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FE. MRS X X LA ELE ST EHRTREIITRIK
Hdn it 20 e B A& et B iR AR AT £ (0.1 ~100 peg/L) . F
ERFES — S EETUAEZMERSFRAEIHY T ZHAR
AT AXBR T — A B T I KRR XRE 547
Fiko 42 20 mg S —930# &A% g *F 100 mL KR 8 A E 2
(V.Mn.Fe Co Ni,Cu.Zn #= Pb) 3t 470G 4& , ¥l /8 pH =4, 3%
F¥ 30 min, 2 A2 bk R LB RIIFH 4 AR, AR B B 6 WE
o kifme AR DA S Xk KEHRXRF M2, £R L9,
ST EAF AW LA A B R >0.997, %M % H A 10 ~ 1000
/L BEA 1.0~6.2 pe/L, FE4EEE(RSD,n =12) ) F 5% , mAz e & 4 80% ~120% ; 47 /K AR
Fe A BRAR 6 M E 25 R HAREMAA R BERAR =B, KT 400 A B TR 7 5 L 6L & 33X AF 0 )
Mk, BT MR T RS 0905 R, BAL T RAEEGTRS S 34, ) & 09 A A 76 A <7 B 424 XRE Ml
T, kA HIREBUK, A MET ER T [ ~ V E R4k F Fe Co Ni fe Cu, T ~ VERAKF V = Zn,
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BV K BT A AR LA, e BT R RV Y
IKBERAE TR,

X R Y6t 1 (XRF) T 7 Hi i L 9655 45 45
ARz R Y ANEL A R R X BT
PG (EDXRF) 16 4 B AN e o 4 (2
AT KAE G B TR AR R A 1 ~ 10 mg/L,
TCH e F AR ALK AR 1~ 1000 pe/L4: @ JC % 1 A
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I 20 AP 4z JE s R (H A FRAH XA (0. 1 ~
100 pg/L) HEREEZ  —MEEETNNITER
R EFER R L) TR LR, W E %
EABSYUIEE Y st iR
BT BORAERGE T A B AR Y 4
PR & AR 5 (107 ~ 10%) It AZE & T fE 3%
VAL P38 i B <6 Je 2 - R 2t SR B B O FRAR I
SRR S IR R R BT, B
VEMRTHE , AT 043 7 LRt B . 914, Heiden 257 )
JH IRC748 BEARZC#ATTE pH =5.5 HE B ILR G
ZAEIRVENL , ] 5 20 EDXRF 70 e i Cu Zn
Pb Ni il Fe , #HiFRHy 18 ~76 pg/L, Jiang 2™ %
FH Dowex -1 Bifig /3 &5 & 4L #E K b Co  Cu Fl Zn, £
EDXRF Il (ks FR2Y 1 we/ L (HIZR BE X 438 7T
R AR pH (BN 9, 8k & , T BE ™ A HoAt 45
PLUE. S -930 WARREE S0 B JE 2 A 42 8 2
FMAZE/ AR SR TR Em, CAKE X
RO TR E K P 2R E SR TR,
ASCHE S -930 Z AW E = A KA 8 MG R
(V. Mn Fe Co Ni Cu.,Zn fil Pb) , 2 EL%S h € i B
[E] 2 A TBOA B ) XRE 0 P B0 540, e A
mn &5 K EDXRF #4700 o AWF5E 07 2 /N
520 XRF R TR IS 50 Hr sae 1 56l

1 X SRt e il il i OBUZ S A e K b

il

TEUR R ZH (8 XREF 0 8 300 1A F) Ao ot 46 B Tl
ARSI T 4 e R R A0S Il e R
SEAREI SRR TS 5 s A W IR A L U I LA
KUZ RPN IE (& 4 wm ) 425 1975 3, AR SR 20
RN ER b, FANERREAE R, F BUE &
XRF FLHEE R R RE & (18 1) Hoa A R s i —
TR Ay 00 TR o A B M 8 i R P RAL B
SUGRUEBE R -4, B IR I 7% | f 2, i B 1
M55 R R ICR I N E S EIUR, &
JZ 4 pwm (B R BT IR AR /N

2 X s il brcss Jiik
2.1 AUZRAEE e TSR

PANalytical MiniPal 4 & sCRER BEL X 4o
T (far = MAAEL A W] o

WESI IS FEAS (R M E RS IRAH) 5 &
fel 2ok v (L LRI G B A IRA ) 5 PR IR
G (RIEHE SC B A PR A W] ) 5 S8 % pH

$34 %
—/
G — 4
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Bl T RO IR B S5 P B 53 iR s i 1B
Fig. 1 Schematic diagrams of the homemade double
polypropylene film sample cup

I —ROIFEHNEE 2 4—4 pm FERER IR, 3—2A W AR
THALIERE ,S—R LRI EIR

(REMFE ) - FTM 22 7]);50.45 pm GLAL I8
(LRI BR I I B B ARG IRSUT A A -

2.2 bR AT 20

FILER PR UERS W : V. Mn  Fe Co Ni ,Cu,Zn FlI
Pb, ¥ )& 1000 p,g/mL,ﬁ\ﬁ%j 1 mol/L iR ( BFXH
g e S R il sy ) .

AIMT Al RS R L LR AR B RRAE
SRR IR, AR B (1] 24 4 Ak 2 R A PR
ovn]) s REEREE (b s S AL TARAF]D) o

S -930 E A B g M B SERHE A R A HD 5
pH AW : LR - CBRZB W (12 1),0.1
mol/L S AL4H,0. 1 mol/L Ak ( BUIZ, At 5 fk=%
WA o

Ak (HPH%E=18.2 MQ + em) .

