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Abstract: Trace elements in drinking water can influence the longevity of human beings. 
Drinking water samples from a longevity county Xiayi and a nearby non-longevity county 
Yucheng were collected and tested the element concentrations. Support vector machine 
(SVM), as a pattern recognition technique for small sample size classification problem, 
was applied to analyze the difference of element concentrations in the drinking water from 
both counties. Further the SVM is used to select the elements with the most discrepancy. 
The study revealed large discrepancies in element concentrations in drinking water from 
these two counties. Barium, Ca, F, Mg, Mn, Si and Sr in drinking water from Xiayi is 
higher than that from Yucheng, whereas the Fe, K, Pb, Cu, Co, Cr, Ni in drinking water 
from Xiayi is lower. The significance of difference is Cr> Mn> Co> Fe. The high Mn, Ca 
and low Cr, Cd, Co, Fe contents in drinking water from Xiayi are conductive to local 
longevity. 
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1. Introduction 

Elements are human body’s basic constituents. Inadequate or excessive intake of trace 
elements or the imbalance between the elements will have negative impacts on human 
body and even lead to some diseases, or accelerating the aging process. Trace elements 
are not produced in the human body. Their intake comes from the natural environment. 
Drinking water is an extremely important mineral source [1, 2]. Daily elements intake 
from drinking water are of extreme importance in human health risk assessment [3]. 
Composition of trace elements in water has an important effect on human health [4]. The 
changes of drinking water source will lead to significant changes in health risks related to 
trace elements. 
       The effect of element concentrations in drinking water on human health has been 
revealed by several studies [5, 6]. High drinking water quality is an important factor for 
the formation of a longevity region [7, 8]. Although there are some research results on 
trace element concentration and its effect on human health and longevity, the methodology 
mostly based on the simple comparison analysis [9]. Since the 1980s, pattern recognition 
techniques have been applied to biomedical research. It can classify regions or subjects 
with different phenomenon using specific indices, such as the regions with and without 
illness, regions with and without pollution, people with and without specific disease. 

Numerous researches have focused on diagnosing specific phenomenon using pattern 
recognition techniques. In 1983, Xu et al. successfully classified the breast cancer 
mortality rates in 25 countries and two regions using trace elements intake of local 
residents [10]. Guo et al. established a model to forecast breast cancer using 
concentrations of ten trace elements in human hair [11]. Tan et al. established a 
cardiovascular disease diagnosing model using pattern recognition technique and trace 
elements data in human body. Its accuracy to diagnose cardiovascular disease is up to 
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95.2% [12]. Longevity as a specific phenomenon has different characteristics from non-
longevity. So using pattern recognition technique to differentiate longevity and non-
longevity has some feasibility. 

Support vector machine is a mature pattern recognition technique. It has been applied 
to a wide range of pattern recognition problems, such as image recognition, microarray 
gene expression classification, protein structural class prediction and other pharmaceutical 
data analysis [11]. Its advantage lies in solving the classification problem with finite 
number of samples. In this paper, we use this technique to classify drinking water samples 
from a longevity and non-longevity county. 

In this study, support vector machine is used to classify drinking water from a 
longevity county Xiayi and a non-longevity county Yucheng with the trace elements data. 
The objectives of this study are: (1) to assess the drinking water quality from longevity 
county Xiayi; (2) to classify drinking water samples from Xiayi and Yucheng using 
support vector machine technique and trace elements data in water; (3) to find the main 
trace elements differentiating Xiayi from Yucheng. 

2. Materials 

2.1. Study area 

Xiayi, as a historical longevity county, is located in the joint part of Henan, Shandong, 
Jiangsu and Anhui. It was declared “Chinese Longevity County” by Gerontology Society 
of China in September 2008. The climate there is temperate with moderate temperature 
and clearly distinct four seasons. Its mean annual temperature is 14.1°C. Mean annual 
precipitation is 762 mm.  

Yucheng, about 300 km from Xiayi, is in the northwest of Shandong province. Both 
Xiayi and Yucheng belong to temperate semi-humid climate. People in both places have 
similar lifestyle and diet. The longevous people in these two counties show significant 
differences. According to the census in 2000, there were about 19.4 centenarians per 
million people in Xiayi, while the figure in Yucheng was only 3.4.  

2.2. Sample Collection 

The water samples were collected using mineral water bottles following sampling routines 
set for water quality studies [13]. Because local economy of Xiayi is relatively backward 
and the industrialization rate of the region is low, people live in the places where they 
were born their entire life. Well water is the main drinking water source of local people, 
with a well at almost each home. Most longevous people live near the river.  

