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ABSTRACT  

 River Palar is one of the most contaminated rivers of India due to various industries. An 

attempt is made to study the groundwater status in its upper bed. Twenty groundwater samples 

are collected during the post monsoon season spanning over October 2014. Various 

physicochemical parameters are determined and compared with ISO and WHO standards. 

Graphical interpretations of hydrochemical evolution such as Piper, Durov, Stiff, USSL, 

Wilcox, Permeability Index, Ionic balance error and Gibb are studied.  
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graphical interpretations. 
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1. INTRODUCTION  

The availability of quality water in good quantities for industrial, agricultural and 

domestic uses is a key to the development of any nation. Although the river is considered to be a 

natural source of water, restriction of water flow due to various reasons makes the ground water 

as an alternative. Also groundwater is believed to be more potable and safer than surface water 

due to the protective qualities of the soil cover [1]. With about 7 x10
12

 m
3
 of water drawn from 

the world’s aquifers each year, ground water is by weight the most extracted raw material from 

the east [2]. Since the groundwater has been a vital resource of water supply for about a third of 

the world’s population [3], it requires at least an acceptable level of water quality. The role of 

water is continuing to gain recognition in health and disease, depending upon the susceptibility 

of the individual consuming it. Ground water is contaminated either by its interaction with 

different minerals found in the rock beds or by the human activities such as contamination 

due to industrial effluents, landfills, application of fertilizers, etc., [4].  

 

2. MATERIALS AND METHODS  
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The main river Palar originates in Nandhi Durg of Kolar district, Karnataka State, passes 

through the hilly portion of South Western part of Andhra Pradesh State, enters Tamil Nadu 

State near Pullur village in Tiruppathur taluk and falls into the Bay of Bengal between East of 

Madurantakam town and South of Mahabalipuram town. Total area of the Palar basin is 18300 

km
2
. Vellore, Tiruvannamalai and Kanchipuram are the districts covered by Palar basin in Tamil 

Nadu State. The river Palar flows through a length of 295 km in Vellore district from its entry. 

Palar is not a perennial river and occurrence of flood is very rare and of very short duration. 

During the major part of the year, the river is dry and the flow is limited to a shorter period. 

Poiney and Cheyyar rivers are the tributaries of Palar. Poiney originates from the hills of 

Seshachalam in Chandragiri taluk of Chittoor district in Andhra Pradesh, confluences with Palar 

near Karai village of Walajahpet taluk. 

 

2.1. Sampling Region 

 

Palar Sub basin, encompassing Vellore (a chronic drought prone district), located in the 

North-East part of Tamil Nadu State is selected as the study area. Vellore district, is one among 

the 16 districts covered under Drought Prone Area Programme (DPAP) in Tamil Nadu Sate as on 

November 2008. The total geographical area of the district is 5920 km
2
. The district lies between 

12
0
15’23” N and 13

0
12’32” N Latitudes and 78

0
24’16” E and 79

0
54’56” E Longitudes. Vellore 

district is conspicuous by the absence of perennial rivers and frequent susceptibility to recurring 

droughts. Geologically the entire district is underlain by hard rock formations, excepting few 

isolated patches of sedimentary formation. Physiographically, the district can be broadly 

classified as hilly terrains and plain regions. Some selected stations of the upper Palar river 

basin situated in Vellore district, Tamil Nadu, India were considered for this study. 

Generally, sub-tropical climate prevails over the district. The temperature rises slowly to 

maximum in summer months upto May after which it drops slowly. The mean maximum 

temperature ranges from 28.2
0
C to 41

0
C and the mean minimum temperature from 17.3

0
C to 

27.4
0
C. The principal rainy season commences from the month of June and extends upto the end 

of December. Rainfall during Southwest and Northeast monsoon seasons (June–September), 

accounts for more than 75% of the total annual rainfall (953.4 mm/Year).  

