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SUMMARY 

An 2nalyticaI scheme has beea developed for the isolation, separation and 
identification of trace levels of non-volatile organic compounds from drinking water. 
The work described was carried out in two parts. In the first part, the methods used 
for the analysis of four selected non-volatile organ& are detailed and the results 
of 2 limited survey for these compounds presented. The extension of this approach, 
using high-performance liquid chromatography (HPLC), to the analysis of a wider 
range of non-volatile organics is described in the second part of the work. Sepa- 
ration of extracts was carried out by reversed-phase HPLC both on analytical and 
prepz+.rative scale. Preparative HPLC fractions were then examined by electron 
impact and field ionisation mass spectrometry in order to attempt identification of 
separated components. 

INTRODUCTION 

In recent yeahs concern has arisen over the potential he&b risks posed by: 
trace levels of organic compounds in drinking water. This concern has developed 
from increasing knowledge of the importance of euviroumeuti chemicals in relation 
to chronic disease, esrzeC;alry cancefi. A particularly important factor in the growth 
of this concern has been the availability of suitable anaIytical techniques (especialIy 
gas chromatography-mass spectrometry, CC-MS) for the separation and identifka- 
tion of low levels of organic compounds in water. 

Whife it is normal for drinking water supplies to contain several hundred 
milligrams per litre of inorganic constituents, the concentration of organic compounds 
rarely exceeds 20 mg, and is more typically in the range 549 m&l for drinking 
water derived from surf&e water sources. This small quanti~ OF orgbc mabxid is 
a complex mi~tire of compounds with both synthetic and natural origin. The major 
source of organic c~mpoumls is probably domestic and industrial waste water, but 
other sources are agricultural and road run-off and from atmospheric fall-out_ In 
addition all waters contain numerous organic compounds which are of natural origin. 

Conventional water treatment systems are primarily designed for cIariGcation, 
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by coaguh+tion and f&ration, and disinfection usually with chlorine- It is now re2hsed 
however that a large number of organic compounds are not removed by this 
process. In addition, many organic compounds undergo substitution and/or oxida- 
tion reactions during the treatment of water with chlorine, producing a wide range 
of c’hlorinated and other organic compounds. 

A large amount of work has now been carried out on the analysis and iden- 
tification of organics in drinking water. For example in 1975 over 360 compounds 
had been identified in European potable waters* with many more now found in 
American drinking waters?. However this ckta was largely obtained by the use of 
GC-MS 2nd was therefore heavily biased towards volatile substances. Since it has 
been estimated that only 10-20 % of the organic matter in drinking water is amenable 
to analysis by GC-MS, little information exists on the bulk of organic matter present 
in potable sapplies. The identification of the remaining SO-90°/0 is therefore of prime 
interest. This was emphasised in a recent World Health Organisation report on the 
“Analysis of organic compounds in water to support health etRcts studiesw4, which 
gave a high priority to the need for the development of analytical techniques for 
organics not detectable by GC-MS. 

High-performance liquid chromatography (HPLC) is ideally suited to the 
separation of mixtures of bi_&ly polar and non-volatile compounds. The pioneering 
work by Katz et GZ.~ in identilying non-volatile compounds of biologic2l origin in 
sewage efhuent illustrated the potential of HPLC when applied to this problem. 
Fifty-eight compounds were identified in primary and secondary effluents and over 
1OQ compounds were detected6. In another phase of the work over 60 chlorin2ted 
compounds were detected (17 tentatively identified) in municipal sewage after labo- 
ratory chlorination’- Separations were c2rried out on high-performance anionexchange 
columns with detection by W absorption, liquid scintillation counting after 
laboratory chlorination of samples with Cl% (ref_ 8) or by cerate oxidimetry9. 
Identification of the various compounds isolated was obtained using GC-MS (after 
suitable derivatisation). Derivatisation of organic compounds is 2 common method 
of increasing the number amenable to GC analysis, but its scope is limited since 
many non-volatile substances either do not derivatise or are still not volatile 
enough for GC analysis after derivatis2tion. Therefore a method is needed that is 
applic2ble to non-voIatiIe orgmics in generalxo. 

This paper describes an approach to the problem of extraction, separation and 
identXcation of non-volatile organic compounds in drinking water. Initially our 
interest was centred on chlorinated non-volatile organ& formed during water treat- 
ment since it has been reported that some of these are mutagenic”. A method was 
therefore developed fcr the analysis of four selected chlorinecontaining compounds 
(viz. : 5-&lorouracil$&lorouridine, 4zhlororesorcinol 2nd sChloros2licylic acid) 
previously shown by Jolley and co-workers’ to be formed during laboratory chlorina- 
tion of lake, river 2nd waste water samples. One of the reasons these particular 
compounds were chosen was that their non-chlorinated analogues represent classes 
of organic compound likely to be present in source waters used for potable supply. 
Further, each of the four compounds was amenable to derivatisation with silylating 
reagents and therefore their pzsence could be confirmed by glass capillary GC. 