According to the distribution of longevous people in respective towns provided by 
the Bureau of Civil Affairs and the local river flows, we select the sampling site. Well 
water samples were collected at the centenarian’s home using a mineral water bottle. In 
total we collected 59 drinking water samples in Xiayi. This accounts for about 50% of all 
the centenarians. The accurate location of each sampling site was recorded using a 
handheld GPS system. 

In Yucheng, we found similar patterns. Most people did not migrate or move away 
from the birth place. The source of local drinking water was deep groundwater. We 
selected three to four villages in each town, and collected one drinking water in each 
village at one resident’s home. Altogether we collected 36 drinking water samples in 
Yucheng. The location of each sampling site was also recorded using GPS system. The 
distribution of sampling sites is shown in Figure 1. 
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                             Figure 1: The Sampling Sites of Drinking Water 

2.3.  Water Treatment and Chemical Analysis 

About 0.5 ml of 1:1 HNO3 were immediately added to the samples to prevent adsorption 
of dissolved metals to the interior walls of the storage bottle and minimize post-sampling 
microbial activity. All water samples were immediately sent to the laboratory after 
sampling and kept in a refrigerator at 0 to 4°C about one to two days until analysis. 

The water samples were brought out of the refrigerator and let them defrost before 
analysis. Then the concentrations of the macro and trace elements were determined with 
Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) (for Cd, Se) and Inductively 
Coupled Plasma Optical Emission Spectrometer (ICP-OES) (for Ba, Co, Ca, Cr, Cu, Fe, 
K, Li, Mg, Mn, Mo, Ni, P, Pb, SiO2, Sr, Zn) [14, 15]. The concentration of F was 
determined with a fluoride ion selective electrode method. 

To check the accuracy and precision of the method, a national standard reference 
material GBW08607 was tested together with the samples. The results were in good 
agreement with the reference material certified values. A replicate sample was randomly 
selected and tested in every ten samples to control analytical quality. Two to three blank 
samples were tested in every set of samples.  

3. Methods 

Support vector machine, a mature pattern recognition technique, was used to classify the 
water samples from Xiayi and Yucheng. The model was constructed with Matlab software. 
All the statistical analysis was done with SPSS 13.0 for windows.  

3.1. Support Vector Classifier 

Support Vector Machine (SVM) is a pattern recognition technique proposed by Cortes and 
Vapnik [16]. SVM has a good theoretical basis in solving classification, regression and 
density function estimation problems [11, 17, 18]. It is mainly used to solve small sample 
size problems and it is a nonlinear pattern recognition technique. SVM is mapping the 
original sample space to a high-dimensional linear space through a nonlinear 
transformation, then in this new space to seek the optimal linear classification surface. 
This nonlinear transformation is realized by defining the appropriate kernel function.  

In general, SVM has some outstanding characteristics compared with traditional 
methods: 

a. High generalization ability. SVM uses maximal margin to reduce the Vapnik–
Chervonenkis dimension [16, 17], hereby the upper bound of SVM can be reduced. The 
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maximal margin method is useful to solve small sample size problem [18].  
b. Kernel trick. SVM uses kernel function to define the similarity between two 

datasets. It converts the problem from lower dimension to higher dimension, while the 
computation complexity remains the same.  

c. Sparseness. The less number of SVs (Support vectors, the data taking effect) 
means better generalization ability.  

d. Unique solution. The optimal solution of SVM is solved by a quadratic 
optimization method. The convex property of the formulation makes the solution unique.  

The sample size used in this paper is small. Therefore SVM is used in this study to 
identify if there are significant differences in element concentrations in drinking water 
from both counties.  

3.2.  Element Selection Procedure 

To find out the main trace elements in drinking water that Xiayi distinguishes from 
Yucheng, excluding the impact of the interaction between elements, we use support vector 
classification model to classify the water samples from Xiayi and Yucheng.  

We choose 50 samples from Xiayi and 30 samples from Yucheng as the training set 
to build support vector classification model. And the remaining 9 samples from Xiayi and 
6 samples from Yucheng as test set to validate the accuracy of the model. As Cd, Li, Mo, P 
and Zn haven’t been detected in most water samples from Xiayi, the four elements were 
excluded before establishing the model. 14 elements are involved in the model: Ba, Ca, 
Co, Cr, Cu, F, Fe, K, Mg, Mn, Ni, Pb, Si and Sr.     

Elements were filtered gradually by the principle of zero misclassification rates. The 
contribution rate of each element to the model was calculated with the established support 
vector classification model. And further the significance of difference between element 
concentrations in water samples from Xiayi and Yucheng were analyzed. 

