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During the decay process of plant material a number of phenolic 
compounds are released into the environment. Previous studies on 
water courses have shown that f ive phenolic acids derived from 
plants predominate with 4-hydroxycinnamic acid as the major 
compound (Kickuth 1982). Some phenolics are potent ia l ly  
hazardous and these compounds are important water contaminants 
(Korte 1980; Le Blanc 1980). 
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Figure 1: Phenolic acids derived from plants ident i f ied  in a 
stream in Sudniedersachsen (FRG) (af ter  Kickuth 1982). 

As can be seen from Figure 1 the subst i tut ions pattern and 
C-3-methylation possible confirms the i r  or ig in as l ign in  
fragmentation products of l i t t e r  decay. This is important, since 
the edaphone and other microorganisms are capable of biosynthesis 
of aromatics, and therefore potential contributors to the 
environmental contamination (e.g. so i l ,  water) with phenolic 
compounds (Haider and Martin 1967). Many of these compounds can 
travel through the soil matrix and enter a water stream. 
However, water supplies are rout inely chlorinated which leads to 
the chemical chlorination of phenolic water contaminants. These 
natural ly occurring phenolics may therefore change the i r  
chemical and biological behaviour and probably become, af ter 
chlor inat ion, increasingly tox ic .  Although the occurrence of 
water compounds in tap water have been increasingly 
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investigated with focus on industr ial  water pol lutants, i t  is not 
f u l l y  understood to what extent the decay of plant material 
contributes to phenolic water contamination. Great concern about 
routine water chlorination has been expressed, because of the 
chlorination of a l iphat ic and aromatic water contaminants 
possibly accompanied by a change in the i r  chemical and biological 
behaviour and the synthesis of organochlorine der ivat ives. The 
present s i tuat ion does not allow any prediction of the chemical 
and biological behaviour of the parent compound nor is i t  
possible to anticipate the amount and potential r isk of i t s  
organochlorine derivat ives. The objective of the present work 
was to study the chemical behaviour of plant-derived phenolic 
acids under conditions similar to the routine water chlor inat ion. 
The t o x i c i t y  of the chlorophenolic mixtures was assessed on a 
Escherichia coli strain similar to that found in the human 
intest ine.  

MATERIALS AND METHODS 

Chemicals and chlorophenol synthesis. The 4-hydroxybenzaldehyde, 
4-hydroxybenzoic acid, 3,4 dihydroxybenzoic acid, 
4-hydroxy-3-methoxybenzaldehyde, 4-hydroxy-3-methoxybenzoic acid 
and the 4-hydroxy-3-methoxycinnamic acid were obtained from 
Fluka, Swiss with a pur i ty > 99%. The 4-hydroxycinnamic acid was 
obtained from Merck-Schuchardt, West Germany with a pur i ty of 
> 99%. The synthesis of the chlorophenols was carried out by 
weighing I / I00  molar chemical into a Erlenmeyer flask and the 
addition of i0 ml glacial acetic acid. After br isk ly  shaking, 
the chemicals dissolved well and were ready for a f ive minute 
excessive chlorine incubation. After chlorine treatment the 
mixtures were incubated for 30 minutes at room temperature in the 
dark. The solvent is removed with a rotary evaporator in a water 
bath at 60~ For 48 h the chlorophenol mixtures were dried with 
phosphorus pentoxide at room temperature, vacuum and protection 
against i l luminat ion.  

Analysis of single chlorophenol der ivat ives.  One and two 
dimensional th in- layer  separations of the chlorophenol mixtures 
was carried out by using for the f i r s t  dimension a mixture of 
4 ml paraff in,  11 ml benzene, 33 ml glacial acetic acid, 77 ml 
cyclohexane and 10 ml chloroform and for the second dimension a 
mixture of 174 ml benzene, 20 ml dichloromethane and 6 ml glacial 
acetic acid. For the present work thin layer plates (Merck, FRG) 
with the size 20 x 20 cm and a f i lm thickness between 250 ~m to 
1000 ~m appeared to be advantageous. Single chlorophenol 
derivat ives were recognized by ei ther using thin layer plates 
containing the fluorescence indicator 60F for 254 nm or the 
following coupling agents as described by Hinney (1972): 
diazot izat ion of sulphanil ic acid ( I ) ,  s i l ver  n i t ra te reagent 
(2), 4-4'-Bi(2-methoxybenzene diazoniumchloride) (3). 

Single spots of the th in- layer  plates were gently isolated with a 
scalpel and several times washed with glacial acetic acid. After 
removal of solvent, the chlorophenol derivat ives were dried and 
further spectroscopic analysis was carried out employing UV, IR 
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and IHNMR-spectropscopy. 

