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Table 1 ~ Working parameters of the ICP-AES instrument
THES% BOE T THEEH BOE A
kS 1300 W || S (Ar) Jilt 0.8 L/min
B (Ar) i G 15 /min ek B 2 B 1.5 ml/min
BT (A it 0.2 L/min A E B 3
1.2 srprielk

PERRBM T R BN R AR E T L R
H R AY %48 Pb 220. 353 nm . Cd 228. 802 nm . Cu
327.393 nm il Ag 328.068 nm 4rBIAE R4L A
BRI AT S 4k o
1.3 brifiarifg B 12 200

B ARARUERE VA BT R PR RIS WO
JEX 4 100 pg/mL (1 A H E T ERFEF TR o

B ARARME TR B i R
FREES 0 A ER A M 25 VA T, 43 0 TRC i B P, Cu
Ag W JE 70 5 1.3.5.7 peg/mL, Cd ¥ & 73 51
0.1,0.3.0.5.1.0 pg/mL {1 R FIFRME TAEVATR

B  HUHAT R A ] & 5 Sk 14 ] .

S5 S R A - IR A5 R S AR 24 0. 1 g, i 2
Tlw B (K EEZY 3 ~4 em) , FHZERKBER 2 IR,
PR L) 2 mL/min,

IR, HK ¥R bl
1.4 SEB5J5ik

B 100 mL A£G T 150 mL BRI &2
JKIEHT pH (N 7, AR 15 mL/min 38 i 5 2 A5
B, R B TR UEREAR R B 45 =0k, IR e e 5
EWHEH . LA 1.5 mol/L #:R43 5|4 2 mL 1 mL %
3 YU S BEAR AT, VRV A A 2 B Lt A
H DL KB R 10,00 mL (T AR HERE LA 00
iPGTINE RN SRS QI ceven I &1 PR 3 8 v 3
P25 I o

2 giRkb5ie
2.1 AR B A OR

H1 T 16 48 R K /Y Ak B 2R B 51 AR IR 4,
ARSI 75 BV R B R SN RN <5 T A S Y
AL

FATHCA 4y 100 mL ) Pb Cd ,Cu , Ag %<& 73 5]
4 200,20 ,500,200 we/L MRS ARAEG L, 73 50
A2 ~10 g BRREA, 2250 ¥ % 4 Ja , 1l ICP - AES 73
I E BRI & Na Pb Cd \Cu Ag I, £ 2 45
REM, GSEA B 5 FrlDCR 1 E AR B
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[y 2% 7E 88. 7% ~ 113. 0% 2 [a], V& o SO2~ Fl
Na ™ [BIJe /N T 0. 05% , - B KR 43 1Y B AR 125
TN S T LA R A RO, T SRR TR e
SEBRATE TR R A TR FE 4/ T e A, AT LA E
SR ICE A R

2 FERRS B AEOR

Table 2 Effect of separation and enrichment for sulthydryl cotton

BRI it i iz aes
(g) e (pe/L) (%)
Pb 177 88.7
cd 19.5 97.2
5 Cu 444 88.8
Ag 206 103.0
S0; ™ 10000 0.05
Na* 11000 0.017
Ph 222 111.0
cd 20.0 100.0
S Cu 480 96.0
Ag 200 99.8
S03~ 15000 0.03
Na* 10000 0.015
Pb 227 113.0
cd 20.0 100. 0
Cu 476 95.2
’ Ag 201 101.0
S0;~ 20000 0.03
Na* 15000 0.007
Pb 223 111.0
cd 19.7 98.2
0 Cu 491 98.2
Ag 196 98.0
S03~ 14000 0.02
Na* 24000 0.007

2.2 1 pH (DR SRR AR FHR S R

S PN 6 R B T E T, B
— YR 2 110 A B 52 2 A0 0y R A P )
AT o AERTEAR R, X J0 A AP A A58 E 1Y
G )8 BT R LABC 5 BOn Ry 3 4% LT
SR AT -

n+ RSH + Me""<=[RS] Me +nH"

