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Kinetics of Endocrine Disrupting Chemical 4-tert-butylphenol During Chlorination
in Aqua
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Abstract: The kinetics of endocrine disruptor 4-tert-butylphenol by chlorination in aqua was studied. The results showed that 4-TBP was rapidly
oxidized by chlorine with different initial concentrations of HOCI and pH, and second-order reaction kinetics was observed between 4-TBP and

chlorine. The apparent kinetic rate constants were influenced by pH values, and k,,, reached its highest and lowest level at pH 5 and 9

pp
respectively. The kinetic rate constant of every elementary reaction was calculated. The rate constants for the acid-catalyzed reaction and the
reaction between CIO™ and 4-TBP were 4.99 x 10° I* * Cmol’ * min) ™" and 1.96 x 10* L*(mol*min) ™" respectively. The reaction between

HOCI and 4-TBP or HOCI and 4-TBP~ was very slow> and ClO~ did not react with 4-TBP~ . 4-TBP was influenced by chlorine disinfection

during water treatment. The corresponding half-life time was 12.1 min when chlorine concentration was 3 mg/L.
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Table 1 Physical and chemical properties of 4-TBP
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K(IIZ
Cl, + HLO==—HOCI + CI" + H* (6)
S~ KuCI
Z HOCl=—=— CIO™ + H* &)
g AR B, R NaClO ¥ 38 7 5 B 4 v
S HCIO A1 C1™ . 4 pH {8 = 3.5.[cl” 1= [HC0], =
2 42.17 pmol/LIN , AR 4% Wang 75 tH €L, (197K i 5
5- VR L R AT 1 x 107 mol/LAE A, I HLAE
: Clm W BAK (AN 35 pmol/ID G &L T HI K, 5
45 | | | | | 1 |

I
0 20 40 60 80 100 120 140 160
t/min

Bl 5 pH3T 4-TBP &Ll —Ksh hFE gk Fm
Fig.5 Influence on the pseudo-first-order kinetic

plots of 4-TBP chlorination with various pH

TR K KBEMG . 2 pH N 4 ~ 6, AN T3 R 3= 3
H HOCI M7 T2y 2B i e sE , B pK, B/, )
NG s A pH AR R I, 1y 2R o) LB R B T A
NI 55 R N TR . AR 35 38 (o) T AE AN TR pH(3
~12) N 4-TBP IS AL R A H k- IF 22
koo KT pH SRR LR, WK 6.

SRR, AE pH N 5 R 9 JEATRY, k53 A F]
S /MR S5 R AH TR FE M 2 N 40 W T-4R 4 NP E1
EE2"7 RIS A CBPADM™ ) Gtk 28 W 56 % H 0%+
pH {E AR AT HAL A5G R i £k . bl b T %00, 76 208 pH
{H4 1+~ HOCI-0Cl~ 5 4-TBP-4-TBP~ V- 5 /& & 1)
WA T AR, AT BT WY 2 [ e AR

4-TBP =22 4 TRP- (4)
[4-TBP], = [4-TBP] + [4-TBP™ ] (5)
[i) B 2 5 s 8 1) G, AAN [ R AU A7

[eim J=0 BAMET S K, FF 00 &2 507, B
PL Cl, 55 4-TBP IS4k SN AE S50 v 4 200 AN Tl
HZLE ARG FE T, HOC B TA A 2 ik — [ i i 7
PR, T HOCL A1 ClO ™ 2 [A) 1) 5 R 3t 2 1) 22 S AR A
PP 2 NaClO % T /K I 2 3 K g (X 8),
AR Clo” e AT HY A5 G AR HC10( 9
NaOCl=— Na* + ClO" (8)
ClO™ + H* == HCIO (9
HCIO J& — 55 1 , 75 7K e 23 350 43 43 filt ’ 25
(RN 100, HoHL BG4 Ko M

k. _tarlco]
aCl — HClO

K 32U JE TR 50 LUK pK o P BAH 201D

2R A
pK,a = 3000/T + 0.0253T - 10.06 (11D
7E 20°CHT, TH5EH HOCL 1 pK o, 9 7.00, FRA S
CI3E R LATHEH HOCL AT Clo™ I B 240K 7).
AILAARA, 24 pHAE A 5.0 H9K %) 9.0 I, HOCI )73
Be RN 0.97 FEAKE] 0.03, AN ClO™ 1) 73 lic & 2L
M 0.03 HEREIT 0.97. Fr LAGUAL SR, SR AR
Al LAZ3 4 HOCL A1 ClO™ 2 #f, B B S B2 ] LA

