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Abstract 
Background: A new microextraction method named dispersive liquid-liquid microextraction (DLLME) for determination 
of chloroform in pool water and blood of swimmers after swimming is described. 
Methods: This method was performed based on coupling dispersive liquid-liquid microextraction (DLLME) with gas 
chromatography-mass spectrometry (GC-MS). Methanol and trichloroethylenes were used as the disperser solvent and the 
extraction solvents, respectively. The volumes of these solvents were optimized for pool water by central composite design. 
The study involved three indoor swimming pools and nine swimmers. 
Results: Chloroform concentration of pool water was 118-135 µg L-1 and of blood ranged from 1.26 to 1.66 µg L-1. 
Conclusion: Indoor swimming pools are closed environments presenting detectable levels of trihalomethanes (THMs). 
Chloroform (CHCl3) is the most represented THMs. Therefore, the presence of CHCl3 may be considered representative of 
the THMs. The new method DLLME was applied for determination of CHCl3 in pool water and blood of swimmers after 
swimming inside the indoor swimming pool. The method was optimized by experimental design. Chloroform concentra-
tions in the specified pool waters were 135, 124, 118 µg L-1.  
 
Keywords: Dispersive liquid-liquid microextraction, Chloroform, Swimming pool, Gas chromatography-mass spectrometry, 
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Introduction 
Swimming and bathing are popular and healthy 
leisure activities. Pool waters are recycled for a 
long period of time and are continuously polluted 
by swimmers who are sources of organic com-
pounds and microorganisms. Therefore, continu-
ous pool water disinfection is needed to minimize 
the risk of microbiological pollution and to avoid 
outbreaks of waterborne diseases. Chlorine-based 

disinfection compounds are commonly used in 
the disinfection of swimming pool water (1). 
Since 1974, some chlorination by-products have 
been discovered in chlorinated water as a result 
of reaction between the disinfectant and organic 
contaminants in the water. They are mainly tri-
halomethanes (THMs) including chloroform, bro-
modichloromethane, dibromochloromethane, bro-
moform and other volatile and non-volatile com-
pounds. Chloroform generally occurs at the great-
est concentrations (2). Being highly volatile, chlo-

roform can be found in the airspace over the wa-
ter. Therefore, it can be taken up by swimmers 
over the skin, by swallowing of water, or by inha-
lation from air (2, 3). 
As chloroform is a toxic and possibly carcinoge-
nic substance, and prevalent among THMs, most 
studies on environmental and biological monitoring 
of THMs exposure in indoor swimming pools have 
considered chloroform exposure representative of 
total exposure to chlorination by-products (1).  
A number of analytical methods have been re-
ported for the analysis of THMs in water such as 
direct aqueous injection (4, 5), liquid–liquid ex-
traction (LLE) (6), headspace technique (7, 8), 
purge and trap technique (9,10), liquid-phase mi-
croextraction (LPME) technique (11, 12) and solid- 
phase microextraction (SPME) technique (13-15). 
Direct aqueous injection has problems with col-
umn stability and critical temperatures for column 

and injector. Conventional liquid-liquid extraction 
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(LLE) is laborious and time-consuming, expen-
sive, and apt to form emulsions; it requires the 
evaporation of large volumes of solvents and the 
disposal of toxic or flammable chemicals. The fact 
that in headspace method an aliquot of vapor with 
only a portion of the total volatile samples is used, 
leads to concern about sensitivity. Purge and trap 
is more time consuming technique and requires 
special instrument (14). Liquid-phase microextrac-
tion (LPME) was developed as a solvent-mini-
mized sample pretreatment method, which uses 
very little toxic organic solvents (16, 17). How-
ever, some disadvantages of this method are fast 
stirring which may cause break up the organic 
solvent drop and air bubble formation (18); it is 
time-consuming and in most cases equilibrium 
is not attained even after a along time (17). For 
SPME, despite that it combines extraction and 
preconcentration in one step, difficulties in auto-
mation, sample stirring, temperature control and 
fiber aging, limited fiber life, insufficient diversity 
of commercially available fiber coatings, fiber 
breakage, stationary-phase bleeding, competitive 
absorption, and the relatively high cost of fibers, 
have been reported by users of SPME (19,20). 
Recently, Assadi and coworkers have developed a 
simple and rapid preconcentration and microex-
traction method, dispersive liquid-liquid microex-
traction (DLLME) (21, 22). 
This method consists of two steps: (a) injection of 
the mixture of extraction and disperser solvents into 
aqueous sample solution. (b) The centrifugation 
of cloudy solution. Determination of analytes in or-
ganic phase can be performed by GC-MS (23). 
The aim of this study was to introduce DLLME com-

