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This work was conducted in order to emphasise the importance of using preservation 
methods in water samples for the analysis of volatile organohalogenated compounds, 
namely trihalomethanes (THM), so that representativeness of the samples analysed can be 
attained. Water samples, containing these compounds were analysed by CGC-ECD using 
the direct aqueous injection. Samples were submitted under different conditions. The 
influence of light, temperature, storage time and conditions, on the modification of the 
THM levels were studied. 

Keywords: Volatjle organohalogenated corn ounds (VOC's); trihalomethanes (THM); 
preservation; capillary gas chromatography (&C): electron capture detection (ECD) 

INTRODUCTION 

Trihalomethanes (THM) constitute a group of compounds that can be present in 
drinking waters. They can originate during the water treatment, due to the 
reaction of chlorine used in the chlorination process, with the organic matter 
present in the water, especially humic and fulvic compounds[']. In the presence 
of bromine, the main THM formed are chloroform (CHCI3), dichlorobromo- 
methane (CHBrC12), dibromochloromethane (CHBr,CI) and bromoform 
(CHBr,). 

Generally, preservation may include cold temperature (4"C), low or high pH, 
toxic chemicals-HgC1 or pentachlorophenol, not acceptable nowadays--'2. 31 

and a new preservative-sodium bi~sulfite'~! The main reason for the use of this 
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step in the whole analytical process, is to prevent or, at least, to delay changes in 
the composition of the sample compounds, which are mainly due to the 
volatilisation, absorption, diffusion, oxidation / reduction, photochemical and 
microbiological process. Not many studies are focused on this subject. Some of 
them are focused on different compounds, like pesticide~[~-~]. Several preserva- 
tion methods are described in the literature[24- lo- l l l ,  but a sustained knowledge of 
any fundamental experience concerning the transport conditions and storage 
time, has not been described until now for the trihalomethanes. This lack of 
knowledge needs more attention as it may compromise the results of the 
analysis. 

EXPERIMENTAL 

Instruments 

A gas chromatograph Varian 3400 equipped with ECD (Walnut Creek, USA) 
and a capillary column DB-624,30 m X 0,32 mm and 1,8 pm with a pre-column 
of silica with 4 m X 0,52 mm, from Varian, Sunnyvale, USA, was used. The 
operating conditions where: oven temperature 50°C for 10 i n . ,  10"C/min, until 
150°C. remaining at this temperature during 10 min, injector temperature 15O0C, 
detector temperature 200"C, transport gas flow 2.5 mumin. 

Reagents 

All standard compounds (chloroform, dichlorobromomethane, dibromochloro- 
methane and bromofonn) were purchased from Fluka (Buchf, Switzerland). They 
were mostly of purity >98%, and used as received. Dark glass vials of 40 ml with 
silicone septum covered with teflon (Supelco, Bellefonte, USA), synthetic glycol 
packaged in plastic bags and water of HPLC quality were also used. 

Analysis of the Water Samples 

Preparation of the samples 

The water samples were prepared with the addition of 1 pg  of each one of the 
four THM to one litre of HPLC water grade. The preparation of all the samples 
was done inside a refrigerated room at 4°C. No organic solvent was added to 
facilitate the solubilities of the standards, in order to obtain similar conditions to 
the real samples. For each of the studied situations a set of 3 samples was 
prepared. The study was conducted for the following 6 weeks. Every week 
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SAMPLING SCHEME 

standard solution of the 4 THM (1 pg/l) 

preparation of the samples (S) in dark glass vials 
with Silicone septum covered with Teflon 

I 

I 

I 

determination of the 4 THM at 
the moment of sample preparation (to) 

I 
determination of the 4 THM 2 days after 

I I I I I I 
S with ice S room S room simulated 2 h simulated 2 h 

simulated 2 h 
fridge temp. temp. transport transport 

transport 

blue ice preservation 
light dark with ice and blue ice only without cool 

I 
determination of the 4 THM 7 days after 

S with ice S room S room simulated 2 h simulated 2 h 
simulated 2 h 

transport 

blue ice preservation 

I I I I I I 

fridge temp. temp. transport transport 

light dark with ice and blue ice only without cool 

FIGURE I 
following weeks. The different conditions to which these samples were submitted are presented. 

