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SOIL AND BEAN CADMIUM MAPPING AND
CADMIUM MITIGATION IN THE COMMONWEALTH
OF DOMINICA

Executive summary

Cadmium in cocoa beans is emerging as an important risk factor for marketing of cocoa
beans internationally due to the emerging strict food safety regimes. This problem is
particularly prevalent in the Latin America and the Caribbean region. An island-wide study
of 114 cocoa farms in Dominica was conducted to (a) understand the extent of the cadmium
problem (b) determine the spatial distribution of the cadmium problem in Dominica and
(c) to estimate the severity of the problem. A diagnostic study of the soils from these 114
farms was also conducted to identify soil physico-chemical factors that could be increasing
the availability of cadmium to the cocoa plant and thus contributing to the cadmium
problem. The cadmium levels in bean, leaf, husk, shell and nibs were also determined to
understand the partitioning of cadmium within the cocoa tree.

The study showed that only 5 % of the farms had cadmium levels higher than the practical
maximum allowable limit of 0.6 mg kg for cocoa beans. This is possibly an
overestimation as the study was conducted on unfermented cocoa beans. Many studies
have shown that the fermentation of cocoa bean can result in a further reduction of 20-
30% of the cadmium in the cocoa beans and should be explored in Dominica. The
distribution of the high cadmium farms was sporadic rather than geographically confined
to areas suggesting that local practices in the farm could possibly be contributing to the
problem. The levels of cadmium were highest in the leaves followed by shell, husk and
nibs, in that order. The diagnostic study showed that at least 25% of the variation in leaf
Cd level could be explained by low pH soils and deficiency of Zn in the soil; suggesting that
use of lime and micronutrient applications can be used to mitigate cadmium
bioaccumulation in cocoa beans. Moreover, the centralized fermentation system practiced
in Dominica would have a dilution effect on beans coming from the high cadmium farms
and hence international marketing of cocoa beans wouldn’t pose a problem.

In conclusion. the study shows that Dominica does not have a cadmium problem. However

the best practices suggested in the study will not only prevent future problems from
arising but also can help to improve yields.
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INTRODUCTION

Cadmium (Cd) is a toxic trace heavy metal with no known biological function in
humans. Chronic Cd exposure in humans is mainly through the consumption Cd
contaminated food in the non-smoking population. Body burden of Cd results in a
number of health issues including renal tubular dysfunction and osteomalacia. The
cocoa tree is a bioaccumulator of Cd into its plant parts including into the cocoa
beans that is used to produce chocolates. Luxury foods such as chocolate, although
ingested in smaller quantities, can be detrimental to human health due to the
tendency of the heavy metal to bioaccumulate in the body over the human lifespan.
To protect consumers, the European Commission approved a new regulation in 2014
(which came into effect in 2019), which sets maximum allowable limits for Cd in
chocolates and cacao powders, which varies between 0.10 and 0.80 mg Cd kg™,
depending on the cacao solids content of the product. Regulations are also being
developed by the Codex Alimentarius and is expected to be implemented in a number
of other countries.

Early research has shown that the Cd problem in cocoa is confined mainly to the
Latin American and the Caribbean region due to the high levels of Cd in the young
volcanic tropical soils typical of the region. As a result, countries in the region are
actively involved in mapping the Cd levels in the soils and cocoa beans to understand
the level of risk to their population and to their respective cocoa industries.

Many studies have shown that Cd in cocoa beans results from absorption and
bioaccumulation of Cd into its plant parts by the cocoa tree and not from
contamination during processing or manufacturing of chocolate products. Cocoa
has been shown to be rather effective in bioaccumulating Cd into the cocoa beans,
with the propensity of the cocoa tree to bioaccumulate Cd varying from cocoa
variety to variety. Further the availability of Cd to the plant has also been shown to
be dependent on a number of soil factors such pH, organic matter (OM) content,
deficiencies of zinc (Zn) and other micronutrients as well as soil salinity.

