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ABSTRACT 

4-C1i1oro-3-n1trolDenzotr1f luorlde dissolved In watar was irradiated (A i 300 m ) In the 
presence of suspended TIOj (3.0 + 0.1 g/1). The llloulnatlon energy was 28.1 + O.T *(/• . The 
disappearance of tho chaalcal as a function of the Irradiation tiae was aonltored with a gas 
chrautographlc technique. The disappearance rate was Initially h l ^ r , as the concentration 
diBinished by 50 « within the first 45-60 «1n of Irradiation, but It decreased with Increasing 
length of Irradiation. No ch««1cal loss was observed In pure water, or when TIOj was replaced 
with aqueous 2 X cetylpyrldlnlua chloride alone or aixed with 2 X catylpyrldlnlia chlorolo-
d1d». Keywords: aqueous photodegradation, b6n20tr1f1uor1des. photodegradation BOdalllng, 
envlroTBiontal roc1a»«t1on. 

nrmooucTicM 

4-Chloro-3-n1troibPBnzDtr1f1uor1de (WTT; Figure 1) and 30»» other benzotrlfluorldas were 
detected 1n a groundwater systaa used for private and agricultural supplies 1n northern 
Italy,' Cont«i1nat1on had been provoked by laproper disposal of a chaalcal waste coving froa a 
local factory producing Interaedlatas for pharmceutlcal products and agrochaalcals. 

AS we are currently Investigating sunlight-based photochaalcal techniques for detoxifica
tion of envlronaantany-laportant halogenated aroaatlcs, we thou*t It of Interest to use NCTT 
1n a pilot study to set up specific Investigation aethods and criteria. 

EXPERIMBfTAi. 

Cheaieals Analytical-grade n-hexane was obulned frea Carlo Erba (Milan, Italy) and usad aftar 
distillation In a glass apparatus. Carlo Erba also provided analytical-grade anhydrous sodlw 
chlorido, sodiua hydroxide, sodiun sulfate, and potassiui peraanganate. High-purity titanliai 
dioxide (anatasa) powder, for use as a soalcooductlve catalytic support • for KCTT, was froa 
Aldrich ChlBica (Hllan, Italy). Cetylpyrldlniua chloride waa furnished by Chealcal Market 
Research Service (Eschen, FRfl); cetylpyrldlniua chlorolodlde was aada In tho laboratory. 

High-purity water was obtained by first refluxing allcallnlzed distilled water In the 
presence of peraanganate for several hours in a glass apparatus: refluxed watar was then 
distilled off. 

w o n (froa Riaar Engineering, Trissino (vicenza), Italy) waa >9S « pore, as oonflraed by 
NMR (aaln lofwrlty: «-chloro-3-n1trotoluBn«). HCTT spectral features (Figure 1) and solubility 
in water (174 + 12 «g/l at 20 °C; N = 12) wore Investigated In tha laboratory. 

GlassMirv Pyrex glassware was used throughout. Iteas were carefully cleansed with detergent 
and water, rinsed with distilled wator. and kept at 250 °C overnight prior to use. 
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Figure 1 UV spectra of NCTT (15.0 ag/l) 1n high-purity water (a) and n-hoxane (b) woro record
ed with a Hewlett-Packard (Palo Alto, California, USA) Modol S452A spectrophotometer and a 
standard 1-ea cell. Absorbance of both solvents was <io"^ ovor ths full spectral range (190-
820 na). NCTT exhibits absorption bands only below 400 na. NCTT 1s a stable chealeal which has 
a aodorato acute toxicity In laboratory anioals' and a outagenic potential (UOS test).^ 

The vials for Irradiation wore dark, flat-bottooed cylinders (I.d., 3.0 ca; voluae, 
20 al) with an open, flanged top to accoaodate a transparent quartz disk (o.d., 3.5 ci»; thick-

+ 0.1 m ) , lator sealed with h1gh-vacui» sealant for preventing volatilization 
losses 

2.0 
« 

Apparatus A Hewlett-Packard (Palo Alto, California, USA) Hodel 6710 gas chromatograph, equip
ped with an electron capture detector (GC/ECD) and an HP-5 iO-a-long 0.53-e«-1.d. fused jiHr. 
coluan. was neorf *o' ;-.tV,t1co', useaiwiit. uc conditions woro: (a) Injection block, 200 °C; 
(b) oven, 130 "C; (c) detector, 300 °C ; (d) carrier and aakeup (for both, argon-10 X aethane 
alxturo) flow rates, 2.0 and 25 ml/Bin, respectively. 