 

2.2 Sample Collection  
 

Water samples from twenty sampling locations situated at various places were collected 

in the upper bed of Palar river banks. The sampling locations are shown in Fig.1. Their 

corresponding geographical locations, colour and turbidity are given in Table 1. The water was 

pumped out from bore wells a few minutes before sample collection. The samples were collected 

in polyethylene bottles of two liter capacity without any air bubbles and immediately stored in 

acid cleaned to minimise container pollution and better sample preservation. Sampling was done 

during second and third week of October, 2014. Samples were stored at 4°C prior to analyses 

and all analyses were finished within seventy two hours of their collection.  

2.3 Sample Analyses 

 

Field parameters such as temperature, colour and odour were measured at the time of sample 

collection. Geographical coordinates and physical parameters such as Turbidity, Colour, 

Electrical conductivity and temperature are given in Table1. Chemical parameters such as pH, 
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Total Dissolved Solids, Alkalinity Total as CaCO3, Total Hardness as CaCO3, Calcium as Ca, 

Magnesium as Mg, Sodium as Na, Potassium as K, Iron Total as Fe, Manganese as Mn, Free 

ammonia as NH3, Nitrate as NO2, Nitrate as NO3, Chloride as Cl, Fluoride as F, Sulphate as SO4, 

and Phosphate as PO4 were analyzed by standard procedures and tabulated in Table2. The 

quality of ground water has been assessed by comparing each parameter with the standard 

desirable limit of that parameter in drinking water as prescribed by ISO 10500-91 and WHO 

Standards as shown in Table 2. Chemical composition of the groundwater samples collected 

from different sample stations is summarized in Table 3. 

 

 

 
    Figure.1. Sampling stations 
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Table 1. Geographical locations and physical parameters of Sampling stations. 

 

Label 
Location Lattitude Longitude 

Turbidity 
Colour 

Temp EC 

NTU ⁰C µS/cm 

A01 Kumaramangalam, Ambur. 12° 46' 34.7255" 78° 41' 52.1338" 1 None 34 1598 

A02 
Ambur Byepass Road, Thutipet, 

Ambur. 
12° 48' 11.4505" 78° 42' 44.8167" 27 Brownish 33 2760 

A03 
National Highway 46, 

Reddimankuppam. 
12° 49' 35.5116" 78° 45' 43.5677" 10 

Slightly 

brownish 
32 5580 

A04 National Highway 46, Vettuvanam. 12° 53' 56.9096" 78° 55' 12.0715" 1 None 28.5 1378 

A05 National Highway 46, Pallikonda. 12° 54' 34.3321" 78° 55' 32.8125" 2 None 34 984 

A06 
80/3, State Highway 127, 

Pallikonda. 
12° 54' 44.7604" 78° 56' 15.4918" 2 None 36 2890 

A07 Chavadi Street, Pallikonda 12° 54' 45.1745" 78° 56' 17.8479" 1 None 29 1143 

A08 
Asian Highway 45, Kattukkollai, 

Erayangadu. 
12° 55' 19.508" 78° 59' 26.2548" 1 None 35 649 

A09 Virinchipuram Road, Arasamaram. 12° 55' 19.9598" 79° 0' 48.2918" 2 None 34 2120 

A10 
Vaduganthangal-Seduvalai Road, 

Arasamaram. 
12° 55' 20.5997" 79° 1' 14.9808" 3 None 34 2010 

A11 New Street, Karugambattur. 12° 55' 36.2225" 79° 6' 15.2037" 0 None 36 438 

A12 Kamarajar Street, Shenbakkam. 12° 55' 49.3229" 79° 7' 4.3332" 1 None 32.5 2250 

A13 Nethaji Nagar, Sathuvachari. 12° 56' 33.8928" 79° 9' 50.5701" 1 None 31.5 1928 

A14 
National Highway 46, 

 Alamelumangapuram. 
12° 56' 50.0036" 79° 11' 37.7898" 1 None 31 1310 

A15 National Highway 46, Puttuthakku. 12° 56' 50.4553" 79° 11' 57.5652" 15 
Slightly 

brownish 
36 2260 

A16 National Highway 46, Arappakkam. 12° 57' 2.1995" 79° 13' 32.5797" 3 
Slightly 

brownish 
35 1668 

A17 Ammundi Road, Kilminnal. 12° 56' 40.0661" 79° 15' 6.8218" 20 Brownish 30 3790 

