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(r*=0.9999) , &M B 4 0 ~ 120mg/L, % FE A 0. 006mg/L; Cr( VI) &M w2 44 D =0.00072p -
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Cr( 1) # o i %5 ¥ ( 1000mg/1.) - K5 B R X
1.0000g4x J& %% ( 2H FE 99. 95% ) it A B, fin
10mL 6mol/L R R 56 4=, INIAZ I T, FAE LR
HA D VERHIER , AT 1, 5% 7% 31 1000mL 25 f )i
R B 3 %0 B, R A A R I SE I b i
Cr( T) 7R £h b M 2 VRO R B 1

Cr( VI) ARuEfi# 5 7 (1000mg/L) « ERH PRI AL
AR EE B R B 2. 8300g, il 25 B 1K S8 4V iR
J& B A 1000 mL Z5 i 45, 3850 &

LY R AR W (0. 05mol/L) - i B
W = WiV & B2 — %M ( EDTA - 2Na, 43 #7 4l )
9.3060g, HALFR I 25 85 ¥ /K 58 Rl IS, W B
% 500mL ZE 5, & H .

S KR 2B K
1.3 285 Jiik

E—ER A Cr( VD) A1 Cr (D) 75 WA
25ml Ho @45 9, A 0. 05mol/L [ EDTA - 2Na
VS 4mL PR pH Ry 3 ~ 3.5, 7E 70°CHE i K
o mEA 15min, WA, ER, UE AERIES I,
A AL (1em) | 763K 300 ~400nm 115 B P43l
FEMR OB, WA AT F 10nm SR — B 2 45, 15 2] 3 K
330nm R K—Br- S 80(H , ARERT 2R Cr( VD)
WBE o AE 543nm A DU 2 v WO EE , R A v i
sk iy Cr( M) AV B
1.4 Frifihsk
1.4.1  Cr( D) prifEfh 42l

P 58 7353 f X SmlL 100mg/T. Cr (VD) i
RS A 8 3 25mL L4, 4R J5 43 il i AAS []
WEERY Cr( D) ARUEVS W, T3 IA EDTA - 2Na, 15 3|
—Z51) Cr(VI) #JZ g 20mg/L F1 Cr (1) e JE Ny
0.5.1.5.30.,50.70.90 . 120mg/L fIRA M . %55
5755, TR 543nm AbI e R A VAR O A,
FEIA S Cr( ) He B OC &R M £k ol 15 5 72 4
A=0.0036p —0.0002(r* =0.9999) ,

1.4.2  Cr( V) Fruith g ny 2

P 548 430 i L Sml 100mg/L Cr (1) #5 #E
B A 8 32 25mL L4, 4R 5 430 i AAS [+
WL Cr( VD) FRUEVS I, 13 8] — R 5] Cr( ) Wk
4 20mg/L F1 Cr( VI) ¥ B4 0.5.1.5.10,30.50,
70 .100mg/L R AVEW o &L, il FE I
300 ~400nm 3 [ P I VR G I VR I ROG E B[R]
B 10nm >R—Bir S8k, 321 330nm ik i) — B 3
BAE D 5 Cr (VD) ¥R R A LAk A 75 72 8
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TEPE K 300 ~ 600nm N 43 ff Inm 73 51 I &
Cr( ) - EDTA #8541 Cr( VD) W OB , Tk
WG WL Ta, 73 590 % IR 6 BE SR — Bir 5 40U, 45
RULE 1bo A 1a AT H, £ ¥ K 543nm 4F,
Cr(Il) - EDTA £% & WA fie R Cr (VD) fE 1
AT 5 AE B 350nm 4k, Cr (V) A S K IR
Cr( D) 7EBLA LA N . P, 7EBS 543nm fE AT
Xt Cr( D) EHEEMRE , im7 Cr( 1) 2520 Cr( VD) B9 E
M E . & b Al AR P 330nm 4k Cr (VD) 1
JCHE— B S8 R, AR BB AL Ce (D) -
EDTA 285 WL —Br SRUEN O, nf LA B
SEAIM T PRI, e 0 P VRAE D 330nm AR
JCRER)— B S RE, nT I E Cr( VD) B354 o