A "solarbox"-type photoreactor was purchased froa CO.FO.ME.CSRA. (HUan, Italy) 
apparatus Bounted a 1.5-KM low-pressure xenon I M P and a filter systea to cutoff 
OOO na. IlluBlnatlon energy was aonitorod with a gauge (CO.FO.ME.SHA.) respoiiding to 
4B0-na light. When the laap was on, the Irradiation chaabar was ventilated to disperse 
saaples. Irradiated singly, wore kept at 15 °C by partially laaerging the vials In 
cooled by a Haake (Karlsruhe, FRG) Model F3 heat exchanger. 

The 
light 

heat; 
watar 

MCTT aneiiaant A portion (0.50 * 0.01 B 1 ) of the aqueous Batrlx containing NCTT was pipetted 
out and dissolved In SO-al n-hoxane. The organic eixturo was combined with a 5-g sodiu* 
chloride-sodiua sulfate (1:4) alxturo and allowed to dry overnight. GC/ECO deter»1nat1on was 
carried out with the external standard technique. 

RESULTS ANO DISCUSSION 

NCTT volatilization loss froa TlO.-added aqueous aedia was checked by irradiating sai^iles 
in vials top-blinded with alualmai foil. Irradiation conditions and lengths (up to 240 «ln) in 
the different checks were the saae as those later adopted in photodegradation trials. Since 
tha NCTT concantratlon in unexposed saaples («0.1 ± 3.2 ag/l; N : 10) was undlstlngulshable 
froa the check saaples (59.7 + 3.4 ag/l; N = 10), the vials proved to be satisfactorily 
vapor-tight. 
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TABtE 1. Photodegradation induced by slaulated sunli^t of 4-chloro-3-
nitrobenzotrlfluorido 1n aqueous solution in the presence of Ti02. 

Hean ( a g / l ) 
SD (og/1) 

VC (X) 
N 

Noraal ized nean 
SO 

VC (X) 

0.0 

80.1 
3.2 
5.25 

10 

1.000 
0.074 
7.42 

15 

4 1 . i 
2.1 
4.34 

10 

0.792 
0.054 
6.81 

30 

38.1 
2.4 

6,17 
7 

0.634 
0.051 
8.10 

UKADIATIOM 
45 60 

29.6 
2.3 
7.77 

3 

0.493 
0.046 
9.38 

27.7 
2.3 

8.16 
7 

0.461 
0.045 
9.70 

rJMF (min) 
90 120 

25,4 
0.6 
2.30 

3 

0.423 
0.024 
5.73 

22.1 
1.1 

4.86 
7 

0.368 
0.026 
7.15 

180 

17.7 
1.2 

6.66 
3 

0.295 
0.025 
8.48 

240 

12.5 
1.1 

8.77 
5* 

0.208 
0.020 
10.6 

(*) Froa original sovan-datua set, two outliers (Chauvenet's rule). 

During photodegradation trials, which took several days, the stability of illUDination 
energy was spot checked at different irradiation tines (from 0 to 240 Bin) by placing the 
gauge head at a fixed position next to the saaple where illumination was optimized. When all 
readings were conpared, it was found that the energy had remained constant (28.1 ± O.T W/n ; 
N = 20) throughout the study. 

