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Research Article

Development and validation of a
reversed-phase liquid chromatographic
method for analysis of demeclocycline and
related impurities

A simple, robust, and rapid reversedphase high-performance liquid chromatographic
method for the analysis of demeclocycline and its impurities is described. Chromatographic
separations were achieved on a Symmetry Shield RP8 (75 mm × 4.6 mm, 3.5 �m) col-
umn kept at 40�C. The mobile phase was a gradient mixture of acetonitrile, 0.06 M sodium
edetate (pH 7.5), 0.06 M tetrapropylammonium hydrogen sulphate (pH 7.5) and water, A
(2:35:35:28 v/v/v/v) and B (30:35:35:0 v/v/v/v) pumped at a flow rate of 1 mL/min. UV
detection was performed at 280 nm. The developed method was validated according to the
ICH guidelines for specificity, limit of detection, limit of quantification, linearity, precision,
and robustness. An experimental design was applied for robustness study. Results show that
the peak shape, chromatographic resolution between the impurities, and the total analysis
time are satisfactory and better than previous methods. The method has been applied for
the analysis of commercial demeclocycline bulk samples available on the market.
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1 Introduction

Tetracyclines (TCs) are broad-spectrum antibiotics against
both Gram-positive and Gram-negative bacteria. They are
widely used for the treatment of infectious diseases in human
and veterinary medicine, but also as additives in animal feeds
to promote growth [1–4]. Demeclocycline (demethylchlorte-
tracycline, DMCTC) is one of the TCs derived from a strain
of Streptomyces aureofaciens [5].

The chemical structures of DMCTC, its related impuri-
ties, and degradation products are shown in Fig. 1. DMCTC
like other TCs undergoes epimerization at position C-4 re-
sulting in the formation of 4-epidemeclocycline (EDMCTC)
[6]. Due to the secondary hydroxyl group at C-6, DMCTC
is liable to acid degradation forming the anhydrodemeclocy-
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cline (ADMCTC) derivative. The ADMCTC further epimer-
izes at C-4 forming 4-epianhydrodemethylchlortetracycline
(EADMCTC). Demethyltetracycline (DMTC) is described as
a fermentation impurity of DMCTC [7]. Similarly, DMTC un-
dergoes epimerization at C-4 and acid degradation forming
4-epidemethyltetracycline (EDMTC), anhydrodemethyltetra-
cycline (ADMTC), and 4-epianhydrodemethyltetracycline
(EADMTC).

Determination of the main component DMCTC is pos-
sible in different sample matrices using spectrophotome-
try [1, 8, 9]. Only a few papers described the separation of
DMCTC from its potential impurities. Li et al. [10] de-
scribed a capillary electrophoresis (CE) method for separa-
tion of DMCTC only from DMTC, EDMCTC, and EDMTC.
In this method, the resolution between DMTC and EDM-
CTC peaks was not satisfactory. Reeuwijk and Tjaden [
11] reported the separation of DMCTC from EDMCTC,
EADMCTC, and ADMCTC. According to the chromatogram
shown, the amount of DMCTC in the mixture compared
with the amount of impurities is very low. EDMCTC will
not be separated adequately from DMCTC if the quanti-
tative analysis of DMCTC is performed whereby a small
amount of EDMCTC has to be separated from the main DM-
CTC peak. Naidong et al. [6] reported the LC separation of
EADMTC, EDMTC, DMTC, EDMCTC, and ADDMCTC (2-
acetyl-2-decarboxamidodemeclocycline) from DMCTC in 20
min through isocratic elution. However, the method suffers
from incomplete resolution. In an additional isocratic step
(so no gradient elution was performed), the more retained
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Figure 1. Chemical structure of demeclo-
cycline and its impurities.

compounds (ADMTC, EADMCTC, and ADMCTC) were
eluted using a stronger eluting mobile phase. The European
Pharmacopoeia (Ph. Eur.) method for DMCTC hydrochloride
[12] is essentially based on the chromatographic conditions
used by Naidong et al. and suffers from the same drawbacks.

In this study, it was attempted to develop and validate an
LC method for the separation of DMCTC and its potential
impurities in a shorter analysis time together with an im-
proved peak shape and better overall resolution so that it can
be routinely applied as method for quality control of DMCTC.