A18 Meera SB Street, Melvisharam. 12° 55' 21.7668" 79° 16' 23.4515" 2 None 2.5 2110 

A19 
New Market 3rd Street, 

Melvisharam. 
12° 55' 8.2143" 79° 16' 42.7634" 0 None 25 852 

A20 Karai, Ranipet. 12° 56' 12.361" 79° 18' 25.3482" 1 None 36 1600 
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Table 2. Chemical parameters of sampling areas and Desirable and permissible limits of ISO 10500-91 and WHO standards. 

 Label pH TDS TH Ca
2+

  Mg
2+

  Na
+
 K

+
 Fe

2+
 Mn Cl

-
 SO4

2-
 NO2

-
 NO3

-
  TA F

-
 PO4

-
 

Free 
Ammonia 

as NH3 

A01 7.2 1119 379 101 31 160 70 0.02 0 252 174 0 29 276 0.4 0 0 

A02 6.75 1932 614 144 62 233 103 2.56 0 480 225 0 36 360 0.4 0 0 

A03 6.79 3906 892 216 86 556 244 0.92 0 1120 387 0 55 576 0.8 0 0 

A04 7.12 965 420 101 41 97 43 0.00 0 132 90 0 30 444 0.4 0 0 

A05 7.13 689 251 66 21 70 31 0.27 0 130 63 0 20 220 0.4 0 0 

A06 7.14 2023 629 204 29 315 138 0.32 0 560 278 0 36 468 0.6 0 0 

A07 7.23 800 401 98 38 49 21 0.00 0 118 80 0 28 344 0.4 0 0 

A08 7.36 454 251 76 15 24 11 0.19 0 69 65 0 20 172 0.4 0 0 

A09 7.4 1484 629 204 29 143 63 0.19 0 345 225 0 37 360 0.6 0 0 

A10 7.12 1407 545 128 55 162 71 0.41 0 325 199 0 34 376 0.6 0 0 

A11 7.32 307 159 44 12 20 9 0.05 0 55 28 0 17 108 0.6 0 0 

A12 7.26 1575 772 168 86 114 50 0.00 0 350 111 0 18 564 0.6 0 0 

A13 7.14 1350 777 165 89 43 19 0.00 0 120 184 0 22 644 0.4 0 0 

A14 7.46 917 446 98 49 71 31 2.52 0 162 100 0 20 368 0.6 0 0 

A15 7.48 1582 447 128 31 111 49 1.80 0 252 174 0 29 248 0.4 0 0 

A16 7.56 1168 445 96 50 136 60 0.11 0 200 180 0 27 420 0.6 0 0 

A17 7.06 2653 1536 316 182 119 52 1.05 0 715 342 0 39 540 0.4 0 0 

A18 7.17 1477 769 260 29 118 52 0.00 0 360 282 0 55 312 0.8 0 0 

A19 7.8 596 192 57 12 78 34 0.00 0 105 70 0 14 216 0.6 0 0 

A20 7.28 1120 259 69 21 195 86 0.00 0 218 106 0 26 404 0.6 0 0 

Mean 7 1376 541 137 48 141 62 1 0 303 168 0 30 371 1 0 0 

Minimum 6.75 307 159 44 12 20 9 0 0 55 28 0 14 108 0.4 0 0 

Maximum 7.8 3906 1536 316 182 556 244 2.56 0 1120 387 0 55 644 0.8 0 0 

ISO 

10500

-91 

D 
6.5-

8.5 
500 200 75 30 NS NS 0.3 0.1 250 200 NS 10 200 0.6 NS NS 

P 
6.5-

9.2 
1500 600 200 100 NS NS 1 0.3 1000 400 NS 45 600 1.2 NS NS 

WHO 

D 
7.0-

8.5 
500 200 75 50 120 12 0.3 NS 250 200 NS 10 NS - NS NS 

P 
6.5-

9.5 
1500 600 200 150 200 NS 1 0.3 600 400 NS 45 NS 1.5 NS NS 
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Except pH all are in mg/l; D – Desirable; P – Permissible in the absence of alternate source; NS – Not Specified. 
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3.DISCUSSION  

 Quality of the water samples were graphically analyzed and tabulated as follows. 

