%39 A 24 tOE 4 K HE K Vol. 39 No. 24
2023 % 12 A CHINA WATER & WASTEWATER Dec. 2023

i 1 DOT: 10. 19853/;. zgjsps. 1000-4602. 2023. 24. 025
7 3 o
b ST S Qj
i %

R € A KA T kAR

BeES, BB X RS, BEKY, Bk
(1. AT AR ARNSE, T & ik 515800; 2. sk K5 HF AW,
JTAR bk 515063; 3. bk KF SAABFAMNRARELZERE, & Wk 515063;
4. T RAGWKAESTBEMNFO3E, A bk 515041 5. kBB RFR FEAES
F%, & bk 515041)

2
&
C

B OE: ARARAELRN T EORA SME R 8 =8B = B o R ) (GBIT 7467—
1987) " 69 R AAAF 2L 0T IE —BR M 2 45 R AT O AR R TRAL B2 )G 69 5 46 T b R AR 3 A0 B 8 R
TABRMEAF BT, REB AR THRE L ENIZE, FHER BRI ELFE, RELHE
A UM R TR0 6 e R K | Fe B T AR89 6P e R K 2, R ROl i X - A -4
HHEE(SAC-LFS-S)# 472 F o047, A THARR A rh LR TG B &, kB E s Hhs
R A AR MRS A A I AR AR e T iR A B TR BT A M 2 Ok KR 518~523 nm, VAB AT B 6g A bk K
B (554~569.542~577.539~579.540~580 #2 534~584 nm) , ) B x5k ¥ % (Bp AR A0 7 &, il o2
# % 540 nm) Ik K ik (0] 2 ok K 540 nm, Aok K 660 nm) At AL SAC-LFS-S % 849 & & 4 R it
ATE, B R BT, Bk KRR AUE K A W B0 i A A B 2T 369 FP K K 1(8.2~8.9 pg/L,
A7 B F <80.0% ) A 3B IAIL ) B K 3(3.7~4.0 pg/L, A AR EDIK $<90.0% ) B, 35 F F2 48 4 5 R 4%
)AL, f kAL & SAC-LFS=S i& M 43 2 R I T 7 ik B IR (1.5~1.8 wg/L) , de AR el & 5 5 4 T
85.0%~86.0% #2 93.0%~93.5%., #A)E SAC-LFS—S %M 43 H At 4 A T BOR 38 T K69 9p 3 B K 4
BT 2.3~13.3 pg/L(EDk F 4 87.5%~94.5%) , 5 Wk K ik R R FH W £ 7 A2 BAL T £k K
ko AWK KBOR )G 69 SAC-LFS-S % , i | T2 AN L U R -8 M S48 BR47 4 ik T 4L
2 ) Tk K6 F AT, KRB A BB T e

X SR, R Rk &Knads; A%

FESES: TU992  X#EkFRiIREE: B XE4HS: 1000 -4602(2023)24 -0145-10

HEEWH: 2021 £ RERKETE SR BTE GIGEN (2021]) 8853); 2023 £ AR BIFTREET(STKI2023026.,
STKJ2023027); 2020 RARFEEMAESZHTE GlFE (2020) 535 106); 2018 &£ HRERHLBIHT
HEEEM RS RBTB CQEER (2018) 157%533); iUk HFERZASIBHEEFITRI(2019-1); T"HREF
HAHEFSENFEEES 2023—2024 FERFH KR (202212G237) ; 2023 Fill LR F R FETIRER
HHFHESLEIE (2023-11)