In the second part of the work the analytical scheme developed for moni- 
toring the faur selected chlorine-containing compounds was modified to include the . 
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separation and identification of as wide a range as possible of non-volatiles present 
in drinking water. 

EXPERIMENTAL 

Material.. and reagents 
Me’Lhanol was generally used as received (Bathburn Chemicals, Walker- 

burn, Grezt Britain). When obtaining fractions for examination by field desorption 
mass spectrometry the methanol used was distilled in an all-glass apparatus with 
a FTFE-coated condenser, still-head and draw-off tube and then stored in PTFE 
bottles. The solvent reservoirs for the HPLC pump were also made of PTFE. The 
methanol purchased was found to contain trace levels of sodium and potassium 
ions which interfered with the desorption of organic compounds from the emitter 
during field desorption mass spectrometry. Distillation of the methanol in a PTFE 
lined apparatus was found necessary in order to reduce these levels. Water was 
obtained from an apparatus (Fisons, Cambridge, Great Britain) in which tap water 
is deionised and double distilled_ Acetic acid was A&tar grade (BDH, Poole, Great 
Britain). Pyridine (silylation grade) and bis(trimethylsilyl)trifluoroacetamide were used 
as received (Pierce and Warriner, Chester, Great Britain). 5-Chlorouracil, S-chlo- 
rouridine (Calbiochem, Bishops Stortford, Great Britain), +chlororesorcinol and 
5chlorosalicylic acid (Aldrich, Gillingham, Great Britain) were used as received. 

Sampling 
Samples were collected in clear glass bottles (5 I or 10 1 capacity) with 

ground glass stoppers, previously washed with Deco@ solution followed by rinsing 
with tap water, methanol and tap water again. Samples were taken of the finished 
water @i-e., immediately before the water enters the distribution system) of con- 
ventional water treatment works. Samples were stored in the dark during trauspor- 
tation and extracted as soon as possible (usually the same day). When necessary, 
samples were stored in the dartr at 4” while awaiting analysis. 

Samples were spiked, when required, immediately before extraction. A stan- 
dard solution (10 mg/l) of each of the four selected or,o;anics was made up in water 
and a microlitre syringe was uss to dispense the desired amount. 

In the Grst stage of the work the four selected non-volatile compounds were 
isolated from water samples (1 1) by rotary evaporation to dryness in wacuo at 35”. 
The solid residue was extracted with methanol (3 x 25 ml). The methanol extract 
was then concentrated to CQ. 2 ml by rotary evaporation and finally to 0.5 ml under 
a stream of nitrogen. For preparative-scale HPLC separations, water (OS ml) was 
added at this stage, and the extract then re-concentrated to 0.5 ml under a stream 
of nitrogen. 

The second stage of ffie work used water samples (15-60 1) which were freeze- 
dried and the solid residue extracted with methanol (3 x 50 ml). This extraction was 
facilitated by holding the sample in an ultrasonic bath for CQ. 5 min and then cen- 
trifuging. The methanol extracts were decanted, combined and concentrated to 
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ca. 5 ml by rotary evqporator; further C~IICZQ~~~~OQ, if required, was carried out 
under a s&earn of nitrogen. 

High-performance liquid chromatography 
The equipment used consisted of two solvent delivery systems (Waters Assoc., 

Milforcl, Mass., U.S_A_; Model 6OOOA), a gradient former (Waters Assoc., Model 
660) and two UV absorption detectors operated in series (Cecil, Cambridge, Great 
Bribia, Model CE 212; and a LaboratoLy Data Control, StoQe, Great Britain, 
Model 1203). Syringe injections were made through a stop-flow septumless injection 
port (H.S. Chromatography Packings, Bourne End., Great Britain). Knjection volumes 
ranged from 10 ~1 for analytical separations to 200 ~1 for preparative separations 
from which fractions were collected. Coiumr~ (15 or 20 cm x 7 nun I.D.) were 
packed in an upward maQQer’z with Spherisorb ODS (particle size 5 pm; Phase 
Separations, Queensferry, Great Britain), by a slurry procedure under the following 
conditions: slurry liquid, acetone or isopropanoi (AnalaR grade, BDH); slurry 
concentration , lOoA (w/v); packing pressure, 350 bar using a pneumatic ampiif?er 
pump (Haskei Energy Systems, Sunderland, Great Britiin, Model DST-122). 

The column was then prepared for injection by removing 4 nxn of packing 
from the top of the column, pressing in a stainless-steel mesh disc (diameter 7 mm) 
and re-tiling with lOO-pm glass beads I3 Injections were then made onto the stainless- . 
steel mesh disc. A linear gradient was established from two solvent mixtures con- 
sisting of 1 oA methanol in O-1 oA aqueous acetic acid (A) and 90% methanol in 
0.1% aqueous acetic acid (B). The gradient was run over 30 min from 0% to 
100%. The flow-rate was maintained at 2.0 mi/miQ throughout. 

