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Abstract: This is the first study to survey selenium levels in spring water of Yarmouk Basin north of Jordan.
Elevated selenium levels in spring waters have been observed indicating that selenium contamination is
widespread. In almost all of the spring water samples, selenium concentrations exceeded the maximum allowable
level based on the Jordan and World Health Organization for drinking water quality guidelines of 10 µg/L.
Evaluation of seasonal patterns in the concentrations of selenium showed higher concentration in dry weather
season. Preliminary assessment of the potential sources and factors contributing to selenium contents of water
has been reviewed. Adverse health risk assessment of selenium exposure among residents consuming water
from springs was estimated. The estimated average daily dose and the noncarcinogenic hazard quotient values
from selenium exposure were below the threshold of concern for adverse health effects.

Key words: Spring  Selenium  Yarmouk Basin  North Jordan

INTRODUCTION Due to chronic water shortage, the Yarmouk basin

Groundwater accounts for a significant portion of resource for both drinking water and irrigation. Despite
water supply in Jordan. In 2007, water consumption was the increasing dependence on the water of Yarmouk
940 million cubic meters, of which 54% is groundwater. basin, the quality of  this  water  remains  questionable
The increasing rates of groundwater withdrawal due to [12, 13]. While large number of publications has been
rising demand from urban residents, industries and devoted to the water quality of Yarmouk basin [14-17],
agriculture have dramatically dropped the water table none has investigated selenium concentrations. 
more than 2 m yr  in some parts of central and northern This study surveyed selenium levels in major water1

Jordan [1]. In addition, deterioration of groundwater springs of the Yarmouk basin, northern Jordan. This is of
quality  has recently become sources of concern in particular concern as these springs provide water for
Jordan. The problem is especially acute because of domestic supply and irrigation. It also intends to evaluate
limited  water resources. Among other pollutants, the seasonal patterns in the concentrations of selenium.
selenium contamination of water resources has received Adverse health risk assessment of selenium exposure
less attention. among residents consuming water from springs was

Selenium is a widespread and naturally occurring estimated.
element, commonly found in  marine  sedimentary
deposits [2, 3]. Selenium contamination in natural waters Description  and  Hydrogeology  of  the   Study   Area:
can be of anthropogenic or geogenic source. While it is The   springs   under   study   are   located   in  the
nutritionally essential, excessive concentrations can Yarmouk Basin which is a transboundary basin shared
potentially be toxic to many species  including  humans. between Jordan and Syria. The total area is about 7240
A number of health effects have been reported in humans km , of which 1420 km  lie in Jordan. Study area (Yarmouk
and animals exposed to selenium [4-11]. Basin  in  north  Jordan) is shown  in  Fig.  1.  The  area  of

(north of Jordan) has become an  important  water

2 2
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Fig. 1: Location map of the study area.

study is part of the Mediterranean semi-arid climate which Geologically, the outcroppings of geological substrata
is characterized by limited precipitation occurring in the in the study area belong to Ajlun Group, Balqa Group and
winter and hot dry summer. The average annual rainfall is Jordan Valley Group of the Upper Cretaceous to Tertiary
476 mm, mostly occurring between November and April, age formations [18, 19]. The oldest is the Wadi Es-Sir
peaking in January (Jordan Meteorological Department Limestone (WSL) formation of Turonian age, which
(JMD, 2009), personal communication). The average belongs to Ajlun Group, is essentially composed of
annual potential evaporation and temperature are about limestone and dolomatic limestone and is mainly exposed
2179 mm yr  and 18 °C, respectively. on   the    southwestern    part   of   the   basin   (Fig.  2).1

