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Cadmium transport mediated by soil colloid and dissolved organic matter:
A field study
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Abstract
This study investigated the potential role of soil colloids and dissolved organic matter (DOM) in transporting Cd through in situ
undisturbed paddy soil monoliths. Brilliant Blue was used as a tracer to assess the effect of preferential flow on Cd down migration.
Experimental results showed that deep penetration of Cd and Brilliant Blue into the soil profile took place due to the preferential flow
through macropores, mainly earthworm channels, with much of chemicals thus bypassing the soil matrix. Dye tracer and Cd distribution
within the soil matrix was fairly restricted to several centimeters. Colloid restrained the migration of both dye and Cd in the matrix and
preferential flow area. DOM facilitated the transport of Cd and Brilliant Blue in matrix and macropores by about 10 cm over that of the
control. Pearson’s is correlation analysis revealed strong associations between Brilliant Blue concentrations, exchangeable Cd and total
Cd concentrations in three studied plots indicating that they had taken the same preferential flow pathway.
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Three decades ago, it had been believed that only
soil liquid and gaseous phases were mobile and could
facilitate the transport of contaminants through the vadose
zone (de Jonge et al., 2004). In fact, components of
the solid phase in the colloidal size range (nanometers
to a few micrometers) may also be mobile in subsurface environments (McCarthy and Zachara, 1989). When
contaminants have appeared at distances far greater than
those anticipated based on two phase partitioning between
solution and stationary sediment phases, colloid-facilitated
transport has been assumed as a possible explanation
(Ryan and Elimelech, 1996). Recent field and laboratory
experiments have identified colloid-facilitated transport of
contaminants as an important mechanism of contaminant
migration through groundwater (Assem and Constantinos,
1995; Grolimund et al., 1996; Roy and Dzombak, 1997;
Jonge et al., 1998; McCarthy, 1998; Karathanasis, 1999,
2000; Um and Papelis, 2002; Barton and Karathanasis,
2003; de Jonge et al., 2004; Karathanasis and Johnson,
2005, 2006; Massoudieh and Timothy, 2008). It was found
that colloids appeared in the subsurface environment were
capable of binding organic and inorganic contaminants,
and thus alter the mobility of contaminants and cause
dramatic increases in transported contaminant load and
migration distances (Mills et al., 1991; Puls and Powell,