bined with GC-MS for determination of CHCl3 in 
the blood of the swimmers after swimming inside 
the indoor swimming pool. A central composite 
design (CCD) was used to optimize the method.  
 
Materials and Methods 
 
Chemicals and standards 
Chlorobenzene, tetrachloroethylene, trichloroethyl-
ene, carbon disulfide, dichloromethane, acetoni-
trile, ethanol, methanol, chloroform, with the purity 

higher than 99% and perchloric acid 72% were 
supplied by Merck chemical company (Merck, Dar-
mstadt, Germany). A chloroform stock standard 
solution was prepared at concentration of 1000 
mg L-1 in methanol and stored at 4 °C. Interme-
diate standard solutions were prepared by dilut-
ing the stock solution in methanol. Working stan-
dards were prepared at the µg L-1 level by spik-
ing known amounts of the intermediate standards 
into bidistilled water and blank serum samples. 
 
Instrumentation 
Solvent selection and optimization experiments 
were carried out on a Shimadzu-17A gas chro-
matograph equipped with a flame ionization de-
tector (FID) and a DBP-5 capillary fused silica 
column (25 m; 0.25 mm I.D.; 0.22 µm film thick-
ness; methyl 5% phenyl polysiloxane). The oven 
temperature was held at 50 ºC for 10 min. Other 
operating conditions were as follows: carrier gas, 
He (99.999%); inlet pressure, 72 kPa; with a linear 
velocity of 20 cm/s; injector temperature, 200 ºC; 
detector temperature, 250 ºC; split ratio, 1:20. 
GC-MS analyses were performed on a HP-6890 
GC system coupled with a 5973 network mass 
selective detector and equipped with a HP5-MS 
capillary fused silica column (60 m; 0.25 mm I.D.; 
0.25 µm film thickness; methyl 5% phenyl poly-
siloxane). The oven temperature program initiated 
at 50 ºC, held for 10 min. Other operating condi-
tions were as follows: carrier gas, He (99.999%); 
with a flow rate of 1 mL/min; injector tempera-
ture, 250 ºC; split ratio, 1:20. Mass spectra were 
taken at 70 eV. Mass range was from m/z 20–
500 amu. Both injections into GC-FID and GC-
MS were carried out using one 1µl microsyringe 
model Hamilton 7001. Centrifuges were per-
formed by Hermle Z 200 A centrifuge instrument. 
 
Blood and water samples 
Data were collected under regular pool conditions 
(without additional contamination) at three swim-
ming pools in Tehran, Iran. Water samples were 
collected at a depth of near the edge of the pool 
in amber glass vials and stored at 4 °C. The blood 
samples were kindly supplied by nine swimmers 
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in three indoor swimming pools. Samples were 
collected 15-20 min after the bath activity by a 
clinical analysis laboratory. About 2 ml serum was 

obtained form each sample and stored at -20 °C. 
The frozen samples were left at room tempera-
ture until completely thawed. After gentle mix-
ing, serum was transferred into the analysis vials. 
 