Gas chromatography 
Fractious collected from preparative HPLC of the four selected non-volatile 

compounds were siiyiated prior to GC analysis. The fractions (ca. 1 ml) were taken 
to dryness under a stream of dry nitrogen, bis(trimethyisiiyl)trifluoroacetamide (500 
~1) and pyridine (500 ~1) added and the mixture heated (60” Ih). Aliquots (1 or 2 ~1) 
of the siiy!ated mixture were then analysed by glass capillary gas chromatography 
using a (50 m x 0.32 nun) wnll-coated open tubular column coated with OV-l .The ,@s 
chromatograph (Finnegan, Sunnyvale, Calif., U.S.A., Model 9500) was fitted with 
a Grob type splitless injector xed with a splitless time of 30 set, during which time 
the column was kept at room ttLperature_ The column was then heated to 100” and 
pro,orammed to 255” at a rate of S”/min. The carrier gas was helium at an. inlet 
pressure of 13 p.s.i.g. (equivalent to a column flow-rate of 1 mI/ti at 20”). The 
injector was maintained at a temperature of 2.50” and the flame ionisation detector 
at 200”. 

Mass spectrometry 
Preparative HPLC fractions were COQCXQ~EI*& to a volume of 5-10 ~1 by 

evaporation to dryness under a stream of dry nitrogen and addition of the req&Xd 
volume of methanol. They were then submitted to mass spcctrometric aQaIysis by 
electron impact (Er) and, if sufficient material was available, field ionisation (n). 

E&-MS. EI nxxss spectra were recorded on a double beam, double focussing 
mass spectrometer (AH, Manchester, Great Britain, Model MS-30), with au ion 
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source temperature of 200”, 20 eV electron volbge and 100 p.4 filament emission. 
Data acquisition and processing were performed by a AMuhi.spec computer system 
(VG-Data Systems, Manchester, Great Britain), using perfluorokerosene as mass 
calibrant. Samples were introduced via the direct insertion probe. 

FI-MS. FI mass spectra were also obtained using a MS-30 mass spectrom- 
eter, fitted with a combined field &sorption (ED)-field ionisation source in beam 2. 
Samples prepared as methanol solutions were introduced via the direct probe. The 
emitter anodes consisted of 10 pm tungsten wires, spot-welded on suppdrting posts 
and activated in an apparatus and manner simifar to that described by Beckey et 
cri.“. Spectra were obtained at a source temperature of 20”, resolution of 1000 and 
4 kV accelerating voltage with -5 kV on the cathode. Data acquisition and process- 
ing were carried out as for the EI mass spectra. 

RESULTS AND DISCUSSION 

(a/ Rndysis of the four selected compounds 

Extraction 
Methanol was chosen as extra&ion solvent after recovery tests on vacuum- 

evaporated water samples spiked with each of the four seIccted compounds. These 
indicated that only water and methanol of- the fourteen solvents examined yielded 
greater than 90% recovery for all four compounds_ Methanoi was finally selected 
because of its lower boiling point and because it dissolves less inorganic matter than 
water. 

The recovery efficiency of the isolation and HPLC separation used in the first 
part of the work was checked by spiking potable waters containing negligible amounts 
of the four selected compounds_ These waters were spiked at a level of 5 &l of each 
of the four compounds. The mean recoveries (“A were 62 (G = 13.5) 60 (G = 1 LO), 
32 (a = 21.6) and 64 (P = 7.9) for 5chIorouraci1, Srchlorouridine, 4-chlororesorcinol 
and Schlorosalicylic acid respectively_ Further experiments were carried out to 
ascertain the reasons for the anomalously low recoveries occasionally obtained for 
4chlororesorcinol. It was apparent from these subsequent rest&s that this compound 
is unstable on storage in certain treated waters. 

Separation of the four selected compounds. The structures of the four selected 
compounds arc given in Fig. 1. 

Initiahy, chromatography of the four compounds was attempted on both 
normal-phase and reversed-phase columns. The use of a normal-phase system was 
UnsuccessfuL With a non-polar duent (e.g., n-hexane saturated with water) the four 
compounds were retained OQ *&e column and although some separation was obtained 
with more polar eluents, such as dichloromethasxxthyl acetate, this was accompanied 
by severe peak tailing. Other workers Ls have noticed similar effects when chromato- 

graphing ionisable compounds OE adsorption cuhmms. 
Reversed-phase cohunns were found to be much more suitable for this 

separation. EChlorouracil and 5chlorouridine were readiIy separated on a C,, 
bonded phase column using an isocratic elution with 8% methanol in water. 
4Xhlororesorcinol was eluted with good peak shape using 25% methanol in water 
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OH CO, H 

