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Abstract
Boron is an essential trace element widely distributed in natural waters due to geochemical and
anthropogenic processes. This paper presents a comprehensive study of boron chemistry in
agueous systems, including its speciation, solubility, environmental behavior, and health
effects. Furthermore, a mathematical modeling approach using the least squares method is
applied to analyze boron concentration data. A cubic regression model is developed to describe
the relationship between observed variables, demonstrating the nonlinear nature of boron
distribution in water systems.
Introduction
Boron is a naturally occurring element found in various environmental compartments such as
soil, water, and air. It enters aquatic systems primarily through the weathering of boron-
containing minerals and anthropogenic activities such as agriculture and industrial discharge.
Understanding boron chemistry in water is essential due to its dual role as a micronutrient and
a potential toxicant at elevated concentrations.
This study focuses on the chemical behavior of boron in aqueous systems and the development
of an effective mathematical model to represent its concentration variations.
Discussion about Boron-values:
Br $ O2: response contrivances, eco-friendly impression and well-being belongings:
Salt-water comprehends roughly 4.00-5.01 ppm br. ‘River-water’ largely contains only 10 ppb.
In seaweed 8-15 ppm and in mussels 4-5 ppm prelimaries of “br” was found.
“Br” melted in water occurs as B'OH (aquatic) or BOH.* (aquatic).
In pardon method and in pardon procedure does br respond with aquatic?
“Br” does not respond with aquatic under normal circumstances. Nevertheless, this may be the
event for boron compounds. E.g., the “Br” Trifluoride Ethyl-Ether Multifaceted reacts with
aquatic and forms diethyl ether BFz. Several boron-compounds are hydrolyzed in water, such
as the triodium iodide.
Solubility-of-boron and boron-compounds
In addition, boron-salts are water-soluble. The soluble water content of the boric acids contains
57 g/L, 25.2 g/L boron, and 22 g/L boron trioxide. The least water-soluble boron complex of
boron trifluoride is 2.4 g/L water-soluble. Some boron compounds are totally water insoluble,
for example, boron nitrite.
Why, is boron present in water?
Kernite, borax, ulexite and colemanite are the most common minerals that contain boron. It is
also present in rock formations of slate and loam. Boron amounts between 5 and 80 ppm are
found in the airtight soil. Rich boron sites include boron, boron, and mineral boron, such as
fumaroles. The degree to which tones are connected depends primarily on the pH. Boron is
released by weathering from rocks and soils and then ends in water.
Pure elements are never found in manufacturing except in the manufacture of metal borides or
to increase the conductivity of aluminium.
The metal borides are manufactured to engines, rocket power, high-temperature reaction
containers and electrodes, for example. A boron is applied to the hardness of the material.
Perborate sodium is used in detergents as bleach. This inevitably shapes borate, destroying
water plants directly. Borates are used as softening agents for water. The glass, the glass fibre
and the ceramics, email and other boron compounds are used. When boron is added and the
glass fibres applied as insulation, the glass is thicker and heat resistant. Cleansing chemicals,
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batteries, illicit conservators and eye drops can also contain boron compounds. Borax, boron
oxide and boric acid are the most common compounds in this regard. In vast quantities of
fertilisers and pesticides are added to boric acid and borax. The factor is also present in wood
preservatives and impregnation agents. As boron carbide and boron nitrite, it is applied as an
abrasive.
In a polymer matrix, boron has a special purpose. It is used as cooling agent in unsafe
conditions to control nuclear reactors. In the core of the reactor it also absorbs neutrons.
When Boron is not properly sealed, it also ends in soil and groundwater through domestic
landfills. It is a standard compound measure suggesting the presence of other harmful
compounds.
What are the environmental effects of boron in water?
For several animals, boron is a dietary necessity and has a significant function to play in
mitosis. This is true for green algae and other other species of plants. Boron shortcomings cause
problems of growth and complexity in the mobilisation of sugar. The most consumed boron
compound is boric acid. Plants have boron 30-75 ppm (dry mass). At concentrations of over
100 ppm the toxic process continues. This will lower the yield of crops. Grass species tolerate
moderately high amounts of boron, but pine species are particularly vulnerable. But in contrast
with other plant species, trees need significant quantities of boron. About 25 ppm is a tolerable
boron in the soils.
High levels of boron in water, for concentrations of 10-300 mg/L, may be harmful to fish
species. Mainly borate is unsafe for water plants. The food for vertebrates is not boron.
Boric acid is marginally water-dangering, but it is very water-dangerous for boron halogens.
Boron is mobile on average and is steadily converted. It can therefore spread easily by water.
Two stable and 14 unstable isotopes are made up of the boron.
What are the health effects of boron in water?
The body contains about 0,7 ppm of boron, a nutritional requirement not considered.
Nevertheless, we ingest this ingredient from food, as it is plant food necessity. About 2 mg of
daily consumption. There is no toxicity level for the volume of boron in fruits and vegetables.
For a daily intake of more than 5 g boric acid, nausea, vomiting and diarrhoea and blood
clotting are clearly negatively affecting the human body. Menops exceeding 20 g pose a danger
to life. The skin and eyes are damaged by boric acid. Boron trifluoride skin contact can lead to
corrosion.
The amount of boron in soils and drinking water is possible to associate with the prevalence of
arthritis amongst humans.
Boric acid as well as borax are in many concentrations applied in medicine. In brain tumour
therapy neutron-absorbing properties of boron are added (boron neutron capture therapy).
Which water purification technologies can be applied to remove boron from water?
Boron is of course, predominantly present in the form of boric acid and boric acid salts. Boric
acid, owing to its proximity to silicate, can be taken off by ion exchanger but very slowly.
Table: Boron-Level