Dispersive liquid-liquid microextraction proce-
dure 
For pool water samples, 1 ml of each sample was 
placed in a 10 ml screw cap glass tube with conic 
bottom, and  0.39 ml of methanol (as disperser 
solvent) containing 20 µl trichloroethylene (as ex-
traction solvent) was injected rapidly into each 
sample solution using a 1.0 ml syringe. The mix-
ture was centrifuged for 3 min at 4500 rpm using 
the centrifuge. The dispersed fine particles of ex-
traction solvent separated and settled at the bottom 
of conical tube. 0.5 µl of the separated phase was 
removed using a 1.0 µl micro syringe and injected 
into the GC-MS. 
Because of the different and complicated matrix 
of blood, for blood samples, 1 ml of serum was 
diluted with 4 ml deionized water. 1 ml of diluted 
solution was placed in a 10 ml closed vessel (cen-
trifuge tube with cover). Then 0.5 ml perchloric 
acid was added for deproteinization of serum 
(24) and centrifuged for 3 min at 4500 rpm. The 
supernatant was collected in another centrifuge 
tube with conic bottom.  Then, 0.3 ml of methanol 
(disperser solvent) containing 50 µl trichloroethyl-
ene (extraction solvent) was injected rapidly into 
each sample tube using a 1.0 ml syringe. The 
mixture was centrifuged for 3 min at 4500 rpm 
using the centrifuge. Finally, 0.5 µl of the sepa-
rated phase was removed using a 1.0 µl microsy-
ringe and injected into the GC-MS. 
 
Results 
  
The peak area as the extraction efficiency for 
each solvent was presented in Fig. 1. The data 
indicated that trichloroethylene gave the best 
efficiency. Therefore, it was selected as the ex-
traction solvent. 

Table 1 shows the factors and the corresponding 
symbols and levels. The CCD with two blocks, 
including the factors, their levels, and the result 
from each run, is shown in Table 2. 
Various statistical data (sum of squares, degrees of 
freedom, F and P values) were calculated (Table 3). 
Experimental results and the predicted values ob-
tained using model (Eq. (1)) are given in Fig. 2. 
Fig. 2 shows that in the range of 0.30-0.50 ml of 
disperser solvent volume, at first the extraction 
efficiency increases and then decreases by in-
creasing the volume of disperser. It seems at a low 
volume of methanol, cloudy state is not formed 
well, thereby, the response decreases. Finally, 
optimum conditions obtained using optimization 
mode of software package, Design-Expert 7.1.3 
for further examinations (Table 4). As can be seen 
in T  able 4, there was a good agreement between 
the calculated and experimental responses. 
 
Analysis of real samples 
 
Pool water samples 
The optimized DLLME method was applied to 
the determination of chloroform in pool water sam-
ples. A typical GC-MS chromatogram of a sample 
from the pool is given in Fig. 3. The concentra-
tions of chloroform found in pool water were sum-
marized in Table 5. Calibration was performed 
by the external standard method. 
 
Discussion 
The main point for selection of disperser solvent is 
its miscibility in the organic phase (extraction sol-
vent) and aqueous sample solution. Acetonitrile, 
ethanol, and methanol were assayed for this pur-
pose. The results showed that, by using methanol as 
disperser solvent, the maximum efficiency was ob-
tained (Fig. 1). Samples were analyzed by GC-FID. 
 

Optimization of DLLME using central composite 
design  
The experimental design techniques commonly 

used for process analysis and modeling are the 
full factorial, partial factorial and central com-
posite design. A full factorial requires at mul-
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tilevel many experiments. A partial factorial de-
sign requires fewer experiments than a full fac-
torial. The central composite design gives almost 
as much information as a multilevel factorial, re-
quires much fewer experiments than a full fac-
torial and has been shown to be sufficient to de-
scribe the majority of steady-state process re-
sponses (25). CCD consists of a 2f (22=4) facto-
rial runs, 2f (2×2=4) axial or star runs and n 
center runs. Eight replicates at the center point 
of the design permit to calculate the experimen-
tal error of the process (26). The a value (axial 
spacing) is fixed at 1.414 to enable orthogonal-
ity and rotatability of the design. Therefore, the 
complete design consisted of 16 randomly-per-
formed experiments in order to minimize the ef-
fect of uncontrolled variables. 
The statistical significance of the quadratic model 
predicted was evaluated by the analysis of vari-
ance (ANOVA) technique. The ANOVA con-

sists in determining which of the factors signifi-
cantly affect the response variables in study, us-
ing a Fisher’s statistical test (F-test). Effects with 
less than 95% of significance that is, effects with a 
P-value higher than 0.05, were discarded and 
pooled into the error term (often called residual 
error) and a new analysis of variance was per-
formed for the reduced model. The significance 
of the model can be evaluated by considering 
either the F-values or the P-values of the model 
and of the lack of fit (27). The Model F-value 
of 21.35 implies the model is significant. There 
is only a 0.01% chance that a "Model F-Value" 
this large could occur due to noise. The "Lack of 
Fit F-value" of 3.36 implies the Lack of Fit is 
not significant relative to the pure error.  There is a 
9.62% chance that a "Lack of Fit F-value" this 
large could occur due to noise. As shown in Table 
3, effects of E, D and D2 terms were statistically 
significant, whereas the blocks were insignificant. 

