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A reliable isotope dilution method for the determination of chloramphenicol (CAP) in drinking water was devel-
oped by using an evaporation preparative step. Each sample was monitored by ultrahigh-pressure liquid chromatog-
raphy (UHPLC) coupled to tandem mass spectrometry (MS/MS) using an electrospray ionization interface (ESI) in
negative ion modes. Recoveries of spiked samples were in the range from 93.2% to 95.7% with intra-day relative
standard deviation lower than 6.7% and inter-day relative standard deviation lower than 8.2%. Limit of quantifica-
tion (LOD) was 0.002 ng/mL. The developed method was successfully applied to the analysis of CAP in drinking
water of Shannan region of Tibet.
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Figure 1. Chemical structures of CAP
Introduction

Chloramphenicol (CAP) (structure shown in Figure 1) is
widely used in animal husbandry on a large scale to control dis-
eases or as growth promoters in China [1]. CAP is cheap and
easy to prepare, and it exhibits effective antibacterial activity
against a wide variety of Gram-positive and Gram-negative bac-
teria [2, 3]. CAP may directly expose to the environment by
leaching from uneaten feeds or from the animals' excrement and
also directly enter the environment through pharmaceutical
wastewater, which might cause potential risk on consumer health
[4–6]. Although the Chinese government [7], as well as
European Union [8] or United States of America (EPA 822-
R-06-013), has taken no legislation and concentration limit
of CAP in drinking water, in order to minimize the risk and
ensure food safety, a simple and reliable analytical method
needs to be developed and validated.

Many methods have been published for the detection and
quantification of CAP from environmental and food samples.
The enzyme-linked immunosorbent assay (ELISA) [2, 9], thin
piezoelectric immunosensor [10], surface plasmon resonance
(SPR) [11], molecularly imprinted polymer (MIP) [12], gas
chromatography (GC) [13], GC–mass spectrometry (MS) [14],
and liquid chromatography (LC) [15–17] achieved good results.
In the recent years, high-performance liquid chromatography
(HPLC) coupled to mass spectrometry (MS) [18, 19], or
coupled to tandem mass spectrometry (MS/MS) [6, 18, 20–23],
had become the best choice for the determination of CAP be-
cause of its advantages of high selectivity and sensitivity, time-
saving, and the accuracy of quantification and confirmation.

Liquid–liquid extraction (LLE) [21], solid-phase microextrac-
tion (SPME) cartridges [24], molecular imprinted polymers
(MIPs) [14], and solid-phase extraction (SPE) [17] were mainly
applied to extract CAP in many reported methods, but which are
expensive and time-consuming. Thus, it is necessary to develop
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generic procedures to make fast, cost-effective, and accurate de-
tection possible. Fortunately, an evaporation preparative step has
been used as a valuable way to detect acrylamide in water [25],
but not used in the detection of CAP.

In this study, an evaporation preparative step method with iso-
tope dilution UHPLC–MS/MS has been developed for the deter-
mination of CAP in drinking water from Shannan region of
Tibet. The developed method meets the detection requirements,
due to the effectiveness of the extraction procedure and the fast
chromatographic analysis.
Experimental

Materials and reagents. Standards for CAP and d5-CAP
were obtained from Dr. Ehrenstorfer (Augsburg, Germany).
HPLC-grade acetonitrile was obtained from TEDIA (Ohio State,
USA). Water was purified using a Milli-Q purification system
(resistivity, 18.2 MΩ, Millipore, Bedford, MA, USA). Mini-
uniprep G2 Syringeless Filters (0.2 μm PTFE) were obtained
from Whatman (Buckinghamshine, UK).

Stock standard solutions were prepared in acetonitrile by exact
weighing of the compounds and stored at −20 °C. Working stan-
dard solution was prepared by diluting stock solutions with ace-
tonitrile and stored at 4 °C.