The Yarmouk River flows at the borders of Syria and This formation is overlain by the sedimentary sequence of
Jordan and delineates the northern boundary of the the Balqa Group which includes, in ascending order: Wadi
Yarmouk Basin, whereas the Jordan River defines the Umm Ghudran (WG), Amman Silicified Limestone (ASL),
western boundary. The Yarmouk River, which is the main Muwaqqar Chalk-Marl (MCM), Umm Rijam Chert-
tributary of the Jordan River, originates from Jabel Al- Limestone (URC) and Wadi Shallala (WS)  formations.
Arab (Syria) and drains from the Jordanian and Syrian The base of the Balqa Group is the WG formation of
territories. It is the largest source of external surface water. Santonian age, comprises marl, marly limestone, chalk and
In 2006, Al-Wehda reservoir was constructed across the chert and is exposed to the south of the Yarmouk Basin
Yarmouk River on the border between Jordan and Syria (Fig. 2). The overlying limestone, chert, chalk and
with a storage capacity of about 110 million cubic meters. phosphorite beds exposed in the southern part of the
Water quality of the springs discharging into the basin area are members of the ASL formation (Campanian
reservoir, is of great importance for determining the age). Bituminous marl and clayey marl of the MCM
usability of the stored waters. formation of Maastrichtian age overlies the ASL formation
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Fig. 2: Location of spring water sampling sites and near-surface geologic map of Yarmouk Basin.

Table 1: Stratigraphic column for the geology of northern Jordan [24].

Period Epoch Formation Symbol Group Aquifer

Tertiary Oligocene Basalt (BS) BS Jordan Valley Shallow Aquifer Complex

Eocene Wadi Shallala (WS)

(Limestone and Chalky Limestone) B5 Balqa

Paleocene Umm Rijam Chert-Limestone (URC) B4

Upper Cretaceous Maastrichtian Muwaqqar Chalk-Marl (MCM) B3 B3 Aquitard

Campanian Amman Silicified Limestone (ASL) B2 Upper Cretaceous Aquifer Complex

Santonian Wadi Umm Ghudran (WG)

Marl and Marly Limestone B1

Turonian Wadi Es-Sir Limestone (WSL) A7 Ajlun

Cenomanian Shua’yb (Echinoidal limestone) A5/6

Hummar (Echinoidal Limestone) A4

Fuheis (Nodular Limestone) A3

Na’ur (Nodular Limestone) A1/2
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and crops out in the central basin. Alternating beds of measured for selenium to evaluate the geogenic
limestone, chalk and chert of the URC formation of contribution to selenium. One-liter of water samples at
Paleocene age overlies the MCM formation. The URC each site was collected in pre-cleaned polyethylene
formation crops  out  in  the  northern  part  of  the  basin containers, preserved at 4°C in ice-filled box and measured
(Fig. 2). In  Wadi  Shallala  area  (northeast  of  Irbid  City, for selenium at the laboratory of the department of
Fig. 2), a small exposure thick of chalk and marly limestone Chemistry at Yarmouk University in Irbid, Jordan.
with glauconite is present. These rocks belong to the WS Selenium was measured using inductively coupled plasma
formation of Eocene age. In the eastern and northeastern mass spectrometry (ICP-MS). Measurements and
parts of the basin, basaltic flows (BS formation) of the analyses were performed according to standard methods
Jordan Valley Group (Oligocene age) cover the sediments [20]. Electrical conductivity (EC, µS/cm at 25°C),
of the Balqa Group. Basalts are also found as small temperature, hydrogen ion concentration (pH) and total
outcrops scattered to the south, north and northwest of dissolved solids (TDS) were measured in the field using
the Yarmouk Basin (Fig. 2). field meters. 

