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Abstract

In order to study the environmental characteristics of Semnan spas, water, sediment, and slime samples were collected. The
concentration of Ag, As, Cd, Pb and Zn (0.7, 33, 0.4, 128.5, and 297 mg/kg, respectively) in the sediment samples are much higher
than their respective values in mean crust and mean sediment compositions. The sediments are not enriched in Mo, Ni, Th, Co, Cr,
Mn, Fe and U, while moderately enriched in Sb and Cu, significantly enriched in Cd, As, Zn and Pb, and highly enriched in Ag. The
Bioconcentration Factor (BCF) values of As, Mn, Cu, Ni, Pb and Zn in slime samples are very high (1286, 2863, 2340, 1053, 1236,
and 976, respectively). The water samples are classified as neutral-high-metal, and the concentrations of B, Li, Ba, Zn, Pb, Se, Cu,
As, Ni and Mn in all samples are higher than their mean concentrations in unpolluted natural waters. The values of Contamination
Degree (C4) and Heavy Metal Pollution Index (HPI) in all samples are higher than 3 and 75, respectively, confirming the high level
of pollution in the samples. The Water Hazard Index (WHI) values of the studied samples are lower than 5, indicating the non-
toxicity of the target elements. The high concentration of potentially toxic elements in water, sediments and slime samples of
Semnan Spa should be taken into account by people who use the Semnan spas for therapeutic purposes.
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Introduction

Balneology is considered a simple, pleasant and safe cure for
some health issues, and usually is regarded as a treatment
with no side impacts. This treatment is based on the probable
positive biological impacts of mineral waters and hot springs
on the health status (Mirhosseini et al. 2015). A wide range of
diseases including rheumatism, gout, high levels of blood
lipids, premature aging, chronic spine pain, osteoarthritis, and
skin problems can be improved using this method. The
therapeutic mechanisms of mineral waters are still not well
known, but probably a combination of chemical, thermal,
mechanical, immunological and psychological effects are
involved (Toth et al. 2015).

Semnan Spa complex, 21 Km northwest of Semnan, is
located in the Alborz structural zone of Iran. The oldest rock
unit exposed in the study area is the Lower to Middle Triassic
limestone-dolomite of the Elica Formation, which is overlaid
by the shale, marl and sandstone strata of the Upper Triassic-
Middle Jurassic Shemshak Group/Formation. This succession
is covered by the Middle to Upper Jurassic Lar Formation
which consists of limestone-dolomite rock units, and is
underlined by conglomerate and red sandstone of the
Paleocene-Eocene Fajan Formation as well as the Quaternary
alluvial deposits. The Elika and Lar formations are exposed

at high altitudes and are considered optimal sources for
groundwater recharge (Karimi et al. 2017). Because the
impermeable Shemshak Group/Formation is located between
the Elika and Lar formations, there is no hydraulic
connection between these two carbonate aquifers. Moreover,
the main aquifer of the area, which is located in thick
dolomite layers of the Lar Formation, is covered by thick and
impermeable layers of the Fajan Formation; thus, the aquifer
is confined.

The present study aims to investigate the geochemistry of
water, sediment and slime of the Semnan spas. For this
purpose, the concentration of major ions in the water samples
and the contents of potentially toxic elements in water,
sediment and slime samples were measured. Considering the
possible negative impacts of human exposure to excessive
amounts of toxic elements, this study deems of crucial
importance.