BIEMEE: BB E-mail: yzhlai@163.com

- 145 -



%39%K #24H ‘1’ 2 K 'ﬁF 7K www. cnww 1985, com

Detection Method of Hexavalent Chromium in Industrial Wastewater with
Abnormal Absorption Spectrum
YAO Yan-dan', LAI Yong-zhong”**, WU Yue’, LU Guo-yong*, CAI Qiu-ai'
(1. Guangdong Vantin Testing Co. Ltd., Shantou 515800, China; 2. Marine Biology Institute
Shantou University , Shantou 515063, China; 3. Guangdong Provincial Key Laboratory of Marine
Biotechnology, Shantou University , Shantou 515063, China; 4. Guangdong Shantou Ecological
and Environment Monitoring Center Station, Shantou 515041, China; 5. Department of
Ecological Construction, Shantou Polytechnic, Shantou 515041, China)

Abstract:  After pretreatment with zinc hydroxide coprecipitation—acid potassium permanganate
digestion method specified in Water Quality—Determination of Chromium( VI )-1,5 Diphenylcarbohydrazide
Spectrophotometric Method (GB/T 7467-1987), the samples of industrial wastewater containing hexavalent
chromium still have interferences which are incomplete or difficult to be digested, and the absorption
spectrum is brown after color development, resulting in higher detection results or qualitative errors. The
two printing and dyeing wastewater samples with and without obvious absorption spectrum interferences
were quantitatively analyzed by spectral absorption curve—linear fitting slop—spectrophotometry (SAC-
LFS-S). The measuring wavelength in the range of 518-523 nm and the corresponding reference
wavelength ranges (554-569 nm, 542-577 nm, 539-579 nm, 540-580 mm and 534-584 nm) with good
accuracy indexes such as digestion blank, sample results and recoveries and detection limits were
selected, so as to reduce or eliminate the interferences. The quantitative results of single-wavelength
method (standard detection method with measuring wavelength of 540 nm), dual-wavelength method
(measuring wavelength of 540 nm and reference wavelength of 660 nm) and the optimized SAC-LFS-S
method were compared. Both the single-wavelength and dual-wavelength methods had poor accuracy in
detecting No.1 printing and dyeing wastewater (8.2-8.9 pg/L, standard recovery less than 80%) and No.3
landfill wastewater (3.7-4.0 pg/L, standard recovery less than 90%) with obvious interference in
absorption spectrums. However, the results of the optimized SAC-LFS—S method were all lower than the
detection limits (1.5-1.8 wg/L), and the recoveries were 85.0%-86.0% and 93.0%-93.5%, respectively.
After optimization, the results of other 4 printing and dyeing wastewater without absorption spectrum
interference measured by SAC-LFS-S method ranged from 2.3 pg/LL to 13.3 g/l with recoveries
between 87.5% and 94.5%, which had no significant difference with the results detected by the
dual-wavelength method. However, the result was significantly lower than that detected by single-
wavelength method. The SAC-LFS-S method corrected by reference wavelength band was suitable for
quantitative analysis of industrial wastewater pretreatment by zinc hydroxide coprecipitation—acid
potassium permanganate digestion, especially the samples with obvious absorption spectral interference.
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-10.9 | -53.8| -20.0 | -27.8|110.5/471.8|85.3/109.5| -0.3 |-753.5| 0.7 |278.2] 143.5 | 30.0
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i e 25 R R W], A5 5 251 QO Ry I E K B
500~505. 504~509. 511~516. 517~522. 518~523.
529~534, 536~541. 542~547 . 543~548 Fl 557~562
nm , A] D45 5 32 B 0 06 1) 72 M (500~540 nm) |
ANTR] T SOk AR S X A0 A i 3 A 0 R O K
B i — T S K BER I, 2 R B i
B I E I BE—E, 7E 500~660 nm 3 Bl A 24N
KA R R AR WA AT IR BE , B A0 LA 501 nm Ry e )%
1 15 0 32 2 b K B A 46 501~506., 501~511
501~516. 501~521. 501~526. 501~531. 501~536.
501~541.501~546 F1501~551 nm, % 1 BT 5 I K %k
S 6.11,16.21.26.31.36.41 .46 F151 4, &
PR 2 S I 1 BE HAT 518~523.536~541
H1557~562 nm ; Hi 1 536~541 F1557~562 nm I & %
KBS K B, T B K 2 46 U s T i
FIZ5 AT 3. 6~4. 5 pg/L, WA I 5 T B 4 3% AL
PR IELE T (43508 2. 8 f12. 0 pe/L, WK 1), RFF
A 5@ B E SR T L 518~523 nm il <2 Ik K Bt
F TR AS 45 R T 2. 3~2. 4 we/L, 5 A KA
WO E G R IAR — B R ERK ., W]
D, [) B  AE 3 A0 8 2% 1 1 0 D 4 B A 518~
523 nm, X N [ 2 Eb i K B2 R 554~569 ., 542~577 .
539~579 ,540~580 F1 534~584 nm.