2.3 RARERR I

AR A1 b 4 7K R T 7K BR G T b A AR I H AR
HERRAA, SR R IT R AR MR MR BC ] 1 12 ANk B
H5 ~1500 pg/LIRAFRER W, H o & u KW
Rl T 5 Rk, PR 1,

2.4 PR EER

PEISTALFE . B S - 930 B 5% 20 g, #E 105°C
Ht 4 h JETA S ER AL 2 min, BOH S AL T
BBREE AL, 7E 500 r/min Z5F R i24T 10 min, &f
200 Hiifio o i 5 i g 4 25 B ok op ke, 4
mol/L R PRI, i UEEh IR 5 & L F K v
VERE pH=5 ffifr TR

Tl AR B 20 mg AL FR S BRI IE A A
100 mL REZKAE B 300 mL HEJE i, SR BN -
CTRGEMIRIRTY pH =4, FLEEHFE 30 min 5, R
NESKFER GRS B A g e it 1§ %) 0. 45 pum
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TAALUEIRE b BBCR IR A 28 T 1 B e 18 1 7 i
YERE &, T 5 20 EDXRF il & .
2.5 X BRSO ikl

ZX 3 i | PANalytical MiniPal4 EDXRF & = fE
AL X BRSBTS AR

20 R A b R K AR R o A
PRI AL S 2 b P 52 BN, 0006 i O - BR
WA BT P R LT b e A, I R R
TR G f DR AT, B 1 0 R i B, 2R

A

# 1 ZHFRAIEEIRNE
Table 1  Concentration of the multielement calibration standard solutions
P W (pg/L)
- Std-1  Std-2  Std-3  Std-4  Std-5  Sid-6  Std-7  Std-8  Std-9 Std-10 Sid-11 Std-12

v 25 10 5 1000 750 500 * 250 100 75 50 50 * 500
Mn 500 250 100 75 50 % 25 1500 1250 1000 750 50 500 *
Fe 1000 750 500 250 100 75 50 25 2000 1500 50* 1200
Co 600 400 200 100 50 25 5 1250 1000 800 50 500 *
Ni 5 1000 750 500 250 100 75 50 25 10 50 500 *
Cu 1500 1250 1000 750 500 250 100 50 25 5 50 1100
Zn 50 * 25 5000 2500 1500 1000 750 500 250 100 50 2000
Pb 20 10 5 2 600 150 100 50 200 400 300 500
i 4525 4245 7835 5287 3880 3175 3605 3785 4830 4715 650 6800

TE s 7 R 2 R Rl T AR BE (L

4:2  EDXRF A& Hractt:
Table 2 Working conditions of the EDXRF instrument

B MR LR g DR XA

EERMIEL ey ) (pA) (s) iy I
A\ Ka 4.854 ~5.054 30 260 400 Rh # Al
Mn K« 5.796 ~6.008 30 260 400 Rh #1 Al
Fe Ka 6.302 ~6.526 30 260 400 Rh # Al
Co Ko 6.832 ~7.044 30 260 400 Rh #[1 Al
Ni Ka 7.374 ~7.609 30 260 400 Rh #2 Al
Cu Ko 7.939 ~8.163 30 260 400 Rh #{1 Al
Zn Ka 8.539 ~8.751 30 260 400 Rh #2 Al
Ph L 12.529 ~12.719 30 260 400 Rh # Al

3 gk
3.1 S-930 W as stk
3.1.1 S -930 WARAYILSE S H =

Purolite S —930 J& N - O B/ 3L & LR IR
GRE, BB M 2 = LR (IDA) |, X} 43 J& o
FEMAMWUT S : Cu®" > Ni** > Zn** > Co®* > Cd*”
>Fe’™ >Mn’* >Ca’" % Ni #1 Cu 11 5 KA F0 0% B
HEYH 0.9 mmol/g 2 mmol/g ™ o 1% A I 5
DR ATE T REAE B 20 B P R 4 R B T T AN 2%
e R B TR . IR pH S S Y 2 ~
11, JERE R 200 H G 1K st iR o

P S —930 B AR AT & 4R R AL AL 52 5 . L
HI8 FhiE LK Cu.Zn . Pb Ni,Mn Fe, Co il V
(1000 weg/L) R & b5 ME % W, & & fin A Na (20
mg/L) . K(2 mg/L) Mg(20 mg/L) .Ca(20 mg/L) Fl
A1(20 pg/L) JTE AR SEBR R IR K FE 5o S5
FRAEANT 5 100 mL R S ARMER T 300 mL 4
— 120 —

TR A S vhis i, HI pH 42 6 00 4 pH
{EH(2 ~6) IA—E BT (10 ~ 50 mg) Rl , AFE 3
£ 500 v/min HUEEHEFE—E I TA] (3 ~ 90 min) , 5 l
TR AP L (273 ~ 313 K) , BARE LI A%
PEILEE 3. g, B A EDXRE U & 35 0 R
A5 B2 (&1 2 ZENARAR) 5 TR ICP — AES ]
i, TR R (B 2 AR o

3 WAL
Table 3  Optimized properties of pre-concentration condition

gim i - I Ji) L
- (mg) b (min) (K
10 4 30 293

15 4 30 293

| 20 4 30 293
25 4 30 293

30 4 30 293

50 4 30 293

20 2 30 293

20 3 30 293

2 20 4 30 293
20 5 30 293

20 6 30 293

20 4 3 293

20 4 10 293

3 20 4 20 293
20 4 30 293

20 4 60 293

20 4 90 293

20 4 30 273

4 20 4 30 293
20 4 30 313
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WE 2 (a) iR, Fe Cu F1 Pb 7 10 mg 44 fig i
IKFN 2 100% W,V Co Ni I Zn W B 3 it b i
HmE G E T, 20 mg J5 R HERRE s Cu Fe F1V 58
TE 20 mg JEBETICT B, 0 S5 it JEE 2 164 M0 3k a0 1
JEPEREARA DG, Mn W Jh 232 R 58 B BE AR B = 9 385
T30, 5 KW B 26 24 30% , 6B S — 930 4 Jiig X
Mn g HEMERERCZE . H I H R KR 4 Bk
I B AR RN DR B S R 3R, e B X 20 mg B Al 62 o
3.1.2 ®HWpHH