Material & Methods

To study the hydrogeochemical characteristics of the Semnan
spas, water samples were collected from five spas in the
study area in the wet (February 2019) and dry (September 2019)
seasons. In each sampling site, two polyethylene bottles were
filled with water samples (one for major ion concentrations
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and the other for potentially toxic element contents). pH,
temperature and electrical conductivity (EC) of the samples
were recorded in the field using a calibrated YK-2001CT pH-
EC meter. Five sediment and slime samples were also
collected using a stainless steel shovel. The collected samples
were stored in polyethylene bags and were kept at 4°C until
chemical analyses. The concentration of Na and K was
determined using flame photometry, the concentration of
HCO;,, Cl, Ca and Mg was measured by titration method, and
the content of SO, was obtained using a spectrophotometer.
Total Dissolved Solid (TDS) values were measured using the
filtration method. The concentration of potentially toxic
elements was measured after passing the water samples
through a 0.45 pm filter. The filtered water samples were
acidified (pH 2) using a few drops of concentrated nitric acid.
The concentration of potentially toxic elements was measured
using the ICP-MS device. After drying at room temperature,
the sediment samples were passed through a 63 pm sieve.
The slime samples were oven-dried at 37°C and then were
powdered using a ceramic mortar. In the next step, the slime
samples were then passed through a 63 pm sieve. The
sediment and slime samples were digested by the mixtures of
concentrated (HF+HCIO4+HNO;+HCI) and (HNOs;+HCIO,)
mixtures, respectively. The concentration of major and trace
elements in sediment and slime samples was measured using
an ICP-MS device at the Isfahan University of Technology.

Discussion of Results & Conclusions

EC values of the water samples vary between 17230 (SP3 in
the wet season) and 23460 pS/cm (SP4 in the wet season).
TDS of the water samples changes in the range of 11100
mg/L (SP2 in the dry season) to 16200 mg/L (SP5 in the wet
season). The pH of the water samples varies between 6.4
(SP4 in the wet season) and 7.9 (SP1 in the dry season) and
the temperature is between 21.5°C (SP3 in the wet season)
and 41°C (SP4 in the dry season). While there is no
noticeable variation in the values of EC and TDS in the dry
and wet seasons, the recorded temperature and pH values of
the water samples collected in dry season are higher, which is
probably due to the release of acidic gases (carbon dioxide)
in high-temperature conditions of the dry season. Based on
the hydrochemical data, Cl and Na are the most dominant
ions in the studied samples. On the basis of the average
values, the order of abundance of major cations and anions
follows the order of Na > Ca > Mg > K and Cl > SO, >
HCOs, respectively. There is a clear difference in the
concentration of Cl and Na in dry and wet seasons, which is
probably due to the increase in water temperature in the dry
season. Plotting the major ion values on the Piper diagram
indicates that the studied samples are of Cl type and Na
facies. The presence of strong acids (chlorine ions) may
enhance the solubility of metals in water samples. In all
samples, the predominance of Na and K over Ca, and the
predominance of Mg over Ca is evident. The predominance
of Na over Ca and Mg indicates that sodium originates from
halite dissolution or silicate hydrolysis (Hounslow 1995). The
predominance of Cl in the studied samples confirms the
dissolution of evaporative minerals. Considering the presence
of sulfate ions and the predominance of Mg compared to Ca,
the possible origin of these ions in water samples is the
dissolution of magnesium sulfates or the hydrolysis of
silicates. Karimi et al. (2017) showed that the Cl and Na ions
in Semnan spas originate from the dissolution of minerals
from the Lar Formation, and hydrolysis of Na-feldspar of the
Fajan Formation. They indicated that SO, and Ca originate
from gypsum layers of the Fajan Formation. Based on the ClI-
S0O,-HCO; diagram (Giggenback 1988), the studied samples are
mature and rich in Cl; therefore, the water samples were not
probably affected by surficial processes such as mixing with

underground water (Singh et al. 2015). RK-RMg diagram
(Giggenback and Glover 1992) shows that the chemistry of water
samples is controlled by rock dissolution. The Saturation
Index (SI) values of different minerals in the studied samples
are the same, showing a common source of the springs.
Moreover, there is no obvious change in the Sl values of
minerals in dry and wet seasons. According to the average
values, the mineral Sl values decline in the order of dolomite
> calcite/aragonite > gypsum > anhydrite > halite. Sl values
show that the studied water samples are supersaturated in
dolomite, saturated in calcite and aragonite, and
undersaturated in halite, gypsum, and anhydrite, which is in
accordance with the dolomite lithology of the aquifer.