Two systems of aquifer are present in the study area
(Table 1). The B4/5 consists of the URC, WS and BS RESULTS AND DISCUSSION
formations represents the upper aquifer north and
northwest of the Yarmouk Basin, with a maximum Selenium concentrations in spring water are presented
thickness of more than 200 m [16]. The aquifer is in Table 2 and Fig. 3. High concentrations of selenium in
moderately fractured. The water table of B4/5 aquifer the dry season samples were found ranging from 10.6 to
tends to be shallower in the north and northwest where it 53.6 µg/L, with an average of 21.5 µg/L. The highest level
becomes deeper in the east and southeast of the basin of selenium was observed in spring number 7. These
[16]. The majority of springs in the study area emerge from values exceed the maximum permissible level in drinking
the B4/5 with a total average annual discharge of about water (10 µg/L) based on the Jordan Institution for
3.3 million cubic meters [16]. The second aquifer, which is Standards and Metrology (JISM) [21] and World Health
separated from the upper B4/5 by the MCM formation Organization guidelines (WHO) [22]. However, the wet
(B3)  aquitard,  is  the  B2/A7  (ASL/WSL  formations). season samples showed selenium concentrations that
The aquifer’s thickness varies from 300 m in the southern varied from 7.3 to 47.2 µg/L, with a mean concentration of
part to more than 500 m in the north and west of the study 19.4 µg/L (Table 2). Of the 36 observations from spring
area. The B2/A7 becomes unconfined aquifer south of the water sampled in winter, 34 water samples contained
basin where the groundwater has been found to be of selenium in excess of the maximum allowable
poorer quality [19]. concentration with the highest values found in spring

These aquifers provide water for irrigation, municipal, number 7. 
industrial and domestic use. In 1993, the total Following heavy rainfall in winter, selenium is
groundwater withdrawal from Yarmouk Basin was about dissolved from geologic units (shale, phosphate and
50.8 million cubic meters [1], of which 1.1 million cubic limestone) or leached from other sources (agricultural
meters was pumped from the B4/5 aquifer and 48.7 million lands or waste disposal sites) and is transported in runoff
cubic meters from the B2/A7 aquifer. The study area is or in percolated water to groundwater aquifer. Infiltrated
under intensive agricultural production (irrigated and water may also re-mobilize additional selenium from soil.
rainfed cultivation) and irrigation with little industrial Once in groundwater, selenium is subjected to mixing or
development. dilution. In addition, in the winter season, the

Sampling and Analysis: Water sampling was primarily from the overlying sediments and soils. The rise of
conducted in October 2006 (following the summer season) groundwater table also increases the rate of water-rock
and in May 2007 (after the winter season), with the same interactions with the aquifer rocks (have high selenium
springs visited on each occasion to obtain seasonal data. contents) which releases selenium into groundwater.
A total of 36 springs were sampled during the study, However, in the dry summer, selenium is likely
locations of sampling springs are indicated in Fig. 2. concentrated by evaporation. In addition, the reduced
Thirty-six spring water samples were obtained for each species of selenium in groundwater, sediments or aquifer
sampling seasons. In addition, four rock samples from the rocks is re-oxidized in the dry weather causing selenium
surrounding geologic units have been collected and level  to  increase [23]. While there is a general increase in

groundwater table rises and selenium species are leached
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Table 2: Selenium concentrations of spring water and some selected rock samples.
Dry season Wet season
---------------------------------------------------------- ------------------------------------------------------------