W 2(b) Bz, B pH (E3E 0, Mn (158 i
I R 23 B S8 TH 8 5 V198 i 5 R W o 3% 50 18 0 i O
/b 7E pH =3 ~4 I35 3 5 K Co NiZn Fl Pb (15
JE IR [ 32 B v v pH B3 I 1S, pH =4 5
PRIFARIE s Fe I Cu Y58 B2 FIME fh R FEACAR 57 pH {H
SN R URH pH =4, 53R A 2 R — B
3.1.3  E ARG

WE 2(c) i, Co VNI Fl Zn B & 4 0[] )
Hehn, JH 5 R BRI, (EAE 30 min J5 PR HFER
L, HA T ZAERERE 10 min 2 5, FLHR BRI 0R [ %

(a) _u
3.0 | Y h——he——t—t -11.00
N A_/F<k ;
ey - —
' rd -
25L &~/ ~ 10.75
o / g
X / v
o / | PR =i
[ 20k & / 40.50 =
= / . in%
1 / _—* B
.o / = r——
= 5k Il __— 10.25
// = . A
— = A
— Ve o e P
i.0F = n _ -0.00
y I S ——————
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g & (mg)
130 (o)
Rl 7 — —= 1.0
5 - RN
-
12lv 7 =08
o8 - =
=8 — 40 6 —
= 1L.IL A _—— =
1 S T = _AA 4
o xS e = -~
= I\ B . T 404
ol &N A .
LV | —m_\m7 e T ——— |
s ——— 0.2
nogl "~ v+ - L ¥
V.Y LY 1 T 1 1 1 i 1 1 1
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t (min)
—m I AVRR B _a Il - Ta
=4 MUJB ) 7= I B
-V -V -=-Ni
—=— Mn —— Mn Cu
Pl 2 Bl Bl R Ae A ki

Fig.2  Optimization of pre-concentration procedure

Pl o g U9 —fL 3 2y EDXRE $odls , DI — B 280 R0 I Bl v AT

T AR, 3 Kua'min %577 Fl Jachuta 25" 1
FEMYZ /D 20 min 5P I () AT 38 0 4 0 B %) 45 16 AH
FF AR SCE R 30 min B A2 [A]

i 2(d) frzR, Mn ,Cu ,Zn \Ni FlI Co ifi WK B i
JEE R T, i B R B 28 M g in s Ph Fe F1 V5
JE RO R R TG ] AR L. 454 Kolodynska 4 H
20 ~ 50°C ik BE A2 Ao B g IR B <6 J8 TG 2 5 Ml AS B I
(IZETE , AR AN T M 428 ) ST 9 1R B, P L B b X
0 ~40°C Kl Ph8E N Y B S50 . RS I A
RS PRIEE I 200 pg/L, Bffi 75 Mn W Fff 5
(80% ~90% )% 1000 g/ TARUER T 15 o
3.2 AWM P

ARSI SEES T AR 8 AT
21000 pg/L) f2 5 FpE 7 ICER Na(20 mg/L) K (2
mg/L) Mg(20 mg/L) Ca(20 mg/L) Fl AL(20 pe/L),
HASRA FEFKAE T i & R R EEEER) T, 7
PRITAN R v B = e 26 B R T B FR ) 52 . A
Cu.Zn . Pb Ni Mn Fe Co Fil V J& & b5 ¥ K (1000
pe/ L) A3 5 ~ 100 mg/ L) Na Ca il Mg,0.5 ~

s LBy 1CP — AES Hifa ([ 28 S SE ik b 4R 43 o
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10 mg/ L K F110 ~500 pe/ LIy AL % RS AR AL 5006 4%
PR T S R, TR 2 R & 3 FiR. 7E T gvk
FEFEEIPY, Ca A1 Mg ALK, Mn 5 236 BRAIG ; AL Jin
AT 0.1 mg/LJ5 ,Mn & 550 E 0% ; Na F1 K X}
Mn BN ., AT R A Z 0

SR KB, S - 930 A X Mn®* 1R B 37 3 B
pH  THLTCE 152 M A, i B A 12 65 W i iz i
&R BT E BRI RE RIS, Hop Cu®t NPT
Zn** Co™" (P’ V' Fe BT RXABET,HY
S930 ¥ g iy Hh S b LEWIS ik N O BeATE ff5 fic
A, Mo®" J& TR R F LEWIS g, RE 45 N, O
JEFEOAE BT RT Mn® T R B, A T R
PRA & A i LEWIS S ek i) & IR o

i.2

(a) A-a e A 4 1.0
=
A A—
LIF AL . ™ N
A FT————— 7 lag
S —A 0.9
g /N = _
210 fm, F——mm———————— = _
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| 09F £
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0.8+
kH—-—é\
\‘\A dos
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3.3.1 trifEfhZ

A3 2. 3 5 FTEC I 12 TR A R T A
100 mL, fil A Na (20 mg/L) (K (2 mg/L) Mg (20
mg/L) .Ca(20 mg/L) Fl AI(20 pg/L) . &Mtk
SEIG A E 4, EDXRE i, DT Rk B MR AR bR,
R B AR BR T BR HE T ZE, Mn AT Ph A G R
B4y 5124 0.9975 0. 9976 , HAth ot Z 45T 0. 9990,
WP TC T bR v v R BEJE LN, 5 U R W
XRF 585 BARIF PR
3.3.2 JriEKEE