Schematic representation of the sampling program used to conduct this study during six 

samples were made freshly. The overall number of water samples involved in 
this study was 108. The four THM were analysed by GC-ECD with direct 
injection[I2' for different times: To (day of the sample preparation); TI (2 days 
after the sample preparation) and T2 (7 days after the sample preparation). Figure 
1 represents the sampling scheme used to conduct this study. 

RESULTS AND DISCUSSION 

Tables I, 11, I11 and IV represent the results related to the entirety of the samples 
analysed. They indicate the different studied situations, as well as the mean 
values for the individuals and total THM and their standard deviations. The 
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TABLE I Time variation of the individual and total concentration of the THM for the samples kept 
in ice in the refrigerator. (n = 6) 

X 1.16 1,05 1 9 0 9  1.12 4,42 

S 0.20 0,13 0.14 0,14 0.56 
X 1.05 1.05 1.09 1,12 4.3 1 

S 0,11 0,03 0.05 0.25 0.52 
X I ,05 1,Ol 1.09 1.1 1 4.26 

S 0.19 0.1 1 0.12 0.10 0.52 

TO 

TI 

T2 

To - Day of sample preparation TI  - 2 days after the sample preparation Tz - 7 days after the sample 
preparation x - Mean value s - Standard deviation 

TABLE I1 Time variation of the individual and total concentration of the THM for the samples kept 
at room temperature and exposed to light. (n=6) 

CHCI, (pg/l) CHBrCl2 (pgA) CHBr2CI (pg& CHBr3 (pg4  X THM (pgA) 

X 1 ,oo 0.93 0.98 1.01 3,92 

r 0,12 0,15 0.16 0.16 0.49 
X 0.8 1 0.74 0.79 0,84 3.18 

S 0.33 0,25 0,26 0.3 1 1.11 
X 0,72 0.67 0,76 0.8 1 2,96 

S 0.34 0.24 0.25 0.26 1.10 

TO 

TI 

Tz 

To - Day of sample preparationm T I  - 2 days after the sample preparation T2 - 7 days after the sample 
preparation x - Mean value s - Standard deviation 

Figure 2, Figure 3, Figure 4 and Figure 5 ,  show with more evidence the changes 
attained by the THM concentrations (%) in To, T, and T2 times, according to the 
different studied conditions. Probably due to its volatility chloroform is the 
compound which presents the highest level of losses. Following the different 
cases, we can observe this behaviour: for the better conditions of preservation, 
which are indicated in Table I, only the CHC13 undergoes losses of 10% 
throughout the experiment. On the contrary, the other THM - CHBrC12, 
CHBr2C1, and CHBr3 - do not suffer any change on their concentration levels. 
Considering the worst conditions of preservation, the loss percentage value of 
chloroform raises to 20% (Tl) and 30% (T2). All the other compounds suffer 
losses of 20% (Table 11). If the samples are protected from light, but at room 
temperature, CHC13 presents losses of 20%, as well as the other compounds 
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TABLE 111 Time variation of the individual and total concentration of the THM for the samples 
kept at room temperature in dark. (n = 6) 

CHCl., (pg/7) CHBrClz (pg/l) CHBrzCl (pg/7) CHBr, (pgfl) P THM (pgfl) 

X 0.92 0.95 1 .oo 1.03 3.90 

S 0.07 0.12 0,12 0.12 0.42 
X 0.84 0.80 0.86 0.9 I 3.4 I 

S 0.39 0.17 0.20 0.24 0.94 
X 0,B 1 0.70 0.82 0.91 3.34 

S 0.37 0.27 0.28 0,24 0.94 

TO 

TI 

T2 

T,, - Day of sample preparation T I  - 2 days after the sample preparation T2 - 7 days after the sample 
preparation x - Mean valu es - Standard deviation 