Spring No. Fig. 2 Se µg/L pH TDS mg/L Se µg/L pH TDS mg/L Rock µg/g
1 26.51 7.24 469 20.74 7.71 500
2 23.82 7.09 298 12.83 7.36 315
3 16.75 7.26 230 13.61 7.50 240
4 15.29 7.28 226 15.23 7.45 230 3.39
5 15.59 7.25 251 14.29 7.61 260
6 25.63 7.20 412 28.23 7.26 428
7 53.64 7.36 599 37.44 7.59 617
8 14.46 7.23 241 16.71 7.12 251
9 20.02 7.20 259 17.15 7.23 265
10 25.65 7.44 173 14.02 7.88 244 4.75
11 14.92 7.26 278 7.31 7.59 291
12 26.38 7.27 317 17.19 7.43 328
13 12.01 7.22 172 18.75 7.51 280
14 11.50 7.79 160 17.33 7.68 228
15 18.71 7.13 269 9.51 7.27 280
16 23.80 7.43 247 14.12 7.39 248
17 18.54 7.24 233 15.36 7.33 235
18 15.28 7.33 162 20.32 7.39 241
19 27.03 7.18 302 25.98 7.09 234
20 10.63 7.84 152 16.79 7.18 297
21 22.03 7.33 150 15.18 7.69 174
22 21.65 7.26 460 24.37 7.41 471
23 31.81 7.87 156 18.83 7.59 212
24 24.56 7.48 298 15.64 7.33 310
25 12.89 7.42 166 17.38 7.70 305 3.07
26 17.66 7.45 177 15.22 7.36 278 16.91
27 26.51 7.14 263 14.25 7.62 252
28 19.52 7.07 311 15.45 7.56 317
29 21.12 7.01 229 19.54 7.20 380
30 26.21 7.01 207 17.84 7.01 340
31 19.29 7.29 179 23.97 7.90 328
32 14.18 7.16 257 26.50 7.33 448
33 31.68 7.16 225 47.20 7.27 495
34 27.91 7.11 222 25.29 7.23 356
35 16.34 7.28 354 15.84 7.35 361
36 25.76 7.80 179 34.51 7.20 442

Fig. 3: Seasonal variations in selenium concentrations. The line at 10 µg/L indicates the maximum allowable limit in
drinking water based on (JISM)[21] and (WHO)[22] guidelines. 
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selenium level in the dry season, selenium monitoring data highest selenium level (16906 µg/kg dry weight), whereas
also showed that twelve of the 36 springs have exhibited selenium contents of other sediments are fairly moderate.
decreases in the dry weather sampling (spring number 6, Although rock sample from spring 26 contained elevated
8, 13, 14, 18, 20, 24, 25, 31, 32, 33 and 36) (Fig. 3). This is selenium concentration, water of this spring was not
likely attributed to reduced level of selenium-bearing among the highest in selenium content. In contrast,
water discharged into groundwater or springs in the dry sediments from site 10 contained lower concentrations,
season. but water samples collected in the dry season contained

The pH ranged between 7.01 to 7.87 for the summer higher selenium level. 
water samples and between 6.8-8.04 for the winter This suggests that weathering of selenium-
samples. The average pH values in the dry and wet containing substrata is probably a major source of
season are 7.3 and 7.5, respectively.  Salinity  content  of elevated selenium. However, it should be noted that the
water varied widely between the two sampling seasons overall contribution of parent materials (rocks and soils)
ranging from 150 to 599 mg/L TDS with an  average  of 258 to selenium in spring water is expected to be large (the
mg/L in the  dry  summer  samples  and  from  about   174 geologic units have high selenium contents), this
to 617 mg/L with a mean concentration of 319 mg/L in the suggests that there may be other contributing factors.
wet sampling season. These measured values of pH and Selenium concentration in groundwater depends on many
TDS are generally within the Jordanian acceptable levels factors, including the size and depth of groundwater and
for drinking water of 6.5-8.5 and 1000 mg/L respectively. properties of parent material and soil, through which
The  groundwaters  in  the study area are mostly of the selenium-bearing water percolates after rainfall [26].
Ca-HCO type [16, 24] as a result of carbonate weathering. Selenium input in the groundwater is also dependent3

Potential Sources and Factors Contributing to Selenium B4/5  aquifer  from which the majority of springs drain.
Content of Water: The underlying and surface The aquifer depth is less than 40 m [1] and the
outcroppings of geological substrata in the study area groundwater table is shallow. The presence of joints and
consist of selenium-containing marine limestone, shale fractures mainly in the northern and western basin, makes
(and oil shale), phosphate and marl (Fig. 2). Under natural the aquifer in these locations more vulnerable to selenium
conditions, selenium of geological formations is readily contamination as selenium-borne water can easily reach
oxidized, transported in surface runoff and/or leached into and mix with the groundwater. This is consistent with the
the surrounding groundwater. In natural waters the findings that selenium contents in springs located in the
principal dissolved selenium species are selenite (Se ) northwest and west of the study area were among the4+