SR 2.2 15 BRTT ZR AR VA TR, TE T BE 43l
420 50,200,500 F1 1000 wg/LEICE RSN 1%

1.20 ———— 1.00
(D) i .00
115 " R e
| iy 0 A—Pp A A 0.9
AAA— 4 —A
1.10F =, . I\ 0.00
Aga, 0.90
1 Nng :A oS-
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R e e | =l
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™ A A
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Influence of major elements on the recoveries of eight metal ions
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MR AG S0 2500 AT & 4 U E 10 1R, 15 3171y
WA RSD, FELF 4, BBMASFIICETE 20 pg/L
150 pg/Lyk T RSD B ¥l 7E 3% ~15% LA,
B4 20 pg/L Zn . Pb Fe 150 wg/L Zn [ RSD #2%,
SHLE R IE IR 25 AR K Z A (AT RE R A R FH B 55
FRILAER R 3 8 Zn 25 FUER K ; P 5064 B Ftir
B AR IR, BRI /Ko AN 58 42— 30, 1 K
B A RAE AL, 52 Ph 33 28 5 B 1153 (W HER 1) o
R ICELE 200 weg/LLL E RSD <5% , 5HiE K
JERAR— B, RERS T L IR
3.3.3 JrikvERREE

(1) T [l g 52 56 - e B 4 43R 1 A6 Fe i X
A HZKAE 100 mL A7 INAR BISCSE 56, 1 5 F & Mn
A1 Pb A N iy 200 pg/L, FAd A% & 344 20
g/ L AR TS R 1 mL, 20Xt AR A i A
P R ARSI i AL B 4 FOKEE, 28 EDXRF i,
TR TTR ISR (B A0 ) o M IR S 5040 v]

H AR5 7% (58% ~ 154% ) s AR E Zn (24 30
pe/L) [l 3 (25 50% )t A FRAHR, 4k BE > 80
g/ LIS B0 [ R, 3X 5 S0 50 28 25 A S AR TR
Zn 23 TR G BRI FE Ph Fll Fe (% 20 pg/L)
SRR E , iX 5 Fe ZEARHE ( <50 pg/L) B
TR B BRI 25 (29 15% ) B2 Ph W2 B AR I 52
KA 5 V. Co Ni Fll Cu JNFr B i %54 2 75 80%
~120% , % EJFR, Mn Fe Zn Fl Pb 7£ <50 pe/L
B (TSR AN AR,V Co Ni Fil Cu [MIISCRE R

(2) P UER) 51 53 B« e B KA R MER) it DW - 1
~DW —4 ([E 5 b 5 52 5 i rh o Be i) ), 28 Bk 52
B 77 i A B B B IR S (M R B n =5) .
KERSTJC & 19 D 2 {6 5 bR HE(E — 3G Pb A7 178 12
pe/ LRGN 2, AT el P 80 7 AN 5835 s Fe 17
£ -60 wg/LAGZE, JEEMAFTe. £5 A0
J& Pb Fll Fe KIE G4 . KT 100 wg/Lig Mn |5
ANUER , X AT BB A K A v & 1 Ca Mg X Mn &
£H T,

J B B XT Mn G 9 W R 52 52980 28 AR R RO,

4 JnkwEE

Table 4 Precision tests of the method

BEs— B B = FER I N

TER I G RSD(% )| T BHE( RSD(% ) T MG RSD(% )| FHIMH B RSD(% ) PRI L RSD(%)
(p/L) (pe/L) n=10 [(pg/L) (pe/L) n=12 [(pg/L) (pe/L) n=10 |(pg/L) (pg/L) n=12 |(pg/L) (pg/L) n=10

\Y 17.3 20 13.9 51 50 3.5 210 200 5.6 473 500 1.6 729 800 1.4
Mn 17.4 20 10.2 49.5 50 6.6 187 200 4.5 491 500 6.3 968 1100 3.4
Fe 29.6 20 17.5 52 50 14.6 213 200 5.8 504 500 2.0 1214 1200 1.4

Co 18.6 20 3.8 53.5 50 3.0 200 200 2.9 508 500 1.3 843 900 1.7
Ni 18.4 20 5.8 55.8 50 2.8 209 200 3.0 513 500 1.8 770 800 0.8
Cu 20.3 20 16.1 50.7 50 8.9 202 200 3.3 499 500 1.5 1068 1100 1.1
Zn 26.1 20 50.0 68.8 50 21.9 194 200 4.4 554 500 4.0 2019 2000 1.0
Pb 8.9 20 = 61.6 57.9 50 7.8 200 200 3.4 512 500 1.5 300 300 1.1

TEARTE" 7 ORI iy 5 B S gl i Lo 5R T ICP - MIS i 445

%5 e DW -1 ~DW -4 534

Table 5 Analytical results of reference standard materials DW-1 - DW-4

DW -1 DW -2 DW -3 DW -4

JLER URRIEN B URRIEN FRUE(E HUER(EN FRUE(E R FrRUE(E
(peg/L) (pg/L) (pg/L) (pg/L) (pe/L) (pe/L) (ng/L) (peg/L)

v 1.2£2.9 3.3* 0.8+1.1 3.5* 0.8+0.6 3.6* 7.4+1.3 13.0

Mn 9.1+4.6 6.9 33.6 +15.6 33.3 118.7 +73.4 160.0 69.3 +60.0 135.0
Fe 89.3+£24.4 100.0 218.3 £30.8 220.0 350.3 £33.2 340.0 542.0 £50.6 540.0