1992; Liang and McCarthy, 1995; Ouyang et al., 1996;
Ryan and Elimelech, 1996; Karathanasis, 1999; Makris et
al., 2006).
Three criteria must be met for colloid-facilitated contaminant transport: (1) colloids must be present; (2)
contaminants must associate with the colloids; and (3)
colloids and associated contaminants must be transported
through the aquifer (Ryan and Elimelech, 1996). Significant progress in understanding of colloid generation (by
mobilization of existing colloids) and transport (limited
by deposition) in model colloid and/or packed column
systems has been made in the past few decades (Bates
et al., 1992; Grolimund et al., 2001; Kjaergaard et al.,
2004a, 2004b; McCarthy and McKay, 2004; Nicole et
al., 2004; Kaminski et al., 2005a, 2005b; Grolimund and
Borkovec, 2006; Levin et al., 2006). This knowledge of
the model systems, however, is inadequate for prediction of
colloid behavior in terrestrial ecosystem. An understanding
of colloid behavior in natural systems is essential for
predicting the potential for colloid-facilitated transport in
given terrestrial or groundwater system.
Numerous investigations have also revealed that dissolved organic matter (DOM) in soil can facilitate metal
mobility and transport by acting as a “carrier” through the
formation of soluble metal-organic complexes (McCarthy
and Zachara, 1989; Temminghoff et al., 1997; Zhou and
Wong, 2001; Zhou et al., 2004). The lower molecular
weight or hydrophilic fraction of DOM was not retained
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1 Materials and methods
1.1 Experimental plot description
This study was conducted at Jiangpu Experimental
Station of Nanjing Agricultural University (118.78◦ E,
32.04◦ N). The main cultivation system in the site is ricewheat rotation. The soil, originated from Yangtze River
alluvium, is sandy silty loam. The rice grown in the
field had been harvested for about 20 days prior to the
experiment. The soil contains 37.7% sand, 51.0% silt,
11.3% clay, 1.70% organic carbon, pH 6.05, 22.89 cmol/kg
CEC (cation exchange capacity). Three experimental plots
each with 1.2 m in length and 1.2 m in width were prepared
and separated each other using 40 cm width of wooden
frames buried vertically into the soil for about 10 cm.
The plots were irrigated with the Cd, Cd-DOM or Cd-soil
colloid solutions.
1.2 Soil colloid and DOM preparation
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Water-dispersible soil colloid (WDC) was fractionated
from fresh upper Ap horizon of the same field soil using
pipet method according to Stokes Law described by Gee
and Bauder (1986). About 5 kg soil was mixed with 50
L tap water (without the addition of dispersing agent) in a
big cylinder to make the suspension containing colloid suspension. Then the suspension was left to stand for several
hours to equilibrate. After equilibration, the suspension
was stirred thoroughly with a hand stirrer for at least 1
min using an up-and-down motion. At the appropriate time
interval, the siphoning pippet was lowered carefully to the
appropriate depth to withdraw the suspension containing
colloid fraction using vacuum. The concentration of the
colloid fraction was determined gravimetrically by placing
100-mL suspension into 500-mL tared beaker and drying
at 100°C for 6 hr.
DOM was extracted from the rice straw waste by
incubating 3 kg rice straw with tap water (solid:water, 1:10,
W/W) in a plastic barrel for a week at 24°C, and then
filtrated by a 0.45-µm membrane (Barricuso et al., 1992).
Three days before the leaching experiment the colloid
and DOM solutions were diluted to 150 L, respectively,
with the final concentrations of 240 mg/L for the colloid
and 500 mg C/L for DOM. A given amount of Cd(NO3 )2
were added to the colloid-containing suspension or DOM
solutions to reach the final Cd2+ concentration 5 mg/L. The
same concentration of Cd solution without DOM or colloid
was used as the control.
Food dye Brilliant Blue (color index 42090, Shanghai
Dyestuffs Research Institute Co., Ltd., China) was used
to observe the preferential flow and its relationship to the
migration of associated Cd2+ (Egli et al., 1999). Brilliant
Blue was chosen as a dye tracer because it is clearly visible
in soils, has a low toxicity and a high stability over a broad
pH and ionic strength range (Kasteel et al., 2007).

c.

1.3 Field experiment

Field experiments were performed in October, 2006
after rice was harvested. One hundred and fifty liters Cd

.a

readily by soil and had a greater ability to mobilize metals
(Kaiser and Zech, 1997; Zhou and Wong, 2001). In China,
the application of organic manures (green manure, crop
residue, animal manure, etc.) onto farmland to maintain
soil fertility and provide nutrients for plant growth is a
very common agronomic practice. Therefore, the presence
of DOM in arable soil derived from organic wastes and
soil itself was believed to enhance metal mobility, which
were confirmed by many laboratory studies or soil column
leaching experiments (Zhou and Wong, 2003).
Most natural soils contain preferential flow paths that
can impact solute mobility (Cote et al., 2000; Sander
and Gerke, 2009). Solutes can move rapidly down the
preferential flow paths with high pore-water velocities,
but can be held in the less permeable region of the soil
matrix with low pore-water velocities, thereby reduce
the efficiency of leaching (Cote et al., 2000; Coppola et
al., 2009). In the field, there were indications of water
flowing preferentially in about 55%–70% of the total water
content (Eriksson et al., 1997). Preferential flow leads to
an apparent non-equilibrium situation with the respect of
pressure head or solute movement or both, which may
severely limit the accuracy of predicting flow and transport
processes in undisturbed media. Several methods have
been used to investigate preferential flow including field
assessments of preferential flow comprise 3D soil sampling (Posadas et al., 1996; Herrmann et al., 2002; Pierret
et al., 2002; Gerscovich et al., 2006), lysimeter-based
approaches (Schoen et al., 1999a, 1999b), and flow path
visualization techniques (Hangen et al., 2004; Crist et al.,
2005). For flow path visualization, various dye tracers such
as Brilliant Blue, Methylene Blue, iodide or pH indication
of alkaline irrigation water were proved to be suitable
depending on study site properties. Dye has frequently
been applied as a tracer to stain preferential paths in
heterogeneous soils (Öhrström et al., 2002, 2004; Albrecht
et al., 2003; Kasteel et al., 2007; Sander and Gerke, 2007;
Janssen and Lennartz, 2008). Staining techniques have
become a valuable tool not only in making flow pathways
visible with a high spatial resolution, but also in inferring
transport parameters and thus heading towards a better
understanding of processes in soils (Kasteel et al., 2007).
Although intensive research works were made in the last
decade on the interaction between DOM or soil colloid and
heavy metals, quantitative predication of metal behavior
involving in DOM, soil colloid or preferential flow at
the field scale is very difficult, because there are many
factors affecting their interaction in field. The contribution
of DOM, soil colloid or preferential flow to facilitate
pollutants to move into aquatic environment from cropland
is unclear. Also, the information concerning metal translocation combined facilitated by DOM, soil colloid and
preferential flow under field condition is limited. Therefore, the objective of this present study was to evaluate
individual or combined effects of DOM, soil colloid and
preferential flow on the transport of Cd under the field
condition to better understand the toxic metal behavior and
its possible risk to migrate into groundwater.
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1.4 Classic statistical and geostatistical analysis