0.4
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FI1T Cr(VDRICe(ID) - EDTA £&5910 (a) ORI
M (b) —BreBotikE
Fig.1 (a)Absorption spectra and (b) first derivative spectra
of Cr( V[) and Cr( Il ) - EDTA complex

2.2 BRI T
FIW A R HL SmL ¥k BE A 200mg/L %) Cr( V1)
BRI R F2SmLAs R T pH S ~3.5, 2 4%,

FE21, FE P 300 ~ 400nm i P, 30 L 10,20
40nm ANFE K MIFESR Cr (VD) IO6 BE ) — Bir 5 4K
{ELZR AN 2 Fron . B 2 Al 2 K ) B
10nm SR, Cr( V) A 3 H ) — B S 8m . L,
ARG EFE 10nm 15— B SRR T b

0.02
— 10nm
— 40nm
0.01 F —— 20nm
3
S ol
-0.01

300 320 340 360 380 400
A(nm)
P2 SEmIBREAN e

Fig.2 Determination of derivative interval factor

2.3 BB RI E EI E En)
2.3.1 HRHIIRSE

FHWE F 48 B I SmL e 8 2y 100mg/L i Cr( 1)
PRV W 2 25mL (48, in A EDTA - 2Na i (8
R, WA 8 pH A, 70°C FE IR K I, PR A
1Smin J5¥% A, 5 2%, I 5E WG BE o FH I o 48 IR X
50mg/L Cr( VI) bR#E¥ K SmL % 25mL @45 1, 1
TR pH, E 2R A, D e OB T, 4 R LA 3,
Cr(II) - EDTA Z5-5 W) WG EAE pH 3 ~4 Z [A]
ARAAZ; Cr (VD) OGS pH 2 ~ 4 Z[AJJEAA
A5 PRI, A SRR IR Y pH EIEREAE 3 ~3.5,

1.6

1.4  —= Cr(Il)

12f —= Cr(VD

1.0
<08t

0.6

04t

02t

oLt : ¥
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Fig.3 Effect of pH of solution on the absorbance of Cr( VI)
and Cr( Il ) - EDTA complex
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2.3.2 EDTA -2Na A IA R

P BB Sml &8 100mg/L ) Cr( 1)
e 25mL A LIRS pH O 3 ~ 3.5, 55
A0.2,0.5.1.0,2.0,2.5.3.0,---,10. OmL ] EDTA
—2Na i, 18 T0°CARIEK I, PR EF IR 15min )5
R ER AR 543nm AE Cr( ) AR
] 4 Z2RR ]I AL B EDTA X ' B 5% i 4R
WU, O TS RO SE4x, EDTA A Cr(ID) /Y
P A KT 7 1o AL BESENA 4mlL
t) EDTA -2Na 5

0.096
0.088
g Ay A A A e auE "

0.080

0.072

0 2 4 6 8 10
EDTA-2Na il A & (mL)
14 EDTA -2Na A siAf Cr( 1) W2 It 55 m
Fig.4 Effect of additions of EDTA —2Na on the absorbance of
Cr( 1)

2.3.3  J it la] R

FHMR ARSI SmL ¥ 100mg/L ) Cr( 1)
WA 25mL HL B4, Jin A EDTA - 2Na 9/, 7
5 pH 3 ~ 3.5 i AN [R) s (] FAS [ 38 3R 18 Wi
JERE RN 1 R, T0°C BB AKE H, fREE
JN#& 10min, Cr( ) F1 EDTA BP%% 4524, ARSH
TR SN IR B T 6] S 70°C 1 15min, 7 I iR 3
FEF AN 25T Cr (VD) %R W6 BEAS kA= A8 4k
Cr( 1) 5 EDTA -2Na JE 45 & W15 , 76 3h IO
JEME AR & A2k, Ir AR FasE 3h Lk

1 S A] Bl EEA; Cr( I ) WS 55
Table 1 Effect of reaction time and temperature on the

absorbance of Cr( Il )

IV %' g
(C) Smin 10min I5min = 20min ~ 25min  30min
40 0.0104 0.0384 0.0489 0.0567 0.0611 0.0643
50 0.0452 0.0582 0.0682 0.0687 0.0701 0.0758
60 0.0730 0.0758 0.0772 0.0784 0.0786 0.0795
70 0.0756 0.0779 0.0780 0.0783 0.0791 0.0796
80 0.0751 0.0781 0.0791 0.0802 0.0805 0.0806
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2.4 JiibR PR %%