 
Table 1: Factor levels used in the central composite design 

 
Factor Symbol Levels 
   -a -1 0 +1 +a 
Volume of extraction solvent (µl) E 16 20 30 40 44 
Volume of disperser solvent (mL) D 0.26 0.30 0.40 0.50 0.54 

 
Table 2: Design matrix and responses for the central composite design 

 
Run Block E D Response 
1 1 0 0 71 
2 1 +1 -1 63 
3 1 0 0 69 
4 1 0 0 74 
5 1 +1 +1 52 
6 1 0 0 68 
7 1 -1 -1 79 
8 1 -1 +1 75 
9 2 0 0 75 
10 2 0 0 68 
11 2 +1.414 0 49 
12 2 0 0 73 
13 2 -1.414 0 87 
14 2 0 0 70 
15 2 0 +1.414 49 
16 2 0 -1.414 58 

 
Extraction conditions: 1 ml standard solution of chloroform; centrifuge for 3 min at 4500 rpm; 0.5 µl injection volume to GC-FID. 
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Table 3: Analysis of variance table (ANOVA) for response surface quadratic model 
 

Source Sum of squares df a Mean square F value b P-value prob > F c Significance 

Block 30.25 1 30.25 2.03 0.1880 not significant 

Model 1589.70 5 317.94 21.35 < 0.0001 significant 

E 1075.09 1 1075.09 72.18 < 0.0001  

D 96.10 1 96.10 6.45 0.0317  

ED 12.25 1 12.25 0.82 0.3881  
E2 0.12 1 0.12 8.392×10-3 0.9290  
D2 406.12 1 406.12 27.27 0.0005  
Residual 134.05 9 14.89    
Lack of fit d 84.05 3 28.02 3.36 0.0962 not significant 
Pure error 50.00 6 8.33    

Cor total 1754.00 15     
 

a The degrees of freedom. 
b The F Value for a term is the test for comparing the variance associated with that term with the residual variance. It is the 

Mean Square for the term divided by the Mean Square for the Residual. 
c The probability value associated with the F Value.  
d The portion of the residual SS that is due to the model not fitting the data. 

 
Table 4: Optimum response and the corresponding levels 

 

E(µl) D(mL) Optimum response Experimental response a RSD% b 

20 0.39 83 80 3.84 
 

a Mean value of three measurements. 
b Relative standard deviation of 8 measurements.  

 
 

Table 5: Chloroform values in water samples of three indoor swimming pools and blood samples of nine swimmers after swimming 
 

Water (µg L-1) Blood (µg L-1) 

Subject Mean (%RSD)a Subject Mean (%RSD)a Subject Mean (%RSD)a 

Pool 1 135 (6.3) Swimmer 1 1.26 (8.5) Swimmer 6 1.37 (1.3) 

Pool 2 124 (2.9) Swimmer 2 1.33 (1.4) Swimmer 7 1.30 (4.1) 

Pool 3 118 (5.1) Swimmer 3 1.66 (2.5) Swimmer 8 1.66 (2.9) 

  Swimmer 4 1.42 (4.0) Swimmer 9 1.64 (5.6) 

  Swimmer 5 1.52 (4.4)   
     

    a Relative standard deviation, n=3. 
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Fig. 1: Effect of various extraction and disperser solvents on the extraction efficiency. Extraction conditions: sample 
volume, 1 mL; dispersive solvent volume, 0.3 mL; extraction solvent, 20 µL. Two phase system was not observed by 

carbon disulfide and acetonitrile. 

 
 

Fig. 2: Response surface for endosulfan extraction 
 

 

 
Fig. 3: A typical GC-MS chromatogram of a sample from the pool. (1) chloroform 
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