(100



73 PNGEVEESE s N 73 Wb TR 4- A0 T TR ALK AP (0 AL Bl ) 220 5T 1487

1.0

08 -

0.6 |-

HERHK

04

0.2

10

7 pH X HOCI#1 Cl10- #E AR
Fig.7 Influence on the distribution coefficient of
HOCI and ClO~ with various pH
VK
[HOC1], = [HOC1] + [C10™ ] (12>
7t pH = 5 I, 4-TBP 15 501 e N 801, 104 pH
<4 I, pK, XIFURIE R, X n] DAERE A it~ (CH* D)%)
HOCI 5 LA (1) 4-TBP 431 I I B i T fEAAEH
RIPR fi Ak S . (2 13414

ky
4-TBP + HOCI + H* — byproducts (13>

4-TBP + HOC]ﬁ byproducts 14>

Rebenne 25078 %6 i) 28—y i S AL 9 b 4R e

7E pH BAR KI5 &L, HOCl & 5 H* 45 & 4 ik

H,OC1* , X1 1 v] BLAR RS 20 C13) 4tk S S AL B 5

N 4-TBP ¥ 50 B I v, A8 0] UIR f b BE A% pH < 4
I s I 3 I B, WX C15) . (16):

K,
HOCI + H == H,0CI" (15

4-TBP™ + H,0CIl" k‘:‘{ byproducts (16
Hrpe k= KK,
1E5<pH <9 MY, pK, PIASKIE K n] LLIA
Mt HOCL M1 Clo™ 5 75 7 & 1) 4-TBP M B 1 &
4-TBP~ HL[A] S B R 2 5, L (14D (17).(18).(19):

ks

4-TBP™ + HOCl — byproducts an
k

4-TBP + ClO” — byproducts (18
ks

4-TBP™ + CIO™ — byproducts 19

SEA ROV (13D (14).(17)- (18D F1(19), 4-TBP
&5 ) 2] AR IR R
d[4-TBP],
v = - T
+ k,[4-TBP] + k,[4-TBP~ D
+[Clo™ 1Ck,[4-TBP] + k[4-TBP- D (20D
4[Hocl] = a,LHOCL],, [clo™ ] = a,[HOCL],
[4-TBP] = A,[4-TBP],, [4-TBP™ ] = A,[4-TBP],, L
A A FE A, sl hEHOCH] L clo™ 1.[4-TBP]
FL4-TBP™ 1Pt 7L HOCL ], 8L4-TBP], )LL), M) =X
(20) A] AL 8 K«
_ dL4-TBP],
- dt
+ 4,k A5 + ksayLHOCH),[4-TBP], (2D
S XN@OMAXQDATFH &, 2R TIH TR
by = Ch\LH T 4+ b LHY P 4 k[H K +
ELH 1K, + ks Ky )/(LH P+ [H 1K +
[H K, + Ko K (22)
R S8 15 &, 05 2 002 50 5 i e
SETEE by~ ey~ ey by K B COLER 20, RIS TF 5 5
BB ANBTTE 667 = D ke = Fapie )
JLQ D L P S |1 S I AvE Sy L B 2
AP R oF H A, o &R R pKy =
7.0(20°C ), 4-TBP 1] pK, = 10.4( 3% 1. & 2
AILLE b, Ak, AEAHX K, B AE 4-TBP 1%
A S S AR A BT CH OREAAE R, T 7RO e 211 R
ClO™ 8555 4-TBP N, BEW] Clo™ Aeft 4ok i 7 ik
FIBCE Y IR, 3X 0] B2 KA ClO~ S — i i A7 Pk 3
LM, HOCH A& — R v 20 7, 10 4-TBP 8534 L (1)
ZJ5 7t T—O0H MAE H At IE Lk, BT BAE 5 52 3]
oCl™ Briti. A I ks HITHSAE A 0, BEW] Clo™ 5
4-TBP™ JL P AN Y., 3 0] (i J2: BR] k3 2 il 36t [ 4 7y
FORLPE 2K, X5 pH > 9 B pKa T B K30 5 A1
/R
2.5 4-TBP #ERFH /KRG /K& 88 & A1k
TR
N VEY 4-TBP 7671 55 1L F2 T 8 A2 4k, i 50
FT pH=7,[4-TBP] ; = 6.21 pmol=L™" B A [F) G $%

= LHOCLICk,[4-TBPILH" ]

= [0 Ch LA ] + a4+ kyAy)

£2 4TBP MR _RRMERELITED (20°C, pH A 3~12)
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L/ Fey /12 * Cmol? *min) ™! ko /L* Cmol * min) ~*

k3 /L* Cmol * min) ~!

k4 /L* Cmol * min) ~! ks/L* Cmol *min) ~!

4-TBP 4.99(0.3) x 10° 2.5(0.20)

6.000.36) x 10

1.96(0.15) x 10* 0

DA 5 WL Ron fe N T5 %2
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