and selenate (Se ). Selenate is highly soluble and is the highest in selenium concentrations. 6+

most mobile in water. Selenite has a strong affinity to be The elevated selenium contents may also be related
adsorbed to soil particles which greatly reduces its to agricultural activities. The study area is under intensive
mobility [25-31]. While no speciation studies were agricultural production with frequent use of pesticides
conducted, selenate is likely to dominate. The presence of and fertilizers containing selenium and irrigated primarily
high level of nitrate in spring water following winter by spring water. In Jordan, fertilizers, mainly from the
rainfall [23] provides additional explanation for the phosphate deposits, are enriched in sodium selenate [23].
elevated selenium levels observed in spring water of the In addition, nitrate-, phosphate- and sulfate-based
winter season samples. High concentrations of nitrate fertilizers may remobilize selenium in soil which becomes
indicate oxidizing conditions which prevents the readily leached with rainfall or irrigation water into
reduction of selenate and the precipitation of elemental groundwater [23]. Excessive irrigation, particularly in the
selenium [27]. Selenium concentrations in the reducing dry season, has also the effect of mobilizing selenium from
water are normally low (as a result of reduction to soil or accelerating the natural leaching of selenium from
selenite). marine geologic formations (oil shale, limestone and

To investigate the potential source of selenium from phosphate). This suggests that agricultural drainage
the surrounding geologic materials, a limited number of water is expected to be a contributing cause to selenium
rocks has been sampled and analyzed for selenium concentration in spring water. However, detailed selenium
contents. The results are tabulated in Table 2. Relative to information is not yet available for the agricultural
other sites, rock sample from location 26 contains the drainage water. 

on the natural protection of soils and rocks above the
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Fig. 4: Drainage pattern of the Yarmouk Basin northern Jordan.

Fig. 5: Selenium distribution map in springs. (a) Dry season. (b) Wet season.
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Fig. 6: Relationship between selenium concentrations and semi arid region [32-35]. To assess the potential effect
and TDS. (a) Dry season. (b) Wet season. of evaporation on selenium level of water, selenium

concentrations were plotted as a function of salinity for
It has been observed that some springs with the both sampling seasons (Fig. 6). Positive correlation

highest levels of selenium are located near waste disposal between selenium contents and salinity (TDS) was found.
sites. Spring number 7 is located close to an abandoned Fig. 6 shows weaker correlation in the dry weather
landfill and in the west there is an active solid waste samples collected in May which becomes moderate in the
disposal site nearest spring number 33. While these wet season. Possible explanation is that in winter season
disposal sites are not equipped with leachate collection salinity is largely increased due to weathering of geologic
and treatment system, selenium may leach by infiltrated units and leaching of salts including selenium into
rainfall into groundwater or spring water. Leachate may groundwater. However, in summer, water evaporates and
also enhance the reductive dissolution of iron oxides and some constituents of water precipitate (carbonates and
the  subsequent release of selenium into groundwater phosphates) causing decreases in salinity and a slight
[23]. increase in selenium concentrations. These results

Drainage patterns map of the Yarmouk Basin showed showed that evaporative concentration may contribute to
that the surface runoff direction of water is north and the relative increase in selenium levels, however, it is not
northwest (Fig. 4). Selenium distribution map (Fig. 5) the main process affecting selenium concentrations in
indicates that higher concentrations are generally found spring water in the dry season.
in springs located down-gradient in the west, north and
northwest boundaries of the basin. In winter, springs Noncarcinogenic Risk Assessment: Estimate of the
located further west and north showed relatively higher average daily dose intake through drinking water (ADDd)
selenium levels compared to other springs in the same was obtained by multiplying selenium concentration in
period. This increase in selenium concentration is likely spring water (µg/L) by the daily average rate of water
attributed to increased leaching of selenium after intense intake (2 liters) then divided by the average human body
rainfall, where selenium is transported down gradient weight (70 kg for adults). Noncarcinogenic risk (Hazard
following the general flow direction to end up in Quotient (HQ)) associated with exposure to selenium
groundwater or mixed with springs. In addition, the rise of among residents consuming water from springs was
groundwater table (following winter rainfall) may leach estimated  by  dividing  ADDd   by   Reference   Dose  for

selenium from the overlaying sediments and soils and may
also increase the rate of rock-water interaction and
subsequent release of selenium. 

