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Abstract
Objectives: The aim of this study was to assess the exposure of patients to organic substances produced and identified in 
surgical smoke formed in the abdominal cavity during laparoscopic cholecystectomy. Material and Methods: Identification 
of these substances in surgical smoke was performed by the use of gas chromatography-mass spectrometry (GC-MS) with 
selective ion monitoring (SIM). The selected biomarkers of exposure to surgical smoke included benzene, toluene, ethyl-
benzene and xylene. Their concentrations in the urine samples collected from each patient before and after the surgery 
were determined by SPME-GC/MS. Results: Qualitative analysis of the smoke produced during laparoscopic procedures 
revealed the presence of a wide variety of potentially toxic chemicals such as benzene, toluene, xylene, dioxins and other 
substances. The average concentrations of benzene and toluene in the urine of the patients who underwent laparoscopic 
cholecystectomy, in contrast to the other determined compounds, were significantly higher after the surgery than before 
it, which indicates that they were absorbed. Conclusions: The source of the compounds produced in the abdominal cavity 
during the surgery is tissue pyrolysis in the presence of carbon dioxide atmosphere. All patients undergoing laparoscopic 
procedures are at risk of absorbing and excreting smoke by-products. Exposure of the patient to emerging chemical com-
pounds is usually a one-time and short-term incident, yet concentrations of benzene and toluene found in the urine were 
significantly higher after the surgery than before it.
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through peritoneum and their penetration into blood 
and other body fluids [1,2].
The proof of their absorption may be the presence of 
these compounds or their metabolites in blood and urine. 
Urine is a filtrate of blood and it contains toxic substances 
and their metabolites present in blood. Therefore, analy-
sis of urine samples is an important source of information 
concerning functioning of the body, as well as its exposure 
to harmful substances. Whereas smoke production during 
laparoscopic surgeries is well documented in world litera-
ture [1–7], the analysis of urine samples of patients un-
dergoing laparoscopic procedures in order to assess the 
potential exposure to such substances has not been per-
formed yet.
A number of studies, such as those conducted by Bar-
rett et al. [7], show the presence of chemical compounds 
of different structure and toxicity, which mostly occur 
in low to trace concentrations, in the smoke produced 
as a result of tissue thermocoagulation. The identified 
compounds include aliphatic hydrocarbons, aromatic hy-
drocarbons (including carcinogenic benzene), aldehydes, 
nitriles, amines, phenols and others. During a laparo-
scopic surgery patients breathe with the help of anes-
thetic equipment that sucks clean air from the outside 
of the operating theatre. Therefore, exposure of the pa-
tient depends only on the concentration of compounds 
released from the fat tissue or produced during tissue 
pyrolysis and the efficiency of their absorption into the 
bloodstream through peritoneum. Biological monitoring 
remains the only way to assess exposure of the patient 
and the tremendous progress and development of new 
analytical methods make it possible to measure quanti-
tatively small, or even trace amounts of these substances.
Similar studies to the one we performed have not been 
done before. This study offers us a glimpse into the 
threat posed by new surgical techniques, such as mini-
mally invasive operations, which are becoming more 
and more popular. We have confirmed the presence of 