3.1 Piper Diagram 

Piper diagram [7-12] is a combination of anion and cation triangles that lie on a common 

baseline. A diamond shape between two triangles is proportional to their TDS. Water types, 

precipitation or solution, mixing and ion exchange are four basis conclusions made from piper 

diagram. Interpretations of Figure 2. are given in Table 3. Symbols enclosed within yellow 

boundaries are neutral. 

 
Figure.2. Piper trilinear diagram  

Table 3. Piper analysis of water samples 

Block  Sample stations Characteistics 

Diamond block 

A A17 Secondary salinity and chemical properties 

dominated by alkaline earths and strong acid 

B A04, A07and A13   Temporary hardness and chemical properties 

dominated by alkaline earths and weak acid 

D A01,A02,A03,A06,A19 and A20 Saline and chemical properties dominated by 

alkalies earths and weak acid 

E Other than Samples in D block. Alkaline earths (Ca
2+

+Mg
2+

) exceed alkalies 

(Na
+
+K

+
) 

F Same as in D block. Alkalies exceed alkaline earths 

G Same as in B block. Weak acids (CO3
2-

+HCO3
-
)exceed strong acids 

(SO4
2-

+Cl
-
+F

-
) 

H Other than Samples in B block. Strong acids exceeds weak acids 

Triangular blocks 

2 A08, A09, A11 and A018 Calcium type 

3 A01,A02,A03,A05,A06 and A20 Sodium / Potassium type 

5 Same as in B block. Bicarbonate type 

6 A02,A03,A06 and A17 Chloride type 
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3.2 Durov Diagram 
Durov diagram has been widely used to represent the dissolved constituents of natural 

water and to show plausible hydrochemical processes occurring within the hydrological systems 

[13]. Anion and cation triangles are plotted based on the milli-equivalent percentage of the water 

samples. Data points in two triangles are projected into square of the main field which lies 

perpendicular to the third axis in each triangle. [14]. Durov diagram is used to study the origin of 

chemical composition of water and to determine the concentration of chemical constituents. Nine 

subfields in the Durov diagram are used in discerning processes that control ground-water chemi-

cal properties [15 - 17]. TDS values of each sampling is represented by the circle whose center 

being the symbol of the sampling. Table 4 illustrates the classification of water sources [18]. 
 

 
 

 

Figure.3. Durov diagram 
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Table 3. Durov analysis of water samples [18] 

Inner 

Field 

Water type Sampling 

Station  

1 HCO3 and Ca are dominant, frequently indicates recharging waterin 

limestone, sandstone, and other aquifers. 
A01 

2 

Water dominated by Ca and HCO3 ions with presumed associationwith 

dolomite if Mg is significant. However, an important ion exchange is 

presumed if the Na is significant. 

A02, A06, 

A17 

4 

SO4 dominates, or anion discriminant and Ca dominant, Ca and 

SO4 dominant, frequently indicates a recharge water in lava and 

gypsiferous deposits, otherwise a mixed water or water exhibiting 

simple dissolution might be indicated. 

A20 

6 

SO4 is dominant or anion discriminant and Na dominant; which is a 

water type that is not frequently encountered and indicates 

probable mixing influence. 

A08 

8 

Cl is a dominant anions and Na dominate the cations, which 

indicates that the ground waters can be related to reverse ion 

exchange of Na-Cl waters. 

A13 

5 No dominate anion or cation, which indicates water exhibiting 

simple dissolution or mixing. 