2 Experimental

2.1 Samples and reference substances

Commercial samples used in this study were from different
origins. DMCTC bulk samples were obtained from the Eu-

ropean Directorate for the Quality of Medicines (EDQM),
Strasbourg, France. An old demeclocycline hydrochloride
sample containing many impurities was used for method
development. House standards of impurities were available
in the laboratory. Solutions were prepared by dissolving the
samples in a 0.01 M HCl solution. A DMCTC test solution
kept in the dark at 4�C shows a 0.3% decrease in the peak
area of DMCTC in 12 h. Thus, solutions should best be
prepared immediately before use to analyze DMCTC and
its impurities. A freshly prepared 0.5 mg/mL solution was
used for assay and the determination of related substances.
A 1% dilution of this solution was used as reference for the
quantification of the impurities. A sample solution spiked
with 0.2–1% of each available impurity (EDMTC, DMTC,
EDMCTC, EADMTC, ADMTC, EADMCTC, and ADMCTC)
was used in the course of optimization and validation of the
method.
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Table 1. Chromatographic parameter settings applied in the ro-
bustness investigation, corresponding to low (–), mean
(0), and high (+) levels

Parameter Low Mean High
value (–) value (0) value (+)

Temperature (�C) 38 40 42
pH 7.3 7.5 7.7
Acetonitrile in B (%, v/v) 29 30 31
TPAHS (M) 0.05 0.06 0.07
EDTA (M) 0.05 0.06 0.07

M, molarity; TPAHS, tetrapropylammonium hydrogen sulphate;
EDTA, ethylenediaminetetraacetic acid.

2.2 Chemicals and reagents

HPLC gradient grade acetonitrile was procured from Fisher
Scientific (Leicestershire, UK), tetrapropylammonium hydro-
gen sulphate (TPAHS) from Fluka Analytical (Buchs, Switzer-
land), ethylenediaminetetraacetic acid disodium salt dihy-
drate (EDTA) and tetrabutylammonium hydrogen sulphate
(TBAHS) from Acros Organics (Geel, Belgium), and hy-
drochloric acid from J. T. Baker (Mallinckrodt, The Nether-
lands).

2.3 Apparatus

LC analyses were performed on a Dionex apparatus (Dionex
Softron GmbH, Germering, Germany) equipped with a high-
pressure pump (P680ALPG), autosampler (ASI-100T), and
UV/Vis photodiode array detector (UVD170U). For data pro-
cessing and acquisition, Chromeleon software version 6.80
from Dionex (Sunnyvale, CA, USA) was used. An ultrasonica-
tor was from Branson Ultrasonics Corporation (Dabury, CT,
USA) and a pH meter from Metrohm (Herisau, Switzerland).
A Milli-Q water purification system (Millipore, Bedford, MA,
USA) was used to purify demineralized water.

2.4 Chromatographic conditions

Final chromatographic separations were achieved on a
Symmetry R© Shield RP8 (75 mm × 4.6 mm, 3.5 �m) col-
umn from Waters (Wexford, Ireland). Symmetry R© RP18
(150 mm × 3.9 mm, 5 �m) and Symmetry R© Shield RP8
(100 mm × 2.1 mm, 3.5 �m) columns both from Waters
(Wexford, Ireland), Kromasil R© RP18 (150 mm × 4.6 mm, 5
�m) column from Phenomenex (Torrance, CA, USA), and
Chromolith R© performance RP18 (100 mm × 4.6 mm) col-
umn from Merck (Darmstadt, Germany) were also tested. A
Julabo EM immersion thermostat (Seelbach, Germany) was
used to keep the water bath of the column at 40�C. The mobile
phase was a gradient mixture of acetonitrile, 0.06 M sodium
edetate (pH 7.5), 0.06 M tetrapropylammonium hydrogen
sulphate (pH 7.5) and water, A (2:35:35:28 v/v/v/v) and B

(30:35:35:0 v/v/v/v) pumped at a flow rate of 1 mL/min. The
gradient program [time (min)/%B] was set as 0:17, 5:17 to
15:70, 21:70 to 21.5:17, 25:17. The injection volume was 10
�L and UV detection was performed at 280 nm.

2.5 Method validation

The proposed method was validated according to the ICH
guidelines [13] for its specificity, limit of detection (LOD),
limit of quantification (LOQ), linearity, precision, solution
stability, and robustness. In addition, indicative relative re-
sponse factors (RRFs) for the impurities of DMCTC were
determined.