2.3 #tRAEEIZE AR H R RIEEER T

b fE il 26« R H 2 L K B (554~569 ., 542~
577.539~579 ,540~580 1 534~584 nm ) ¥ 1E () SAC—
LFS-S 32 (I 5 P K Bk 518~523 nm) , 7£ 0~300 /L
e BE S BB P A A v ol 2R G R B M HE B K T
0.999 5(MLF2) , Ul BHZ M OC R R4

D5 A B SR I Y SAC-LFS=S 35 5% AN [H]
HERAE ] 5. 0 /L bR E s R S A7 1, Y9ME
B0 5.2 pe/L, DL 2 5 00 B o A 22 (SD) 36 LA & 4L
(2. 764) 132N A BR (1. 5~1. 8 pg/L) , L5 46
PR A 445 E i T BR (6. 0~7.2 pg/l) , 45231 5
B KA T A R (2. 1 pe/L) 2 . EAL)E Y
D7 V5 A A e A R A 5 T vk At B A e
3,0l AR 3~5 JE BN Y BESK o 7L 536~541
F1557~562 nm A AF A B ik, LUEA T 1~2,
Ul WG 5 B R A, PO U0 I AN 38 5 X 3 T A TR R B
E— R

JEAERE AL 58 203354 B Cr( VD) ARAERE
[ARIEME N (39. 622. 4) pe/L) |, K255 L3 3.
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2 SAC-LFS-SiEHIER/AE &S EIRK 77 iEH HIR
Tab.2 Standard curve parameters and detection limit of SAC-LFS—S method

S iﬂilkﬁ?}ﬁ‘z{é K FrifE ph £ S50 Aﬂﬁ]ﬁtﬁ\ﬁ?ﬁmﬁ*@(io pe/L)

JEFEl/mm | {EFl/mm a b r pl(wg-L7) AU 22/ (g L7 A R (g - L") | LUAH”

