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ABSTRACT

The occurrence of endocrine disrupting compounds (EDCs), chemicals that interfere with human hormone system, are
increasing in the freshwater, wastewater and subsurface as well. In this study, we determined the reactivity of three EDCs
in the presence of birnessite. In aqueous phase, bisphenol A, 24-dichlorophenol and 17B-estradiol, which possesses
phenoxy-OH, were very rapidly transformed by birnessite: up to 99% of initial concentrations (50 mg/L for bisphenol A,
100 mg/L for 2,4-dichlorophenol, and 1.5 mg/L for 17B-estradiol) were destroyed within 60 minutes. Especially, bisphenol
A was the most reactive chemical, disappearing by 99% in a few minutes. The reaction occurred on the surface of
birnessite, showing a linear increase of first-order kinetic constants with the increase of the surface area of birnessite. In
soil slurry phase, the reactivity of birnessite to EDCs was faster than in aqueous phase probably due to the cross coupling
reaction of phenoxy radicals with soil organic matter. Considering the rapid transformation of the EDCs in the both
phases, this oxidative cross coupling reaction mediated by birnessite would be an effective solution for the remediation of
EDCs in environmental media, especially in soil.
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Fig. 1. Molecular structures of (a) BPA, (b) 2,4-DCP, and (c) E2.

Table 1. Properties of the soil sample

Texture Composition

Organic matter Total organic carbon

Sandy Loam Sand 67.7%, Silt 23.8%, Clay 8.6%

2.53% 1.47%
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Table 2. HPLC analysis conditions

Analvies Flow rate Mobile phase Wavelength Column temp. Retention time
Y (mL/min)  (acetonitrile/water volume ratio) (nm) °C) (min)
BPA 0.8 50/50 254 27 5.5
2,4-DCP 0.8 50/50 254 27 6.7
E2 1.0 45/55 225 27 6.3
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Fig. 2. (a) XRD result of synthesized birnessite and (b) surface of birnessite shown by FE-SEM.
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Fig. 3. Reaction kinetics of EDCs with birnessite; (a-b) BPA, (c-d) 2,4-DCP, and (e-f) E2.

Table 3. First-order Kkinetic constants of the EDCs with
birnessite in aqueous phase

Addition of birnessite

a " b c

in 20 mL solution BPA 2:4-DCP E2
0.05¢ 1360 73.1 40.04

O01lg 2320 112 191

3b¢ pnitial concentrations of the aqueous solutions were 50 mg/L
for BPA, 100 mg/L for 2,4-DCP, and 1.5 mg/LL for E2
4 Kinetic constant of E2 with 0.02 g addition of birnessite.

(Villalobos et al., 2003). ©]&3 WHS Edlo] & &
HAS e WA elEE ARSZHPE Rk a8%¢1
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Table 4. Reaction of the EDCs with 0.1 g birnessite in slurry
phase

Reaction time (min) BPA 2,4-DCP E2
0 50 100 1.5

2 ND* 8.916 ND

5 ND ND ND

10 ND ND ND

60 ND ND ND

aND: not detected.

7VAS ot ohel EGRRIERY) wAbAES Esﬁ R
AR WFEo g FAekEn) Bk EXshs §718S
TR olgly] T ookt A8U1E 7L 9‘°U:1
Hyrlo)EE o83l Aerdw iz dA4e 93 =
w2 25t wEti] Bt *ZHL THAge] 7Fss
S g STHIE A8E st B ellxe] §t
SETE %7} 1715 Zos Belth o)l B9 oA
T F7he HulAtelEY] FujAkge] o
hydroxy-PAHs®| AAE Fslel @QlE vl Uth(Jung et
al., 2008).
Ao} HFS Tl 408 AL71E 7HAE WEEIA
oEdo] HurolEd| ofsf -8 g EqF &eje] A
oA WE £ 9SS FRIs. FAE viek &
o] Al T-FAse-S B3l A%zEE e dutA
Q FHheahe e EREETE g =AY E7e
A 38t F& ko g, &, VRS, A %
HAEe] ofgh w3l Foll oS HHT Aol & Ao
44 QthBollag, 1992). E3k, 28 37 @9lo= <]
3 galEs Bde o] 29EAe] ofd AR sijt
Eo] Pz B o8 HAl & Hﬂﬁ 271817
(Dec and Bollag, 1995) wjF-ol] A ,} T Ao ok
olm 7|l MEE Mo Ek A#}7|&o]
g Ao yuEy). 3k gatee % 1o ulr 1S NETES)
Al Ed 2 R EAE7A st AE 4
e TFe s FESEE o] the st Ak s
gasi)

4.2 £

B Qatela] 4=ksl1E 7IAT 9= BPA, 2,4-DCP
2 E2 5o WWERAA s WuAle]Este] HhgA]
S Foslgon e} e ARS A

(1) g=glgollx] YEBIAS N 222 HM folES} 4

A wkesle] wE AAELS Uelyor, Es| BPAE

lo,
(B
oy
e

cllivy 49

E29Jr 2,4-DCPel HIs) WEA AAEE FLlskin AA
H UEHIAe = é% R HEEo] & FoAM

AVARS B3 G AEEA T LEAREE
AOE AlmE

Q) WEBIAe ] he&we HuAlelEe] 37}
Z STl wet Z7RIG ol SRkl Eesk H
=A] iz g4 gkgo] HuklolE ¥ Flel wet
F718l7] WEsl Aow ke