4-CMcmresorcinol 5- Chorosoticyk acid 

Fig. 1. Stnsctu--es of ffie four spe13& non-valatile orgimic cainpau5ds 

However, under these conditions S-chlorosalicyhc acid, although retained (capacity 
ratio k’ a 1) was eluted as a severely tailing peak. Revious researchI suggests that 
it is nece~~ary to buffer an ionisable compound with acid or base since changes in 
the degree of.ionisation during ehttion cause peak asymmetry. Therefore initiahy the 
pH of the ehtent was reduced to ca. 4.5 by replacing water with 0.05 M aqueous 
sodium dihydrogen orthophosphate. The peak shape was considerably sharper under 
these conditions (Le., 25 % methanol in 0.05 M aqueous NaH,PO,) and the retention 
was increased (k’ B 4) In addition, the chromatography of the three other com- 
pounds was not significantiy afkcted. 

Separation of all four compounds required the use of gradient elution. Thus 
a good separation was obtained using a linear gradient from 1% methanol in 0.05 M 
aqueous NaH,pO, to 90% methanol in 0.05 M aqueous NaE&pO, with the gradient 
terminated after 30 min. 

Problems were encountered however iu the trimethylsilylation of fractions col- 
lected from preparative scale liquid chromatography when using NaH,PO, in the 
eluent. Thus an alternative system which did not inte.Aere with the derivatisation had 
to bC found 

The exact function of the sodium dihydrogen orthophosphate in the mobile 
phase is not cka.r_ The main action however was thought to be a straightforward pH 
effect, i.e., decteasing the pH decreases the degree of ionisation of the acid making 
it less polar and more amenabIe to analysis. Other compounds commonly used to 
reduce the pH of the mobile phase for the chromatography of acids are formic acid 
and acetic acid. Substitutiug 0.1 ok aqueous acetic acid (pH 3.5) for 0.05 M aqueous 
NaH$O~ was found to give an adequate separation of the four compounds with 
reasonable peak shape and in addition did not cause any problems in the derivatisation 
of fractions. The separation achieved is shown in Fig. 2. 

Fig. 3 shows the chromatogmms from the analysis of a drinking water extrzt 
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Fig. 2 Separation of a standard soIution of the four specified non-volatile organic compounds. 
(200 nq each component)_ Co1um.n: 15 cm x 7 mm 1-D.; packing, Spcm Spherisorb ODS. Eluent: 
lineat gradient from 1% methanol in 0.1% aqueous acetic acid to 90% methanol in 0.1% aqueous 
acetic acid over 30 min. Detection: W absorption at 280 nm for S-cklorouracil, .%hforouridke 
and 4chlororesorcinol. and at 315 mn for S-chIorosalicylic acid. 

spiked at 5 pgfl with each of the four compounds. Fig. 4 shows the results from the 
analysis of an unspiked drinking water sampfe. The large peak at the start of each 
chromatogram is essentially unretained and is probably equivalent to an excluded 
peak containing much of the higher-molecular-weight material. A large peak in this 
position was always observed when analysing drinking water extracts. 

Preparative scale liquid chromatography. In order to con&n ffie identity of a 
compound by a chromatographic technique it is advisable to carry out the analysis 
on two different systems. Identical retention times for sampIe and z&ndard on both 

systems is accepted as reasonable proof of identity. As explained earlier, the four 
compounds were chosen so that they could also be analysed by GC (after derivatisa- 
tion) and therefore provide con&nation of identity_ 

The method chc -sn for the analysis was an initial “ana&tic&’ separation by 
EIPLC followed by preparative-scale separation and GC analysis of the fractions 
when appropriate. Preparative-scale HPLC can be carried out by either injecting a 
smali volume of a concentrated solution or a larger voIume of a dilute solution. 
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Fig. 3. Separatica of an extrzct fmm a dridcing wztcr sampk spiked at 5 pgll with the four specSed 
compounds. Conditions as for Fll L 

OverIoading of the column, resulting in reduced esciency, can occur with both 
methods. 

AU chromatographic mate&is can only accept a certain toad of sample before 
overioading occurs resulting in deterioration of peak shape and resolution. Recent 
work by Done” showed that for efficient columns (height equivalent to a theoretical 
plate, HETP m 0.02 mm) this can occur at very low soiute loads and in order to 
retain maximum efliciency he recommended that loading should not exceed 10 pg of 
sofute per gram of packing. !Separations carried out under these umditions are 
genetally termed %3.ua.I~~. It is common practice to carry out preparative work 
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Fig. 4. Chromtogmn from the analysis of a drinking water extract for the four specified compounds. 
GJlxlitioEs as for Fig. 2 

with the column operated in a overloaded condition. Thus when preparative work 
is being carried out the operator must compromise between column eEciency and 
sample loading. A large injection volume causes peaks to broaden by increasing the 
retention of the rear of the peak while the front of the pe& remains at constant 

rete&iosP I Brist~w'~ has recently shown that injection volumes of up to 500 ~1 
cm give reasonable results when injected onto 8 mm LD_ columns_ 

