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The presence of phenol and chlor inated phenols in dr inking water 
has been shown to af fect  both taste and odour and to cause 
negative ef fects on health (Kozak 1979). The p r i o r i t y  pol lu tants 
l i s t  issued by E.P.A. includes eleven of these compounds as 
suspected carcinogens. Many authors have published t he i r  resul ts  
on chlor inated phenols but l i t t l e  a t tent ion has been focussed on 
the presence of bromophenols. Rook (1974) has demonstrated the 
presence of v o l a t i l e  brominated organic compounds when bromide is  
present, due to ch lor inat ion according to the fo l lowing react ion: 
HOCI + Br" �9 HOBr + CI ' .  S imi la r ly ,  brominated phenols might be 
formed during ch lor inat ion in the water works. Sweetman et al 
(1980a) reported the production of bromophenols resu l t ing  from the 
ch lor inat ion of d i s t i l l e d  water containing bromide ion and phenol; 
recent ly Watanabe et al.  (1984) observed the same ef fec t  by 
addit ion of bromide to wastewater. Bean et al.  (1980b) i den t i f i ed  
brominated compounds in marine water and Kuehl et al .  (1978a) in 
f i sh .  

More than 3 mi l l i on  inhabi tants in the area of 8arcelona (N.E. of 
Spain) drink water taken from Llobregat r i v e r .  Qual i ty of th i s  raw 
water is strongly influenced by high contents of bromide coming 
from sal t  mines located in the upper course of the r i v e r .  Levels 
of bromide range from 1 mg/l to 3,5 mg/l during 1979-1983. 
Brominated THM's in Barcelona's tap water in th i s  period, were the 
most predominant species reaching levels as high as 714 ~g/l 
(Ventura and Rivera 1985). Phenol and phenolic compounds are 
usually found in raw water in the ppb range but occasional s p i l l s  
may increase the phenol content up to parts per m i l l i on .  Levels of 
phenol ranged from 0, I  mg/l to 6 mg/l for the same period. This 
study shows the p o s s i b i l i t y  of formation of bromophenols during 
normal ch lor inat ion condit ions at Barcelona's water works plant .  

MATERIALS AND METHODS 

Many analyt ica l  methods for  the determination of phenolic 
compounds in water using HPLC (Realini 1981a; Kung-Chao and 
Suatoni 1982) or GC techniques have been published (Courts et al .  
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1979; Fogelqvist et al .  1980; Renberg 1981b). The procedures for  
i so la t ion  include l i q u i d - l i q u i d  ext ract ion (Realini 1981a; Coutts 
1979); concentration by anion-exchange resins (Chriswell 1975) or 
C 18 cartr idges (Renberg 1981c). Many phenolic compounds are 
amenable to gas chromatographic analyses e i ther  as free phenols 
(Giger and Schaffner 1981d) or der ivat ized as acetates (Coutts 
1979), pentafluorobenzylates (Kawahara 1968), heptafluorobutyrates 
(Lamparski and Nestrick 1978b) or pentafluorobenzoylates (Renberg 
1981b). In th i s  work, analyses have been carr ied out using 
l i q u i d - l i q u i d  ext ract ion and der i va t i za t ion  of phenols with 
pentafluorobenzoyl chlor ide according to the method described by 
Renberg (1981b). Gas chromatographic peaks have been i den t i f i ed  by 
t he i r  retent ion time and the i r  spectra by GC-MS. Also mass 
fragmentograms with s ign i f i can t  peaks were obtained. 

Solvent used -isooctane- (Fluka, Buchs, Switzerland) was HPLC 
qua l i t y .  Potassium hydroxide and sodium bicarbonate were of 
analyt ica l  grade (Panreac, Spain). Der ivat iz ing agent 
pentafluorobenzoylchloride (99%) was purchased to Fluka. the 
standards, phenol (99%) (C.Erba, I t a l y ) .  2 and 4 bromophenols, 
(95% and 99%), 2,4 and 2,6 dibromophenols (95% and 97%) and 
2,4,6-tribromophenols (98%) were Fluka. These standards were used 
without fur ther  pu r i f i ca t i on .  

A Konik-2000 has chromatograph equipped with a 63Ni electron 
capture detector (Tracor 560) was used. The column was 25 m x 0,25 
mm SE-30 fused s i l i c a .  Gas chromatographic condit ions were as 
fo l lows: H2ca r r i e r  gas 0,6 atm. N2 as make-up. 67 ml/min. In jector  
and detector 250~ and 330~ respect lvely.  Temperature program 
65~ to 300~ at 8~ A MS9 VG updated mass spectrometer 
connected to a Konik 2000 gas chromatograph and VG 11-250 data 
system was used. Chromatographic condit ions as described above 
using He as ca r r ie r  gas at 1 ml/min. The mass spectrometer 
operated in EI mode at 4 sec/scan time and I000 of resolut ion.  

