
Peracetic acid (PAA, CAS Number 79-21-0) was intro-
duced as an antibacterial agent in 1955.  It has a broad
spectrum of activity, including bacteria, spores, molds,
yeasts, algae and viruses1, 2).  PAA, a possibly safe oxi-
dizing agent, is being increasingly used recently, espe-
cially as a high-level disinfectant in hospital settings.
However, if used at high concentration, it may cause skin
and mucosal irritation and its vapors are extremely irri-
tating to eyes, nose and throat3).

There are a few methods to detect PAA in the gas phase
described in the literature, such as photometry4, 5), spec-
troscopy6) or gas-7) and liquid-chromatography8–10) with
and without derivatization.  But all these methods are not
sufficiently sensitive and furthermore require handling of
many chemicals, complicated cleaning and extraction pro-
cedures, and the use of cumbersome equipment which
may interfere with job performance.

Solid phase micro-extraction (SPME), a solvent-free
technique, incorporates sampling, isolation and enrich-
ment into one step.  It has been proposed since 1998 as
a passive device11, 12) for field and personal sampling,
both as “rapid-SPME” with completely exposed fibers for
short-term sampling and for determination of “time-
weighted average (TWA)-SPME”.  In the latter case the
fiber is retracted inside the needle up to 0.1–3.5 cm.

Acceptable limits for PAA have been suggested by the
Institut National de Recherche et Sècuritè (INRS) and by
the Subcommittee on Consequence Assessment and
Protective Actions (SCAPA).  INRS13) proposed a
Threshold Limit Value (TLV) as TWA for PAA of
0.62 mg/m3 (0.2 ppm) and a TLV as Short Time Exposure
Limit (STEL) of 1.56 mg/m3.  The PAA Acute Exposure
Guidelines Level values14) (AEGL 1, AEGL 2 and AEGL
3) are 0.52, 1.6 and 60 mg/m3 for 10 min of exposure.

Since PAA may have severe acute health effects at high
concentrations, it seemed important to us to have a
method sensitive to quick elevations of PAA in the air
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during handling and disinfecting procedures.  For this rea-
son, we developed a new, rapid, economical and auto-
mated analytical SPME fast gas chromatography-mass
spectrometry (GC-MS) method for the fast quantitative
determination of airborne PAA.  Here we will describe
the method as well as the results of a campaign of envi-
ronmental monitoring in a hospital setting in Florence,
Italy.

A survey carried out in the Regional Hospital of
Florence, Italy, showed that Oxyster Plus Long Life PAA
(Farmec, Verona, Italy), formed from hydrogen peroxide
and N-acetylcaprolactam, was used in fifteen clinical units
with a total per-month consumption of 803 l.  To prepare
the 0.2% PAA solution, a generator with peroxidic groups
was used to obtain the nucleophilic attachment to the car-
bonyl bond of the N-acetyl in the activator.

To determine airborne PAA exposure in 15 nurses in
15 different clinical units we used the SPME technique,
with a 100 µm Fast Fit Assemblies (FFA)-SPME polydi-
methylsiloxane (PDMS) fiber (Supelco, Sigma-Aldrich,
Milan, Italy).  The fiber was doped for 10 s in the head-
space of a PTFE-capped 4 ml amber vial containing 5 µl
of methyl-p-tolyl-sulfide (MTS).  From the reaction
between PAA and MTS, methyl-p-tolyl sulfoxide
(MTSO) was obtained.  Sampling was performed both by
“rapid-SPME” and by “TWA-SPME” (in this case the
fiber was retracted in the needle to a distance of Z=0.3 cm)
exposing the fiber in the air for 15 s and 8 h, respectively,
under non-equilibrium conditions.  After sampling, PAA
was analyzed with fast GC/MS with a Shimadzu GC 2010
(Shimadzu Italia, Milan, Italy), using an SLB5-MS col-
umn by Supelco (5 m × 0.10 mm × 0.4 µm film thick-
ness).  The ionization was performed with a QP 2010
series MS detector operating in the electron impact (EI)
mode.  MS analysis was operated by the new fast auto-
mated scan/selective ion monitoring (SIM) technique
(FASST) acquisition mode with scan range of m/z
40–200; for MTSO determination, the mass number of the
target ion was m/z=138 and the confirming ion was
m/z=154.  Oven settings were 60˚C held for 0.30 min,
with a ramp of 150˚C/min up to 100˚C and 50˚C/min up
to 250˚C.  Inlet pressure and column flow were 348.8
KPa and 1.21 ml/min, respectively.  The injector (280˚C)
was set in split mode 10:1.  Full automation of the pro-
cedure was achieved using a Gerstel MPS2 autosampler
equipped with Multi Fiber Exchange (SRA Instruments,
Milan, Italy).  To calibrate the fiber, PAA vapor was gen-
erated in a dynamic system by a syringe-pump Harvard
Plus 11 (Harvard Apparatus, Holliston, United States),
equipped with a 1 ml gas-tight syringe set to 2 µl/min.
The PAA solution was set at 7.8 µg/µl.