Fe RO 2 5 Oy s, AT 11 RS St B, i
B E S R AR HEIR 2 o, 158 1 Cr (D) Kt PR
0.006mg/L, Cr ( VI) £ i FR &y 0. 005mg/L, B 8
YU RE L&A AR Y Ce () 0 Cr( VD) IR G
W AE SR I BT TS 6 IR, SEERss
W], Cr(I) A1 Cr( V) BAHRS A5 (R 22 (RSD) B K
(B4 5R 1.24% 0.57% .
2.5 JLAFE I

XK LB F Ca® (Na® \Mg®" Mn®" AP*
Cd**  Co’* Pb** [ Fe’* | Ni**  Zn’*  Cu** ., Cl™,
SO;™ .CO;* Il NH, ™ 72 i 4 710 Bl P 4 T IR0 3
FE L HR AT K R LB R 2 R SR 2, Na® |
Ca’" Mn’* Cd*" . Zn’* [Cl~ ,SO;” .NH,*  CO; #0I
Br ™ 7 DU & Y0 Bl P JE e, A48 Cr(CIID) A Cre (VT
A5 o e Cr( D) A1 Cr( V) HRJE 48 4mg/L (1)
TRV, A AR ZE A B 5% , MOCE F AT
Pl 2 (1 Fe A 28 F B 43 90 A Mg® (500mg/L) |
Co’ " (100mg/L) AI’* (100mg/L) .Cu’" (50mg/L) .
Ni** (50mg/L) .Pb** (100mg/L) . Fe’* (20mg/L) ,

2 BT Co(ID AN Ce( VD P 5500
Table 2 Effect of interferencing ions on the determination of
Cr(Il) and Cr( VI)
| Ty | REERRE | co(m) (V) | ADRER2E
o e | (D) | i || (%)
) ey evn| D e e
e | 800 | 40 40 [ 557 1400 [393 0
° 500 | 40 4.0 | 416 | 4.14 | 40 3.5
ape | 20 | 40 40 [ 496 | 414 240 35
100 | 40 4.0 | 408 | 3.98 | 2.0 0.5
,.| 100 | 4.0 40 | 432 | 440 | 8.0 10
Cu 50 | 40 4.0 | 420 | 416 | 50 4.0
4. ] 200 | 4.0 4.0 | 478 | 416 | 19.5 4.0
co 100 | 40 4.0 | 406 | 402 | 1.5 0.5
pp2e | 200 [ 40 4.0 | 455 | 414 138 35
100 | 40 4.0 | 406 | 412 | 1.5 3.0
e | 100 | 40 40 [ 526 | 428 | 315 7.0
50 | 40 4.0 | 413 | 412 | 3.2 3.0
b | %0 4 4 | 463 | 4.8 | 158 20
20 4 4 | 415 | 416 | 3.8 4.0

2.6 SEhaFE BT

OB B BR VR S BB R 2 iy, i BT, B
RO A S U bR 25 ORI B SR
JRAE 45 S0 750 DN E OL BE R — B S B, 15
B Co(ID) A1 Cr (VD) &t o SRR FEPRIE AL,
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H12% 3 e 45 R AT g, K Cr (D) i Cr (VD) i
FRIEISCE K 97. 8% ~102. 6% , 45 il 7%

&3 FRSR Cr(TD AN Cr( VD) Bl &5 R B mibsialbc
Table 3 Analytical results and spiked recovery of Cr( Il ) and

Cr( VI) in samples

ren e WEM MR SEMCRE Eck
Fhkin BES L) (mel) (mgl) (%)
o Cr(ID) 5,05 5.0 9.91 98.2
IR Cr(VI) 8.89 5.0 13.96 101.4
JRER TR Cr( M) 16.07 5.0 21.20 102.6
Ve Cr(VI) 9.14 5.0 14.03 97.8