Studies were performed using raw water from Llobregat r i v e r :  in 
order to evaluate the formation of bromophenols varying a) CI 2 
dose/phenol re la t ionsh ip ,  b) bromide ion contents of raw water and 
c) analyses of real samples along the r i ve r  course. 

Phenol (6 mg/l) was added to a raw water containing bromide (1:6 
mg/l not added) and chlor inated at d i f fe ren t  doses. Contact time 
was established to 24 hr. The CI 2 dose/phenol ra t i o  was I : I ,  2:1, 
4 : 1 : 7 : 1  and I 0 : I .  

To raw water containing 1 mg/l of bromide, phenol (6 mg/l) was 
added and chlor inated at 12 mg/l. To the same raw water, KBr was 
added to ensure a bromide concentration of 3.5 mg/l. The same 
amount of phenol and CI 2 dose were used. The contact time in both 
cases was 24 hr. 

Real samples alon 9 the r i ve r  course were analyzed. Neither phenol 
nor bromide were added. Samples were chlor inated at 12 mg/l, the 
common chlorine dose at Barcelona's water works plant .  
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A L 

1 phenol 
2 2-Chlorophenol 
3 4-Chlorophenol 
4 2-Bromophenol 
5 4-Bromophenol 
6 2,4-Dichlorophenol 
7 2,6-Dibromophenol 
8 unident i f ied 
9 2,4-Dibromophenol 
0 Dichlorobromophenol {n.d.) 
1 2,4,6-Trichlorophenol 
2 2,6-Dibromo-4-chlorophenol 
3 unident i f ied 
4 2,4-Dibromo-6-chlorophenol 
5 2,4,6-Tribromophenol 
6 Pentachlorophenol 

B j ~ ~  
Figure I. Influence of Cl 2 dose/phenol re lat ionship.  A) ra t io  4:1 

B) ra t io  I0 : I .  GC conditions described in the text .  
Iy 121 g 4 

B}: I mg / I  B~ : 3 .5  m g / |  

i 

I 

I 

Figure 2. Variation of bromide contents in raw water (Phenol added 
6 mg/l, C12 dose 12 mg/l). 
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Figure 3. Analyses of two samples col lected along the r i ve r  
course. 

RESULTS AND DISCUSSION 

Chlorine dose plays an important role in the formation of 
brominated phenols. I f  the chlorine dose/phenol ra t i o  is less than 
4:1, halogenated phenols (chlor inated, brominated and mixed) are 
formed. This is in agreement with Burtschell et al .  (1959). The 
maximum amount of brominated phenols were obtained at th i s  r a t i o .  
When the re la t ionsh ip  is changed to values higher than 4:1 (7:1 or 
I 0 : I )  r ing cleavage of phenol was observed. The ra t i o  at which 
phenol cleavage began appearing depended on the nature of raw 
water and chlor ine consuming substances. Eisenhauer (1968b) and 
Masschelein (1969) i den t i f i ed  fumaric and maleic acids 
(HOOC-CH=CH-COOH), t a r t a r i c  acid (HOOC-CHOH-CHOH-COOH), oxal ic  
acid (HOOC-COOH), g lyoxy l i c  acid (HOOC-CHO), g l yo l i c  acid (HOCH 
-COOH), cis-muconic acid (HOOC-CH=CH-CH=CH-COOH), formic acid 
(HCOOH), glyoxal (OHC-CHO) and CO as the main oxidat ion products 
of phenol. Figure 1 shows the inf luence of Cl 2 dose/phenol 
re la t ionsh ip  in the production of bromophenols. 

Figure 2 shows how the var ia t ion  of bromide in raw water af fects.  
An increase in bromide content tended to increase the bromination 
of the phenolic r ing to 2,4,6-tr ibromophenol, with the formation 
of mono and dibrominated der iva t ives .  A dramatic decrease of 
chlor inated phenols was observed. 

Analyses of real samples showed that  in normal condi t ions,  
brominated phenols are not present in chlor inated raw water from 
Llobregat r i ve r .  This is  due to several reasons, mainly to low 
phenol level and strong ch lor inat ion condit ions used in the water 
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The ident i f i ca t ion  of brominated phenols were confirmed by GC-MS. 
The peak base of pentafluorobenzoylated phenols is 195 due to (C6F 5 
CO)§ with a very small molecular peak. Mass spectra of some 
phenols found in the samples of f igure 2 are provided. The 
molecular peak was magnified in some cases to reveal the unknown 
compound (see Fig 4). 
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