solutions, Cd-DOM solution or Cd-Colloid suspension
were irrigated into three plots, respectively, through manually sprinklers in a short time (about 0.5 hr). The solutions
or suspension infiltrated into the cracks occurred in surface
soil instantaneously. After 24 hours, 100 L Brilliant Blue
solution (1 g/L) and sequent 100 L tap water were applied
to the treated plot to display the possible preferential flow
pathway of Cd down-migration. One day after the last
irrigation, soil vertical profiles with 1 m in width and 1
m in depth were excavated for sampling soil and taking
image.
The samples were collected from the grids with 10
cm × 10 cm over the surface of the soil profile and
removing a small amount of soil (approximately 20–50
g) from homogeneously stained and unstained areas with
different dye intensities at the various depths. Eventually
we collected 39 soil samples from the control treatment,
48 samples from the colloid treatment and 37 samples from
DOM treatment. The data obtained from chemical analysis
of the samples were input into the Surfer surface mapping
program (version 8.0, Golden Software Inc., 2002) and
mapped by kriging using a linear variogram model. We
assume that Brilliant Blue and Cd would be transported
preferentially along the same preferential flow as indicated
by the stained area. We compared the Cd migration in
stained and unstained regions. Additionally, 5 small pieces
of approximately 20–30 g of soil matrix samples were
collected from 0–4 cm layer of each profile at 5 mm
intervals. Data educed from these samples were viewed as
soil matrix property.
Water content of these samples was determined by ovendried method at 105°C for 8 hr. Water soluble Cd in
soil sample was analyzed using a graphite furnace atomic
absorption spectrophotometer (GFAAS) (Hitachi Z180-80,
Tokyo, Japan). The concentration of Brilliant Blue was
measured with a spectrometer at a wavelength of 630 nm
(Kasteel et al., 2007; Morris and Mooney, 2004).
The remained soil samples were air-dried, pulverized
and passed through 20 and 100 mesh sieves. Exchangeable
Cd in soil was measured by the method from Lee et
al. (1997). Total Cd was measured by digesting the 100
mesh sieved soil samples with concentrated aqua fortis and
HClO4 and was analyzed by GFASS.
Table 1
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Classic statistical and geostatistical analysis were carried out with the program SPSS 12.0 and Surfer 8.0,
respectively. Pearson’s correlation test was used to check
significant relationships between the concentrations of
Brilliant Blue, total Cd, exchangeable Cd and water soluble
Cd. Geostatistics is based on the theory of a regionalized variable, which is distributed in space (with spatial
coordinates) and shows spatial autocorrelation such that
samples close together in space are more alike than those
that are further apart. Geostatistics provides an advanced
methodology which facilitates the quantification of spatial
features of soil parameters and enables spatial interpolation
(Burgos et al., 2006). In addition, geostatistics has become
a useful tool for the study of spatial uncertainty and hazard
assessment. In this study, geostatistical interpolation, or
kriging, was used to estimate the spatial distribution of
Brilliant Blue and Cd.