Sample collection. Ten drinking water samples from Shannan
region of Tibet were collected in glass bottles and stored in the
dark below 4 °C.
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Analysis of Chloramphenicol
Instruments and apparatus. LC analysis was performed in
an Agilent 1200SL Series Rapid Resolution LC System (CA,
USA) equipped with a binary pump, degasser, autosampler, and
column heater. An SB-Aq C18 column (100 mm × 3.0 mm,
1.8 μm particle size) from Agilent was used for
chromatographic separation. MS/MS detection was performed
using an Agilent 6460 Triple Quadrupole LC/MS (QQQ)
equipped with an ESI source. Rotary evaporator (Flawil,
Switzerland), model R-210, was obtained from Büchi. Vortex
mixer, model HQ-60, was obtained from Beijing North TZ-
Biotechnology Development Corp. Ltd. (Beijing, China).

Chromatographic conditions. The mobile phase was
consisted of acetonitrile (eluent A) and water (eluent B). The
portion of eluent A was 50% and keeping constant for 5 min.
The flow rate was set at 0.3 mL/min, and column temperature
was kept at 40 °C. The injection volume was 10 μL.

MS/MS conditions. The mass spectrometer was connected
to the UHPLC system via an electrospray ionization (ESI)
interface in negative mode. Source parameters were as follows:
capillary voltage at 3.5 kV, sheath gas temperature at 320 °C,
sheath gas flow rates at 11 L/min, gas temperature at 345 °C,
gas flow at 6 L/min, nebulizer pressure at 45 psi, and nozzle
voltage at 500 V.

The multiple reaction monitoring mode (MRM) was applied
for quantification. The parameters of transitions and the ap-
plied fragment or voltages and collision energy of are shown
in Table 1.

Sample preparation. Volumes of 50 mL of water were
transferred to a 250 mL boiling flask. After spiking with 5 ng of
internal standard, d5-CAP, the sample was evaporated with a
rotary evaporator under vacuum of 250 mbar at a temperature of
65 °C until the boiling flask was dry. After that, 1 mL
acetonitrile was added and vortexed for 1 min. Then, 0.5 mL of
supernatant was added into Mini-uniprep G2 Syringeless Filters.
Each sample was injected into the UHPLC–MS/MS system for
analysis.

Method validation. Linearity, accuracy, precision, limit of
detection (LOD), and limit of quantification (LOQ) were applied
for evaluating the applicability of optimized method. Matrix
effects were investigated by comparing responses obtained for
the standard in blank extract solution and in pure solvent at a
concentration of 5 ng/mL. Linearity was evaluated using isotope
dilution calibration in solvent with CAP concentrations
corresponding to 0.2, 1, 5, 10, and 20 ng/mL and containing a
fixed amount of d5-CAP (5 ng/mL). Trueness and precision
(intra-day and inter-day) were studied by spiking blank water at
three fortification levels which are shown in Table 2 by
analyzing six replicates at each concentration. Inter-day precision
was evaluated by analyzing six spiked samples on three separate
days in 0.05 ng/mL. Limits of quantification (LOQs) and limits
Table 1. Retention time windows (REWs) and MS/MS parameters of
CAP and d5-CAP

Compound RTW
(min)

Frag voltage
(V)

Quantitation
transition*

Confirmation
transition*

CAP 2.2 138 321 > 257.1(5) 321 > 152.1(9)
d5-CAP 2.2 150 326 > 262.1(5) 326 > 157.1(9)

*Collision energy (eV) is given in brackets.

Table 2. Validation parameters of the developed method (n = 6)

Compound Spiked
level

(ng/mL)

Recoveriesa

(%)
Inter-day
precision

(%)

LOD
(ng/mL)

LOQ
(ng/mL)

CAP 0.01
0.05
0.1

95.7 (8.1)
93.2 (6.7)
94.2 (4.5)

8.4 0.002 0.007

aInnerday precision are given in bracket (n = 6).
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of detection (LODs) were determined as the amount of analyte
for which signal-to-noise ratios (S/N) were equal than 10 and 3,
respectively.

Results and discussion

Optimization of UHPLC–MS/MS conditions. Recently,
LC or UHPLC coupled to MS/MS is the most suitable
technique for detection of CAP because it allowed the robust
analysis of the analytes at low levels in complexs [15, 26, 27].
In order to obtain nice peak shape and resolution, C18 column
was used in most reports [20, 28, 29]. In addition, the
experiments had evaluated the mobile phases consisting of ACN
and water which provided good sensitivity and resolution. The
retention time was 2.2 min, and the toal run time was 5 min.