1.15x107° | 3.08x107°| 0.999 5 5.0 1.09 3.1 2

554~569 | 4.16x107°| 5.60x107°| 0.999 6 5.2 0.51 1.5 3

518.593 542~577 | 3.18x107°| 5.33x107°| 0.999 7 5.2 0.61 1.7 3

539~579 | 2.98x107°| 5.23x107°| 0.999 7 5.2 0.61 1.7 3

540~580 | 3.00x107°| 5.32x107°| 0.999 7 5.2 0.60 1.7 3

534~584 | 2.59x107°| 5.12x107°| 0.999 7 5.2 0.64 1.8 3

4.35x107° | 6.47x10°| 0.999 2 6.8 11.02 30.5 0

536~541|556~561 | 7.50x107| 2.90x10°| 0.999 7 55 271 75 1

557~562 | 7.04x107°| 2.94x107°| 0.999 8 5.6 2.87 8.0 1

-2.69x107 |-2.29x107| -0.999 8 5.2 1.32 3.7 1

535~540 | -3.81x107|-3.15x107°| -0.999 8 49 233 6.5 1

536~541 | =7.04x107|-2.94x107°| -0.999 8 5.6 2.87 8.0 1

541~546 | -2.45%107°|-2.05%107°| -0.999 6 5.1 245 6.8 1

SAC— 530~540 | 2.60x107 | -3.54x107°| —0.999 9 4.8 1.08 3.0 2

LFS- 531~541 | -2.52x107|-3.38x107°| —0.999 9 5.0 1.36 3.8 1

Sk 532~542 | =3.06x107|-3.21x107°| =0.999 9 4.8 1.50 42 1

533~543 | -3.86x107 | -3.04x107°| -0.999 8 5.0 1.59 4.4 1

534~544 | -4.14x107 | -2.86x107°| -0.999 8 5.0 1.71 4.8 1

s57-562 536~546 | —4.64x107° | -2.50%x10°| —0.999 7 5.2 1.57 4.4 1

529~544 | -3.72x107 | -3.28x107°| -0.999 8 4.9 1.19 3.3 1

530~545 | -3.33x107 | -3.11x107°| —-0.999 8 4.9 1.27 3.6 1

531~546 | -3.17x107|-2.94x107°| -0.999 8 5.0 1.31 3.7 1

532~547 | -3.10x107° | -2.77x107°| —0.999 8 5.0 1.38 3.9 1

526~546 | =3.65x107° | -3.33%107°| —0.999 8 4.9 1.02 2.9 2

527~547 | -3.68x107° | -3.17x107°| —0.999 8 4.9 1.07 3.0 2

529~549 | -3.24x107°|-2.84x107°| —0.999 8 4.9 1.14 3.2 2

530~550 | -2.98x107°|-2.67x107°| —0.999 8 4.9 1.23 3.4 1

531~551 | -2.87x107|-2.50x107°| —0.999 8 5.0 1.38 3.9 1

526~551 | -3.30x107°|-2.91x107°| —0.999 8 4.9 1.13 32 2

WKL 5407 660 0.0010 |0.002403| 0.9999 5.3 0.23 0.7 8

FFR L 540 0.0015 |0.002420 | 0.9999 5.9 0.73 2.1 3

W a IARERRERRER ;b M hm e 2R R 5 r bR v Hh 2 AH DG RN "R R BR U R R I i S5 (o ) R 7 3246 HE BRI LB
{5 FR S BESCRR [ 11 A9 R 1 5 B K R 540 nm, 2 HEIE N 660 nm ;™ Fe7n 25 BIRAR AN )7 ¥5 GBIT 7467—
1987 A A K 32, I 2 % 4 R 540 nm,

®3 AMBIRERERENER
Tab.3 Results of Cr(VI) standard sample

Sk K| 2 THARZS Nz i B 2 %
JHl/mm | JEHE/mm | p /(g L") |RSD/% | p/(ng L") | AE pg-L™") | RSD,/% | p (g L") | AE/(ug-L™") | RSD,/%
554~569 0.9 60.9 39.7 0.1 2.8 19.7 -0.2 9.2
542~577 1.0 29.1 39.3 -0.3 3.0 19.8 0.0 9.0
Lsg_cs_& 518~523| 539~579 1.0 27.9 39.2 -0.4 2.9 19.8 0.0 8.9
540~580 1.0 29.4 39.3 -0.3 3.1 19.8 0.0 8.8
534~584 1.0 25.1 39.2 -0.4 3.2 19.8 0.0 9.1
W 540 660 2.1 26.9 39.6 0 1.0 19.7 -0.2 1.3
PP IE] 540 2.2 9.1 41.0 1.4 1.7 21.4 3.2 5.9

H 28 3 0, X T AR R ARG B 2 R PR TEAE —0.4~0. 1 pg/L, 5 RO A B 1Y 48 %) 158 22 (-0. 2~0
A, PE AL JG SAC-LFS-S 15 1 26 % 48 22 (AE) A T /L) AR —2, Bk 2 MO ik ny 4 xR 22 24/ T 5