For the work described here, it was decided to use culumns of 7 mm I.D. and 
IS cm or 20 cm length. This meant tit both the analytical and preparative separa- 
tions could be czrried out on the same column. In fact it was generally foaund 
throughout the work that 7 mm I.D. columns were somewhat more efikient for 
analytical separations (based on a comparison of plate height, number and reduced 



plate height as measured from a standard mixture of phermlsM) thaw the more 
conventicnal4.6 mm I.D. cohnnns of the same lengtt 

In order to test a column (15 cm x 7 mm I.D.) for preparative work, 1 mg 
of each of the four selected compounds was injected and fractions collected at the 
appropriate retention time. Peak shapes, although noticeably broader when compared 
to analytical separations, were acceptable. &-injection of an aliquot of each fraction 
indkated that ca. 90% of the solute injected was recovered in each case. 

A series of large volume injections were made in order to determine what 
volume could be inject& onto a 15 cm x 7 mm I.D. column without signbicantly 
impairing column performance. The resuhs were in broad agreement with previous 
fkiir~gs~~ and showed that lOO$ co&d be injected without signi&antIy afkcting peak 
shape. Injections of XXI pl caused some peak broadening and loss of resolution but 
500 ~1 injections considerably reduced performance_ 

From this work it was concluded that preparative separations could be carried 
out by injecting bemeen 100 ~1 and ZOO pl tith each injection loading l-10 mg 
onto the cohuun. 

When carrying out preparative scale analyses, the methanol used to extract the 
sample had to be removed and replaced with water (see Experimental), i.e., closer to 
the composition of the mobile phase in which the sample was to be injected. Gther- 
wise injection of a large volume of methanol onto a column in which the mobile 
phase is essentially water produces a non-equilibrium condition. This results in the 
solute band being extended down the column by the methanol rather than remaining 
in a small volume at the top of *&e column, producing peak tailing and, in extreme 
cases, single components eluting as a split peak 

Detection Emits. Monitoring the four selected compounds was carried out 
using W detection at two wavelengths. The absolute detection limit is defined here 
as the amount injected onto the column which results in a signal to noise ratio of 2:l. 
These are shown in Table I together with the detection limit with respect to the 
water sample. The latter is cakulated from a L 1 sample, with 2 &ml extract 
volume of 0.5 ml and injection volume of 10 ,~l. 

TABLE : 

DJZIECT’ION L1Mn-S FOR THE FOUR SPECIFIED COMPOUNDS 

COmpowrd 17, (Nn) Delection Iimit Detectio.~ limit in 
oncoh7iif~~ samp& k/O 

5-ChlOrOURCil 2.0 0.1 
543lorotidiue 4.0 0.2 
4-CIllosoresolrincl 280 10.0 0.5 
S-CbIomsslicylic acid 315 20.0 1.0 

GC a7zazysis 
The efficiency of the silyiation step was e xamined by comparing concentrations 

of the four selected organ& calculated from HPLC chromato_gams with those 
cakukted from GC chromatograms. This was done by splitting a spiked extract, 
analysing one half by HPLC, silylating the remainder and then analysing by capiJ.lary 
GC. Peak area cakuiations were carried out to obtain values for the concentrations of 
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the fO?JF OF@IIiCS. This ShOWed tit schlOFOlE3Zi& ‘kh.lOFOreSOrcinOl t.Utd f%ddOFO- 

.sa!kyEc acid were alI ftiy silylated in vkually 100 % yield, but S-chIorouridiue gave, 
at bes& 50% yield of the tetFakis(trimethylsily1) derivative under the conditions used. 

Derivatisation of fractious c4kcted by preparative HPLC proved to be more 
diEcult than derivatisation of the same amounts of pure substance. Previous 
research= suggested that this may be due to the presence of phosphate b&F, since 
this has been shown to react with silylation reagents. This problem was solved when 
the mobile phase composition was changed from 0.05 M aqueous NaH,PO, to 
0.1% aqueous acetic acid. The silyl derivatives of the four selected compounds were 
quite amenable to capillary GC, giving well separated peaks. The retention data 
obtained from capillary GC was used in conjunction with that from EIPLC to provide 
identikation of the four compounds in extracts isolated from a series of treated 
waters. 

Results of a iinrited swvey for the four selected compomdY 
Samples (5 1) were taken of the Gnashed water from various water treatment 

works. One litre of this sample was then extracted and analysed as described 
previously. A further 1 I of the same sample was spiked with 5 yg of each of the four 
selected compounds and aualysed as described. In this way approximate recovery fig- 
ures for each of the four compounds were obtaizd. The results of the survey are given 
in TabIe II. 