The overall objective of this study in Dominica was to systematically map the soil
and bean Cd levels in soils, conduct diagnostic studies to identify the soil factors
that contribute to Cd bioaccumulation and to develop appropriate mitigation
practices to mitigate risks in the problem areas.
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METHODOLOGY

Locations and farm sampling

The methodology for soil and bean sampling within cocoa farms and pre-processing
of samples for Cd analysis (Manual: ‘Step-by-step process of sampling and
processing samples for Cd analysis’) as well as a training workshop and PowerPoint
were provided by the Cocoa Research Centre of the University of the West Indies.
One hundred and fourteen cocoa farms were identified across Dominica by Staff of
the Ministry of Agriculture and Fisheries and each farm was systematically sampled
for soil and bean samples based on the established protocol. The GPS coordinates
of each of the farms were taken to allow for mapping of results. The samples were
taken to the laboratory for processing and packaging. The soil samples were
collected at two depths, 0-15 cm and 15-30 cm. The 228 soil and 114 bean, shell,
nib, and husk samples were shipped to the University of Nottingham for Cd analysis
using ICP-MS. Soil samples (228) were also dispatched to Agro Services
International Inc in Florida for soil chemical and physical analysis. In total 798
independent analyses were done along with certified reference samples to test the
validity.

Mapping and data analysis

The data was mapped using Arc GIS software and subjected to descriptive statistical
analysis. From the nib and shell Cd levels the bean Cd levels were estimated. The
GIS precision maps generated for bean and soil Cd as well as maps for factors that
contribute to Cd bioavailability to the cocoa plants are provided. Correlation
analyses were performed to understand the relationship between total soil Cd as
well as soil factors that contribute to availability of soil Cd to the plant, on bean Cd.
A multiple regression analysis was conducted to determine the factors that
contribute to the Cd bioaccumulation in beans and leaves. An analysis of variance
was conducted to test the significance of the models generated. A training workshop
is carded to be held in the following weeks to provide the results, discuss the
implications and to provide appropriate methods for mitigation, where necessary.

Evidence-based approach to cadmium mitigation

The Cocoa Research Centre has developed an evidence-based approach to Cd
mitigation based on work in Trinidad and Tobago and has applied it across 6
countries in Latin America and is working with three countries in the Caribbean.
The approach provides a scientific basis to mitigate Cd bioaccumulation in cocoa
using a combination of breeding, soil amelioration, grafting and postharvest
processing approaches. This is based on developing an understanding of the sources
of Cd contamination of soils, levels of Cd content in soils and beans, the soil physical
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and chemical properties, the propensity of genotypes grown to bioaccumulate Cd
and methods of postharvest processing and marketing practiced in the country. Fig-
1 provides a summary of the evidence based approach.

* Characterise and map CGCs

Determine the distribution and severity of
the problem

Diagnose the source of problem and
factors that are accentuating the problem

Develop a strategy to address the
problem in a nuanced manner by CGC

Develop methods and test the efficacy of
the methods under experimental conditions

Validate the method in farmer field trials in
v CGCs and conduct a cost-benefit analysis

Provide extension and training to the
farmers

Develop strategies to improve adoption
Adopt rate through incentives and microfinancing

CECECCEEEL

Fig-1: An evidence based approach to mitigation of cadmium in cocoa.
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RESULTS

I. Cocoa bean cadmium levels

The total bean Cd levels varied between 0.04 to 1.50 mg kg™ with a mean of 0.26 +
0.02 mg kg™*. If we take conservatively 0.6 mg kg™ as the maximum allowable limit
for beans, a total of 7 farms (6% of the farms) exceeded this limit. The frequency
distribution of Cd in beans (Fig 2) showed a skewed distribution to the right,
indicating that majority of the farms had low Cd levels below 0.5 mg kg™.
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Fig-2: Frequency distribution of bean Cd levels in 114 farms across Dominica. Samples on the
right of the redline exceed the maximum allowable limit for Cd.

GIS map of bean Cd (Fig 3) showed the geographical distribution of the bean Cd in
Dominica was not random. Most of the farms that exceeded the limit of 0.6 mg kg"
! Cd in the beans were in the middle of the island mostly towards the East of the
island (denoted by yellow, coral and orange dots). The remainder of the island of
Dominica recorded very low (dark green) to low levels (light green) of Cd in the
beans. Even within the Central-East of the island, the high Cd farms were scattered
among low to very low Cd farms. The results show that 94% of the farms had bean-
Cd levels in the acceptable range, well below the maximum allowable limit for bean
Cd (0.6 mg kg™). This augurs well for Dominica with regards to the marketability of
the beans. Moreover 18% of the farms (20 farms) in Dominica recorded bean Cd

levels below 0.1 mg kg™, considered to be very low.
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Fig 3. Map showing the distribution of cadmium levels of cocoa beans of farms in Dominica