2.5.1 Specificity

The specificity of the developed method was examined for the
separation of the related substances from each other and from
the main peak by comparing chromatograms of (1) known
DMCTC impurities, (2) a bulk sample of DMCTC.HCl, and
(3) the blank.

2.5.2 LOD and LOQ

The LOD and LOQ for DMCTC and its impurities were de-
termined at a signal-to-noise ratio of 3 and 10, respectively.
Precision was also checked at the LOQ level for each impurity
and the percentage RSD of the peak area of six determinations
was calculated.

2.5.3 Linearity

Linearity of the detector response was examined for the as-
say method and for the related substances. For the assay
method, six concentrations (375, 500, 625, 750, 875, and 1000
�g/mL) were prepared from 50 to 133% with respect to the
analyte concentration of 750 �g/mL (= 100%). For related
substances, concentrations ranging from LOQ to 45 �g/mL
(= 6% of the test solution) were examined.

2.5.4 Precision

Repeatability was determined at the 750 �g/mL concentra-
tion by injecting this solution six times. Intermediate pre-
cision was checked from a solution of DMCTC spiked with
0.2% of each available impurity on 4 consecutive days. The
intermediate precision of the method was verified by com-
paring the RSD values of the first 3 days with those of the
4th day, which were obtained by another analyst on another
apparatus. The percentage RSD was calculated for the main
peak and for each impurity.

2.5.5 Robustness

A robustness test was performed in an intralaboratory ex-
perimental study. The objective of this test is the evaluation
of factors that are potentially critical to cause variability in
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Figure 2. Chromatogram overlay of DMCTC spiked with impurities, a bulk sample, and the blank on a Symmetry R© Shield RP8 (75 mm ×
4.6 mm, 3.5 �m) column using the gradient elution program described in Section 2.4. 1. EDMTC, 2. DMTC, 3. EDMCTC, 4. Unknown, 5.
EADMTC, 6. DMCTC, 7. ADMTC, 8. EADMCTC, 9. ADMCTC.

responses. The variations of the factors reflect changes that
can occur when a method is used in a different laboratory,
by different researchers, with different equipment, etc. The
robustness study was performed by an experimental design
and multivariate analysis using Modde 5.0 software (Umet-
rics, Umeå, Sweden). In this study, five factors (amount of
acetonitrile, amount of tetrapropylammonium hydrogen sul-
phate, amount of sodium edetate, pH of the TPAHS and
EDTA solutions, and column temperature) were investigated.
A two-level half fractional factorial design was applied so that
the number of runs is equal to 2k–1 + n, where k is the num-
ber of factors and n is the number of center points. Thus, 19
experiments including three center points were performed in
duplicate. This design allows estimating main effects with-
out carrying out as many experiments as with a full facto-
rial design. The lower and higher values for each factor in
the design are given in Table 1. In this factorial design, a
linear mathematical model of the measured response is ap-
plied for the evaluation of the influence of the investigated
factors:

y = b0 + b1x1 + b2x2 + b3x3 + b1,2x1x2

+ b1,3x1x3 + b2,3x2x3 + b1,2,3x1x2x3 + · · · · · + E (1)

where y represents the estimated response, bo is the average
experimental response, coefficients b1, b2, and b3 are the esti-
mated effects of the factors considered. The extent to which
these terms affect the performance of the method is most
important [14]. The coefficients b1,2, b1,3, b2,3, and b1,2,3 mea-
sure the interaction effect between the variables. In this way,

the factorial design provides information about the impor-
tance of possible interactions between the factors. bo is the
intercept of the linear model, b1, b2, and b3 are the main
effects, b1,2, b1,3, and b2,3 are two-factor interactions, b1,2,3 is
a three-factor interaction, and E is the overall experimental
error.

