.4 [20]
DLLME-GCMS 20 # PCBs 17 10 70~ 1800 1.6~9.7 72~115 [1]

MSPE-GCMS 18 il PCBs 1.5 15 30~100 1.6~4.4 91.8~105 ATAE
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