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Abstract The industrial wastewater of electrolytic manganese containes high concentration of manganese. The method for rapid
determination and calculation of different valence of manganese concentrations in water based on digital imaging colorimetry was
established. In acidic conditions, trivalent manganese [ Mn ( Il ) ] and tetravalent manganese [ Mn ( IV ) ] reacted with ABTS to
produce green ABTS radicals ( ABTS™ ), and the stoichiometric relationships were 1 : 1 and 1 : 2, respectively. In acidic and
excessive sodium pyrophosphate complexing agent (PP) conditions, the introduction of excessive ozone would make divalent manganese
[Mn( II )] into seven valence manganese [ Mn( VI ) ]. The stoichiometric relationship between Mn( VI) and ABTS was 1 : 5. The

color solution was photographed by mobile phone, and the picture was imported into the software compiled by Python language to obtain
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the RGB value. At the same time, its efficient computing ability was used to measure and calculate manganese with different valence

states. In the optimized experimental conditions, the absorbance was linearly related to the corresponding red channel (R value) in the

RGB signal. The linear equation was y=—0.018x+2. 46 with R*=0.991, and the detection limit was 0.03. This method has the

characteristics of high detection efficiency, low cost and high accuracy, and it can be used for on-line monitoring of manganese during

the discharge of electrolytic manganese wastewater.

Keywords manganese with different valence ABTS method
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Fig. 1 Experimental Procedure
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Tab.3 Comparison Test Results of Molar Concentration Determination of Different Valence of Manganese in Natural Water Body
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[Mn(1)] 24.56 23. 88 25.12 25.03
[Mn(IT) ] N.D. N.D. N.D. N.D.
[Mn(IV) ] 5.62 5.31 5.6 5.87
[Mny ] 30. 18 29.19 30.72 30.9

B[ Moy J=[Mn(ID) J+[Mo(ID) J+[ Mn(IV) ]5N. D. " FORi@8 HAI T BR, RAGH o

6 zfTiffE
Fig. 6 Operation Process

VA(J :/H\:EP:

cy = Livsampleé‘m (11)
1( VA,
a- 2(LVWP188415 _C") (1)
1 VA,
TS LVl (13)
¢y =¢, —¢, (14)
c, =¢c, +c¢, +e, (15)

Co Mn( I E@%Eg,umol/[‘;
¢ Mn( V) B EE , wmol/L;
ey—Mn( 1) A Mn (10 ) B9 9K JiE 2 A1,

wmol/L;

Mn( I ) B9¥ R, wmol/L;

Mn( 1) Mn(Il)F1 Mo ( V) #9¥#
JBEZ A, wmol/L;

V —BAR  mL;

C3

Cy
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def equation(x):
return -0.0918 * x + 2.46

47 Adict = {}
for i, folder in enumerate(folders):

Adict_values = {}
for 11

Adict[i] = calculate A(folder, equation)

or i in range(len(Adict[0])):
18 def calculate A(folder, equation): 52 Adict_values[f'{i+1}.3pg'] = [Adict[0][i],Adict[1][i],Adict[2][i]]
19 image_files = [filename for filename in os.listdir(folder) if filename.endswith('.jpge’)] 3
20 A_list = [] .
2 for image_file in image_files: 55
2 image = Image.open(os.path.join(folder, image file)) se
23 r, g b = image.split() 57
21 r_value = r.getpixel((0, 0)) 8 V=4
25 A_list.append(equation(r_value)) 8 (L=1
a6 @ Vo =1
27 return A_list B, a0
28
- 62 ve=1
i G4 C_values - {}
Bl ¢ calcuiate c(n values, v, i, Vo, n; W): 65 for key, A values in Adict values.items():
= 0 -V * Avalues[a] / L / VO / m * 1000060 66 ¢ values[key] = calculate C(A values, V, L, VO, m, V@)
34 C1=0.5* (v*Avalues[1] / L / VO / m * 1000000 - CO) s "
35 €2=0.2% (V* Avalues[2] / L / VO / m) * 1600000 68 dfe = pd.patarrame(adict values).T
e G ~ica 69 dfo.colums = [' a0', 'diRaAL’, "HK3A2']
37 €4 =Co+Cl+C3 7€
38 return [Co, C1, €3, 4] 71 df1 - pd.DataFrame(C_values).T
39 72 dft.columns = ['Co’, 'c1’, '€3’
40 72
41 folders = ['5:8 ', '®k—, ‘HK="] 74 df1 = pd.concat([df1,
42 for folder in folders: 5 dfl.to excel('results
a3 os.makedirs(folder, exist_ok=True) 6 print('SHCH C i )
a

&7

BT TR

Fig.7 Programming Language for Operation Process

L—— A IERE
V ot R K AT mL;
&ns—415 nm WA N IRIRREL, £,5 =
34 000 L/ (mol-cm) ;
AR5 1 O N WO RE
A, ——R55 2 HERO N O RE
A5G 3 HIA RO N O

3 HERE

(D) AR ELEAHT , Mo () /Mn(IV)
5 ABTS FZi(1 = 1 Fl 1= 2) PRt ABTS ™ J7E
AR PR AN G B 4% A 50 T, 4k 2kl A G i R 20K Mo
(1) %4k Mo (V) ,Mn( V) 5 ABTS I (1 : 5)
FPHE ABTS ™,

(2) AR5 X [ A L IR E S Btk AT AR
b, 15 B B AR SN Z5 A - FA48 T 58 L SN [A]
760 s, FAFEIE A 10 em,

(3) @55 R BETF-HL . Python i 5 Fl1 Spyder X 14
LT 5 ABTS J = AR i gk ABTS " B A 5
B E] ABTS "WOLE S R (AR YER R, LTy
TN y=-0.018x+2.46,R*=0.991, ¥ 1 FE K 0. 03,
F2R A Python 18 75 it 135 1 AR A T8 311480 1 A 6] Ay
DL

(4) 1% )5 218 ] Python ] LAFS BP0k U A5
BRI Sk, (o FH P AT S W IR A3 A TR] AT LA
T AR BB 4RI AE W/ R R GE SR R 4
etk

(5) %S5 5 FL 7K FIR SR A AR Tl g2 7K i 47
R, S5 R A 1% 0 R D e 45 R 5 A5 52 XPS 1
A0 S (B A — 35, RO Wk B Al AT, %07
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