Farm water River water
Particulars of Elements H.P. Punjab Rajasthan  H.P. Punjab Rajasthan
BORON 0.82 0.77 0.28 0.05 0.14 0.31
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Chart-6: Boron-Values Comparision
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Calculate fitting a cubic equation - Curve fitting using least square method:
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Solution:

The equation is y=a+bx+cx’+dx® and the normal equations are
Y y=an+bY x+cY x*+dy x?

Y xy=aY x+bY x*+cY x*+dY x*

Y x?y=aY x> by x} ey xHdY X

Y x}y=ay x}+by xHcY x> +dy x6

The values are calculated using the following table:

X y x? x3 x* X’ x® Xy x>y x>y

0.82 10.77 |0.6724 |0.55137 |0.45212{0.37074 {0.30401 {0.6314 |0.51775 |0.42455
0.82 [0.28 [0.6724 |0.55137 [0.45212 |0.37074 {0.30401 {0.2296 |0.18827 |0.15438
0.77 10.28 [0.5929 [0.45653 [0.35153 |0.27068 {0.20842 [0.2156 [0.16601 |0.12783
0.05 |0.14 {0.0025 |0.00013 |0.00001 |0 0 0.007 10.00035 [0.00002

0.05 |0.31 {0.0025 |0.00013 |0.00001 |0 0 0.0155 [0.00078 [0.00004
0.14 10.31 |{0.0196 |0.00274 |0.00038 {0.00005 {0.00001 {0.0434 |0.00608 |0.00085

Yx= |Yy= [3x*=1. [3x*=1.5[3x*=1.2[3x°=1.0 [ Y x°=0.8 [ Y x-y=1. | ¥x*-y=0. | > x>-y=0.
2.65 [2.09 9623 6226 5617 1221 1644 1425 87923 70767
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Substituting these values in the normal equations:
6a+2.65b+1.9623¢+1.56226d=2.09
2.65a+1.9623b+1.56226¢+1.25617d=1.1425
1.9623a+1.56226b+1.25617¢+1.01221d=0.87923
1.56226a+1.25617b+1.01221¢+0.81644d=0.70767

Solving these 4 equations, Total Equations are 4
6a+2.65b+1.9623¢+1.56226d=2.09—(1)
2.65a+1.9623b+1.56226¢+1.25617d=1.1425—(2)
1.9623a+1.56226b+1.25617c+1.01221d=0.87923—(3)
1.56226a+1.25617b+1.01221¢+0.81644d=0.70767—(4)

Select the equations (1) and (4), and eliminate the variable d.
1.9623 +1.5622

6a+2.65b+1.9623¢+1.56226d=2.09 x1— 6a +2.65b +C 6d =2.09
1.56226a+1.25617b+1.01221¢+0.816 x1.913  2.9893 +2.4036+1.9368+1.5622:1.354
44d4=0.70767 5— 9a 8b Tc 6d 13
3.0106+0.2463 +0.0254 _0.735 —(
la 2b 3c 87 5)
Select the equations (2) and (4), and eliminate the variable d.
2.65a+1.9623b+1.56226¢+1.25617d X1 265 +1.9623+1.562 +1.2561:1.142
=1.1425 028 Th 26c 71d 5

1.56226a+1.25617b+1.01221¢c+0.816 x1.5385  2.403 +1'9327+1'557 Jr1.2561_1.088

44d=0.70767 9— 68a 4b 38¢ 7d 82

0.246 +0.0295 +0.004 _0.053 —(

32a 6b 88c 68 6)
Select the equations (3) and (4), and eliminate the variable d.
1.9623a+1.56226b+1.25617c+1.0122Xl_) 1.962 +1.5622+1.256 +1.0122:O.879
1d=0.87923 3a 6b 17¢ 1d 23
1.56226a+1.25617b+1.01221¢c+0.816%1.2397 1.936 +1.5573+1.254 +1.0122 _0.877
44d=0.70767 8— 87a 8b 92¢ 1d 36

0.025 +0.0048+0.001 _0.001 —(

43a 8b 25¢ 87 7)

Select the equations (5) and (7), and eliminate the variable c.