RESULTS OF TJXE SURVEY OF DRINKING WATER SAMPLES FOR TKE FOUR SPEC- 
IFIEDcOMFouNDs 

All &ures shove are in pgjl; - indicdes not detected (Le., below defection Emit, see Table I). 

smnple site S-Chlarauraci~ 5-Ck~arauri&e &Ck~araresarcino 5-CkZarasaZiq&c acid 

A 0.3 0.7 - - 

B 14.1’ 25.7’ 4.7’ 12.5’ 
B bv=O 0.8 1.2 - - 
c - - - - 

D - - - - 
E 0.1 - - 

F - - 1.6 2.3 

: 
- - - - 
- - - 

- Pnsence co- by retention time on glass c&lasy GC 

A method has been described which is suitable for the analysis of four non- 
volatile organic compounds in drinking water. Results, presented in Table II, show 
that these c0mpounds are present in certain drinking water samples. The levels 
quoted in Table II are based upon the recoveries given previously. The reason for the 
high variability of these recoveries became apparcut during the course of the work. 

The main problem is that these four compounds decompose wheu stored in 
some treated waters. This problem f%st became apparent from the analysis of water 
from sample site B. The analysis of an unspiked sample showed that fairly high Ievels 



of the four compounds were present (see Table II)_ Analysis of the spiked sample 
however gave results much lower than expcctcd (i.e., schlorouracil, 4.5 &I; 
5-&Iorouridine, 5.5 &i; 4-chlororesorcinol,2.O IrglI; 5-chlorosalicylic acid, 2.5 pg/l). 
This sampie had been stored for 2 days (in the dark, at 4”) after spiking with the four 
uunpounds and before carrying out the analysis. Further evidence for decomposition 
duxing storage was provided when another 11 of the unspikxd water from sample site B 
was analysed (sto_=ge time, 3 days). Results showed a s&u&ant decrease in the 
levels of each of the four compounds (i.e., S-cblorouracil, 0.5 pg/l; 5-&lorouriciine, 
0.1 &l; 4-chlororesorcinoi and 5-chlorosaEcylic acid were undetected). 

The samples used to produce recovery 5,orrres were therefore aU analysed 
within I day of spiking. The results showed that although the recovery of &chloro- 
‘resorcinol is still variable under these conditions, recoveries of the other three com- 
pounds are fairly consistent However diEculties may still be encountered for all four 
compounds if 2 longer deIay takes piace between spiking and analysis. 

Further study is needed in order to clarify the behaviour of these compounds 
in drinking water. 

Another problem became evident when water from site B was re-sampled and 
a.nalysed_ The results, shown in Table II, indicated the presence of much lower levels 
than were found in the earlier sample even though sampling and analysis took place 
on the same day.‘The reason for this was not se&evident although one possibility 
was that the nature of the raw water supply had changed. 

(b) Identification oJr other non-volatiles 

Ziktraction 
In the second part of the work the method was extended to include the 

separation and identication of non-volatiies generally- Larger sample sizes were 
used, requiring the use of large-scale concentration equipment which was not available 
in-house. However access to a large scale freeze drier was availab!e and this method 
of concentration was used for this stage of tie work. 

Total organic carbon mcasurcments (T,OC; Tocsin, Phase Separations) carried 
out on treated water samples before and after freeze drying indicated a high recovery 
of the total organic carbon. Similar TOC measurements on blanks consisting of 
doubIe d&i&i deionised water with added inorganic saits showed that there was a 
negligible increase of TOC as a result of the freeze drying process. No experiments 
have so far been carried out to ascertain the recovery efficiency of the methanol extrac- 
tion during this stage of the work. 

Water from three sites (see Table HI) has been extracted in the Lay cksctibed 
above and submitted for analysis by HPLC and MS. 

EiPLC &y& 
HPLC analyses carried out during the second stage of tke work used the same 

conditions as described for the analysis of the four selected compounds te., the 
column (20 cm x 7 mm I.D.) was packed with Spherisorb ODS (particle size 5 pm) 
and a mobile phase of a linear gradient from 1% methanol in aqueous 0.1% acetic 
acid to 90% methanol in aqueous 0-L % acetic acid over 30 min was used. Analytical 
and preparative separations were carried out on the extracts obtained from freeze 
drying water sampIes. 



HPLC OF NON-VOLATILE ORGAWC COMPOUNDS IN WATJZR 683 

Extracts were monitored at thee wavekngths, 254 nm, 280 run and 315 m. 
None of the extracts showed any exb peaks at’ 315 nm compared to 254 nm and 
280 nm, only a general reduction in all peak size was observed. Fig. 5 shows the 
chromatograms obtained from the analysis of sample E. The numbers on the chro- 
matograms in Fig. 5 correspond to the major components in the extract which were 
examined further by mass spectrometry (see Table III). Also included in Table 111 are 
details of the analysis of the two other samples examined in the second stage of the 
wock. 
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TADLE III 