Co 0.9+2.8 0.98* 0.7+0.8 0.63* 0.9+0.8 0.85* 3.3£3.1 3.8%

Ni 15.8£3.0 15.5 34.4+£3.4 29.5 41.4 +7.3 41.6 69.2 +£6.5 75.8

Cu 13.6 4.2 14.8 53.1+3.6 53.2 61.1+10.4 61.0 90.3 £10.0 91.5

Zn 26.0£9.5 20.2 37.2+23.4 31.2 54 +£22.8 50.7 165.4 +21.0 167.0

Pb 3.5+9.2 3.3 3.9+6.8 7.0 21.0x1.1 21.7 34.0+10.0 30.2

TE: X DW ZRFUBRIEY BT A, B 7 RO RS th [ 58 4t B S B Ik v 0o SR P ICP - MS U 5E AR A . b Al (B = P90 £ 2 {5 riE
2
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(3) ALK L 43 A« AR 40 b 3% 7K PR 53 Jo 2 A
#fE) (GB 3838—2002 ) F1{ #h T 7K Jit i A5 ) (GB/T
14848—93 ) HLE 1) He A T H A5 HERRAE, 43 | Bc ) 3
T A 8 A ou Rk 128 M2 H0 V 240
IKFE IS R ToER , Hrp Na Mg #il Ca 342
[ 246K 50 20 mg/L, M 2 50 mg/L, V2 100 mg/L;
KAHT1252 mg/L, M55 mg/L, VZE10 mg/L; Al iy
1220 pe/L, M2 50 pg/L, V100 pg/L, M
S — 9301 I fi L AN B £, X oK U 4 s oo
RSO E <8 mg/ LAY ARG ZKAE BV KK
BI/ICE B E 5N 10 mg/L, ¥ H A B )5 15 18]
P . BT BRI R 6, LA 43 Hr U o 1 5 H
WA B A R ZE VAN T i i HER P

Ph & LE B A AW =1, 9 20 we/ L& G
2 A RTR ZE WK . 1 27K 60 pwg/L Zn
DS A XS 1R 22 5 KO 79. 2% , M 0 5 AN EAA , Jit P
[E AR [ 5256 53 Hr .V Fe (Co Ni 1 Cu AHXJ 1R
PRHIIE < £20% , & ITCE R +20% ~ +30% . X
Lo B LV 2R AKIR SR — 155 V 2K AR 45

No BRI P A Zn B A RR ZEHOR,
MICHEAHXSIRZE < £30% o /K EJRITR B
HIT S - 930 B fe KA AR Fff 4 ( 24 10 mg/L) i,
VERERR B KA TT 15
3.3.4 JiikKiH IR

T R R (/L) R 230, 2
12 MR G PRHEF OIS E BT A5 2], N &0 R I
I8 5 AU

3 /2N,

Si

Ny HICR i 9 RIRIEH (counts ) 5 S, KR8 T0
% i M RBE (counts/ug/L) o

ACTEAS B B A BRI T R 20 45 4T 100
mg PAN B/ ,90 min BZRHHE[E] 28 WDXRF Il 575
#| Cu Pb Co FYKIHFR (4.5 ~19.7 pg/L) ; Hifid
XRE FLHED K PRE i A R AR 29 2 4
I SR U X F RIS H H &
IRAKS: H BRAE [ — K0 o (H AR S B0 R A R
TET TXRF 454 miii >R B, 1548 60 ~ 80°C 11

LLD =

EENEPSN
R Fe Ml Co MREBA B BAL, MBS VEKTS S mubgg,
V. Mn  Co 1 Ni Il {5 5 42 5 BRI (R, AH XS 1% 22 9
46 BULUKARI 2 Brati ik
Table 6  Analytical results of simulated water samples
EVN IS/ BAPL I 27K A
TR MEE 1 W2 P {E HGME AXRZE | WA WA 2 FH{E MOBMH XTI
(ng/L) (ng/L) (pg/L) (ng/L) (%) (pg/L) (pg/L) (pg/L) (pg/L) (%)
Vv 10.0 8.0 9.0 8 13.5 77.0 73.0 75.0 90 -16.7
Mn 74.0 77.0 75.5 45(54.2) 67.8 77.0 73.0 75.0 90 -16.7
Fe 91.0 89.0 90.0 90 0.0 259.0 245.0 252.0 250 0.8
Co 8.7 5.7 7.2 5(8.5) 44.0 47.7 45.7 46.7 45 3.8
Ni 6.0 5.0 5.5 5 10.0 45.0 44.0 44.5 45 -1.1
Cu 9.5 8.5 9.0 8 13.5 529.5 514.5 522.0 500 4.4
Zn 123.0 92.0 107.5 60 79.2 1545 1485 1515 1200 26.3
Ph 11.0 10.0 10.5 8(18) 31.3 66.0 67.0 66.5 50 33.0
BV ek i M e — 5 J5 M REALL V 2R A
TR MEE 1 W2 SR B AEXRZE | M1 WEE2 A MGE  AHXRE
(ng/L) (ng/L) (ng/’L) (ng/L) (%) (ng/’L) (ng/L) (ng/’L) (ng/’L) (%)
\Y 786.0 769.0 777.5 900 -13.6 418.0 414.0 416.0 450 -7.6
Mn 384.0 473.0 428.5 1200 -64.3 436.0 508.0 472.0 600 -21.3
Fe 1839 1842 1841 1800 3.3 935.0 935.0 935.0 900 3.9
Co 936.7 980.7 958.7 1100 -12.8 590.7 610.7 600.7 600 0.1
Ni 266.0 270.0 268.0 300 -10.7 145.0 149.0 147.0 150 -2.0
Cu 1214 1226 1220 1200 1.7 619.5 623.5 621.0 600 3.5
Zn 3766 4025 3896 3700 5.3 2256 2324 2290 1850 23.8
Pb 126.0 127.0 126.5 100 26.5 71.0 67.0 69.0 50 38.0

TE 4% 5 AR [ 2 B B b 1CP - MS s 34t
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Table 7 Detection limits of the method

 mE A XRF Ej&iﬁ!ﬂi %%E\T XRE Hi%
TR (/L) 58 FR KRS L I W K A4 L
(pg/L) *  (pg/mL) (pg/L) B