4.  Results 

4.1.  Drinking Water Quality in Xiayi 

The concentrations of elements in drinking water samples from Xiayi were compared with 
Chinese drinking water standards GB5479-1985 and the WHO guideline values [18]. The 
results are shown in Table 1. Except F and Pb slightly go beyond the standards, the other 
tested items fall well within Chinese drinking water standards and WHO guideline values. 
The Cd, Li, Mo, P and Zn haven’t been detected. The pH is weak alkaline, ranging 
between 7 and 8. The drinking water quality is good. 

4.2.  Comparison between Xiayi and Yucheng 

A comparison is performed between element concentrations in water samples from Xiayi 
and Yucheng. The result is also shown in Table 1. The average concentrations of Ba, Ca, 
F, Mg, Mn, Si, Sr in water samples from Xiayi are higher than that from Yucheng. 
Whereas Co, Cr, Cu, Fe, K, Ni, Pb in the water samples from Xiayi are lower than the 
corresponding concentrations in Yucheng. Cadmium, Li, Mo, P and Zn haven’t been 
detected in most water samples from Xiayi. 

4.3. Classification Results  

Support vector classification results show that multiple linear model is able to separate the 
two datasets 100%. With the test samples to verify the model, the misclassification rates 
are zero. The model has perfect classification effect.  
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Table 1: The Comparison of Results of Xiayi and Yucheng 

Elements Xiayi N=59 Yucheng N=67 National standards WHO Guideline values 
Ba(mg/L) 0.050±0.054 0.028±0.027 ≤0.7  
Ca(mg/L) 51.83±32.04 33.88±29.46   
Fe(mg/L) 0.065±0.047 0.135±0.109 ≤0.3 ≤2 
K(mg/L) 1.179±1.548 2.17±2.94   
Li (mg/L) ND 0.016±0.011   
Mg(mg/L) 46.19±25.52 30.82±35.69   
Mn(mg/L) 0.190±0.178 0.049±0.098 ≤0.1 ≤0.4 
P(mg/L) ND 0.13±0.45   

SiO2 (mg/L) 6.13±3.39 5.49±4.92   
Sr(mg/L) 0.88±0.49 0.63±0.43   
F(mg/L) 1.69±1.34 0.89±1.22  ≤1.5 

Pb(mg/L) 0.013±0.004 0.035±0.038 ≤0.01 ≤0.01 
Ni(mg/L) 0.016±0.001 0.14±0.20 ≤0.02 ≤0.07 
Cu(mg/L) 0.003±0.001 0.010±0.010 ≤1 ≤2 
Zn(mg/L) ND 0.014±0.022 ≤1 ≤3 
Cd(mg/L) ND 0.040±0.009 ≤0.005 ≤0.003 
Co(mg/L) 0.009±0.001 0.16±0.31 ≤1  
Cr (mg/L) 0.0006±0.0002 0.011±0.007 ≤0.05 ≤0.05 

pH 7.47  6.5-8.5 6.5-9.5 
Mo (mg/L) ND  ≤0.07 ≤0.07 
Se (μg/L) 0.72  ≤10 ≤10 

Note: ND denotes not detected. 

       The filter results of elements show that Cr has the largest contribution to the 
classification model, up to 78.63%, followed by Mn, with 72.43% contribution (Table 2). 
As long as Cr exists in the classification model, the model can separate the two datasets of 
samples completely. This illustrates that Cr is an indispensable element when using these 
14 elements to establish the classification model. So we exclude Cr and use the remaining 
13 elements to establish a support vector classification model.  

Table 2: Element Contributions to the Classification Model 
Element Ba Ca Fe K Mg Mn Si 

Contribution% 45.91 52.81 53.6 29.11 53.19 72.43 53.34 
Element Sr F Pb Ni Cu Co Cr 

Contribution% 49.55 47.12 50.99 34.49 48.4 49.4 78.63 
Element(excluding Cr) Ba Ca Fe K Mg Mn Si 

Contribution% 49.64 56 72.54 52.76 64.75 100 58.51 
Element(excluding Cr) Sr F Pb Ni Cu Co  