2 Results and discussion
2.1 Exploratory analysis of the data from grid samples
The concentrations of Brilliant Blue, exchangeable Cd,
water soluble Cd and total Cd and their variation measured
for grid samples from the three profiles are summarized
in Table 1. The mean and median were used as the
primary estimates of central tendency and the standard
deviation. The shape of the distribution was described by
coefficient of variation, skewness, and kurtosis. The mean
and median concentrations of total Cd and water soluble
Cd were very similar, indicating that the measures of
central tendency were not dominated by the outlying points
in the distribution. The positive skewness values were
explained by the mean being larger than the median. The
variables analysed in all experimental field plots presented
a high spatial variability, as exhibited by high variation
coefficiency (106.6%–179.4% for the concentrations of
Brilliant Blue and exchangeable Cd, and 18.82%–42.53%
for the concentrations of water soluble Cd and total Cd).
The coefficients of skewness and kurtosis are rather high
in comparison with the coefficients of normal distribution.
Figure 1 shows the results of Brilliant Blue and Cd
attribution in box and whisker plots. The rectangular part

Statistics of the concentrations of Brilliant Blue, exchangeable Cd, water soluble Cd and total Cd measured for grid samples from the three
profiles
Treatment

Mean

Median

Min

Max

SD

CV (%)

Sk (SE)

Ks (SE)

Brilliant Blue (mg/kg)

Control
Colloid
DOM
Control
Colloid
DOM
Control
Colloid
DOM
Control
Colloid
DOM

12.6
13.1
14.0
151.1
92.8
160.3
13.2
10.3
14.9
3.1
3.1
2.9

4.3
3.0
7.2
67.7
42.1
50.4
12.8
9.4
13.9
2.9
3.0
2.7

0
0
0
10.2
10.2
15.7
7.1
7.0
8.9
1.6
2.0
2.0

97.6
107.0
72.8
554.9
668.6
744.0
39.4
21.4
42.5
5.7
6.2
4.6

19.8
23.7
17.4
163.3
130.7
187.4
5.7
2.7
5.9
0.9
0.7
0.6

137.0
179.4
122.6
106.6
139.3
115.4
42.5
26.4
38.8
28.5
21.5
18.8

2.74 (0.39)
2.92 (0.34)
1.43 (0.38)
1.26 (0.39)
2.89 (0.34)
1.57 (0.38)
2.96 (0.39)
2.39 (0.34)
3.08 (0.38)
1.31 (0.39)
2.31 (0.34)
1.34 (0.38)

9.09 (0.76)
8.57 (0.67)
1.90 (0.75)
0.23 (0.76)
8.71 (0.67)
1.70 (0.75)
12.22 (0.76)
7.14 (0.67)
13.01 (0.75)
1.84 (0.76)
8.49 (0.67)
1.87 (0.75)

SD: standard deviation; CV: coefficient of variation; Sk: coefficient of skewness; Ks: coefficient of kwtosis; SE: standard error.
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Total Cd (mg/kg)
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Water soluble Cd (µg/kg)
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of the plots extends from the lower quartile to the upper
quartile. The center lines within each box show the location
of the sample medians. The whiskers extend from the box
to the minimum and maximum values in each sample,
except for any outside or far outside points, which will
be plotted separately. Outside points that lie more than 1.5
times the interquartile range above or below the box and
are shown as circles. Far outside points that lie more than
3.0 times the interquartile range above or below the box,
are shown as stars. There are several extreme values in
the data sets as shown in Fig. 1. The maximum observed
values for all items except Brilliant Blue concentrations
in DOM treatment, exchangeable Cd concentrations in the
control and DOM treatments are at least three times greater
than the mean. All of these reveal that the extreme values
encountered in the data make it necessary to exercise caution when calculating the average value typically used in
the site assessment, because additional high-concentration
samples push the mean to the right, while the median
remains almost stationary.
2.2 Distribution of dye and Cd

it provides an optimal interpolation estimation for a given
co-ordinate location as well as a variance estimation for the
interpolation value. Currently, kriging is increasingly being
used to estimate the spatial distribution of pollutants in soil
(Jung et al., 2006; Burgos et al., 2006; Juang et al., 2004;
Ersoy et al., 2004; Lin, 2002; Husson et al., 2000; Cassel
et al., 1999). It was also used to visualize preferential flow
paths in the vertical section (Öhrström et al., 2004; Wang et
al., 2002; Schoen et al., 1999; Morris and Mooney, 2004).
The results of spatial dependence enabled the performance
of krigged maps of different variables. Figure 2 shows
the contour maps of these variables obtained by kriging
using 37–48 data points each plot and performed using
Surfer (V 8.0) software. Notice that all maps for a given
variable were kept on the same scale and with the same
contour interval to allow easier comparisons. In general,
the maps show the high variability that was also observed
in the results obtained by the classical statistical methods
(Table 1 and Fig. 1). These maps help in understanding
the variability and preferential flow of the contamination in
these plots by providing a visual representation and greater
spatial detail.
Contour maps of Brilliant Blue concentration in the
three profiles are shown in Fig. 2a. Soil sampling locations