INTRODUCTION

Laparoscopic operations are beginning to dominate in 
most areas of operational treatment, and in the case 
of some of them they have become standard proce-
dures. Indications for their application expand and 
new technical tools are continuously being refined 
and implemented to perform more and more com-
plex procedures. Patients are also more likely to opt 
for this type of operation because of a shorter hospital 
stay and a faster recovery. Also, the cosmetic effect is 
more favorable (small scars). One of the most com-
monly performed laparoscopic surgery is resection of 
the gallbladder (cholecystectomy). This method has 
now become standard. During this operation, in order 
to prevent bleeding, coagulation of tissues is neces-
sary as well as cutting them in the coagulation zone 
in the peritoneal cavity filled with carbon dioxide to 
the pressure of about 10–15 mm Hg. For this purpose, 
the apparatus for mono- or bipolar coagulation and an 
ultrasonic knife or other coagulating-cutting devices 
are used. These devices consist of an electric genera-
tor and high-frequency mono- and/or bipolar endings. 
Electric current is applied with a frequency that does 
not stimulate neuromuscular activity. Temperatures 
reached at the coagulating endings range from 100°C 
to 500°C, and the zone of thermal injury to tissues 
reaches 4–5 mm. During typical laparoscopic opera-
tions thermocoagulation of tissues in the atmosphere 
of carbon dioxide occurs. During this process, in the 
oxygen-free atmosphere a number of different chemi-
cal compounds, which can be potentially harmful to 
the health of both, patients and medical personnel, are 
formed and released. The characteristic sharp smell 
of the smoke released from abdominal cavity can be 
smelt in the operating theatre and it is also visible on 
the screen. The particular risk of exposure to the sub-
stances that are formed during such treatment is con-
nected with the possibility of their direct absorption 
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The operating theater of the hospital in Zgierz consists 
of 4 operating rooms, which make an enclosed space 
together with the preparation rooms, the sterilization 
room, etc. The study was conducted in the operating the-
ater during laparoscopic procedures.
The first step of the study was performed according to 
Figure 1.
For identification purposes, gas samples were taken di-
rectly from the cable connected to the main working tro-
car through which, during operations, the gases escape 
from the abdominal cavity. The samples were taken by the 
use of measuring sets appropriate for the expected groups 
of substances. The expected substances included carbonyl 
compounds (aldehydes, ketones), volatile organic com-
pounds (aliphatic hydrocarbons, aromatic hydrocarbons, 
alcohols) and polychlorinated dibenzodioxins and furans 
(PCDD/PCDF). In front of each measuring set, a humid-
ity capacitors were installed, and their content was ana-
lyzed with respect to the presence of volatile substances by 
the use of the SPME technique.
To perform determinations of volatile organic com-
pounds, a measurement set was used, consisting of a gas 
chromatograph manufactured by Agilent Technolo-
gies 6890N, a mass detector 5973, a split/splitless injector 
chamber, an INNOWAX capillary column (length: 60 m, 
diameter: 0.25 mm, film thickness of the stationary phase: 
0.5 microns) and a computer data acquisition station. The 
analyses were performed using a programmable oven tem-
perature of the column (40°C (2 min), 5°C/min → 80°C 
(0 min), 20°C/min → 180°C (15 min)), the temperature of 
the split/splitless injection chamber – 200°C. 
Data acquisition was performed in the selective ion moni-
toring (SIM) mode and scanning at the same time. The 
scanning range ranged from 10 Da to 250 Da. The signal 
for the SIM was collected for specific masses of aromatic 
hydrocarbons: 
 – Group 1 (benzene) – 50.0, 51.0, 52.0, 78.0.
 – Group 2 (toluene) – 65.0, 91.0, 92.0.

many chemical compounds, which are released during 
the pyrolysis of tissues, in the abdomen. Next, we have 
proved that some of these compounds are absorbed by 
peritoneum into the body of the operated patients. For 
the first time, we have identified dioxins in the surgical 
smoke created during laparoscopic cholecystectomy.
We have proved that the concentrations of benzene and 
toluene were significantly higher in patients after the 
surgery than before it. Our results showed that urine 
samples are a good source of information on occupa-
tional exposure as well as the dangers posed by modern 
medicine.