3 Results and discussion

3.1 Method development and optimization

In this study, separation of DMCTC from its anhydro and
epimerization derivatives as well as from DMTC and its cor-
responding impurities was investigated. Starting from the
Ph. Eur. method [12] described for DMCTC, different silica-
based stationary phases (Section 2.4) and mobile phases were
evaluated for selectivity of DMCTC and its impurities. Atten-
tion was also paid to the total analysis time. In developing
the method, mainly two types of mobile phases were evalu-
ated (1) DMSO–HClO4-water and (2) ACN–EDTA–TBAHS–
water. The first mobile phase composition was based on the
method of Diana et al. [15] used for evaluation of chlortetracy-
cline and its degradation products and the latter was based on
the method of Capote et al. [16] applied for separation of TC
and its potential impurities. A number of experiments were
carried out by changing the gradient programe (composition
of the mobile phase) using each column (Section 2.4) and both
types of mobile phases. A 0.75 mg/mL solution of DMCTC
spiked with impurities (0.2% m/m) was used for optimiza-
tion of the method. During development, TPAHS was also
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Table 2. LOD, LOQ, repeatability, and regression data

Parameter DMCTC DMTC EDMTC EDMCTC EADMTC ADMTC EADMCTC ADMCTC

LOD (�g/mL) 0.06 0.07 0.08 0.06 0.08 0.07 0.11 0.12
LOQ (�g/mL) 0.20 0.22 0.26 0.21 0.27 0.24 0.37 0.35
Repeatability at LOQ (% RSD, n = 6) 3.9 1.2 1.0 3.9 2.5 3.2 3.6 4.6
Repeatability (% RSD, n = 6)a) 0.2 1.0 0.7 0.4 1.0 0.9 0.4 0.6
Regression equation (y)
Slope (b) 68.49 95.75 86.01 75.22 97.56 98.83 55.20 55.68
Intercept (a) –0.02 –0.01 0.16 –0.01 0.01 0.03 0.00 0.01
Correlation coefficient (r) 0.9998 0.9999 0.9990 0.9997 0.9996 0.9999 0.9997 0.9996
Sy,x 0.03 0.03 0.02 0.03 0.04 0.01 0.03 0.04

a) Repeatability for a solution of DMCTC (750 �g/mL) spiked with 0.2 % of each available impurity; Sy,x, standard error of estimate.

examined as ion-pairing reagent. It was found that the se-
lectivity of the impurities was improved with this reagent
compared to TBAHS. Nevertheless, none of the five columns
was able to separate well all impurities. The best separation
was found using a Symmetry Shield RP8 (75 mm × 4.6 mm,
3.5 �m) column, but ADMTC and EADMCTC partly coeluted.
With this column, the analysis time was shorter and resolu-
tion and peak symmetry were significantly better compared
to previous methods [6, 10, 12]. As a result, this column was
used for further method optimization.

During optimization, the concentration of sodium ede-
tate was examined from 0.03 to 1.0 M and the amount of
acetonitrile was varied by changing the gradient percentage
of mobile phase B. Unfortunately, none of these experiments
provided good separation of ADMTC and EADMCTC. Next,
the pH of the sodium edetate and the ion-pairing reagent
solution was varied from 4.0 to 8.0. A pH > 8 was not ex-
amined as this is not advisable for silica-based columns. A
pH of 7.5 was found the most suitable. The influence of
column temperature for selectivity was examined from 25
to 45�C. The optimum column temperature was found to be
40�C. The optimized conditions were found to be the gradient
program described in Section 2.4. Typical chromatograms of
DMCTC spiked with its impurities, a bulk sample, and blank
using the optimized chromatographic conditions are shown
in Fig. 2. The superior runtime, resolution, and peak shape
achieved in the developed method compared to the previous
methods is mainly attributed to the use of gradient elution
over isocratic elution. The higher peak capacity in gradient
elution results in an increased number of impurities eluted
in the same analysis time than as under isocratic conditions.
With this method, it was possible to elute the highly retained
anhydro derivatives using a single run, whereas the previ-
ous methods required two separate isocratic runs. Lastly, the
separation of DMCTC and its impurities was achieved us-
ing a silica-based stationary phase, which allowed us to use a
larger variety of solvents (eluents) during the development
of the method due to a higher mechanical stability com-
pared to polymer based columns. The silica columns more-
over displayed a higher efficiency compared to the polymer
columns.

3.2 Specificity

The overlay of chromatograms (Fig. 2) showed that the pro-
posed method is able to separate well all DMCTC impuri-
ties from each other and from the main peak. No system
peaks that could cause interference were observed. In the pa-
per of Naidong et al. [6], ADDMCTC was found in a small
amount in only one of the commercial samples analyzed.
As no reference of this impurity was available in the labo-
ratory, it could not be located in the chromatogram of the
new method shown in Fig. 2. Since the presence of this
fermentation impurity is not important, it was not further
investigated.