MAJOR COMPONENTS PRESENT IN TREATED WATER EXTRAaS AS INDICATED BY UV ADSORPTION ON HPLC 
Inltinl idcnlitica from MS dntn, Some confirmed by compnrison of MS nnd HPLC datu with thoso of authentic compounds, Approximnto lovcls wcro 
bawd on UV absorption from HPLC chromntogrnm by compnrison with authentic compounds, 
c_------ _- 
Fracllon 1lJY.C relcnrkrr Smnple she Identity ldf?llllfh7llOl~ Conjirmilrlon Approxlrrrufe level 

llrtre (nrltl) wu 

4,2 
9,s 

21s 
27s 
28s 
29s 
34,o 
35,8 
3&O 

E, 1 
E, 1 
D, E, 1 
D, E, 1 
E 
D, B, I 
D, E, I 
E, I 
D, E, 1 

Multi4nlogcnnted EI-MS 

24lydroxybcnzothinzolc EI-MS HPLC, EImMS, FI.MS S-25 
Pnrtly 2,4,6hhlorophcnol EI.MS HPLC <l 

Dimcthylncridan EI-MS .^ 
~Isopropyldiphcnylnminc EI-MS HPLC, E&MS lo-15 

di=nQtyl phthnlnto EI-MS, FI.MS HPLC, EI.MS, FI.MS 10 



Initial identification of components was made by mass spectrometry but 
wherever possible, authentic compounds were obtained and retention time on HPLC 
was used to con&-m identiry. Concentrtions are also given in Table III. These were 
estimated by peak height comparison of standards and sample but it must be em- 
phasised however that as yet no attempt has been made to accurately quantify the 
extraction stage and therefore the levels reported are approximate. 

The major HPLC fractions collected from the three treated vvaters examined 
are shown in Table HI together with their identities, where these have been 
elucidated. 

Fraction 1 exhibited an EL mass spectrum with a base peak at m/e 406 and an 
isotope pattern indicative of a mixed chlorine- and bromine-containing compound. 
Further work is in progress to try to identify this compound. Fraction 2 exhibited 
an indeterminate EI mass spectrum with a large number of low mass fragments. FI 
failed to yield any significant molecular ion species and further work using FD-MS 
is in progress in orde r to identify this compound. Fraction 3 was identified as 
2-hydroxybenzothiazoLe by comparison of its EL and FI mass spectra (Figs. 6a and 
7a) and HPLC retention time with those of an authentic standard (Figs. 6b and 7b). 
Fraction 4 yielded an EL mass spectrum containing a multiplicity of intense low mass 
fragment ions and lower intensity ions up to m/e ca. 300. However, a cluster of ions 
at m/e 196, 198 and 200 showed isotope ratios indicative of a trichlorophenol. The 
identity was confirmed as 2,4&richlorophenol by comparison with the EL-MS 
and HPLC retention time of an authentic compound. However, this fraction is 
undoubtedly a mixture and 2,4,6_trichlorophenol represents only one, possibly minor, 
component. 

No useful EI mass spectral data were obtained on fraction 5 and further work 
is being carried out in an attempt to identify the compound. 

Fraction 6 exhibited an EI mass spectrum with the base peak at m/e 194 and 
only one other major ion, probabIy the molecular ion, at m/e 209. There are several 
possibilities for the structure of this compound, but most were ruled out by com- 
parison of the HPLC retention time and EL-MS data with those of the authentic 
compounds. The most likely identity of this compound was dimethylacridan and a 
source of this compound is currently being sought. Fraction 7 showed an EL mass 
spectrum with a molecular ion 2t mfe 211 and a base peak at m/e 196. Comparison 
with Literature spectra indicated p-isopFopyl-diphenyhunine and this was conG.rmed 
after synthesising the authentic compound”. 

Fraction 8 yielded no useful EI-MS data and is receiving further investigation. 
Fraction 9 was positiveiy identified as di-n-octyl phthalate by comparison of 

its EI-MS, FYI-MS and HPLC retention data with those of an authentic standard. 

B~cussl-Qn 
The complexity of the extracts obtained from the drinking water samples 

studied is illustrated by the two chromatograms shown in Fig. 5. Moreover these 
chromatograms only demonstrate those compounds which absorb at 254 and 280 nm 
so the extract undoubtedly is of greater complexity than indicated. This has been 
contirmed by MS analysis of LC factions, which generally indicates the presence of 



a 

280 de 

280 m/e 

a mixture ofcomponents when only a single peakis shown by W absorption.The 

large peak at the start ofthe chromqtogramis always observed when analysing 

drinkingwrrterextracts.Tois~is~~~yunretaln~andprobablyiscom- 
prised of the high-mokuIar-weight organic compounds which are not partitioned 

and are &ad as an exclukxi pezk 
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Fig. 7. Field ionisation mass w of fraction 3 from drinking water samph E (see Fig. 5) (a) and 
of an autfrentic sample of 2-hydm~bcnzot (b). 