OBJECTIVES

1. Identification of the main chemical compounds pro-
duced in the abdomen during laparoscopic cholecys-
tectomy. 

2. Quantitative measurement of the concentrations of 
toxic chemicals excreted in the urine after the surgery.

3. Selection of exposure biomarkers useful for assessing 
the health risk of the patients exposed to these com-
pounds.

MATERIAL AND METHODS

Ethical issues
The study was approved by the Ethics Committee of 
the Medical University of Lodz, Poland (approval 
No. RNN/195/08/K). The patients were informed before 
the surgery about the conduct of the research and volun-
tarily agreed to have samples of their urine collected for 
analysis.
Sixty nine women and 13 men were randomly selected for 
the study. The age of the operated patients ranged from 18 
to 77 years. The average operation time was 80 min. Based 
on the survey, occupational and environmental exposure 
to aromatic hydrocarbons was excluded.
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was performed on a 30 m × 0.25 mm i.d. DB5MS J&W 
capillary column of 25 μm film and DB17 30 m × 0.25 mm 
i.d. DB5MS J&W capillary column of 25 μm film. A sam-
ple of 2.5 μ1 volume was injected into the SSL injector 
at 260°C. The GC oven was programmed as follows: the 
initial temperature of 130°C was held for 3 min, then 
temperature jump of 50°C/min to 180°C, then another 
temperature jump – 2°C/min to 270°C. Finally, the tem-
perature jump was 20°C/min to 300°C and it was held 

 – Group 3 (ethyl benzene, xylene) – 51.0, 65.0, 
91.0, 105.0, 106.0.

 – Group 4 (naphthalene, biphenyl, alkyl derivatives of 
benzene C9-C10) – 105.0, 120.0, 128.0, 134.0, 154.0.

Determination of PCDD/PCDF was conducted using 
isotope dilution high resolution chromatography/tandem 
mass spectrometry (ID-HRGC/MS-MS) on a Thermo Sci-
entific GCQ-1100/Trace2000 system equipped with Xcali-
bur data acquisition and analysis software. Separation 

PCDD – polychlorinated dibenzodioxins; PCDF – polychlorinated dibenzofurans.

Fig. 1. Qualitative identification of the composition of gases formed in the peritoneal cavity during laparoscopic cholecystectomy
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stayed until the next day. The urine first excreted after 
the surgery (5–12 h after the surgery) was collected into 
a clean glass container. The volume and specific gravity 
of the urine given to analysis were measured. Then, simi-
larly as before, 2 ml of urine were measured with a glass 
pipette, into previously prepared chromatographic vi-
als containing 1 g of NaCl. The capped vials containing 
samples of urine were stored in a refrigerator at 4°C until 
analysis.

Methodology for quantitative determinations  
of urine samples collected before and after the surgery
The content of volatile organic compounds (benzene, 
toluene, ethylbenzene, xylene) was determined in urine 
by the use of solid phase microextraction gas chroma-
tography (SPME-GC-MS). The analyses were conduct-
ed on a HP 6890 gas chromatograph with a HP 5973 
mass detector, split injector, and capillary column 
(HP-INNOWAX) using the method described by Fus-
tinioni et al. [8].

for 5 min. PCDD/PCDF were determined only in 20 ran-
domly collected gas samples. 
The next stage of the study (Figure 2) was to test whether 
the chemicals produced in the abdomen are absorbed into 
the body of a surgical patient and excreted in the urine.
Upon admission to the hospital for the planned surgery, 
the patients had urine samples collected. Volume and spe-
cific gravity measurements were performed. Then, 2 ml of 
urine were taken in 3–4 min using a glass pipette – and it 
was dispensed to the previously prepared chromatographic 
vials containing 1 g of NaCl. After capping, the vials were 
placed in a refrigerator at 4°C until analysis. During their 
hospital stay, the patients did not smoke cigarettes and 
were not exposed to cigarette smoke. The hospital is not 
situated near a busy street. All operations were conducted 
in the same operating theater using identical sets of tools. 
All patients were anesthetized using the same method and 
the same set of anesthetic equipment.
Immediately after the surgery, each patient was taken 
to the specially designated recovery room, where he/she 

SPME/GC-MS – soild-phase microextraction / gas chromatography – mass spectrometry.