- 151 -




%395 %24 3

vOE 2 K HE K

www. cnww1985. com

PeKvk . VA AL G SAC-LFS-S ¥ ] Tk o B b
HERE SR DU s, P ARAS48 R B 1 45
2.4 LEREESAT

oAb 5 SAC-LFS—S 6 & 15 48 TRk B 52 B
B B 5 AT, T B 2 (W S PR AR S AT IR E o X
FICHH WO TS TP R S SO ik 2 B
75 10 A Bff 3 FTORG 2% B SR SR 5 b, R A
S5 SAC-LFS—-S 1 1Y 2 1 45 oA A 25 5, I 53
WA TR A AT He A, [R]85 5 MR WA 13 T X f b

J&i SAC-LFS—S ¥k PAF 4% B FAERA L HEA T IF AL
2.4.1 rikKEE

WSO T S BOAE - AR S SAC-LFS-S kM
TERGL K 1A, A5 Cr(VI) 24 20. 0 wg/L BN
PR AE i, H RSD H B 4 32 AR 7 1Y 4. 0%~
4. 1% B 2 1. 3%-~1. 9%, T JI A5 J53 £ & B 0 40. 0
wg/L i RSD i1 5. 3%~5. 6% T+ 2 9. 2%~9. 6% ( W3
1o A Cr(VI) 4 20. 0 we/L S S LR I7 9 K 3,
B 745 R0 RSD B T 3. 0% (W, 324) .

x4 Tl EKEMRGNER

Tab.4 Results of industrial effluent samples

SAC-LFS-S ¥ WU | BTk
W P K AE Fil mm W P
el 518~523 540 nm 3 = g K
Z K il /nm Sk | 540 nm
554~569 | 542~577 | 539~579 | 540~580 | 534~584 | 660 nm
. Posl(ng-L7) 1.6 1.7 1.7 1.7 1.7 2.2 3.6
‘{ ’fﬁﬂ/\ 3 =
R H RSD,/% 25.0 18.8 18.8 18.8 209 77 14.1
p(pg-L™) -0.1 -0.2 -0.2 -0.2 -0.2 4.0 3.7
RSD./% -1501.1 -496.8 -496.8 -496.8 -587.5 5.1 17.7
KU Bk 3 :
RRAGHEA R1% 93.0 93.0 93.0 93.5 93.5 89.0 86.0
RSD,"/% 3.0 2.8 2.9 2.7 2.9 2.4 3.0
Poil(ng-L7) 2.4 2.3 2.3 2.3 23 2.7 3.6
Tz 4
e RSD,,/% 31.7 30.4 28.7 28.7 30.4 76 73
plpg-L™) 2.4 23 23 2.3 2.3 25 5.6
‘ RSD, /% 58.8 62.7 64.3 62.7 62.7 34.2 7.1
BNk 4 ———
R1% 87.5 88.5 88.0 88.5 88.5 91.0 89.5
RSD,"/% 7.0 6.8 7.1 72 7.4 4.8 53
e Apg-L7) 1.5 1.5 1.5 1.5 1.4 2.6 3.6
W 5 P8
RSD,/% 40.0 45.4 45.4 45.4 50.0 3.8 9.7
plpg-L™) 6.2 6.3 6.3 6.3 6.3 6.7 9.6
. RSD./% 12.9 12.7 12.7 11.9 11.9 3.7 34
BB S =
Ry 1% 89.0 88.0 88.0 88.0 88.0 94.0 97.5
RSD,"/% 3.6 2.8 2.8 2.8 2.8 2.2 1.4
pelpgL™) 13.2 133 13.2 13.3 13.3 14.2 16.7
‘ RSD,/% 7.7 8.1 8.3 8.1 8.5 2.9 9.1
EI <
R1% 88.4 88.0 88.2 88.0 88.2 86.4 87.4
RSD,/% 5.8 5.8 5.8 5.8 5.7 3.6 0.9
W SRR 50.0 pg/Lo
Kot A it 235 S 1% RSD 1 T B0 Kk RO 2.4.2  JiUEREL

%, D PR 0 e T A K BERN 2 FL I K B I 1 e
HEWER B A O S5 A PR ERE S A5 SR RSD /N T
9. 3% (U3 3) Al A, IIr A7 A7 A8 B W A R 5 51 (5
Fr BE &) B9 RSD A T 1. 3%~12. 9%, 13 B 41 4k =
SAC-LFS-STk WG ¥ R1f .