Partitioning of bean Cd into its components

In this study, we divided the dried cocoa bean into shell and nib (cotyledon) and
determined the Cd percentage separately for each. Although only the nib part of the
bean is used in chocolates and cocoa based products, cocoa beans are always sold
with the shell (as beans). Therefore, the brokers who purchase cocoa determine the
Cd % in the whole bean as this is the traded product; and use 0.6 mg kg™ as the
maximum allowable limit for Cd in the bean. Usually the shell percentage in cocoa
beans vary between 11-15% with an average of about 13-13.5%. We used the shell
percentage of 13.5% to estimate bean Cd level from nib and shell cadmium values.

The following figure (Fig-4) provides the levels of Cd in the bean, partitioned into
Cd-nib and Cd-shell. On average the levels in the shell (average 0.46 mg kg™) were
twice that in the nib (average 0.23 mg kg™). Given the small contribution of shell
to the bean weight the bean Cd levels were slightly higher than the nib Cd values.
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Fig 4. Partitioning Bean-Cd into Shell-Cd and Nib-Cd
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There was a strong correlation between Cd-nib and Cd-shell (r = 0.77) and hence
one is able to predict the levels in the nib based on levels in the shell.

Fig 5. Relationship between Cd-nib and Cd-shell
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Partitioning of Cd across various plant parts in cocoa

The study also investigated the partitioning of Cd across various plant parts, leaves,
pod husk and beans (Fig 6). The Cd concentrations in the leaves (0.5 mg kg™) were
almost twice as much as that in the husk (0.27 mg kg™) or the bean (0.26 mg kg™).
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Fig 6. Partitioning of Cd across various plant parts
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Fig 7. The relationship between leaf Cd and pod husk Cd (a); the relationship between leaf Cd
and bean Cd (b)
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There was also a relationship between leaf-Cd and pod husk-Cd as well as between
leaf-Cd and bean-Cd, however the relationship was moderate.

Cocoa Leaf Cd levels

The total leaf Cd levels varied between 0.07 to 2.88 mg kg™ with a mean of 0.50 +
0.04 mg kg™*. The frequency distribution of Cd in beans (Fig 8) showed a skewed
distribution to the right, indicating that majority of the farms had low Cd levels
below 0.5 mg kg™.

Fig 8. Frequency distribution of leaf Cdin 114
cocoa farms in Dominica
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Fig 9. Map showing the distribution of cadmium levels in leaves from cocoa farms in
Dominica
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GIS map of leaf Cd (Fig 9) showed the geographical distribution of the leaf Cd in
showed that most of moderate to high Cd farm samples were distributed equally
between the east and west of the country (denoted by orange, red and purple dots).
The north and south of the islands were relatively low of cadmium in the leaves
(light green to dark green dots).

II. Farm soil cadmium levels

Total soil Cd was determined at two depths, 0-15 cm and 15-30 cm. The mean total
soil Cd at 15-30 cm was 0.18 + 0.01 while that at 15-30 cm was 0.11 £ 0.06. On
average the soil Cd was 1.77 times at the 0-15 cm depth compared to that at the 15-
30 cm depth. The accentuation of levels of at the 0-15 soil depth compared to deeper
layers usually suggests anthropogenic effects. A regression of soil concentration at
0-15 cm with that at 15-30 cm showed a linear relationship but with deviations Fig
10). While in most cases the levels of Cd in 0-15 cm was 2-4 times that at 15-30 cm,
there were in approximately 25% of the cases where the levels of Cd were not
significantly different between the depths or even somewhat lower in 0-15 cm depth
in some cases. In 15% of the cases, the Cd levels at the 0-15 cm depth were between
2.5-5 x of that at 15-30 cm depth.

Relationship of total soil Cd at 0-15 cm vs 15-30 cm
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Fig 10: Relationship between total soil Cd concentration at 0-15 cm depth and 15-30 cm depth.
The red line indicates the predicted line if Cd level at 0-15 cm depth was 1.8 times that at 15-
30 cm depth as in the case of most farms. The rectangle indicates samples where Cd levels at
both depths were not significantly different.
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Fig 11. Frequency distribution of total soil Cd at 0-15 cm depth
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Most of the feeder roots of the cacao tree is found within the 0-20 cm soil zone. The
frequency distribution of total soil Cd at 0-15 cm depth showed a distribution that
was pronouncedly skewed to the right with most of the farm soils having Cd
concentrations below 0.35 mg kg™.