3.3 LOD and LOQ

The LOD and LOQ for DMCTC and its impurities were de-
termined by injecting a series of dilutions of known concen-
trations of DMCTC and each impurity. Results are reported
in Table 2. For all impurities, the LOQ is <0.05%. It is shown
that the method is sensitive and precise at very low concen-
trations of the analyte and its impurities.

3.4 Linearity

For all seven impurities and DMCTC, linear calibration
curves were obtained over the calibration ranges described
under Section 2.5.3. To assess the appropriateness of us-
ing a linear regression model to fit the data, residual plots
were produced. The points in the residual plots were ran-
domly distributed around the horizontal axis. This ran-
dom dispersion of the residuals suggests that the linear
model gives a good fit of the data. The correlation coeffi-
cients (r) of the regression lines, the standard error of esti-
mate, and the linear regression equations are presented in
Table 2. The correlation coefficients obtained were greater
than 0.999, which indicates a linear relationship between
the detector response and concentrations in the examined
range and zero lies in the 95% confidence interval of the
intercept.

C© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.jss-journal.com



J. Sep. Sci. 2012, 35, 1310–1318 Liquid Chromatography 1315

Table 3. Results of the intermediate precision

Number of days DMCTC DMTC EDMTC EDMCTC EADMTC ADMTC EADMCTC ADMCTC

Day 1 (RSD, n = 6) 0.1 1.0 0.7 0.4 1.0 0.9 0.4 0.6
Day 2 (RSD, n = 6) 0.2 0.8 0.5 0.6 0.3 0.5 0.6 0.9
Day 3 (RSD, n = 6) 0.2 0.7 0.3 0.4 0.5 0.5 0.6 0.9
Day 1–3 (RSD, n = 18) 0.4 1.9 1.9 0.5 1.2 0.5 1.8 1.7
Day 4 (RSD, n = 6) 0.8 1.0 0.3 0.9 0.1 0.3 0.6 0.5
Day 3–4 (RSD, n = 12) 0.2 0.9 1.5 0.4 0.8 0.4 0.6 0.8

3.5 Precision

Precision was evaluated as % RSD on the peak areas
(Table 2). The % RSD for the repeatability of the assay method
for DMCTC was 0.2% (n = 6). The % RSD of the area of the
seven impurities at the LOQ level was not more than 5%.
The intermediate precision of the method was evaluated on
4 consecutive days by different analysts in the same labora-
tory. On the 4th day, analysis was performed on a different
instrument by another analyst and those results were com-
pared with day 3. Results of DMCTC and its impurities for
intermediate precision are shown in Table 3. The % RSD val-
ues for the intermediate precision were within 2%. The low
RSD values of repeatability and intermediate precision stud-
ies indicate that the method is precise for the determination
of DMCTC and its impurities.

3.6 Relative response factors

Determination of a UV RRF at a specific wavelength is re-
quired for quantitative analysis. One way to determine the
RRFs is by preparing solutions of known concentrations of
the impurity and the active pharmaceutical ingredient and
taking the ratio of the slopes of the linear calibration curves.
Response factors from 0.8 to 1.4 relative to DMCTC were ob-
tained for the seven impurities. It has to be stressed that these
RRFs are only indicative as the exact purity of the reference
impurities was not known. As a result, RRFs were not used
in further calculations.

3.7 Robustness

The robustness of the developed method was evaluated by
deliberately changing the chromatographic conditions and
monitoring the critical responses. To do this, a two-level half
fractional factorial design as described in Section 2.5.6 was
applied. A solution of DMCTC spiked with the seven known
impurities was used for this study. The resolution (Rs) be-
tween closely eluting impurities was considered as response
variable. The resolution between DMTC and EDMCTC
(Rs-1) and EADMTC and DMCTC (Rs-2) was investigated
using the experimental design. In the regression coefficient
plot (Fig. 3), the bars denoted by one variable represent the

