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Spectrophotometric Determination of Bisphenol A by Complexatlon with Ferricyanide and Ferric
chloride solution. Eun-Joo Kum, Hee-Young Ryu, Gi-Seok Kwon and Ho-Yong Sohn*. Dept. of Food and
Nutrition, Andong National University, Andong 760-749, Korea, "The School of Bioresource Science, Andong
National University, Andong 760-749, Korea — Bisphenol A (BPA) has been widely used as a monomer
for production of epoxy resins and polycarbonate plastics. The annual production of BPA exceeds
640,000 metric tons in worldwide. BPA, a suspected phenolic endocrine disruptor, is moderately solu-
ble and frequently detected in industrial wastewater. To date, HPLC and GC has been used for BPA
analysis. However, HPLC and GC-analysis need high operation cost, experts, ‘and an elaborate
pre-treatment of samples, and is difficult to apply on-time and mass analysis. Therefore, simple, mass
and rapid detection of BPA in environments is necessary. In the present study, spectrophotometric
method of BPA quantification was developed. Based on blue-color product formation with BPA and
ferric chloride/ferricyanide under the - optimized conditions, the -standard- curve wias:acquired: (A

750=0.061 BPA [1M]+0.07155, R*=0. 992). Using an established method, the BPA contents in the soil ex-
tract, and different water samples and living products, including disposable syringe, cup and plastic
tube, were analyzed. The results suggested that the method is useful for BPA determination from dif-
ferent massive samples. Since the BPA metabolites, nontoxic 4-hydroxyacetophenone or 4-hydrox-
ybenzaldehyde, did not form blue-color product, this method is also useful to screen a microorganism

for BPA bioremediation.
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BPA, 4-hydroxyacetophenone (4-HAP), 4-hydroxybenzoic
acid (4-HBA), 4-hydroxybenzaldehyde (4-HBAL), phenol,
nonyl phenol, tannic acid, butyl hydroxytoluene, 2-acetox-
ybenzoic acid & 25 Sigma Co. (USA)ZH-E T3l A}
S3tRom, BPA B EajiEE9 72 & Fig 19 Yehi A
o}, "9l FeCly6H,09 KsFe(CN)ei= Junsei Chemical
Co. (Japan)Z 28 T3] AHESSIT-

HjME eS| HX S
B A ehg-o] A 2 E Felly6H0 v KFe(N)s £ 2
gAE Ao, dBAHY pH 659 SF8 AHE-3)
A zASAT 3 A& A3 Ade Al 2
& UV-Vis spectrophotometer (Hitachi U-3010, Japan)
AF&EHed 200~800 nmo A EREE B39 o, o)
A8 2329l microplate reader (Expert-96, Asys Hitech
Co, Austria)® AFESRTH A0S A pH 47 Aol 50
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Fig. 1. The structures of BPA and its degradation metabolites.
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Fig. 2. Adsorption spectrums of (a) different reactants includ-

ing FeCly 6HO, KsFe(CN)g, and BPA, and the reaction

product, which is produced by BPA with developing

agents. and (b) the absorbance of colored product at

750 nm showed a concentration-dependent manner.
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Fig. 3. Photographs of blue-colored product formation from
different chemicals with colorizing solution [FeCls
6H,0/KsFe(CN)e]. A.(1) BPA only and reaction with
BPA and (2) FeCly6H,O, (3) KsFe(CN)s, (4) [FeCly
6H0/KsFe(CN)g], B. reaction with [FeCly6HO/KsFe
(CN)¢] and (1) 4-hydroxyacetophenone, (2) 4-hydrox-
ybenzoic acid, (3) 4-hydroxybenzaldehyde, or (4)
nonylphenol. C. reaction with [FeCly6H:0/KsFe(CN)¢]
d (1) phenol, (2) butyl hydroxytoluene, (3) 2-acetox-
ybenzoic acid or (4) tannic acid. The concentrations of

all compounds used were 100 uM, respectively.
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Fig. 4. Effect of (a) reaction pH, (b) reaction temperature, (c) reaction time, (d) reagent volume versus sample, (e) reaction stop-re-
agent, and (f) measurement-delay time on colorizing reaction of BPA with [FeCly6H:0/KsFe(CN)el.
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Fig. 5. Standard.curve for BPA quantification based on the

spectrophotomeric determination.
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o g 2EENE 4ET L4 wgo] dehgow, o
g FEA 59 HPLC £4oAE BPA & 7|8 wladE
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Table 1. Spectrophotometric determination of BPA in different
water systems

BPA concentration determined
by spectrophotometric method (uM)

Added BPA
concentration.

(M) Distilled water Tap-water  River-water

0 0 0 0
2737 31.14 28.20 32.10
54.75 57.07 58.38 61.40
109.50 107.79 101.00 116.50

Table 2. Spectrophotometric determination of BPA in different
soil systems

Added BPA BPA concentration determined
concentration by spectrophotometric method (M)
(M) soil 1 soil 2 soil 2-filtrate’
0 0 0 0
13.66 15.59 16.11 19.44
27.36 2540 27.85 30.48
54.75 51.68 37.84 46.25

"filtrate; the supernatant of water extract of soil was filtered
using 0.45 ym membrane filter.

Table 3. Spectrophotometric determination of BPA in living
products, including disposable syringe, disposable
cup and experimental conical plastic tube

BPA concentration (uM)

Living Spectrophotometric
products ’ mithod HPLC

used Water  Methanol Water  Methanol

ex.! ex? ex. ex.

Syringe 1 N 16.29 - 1.80
Syringe 2 - 18.74 - 1.68
Syringe 3 - 2119 - 1.64
Syringe 4 - 17.69 - 1.64
Syringe 5 - 15.36 - 1.63
Cup 1 - .- - -
Cup 2 - - - -
Cup 3 - - - -
Cup 4 - - - -
Cup 5 - - - -

Conical tube 1 - - - -
Conical tube 2 - - - -
Conical tube 3 - - - -
Conical tube 4 - - - -
Conical tube 5 - - - -

"Water ex.; the extract was prepared by 60°C hot water for
30 min.

*Methanol ex.; the extract was prepared by methanol at 30°C
for 2 h.

"-; not detected
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