DA = Wi A e S 1 i R A T e
B0 BTLAR T 25 SR I pHAF X 51 HE AR X i
AP < B 04 I B SSCR B2 0, 0 591 B 100 mL 55
Pb .Cd . Cu . Ag #4354 100,10 ,250 100 pg/L )
RAPRER IR 6 47, WA B9 pH L, IR 4% 1. 4
W T A ERAE . 3 Bk W], Y pH =7 i, i
LA XS 4 FhOTR I E RO, w7 & i, BT RLAS
AT pH =7 IR T E S
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Table 3 Effect of pH value on the adsorption of sulthydryl cotton

i g (e P
R WEE (%)
Pbh 100 9.01 9.00
Cd 10 0.20 2.00
4 Cu 250 168 67.0
Ag 100 105 105.0
Ph 100 4.10 4.10
Cd 10 0.20 2.00
> Cu 250 210 84.0
Ag 100 98.2 98.2
Pbh 100 90.2 90.2
Cd 10.0 0.20 2.00
6 Cu 250 240 96.0
Ag 100 99.1 99.1
Pb 100 96.7 96.7
Cd 10 10.0 100.0
7 Cu 250 268 107.0
Ag 100 100 101.0
Pb 100 79.9 79.9
Cd 10 9.30 93.0
8 Cu 250 248 99.0
Ag 100 98.5 98.5
Pb 100 80.3 80.3
Cd 10 9.60 96.0
? Cu 250 298 119.0
Ag 100 97.6 97.6

2.3 VU S AR B 1R

HX Pb Cd.Cu.,Ag ¥ JE 43 5]k 200,20 ,500 ,200
pg/ L RS ARME IR 100 mL, 4% 5290 25, 43 51 LA
4 ~30 mL/min [ 30 30 3 20 AR W FRFAE 150 AN [
JHXS Pb Cd | Cu, Ag W BF Y RZ MR o ¥ VB0 IAE 3 ot PR
SRR A8 s 7 3 s R B Tt s 5 D i e AR S 255
M AT 25 % VS MR T B AE 4 ~ 30 mL/min B, Pb
Cd.Cu.Ag I EILCEAE 98.0% ~106.0% (F 4),
APV EN 15 mL/min,
2.4 R AEIN T R DB SOR I

BT AR DRI 0 R R T A 5 fi i
AIEZMATE O . B P (Cd  Cu Ag ¥ &35 2 200 .20
500,200 pg/L HIR-AARMEA I 100 mL, $2 5255 Z% 14
AT HE A, OB T AN RV B2 0 R 98 SR e 0] 1f X 4
FRRFIN S 0 [BLSORSOR, 45 SR 36 5. Bdls R W3k
BV JEAE 1.0 ~ 3.0 mol/mL JE [ I, PUFH 43 J@ LR
) ECR I FE 96. 0% ~ 110. 0% Z [i], A ik pEFE 3k
R 1.5 mol/mL,
2.5 MbsmCERUTIERS %

I 100 mIL 2840 315 1) & #h K RE, A P Cd
Cu Ag W B350 20 .2 100 .10 wg/L AFRHERS UL,

A4 VRTINS RS P R

Table 4  Effect of flow rate of the solution on adsorption of
sulfhydryl cotton
. i A 2%
mﬁﬁ. P I RE &
(mL/min) (pg/L) (%)
Pb 202 101.0
4 Cd 20.1 101.0
Cu 531 106.0
Ag 202 101.0
Pb 199 99.7
10 Cd 19.7 98.5
Cu 503 101.0
Ag 198 99.1
Pb 200 100.0
s Cd 19.8 99.0
Cu 496 99.2
Ag 201 101.0
Pb 196 98.0
Cd 20.2 101.0
30
Cu 492 98.3
Ag 196 98.0

5 SRR BEBL ORI

Table 5 Influence of hydrochloric acid concentration on the
adsorption effect
FhER VK B PR I E [m] i 5
(RUUBTES
(mol/mlL) (pg/’L) (%)
Pb 208 104.0
Cd 20.6 103.0
0.5
Cu 555 111.0
Ag 190 94.8
Pb 219 110.0
10 Cd 21.4 107.0
' Cu 535 107.0
Ag 213 106.0
Pb 205 102.0
15 Cd 20.6 103.0
' Cu 525 105.0
Ag 205 102.0
Pb 192 96.0
Cd 20.4 102.0
2.0
Cu 505 101.0
Ag 208 104.0
Pb 197 98.4
Cd 19.8 99.0
3.0
Cu 505 101.0
Ag 197 98.4