% 1.1 20 - -

Mn 2.8 80 0.2 3.9

Fe 1.2 50 - 3.0

Co 1.0 - 3.3

Ni 1.3 0.7 3.1

Cu 1.2 10 0.2 3.7

/n 1.8 100 0.2 3.1

Pb 6.2 50 0.6

e " AN BRES A U R ARG B b ofe il 2k 2R PV TR R 2
BE I [BISCSE I FRR 9 5 AL KRR SEPRKBE S B 4l SR 45
RV IR ZE N £25%

4 hik

ATy AT — Rl RSN T R B K
TR SR B JERE i BT R B w54
R SRR A . SR S - 930 B ARTIE &
WREILIESS & /5 20 EDXRF, AIPREE 43 MK (A 8 Fif
WHEEAE 10 weg/LLL EE SR, L8Rtk 20
:20 mg B g, W45 pH =4, % i T & 5 30 min,
Ty A BRAG A %5 B2 4, b [l e 3 45 ok R,
AR KRB KR ZE 5N mT A T ~ V2R
K& Fe Co Ni #1 Cu, I ~ VZE/KIKH V Hl Zn,
Il ~ V25K Mn A1 Pb, AR 3536 J i 4 58 XRF
PR AT K A 22 b B 4 T LR, O BF AR L
ATIREE NI oK B A PR R AR T B

(AASEIRAFAEAR S Z A, il an Ph A s B4
Mn 0] f5 37 S 56 A5 e e BH S, 55 77 4 ) S 90 1o
PABK IE Zn 28 AR &, £ XF S - 930 #E A4 fig Xt 45
P2 AW BT AILEE | W BT 2l g 2 B 5 [m] LF 58 AN
RS o ARSI SER b VR HC b S A i il 2
AR E L, YRR RN BT R, A
SRS AR T W] B 4B 10 Rl DL EE 4 JE T
BT SN BL7 PR  AKRE I H AR

Brigh: SR [E S B g O X A BT 5 A
i DWL ~ DW4 R F bR ED) 50 A 2 K55 & U4 {1t
(A4 FE R RE BRI AT L 0 AR DA 1 5

=
y= N

5 ZFE ik
(1] fHEME. PEKEESE G IBTARRT]. B EA
B2 ,2012,32(2) 1373 - 376.

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

Fu G W. Countermeasures for Water and Soil Heavy
Metal Pollution in China [ J ].
Science ,2012,32(2) :373 - 376.
ThIMRE N3 , ZRRE S, A5 VT 1 i (3 LB ) KRR
o SR IS A0 A B s Y PPN [T ] IR, 2014,
35(1):108 - 116.

Ma Y Q, Shi Y, Qin Y W, et al. Temporal-spatial

China Environmental

Distribution and Pollution Assessment of Heavy Metals in
the Upper Reaches of Hunhe River( Qingyuan Section) ,
Northeast China [ J ]. Environmental Science, 2014, 35
(1):108 - 116.

IR, 8 £, IR IS K, 55 AP — 2R 223 K
IR B R TS Y A A RHE [T ] PR TR
2014,35(5) :1759 - 1765.

Jian M F, Li L Y, Xu P F, et al. Spatiotemporal
Variation Characteristics of Heavy Metals Pollution in the
Water, Soil and Sediments Environment of the Lean

River-poyang Lake Wetland[ J]. Environmental Science,
2014,35(5) ;1759 - 1765.

West M, Ellis A T, Potts P J, et al. 2014 Atomic
Spectrometry Update—A Review of Advances in X-ray
Fluorescence Spectrometry [ J ]. Journal of Analytical
Atomic Spectrometry, 2014,29(9) :1516 - 1563.

West M, Ellis A T, Potts P J, et al. 2013 Atomic
Spectrometry Update—A Review of Advances in X-ray
Fluorescence Spectrometry [ J ]. Journal of Analytical
Atomic Spectrometry,2013,28(10) :1544 - 1590.
BT R, £, 5 ARG AR R X ST
POCICIEALTEHBR b 2 B A5 337 73 e i B [T,
HHTI,2011,30(2) 1155 - 159.

Fan X T, Li Y C, Wang G, et al. On-site Geochemical
Exploration  Analysis by  Vehicle-loaded  Energy
Dispersive X-ray Fluorescence Spectrometer [ J ]. Rock
and Mineral Analysis,2011,30(2) ;155 —159.

Margui E, Hidalgo M, Queralt I, et al. Analytical
Capabilities of Laboratory, Benchtop and Handheld X-
ray Fluorescence Systems for Detection of Metals in
Aqueous Samples Pre-concentrated with Solid-phase
Extraction Disks [ J ].
Atomic Spectroscopy,2012,67 .17 —23.

Spectrochimica Acta Part B

van Grieken R. Preconcentration Methods for the Anal-
ysis of Water by X-ray Spectrometric Techniques [ J].
Analytica Chimica Acta,1982,143.3 -34.

L PRBE. BT A AR A X = SOEIE I E A
JREM TR il ] a eI, 1984,3(2) 1162 ~
165.

An Q X. X-ray Fluorescence Spectrometric Determination

of Trace Amounts of REE in Ores by lon Exchange Paper
— 125 —



B

HOW
1 7
& http; // www. ykes. ac. cn

iy

ot

2015 4

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

[J]. Rock and Mineral Analysis, 1984,3(2):162 -
165.

Margui E , Zawisza B , Sitko R . Trace and Ultratrace
Analysis of Liquid Samples by X-ray Fluorescence
Spectrometry[ J]. Trends in Analytical Chemistry,2014,
53.73 -83.

Margui E, Van Grieken R, Fontas C, et al.
Preconcentration Methods for the Analysis of Liquid
Samples by X-ray Fluorescence Techniques[ J]. Applied
Spectroscopy Reviews,2010,45(3) ;179 —205.