TABLE IV Time variation of the individual and total concentration of the THM for the samples 
kept in ice and blue ice in the container. (n = 6) 

X 1.15 1.01 1 ,oo 1.10 4.36 

F 0.17 0.16 0.14 0.19 0.5 1 
X 1.02 1.00 0.98 I .09 4,09 

s 0.37 0.20 0.22 0.23 0.96 
X 0.99 0.98 0.97 1.09 4.07 

S 0.42 0.23 0.24 0.28 1.06 

To 

TI 

Tz 

T,, - Day of sample preparation T I  - 2 days after the sample preparation Tz - 7 days after the sample 
preparation x - Mean value s - Standard deviation 

(Table 111). Finally, the results (Table IV) are very similar to the first situation 
represented in Table 11. 

Even though we have seen written evidence of several preservation methods, 
no study on this theme has been done up until now that has been supported by 
any fundamental experience. The US-EPA methods 502 and 60Ir71 only refer a 
maximum holding time of 14 days at 4°C after the collection, which is not in 
agreement with our results. On the other hand, is not useful to follow abstract 
recommendations when we have to deal with real cases. 

We can conclude that there is no advantage in the use of the thermal containers 
with only the blue ice, because the losses verified are very close to the values 
found in the samples transported without cold preservation. In fact, the blue ice 
only is useful to maintain the ambient temperature of the thermal container, but 
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is unable of conducting the sample temperature to 4°C which only the ice can do. 
Therefore, as our study indicates, when analysing samples for volatile 
organohalogenated compounds, preservation by cold temperature in special 
conditions, should be adopted. These results alert us that it is absolutely 
necessary to respect all the demands of the samples that contain these 
compounds, if not, the analytical results will not be in agreement with the real 
sample composition and the data produced will be useless. This means loss of 
time and money and lack of accuracy which is not in accordance with the quality 
assurance needed to perform good laboratory practices. 

Acknowledgements 

We gratefully thank Dr. Damid Barceld (CID-CSIC, Department of Environ- 
mental Chemistry, Barcelona) for his advice and assistance. 

References 
[l] N. M. Ram, E. J. Calabrese and R. F. Christrnan. Organic Carcinogens in Drinking Water - 

[2] A. E. Greenberg, L. S. Clecerl and A. D. Eaton (eds), Stanhrd Methods for rhe Examination 

[3] J. Rodier, L’Analyse de l’eau: eaux naturelles, e a u  residuaires, eau du mer, (Dunod, 1994). pp 

[4] L. H. Keith, Practical Environmental and Sampling Analysis, Short Course (A.C.S. 1994). 
[5] D. Barcel6 and M. F. Alpendurada, Chromatographia. 42. 11/12, pp 704-712 (1996). 
[6] S. Lacorte, S. B. Lartigues, P. Garrigues and D. Barcel6. Environ. Sci. Technol., 29, 431-438 

[7] I. Ferrer and D. Barcel6, J. Chromatogr. A 737, 93-96, (1996). 
[8] D. Barcel6 and M. C. Hennion, Anal. Chim. Acta, 338, 3-18, (1997). 
[9] IHD-WHO Working Group on the Quality of Water, UNESCONHO ed., Water Quality 

Surveys-A guide for the collection and interpretation of water qualiry data, (Sydenhams 
Printers, Poole, Dorset, 1978). pp 131-175 

[lo] E. M. Thurman, 1994 Analytical Chemistry of Contaminants in Surface Water and 
Groundwater, Short Course, (A. C. S.) 

[ 1 1 1  L. H. Keith, Compilation of EPA’s - Sampling and Analysis Methods, CRC Press Inc. (Lewis 
Publishers, 1996). pp 400-407. 

[12] M. F. Alpendurada and M. R. Mourio, Revista Portuguesa de Fam’cia, no IV, OctiDec, 
( 1994). 

Detection, Treatment and Risk Assessment, (Wiley-Interscience Publication, 1986). 

of Water and Wastewater. (Victor Graphics, Inc., Baltimore, Maryland, 1992), pp 1-23. 

8-10. 

(1995). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
7
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1


