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UK B R THER = BX-ICP-OES BN ESH AmP A MBEELE

BRoOoRN, B, BRI, E OB, e, B /Yy
L R T2 WA A 421001

2. sPE R BE RO R BF S BT R THR T S5 005 . JLse 100049

8. JLstl ARSI K R AR P DL IR . Jbs 100094

B E GARENLNLRERESEIRESMEECEMNGY, AT HESSMN RS, @ TIEHBH
TR A IS £ i B A S5 TR R S RN Ih N s 5 U vt L 6L 1YL R B AL B B REILRA
JCR AKGINH 73 o 3082k A€ BRI 4 O FAE AR AR RO A A, e 1 5 20 MRS IR 30 mL fE R AEHGH] . %
HUHR] R 5 min, ZEBURE A 120 °C, UL 400 W E R il il B ZEBUA A o JF F Bl 15 S B A R
SRR B U R B TR . G5 R BOR . AR IRAE 2. 25~112.5 pg - kg Z I,
Sof HIATAL i A ZE Ry 73. 6% ~105% » HEXIFRUER 22 (RSD, n=3)Jy 0. 2 Y% ~1. 7%, A7 2 C T T4

fir . Bk L NS VIR R A A o

LR LIA SR TR TSR 58U

fE 4SS 0657.3 XEARIRAED: A

CI—1

i RAEM T, A, Rt B ER s EUE . B .
TS R F R M5 Y, RS G S B R R S
(inductively coupled plasma optical emission spectrometry,
ICP-OES) . AW E ML o 17 HAMESEE 8, 8T LAR 43
Frefos, Wi ZMHT FRITE e w o b=,
AT FEICE WA, B A BhEE, ATLGES AR
FITFR B BRI ARAL, AR EE. I EPRA R Y
2p4x (Oeko-Tex Associationa) BiAE 2541 i A FE IR K
BELANGE BRYE TR AL 1 =R A R 2 LT A H TR X
A fi S AR EETT SR FH R TR 25 20 h AR G 2 5T
R EBCR R E . HABREIOL S 1 — &3, AR AESE
AN ICER R MG UG I B IK. A, BRI
W o B AR . WS R ICP-OES i T3k, i
IIBTES SR 22 3R Aol Al B A BRI ST A K A R
APALBE 7 L AR AR i AR G B AR U R HLRAE
TR

AHFFER I 500 MRS RR VE R ZE BRI o (ol i B A5 B 47 41
iR LR FEou R, SRJE I ICP-OES #6392 B 1) JUFh
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BB B OR. BIRSRIC RIS B REER . SRR T
100 mL Z5 i, FBEAKIRRE 2208, #45). Bl s oo
FUIESr 50 10 mg « L7 IR A PR ff 05 1. I B 3
FH B SIKFR B A3 VR BE 19 2R 50 ARV W . A2 R e Y
i #1421 57 205 20 BIp 2 A 1 100 (Oko-Tex Standard 100) £,
1. A1 L NERMEITR S A AdARBRE —KEY
0.5 g, S1bdh 5 g, BER —FM KW 2.2 g TERHWEE R
0.1 mol » L™ & S8 AL 40 75 Wk pH (E 9875 %2 5.5, AL
H.
1.2 REHE
1.2.1 o8 4% 3 B BR 32 IR

FEALBY B B ST, B9FR 2 5 mm X 5 mm R T LA
T IRAT, BRI 4 g KRS, KETRE 0.01 g, B TRl 2L I
B, A 5% 30 mL AR . A RESE TR, B AR BRI
BITHOA 2 FE A0 T e A o T O AR IR 7 FEUR
120 °C, W BEEHRTFATE 5 min, {R4FATE 5 min, 3 CEM i
LRGN ERE . 2T A0 25 TRURE (5 1) I 50 DS
1~2 W E 400 W, 3~5 HESRE 800 W, 6 LI i 'E 1
600 W; iz7)F . ZEBWESHRBUH G, #ERAEEIR, O
Ja IR AL /3 BT
1.2.2  AGEBRM TR RN