However, in summer when surface runoff is
dramatically decreased, these springs (except for spring
number 7) showed decreased selenium concentrations
largely due to low leaching. In addition, other springs with
relatively high selenium levels in summer were found in
central basin. This is likely related to leaching of nearest
localized phosphate outcrops and agricultural discharges
following excessive irrigation and over-extraction of
groundwater during the dry months when the demands
for water increased. These observations suggest a link
with runoff flushing through the basin particularly occurs
in winter and indicates the significance of surface and
groundwater flow direction as a contributing cause to
selenium in spring water. It also suggests that springs
located down basin are more susceptible to selenium
contamination.

It has been reported that groundwater salinity is
positively correlated with selenium concentration in arid
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Table 3: Average daily dose (ADDd) and hazard quotient (HQ) values (noncarcinogenic risk) from selenium exposure.
Dry Season Wet Season
--------------------------------------------------------------- ------------------------------------------------------------------------

Spring No. Fig. 2 Se µg/L ADDd µg/kg/day HQ Se µg/L ADDd µqg/kg/day HQ
1 26.51 0.76 0.15 20.74 0.59 0.12
2 23.82 0.68 0.14 12.83 0.37 0.07
3 16.75 0.48 0.10 13.61 0.39 0.08
4 15.29 0.44 0.09 15.23 0.43 0.09
5 15.59 0.45 0.09 14.29 0.41 0.08
6 25.63 0.73 0.15 28.23 0.81 0.16
7 53.64 1.53 0.31 37.44 1.07 0.21
8 14.46 0.41 0.08 16.71 0.48 0.10
9 20.02 0.57 0.11 17.15 0.49 0.10
10 25.65 0.73 0.15 14.02 0.40 0.08
11 14.92 0.43 0.09 7.31 0.21 0.04
12 26.38 0.75 0.15 17.19 0.49 0.10
13 12.01 0.34 0.07 18.75 0.54 0.11
14 11.50 0.33 0.07 17.33 0.49 0.10
15 18.71 0.53 0.11 9.51 0.27 0.05
16 23.80 0.68 0.14 14.12 0.40 0.08
17 18.54 0.53 0.11 15.36 0.44 0.09
18 15.28 0.44 0.09 20.32 0.58 0.12
19 27.03 0.77 0.15 25.98 0.74 0.15
20 10.63 0.30 0.06 16.79 0.48 0.10
21 22.03 0.63 0.13 15.18 0.43 0.09
22 21.65 0.62 0.12 24.37 0.70 0.14
23 31.81 0.91 0.18 18.83 0.54 0.11
24 24.56 0.70 0.14 15.64 0.45 0.09
25 12.89 0.37 0.07 17.38 0.50 0.10
26 17.66 0.51 0.10 15.22 0.43 0.09
27 26.51 0.76 0.15 14.25 0.41 0.08
28 19.52 0.56 0.11 15.45 0.44 0.09
29 21.12 0.60 0.12 19.54 0.56 0.11
30 26.21 0.75 0.15 17.84 0.51 0.10
31 19.29 0.55 0.11 23.97 0.69 0.14
32 14.18 0.41 0.08 26.50 0.76 0.15
33 31.68 0.91 0.18 47.20 1.35 0.27
34 27.91 0.80 0.16 25.29 0.72 0.14
35 16.34 0.47 0.09 15.84 0.45 0.09
36 25.76 0.74 0.15 34.51 0.99 0.20

chronic oral exposure (RfD). The RfD represents the dose season, the ADDd and HQ values for selenium ranged
below which toxicity does not occur among humans, between 0.21 to 1.35 µg/kg/day and from 0.042 to 0.27
including sensitive subgroups, during a lifetime. The RfD µg/kg/day, respectively. The range of exposures to
value used for selenium was 5µg/kg/day [2]. Excess risk selenium in all springs is below the RfD indicating that
exists when the HQ is greater than 1. they are within the tolerable range by humans with