The GIS map for soil Cd at both 0-15 and 15-30 cm depth is shown in Fig 12. The
coral, orange and red dots mark the farms with high levels of Cd in the soil. Three
observations can be made. (1) there doesn’t seem to be a geographical pattern for
the occurrence of high levels of Cd in the cocoa farms. There were farms in the North
South and Central that had relatively high levels in the soil. (2) the Cd levels in
farms intensified as one goes from 15-30 cm depth to 0-15 cm depth. (3) There
seemed to be also no obvious correlation between the geographical distribution of
Cd in beans and leaves with that of the distribution observed for soil Cd. The
elevated levels of Cd in the 0-15 cm part of the soil compared to the 15-30 cm part
of the soil suggests anthropogenic factors and or recycling and bioaccumulation at
the upper soil strata as possible cause/s.
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Fig 12. Map showing the distribution of cadmium levels of soil of farms at two depths in

Dominica

The correlation (Fig 13) between total soil Cd at 0-15 cm depth and bean Cd was
weak (r=0.13). The correlation between soil Cd at 15-30 cm depth and bean Cd was
even weaker (r = 0.09). These results suggest that the total soil Cd in itself is not
a good predictor of bean Cd.

Fig 13. Correlation between total soil Cd at 0-15 cm
depth and bean Cd
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II1. Soil physicochemical properties

To understand the factors that affect bioavailability of Cd a diagnostic study of the
physicochemical properties of farm soils was undertaken. A number of studies in
Latin America and the Caribbean region have shown that organic matter (OM)
content, micronutrient levels (e.g. Zn & Mn) and soil pH influence bioavailability of
Cd and therefore the bean Cd levels. In general deficiencies of Zn & Mn, low levels
of OM in the soils, acidic pH and more open soils have been shown to increase
bioavailability of Cd thus contributing to elevated levels of Cd in the beans.

Soil pH of cocoa soils in Dominica

The pH of soils collected from cocoa farms across the country varied from 4.6 -7.7
+ 0.06 in the 0-15 cm core sample (Average 6.2) and between 4.5 - 7.2+ 0.06 in the
15-30 cm sample (average 5.9). There was a good correlation between pH at both
soil depths (r=0.6; P<0.05), which can also be gleaned from GIS map (Fig 14). The
frequency distribution (Fig 15) showed that the majority of soils (88%) had a pH in
the optimal range between 5-7. In general, the soils from farms in the North and
South of the island had neutral pH, while those at the centre of the island were
slightly acidic. The soil pH showed a moderate but significant negative correlation
with bean Cd levels (r= -0.30; P<0.05) and leaf Cd levels (r= -0.35; P<0.05) as well
as with Cd-husk, Cd-nibs and Cd-Shell (r=-0.26 - -0.30).
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Figure 14. Map showing the distribution of pH levels of soil of farms at two depths in Dominica
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Fig 15. Farm to farm variation in soil pH (0-15
cm)
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The OM of cocoa farms varied from 0.4 - 4.6% + 0.10 in the 0-15 cm core sample
(Average 2.4%) and between 0.4 - 4.7+ 0.11 in the 15-30 cm sample (average 1.6%).
There was a poor correlation between OM at both soil depths (r=0.33; P<0.05),
which can also be gleaned from GIS map (Fig 16). As expected, the OM content was
higher in the top soil compared to the lower soil layer. The frequency distribution
(Fig 17) showed marked difference between the top and lower soil layers - normally
distributed in 0-15 and strongly skewed to the right in 15-30 cm layer. In general,
the soils from farms in the North and South of the island had low OM content. OM
was not correlated with Bean Cd level but showed a weak but significant correlation
with Leaf Cd (r=0.20; P<0.05).
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Figure 16. Map showing the distribution of OM levels of soil of farms at two depths in Dominica
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Fig 17. Frequency distribution OM content (a) 0-15 cm (b) 15-30 cm