The PAA air concentration (CPAA air) was calculated
according to the following formula:

CPAA air = CSol Fsyringe / Fair (1)

where, CPAA air is the concentration of analyte in air
(µg/l), CSol is the concentration of the solution (µg/µl),
Fsyringe is the syringe-pump flow (µl/min), and Fair is the
air flow (l/min).

The experimental sampling rates (SR) of the “rapid-
SPME” and “TWA-SPME” system were obtained using
the equation:

SR = uptake / CPAA air (2)

The uptake is the slope of the line obtained by corre-
lating the mass of PAA adsorbed on the fiber with the
sampling time at calibrated air concentrations (CPAA air).
The theoretical SR of the SPME passive sampling system
with “TWA-SPME” was expressed as:

Theoretical SR = (Dg × A) / Z (3)

where Z = distance between the needle opening and the
fiber upper surface, A = surface of the needle opening
(0.00086 cm2), and Dg = analyte diffusion coefficient in
the air (for PAA 0.149 cm2/s by Fuller-Schettler-Giddings
equation).

Table 1 describes the principal characteristics of the fif-
teen clinical units (dimension, type of sterilization, venti-
lation and aspiration systems, volumes of PAA solution
used during filling operations).  In two units (ns 9 and
14) lavaendoscopes (model Autoscope 2, Labcaire System
Ltd, Clevedon, United Kingdom) were present, equipped
with an apparatus made of an activated carbon filter for
trapping disinfectant fumes.  Most units had no artificial
ventilation except units ns 2, 3, 4 and 5, where a mechan-
ical ventilation system of turbulent flow type was installed
and set at 15 changes/h.  This system distributed the exter-
nal air evenly in the room, achieving uniform air quali-
ty, temperature and air velocity.  In unit n 10 an aspirat-
ing hood was installed (model G17S, PCI Medical Inc,
Deep River, United States) with a face velocity of
13.7 m/min.  In most units the operations were manual
and cleaning devices were basins or tubes.  Personnel used
long-sleeved waterproof gowns, nitrile gloves, goggles
and disposable charcoal-impregnated face masks.

The evaluation of airborne PAA exposure was made by
means of personal sampling in the breathing zone of the
workers and included the following settings (Table 1): (1)
background exposure to airborne PAA in the room inde-
pendently of specific manipulations; (2) disposal of the
exhausted solution (“emptying”); (3) filling of basins,
lavaendoscopes and tubes with activated solution (“fill-
ing”); (4) persistence of pollution in the room while the
operator is busy tidying the work space (“decay”); (5)
immersion of devices in the activated solution of PAA
(“routine activity”).
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Short-term 10-min exposure was monitored using forty
SPME fibers, each for 15 s in sequence for “rapid SPME”
sampling.  A multi-data logger model BABUC/A (LSI,
Milan, Italy) was employed to measure microclimatic
parameters during air sampling (temperature, relative
humidity and air velocities).