Measurement of chlorophenol t o x i c i t y :  The t o x i c i t y  of the 
chlorophenol mixture was measured on E. col i  DSM 613. The 
bacter ial  t o x i c i t y  was correlated to the i n h i b i t i o n  of growth at 
various concentrat ions. 

RESULTS AND DISCUSSION 

The th in - l aye r  separation of the chlorophenol mixtures appeared 
to be a good and r e l a t i v e l y  simple method. As i t  can be seen 
from Table 1 there are remarkable di f ferences in the synthesis of 
chlorophenol der i va t i ves .  In the case of the 4-hydroxybenzoic 
acid only two ch loroder ivat ives were apparent, whereas the 
4-hydroxy-3-methoxybenzoic acid produced more than 15 
der iva t ives .  The electrochemical s t a b i l i t y  of the parent 
compound (non-chlorinated compound) probably counts as an 
important fac tor  in the capab i l i t y  of producing a large number of 
ch loroder ivat ives.  Indeed i t  appears that  the v ic ina l  
subs t i tu t ion  in the C-3 and C-4 posi t ion are l i k e l y  to inf luence 
the chemical r e a c t i v i t y .  In each case these chemicals 
demonstrated comparable high r e a c t i v i t y  under the ch lor ina t ion  
condit ion and produced a large number of chlorophenol 
der iva t i ves .  Best detection of s ingle ch loroder ivat ives were 
obtained by using th in - l aye r  plates containing a fluorescence 
ind ica tor .  In some cases two-dimensional t h i n - l aye r  separation 
achieved fur ther  i so la t ion  of ch loroder ivat ives as in the case of 
the 4-hydroxycinnamic acid. Five addit ional der iva t ives  were 
separated in the second dimension. These addit ional der ivat ives 
exert a changed absorption behaviour for  254 nm and for  some 
spots had a d i s t i n c t  absorption at 366 nm ( resu l ts  not shown). 
The use of al l  3 coupling agents were proved to be less sens i t ive  
in the detection of single chlorophenol der ivat ives compared to 
the U.V. detect ion at 254 nm. The present resul ts  of the 
ch lor inat ion of 7 plant-der ived phenolics provide ind ica t ion  of 
the synthesis of > 60 ch loroder ivat ives (see Table I ) .  Many of 
these compounds i nd i v i dua l l y  are l i k e l y  to be acceptable in low 
concentrat ion, however, with the formation of such a large number 
of der iva t ives  the accumulative concentration is  r e l a t i v e l y  high. 
Moreover i t  has yet to be proved that  ind iv idual  der iva t ives  are 
important tox icants  or whether there are synerg is t ic  e f fec ts  when 
they are applied in combination with other der iva t ives  and water 
contaminants. This could lead to an unacceptable level of 
t o x i c i t y .  

Table 2 l i s t s  the average concentration of some plant-der ived 
phenolic water contaminants. Because of i t s  funct ion as a major 
contaminant, i t  appeared reasonable to choose the 4-hydroxy- 
cinnamic acid for  model react ions. Af ter  ch lor inat ion of the 
4-hydroxycinnamic acid, the chlorophenol mixture was separated on 
a th in - l aye r  system and the major chlorophenol de r i va t i ve  was 
iso lated.  

Infrared spectroscopical analysis (Fig. 2) revealed the fol lowing 
st ructure:  868 
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Figure 3. Infrared spectroscopic analysis of the main 
chlorophenol derivative of 4-hydroxycinnamic acid. 
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Figure 4. IHNMR analysis of the main chlorophenol derivative of 
4-hydroxycinnamic acid. 
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Table 1. Number of separated chlorophenol mixtures on a 
one-dimensional th in- layer system with comparison of di f ferent 
detection methods 

Detection method 

UV Coupling Agents 
Chlorophenol 254 nm (as described by 

mixture Hinney 1972) 
(1) (2) (3) 

4-hydroxybenzaldehyde 

4-hydroxybenzoic acid 

6 2 2 2 

2 2 2 2 

3,4-dihydroxybenzoic acid 10 

4-hydroxy-3-methoxy 13 
benzaldehyde 

8 8 I0 

4-hydroxy-3-methoxy 15 8 9 9 
benzoic acid 

4-hydroxycinnamic acid 8 7 7 7 

4-hydroxy-3-methoxy 11 
cinnamic acid 

9 - i0 

Table 2. Average extraction of plant derived phenolics from the 
'Auschwippe', a water stream in Sudniedersachsen (FRG) (af ter  
Kickuth 1982). 