Fig. 2. Urine sampling and analysis
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RESULTS 

The results of the qualitative chromatographic analysis of 
surgical smoke are shown in Table 1.
As presented in the table, during coagulation in the ab-
dominal cavity, about 40 substances, different in terms 
of their chemical structure, such as: aldehydes, unsatu-
rated and saturated hydrocarbons having conjugated 
double and triple bonds (e.g., alcohols, ketones) as well 
as aromatic hydrocarbons and dioxins, were formed and 
identified. Aromatic hydrocarbons found in the sur-
gical smoke include benzene and its alkyl derivatives 
(e.g., toluene, ethylbenzene, xylenes). Also, the pres-
ence of polychlorinated dioxins and furans was reported, 
including 2,3,7,8-TCDD. Mass spectra of the selected 
compounds confirming their chemical structure are pre-
sented in Figure 3.
For some toxic substances identified in the laparoscopic 
smoke, biological monitoring was carried out based on the 
measurement of the concentrations of these xenobiotics 
in the urine of the patients, collected before and after the 

Methods of statistical analysis
For statistical evaluation of the research results the non-
parametric Wilcoxon test for paired observations was 
used [9]. The decision to use the non-parametric test was 
taken after verification with the Shapiro-Wilk test and 
its result being abnormal distributions of the tested vari-
ables. The level of significance used for statistical tests 
was a = 0.05.

Quality control
Internal quality control (IQC) procedures implemented in 
the laboratory were based on the use of control and cali-
bration of samples which were included in the analytical 
procedures and which were prepared in the same way as 
the samples. They were also based on the use of internal 
standard (ISTD). Because of the fact that reference mate-
rial was not commercially available, quality control sam-
ples were prepared in the laboratory by spiking a sample 
from the volunteers. Internal quality samples (IQS) were 
always injected at the beginning, every 10 samples and at 
the end of a sequence.

Table 1. The main components identified in the samples of laparoscopic smoke

Aldehydes* Unsaturated hydrocarbons Aromatic hydrocarbons Alcohols  
and ketones Other PCDD/PCDF***

Formaldehyde but-1-en-3-yn (vinylacetylene) benzene isopropyl alcohol acrylonitrile 2,3,7,8-TCDD
Acetone butane-1,3-diyn ethylbenzene ethyl alcohol acetonitrile 1,2,3,7,8-PCDD
Acetaldehyde phenylacetylene etylobenzen acetone 1,2,3,4,7,8-HxCDD
Propionaldehyde 1-phenylcyclohexene m-, p-, o-xylene 1,2,3,4,6,7,8-HpCDD
Methacrolein cumene** OCDD
Butyraldehyde o-, m-, p-ethyl toluene** 2,3,7,8-TCDF
Benzaldehyde mesitylene** 1,2,3,7,8-PCDF
Valeraldehyde pseudocumene** 1,2,3,6,7,8-HxCDF
Hexyl aldehyde hemimeliten** OCDF

naphthalene

PCDD – polychlorinated dibenzodioxins; PCDF – polychlorinated dibenzofurans.
TCDD, PCDD, HxCDD, HpCDD, OCDD, TCDF, PCDF, HxCDF, OCDF – congeners of PCDD/PCDF (dioxins).
* Identified based on the retention time of the derivative with 2,4-dinitrophenylhydrazine.
** Identified based on the retention time of the signal recorded in the selective ion monitoring (SIM) mode.
*** Identified based on the retention time of the signal recorded in the SIM mode using isotopic patterns.
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before the surgery (0.280±0.045). In the case of toluene, 
the average concentrations of the compound in the urine 
of the patients after the surgery were also significantly 
higher than before it, although this difference was not so 
emphatic: 0.718±0.110 (before the surgery) compared 
to 1.051±0.188 (after the surgery).
No significant differences were found between the con-
centrations of ethylbenzene and xylenes (m, o, p) deter-
mined pre- and postoperatively.