Soil Zinc levels in Dominica

The Zn levels varied from 1.3 to 38.8 mg kg™ in the top 0-15 cm soil layer (Average
7.5 mg kg™) and from 1.3 to 31.0 in 15-30 cm soil layer (Average 5.5 mg kg™). The
frequency distributions for the top and bottom layers were quite similar (Fig 18)
although the correlation between Cd content in the lower and upper soil levels was
very weak and not significant. At the top soil layer around 20% of the soil samples
fell below the optimum, while in the bottom soil layer 42% of the soil samples fell
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below the optimum. The GIS map of Soil Zn levels (Fig 19) showed that deficiency
of Zn was quite prominent in the eastern and central part of the island and
particularly in the lower soil horizon. Zn levels in the soil showed a negative
correlation with bean Cd, leaf Cd and nib Cd (r = -0.16 - -0.20).
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Fig 18. Frequency distribution Zn content (a) 0-15 cm (b) 15-30 cm
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Fig 19. Map showing the distribution of Zn levels of soil of farms at two depths in Dominica
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DISCUSSION

Out of the 114 cocoa farms studied only 6 farms exceeded the maximum allowable
limit of 0.6 mg kg™ which represents only 5% of the total cocoa farms within
Dominica. Even those that exceeded the limit only three recorded levels of 1 mg kg"
!or higher. No sample was higher than 1.5 mg kg™. These results suggest that the
risk associated with Cd in Dominica is negligible. Furthermore, given that the cocoa
beans are centrally processed the effect of these farms would be diluted out in the
marketable product, which is fermented dried cocoa beans.

The geographical distribution of the high Cd farms within Dominica appeared to be
random rather than showing a location specific variation. Further, that the high Cd
farms were surrounded by other farms with low to very low levels of bean Cd
suggests that elevated bean Cd levels seen in these farms could be a result of specific
farmer practices in those farms. The use of Cd contaminated sources of fertilizer or
manures, contaminated sources of irrigation water or contamination through flood
water, salt water intrusion, or proximity to industrial waste or industrial pollution
have been identified in other countries in the region as causes of elevated bean Cd;
where location specific soil factors could not be delineated. The slightly accentuated
cadmium levels in the upper (0-15 cm) soil layer compared to the deeper (15- 30
cm) layer suggests evidence of anthropogenic effects contributing to soil Cd. It may
be useful to conduct a further investigation for possible causes through a farmer
interview.

There was considerable variability (30-fold) within the country with respect to bean
Cd levels (0.04 to 1.5 mg kg™). Similarly, there was a 40-fold variation with respect
to leaf Cd levels (0.07 - 2.90 mg kg™). The strong correlation between bean Cd
levels and leaf Cd level (r = 0.81; P<0.05) indicates that leaf Cd, which is easier to
collect and measure Cd can be used as proxy for bean Cd levels. This large variation
allowed the opportunity to investigate the causes of variation in bean and leaf Cd
levels.

Diagnostic study

There was considerable variation in total soil Cd level among cocoa farms in
Dominica (0.02 -0.84 mg kg*') - a 40-fold variation. However, there was no
correlation between total soil Cd levels and bean Cd levels nor total soil Cd and leaf
Cd levels. This suggested that soil factors that influence the availability of Cd to the
cocoa tree were probably more important than the total Cd in the soil. Many
researchers have shown that soil Cd can become more available under low pH, low
levels of OM in the soil, saline conditions (Cl- ion), deficiency of micronutrients such
as Zn and Mn and in open soils with low CEC.
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A correlation analysis conducted between bean and leaf Cd levels against soil
organic matter content, soil pH, soil Zn levels (Appendix-1) showed the following.
Bean Cd levels were significantly negatively correlated with soil pH and soil Zn
levels but not with soil organic matter. Leaf Cd levels were negatively correlated
with pH and positively correlated with soil organic matter content but not with soil
Zn levels.

To better understand the contribution of these factors on bean Cd levels and soil Cd
levels, multiple regression analysis was conducted. The table below shows the
various models fitted and the corresponding coefficient of determination values (R2
values). Coefficient of determination indicates what part of the variation in Bean
Cd level do the various independent variables explain.

Table-1: Multiple regression analysis to predict Bean and Leaf Cd levels using various
independent variables

Dependent variable Intercept SoilCd SoilpH SoilZn SoilOM R? (%)

Bean Cd levels No No 2.0 ns
Yes Yes 8.0 *x
No No 3.2 ns
Yes No 3.3 ns
Yes Yes Yes 14.0  ***
Yes yes Yes 9.0 *k
No No Yes 6.3 *
Yes Yes Yes Yes 18.0  ***
Yes Yes Yes No 115  **
Yes Yes Yes Yes No 18.0  ***

Leaf Cd levels Yes No 2.7 ns
Yes Yes 12,5  HFH*
Yes No 2.8 ns
Yes Yes 4.0 *
Yes Yes Yes 20.1  ***
Yes Yes Yes 101 **
No Yes Yes 8.5 *x
Yes Yes Yes Yes 240  ***
No Yes No No 10.8 *x
No Yes Yes Yes 13.3 *E
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For both Bean and leaf Cd the models involving total soil Cd, soil pH, soil Zn were
able to explain most of the variation. It should be however noted that there were
considerable amount of variability in the Y variables that were still left unexplained.

