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ABSTRACT 

Waters from the Rivers Irwell and Etherow and from the Prestwich sewage treatment plant 
effluent, Manchester, U.K., were analyzed for the presence of phthalate esters using computer- 
assisted gas chromatography-mass spectrometry (GC-MS). Extraction was with CHC13. Liquid 
chromatography clean-up was used for compound separation. Several phthalate esters, i.e. diethyl 
(DEP), butyl-2-monopropyl (BMP), di-n-butyl (DBP), di-2-ethylhexyl (DEHP) and di-iso-octyl 
(DIOP), were found to be present at 0.4-33.5 pg1-1. A study on uncontaminated waters was 
undertaken to establish blank levels. 

INTRODUCTION 

P h t h a l a t e  es ters  a re  a m o n g  the  mos t  common  indus t r ia l  chemicals .  They  are  
used in the  p roduc t ion  of va r ious  p las t ics  ( including PVC), in insect  r epe l l en t  
p r epa ra t i ons ,  cosmetics ,  deco ra t ive  inks,  muni t ions ,  and  indus t r ia l  and  lubri- 
ca t ing  oils (Pierce  et al., 1980). 

P h t h a l a t e  es ters  a re  made  indus t r i a l ly  by es ter i f ica t ion  of  the  a p p r o p r i a t e  
a lcohol  and  ph tha l i c  anhydr ide ,  in the  p resence  of ca t a lys t s  such  as su lphur ic  
acid, or  non -ca t a ly t i ca l l y  a t  h igh  t empera tu re .  In  mos t  cases they  are  l iquids 
of  ve ry  h igh  boi l ing po in t  and  ve ry  low v a p o u r  p ressure  (the low v a p o u r  
p ressure  is i m p o r t a n t  in use, con t r i bu t i ng  to the i r  genera l  s tab i l i ty  in plast ics) ,  
thus  they  are  used to i m pa r t  f lexibil i ty to p las t ics  and  m a y  compr ise  as m u c h  
as 50% by we igh t  of  the  final product .  Such  p las t ic izers  a re  not  po lymer ized  
in to  the  p las t ic  m a t r i x  and  may,  wi th  t ime, m i g r a t e  f rom the p las t ic  in to  the  
ex t e rna l  e n v i r o n m e n t  (Huff  and  Kluwe,  1984). A n o t h e r  source  of  env i ronmen-  
ta l  c o n t a m i n a t i o n  is indus t r i a l  was te  d i scharges  (Hites,  1973; J u n g c l a u s  et al., 
1976, 1978). 

The  ub iqu i ty  of  p h t h a l a t e  es te rs  in the  aqueous  e n v i r o n m e n t  is well  known.  
The i r  o c c u r r e n c e  has  been  r epor t ed  in r ive r s  (Hites,  1973; Sheldon and  Hites ,  
1978, 1979), and  in indus t r i a l  was te  wa te r s  ( J u n g c l a u s  et al., 1976, 1978). They  
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are found in Philadelphia drinking water  (Suffet et al., 1980) and in tap water 
from the Municipal Insti tute of Environmental Health Sciences, Shinike, 
Japan (Shinohara et al., 1981). They are also found in the water, fish and other 
aquatic organisms of the Gulf of Mexico (Giam et al., 1975), and in sediments, 
bivalves and fish from the estuary of the River Crouch (Waldock, 1983). Studies 
on biological accumulation, biodegradation, biomagnification and other 
properties have been reported (Mayer et al., 1972; Pierce et al., 1980; Russell et 
al., 1985; Shanker et al., 1985). 

Today, the ubiquity of phthalate esters in the environment has given rise to 
a heightened awareness of the biochemical and toxicological roles of these 
compounds in man and animals. Although they have been previously reported 
to have a low order of toxicity in guppies and zebra fish (Mayer et al., 1972), 
recent studies have shown the subtle toxicities of these compounds in rats and 
mice and in mammalian cells of Syrian golden hamster embryo (Tomita et al., 
1982; Huff and Kluwe, 1984). These reports showed carcinogenic and mutagenic 
effects of phthalate esters in experimental animals. It is this demonstration of 
subtle toxicity that  makes it important to obtain knowledge of these 
compounds in the environment. We have examined water  from rivers in 
Manchester,  U.K., and from the city sewage treatment plant for the presence 
of phthalate esters. We selected Manchester  because it is one of the most indu- 
strialized cities in the northwest  of England and some of the industries, par- 
t icularly those producing plastic products, are located on the banks of the 
rivers into which they discharge their waste water, either directly or 
indirectly. Although these rivers do not serve as a source of drinking water  for 
the area, the resulting adverse ecological effects these compounds may have on 
the aquatic biota, and the possible bioaccumulation in food chains, make the 
monitoring programme important. 

EXPERIMENTAL 

Apparatus 

A computerized Finnigan GC-MS with quadrupole mass analyzer was used, 
coupled to a gas chromatograph via a glass-lined jet  separator operated in the 
electron impact mode. Spectra were obtained by continuous scanning under 
control of the data system. 

Reagents 

All chemicals used were of analytical reagent grade. The solvents used were 
,further purified by double distillation. Sodium chloride and sodium sulphate 
were purified by heating in an oven at 400-500°C for 3 h. 

Sample collection 

During 1984, water  samples were collected from the Rivers Irwell and 
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Etherow, and from the Prestwich sewage treatment plant effluent. Water 
samples were collected in clean, dry, 2.51 Winchester glass bottles and acidified 
immediately with HC1 to pH 2 to prevent microbial degradation of the organic 
matter. They were then stored at 5°C until analyzed. 