(3) Eoo‘t :’:gﬁa /K]»oﬂ /\1 Lﬂﬁ_u]ﬁ]x}oﬁgﬁ <] _’*,Qhoﬂ )\L
B} oS wheERrt AL, ok AAE 2ol A
Ty OMEF EfriETe] wabdgte Sl v
wg] AR Wro 2 weEny. BEYRTIEste
HEEL B Ul eHslslo] H/do] Ziaska A
A=A ¥ AT ARES AT

—

Mo

A A

E s AMeA] ARkl HEAIEAIMS 106760
rapshaet x4 EakEisia xpAldiule] 0887 1s
ATAIEI(AEBRC)S] Aoz )= dsun). =gk e
sk Al 71ed Aol = TAEHUT

I
kd
o
rat

ZPeE sk, 2005, HEHIAGREZ 2] 3.
TRk, 2006, URERIAGREE 38 T 2H-AEi AL
)=w] )5 AEAL 2006, BIHIEFHE-S 0188 1-Naphthol
of 2k} AlA A, 333131, 28, 535-541.

Anderson, D.W. and Paul, E.A., 1984, Organo-mineral com-

plexes and their study by radiocarbon dating, Soil Sci. Soc. Am.
J., 48, 298-301.

Balesdent, J., Wagner, GH., and Mariotti, A., 1988, A., Soil
organic matter turnover in long-term field experiments as
revealed by carbon-13 natural abundance, Soil Sci. Soc. Am. J,
52, 118-124.

Bollag, J.-M. 1992, Decontaminating soil with enzymes, Envi-
ron. Sci. Technol., 26, 1876-1881.

Champbell, C.G, Borglin, S.E., Green, FB., Grayson, A,
Wozei, E., and Stringfellow, W.T., 2006, Biologically directed
environmental monitoring, fate, and transport of estrogenic
endocrine disrupting compounds in water: a review, Chemo-
sphere, 65, 1265-1280.

Dec, J. and Bollag, J.-M., 1995, Effect of various factors on deh-
alogenation of chlorinated phenols and anilines during oxida-

J. Soil & Groundwater Env. Vol. 14(1), p. 44~50, 2009



50 olsd - A8 - A - gl - PYA -

tive coupling, Environ. Sci. Technol., 29, 657-663.

Dec, J., Haider, K., and Bollag, J.-M., 2003, Release of substit-
uents from phenolic compounds during oxidative coupling reac-
tions, Chemosphere, 52, 549-556.

Jung J.-W,, Lee, S., Ryu, H., Nam, K., and Kang, K.-H., 2008,
Enhanced reactivity of hydroxylated polycyclic aromatic hydro-
carbons to birnessite in soil: reaction kinetics and nonextract-
able residue formation, Environ. Toxicol. Chem., 27, 1031-1038.

Kang, K.-H., Lim, D.-M., and Shin, H., 2006, Oxidative-cou-
pling reaction of TNT reduction products by manganese oxide,
Water Res., 40, 903-910.

Li, X.D. and Schwartz, F.W., 2004, DNAPL remediation with in
situ chemical oxidation using potassium permanganate: part 1.
mineralogy of Mn oxide and its dissolution in organic acids, .J
Contam. Hydrol., 68, 39-53.

McKenzie, RM., 1971, The synthesis of bimessite, cryptom-
elane, and some other oxides and hydroxides of manganese,
Mineral. Mag., 38, 493-502.

Pal, S., Bollag, J.-M., and Huang, PM., 1994, Role of abiotic
and biotic catalysts in the transformation of phenolic com-
pounds through oxidative coupling reactions, Soil Biol Bio-
chem., 26, 813-820.

Post, J.E., 1999, Manganese oxide minerals: crystal structures

J. Soil & Groundwater Env. Vol. 14(1), p. 44~50, 2009

w73

and economic and environmental significance, Proc. Nat. Acad.
Sci. US.A., 96, 3447-3454.

Shindo, H. and Huang, PM., 1982, Role of Mn (IV) oxide in
abiotic transformation of humic substances in the environment,
Nature, 298, 363-365.

Stone, A.T., 1987, Reductive dissolution of Manganese (III/IV)
oxides by substituted phenols, Environ. Sci. Technol., 21, 979-
988.

Villalobos, M., Toner, B., Bargar, J., and Sposito, G, 2003,
Characterization of the manganese oxide produced by
Pseudomonas putida strain MnB1, Geochim. Cosmochim. Acta,
67, 2649-2662.

Weber, Jr., W.J. and Huang, Q., 2003, Inclusion of persistent
organic pollutants in humification process: direct chemical
incorporation of phenanthrene via oxidative coupling, Environ.
Sci. Technol., 37, 4221-4227.

Zhang, H. and Huang, C.-H., 2003, Oxidative transformation of
triclosan and chlorophene by manganese oxides, Environ. Sci.
Technol., 37, 2421-2430.

Zhao, L., Yu, Z., Peng, P., Huang, W., Feng, S., and Zhou, H.,
2006, Oxidation kinetics of phetachlorophenol by manganese
dioxide, Environ. Toxicol. Chem., 25, 2912-2919.