Skorek R, Turek E, Zawisza B, et al. Determination of
Selenium by X-ray Fluorescence Spectrometry Using
Dispersive Solid-phase Microextraction with Multiwalled
Carbon Nanotubes as Solid Sorbent [ J]. Journal of
Analytical Atomic Spectrometry,2012,27(10) ;1688 —
1693.

Melquiades F L, Parreira P S, Appoloni C R, et al.
Quantification of Metals in River Water Using a Portable
EDXRF System [ J]. Applied Radiation and Isotopes,
2011,69(2) :327 -333.

Feist B, Mikula B. Preconcentration of Some Metal lons
with  Lanthanum-8-Hydroxyquinoline
System[ J ]. Food Chemistry,2014,147 ;225 —229.

Peng Y, Huang Y, Yuan D, et al. Rapid Analysis of

Co-precipitation

Heavy  Metals in  Coastal  Seawater  Using
Preconcentration with Precipitation/Co-precipitation on
Membrane and Detection with X-ray Fluorescence[ J].
Chinese Journal of Analytical Chemistry,2012,40(6) :
877 - 882.

Teixeira . S G, Chaves T J, Guimardes P R B, et al.
Indirect Determination of Chloride and Sulfate lons in
Ethanol Fuel by X-ray Fluorescence after a Precipitation
Procedure[ J ]. Analytica Chimica Acta, 2009,640(1 —
2):29 -32.

Zawisza B, Sitko R. Micro-electrodeposition in the Pre-
sence of lonic Liquid for the Preconcentration of Trace
Amounts of Fe, Co, Ni and Zn from Aqueous Samples
[J]. Spectrochimica Acta Part B; Atomic Spectroscopy,
2013,82:60 - 64.

Zawisza B, Sitko R. Electrochemically Assisted Sorption
on Oxidized Multiwalled Carbon Nanotubes for
Preconcentration of Cr, Mn, Co, Ni, Cu and Zn from
Water Samples[ J]. The Analyst,2013,138(8) :2470 —
2476.

T, MGHT, TUERSC, A5 M HORAR R IR - X 52k
FOCIEPCR R o oKl b i e g [T . 3 Hrik
o= ,2013,32(7) .98 - 102.

Yu W J, Lin L, Wei B W, et al. Rapid and

— 126 —

[20]

(21]

[22]

(23]

(24]

(25]

[26]

(27]

(28]

Simultaneous Analysis of Heavy Metal lons in Aqueous
Solutions  using Pre-concentration with  Dispersive
Liquid-liquid Micro-extraction and X-ray Fluorescence
Detection[ J |. Chinese Journal of Analysis Laboratory,
2013,32(7) :98 - 102.

Kocot K, Zawisza B, Sitko R. Dispersive Liquid-liquid
Microextraction Using Diethyldithiocarbamate as a
Chelating Agent and the Dried-spot Technique for the
Determination of Fe, Co, Ni, Cu, Zn, Se and Pb by
Energy-dispersive X-ray Fluorescence Spectrometry[ J].
Spectrochimica Acta Part B: Atomic Spectroscopy,
2012,73.79 - 83.

Pytlakowska K, Rafal S. Directly Suspended Droplet
Microextraction Combined with Energy-dispersive X-ray
Fluorescence Spectrometry to Determine Nano Levels of
Phosphate in Surface Water [ J ]. Journal of Analytical
Atomic Spectrometry,2012,27(3) ;460 —465.

Edebali S, Pehlivan E. Evaluation of Amberlite IRA96
and Dowex 1 x 8 lon-exchange Resins for the Removal
of Cr (V) from Aqueous Solution [ J ]. Chemical
Engineering Journal ,2010,161 ;161 - 166.

Kotodyniska D. The Effects of the Treatment Conditions
on Metal lons Removal in the Presence of Complexing
Agents of a New Generation [ J |. Desalination, 2010,
263159 - 169.

Duran C, Senturk H B, Elci L, et al. Simultaneous
Preconcentration of Co( I ), Ni( I ), Cu( Il ), and
Cd ( T ) from Environmental Samples on Amberlite
XAD-2000 Column and Determination by FAAS[J].
Journal of Hazardous Materials, 2009, 162 (1) :292 -
299.

Sharma R K, Pant P. Preconcentration and Deter-
mination of Trace Metal lons from Aqueous Samples by
Newly Developed Gallic Acid Modified Amberlite XAD-
16 Chelating Resin [ J ].
Materials,2009 ,163 (1) ;295 -301.

Oral E V, Dolak I, Temel H, et al. Pre-concentration

Journal of Hazardous

and Determination of Copper and Cadmium lons with 1,
6-bis  ( 2-Carboxy  Aldehyde
Functionalized Amberlite XAD-16 by Flame Atomic

Phenoxy ) Butane

Absorption Spectrometry [ J ]. Journal of Hazardous
Materials,2011,186( 1) :724 —730.

Metwally S S, Hassan M A, Aglan R F. Extraction of
Copper from Ammoniacal Solution Using Impregnated
Amberlite XAD-7 Resin Loaded with LIX-54 [ J].
Journal of Environmental Chemical Engineering, 2013,
34.1-8.

Heiden E S, Gore D B, Stark S C. Transportable



14

FE A5 N S930 RN R AR MR — X STERBOLIE BUIA T R B (A b 8 b i G J 1 7 I ST

9§34 &

(29]

(30]

(31]

(32]

[33]

EDXRF Analysis of Environmental Water Samples Using
Amberlite IRC748 lon-exchange Preconcentration [ J].
X-Ray Spectrometry,2010,39(3) :176 —183.

Jiang Z T, Yu J C, Liu H Y. Simultaneous Deter-
mination of Cobalt, Copper and Zinc by Energy

Dispersive  X-ray Fluorescence Spectrometry —after
Preconcentration on PAR-loaded Ion-exchange Resin
[J]. Analytical Sciences,2005,21(7) :851 —854.
Kuz'min V I, Kuz'min D V. Sorption of Nickel and
Copper from Leach Pulps of Low-grade Sulfide Ores
Using S930  Chelating [T ].
Hydrometallurgy,2014,141.76 - 81.