The estimated ADDd and toxic noncarcinogenic risk essentially no chance of expression of noncarcinogenic
(HQ) from selenium at each spring in both sampling effects.
seasons are given in Table 3. The calculated ADDd for
selenium in the dry season ranged between 0.3 to 1.5 CONCLUSIONS
µg/kg/day with an average of 0.62 µg/kg/day. The highest
ADDd value was observed in spring 7. The results also This study has been conducted to monitor selenium
showed that in all springs the ADDd values were below levels in major water springs of the Yarmouk basin,
the selenium RfD of 5 µg/kg/day. The noncarcinogenic northern Jordan. The Yarmouk basin has recently become
HQ varied from 0.061 to 0.31, which places them below the an   important   water   resource   for   both   drinking
threshold of concern for adverse health effects. In the wet water  and irrigation largely due to chronic water shortage.
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Data revealed that selenium contamination in spring water 4. Beath,  O.,  J.  Draize,  H.  Eppson,  C.  Gilbert   and O.
of Yarmouk basin is a common and widespread issue. McCreary, 1934. Certain poisonous plants of
Selenium occurred at concentrations that exceeded Wyoming activated by selenium and their
maximum permissible level of  5  µg/L.  The  data  suggest association with respect to soil types. J. Amer.
that selenium contribution is mainly attributable to inputs Pharmaceutical Assoc., 23: 94-97.
of rocks, agriculture and waste disposal sites to spring 5. Shamberger, R. and C. Willis, 1971. Selenium
water. Surface and groundwater flow directions, spring distribution of human cancer mortality. Critical Rev.
locations and land structures (fractures) appeared to be in Clinical Lab. Sci., 2: 211. 
significant factors contributing to the elevated selenium 6. Chen, X., J. Chen, X. Wen and Z. Ge, 1980. Studies on
contents. The results also showed that springs located the relations of selenium and Keshan disease. Biol.
west, north and northwest are more vulnerable to Trace Element Res., 2: 91-107.
selenium contamination. Seasonal pattern in selenium 7. Yang, G., S. Wang, R. Zhou and S. Sun, 1983.
level exhibited higher concentrations of selenium occurred Endemic selenium intoxication of humans in China.
in summer, although some springs showed reduced levels Amer. J. of Clinical Nutrition, 37: 872-881.
in the same sampling season. The calculated Average 8. Luo,  X.,  H.  Wei,  C. Yang, J. Xing, X. Liu, C. Qiao, Y.
Daily Dose intake through drinking water (ADDd) and the Feng,  Y. Liu, Q. Wu, J. Liu, X. Guo, B. Stoecker, J.
noncarcinogenic risk (HQ) associated with exposure to Spallholz and S. Yang, 1985. Bioavailability of
selenium among residents consuming water from springs selenium to residents in a low-selenium area of China.
showed that the range of exposures to selenium in all Amer. J. Clinical Nutrition, 42: 439-448.
springs is below the RfD (5 µg/kg/day) and HQ values are 9. Clark, L., G. Combs, B. Turnbull, E. Slate, D. Chalker,
less than 1 indicating that they are within the tolerable J.  Chow,  L.  Davis, R. Glover, G. Graham, E. Gross, A.
range by humans with essentially no chance of expression Krongrad, J. Lesher, K. Park, B. Sanders, C. Smith and
of noncarcinogenic effects. R. Taylor, 1996. Effects of selenium supplementation
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