The main goal of the work was to determine the
“instantaneous” environmental concentrations of PAA
using the “rapid-SPME” method and to compare the
results with the long-term sampling by “TWA-SPME”.
An additional goal was the minimization of GC analysis
time using a narrow bore capillary column (Fig. 1).  The
limits of quantification (LOQ) in the SIM mode for
“rapid-SPME” and “TWA-SPME” were 0.035 (for 15 s
sampling) and 0.020 mg/m3 (for 8 h sampling) and were
evaluated with a signal-to-noise ratio >5 and a peak area
in the linear range of the calibration curve.  The method
for “TWA-SPME” sampling (Z=0.3 cm) had 8% relative
standard deviation (RSD, n=5) at low CPAA air

(0.070 mg/m3) and 9% RSD (n=5) at high CPAA air

(3.0 mg/m3), while “rapid-SPME” sampling had 11% RSD
(0.040 mg/m3) and 10% RSD (1.2 mg/m3).  Figure 2a, b
shows plots of the amount of absorbed PAA as a func-
tion of exposure time for both sampling methods to deter-
mine SR.  The slope of the curve represents the uptake
of PAA on SPME fibers as indicated in equation 2.  As
to “TWA-SPME” with Z=0.3 cm, the experimental aver-
age SR value was 0.0235 ml/min (Fig. 2b), in good agree-
ment with theoretical SR value (0.0256 ml/min) calculat-
ed by equation 3.  The experimental average SR value
for “rapid-SPME” was equal to 7.7884 ml/min (Fig. 2a).
The cross reactivity to hydrogen peroxide was negligible
in the concentration ranges of PAA.  No significant
change in mass adsorbed was observed after storage
(–20˚C) for one week.  The robustness of the fiber
allowed more than 150 analyses for each fiber.  The

ranges in microclimatic parameters registered in the fif-
teen units during the PAA environmental monitoring
were: air temperature (19.1–23.7˚C), relative humidity
(45.4–77.9%), air speed (0.4–1.5 cm/s).

With rapid SPME we measured the average environ-
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Fig. 1. Fast GC-MS chromatogram and EI mass spectrum of the i) MTS, ii) MTSO.

Fig. 2. a, Weight of PAA (ng) formed at 15 s exposure time as
a function of various CPAA air (mg/m3) by “rapid-SPME”. b,
Uptake rate (ng/s) for PAA by “TWA-SPME” with Z=0.3 cm
(CPAA air=0.62 mg/m3).



mental concentrations (10 min) of PAA during step 1–4,
which include all the phases of the handling of the solution.
Among the fifteen units monitored, this average was high-
er than AEGL 1 only in unit n. 7 (1.228 ± 1.165 mg/m3).
In unit n. 13 we observed the highest average values
(0.736 ± 0.603 mg/m3) for setting 5 (defined as “routine”
in Table 1).  The highest instantaneous concentration lev-
els (range 0.414–3.396 mg/m3) were noticed when the fill-
ing (setting 3) was made in devices with a large evapo-
rating surface (average diameter of the basins, 42 cm), in
rooms without localized aspiration (units n. 6, 7, 8, 11, 13,
15) and in setting 2 (“emptying”), range 0.360–1.239 mg/m3

(units n. 1, 6, 13, 15).  In the endoscopic wards using
lavaendoscopes (units n. 9, 14), the exhausted solution
was discharged in closed circuits.  The units using natur-
al ventilation (n. 1, 6, 7, 8, 11, 12, 13, 15) showed a high-
er average level of PAA (0.423 mg/m3) than those (n. 2,
3, 4, 5, 9, 10, 14) with assisted ventilation (0.154 mg/m3)
for short-term exposure (10 min).  For long-term sam-
pling by “TWA-SPME”, the average concentration of
PAA was 1/10 lower than TLV-TWA except in units n. 2,
11 and 13. 

These data are the first in the literature reporting a
method for high-throughput automated analysis of air-
borne PAA using an MFX/SPME fast GC-MS robotic sys-
tem.  The high sensitivity of the method evaluates PAA
concentrations with extremely short sampling periods,
producing instantaneous values of PAA levels.  In addi-
tion SPME reduces analytical costs, is easily applicable
and uses no solvents, therefore having no environmental
impact.

Evaluation of PAA exposure levels is essential to effi-
ciently organize prevention of risks from using this poten-
tially toxic chemical.  We were able to identify high expo-
sure steps during the handling of PAA in our hospital with
this new method, which then prompted the adoption of
approaches to minimize exposure such as staff training,
mechanical ventilation and the use of lavaendoscopes
equipped with a specific aspiration system.
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