To optimize the mass spectrometric conditions, 1 μg/mL stan-
dard solution of CAP and d5-CAP was injected into MS/MS.
Precursor ion, product ion, fragmentor, and collision energy were
evaluated by Masshunter Optimizer (B.03.01) in ESI negative
mode. Under these conditions, protonated molecules [M−H]−
were detected as the precursor ion for CAP. The MS/MS parame-
ters are shown in Table 1.

Sample preparation optimization. In some reported
methods, LLE [21], SPME [24], MIP [14], and SPE [17] were
mainly used to extract CAP. However, they are time-
consuming and expensive. In our study, an evaporation
preparative step was employed to enrich analyte. To achieve
the highest recoveries, different combinations of vacuum
degree and temperature were evaluated. These combinations
included the following: (250 mbar + 55 °C), (250 mbar +
60 °C), (250 mbar + 65 °C), and (300 mbar + 60 °C). Only
one spiked concentration of 0.05 ng/mL was evaluated during
this procedure. Figure 2 shows the impact on time and
recoveries. We choose (250 mbar + 65 °C) as optimized method
for the shortest time (12 min) and acceptable recovery (93.2%).

Matrix effects. The presence of matrix components can affect
the ionization efficiency of analytes, leading to either suppression
or enhancement of the signal. Matrix effects were investigated by
comparing responses obtained for the standard in blank extract
solution and in pure solvent at a concentration of 5 ng/mL [30].
In addition, the peak area of quantitation transition (321 > 257.1)
was 3100 and 15906 which were shown in Figure 3, so strong
significant matrix suppression effects were observed. In our
study, isotope dilution techniques provide the benefit of
compensating biases caused by ion suppression by co-eluting
matrix interferences [31].

Validation
Linearity. Calibration curve was constructed with concentra-

tion sequences of 0.2, 1, 5, 100, and 20 ng/mL and containing
a fixed amount of d5-CAP (5 ng/mL). The linear equation was
y = 1.105x + 0.031 (R2 = 0.999), which demonstrates that the
method can be used to monitor the CAP residues reliably.
Figure 2. Effects on recoveries and time of different condition
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Figure 3. Matrix effects on LC–MS/MS signals

Figure 4. MRM chromatograms of samples spiked with CAP in 0.05 ng/mL

Y. Li et al.
Trueness and precision. Recoveries, intra-day precision,
and inter-day precision for CAP were performed by adding
standard to analyte-free water samples at low, intermediate,
and high concentration levels. Mean recoveries and coeffi-
cients of variation of CAP were shown in Table 2. The RSDs
of the intra-day precision were in the range 4.5% to 8.1%,
while the RSDs of inter-day precision were less than 8.4%.
Figure 4 shows the MRM chromatograms of blank samples
19
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Analysis of Chloramphenicol
fortified with target analyte. All these data revealed that the
established method had an acceptable result according to EU
SANCO/12571/2013 guidance document [32].

Limit of detection and limit of quantification. The detection
(quantitation) limit was determined by successive analyses of
chromatographic extracts of water spiked samples with decreas-
ing amounts of CAP standard until a signal-to-noise ratio of 3:1
(10:1) was reached. The LOD and LOQ of each analyte are
shown in Table 2.

Application to real samples. The develop method was ap-
plied to 10 water samples collected in Shannan region of Tibet.
The result indicated that the method we set up was suitable for
the detection of analytes, and all the samples analyzed in this
study were lower than the LOD.

Conclusions

A new method based on an evaporation preparative step
coupled with isotope dilution UHPLC–MS/MS has been devel-
oped for the determination of CAP in drinking water in Shan-
nan region of Tibet. This developed method exhibits good
validation parameters in terms of linearity, trueness, precision,
and LOQ for CAP detection. This method is simple, fast, and
high throughput and could be applied for regular monitoring of
CAP in water by routine.
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