on this subject is possible. p-fsopropyldiphenylamimine and dimethylacridan have been 
reported to be present in waste water from tyre manufMurers~ znd also to be 
commonIy used in tyre manufacture as anti-oxidants24. There are no large scale tyre 
manufacturers discharging into the river waters from which the drinking water 
samples were derived and therefore the main source of these two compounds may be 
run-off. 2-Hydroxybenzotiazole may be famed during treatment from 2-mercap- 
tobenzothiazole which is commonly used as a vukanisation accelerator and has been 
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-ill--fiOmtyre~ti~-. Z4,6-‘Ikicblorophenol is probably 
ofp~~~~origin.Iheoriginofdi-n-oaylph~~how~e~islessobvions 

since, unlike some other dial@1 phthalates, it is not commonly used as a plastic&r. 
It has previously been found in waste water from a chemical plant and a sewage 
works2 although its presence in drinking water has not previously been reported. 

LC RE’ENTZON DATA ON STANDARDS 

Table fv gives the retention times of various organic compounds chromato- 
graphed by HPLC using t&e same coaditions as those detailed previously. The com- 
pounds were aoa!ysed in order to gain information on the retention characteristics of 
various classes of organic compounds on the HPLC system used for the analysis of 
driig water extracts. Each standard (co_ 1 ,tzg/$ in methanol) was generally in- 
jected individually. 

TABLE Iv 

RJZENIION DATA FOR VARIOUS ORGANIC COMPOUNDS 

EiPLC conditions as spesikd for Fig. 5. 

impound Re:enfion Compaq Retadon 
time (nub) tinzz (ten) 

uracil 
UlidiIX 
S-Chl0muracil 
5-Methyhdine 
5-chiorouii~ 
Pbtb&c afid 
4-cblomresJrcinoi 
dChIOl-OglB& 

3-Chlombanoic acid 
3-ChIon+4-hydmxybem&c acid 

EZZtid I 
2-Hydmxy-%ixe&oxy - t acid 
Benmic acid 
pyrau>n 
D&ethyl phthalate 
2-Hydmxybenzot&i.zzo!e 
Dkthyl phthalate 
2-Hydm&x~zisidawk 
2-Chlombsxmic tid 
SilX&ilC 
Mono!inuror~ 

5.5 4-Cblombenzof acid 
6.6 Atr&ne 
7.6 5-Cbforosakyk acid 
8.7 2,3,6-Tricldomphenol 
9.1 %4,6-Tricblomphenol 

10.2 2,3+TrichIomphenol 
13.8 L&lion 
15.0 Diisopmpyl phthalate 
17.0 2,4,5-Tricblorophaol 
17.0 2,3,5_Tricb!omphenol 
18.5 3,4,.5-Trichlomphenol 
18.6 Di-n-propyl phtbalate 
19-O Cbloroxuron 
19.3 Diibutyl phtbidate 
19.7 2&D&t-butyl4methyipheuol 
20.5 Di-n-peotyl phthalate 
215 DiisopmpyldipIenylamine 
215 4-CblorophenyJacetic acid 
220 Di-n-octyl phtbakte 
23.5 Di-n-nonyl phthalate 
23.6 Diethylkxyl phthzdate 
24.1 Diiscdecyl phthalate 

24.5 
25.2 
25.5 
26-O 
27.5 
27.5 
28.1 
282 
28.5 
28.7 
29.5 
29.6 
30-l 
31.0 
320 
322 
34.0 
342 
38.0 
40.4 
41.2 
44.0 

CONCLUSIONS 

The isolation and concentration of non-volatile organic matter from drinking 
water can be succes.sfulIy carried out by either vacuum evaporation or by freeze- 
drying. The latter can, if requinx& process large samples (up to 64) 1). 

HPtC &s ken shown to be ideally suited to the separation of the extrzcted 
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non-volatile matter. A reversed-phase system using a broad linear gradient was found 
to be most suitable. The analysis of st%mlards under the same conditions has shown 
that it is possiile to separate a wide range of organic componnds by this method_ The 
use of preparative HPLC wi’& collection of appropriate fractions enabled mass 
spectrometric data to be obtained on many components. Several of these compounds 
have now been identi&d in drinking water extracts using this technique. 

This paper has reported the initial results obtained from a long-term study 
on the identification of non-volatiles in potable waters. A large amount of work is 
still required in order to identify a large number of compounds of this type. 

Future work will involve refinement of the extraction technique in order to 
obtain more ofthe organic matter in a suitable form for analysis_ Modifications to the 
HPLC separation wiil need to he made in order to prepare purer fractions for 
analysis by mass spectrometry. One of the major restrictions at present is the hm- 
it&ion of LC detection to that of UV absorption_ More versatility in this direction 
would enable a larger number of components to be examined. 

Positive identification of the non-volatiles detected is still, however, a major 
obstacle but currently fieId desorption MS techniques are under investigation in the 
WRC laboratories in an effort to identity non-volatiles in drinking water. 
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