Box plots of the concentrations of Brilliant Blue, water soluble Cd, exchangeable Cd, and total Cd in the soil profiles.
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Kriging is based on the regionalized variable theory and
is regarded as a powerful interpolation technique because
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Fig. 2 Contour maps of Brilliant Blue and Cd concentrations in the soil profiles. (a) Brilliant Blue in mg BB/kg dry soil; (b) total Cd concentration in
mg/kg; (c) exchangeable Cd in µg/kg; (d) water soluble Cd concentration in µg/kg.
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of Brilliant Blue seems to effuse at the depth 0.65 m and
horizontal distance 0.25 m in DOM profile. Similar status
can be seen in Fig. 2, which validated the universally
distributed preferential flow. Dye and Cd concentrations in
the first 10 cm soil profile were much higher than those in
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in the profiles were represented by the crosses. In Fig.
2a, preferential flow is evident, e.g., transport of Brilliant
Blue seems to bypass the sample located at depth 0.15 m
and horizontal distance 0.65 m in control profile, and pipe
flow is universal in all the three profiles, e.g., transport
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the following area. For example, the exchangeable Cd of
the sample located at depth 0.05 m and horizontal distance
0.15 m in DOM profile reached 744 µg/kg. The relatively
high dye or Cd concentration of several separate topsoil
samples could indicate either effect of dye or Cd sorption
or of restricted vertical transport (Hangen et al., 2004).
As shown in Fig. 2, the distribution of exchangeable
Cd is similar to that of Brilliant Blue, showing the same
preferential flow pathway they had taken. This corresponds
to observation of a field experiment on a sandy loam
(Öhrström et al., 2004). In the experiment of Öhrström et
al. (2004), the occurrences of high bromide as measured
by the Sigma probe concentration corresponded fairly
well to the dye patterns. In Fig. 2d, DOM increased the
concentration of water soluble Cd while colloid decreased
its concentration.
2.3 Dye and Cd movement in soil matrix and macropore area

concentrations vary slightly under 10 mm. The instances
for exchangeable Cd (Fig. 3c), and total Cd (Fig. 3d) are
similar to that of Brilliant Blue. The concentrations of
Brilliant Blue, water solution Cd, exchangeable Cd, and
total Cd in different treatments followed the order: colloid
treatment > DOM treatment > control in the first 5 mm
(Fig. 3). But in the subsoil, it was DOM treatment > control
treatment ≈ colloid. The comparative high concentrations
of all items analyzed of the colloid treatment in the first
5 mm depth may be attributed to the block effect of
colloids in the soil matrix capillary. While for the DOM
treatment, the concentrations of all items analyzed were
higher than those of control. It may be attributed to the
well documented transport facilitator role of DOM. The
concentrations of water soluble Cd in control and DOM
treatments are relatively constant with the value of (8.35
± 1.82) and (12.61 ± 1.92) µg/kg respectively, while in
the case of colloid treatment, the value is (34.19 ± 23.24)
µg/kg. As discussed above Cd and Brilliant Blue diffuse
homogeneously in the soil matrix and the diffusion is
restricted to about several centimeters. The application
of colloids may block the soil matrix capillary which
conduces to the accumulation of Cd and Brilliant Blue in
the thin surface layer. On the contrary, the application of
DOM increased the diffusion of Cd (by 1.2–3.4 times) and
Brilliant Blue (by 2.7–23.4 times), which may attribute
to the depressed soil sorption capacity for Cd and the
facilitated Cd movement due to the formation of Cd-DOM