surgery. This study included substances for which the as-
say methods in the urine were validated and which provide 
a satisfactory level of determination.
Results concerning the urine samples analyzed with re-
spect to the presence of benzene, toluene, xylene and eth-
ylbenzene are shown in Table 2 and in Figure 4.
As shown in Table 2 and Figure 5, concentration of ben-
zene in the urine of the patients after the surgery was on 
average 0.867±0.143 and it was about 3 times higher than 

Fig. 3. Peak identification protocols tested (up) with a reference mass spectrum of the library Willey7 (bottom), respectively  
for a) benzene, b) toluene, c) ethylbenzene, and d) p-xylene
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documented studies, which show that the smoke plume 
contains a vast array of chemical compounds, includ-
ing aliphatic hydrocarbons, aromatic hydrocarbons 
such as benzene and its alkyl derivatives, as well as al-
dehydes, nitriles, amines, and other substances [4–7]. In 
contrast to other authors, we have also found traces of 
polychlorinated dioxins and furans, including the highly 
toxic 2,3,7,8-TCDD. Some xenobiotics identified in the 
laparoscopic smoke may have mutagenic and carcino-
genic effect. 
There is a risk of their direct or indirect impact on genetic 
material. In the case of patients undergoing laparoscop-
ic procedures who breathe with anesthesia equipment, 
which draws in fresh air from the outside of the operating 
theatre, the exposure to these potentially harmful com-
pounds is associated with the risk of direct absorption 
(into the bloodstream through peritoneum) of a number 
of substances that are either released from the fat tissue or 

DISCUSSION

Surgical smoke from abdominal cavity may pose a haz-
ard to both, the operating room staff and the patients 
since it contains chemical compounds. There are many 

Table 2. Average concentrations of the selected substances in the urine samples taken from the 82 patients before and after the surgery

Tested substance
Concentration

(μg/l)
p in the test comparing 

the averages for 
dependent variablesM±SEM Me range

Benzene
before surgery
after surgery

0.280±0.045
0.867±0.143

±0.150
±0.310

0.000–2.240
0.020–6.060

< 0.0005

Toluene
before surgery
after surgery

0.718±0.110
1.051±0.138

±0.450
±0.675

0.080–6.850
0.140–7.660

0.039

Ethylbenzene
before surgery
after surgery

1.518±0.104
1.765±0.164

±1.480
±1.480

0.110–4.900
0.090–6.220

0.100

M-, p-xylene
before surgery
after surgery

2.082±0.173
1.876±0.233

±1.880
±1.260

0.150–6.560
0.110–9.000

0.268

O-xylene
before surgery
after surgery

1.042±0.114
1.064±0.112

±0.785
±0.725

0.060–6.060
0.050–4.720

0.883

M – mean; SEM – standard error of measurement; Me – median.

Fig. 4. Average concentrations of benzene and toluene  
in the urine samples collected from the patients before  
and after the surgery
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xenobiotics in the urine samples collected before and after 
the surgery.
The study showed that the concentrations of benzene and 
toluene identified in the urine of the patients after the 
surgery were significantly higher than their concentrations 
before the surgery, which is direct evidence that during 
such operations these compounds are produced and ab-
sorbed into the blood. The obtained results indicate the 
possibility of implementing biological monitoring to assess 
the potential risk for the patients undergoing this type of 
surgery.
In theory, the absorbed compounds may pose a poten-
tial risk of distant health effects. It should be borne in 
mind that benzene, concentration of which in the urine 
of the patients after the laparoscopic surgery was more 
than 3 times higher than before the operation, is classi-
fied by the International Agency for Research on Can-
cer (IARC) as Group 1 human carcinogen and its role 
as a leukemogen has been clearly demonstrated through 
a number of epidemiological studies. Other effects on the 
hemopoietic system include leukopenia, agranulocytosis, 
anemia, pancytopenia and the myelodysplastic syndrome. 
Benzene is also considered a leukemogenic factor in hu-
mans. Benzene is a human clastogen: chronic exposure 
leads to consistent structural and numerical chromosomal 
aberrations in lymphocytes and bone marrow cells which 
may be recorded for at least 5 years after cessation of (oc-
cupational) exposure [15–22].
Benzene diffuses across the placenta and is considered to 
be fetotoxic. It is not thought to be a teratogen and there 
is currently no evidence that it causes reproductive effects 
in humans. Therefore, it appears that laparoscopic proce-
dures in pregnant women may be a subject to some risk. 
Laparoscopy, as a diagnostic-operation technique, is cur-
rently regarded as a method safe in pregnant women and is 
increasingly being used in obstetrics [23,24]. The scope of 
indications for laparoscopy in pregnancy relates mainly to 
lithiasis and cholecystitis (the so-called acute abdomen). 