Fe A, 2R 6 I 5 AR A AR Oy vk i
1£95.0% ~102.0% Z [i]
[F]— 13 K FE H A VLA B 12 45 70 57 Ak 34 R
8 TR AR R 22 (RSD) , 45 3R L3 7. RSD
FE3. 1% ~9.4% Z [8], J5 B % AT o
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Table 6  Spiked recovery tests of the method

G B (pe/L) GfTEs
TSR i e weE (%)
Pb 25.0 20.0 44.5 97.5
| Cd 1.50 2.00 3.40 95.0
Cu 152 100 252 99.5
Ag 20.1 10.0 29.9 98.0
Pb 20.1 20.0 40.5 102.0
) Cd 2.0 2.0 3.90 95.0
Cu 150 100 250 99.8
Ag 15.1 10.0 25.3 102.0
Pb 30.2 20.0 49.8 98.0
3 Cd 1.50 2.00 3.40 95.0
Cu 50.3 100 147 96.2
Ag 5.00 10.0 14.6 95.0
7 JnERE
Table 7 Precision tests of the method
o — 7 RSD
Rl (/L) (%)
Pb 29.8 3.8
Cd 1.50 9.7
Cu 50.6 3.1
Ag 5.00 9.4
3 ik

A SO HRAEARAG 16 455 K Hh R Y LA 5
EIBILE T E, R 1CP - AES il € Pb Cd,Cu,Ag
VORI ITER o A A S S UE T, S EEAR X A T R
= EECREAT, AT A R0 0 18 S P R il P 0 B
PRAR S T FIPA RS TR . FRI A pH fELX i 4R
RORA B BRI, 16 50 LA & 5 3 DR I
P G B pH (B WRCE B SR A R B A gt
Jd ) ER R L X B W SRR — R . ANk
PR MER 5T, BERS I AL IR B K R G R T
R RN oK o

4 BEHK
(1] SRAE0R, e BIZR R, WIS, R 000 M
LTI T4 TR K BFSE [T, Tll ok
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Determination of Trace Amounts of Pb, Cd, Cu and Ag in High Salinity
Water by ICP-AES with Sulfhydryl Cotton Separation and
Preconcentration

ZHANG Ning' , GUO Xiu-ping', LI Xing', SHEN Yu-min', JIANG Yun-jun',
AN Cai-xiu', XUE Zhi-kun’®
(1. Hebei Province Geological and Mineral Center Laboratory, Baoding 071051, China;
2. Experiment and Practice Center, Hebei Vocational College of Geology, Shijiazhuang 050081, China)

Abstract; Wastewater from mining enterprises contains a variety of heavy metals, and therefore requires treatment
before discharge to render it non-toxic. After treatment by chemical precipitation, the content of metal is extremely
low but has a large amount of salt introduced, which increases the difficulty of metal analysis in wastewater.
A method for enrichment of trace elements from high salinity wastewater is described in this paper. Pb, Cd, Cu and
Ag were determined by Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES) after separating and
enriching with sulfhydryl cotton. Optimization experiment results showed that sulthydryl cotton could effectively
separate a large number of sulfate ions and sodium ions, and could obviously enrich trace elements in the actual
samples. The recovery rates of sulfate ion and sodium ion were all less than 0.05% , and the recovery rates of test
target elements were at the rate of 88.7% —113.0% . Moreover, the effect of pH, flow rate of solution and the
concentration of hydrochloric acid were investigated. Under optimal instrument conditions, the recoveries of these
elements were 95. 0% - 102. 0% and RSDs were 3. 1% - 9. 4% , respectively. The method is rapid and
convenient, with high accuracy and good precision, and should satisfy the analysis of metallurgical wastewater.

Key words: metallurgical wastewater; Pb; Cd; Cu; Ag; sulfhydryl cotton; Inductively Coupled Plasma-Atomic

Emission Spectrometry
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