All other 

Samples 

 

3.3 Stiff Diagram 

 Stiff diagrams (Figure 4) are a common way of displaying chemical characteristics for 

individual groundwater samples. A stiff diagram uses four parallel, horizontal axes extending on 

each side of a vertical zero axis. All cations and anions are plotted on the left and right of the 

vertical axis respectively. All concentrations are expressed in meq/l. These shapes are often 

included directly on the site map for quick comparison of all the samples on a single page. Major 

ion concentrations are shown to the left and right of the plot centerline and confer the diagram its 

shape and size.  By examining the Stiff diagram one can get a quick visual estimate of the 

predominant ions in the sample and its total dissolved solids concentration. Stiff diagram trend 

predicts the five groupings of samplings. Group-1 (A01, A02, A03, A06, A10 and A20), Group-

2 (A05, A08, A12, A13, A14, A15 and A16), Group-3 composed of A04, A07 and A11, Group-4 

(A09 and A19) and finally Group-6 contains A17 and A18. 

 

3.4 Irrigation water quality parameters 

  

Electrical conductivity of the given sample decides the salinity hazard to crops. Excess 

salinity reduces the osmotic activity of plants results the interference of absorption of water and 

nutrients from the soil. Sodium Absorption Ratio (SAR) [19,20], Residual Sodium Carbonate 

(RSC) [21], Sodium Percentage (SP) [22], Permeability Index (PI) [23], Magnesium Absorption 

Ration (MAR), Kelly’s Ration (KR) [24,25], Potential Soil Salinity (PSS) and Chloro Alkaline 

Index (CAI) [25] are very important parameters which decide the irrigation quality of water. 

They are calculated using respective formula and their values are tabulated Table 5. In this table 

samples are analysed using six scaling factors. SAR can be calculated Figure 5 shows the United 

States Salinity Laboratory (USSL) classification of water samples. According to USSL diagram 
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C2-S1 class (A08, A11 and A19) and  C3-S1 (A01, A04, A05, A07 A09, A10, A12, A13, A15, 

A16 and A18) class are used for irrigation of most crops. Figure 6 represents Wilcox 

classification of water samples which are used for irrigation purposes. According to Doneen 

[26], soil permeability is affected by TDS, sodium and bicarbonate contents. Class I and Class II 

classifications in the Permeability Index diagram are good for irrigation and Class III are 

unsuitable. 

 

3.5 Ionic Balance 

 Cationic and anionic concentrations determine the ionic balance of groundwater[27]. 

Ionic balance error (IBE) can be calculated using the formula 

𝐼𝐵𝐸 =
100 × ( 𝑐𝑎𝑡𝑖𝑜𝑛 −  𝑎𝑛𝑖𝑜𝑛)]

[ 𝑐𝑎𝑡𝑖𝑜𝑛 +  𝑎𝑛𝑖𝑜𝑛]
% 

For a good analysis, IBE should be lesser than ±5%. In the present study IBE lies between -2.2% 

to 1.7%, well within the desired value. Ionic balance error of all samples are shown in Fig.8.  

 
 

 
Figure.4. Stiff diagram  
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Figure 5: USSL classification of water samples Figure.6. Wilcox diagram for classification 

for irrigation       of water samples for irrigation uses.  

 

  
            Fig.7. Permeability Index    Fig.8. Ionic Balance Error 

 

3.6 Mechanism controlling groundwater quality  
The mechanism controlling chemical relationships of groundwater based on aquifer 

lithology and nature of geochemical reactions and solubility of interaction rocks has been studied 

using Gibbs anion Cl / (Cl+HCO3) and cation (Na+K) / (Na+K+Ca) as a function of TDS (Fig 

9a-b). From these Gibbs plot, it could be confirm that the chief mechanism controlling the 

chemistry of ground water interaction of the study area dominated by rock water interaction and 

some location fall in evaporation zone. Gibbs diagram suggests that chemical interaction 

between rock forming minerals of aquifer and the groundwater is the main mechanism in 

contributing ions to the ground water. The CAI values of 65% of samples in the study area 

involve cation -anion exchange reaction and remaining samples involves Base Exchange reaction. 



International Journal of Advanced Scientific and Technical Research                  Issue 5 volume 2, March-April 2015 

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 252 
 

 
Figure 9a–b: Gibbs diagrams showing the controlling mechanism of water quality. 