3.01061a+0.24632b+0.02543¢=0.7 3.01061 ,0.24632  0.02543 0.7358
x]— + + =

3587 a b C 7

0.02543a+0.00488b+0.00125¢=0.0 x20.39083  0.51861 +O'09949+0'02543 _0.0381

0187 — a b c 6
2 492 +8.14682 :(1).6977 )—>(8

V7

=,
! Iy ¥
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Select the equations (6) and (7), and eliminate the variable c.

0.24632a+0.02956b+0.00488¢=0.0 0.24632 ,0.02956 ,0.00488 _0.0536
x]1— + + =

5368 a b c 8

0.02543a+0.00488b+0.00125¢=0.0 x3.91193  0.09949 Jr0.01909 +0.00488 _0.0073

0187 — a b c 2
0.14682 0.01048 _0.0463 —(9
_l’_ =
a b 6 )

Select the equations (8) and (9), and eliminate the variable b.
2.492a+0.14682b=0.69771 x1— 2.492a +0.14682b =0.69771

0.14682a+0.01048b=0.04636x14.01485— 2.05767a+0.14682b =0.64976

0.43432a =0.04795 —(10)
Now use back substitution method, from (10)
0.43432a=0.04795
=a=0.047950.43432=0.11041
From 9
0.14682a+0.01048b=0.04636
=0.14682(0.11041)+0.01048b=0.04636
=0.01048b+0.01621=0.04636
=0.01048b=0.04636-0.01621=0.03015
=b=0.030150.01048=2.87812
From @)
0.025432a+0.00488b+0.00125¢=0.00187
=0.02543(0.11041)+0.00488(2.87812)+0.00125¢=0.00187
=0.00125¢+0.01685=0.00187
=0.00125¢=0.00187-0.01685=-0.01498
=¢=-0.014980.00125=-12.01002
From )]
1.56226a+1.25617b+1.01221¢+0.81644d=0.70767
=1.56226(0.11041)+1.25617(2.87812)+1.01221(-12.01002)+0.81644d=0.70767
=0.81644d-8.36876=0.70767
=0.81644d=0.70767+8.36876=9.07643
=d=9.076430.81644=11.11709
Solution using Elimination method.
a=0.11041, b=2.87812, c=-12.01002, d=11.11709
Now substituting this values in the equation is y=a+bx+cx*+dx>, we get
y=0.11041+2.87812x-12.01002x>+11.11709x>
Error is very small so we are going to redirective of error
Hence found in the calculation we reset the values after regenerate and actual values.
Hence new equation is
y=0.11041+2.87812x-12.01002x*+11.11709x>- 6°/2
Further more study on the calculation, we get where 6 shows error
y=0.11041+2.87812x-12.01002x*+11.11709x>- 6*/2 - §
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Table: Discussion about Boron-values:

The values of EC are in worst position in the farm on the other hand the Boron values
of river is null in compare to (4.0-5.0) see (chart-6), and the cubic model as follows:
y=0.11041+2.87812x-12.01002x*+11.11709x>- 6*/2 - §

Discussion

The study reveals that boron concentrations are generally higher in farm water compared to
river water due to agricultural inputs. The developed model effectively captures the variation
pattern and can be used for environmental assessment and prediction.

Conclusion

Boron is an important element in aquatic systems, exhibiting both beneficial and adverse effects
depending on its concentration and chemical form. At low concentrations, boron functions as
an essential micronutrient, particularly for plant growth and metabolic activities such as cell
division and carbohydrate transport. However, when present in elevated concentrations, it
becomes toxic to plants, aquatic organisms, and potentially harmful to human health. This dual
role highlights the importance of monitoring and managing boron levels in natural and
engineered water systems.

The occurrence of boron in water is governed by a combination of natural and anthropogenic
factors. Natural sources include the weathering of boron-containing minerals such as borax,
kernite, and ulexite, which release boron into groundwater and surface water. In addition,
geological formations and soil composition significantly influence boron mobility and
concentration. Anthropogenic activities, including agricultural practices (use of fertilizers and
pesticides), industrial discharges, detergent usage, and waste disposal, further contribute to
increased boron levels in water bodies. These inputs can lead to localized contamination,
particularly in agricultural regions.

From a chemical perspective, boron exists predominantly in aqueous systems as boric acid and
borate ions, with their distribution strongly dependent on pH conditions. This speciation plays
a crucial role in determining boron's reactivity, mobility, and bioavailability. The relatively high
solubility and mobility of boron compounds allow them to spread easily through water systems,
making their control and removal a challenging task.
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