Based on average values, the concentration of potentially
toxic elements in water samples decreases as follows: B > Zn
> Mn > Al > Li > Cu > Fe > Ba > As > Ni > Pb > Se. The
concentration of B, Li, Zn, Ba, Pb, Mn, Se, Cu, As and Ni in
water samples is much higher than their average values in
unpolluted waters (Markert 1994). The high concentration of
B, Li, Zn, Mn, Se and Cu in Semnan spas may induce
positive health impacts (Jurowski et al. 2014; Maret 2017), while
high amounts of Ba, Pb, Ni and As in water may lead to
negative health effects (USEPA 2013). Calculation of
contamination degree (Cy) and HPI shows that all samples are
contaminated with potentially toxic elements, and SP4 is the
most polluted spring in the study area. Plotting the obtained
data on the Ficklin diagram indicates that the waters of the
studied area are in near-neutral-high metal class.

The concentrations of Ag, As, Cd, Pb and Zn in the
studied sediment samples are much higher than the mean
sediment and mean crust composition. On the basis of EF
values, sediments are not enriched in Mo, Ni, Th, Co, Cr,
Mn, Fe and U, moderately enriched in Sb and Cu,
significantly enriched in Cd, As, Zn and Pb, and highly
enriched in Ag.

Compared to the reference values, the concentration of
As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn is much higher in
slime samples. The BCF values of As, Mn, Cu, Ni, Pb and Zn
in slime samples are very high (1286, 2863, 2340, 1053,
1236, and 976, respectively), indicating the high potential of
toxic elements to be bioaccumulated in living organisms. Cd,
As, Ni, and Pb are toxic elements with no known positive
impacts on the human body. On the other hand, although Zn,
Cu and Mn are considered essential micronutrients, excessive
exposure to these elements may impose negative health
impacts. Therefore, the negative impacts of potentially toxic
elements should be considered along with the positive
therapeutic properties of sediments and slime of the studied
spa.

Supersaturation of water samples in dolomite and their
saturation in calcite and aragonite, as well as the position of
the samples on the RK-RMg diagram, confirm the occurrence
of dissolution process as the main factor controlling the
hydrochemistry of the samples. High amounts of acidic ions
(i.e., Cl and SO,) as well as the high temperature of water can
be considered as the main reasons for elevated concentration
of potentially toxic elements (e.g., B, Li, Zn, Ba, Pb, Se, Cu,
As, Ni and Mn) in water samples. Based on the pollution
indices, all water samples are enriched in potentially toxic
elements, and SP4 shows the highest level of pollution.
Sediment samples are enriched in Ag, Pb, Sbh, Zn, Cd and As,
and the concentration of As, Mn, Cu, Ni, Pb and Zn in slime
samples are very high. Although B, Li, Se, Zn, Cu, Mn and
Fe have been known as essential micronutrients in certain
uptake values, there is no known positive function for Ni, As,
Pb, Ba and Cd in the human body. Therefore, during the use
of hot springs for therapeutic purposes, the adverse impacts
of excessive exposure to these elements through dermal
contact, ingestion and inhalation must be taken into account.
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! Ficklin diagram

2 Saturation Index, SI

® Jon Activity Product, AP
* Solubility Product

® Total Hardness, TH
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Table 1- Hydrochemical characteristics of water samples

(YR8 il 5 o

Ca Mg Na K Cl SO, HCO; TDS EC pH T

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) uS/cm (°C)

SP1  556.1 4465 3007.6 62.6 48635 4848 2105 11950 18384.6 6.7 35
SP2 5611 4496 30735 56.7 4970 4752  256.3 12050 18538.5 6.6 35
SP3  526.1 4283 30954 54.7 50055  460.8 238 11200 17230.8 6.8 215
SP4 496 4283 3216.8 54.7 5200.8 516  274.6 15250 23461.5 6.4 39
SP5 5511 4617 3588.9 54.7 5804.3 516  256.3 16200 24923.1 6.7 305