Horizontal average of concentrations of Brilliant Blue, water soluble Cd, exchangeable Cd, and total Cd in 0–4 cm soil matrix samples.
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Figure 3 shows the horizontally averaged concentrations
profiles of Brilliant Blue, water soluble Cd, exchangeable
Cd, and total Cd in the first 40 mm soil matrix samples.
In Fig. 3a, the concentrations of Brilliant Blue decreased
sharply in the first 10 mm, indicating the homogeneous
matrix flow in the first 5 mm. In the first 5 mm depth, the
concentrations of Brilliant Blue in control, colloid, DOM
treatments are 52.20, 84.52, 67.13 mg/kg respectively
and in the 5–10 mm are 5.14, 2.89, 19.79 mg/L. The
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30 cm the exchangeable Cd concentrations followed in
an order of DOM > control > colloid. Infiltration of
dye and Cd was restricted to about 20 cm in the colloid
treatment. Addition of DOM led to an increase in Cd and
dye penetration of 10 cm compared to the control, as could
be concluded from Fig. 4. Total Cd concentration in control
treatment decreased from 4.84 to 2.84 mg/kg steadily with
the depth. In colloid and DOM treatments profiles, the
distribution of total Cd concentrations can be divided into
two stages, with the concentration descending in the first
stage and ascending in the second one. For example, total
Cd concentration in the colloid treatment decreased from
4.78 to 2.51 mg/kg in the upper 40 cm while in the next
60 cm it remained at (3.09 ± 0.19) mg/kg. The total Cd
concentration in the DOM treatment decreased from 3.93
to 2.46 mg/kg in the upper 40 cm while in the next 60 cm it
remained at (2.90 ± 0.31) mg/kg. The watersheds of total
Cd concentration in colloid and DOM treatments profiles
are the same 40 cm.
2.4 Correlation analysis
In order to establish possible relationship between the
considered items depicted above, a statistical study was
carried out using a Pearson correlation matrix. Pearson’s
correlation coefficients and levels of significance calculated for each pair of variables of the data set of the
sampling sites are summarized in Table 2. Strong positive associations between Brilliant Blue concentrations
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complex (Kaschl et al., 2002; Liu et al., 2007).
Figure 4 shows the horizontally averaged concentrations
profiles of Brilliant Blue, water soluble Cd, exchangeable Cd, and total Cd in the area of macropores. These
concentrations were calculated for each horizontal crosssection. Some of the data in the same profile layer showed
a wide variation as reflected by large standard deviation
values. Due to these variations within these soil layers the
mean concentration of dye and Cd might be significantly
affected via extremely high or low values. Median and/or
geometric mean concentrations, on the other hand, will
not be affected by these extreme values (Pekey, 2006).
Therefore, geometric mean concentrations of these variables were used for calculation in this study. For the three
profiles, the averaged concentrations of Brilliant Blue and
exchangeable Cd decreased with depth down to 40 cm
below the plane of infiltration and then remained constant,
while in the 40–100 cm subsoil were much lower and the
differences between the treatments can be ignored, with
the general average values of (0.83 ± 0.96) mg/kg and
(46.60 ± 13.02) µg/kg respectively (Fig. 4). It also can be
concluded from Fig. 4, the concentration of Brilliant Blue
in the first 10 cm of the colloid treatment (78.36 mg/kg) are
almost twice of the control (43.23 mg/kg) and DOM (42.27
mg/kg) treatments, which corresponded to the results from
Fig. 2. Water soluble Cd concentrations followed in the
order of DOM > control > colloid, and in colloid treatment
profile it ranged between 9.18–10.89 µg/kg. In the upper
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Fig. 4 Horizontal average of concentrations of Brilliant Blue, water soluble Cd, exchangeable Cd, and total Cd in the stained soil macropore samples.
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Table 2

BB
eCd
sCd
tCd

r
p
r
p
r
p
r
p
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Pearson correlation coefficients (r) and levels of significance (p) matrix for the relationships between the concentrations of Brilliant Blue
(BB), exchangeable Cd (eCd), water soluble Cd (sCd) and total Cd (tCd) measured for grid samples from the three profiles
Control (n = 36)
sCd

BB

eCd

1

0.695**
0.000
1

–0.097
0.572
–0.010
0.953
1

tCd

BB

0.512**
0.001
0.619**
0.000
–0.185
0.281
1

1

Colloid (n = 48)
eCd
sCd
0.913**
0.000
1

0.020
0.894
0.119
0.421
1

tCd

BB

0.755**
0.000
0.857**
0.000
0.009
0.952
1

1

DOM (n = 36)
eCd
sCd
0.807**
0.000
1

0.244
0.151
0.293
0.083
1

tCd
0.585**
0.000
0.800**
0.000
0.226
0.185
1

** Correlation is significant at the 0.01 level (2-tailed).
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