Table 5. Derived parameters of water samples 

  

USSL SAR RSC Wilcox PI MAR Kelly PS CAI 

meq/l 

A08 0.670 0.670 -2.179 20.980 45.019 24.554 0.211 3.110 0.313 

A11 0.679 0.679 -1.395 25.277 54.136 31.021 0.269 2.315 0.306 

A19 2.457 2.457 -0.255 52.759 73.036 25.769 0.887 4.169 -0.445 

A07 1.057 1.057 -2.321 24.935 44.318 39.002 0.264 4.619 0.200 

A05 1.933 1.933 -1.379 43.381 61.378 34.412 0.610 4.812 -0.051 

A13 0.667 0.667 -4.894 13.081 29.336 47.074 0.120 5.342 0.308 

A14 1.456 1.456 -2.829 30.038 46.104 45.190 0.345 6.012 0.153 

A04 2.062 2.062 -1.062 38.750 54.792 40.098 0.503 5.092 -0.430 

A16 2.809 2.809 -1.951 45.573 57.654 46.203 0.666 7.577 -0.322 

A09 2.484 2.484 -6.605 38.392 46.058 18.990 0.495 11.896 0.195 

A10 3.011 3.011 -4.687 44.748 53.023 41.470 0.644 11.203 0.035 

A12 1.786 1.786 -6.121 28.788 39.199 45.773 0.321 11.392 0.367 

A15 2.293 2.293 -4.832 40.384 49.786 28.539 0.542 9.011 0.142 

A18 1.852 1.852 

-

10.195 29.604 36.083 15.535 0.334 12.577 0.364 

A01 3.565 3.565 -3.021 53.517 62.413 33.604 0.915 9.011 -0.230 

A02 4.095 4.095 -6.327 50.782 56.066 41.519 0.826 15.704 0.056 

A17 1.325 1.325 

-

21.804 17.514 22.730 48.711 0.169 22.836 0.676 

A06 5.463 5.463 -4.817 57.807 62.694 18.990 1.090 18.201 -0.091 

A03 8.091 8.091 -8.318 62.971 64.828 39.633 1.354 34.430 0.037 

A20 5.271 5.271 1.518 67.347 80.964 33.416 1.639 7.635 -0.735 

  Graph <  20 < 1.25 Graph < 80 < 50 <  1.0 <  5 +VE 

  Graph 20 - 40 
NA 

Graph NA 

NA NA 

NA 
-VE 

  Graph 40 - 60 Graph 80 -100 

NA   Graph 60 - 80 

1.25-

2.5 Graph 
NA 

5 to 10 

  Graph > 80 >2.5 Graph NA 

> 10   Graph  NA  NA Graph > 120 > 50 >  1.0 

Colour Code Excellent Good Satisfactory Doubtful Unsuitable Danger 

  Graph - From the graph; NA - Not applicable;  

    +VE - Cation -anion exchange reaction; -VE -Base exchange reaction. 
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CONCLUSION  

The groundwater quality of upper bed of Palar river (12
0
15’23” N and 13

0
12’32” N 

Latitudes and 78
0
24’16” E and 79

0
54’56” E Longitudes) has been assessed for potable and 

irrigation purposes. Physicochemical parameters are determined and compared with ISO and 

WHO standards. From the experimental data derived parameters such as SAR, SSP, RSC, 

MAR, PI and KR have been calculated for each water sample to identify the irrigational 

suitability and the results are listed. Graphical interpretations of hydrochemical evolution such 

as Piper, Durov, Stiff, USSL, Wilcox, Permeability Index, Ionic balance error are studied. 

Gibb’s diagrams prepared for the post monsoon sessions indicate that the overall 

hydrogeochemistry of the study area is mostly dominated by rock – water interaction 

processes. It is concluded that Sampling A02, A06, A17 and A20 are unsuitable. Sample A03 

is very harmful and since other samples are well within permissible limit they may be used for 

irrigation purpose. By proper filtering units they may also use for potable purposes.  
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