(Ve ) S Jab

Ca Mg Na K Cl SO, HCO; TDS EC pH T

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) puS/cm (°C)

SP1 5311 4921 3195.6 547 51475 499.2 1648 12100 18615.4 7.9 36
SP2 501 38838 3283 58.7 4970 4848  219.7 11100 17076.9 7.4 37
SP3 5611 2673 36343 50.8 5396  499.2 2014 13000 20000 7.4 30
SP4 4509 3827 32441 62.6 48635 508.8 2014 11300 17384.6 7.3 41
SP5 5511 3341 4296.8 54.7 6319 5328 219.7 15000 23076.9 7.4 32
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Fig 3- The location of the studied samples on the Piper Diagram
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Fig 4- The position of the studied samples on the CI-SO,~-HCO; diagram (Giggenbach 1988)
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Fig 6- Saturation Index of anhydrite, aragonite, calcite, dolomite, gypsum and halite in water samples
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Table 2- The concentration of potentially toxic elements in the water samples compared with mean values in
unpolluted water (ng/l)

Mean concentration

SP1 SP2 SP3 SP4 SP5 average in Unpolluted water
(Markert 1994)

Al 77 70 72 80 73 74.4 200

As 0.5 38 0.5 80 0.5 23.9 0.5

B 1288 1321 1387 1372 1684 1410.4 10

Ba 25 26 28 35 26 28 10

Cu 38 36 39 37 38 376 3

Fe 40 26 49 32 16 326 500

Li 40 41 42 51 40 42.8 3
Mn 78 80 86 83 103 86 5

Ni 21 29 18 23 17 216 0.3

Pb 12 16 13 9 20 14 3

Se 34 0.5 0.5 3 4 8.4 0.2

Zn 360 341 466 452 678 459.4 5
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Fig 8- (a) Contamination Degree (C,), (b) Water Hazard Index (WHI), and (c) Heavy Metal Pollution Index

(HPI) values of the studied samples
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! Sediment Quality Guidelines, SQGs
2 Threshold Effect Concentration: TEC
% Probable Effects Concentration; PEC
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Table 3- The enrichment factor of elements in sediment samples based on the classification of (Uugwanga and Kgabi

2020)
EF Class Enrichment degree Studied samples
<2 Deficiency to minimal Mo (0.7), Ni and Th (1), Co (1.1),

enrichment Cr(1.2), Mn (1.3), Fe (1.4), U (1.9)

2-5 Moderate enrichment Sh (2), Cu (2.1)

5-20 Significant enrichment Cd (5.4), As (7.1), Zn (11.5), Pb
(17.8)

20-40 Very high enrichment Ag (26.9)

>40 Extremely high enrichment -

L pad o ol Cllilcan ) o2 9 MG/KG iy 55an) sadandllas o) A& god ;3 o 58l Lole Chale —F Jyu

Table 4- The concentration of metals in study sediments (mg/kg) and the Bioconcentration Factor of elements in
the samples

Ag As Cd Co Cr Cu Mn Mo Ni Pb Sh Th U \Y Zn

sy 62 305 11 59 44 180 195 1 33 219 21 161 1 35 955
s 32 28 06 66 61 114 311 <01 24 8 06 312 11 41 289
sp3 08 134 05 26 12 25 209 <01 8 31 <05 <01 03 11 80
4 08 51 06 79 64 33 270 1 26 342 09 38 15 47 469
mean 275 307 07 58 453 88 2463 1 228 1685 12 29 1 335 4483
Algae guideline” - 0175 00173 3.33 457 232 - 675 - 0574 - - . - 128
BCF 1286 - - - 2340 2863 - 1053 1236 - - - - 976

“IAEA-392 (2005)
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