3 e

WFFE 45 R R W, ALK 543nm 40 Cr (M) -
EDTA 4514 i R Ce (V) A2 AR JCIRE,
FEPA 350nm 4k Cr (VD) A e R Ce (M) -
EDTA 285 Wy 7E ALt A Wl 75 P 1< 330nm 4k
Cr( V1) Wt B — i 3 B0 e RAHL, T A G 35 1 Ak
Cr(II) - EDTA £ %) WOt B — Bir & B {54 0,
A LME RSS2 IF . I, A SO — B 2 80
JOERE 23 BIAE P 543nm F1 330nm ZEXT 7K K
Cr( ) A Cr( VD) A7 RIS Brl s, Hobsvfis ph 28 £k
PRI AR BT, D505 IR H FRAR R 4 5 g, ST H0RE
PAL 8

—Br FEOEHE B T Ce(ID) XF Cr( V)
AT, KA Cr (D) A Cr (V) 84 [ s - A 0
AR T — PRI BE DR HER RO TR . HITTE R
REXHRAS/KAERY Cr (D) A Cr (VD) 4T BN SE
AT X ] 25 s 002 Pt o 1 e 2 2 o 1Y
Cr(ID) #1 Cr( VI ide 75 2 BEAT i A B BOB S FE il A
REDNAE , I S [ 2R o 7 i Ak PR 7 ] i 2 T
BIL S Z MM LR AL, 2 45 0 B 22 . T H
R — ST 2SR b R Ce (D) A Ce( V) B9 R)
N} BRI S T 32 , T DR T A B A i B i 25
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HIGHLIGHTS

(1) The derivative spectrophotometric method can be used for resolving overlapped peaks, and thus eliminating the
interference of Cr( Il ) on Cr( VI).

(2) When the derivative interval factor was 10nm, the first derivative value of absorption was the most suitable.

(3) Cr(Il) - EDTA coordination compound has high stability, and its absorbance value did not change within

3 hours.
. Getting the value
Adding .
of absorption for
E'SDOTIUAtE?:a Cr(I) at 543nm
wavelength
Mixed water samples ¢
of Cr(IIl) and Cr(VI) UV-Vis /
> Conclusion
Adjusting Getting the first derivative value of
pH3-3.5 absorption for Cr(VI) at 330nm wavelength
ABSTRACT

BACKGROUND:; Chromium is usually found as Cr( I ) and Cr( VI) in environmental water samples. The
different valences of chromium produce different physiological function, thus it is necessary to analyze the different
valences of chromium accurately. At present, the contents of Cr( Il ) and Cr( VI) are mostly determined after
separation or the content of Cr( Il ) or Cr( VI) is measured first, then the total content of Cr is determined after
oxidation or reduction. The content of another valence of chromium is then calculated by the subtraction method.
The available method needs a complex procedure. Moreover, the valence of Cr is easily modified during the sample
treatment, resulting in large error and low precision.

OBJECTIVES: To find a simple and accurate method for determination of Cr( Il ) and Cr( VI).

METHODS:: The first derivative spectrophotometric method was used for simultaneously determining of Cr( Il )
and Cr( VI ), which eliminated the interference of Cr( Il ) on Cr( VI).

RESULTS: Chromogenic reagent EDTA — 2Na was added to the mixed water sample in a 70°C water — bath at
pH 3 =3.5 for 15min, and the absorbance was measured. When the derivative interval factor was 10nm, the first
derivative value of absorption for Cr( VI) was the maximum at 330nm wavelength and the value for Cr( Il ) — EDTA
was zero. The concentration of Cr( VI) can be obtained by the first derivative spectrophotometric method, whereas
Cr(Il) can be determined directly at the maximum wavelength of 543nm. Under the optimal conditions, the
concentration range was 0 — 100mg/L for Cr( VI) and 0 — 120mg/L for Cr( Il ). The equation of linear regression
for Cr( ) was A =0.0036p —0.0002 (> =0.9999) , for Cr( V) was D =0.00072p —0.00013 (7> =0.9996).
and the limit of detection was 0. 005mg/L for Cr( VI) and 0.006mg/L for Cr( Il ). The recoveries for Cr( lll ) and
Cr(VI) were 97.8% -102.6%.

CONCLUSIONS:; The method meets the requirements for analyzing waste water.

KEY WORDS: water sample; Cr( Il ); Cr( VI); simultaneous determination; derivative interval factor; first

derivative spectrophotometry
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