produced in the pyrolysis process during thermocoagula-
tion of the tissues. 
Therefore, the only way to assess the exposure of the pa-
tients is biological monitoring. So far such tests have not 
been performed, hence the assay results described in our 
work concerning the selected compounds in the urine col-
lected from the patients before and after the operation are 
novel and they indicate that toxic compounds present in 
the smoke are absorbed into the body. Previous studies 
carried out by various authors included only the analysis 
of the air (surgical smoke). 
In the literature, there are few works on biological moni-
toring based on the measurement of unchanged com-
pounds excreted in the urine, but they refer only to oc-
cupationally exposed workers [10–14]. These works have 
demonstrated a high correlation between concentrations 
of various solvents in the air of the working environment, 
and their concentration in the urine. Biological monitor-
ing of the exposure to benzene and toluene is particu-
larly well-documented. In the past, it was based on the 
concentration measurements of the metabolites of these 
substances in the urine. Great progress and develop-
ment of new analytical methods now allow for a quanti-
tative measurement of even very small (trace) amounts 
of unchanged compounds, including benzene and tolu-
ene [10–14].
It has been reported by other authors that in the smoke 
produced during laparoscopy more than 40 different com-
pounds of different structure and belonging to different 
groups, such as aldehydes, unsaturated and saturated hy-
drocarbons having conjugated double and triple bonds 
(e.g., alcohols and ketones), as well as aromatic hydrocar-
bons such as benzene and its alkyl derivatives (toluene, 
ethylbenzene, xylenes), may be detected. Our study con-
firmed formation of compounds from these groups. 
Then for the selected toxic compounds identified in the 
surgical smoke, we performed biological monitoring based 
on the examination of the concentrations of the selected 
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In addition, to reduce or eliminate the potential risk of ex-
posure to the compounds produced during tissue pyroly-
sis, which can be harmful to the fetus, one should consider 
using gasless laparoscopic techniques in pregnant women.
A significant proportion of these operations, > 50% has 
already been performed in women who suffer from gall-
stones and are of childbearing age. In this case, the eleva-
tion of the abdominal wall can be applied [28–31], or bipo-
lar devices can be used for laparoscopic purposes causing 
lesser production of the toxic smoke [31].

CONCLUSION

1. During laparoscopic surgery, in the abdominal cavity 
smoke is produced, which was shown to contain many 
potentially dangerous chemicals.

2. The smoke source is probably thermocoagulation of 
the tissues and their pyrolysis that take place during the 
procedure.

3. The patient’s exposure to the produced chemicals is 
usually a one-time and short-term one, and the concen-
trations of benzene and toluene found in the urine are 
relatively low.

4. The presence of chemical compounds in the urine is 
a result of their absorption by peritoneum and their cir-
culation in the body.

5. The results indicate the possibility of establishing bio-
logical monitoring to determine the concentrations of 
benzene and toluene in the urine as major biomarkers 
of the patients’ exposure during laparoscopic proce-
dures.
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