linear effect of that particular variable while the bars denoted
by variable 1 × variable 2 represent the interaction between
the two variables indicated (See Eq. (1)). When the error bars
(� = 0.05, 95% confidence interval) include zero, the variation
of the response caused by changing the variable is smaller
than the experimental error and the effect is considered to
be not significant. A positive effect means that the response
increases with increasing the amount or concentration of
that particular variable in the examined range. From the re-
gression coefficient plot it can be inferred that the pH has
a significant positive effect on Rs-1. Thus, the resolution be-
tween this peak pair increases as the pH of the mobile phase
increases up to the higher level (pH 7.7) examined in this de-
sign. No other significant effect on Rs-1 was observed from
the variables and their interactions. A similar effect was ob-
served with temperature (Temp) on Rs-2. It is shown that
TPAHS has a significant negative effect on Rs-2 indicating
that the resolution between the peak pair will decrease with
an increase in the amount of TPAHS. Moreover, a small neg-
ative interaction between pH and ACN and a small positive
interaction between pH and EDTA were observed on Rs-2.
Other interactions and variables were found to be not signif-
icant. In order to better estimate how the variables affect the
response over the whole experimental domain including any
interaction, response surface plots for both responses (Rs-1
and Rs-2) (Fig. 4) were constructed using Modde 5.0 software.
The response surface plot is a graph of the response function
as a function of the variables. The plot for Rs-1 shows the ef-
fect of pH (main effect observed) and Temp on the resolution
while the other parameters are kept constant at their central
values. The plot for Rs-2 does the same but in function of
Temp and TPAHS. In spite of the negative effect of TPAHS
and interactions of pH with ACN and pH with EDTA on Rs-2,
the latter peaks were always baseline separated with a min-
imum resolution of 3.5. Thus, the method is considered as
robust in the examined range.

3.8 Application of the method: analysis of

commercial bulk samples

The developed method was applied for the analysis of DM-
CTC and its impurities in eight DMCTC hydrochloride bulk
samples. The results are shown in Table 4. In eight of
the samples analyzed, the percentage content of DMCTC
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Figure 3. Regression coefficient plots obtained from the robustness study. Rs-1 = resolution between DMTC and EDMCTC and
Rs-2 = resolution between EADMTC and DMCTC. Temp, column temperature; pH, pH of the mobile phase; ACN, acetonitrile; TPAHS,
tetrapropylammonium hydrogen sulfate; EDTA, ethylenediaminetetraacetic acid.

was in the range between 91 and 97%. The amount of
DMTC and EDMCTC was significantly high (1.6–4.9%) in
all the samples, but in sample H the amount of EDM-
CTC was less than 0.05%. The other impurities were also
found in most of the samples at a level between 0.1 and
0.3%. EADMTC was found above 0.05% in only one sample.
Unknown impurities (0.1–0.2%) were found in three of the
batches.

4 Concluding remarks

An improved reversed-phase LC method was developed for
purity control of DMCTC. Validation of the LC method
showed that it is specific, linear, sensitive, precise, and ro-
bust. It gives better separation of impurities of DMCTC in a
relatively shorter analysis time compared to previous meth-
ods. The method has been applied for the analysis of eight
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Figure 4. Response surface plots showing the in-
fluence of pH and temperature on Rs-1 and TPAHS
and temperature on Rs-2. The other parameters are
kept at their central points.

batches of commercial DMCTC hydrochloride bulk samples
available on the market. Since the official method described
in the Ph. Eur. for DMCTC hydrochloride suffers from poor
peak shape and is not able to separate well the known im-
purities, which are present in a significant amount in the
analyzed bulk samples, this method could be a valuable

alternative to replace the existing Ph. Eur. method for DM-
CTC hydrochloride.
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Table 4. Analysis of demeclocycline bulk samples. Impurities are expressed as demeclocycline

Product Impurities (% m/m)

EDMTC DMTC EDMCTC EADMTC ADMTC EADMCTC ADMCTC UNKa)

Sample A <0.05 2.2 3.5 0.2 0.1 <0.05 0.2 <0.05
Sample B 0.2 4.9 3.3 <0.05 0.1 0.1 0.1 <0.05
Sample C 0.1 2.9 4.2 <0.05 0.1 0.1 0.3 0.2
Sample D 0.1 4.2 4.8 <0.05 <0.05 <0.05 0.1 0.1
Sample E 0.1 2.7 3.7 <0.05 <0.05 <0.05 0.1 <0.05
Sample F <0.05 1.6 1.6 <0.05 <0.05 <0.05 0.1 <0.05
Sample G <0.05 1.6 1.7 <0.05 <0.05 <0.05 0.1 <0.05
Sample H 0.1 4.4 <0.05 <0.05 <0.05 <0.05 0.1 0.1

a) UNK, Unknown.
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