FEMLET R A2 T, BT E 5 mm X 5 mm RFLAF,
IRA), PRI 4 g BEfL . ORTRE 0.01 @), ¥ % 150 mL (9 A
FEZSABET. INA 80 mL AE MR, (A4t 755y
B, MAERKBIRG &, R (722)°C, R
60 K » min ' ZMF T, #RY 60 min, #EFIEHARRHE
FEihk. SIS
1.2.3 ICP-OES T4

Ve RIS 5K As 189.0 nm, Sb 206. 8 nm, Pb
220. 3, Cd 214. 4 nm, Cr 267. 7 nm, Co 228. 6 nm, Cu 324.7
nm, Ni 221. 6 nm, Hg 194.2 nm, {¢#§ B &S 503E w0 5
Bk, Rk, W E KT TR 1.1 kW; JaE
¥ 34.8 °C; w/AES: 86 PSI; BHIR i & 20 LPM, 1k
it 36 PST; HHBIUR AL 0. 2 LPM, ZEH$EF-33 1. 2 mL
« min ', BEYGHTE] 25 s,

2 HhRGHE

2.1 MRS R AR

AT IO B ZE U R T s FRATIE AR 25 4 S R i
T —7E T FIARAE) BT AR IO 5 o BRSO, S 3 20 BT
W 4 g FEGHINA 10 mg « L' IR A ARMERE & 1 mL,
FEMR A SEHCE T XA 24 h AT . IiiRgi 4
eGP EE R B BT, MR B BN L B RERI 2.5
mg * kg™ !,
2.2 FEREHHMRIL
2.2.1 ERF ek

oI T T AU TR K5 2 V8 TR . Ao %A 11
HARIZE T SY0RITHER . 5 Y0 R FR LA Je 5 Y0 HER AN 520 AR R
FARFRLE 1 1 A TR R AE S ZE BRI 3l Inbr At & rh L

FOCRABCRAEN . [ 1 X TAEARBORE 120 °C, A1
HFIE] 5 min, ZEHLTNAR Ay 400 W B = Fft 2 IOR) (19 ZE Tk %
ATLAE M, SY B R B AR X As, Cd. Sb HA5 & A ZE B
=, {HE%t Cu, Hg, Pb, Ni, Co, Cr FZEBCRL N 45% ~
69%. IRIREAEHEF X} Cu, Hg, Pb, Ni, Co, Cr BIAERCR,
EH 5 YORYRRI A BUCRA L, FF A IR H. 5% M il
WS JURP IC 2 3 BT 3 i I B IO (A T 7360 ~ 1130 22
(B . WAL I 5 O RN ERAE A LR G R MR HGH .
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Fig. 1  Effects of different extractant on extraction ratios
(Temperature: 120 C, time: 5 min, power: 400 W)
A. 5% nitric acid; B. Mixture of 5% nitric acid and
5% hydrochloric acid (1 : 1, @); C: 5% hydrochlo-

ric acid

2.2.2 HERBHE

R BI A BUR B A B A ) — N E S N
B AL UL X LR TG R ZE R AR, AR S0 1 B DU A A [R)
BE S T LR RE BRI B 43 )R 60, 80, 100, 120 °C, FH 5% 1Y
HERZEEL 5 min J5 FAEE ., mE 2 A LLE 1, 60 CHE, JL
FhOCR WA BRI FE R M$E S . Co, Ni, Hg, Sb,
Cr ZE G B B m M iadh, As, Cd, Cu, PbZEIRFTE 100
1120 TR, B TR KT BTF7E 120 CrJLF
TEEEEPCRIIAL T80 1% ~105 % , filt A 52 38 156 B2 1ak ik 7 B
1101
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Fig.2 Effects of different temperature on extraction ratios
(Extractant: 5% nitric acid, Time: 5 min, Power:

400 W)
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IR 120 °C,
2.2.3 ZEFate

B 3 % b T A HF )43 304 5, 10, 15, 20 min A AEEL
&, ZEPAT A X As, Cd, Cu, Co. Ni, Pb [ZERE Y MW A
Ko X Hg MZEBACR AR R, BEA T ] 193 fn He (1
HIORZRIBEAS, ££ 5, 10, 15, 20 min B9 ZE TR 5350 K
91.9%, 72.0%, 33.5%, 16. 4%, T Sb 1 Cr 7£#£ B} i) 48
i 15 min BT FREGHE. L5658, HI S min 1E R ZE A
518

1201

1001

x®
(=]
1

Extraction ratio/%
(=)
S

40 1

—8— 5 min

—0— 10 min
20 1 —A— 15 min

—v— 20 min A
0

As Cd Co Cu Ni Hg Pb Sb Cr
Elements

Fig. 3 Effects of different times on recoveries(Extractant: 5%
nitric acid, Temperature: 120 ‘C, Power; 400 W)

2.3 FiEEM
2.3.1 @aszRE, ZBREEASEHR

HECAAMIE ST, H y R BTl 1 R 50 bRk
WHE A TCR ISR, F x FOR&TCR MR, FELIE
KRBT v WK FE 2 (mg « LD FATLERIT, 25 AR A E

SR 11 Uk, o 3 A5 Am v I 22 BT % 7 1) 25 0 28 vk AR Ry
R B, W3R 1 7R, JURhTCE A2 Il )3 J7 A 3¢ R 53
KT 0.999, RNy 2. 25~112.5 pg « kg™, EBR K 7.5
~375 pg « kg ', 7E0.05~10 mg « L 'EREN . IWMTERY
TSR Ok AR BRI IR R

Table 1 Linear range, regression equations, correlation coeffi-
cients and detection limits for nine elements

Y s /N
e i N [0 S EE (}f;‘?jﬁﬁ,l>
As 0.023~10.0 y=25850x—1 124 0.999 7 6.9
Sb 0.015~10.0 y=540 26x+854.1 0.999 9 4.5
Pb  0.011~10.0 »=129 20x—2 421 0.999 8 3.3
Cd  0.001~10.0 y=1E+06x—11 604 0.999 9 0.3
Cr  0.002~10.0 y=1E+06x—21 048 0.999 9 0.6
o 0.003~10.0 y=42577x—11 760 0.999 9 0.9
Cu  0.008~10.0 y=5E+06x+2 256 0.9999 2.4
Ni  0.004~10.0 y=40 600x—4 611 0.999 9 1.2
Hg 0.050~10.0 y=66453x—1 232 0.999 5 15

2.3.2 FEIEMTIL ST

WAl AR AR R T, B 2.1 AT AR AL B, TR
Lo 2. 1 1. 2. 2 43 S R4 S0t ol D5 T 2 4 RO 1 Y VR 2
I, 22 2 5% be T A A B 2R ORI R M IR ZE AR I 22 5.
# 2.50 mg » kg IIFR KSR o Sl B ZE O SuRP T R
IIZEELA R 73, 6 %6 ~105%, RSD<<1. 7% (n=3); TiMRMETT
WX Sb, Pb, Co, Cu, Ni FZEBCRAUA T 48. 9% ~71. 4%,
RSD<C3. 3% (n=3) ., A WL, TRietali Bh s i R 2 A B T4
SR I R E . JLAE FE T R S R A L R T R Y

NI =N

SR

Table 2 Comparison of recoveries between microwave assisted-extraction with dilute
nitric acid(MAE-DNA)and artificial acid sweat extraction (AASE)

Tl B T IR A B [ RERET
TR g MAHE 0 iy E%E  RSD S MAHE Ptk EYeE  RSD
/(mg+kg ) /(mg+kg ) /(mg-kg ) /% n=3,%) /(mg+kg ) /(mg+kg ) /(mg+kg ) /% n=3,%)
As 2.50 2.51 0.16 94.0 1.7 2.50 3.33 0.51 113 3.0
Sb 2.50 2.20 0. 36 73.6 1.2 2.50 1.31 ND* 52.6 3.3
Pb 2.50 2.85 0. 28 103 0.8 2.50 1.22 ND 48.9 0.1
Cd 2.50 2.57 0.12 98.0 0.2 2. 50 1.93 ND 77.2 0.2
Cr 2.50 2.65 0. 20 98. 0 0.4 2.50 1.79 ND 71. 4 1.1
Co 2.50 2.54 0.12 96.8 0.3 2.50 1.82 ND 72.7 0.3
Cu 2. 50 3.08 0. 46 105 0.3 2.50 2.59 0. 82 70.8 0.7
Ni 2.50 2.58 0.23 94.0 0.2 2.50 1.76 ND 70.2 0.2
Hg 2.50 2.55 0.17 95.2 0.6 2.50 2.36 ND 94. 3 2.8