A sunnary of photodegradation results Is presented in Table 1. Experimental conditions 
were as described above; independent trials were replicated three to ten tlaes. In the table, 
the upper four dai:a lines show direct concentration oeasurenents (ag/l), whereas the lower 
three lines represent tho above data normalized against the aean concentration value of 
unexposed (t = 0) sanples; standard deviation of normalized values was estimatod via the error 
propagation method. 

Experimental points are sho%ni in Figure 2, where regression curves are reported. 50 X of 
the initial NCTT disappears within the first 45-60 Bin; however, the disappearance rate 
bocoBes less with increasing irradiation time. Although no specific study on the order of 
reaction had been carried out, four matheaiatical models were used to fit the data: (a) an 
exponential function, I, and tlio linear ccabinations of (b) I and a steady-state function, II, 
(c) I and a linear function. III, and (d) two Is, IV. Aside free the latter, which did not 
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Figure 2 Photodegradation induced by slaulated sunlight of aqueous NCTT In the presence of 
suspended TIO^. Noraallzed experimental data and regression curves of Hodels I, II, and III 
(see Table 2) are shown. With reference to Hodel III (aean estlaates), 1t night bo predicted 
that NCTT photodegrades by 90, 99, or 9S.9 X after 360-, 450-, or 460-aln irradiation tioes, 
respectively. Fitting was perforaed with the derivative-free nonlinear regression BHDP-AR 
Prograa (BMDP Statistical Software, Inc., ig87, Los Angeles, Califomia, USA). 
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TABLE 2. Regression analysis data of TiOj-catalyzed photodegradation kinetics 
of 4-chloro-3-n1trobenzotrifluor1de exposed to simulated sunlight in 
aqueous medium (see Figure 2). 

HOOEL I REGRESSION CONVERGENCE CRITERION: SATISFIED 
RESIDUAL SUM OF SaUARES: 2.17E-03 
CHI-SQUARE OF RESiESSION: 3.69E-01 (D0F= 6) 
HEAN SQUARE ERROR: 3.10E-04 

PARAMETER STANDARD DEVIATION COEFFICIENT OF VARIATION 
yl 0.932419 0.052696 0.066408 
k3 0.009980 0,001619 0.162265 

HOOEL II REGRESSION CONVERGENCE CRITERION: SATISFIED 
RESIDUAL SUM OF SQUARES: 3.17E-04 
CHI-SQUARE OF REQRESSION : 3.67E-02 (0OF= 5) 
HEAN SQUARE ERROR: 5.28E-05 

PARAMETER STANDARD DEVIATION COEFFICIENT OF VARIATION 
yl 0.721305 0.036920 0.051185 
y2 0.276397 0.031402 0.113613 
k3 0.023138 0.002830 0.122330 

HODEL III REGRESSION CONVERGENCE CRITERION: SATISFIED 
RESIDUAL SUH OF SQUARES: 1.37E-04 
CHI-SQUARE OF REGRESSION: 7.68E-03 (0OF= 4) 
HEAN SQUARE ERROR: 2.74E-05 

PARAMETER STANOARO DEVIATION COEFFICIENT OF VARIATION 
yl 0.542964 0.059433 0.109459 
y2 0.463933 0.059677 0.128633 
k3 0.035038 0.006729 0.192062 
k4 0.001001 0.000339 0.338789 

provide a converging regression, the other models reached convergence yielding significant 

fittings (Chi-square tost; Table 2), Froa Figure 2, it is evident that only III fits the 

ijApti(-iMan(.al points closely, wniie xne otner mooeis oo not, especially for long irradiation 

tines. 

NCTT photocheaical behavior was studied also In different aedia. As could be predicted 

froa Figure 1, no NCTT loss was observed in pure water. Similarly, losses were not observed 

when TIO, was replaced with 2 X cetylpyrldlniua chloride or with a alxturo of 2 X cetylpyrldl

niua chloride and 2 X cotylpy-idlniuw chlorolodlde,* both prsdjelris sicsllsr Mtricss. As tc 

the latter, this finding was expected.° Additional data will bo reported soon.° 
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