Extraction of water samples 

Aliquots (1 or 2 l) of the water samples were saturated with about 150-300 g 
NaC1. Each sample was then extracted three times with 60ml CHC13. To 
remove fatty acids, the CHC13 extracts were combined and washed three times 
with 10 ml 0.1 m Na~CO3. The CHC13 extracts were concentrated and the residue 
was dissolved in 1 ml CH2C12 and chromatographed through a silica gel column 
(60-120 mesh, 5% water). Hydrocarbons and phthalate esters were eluted 
successfully with 20 ml hexane and 30 ml benzene/ethyl acetate mixture (95:5 v/ 
v), respectively. The benzene/ethyl acetate eluate was collected and con- 
centrated in 1 ml glass ampoule. The efficiency of solvent extraction was not 
determined, hence quoted data are minimum possible concentrations. 

GC-MS analysis 

The benzene/ethyl acetate residue obtained after concentration was 
analyzed using a computerized Finningan GC-MS with quadrupole mass 
analyzer. One microlitre of the worked sample was injected onto a 25 m, SE-30 
capillary column with a splitless injection. The carrier gas was helium 
maintained at a flow rate of 10 psi. Other GC-MS conditions for the analysis 
were as follows: manifold set point, 80°C; septum set point, 240°C; column 
programmed from 40°C (50°C for LF3 and LF4) to 325°C at 80°C min-1; final time, 
10 min; scan from 45 to 500 amu in 1.0 s. 

Identification of compounds in the aqueous extract was based on comparison 
of electron impact mass spectra of a sample with those of reference spectra. 
Component identification was by accurate mass measurements and the 
assignment of atomic compositions to the major fragment ions. Thus, the 
phthalates were detected by searching for m/z 149.0238, C8H50~ • Quantization 
was by internal standardization, using n-butyl benzoate (a non-aqueous 
pollutant) as internal standard. 

RESULTS AND DISCUSSION 

The concentrations of phthalate esters found in the water samples are given 
in Table 1. Figure 1 illustrates the reconstructed ion-count chromatogram for 
a water extract from the River Irwell; similar patterns were obtained for other 
samples. 

The data show significant concentrations of phthalate esters in the rivers, 
with an average value of 6.39 + 10.72 /~g1-1 and a range from 0.2 to 33.5#gl -1. 
Some of these values are higher than the U.S. EPA water criteria of 3 #g l-1 for 
the protection of fish and other aquatic life in rivers (Hellawell, 1988). There 
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TABLE 1 

Variation of phthalate esters in river waters and sewage effluent 

Sample a Sampling 
date 

Five major constituents b (#g I -I) 

DEP BMP DBP DEHP DIOP 

LF 1 08 Jan. 84 0.4 4.2 12.1 0.4 2.3 
LF~ 17 Jan. 84 0.4 1.9 33.5 ND ND 
LF 3 14 Feb. 84 0.4 3.3 32.5 1.6 ND 
LF4 04 Mar. 84 0.6 9.2 23.5 ND 1.6 
LF s 07 Mar. 84 0.4 1.1 6.0 1.9 ND 
Overall mean 0.4 3.9 21.5 0.8 0.8 
Standard deviation 0.1 3.2 12.2 0.9 1.1 
% composition 1.4 14.6 79.4 1.6 3.0 

aLF1, River Irwell sample (a) near Manchester University; LF2, River Irwell sample (b) near 
Manchester  University; LF s, River Etherow sample (c) near Glossop; LF 4, River Etherow sample 
(d) at Broad-bottom; LFs, Prestwich sewage treatment plant effluent. 
bDiethyl (DEP); butyl-2-monopropyl (BMP); di-n-butyl (DBP); di-2-ethylhexyl (DEHP); di-iso-octyl 
(DIOP). 
ND, not detected. 
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Fig. i. Peaks 580, 771, 998, 1068, 1449 and 1505 correspond to the n-butylbenzoate, di-ethylphthalate, 
butyl-2-monopropylphthalate, di-n-butylphthalate, di-2-ethylhexylphthalate and di-isooctyl- 
phthalate peaks, respectively. All other peaks are complex unresolved neutral compounds. 
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are no EIFAC* criteria for phthalate esters in rivers (Hellawell, 1988). The five 
major components in the rivers are diethyl (DEP), 1.4%; butyl-2-monopropyl 
(BMP), 14.6%; di-n-butyl (DBP), 79.4%; di-2-ethylhexyl (DEHP), 1.6%; and 
di-isooctyl (DIOP), 3.0%. The total contents of phthalate esters in the Irwell 
(average, 5.52 _+ 10.53 pg 1-~) are comparable to those in the Etherow (average, 
7.26 + 11.48 ~g1-1). The concentration of DBP (average, 25.38 + 10.70 ~g1-1) 
was very high in both rivers and was a major component in all samples 
analyzed. The presence of phthalate esters in the rivers is not unexpected 
because some factories which make plastic products are located near the banks 
of these rivers, and discharge their waste waters either directly or indirectly 
into the rivers. 

Our results compare favourably with those reported elsewhere for rivers 
polluted with industrial chemicals, for example New England rivers, U.S., 
1-30 ~g l- 1 (Hites, 1973) and the Delaware River, U.S., 0.3-50 ~g l- 1 (Sheldon and 
Hites, 1979) for di-n-butyl phthalate and di-ethylhexyl phthalate detected in 
these rivers. 

The occurrence of phthalate esters in Manchester  rivers is consistent with 
the industrial activities of the city. Other probable sources include leaching 
from disposed plastic wastes. 

Levels of phthalate esters in the city sewage effluent are considerably lower 
[0.2-6.0~g1-1 (average, 1.88 + 2.68~g 1-1)] than those in the Irwell (average, 
5.52 + 10.53#g1-1). 
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