ND % ; no detected

2.4 ZERERSW

R BT A B e 1. 2. 1 AT . ZEDR AR R 451
T XA TR TR S TR AL T L R LR
TR E AT T8, SR 3. ATLAE . DU 2541
Al He A& BAR T K ROND) , 1 As. Sb. Pb, Cr.,

Co. Cu, Ni KB 3445 T 18K B8 BT 0L 2 1) 97 23 v vl 26 B
SJEBRit, HA Cd(0.12~0. 13 mg « kg ') W5 TR BR1E
0.1mg+ kg ', HEFXFLLUHH Cd AERCR, 0% Bl
P RR ZE B (98. 000 Iy FER PE A Ik (77. 2000, #5
PR AR E 13, Cd 1 & 28T 0.1 mg - kg ',
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Table 3 Results of determination to nine elements in textile samples Unit: mg « kg™

JLFE As Sh Pb Cd Cr Co Cu Ni Hg
Ji¥inl 0.16 0. 36 0.28 0.12 0.20 0.12 0. 46 0.23 ND
£k 0. 44 0.42 0. 66 0.13 0.38 0.27 6.1 0.52 ND
b 0.26 6.4 0.51 0.12 0. 35 0.27 2.2 0. 29 ND
e 0.28 0.28 0. 86 0.13 0. 40 0.23 4.5 0. 34 ND

BTk W TG Ik PR T IR R R R A R M AR

3 4w T SGEGERRYET R AL IOE LB ol 7 i R 25 Bk

BREEDR, RO BRAEMTSR, SRR, SERE S B S b

FESL T L B AR IR AE HAS 5 ICP-OES Sl 25418, AFEOCRMEL S & Ik C B T B 3%
FEMRRR, BEL BB B B WL B RJIUMEEOCRR L IFLIUR S TR IR E LR T
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Determination of Nine Hazardous Elements in Textiles by Inductively
Coupled Plasma Optical Emission Spectrometer after Microwave-Assisted
Dilute Nitric Acid Extraction

CHEN Fei'" ?, XU Dian-dou’* , TANG Xiao-ping®, CAO Jing', LIU Ya-ting' , DENG Jian'*

1. School of Chemistry and Chemical Engineering, University of South China, Hengyang 421001, China

2. Key Laboratory of Nuclear Analytical Techniques, Institute of High Energy Physics, Chinese Academy of Sciences, Beijing
100049, China

3. Technical Center of Beijing Entry-Exit Inspection and Quarantine Bureau, Beijing 100094, China

Abstract Textiles are easily contaminated by heavy metals in the course of processing. In order to monitor the quality of tex-
tiles, a new method was developed for simultaneous determination of arsenic, antimony, lead, cadmium, chromium, cobalt,
copper, nickel and mercury in textiles by inductively coupled plasma optical emission spectrometry (ICP-OES) after microwave-

assisted dilute nitric acid extraction. After optimizing extraction conditions, we ultimately selected 5% nitric acid as extractant
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and 5 min as extraction time with the extraction temperature of 120 °C and instrument power of 400W in the microwave-assisted
extraction procedure. Nine hazardous elements were detected sequentially by ICP-OES, The results showed that the detection
limits were 0. 3~15 pg » L™! and the recoveries 73. 6% ~105% with the RSDs (n=3) of 0.1% ~3%. The proposed method

was successfully used to determine nine elements in cotton, wool, terylene and acrylic.
Keywords ICP-OES; Heavy metals; Textiles, Microwave-assisted extraction
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