The best fit model for bean Cd
Bean Cd = 0.88 - 0.11 pH +0.62 Total Soil Cd - 0.07 Zn

The best fit model for leaf Cd
Leaf Cd = 2.05 - 0.28 pH + 1.42 Total Soil Cd - 1.28 Zn

Notably in both models the same independent variables were present with the same
sign. The result suggests that lower pH, deficiency of Zn levels in the soil and high
total Soil Cd accentuates the level of Cd in the leaf and beans. These suggest that in
farms with higher Cd, application of lime to improve pH or application of Zn based
fertilizers could be tested. The study also suggests that leaf Cd could be used as
proxy for bean Cd to test the efficacy of Cd mitigation measures implemented.

Previous studies have shown that during fermentation part of the Cd in the bean is
removed during the leaching of the acidic liquid from the beans. It is recommended
as a future study to further investigate this in Dominica.

CONCLUSION

Based on the summary findings discussed above, Dominica does not appear to have
a significant cocoa bean Cd issue as majority of the island has bean Cd levels that
are below the limit of concern. However, for the very few farms identified, it is
possible that this may be due to deficiencies in Zn in the soil or low pH levels which
could be mitigated using soil amelioration strategies. Although not investigated in
the study, low Cd rootstocks should be also explored in propagation.
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Appendix

Pearson Correlations

pH_15cm

OM_15cm

Zn_150

Soil_0_15

Bean_Cd

Husk

Leaf

Shell

nibs

pH_15¢cm

OM_15cm

Zn_150

Soil_0_15

Bean_Cd

Husk

Leaf
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pH_15cm

1.000000
0.000000

-0.518756
0.000000

0.340146
0.000243

0.313312
0.000769

-0.294617
0.001615

-0.263613
0.004979

-0.353616
0.000131

-0.307831
0.000961

-0.285431
0.002284

Leaf

-0.353616
0.000131

0.200830
0.033735

-0.167356
0.077779

0.162817
0.086303

0.809268
0.000000

0.703588
0.000000

1.000000

OM_15cm Zn_150

-0.518756 0.340146
0.000000 0.000243
1.000000 -0.314283
0.000000 0.000739

-0.314283 1.000000
0.000739 0.000000

-0.214488 0.461248
0.023149 0.000000
0.182201 -0.180711
0.054514 0.056555
0.181260 -0.131078
0.055796 0.168332
0.200830 -0.167356
0.033735 0.077779
0.171650 -0.157563
0.070349 0.097084
0.182879 -0.185691
0.053606 0.049972

Shell nibs

-0.307831 -0.285431
0.000961 0.002284
0.171650 0.182879
0.070349 0.053606

-0.157563 -0.185691
0.0970
0.164690 0.115044
0.082699 0.227099
0.964812 0.996004
0.000000 0.000000
0.749508 0.797478
0.000000 0.000000
0.793404 0.801751

Soil_0_15
0.313312
0.000769

-0.214488
0.023149

0.461248
0.000000

1.000000
0.000000

0.129168
0.174672

0.140619
0.139185

0.162817
0.086303

0.164690
0.082699

0.115044
0.227099

Bean Cd Husk

-0.294617
0.001615

0.182201
0.054514

-0.180711
0.050005

0.129168
0.174672

1.000000
0.000000

0.794777
0.000000

0.809268
0.000000

0.964812
0.000000

0.996004
0.000000

-0.263613
0.004979

0.181260
0.055796

-0.131078
0.168332

0.140619
0.139185

0.794777
0.000000

1.000000
0.000000

0.703588
0.000000

0.749508
0.000000

0.797478
0.000000



Shell

nibs

0.000000

0.793404
0.000000

0.801751
0.000000

0.000000

1.000000
0.000000

0.937475
0.000000

0.000000

0.937475
0.000000

1.000000
0.000000
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