Chemical Quantity 

4-hydroxycinnamic acid 380 ug/l 

4-hydroxybenzoic acid 210 ug/l 

3-methoxy-4-hydroxybenzoic acid 165 I]g/l 

3-methoxy-4-hydroxybenzaldehyde 40 ug/l 

The infrared spectroscopic analysis (Fig. 3) was not ent i re ly 
confirmed, since the proton nuclear magnetic resonance of the 
same compound lacked the halogen addition reaction of the double 
bond of the side chain (Fig. 4). According to the 
IHNMR-analysis of th is compound only the 3,5 dichloro 
substitution of the ring can be confirmed. However, the UV 
absorption shows a hypsochromic effect (blue sh i f t ) ,  which is 
typical for losses of double bonds (Fig. 5). Moreover, 
elementary analysis confirmed the tetrachlor ine substitut ion 
leading to the formula of C9H6CL403 (data not shown). From the 
results obtained the authors believe that the tetrachlor ine 
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OH + 
) ," " HC=CH-COOH 

210 220 2CO 260 280 300 320 3/-.0 360 

Figure 5. Ultraviolet absorption of the main chlorophenol 
derivative of 4-hydroxycinnamic acid. (1) chlorinated; 
(2) non-chlorinated. 

substitution is the most probable reaction product. Di f f icul t ies 
in the preparation of this compound, i ts  isolation and i ts  
photochemical instabi l i ty  may account for the discrepancy of the 
NMR-spectrum compared with other results. 
Many investigators have studied the occurrence of organic 
contaminants in the tap water. Two hundred and eighty nine 
organic compounds have been extracted and isolated from the tap 
water of the United States (Tardiff et al. 1978). Approximately 
40% of these compounds were halogenated. In a study by the U.S. 
Environmental Protection Agency in 1975 five representative 
ci t ies were chosen for analysis of the tap water. Up to 50% of 
the extracted organic contaminants were halogenated, including 
the compounds chloroform, bromoform, chloroethane, vinyl chloride 
and vinylidene chloride. Twenty six organic chemicals in the 
drinking water have been identif ied as either carcinogens (twenty 
one) or potential carcinogens and promoters (f ive). 
Additionally, twelve carcinogens have been analysed in raw water 
supplies (Kraybill 1978). Other workers studied the genetical 
risk of some chlorinated water contaminants including the 
5-chloruracil which is known to interact with DNA (Witkin and 
Parisi 1974). Because of i ts  potential risk as an organic 
halogenated water contaminant the toxic i ty of the chlorophenol 
mixture of the 4-hydroxycinnamic acid was studied. The toxici ty 
of this compound was assessed on an E. coli strain DSM 613 which 
resembles the E. coli f lora of the human intestine. 

As can be seen from Figure 6 thcre is a good linear relationship 
between the concentration of the chlorophenol mixture and the 
inhibit ion of growth. At a concentration of 1250 ppm the growth 
of the bacterial colonies were inhibited. I t  was necessary to 
assess the toxic i ty of the chlorinated 4-hydroxycinnamic acids as 
a mixture to mimic their occurrence in water supplies. 
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Figure 6. Growth inh ib i t ion  of Escherichia col i  DSM 613 with 
the chlorophenol mixture of 4-hydroxycinnamic acid at various 
concentrations. 

The present work does not not imply an immediate r isk for the 
E. coli f lora of the human intest ine.  Assuming an average 
concentration of about 380 ~g extractable 4-hydroxycinnamic acid 
per l i t e r  tap water (see Table 2), the concentration of i t s  
chlorophenol mixture must r ise x3,000 to show acute oral 
t o x i c i t y .  However, the effects of a long term exposure to low 
concentrations have not been studied, nor the dose response 
relat ionship with respect to other water contaminants. 

Phenolic compounds have a high par t i t ion  coef f ic ient  for l ip ids  
and hydrophobic compounds and are known to be membrane poisoning 
(Riley and Seal 1974). Although bacterial systems are useful in 
toxicological screenings they lack sens i t i v i t y .  Certainly, the 
bacterial cell wall d i f fers  from the more sensit ive and 
vulnerable mammalian cell membrane. However, future studies must 
focus on the l im i ta t ion  of a simple toxicological screening 
method and incorporate studies on the mammalian in test ine.  This 
would provide important information of the toxicological 
potential of the chlorinated 4-hydroxycinnamic acid and would 
help to evaluate the r isk of plant-derived phenolic water 
contaminants in drinking water. 
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