Contribution% 53.84 46.28 60.07 27.82 50.72 92.93  
 
When excluding Cr, the results show that Mn has the largest contribution to the 

classification model, arriving at 100%. That is to say Mn is an indispensable element 
using the 13 elements to establish classification model. Cobalt has the second largest 
contribution to the classification model, arriving at 92.93%, followed by Fe, with 72.54% 
contribution. This illustrates that Cr, Mn, Co and Fe are very important elements in 
constructing support vector classification model. The differences of Cr, Co, Fe and Mn 
concentrations in water samples from Xiayi and Yucheng are obvious. The significance of 
difference is Cr> Mn> Co> Fe, as shown in Table 2. 
        Four classification models were established using these elements: 
(1) When using these 14 elements to establish support vector classification models, Cr has 
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the largest contribution to the classification model. Chromium can linearly separate two 
sets of samples with zero misclassification rate. The optimal hyperplane is:  

5542.18587.599 +−= Crxy                                                       (1) 

where Crx is the concentration of Cr in water samples. When 0=y , the Crx is the interface 
of the two sets of samples. When 0>y , the water sample belongs to classification I, from 
Xiayi. Whereas when 0<y , the water sample belongs to classification II, from Yucheng.   
(2) The second important element is Mn. The established binary linear classification 
model with Mn and Cr can separate the two sets of samples completely. The optimal 
hyperplane is: 

3259.18393.5576183.2 +−= CrMn xxy                                        (2) 

where Mnx , Crx are the concentrations of Mn, Cr in water samples respectively. When
0=y , the Mnx and Crx is the interface of the two sets of samples. When 0>y , the water 

sample belongs to classification I, from Xiayi. Whereas when 0<y , the water sample 
belongs to classification II, from Yucheng.  

Figure 2 shows the classification results more clearly. Support Vector Classification 
can separate the two sets of samples significantly. The samples above the interface are 
from Xiayi, whereas the samples below the interface are from Yucheng. The source of the 
water can be identified by the concentration of Mn and Cr in drinking water. 
(3) By analyzing the classification model, the difference in concentrations of Ca, Cr and 
Mn in water samples from Xiayi and Yucheng is notable. So we use the three elements to 
establish linear classification model. The established model can separate two sets of 
samples completely. The optimal hyperplane is: 

198.03446.4606069.70324.0 +−+= CrMnCa xxxy                         (3) 

where Cax , Mnx  and Crx  are the concentrations of Ca, Mn, Cr in water samples 
respectively. When y =0, the Cax , Mnx and Crx is the interface of the two sets of samples. 
When 0>y , the water sample belongs to classification I, from Xiayi. Whereas when

0<y , the water sample belongs to classification II, from Yucheng.  

     
Figure 2: Classification by Mn and Cr            Figure 3: Classification by Ca, Mn, Cr 

       
       This is clearly shown in Figure 3. Samples marked with red circle above the interface 
are from Xiayi. Whereas samples below the interface with the blue cross symbol belong to 
Yucheng. Support vector classification model can separate the two sets of samples 
significantly. We can predict the source of water samples by the concentration of Ca, Mn, 
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Cr in water. 
(4) The fourth classification model is constructed using Ca, Fe, Mn, Co. The model is also 
linearly and can separate the two sets of samples completely. The optimal hyperplane is: 

1142.22527.850475.460353.540619.0 +−+−= CoMnFeCa xxxxy                     (4) 

where Cax , Fex , Mnx , Cox  are the concentrations of Ca, Fe, Mn, Co in water samples 
respectively. When 0=y , the Cax , Fex , Mnx and Cox is the interface of the two sets of 
samples. When 0>y , the water sample belongs to classification I, from Xiayi. Whereas 
when 0<y , the water sample belongs to classification II, from Yucheng. 

In summary, there exist significant differences between Ca, Co, Cr, Fe, Mn 
concentrations in water samples from Xiayi and Yucheng. The support vector 
classification model established with these elements can significantly separate the two sets 
of samples. The high Mn, Ca and low Cr, Cd, Co, Fe in drinking water of Xiayi is a 
favorable factor leading to local longevity. Support vector classification as a pattern 
recognition technique has its own unique advantages in identifying longevity and non-
longevity phenomenon.  

5. Conclusions 

The drinking water in longevity county Xiayi is clean and free from pollution. Drinking 
water in Xiayi is higher in Ba, Ca, F, Mg, Mn, Si, Sr and lower in Co, Cr, Cu, Fe, K, Ni, 
Pb than that of drinking water from Yucheng. The SVM can classify water samples from 
Xiayi and Yucheng completely even using the simplest linear kernel function, which 
suggests the significant difference in element concentrations in the drinking water. The 
significance of difference is as Cr> Mn> Co> Fe. The high Mn, Ca and low Cr, Cd, Co, 
Fe in drinking water from Xiayi is a favorable factor conductive to local longevity. 
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