Jachuta J, Kolodyfiska D, Hubicki Z. Sorption of Zn
(II') and Pb ( I ) Ions in the Presence of the

Biodegradable Complexing Agent of a New Generation

Purolite Resin

[J]. Chemical Engineering Research and Design,2012,
90(10) ;1671 - 1679.

TR R AR, XA 6, 2 I W, SF. B AR JIE S930 X Cu
(I1) \Po( 1) \CA( ) AW P BE -5 45 FHHILBRATF 5
[J]. B Fa5 5 5 ,2010,26 (6) 481 —489.

Jing X S, Liu F Q, Ling P P, et al. Adsorption
Behaviors and Mechanisms of S930 Chelating Resin
toward Cu( I ), Pb( Il ) and Cd( II ) from Aqueous
Media[ J]. Ton Exchange and Adsorption,2010,26(6) :
481 —-489.

FRITEAS , B4 S F5 4, 2. BRI — 42w R RE
L X PRI I E AR S A% 28 B 5

[34]

(35]

[36]

i LT ] E I, 2013,32(4) :538 - 546.
Kuai L J, Fan X T, Zhan X C, et al. On-site Analysis of
Cu, Pb and Zn in Polymetallic Ores from (Qimantage
Area by Vehicle-loaded Polarized Energy Dispersive X-
ray Fluorescence Spectrometer with Acid Digestion[ J .
Rock and Mineral Analysis,2013,32(4) ;538 - 546.
JEETA, BRIRY , BRI A, 45 B - IO R S a2k
PAN B fi5 5 £ — XRF i€ Cu,Co,Cr 5 Pb[J].
Sl = ,2012,31(10) .89 -91.

Tang H M, Qiu H O, Tian Y H, et al. Determination of
Trace Cu, Co, Cr and Pb by X-ray Fluorescence
Analysis with Adsorption of B-cyclodextrin Polymer
including PAN Resin|[ J].
Laboratory,2012,31(10) .89 -91.

XUB ARER. X SR SOEREIE LI 1K e h 42 Js T
R[J]. P S5 EOR, 2013,11(6) .7 - 8.

Liu M, Lin L. Determination of Heavy Metals in Water
by XRF[J]. Experiment Science and Technology,2013,
11(6):7 -8.

R B I RV, A A X 4 ST X 9E1R]
I E W KR TR 2RO R [T ] oL oesi %, 2013,
32(6) :3174 -3179.

Gao Y X, Xue L D, Teng E J, et al. Simultaneous

Determinationof Cu, Zn, Cr, Fe, Mn, Co, Ni in Clean

Chinese Journal of Analysis

Water by Portable Total Reflection X-ray Fluorescence
[J]. Chinese Journal of Spectroscopy Laboratory,2013,
32(6):3174 -3179.

— 127 —



a8k
http; // www. ykes. ac. cn

B
&

2015 4

Portable EDXRF Analysis of Eight Heavy Metals in Environmental Water
Using Pre-concentration with Purolite S930 and Thin-layer Sample
Technique

ZHAI Lei' |, ZHAN Xiu-chun'* | FAN Xing-tao', WEN Hong-li' , JIAO Ju', LIU Lei-lei'”
(1. National Research Center for Geoanalysis, Beijing 100037, China;
2. Faculty of Material Science and Chemistry, China University of Geosciences ( Wuhan) ,
Wuhan 430074, China)

Abstract; Analysis of environmental water samples is primarily conducted in the laboratory,, which costs considerable
time and money. Pre-concentration methods coupled with portable X-ray Fluorescence (XRF) have been developed
for the determination of almost twenty kinds of heavy metals, but with a relatively high detection limit, complex
operation, and less element types can be measured using one pre-concentration strategy. All of these problems restrict
the development of the technique. To solve these issues an on-site-oriented rapid and convenient analysis method of
heavy metal ions in aqueous solutions has been developed utilizing a bench-top type portable Energy-Dispersive X-ray
Fluorescence ( EDXRF). Based on pre-concentration with purolite S930 chelating resin and thin-layer sample
preparation technique, the method could determine trace V>, Mn®* | Fe’*, Co’*, Ni’*, Cu’", Zn’" and Pb*" in
environmental water samples. After the heavy metal ions have been absorbed by 20 mg of S-930 resin powder for
about 30 min in the pH =4 solution, the resin powders are filtrated onto a 0.45 m filter to form a thin-layer sample
which can be directly measured by EDXRF using a homemade double polypropylene film sample cup. With an
amount of 100 mL of solution, the linear ranges were 10 — 1000 g/L and the correlation coefficients of the calibration
curves were good (R* >0.997) for all the eight elements. The lower limit of detection was between 1.0 and 6.2 g/L.
Precision tests carried out on multi-element mixed solutions showed that the relative standard deviations ( RSD),
n=12) were better than 5% except for those of Zn and Pb at the concentration level of 20 g/L. Most of the
recoveries were 80% —120% with spikes of 20 g/L for each element. The analysis results of DW standard substances
and simulation samples were consistent with reference values and the theoretical value respectively. This method
skillfully uses a double polypropylene membrane preparation method to make a thin-layer film sample which solves the
pollution problem and simplifies the pre-concentration steps. The resin film samples can be directly measured by
XRF. A lower detection limit and better stability make the method suitable for a spot investigation, water quality
monitoring, and assessment of Fe, Co, Ni, Cu, V, Zn, Mn and Pb in heavy metal polluted environmental water.

Key words: environmental water; heavy metal; chelating resin; chemical pre-concentration; thin-layer sample;

portable Energy-Dispersive X-ray Fluorescence ( EDXRF) ; in-site analysis
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