WO S0 B RE i - AR JS SAC-LFS-S &
TR, EP YL 7K 1 A JECHE i 45 3L Pl B K
TR K vk 10 BH S 4G (8. 2~8. 9 pug/L) FEZE/N T
J7 R PR (1. 5~1. 8 pe/L) ; BE7K 3 B E B 45 H /1
Tk R, MG IE S R (4.0 /L) J& T W]
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T IN 25 SR AR A AR i e 25 5
W B E R OETE K 2(a) A 2(c) JFITE & S EHK:
M SEIE L 1 E 2(b) JE 2(d) (I 2(e) R 2(F) ] [1] CHOPPALA G, BOLAN N, LAMB D, et al

B FE A AT, /N 620 nim KX 7 14 I TR % 51
WSO i e T T b v A SR A R RO
B Rz B W OE TP OS2 B K 1), 1ET
P G B0 WA 32 L BE M IR A AR AR JEU A
ZE A A T SAC-LFS—S 15 I £5 EJ 4L & /K 1 84 =]l
R p LI R R DR K7 114 68. 0%~79. 8% Hi = &2
85. 0%~86. 0% , 1 YA IF I 7K 3 1) 0] i 236 Hy PR
e 1 R0 RL K K92 Y 86. 09%~89. 0% 12 75 & 93. 0%~
93. 5%, AJ M AL Ji SAC-LFS—S 32 1 45 EN 42 % K 1
FNREIL I 07 7K 3 B A JECAE i 285 SR 3 B A T R
XU VL T A AT

WIS T LE AR i 4R S SAC-LFS-S 7&
FHENYR R IK 2 JR K 4 JBIK S FIRIK 6 BUAS SRR i 4
AT 2.3~13. 3 /L, ¥ 5 /N T Bk (BR R
7K 5/ P<0. 01 5b, HAWAE & Y P<0.05) o ik 44~
5 KA b B AR S5 SAC-LFS—S 325 B il 45 5 1 X ik
KA TE B PE 25 5 (P>0. 05) , 75 s [ AH X i 2% A7
F2.0%~5.9%. HhiAk)i SAC-LFS-S ¥ I T mbrke
RO o7 A N I =i (1 3 S 7S
(94. 0%~94. 5%>92. 5%, W3 1) , & 7K 6 f [l Y
DL (88. 0%~88. 4%>86. 4% , W35 4) ; & /K 4 Fl %
K S BT RT3 AR 0L K 325 (4310 87. 5%~
88. 5%<91. 0% #1 88. 0%~89. 0%<94. 0%, L% 4) , 4
AR KRR & B O 3k T [ iR ) 4 X e 25 A
—6. 0%~2. 0% M\ L 3RAJECHE i FUIMARAE i [T i %
Y H B4 SR AT, Ak e SAC-LFS-S ¥ FH T 0 W ik
WSO T I A A e 3 R R, LA A e ) A
P, FLREAf B 5 0 KR AR —
3 #i#

5% B SR M D7 3T TN AR o A
BF, B TR T 2R R T A A AR AR
R 9 25 Sk e A R BOR Iy 2k B AR R T R
FEAEE TR . AW FE A SIZ B T A b H 3% IR i
T S H I AT R I 45 SR R & TR T O
T R A £ - 2 P AL A R -4 O TR (SAC-
LFS—S) F 5 i < B 2 L i K B L Ak s i
T 6 A Tl B AR it RS [R] 5 F86 A5 450 114 AP v B o
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