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Abstract ___ Water quality of the Pecos River has become a major concern as population in eastern New Mexico 

increases together with a corresponding increase in multiple uses for agriculture, municipal, domestic and 

recreational purposes. Samples of fish, waterfowl and small mammals have been found to contain elevated 

levels of certain metals and other pollutants. In this study, water and stream- and lake-sediments were collected 

along the Pecos River during a five-day period in September 1992 and were analyzed for mercury, lead, copper 

and zinc. Sediments were also analyzed for chromium. Mercury, lead, copper and zinc concentrations in 

sediments are elevated above and immediately below the Pecos mine waste dumps, suggesting that the waste 

dumps, outcropping zones of mineralization and the outcropping rocks may be potential sources. However, 

elsewhere in the Pecos drainage basin other sources for these metals should be considered as well. 

INTRODUCTION 

Water quality of the Pecos River has regional and international con-
cerns as population in eastern New Mexico increases together with a 
corresponding increase in uses for agriculture, municipal, domestic, 
industrial and recreational purposes. It has been reported that fish, 
waterfowl and small mammals from along the Pecos River contain 
elevated levels of selenium, mercury, lead, cadmium, chromium and 
other pollutants (U.S. Bureau of Reclamation, written comm. 1992; S. 
J. Haness, U.S. Department of Health and Human Services, written 
comm. 1991). Mercury levels in fish fillets obtained in 1991 from 
Sumner Lake ranged from 0.5 to 17.1 ppm (dry weight; L. A. Brand-
vold, unpublished data, 1991). The federal standards are 1 ppm Hg in 
fish intended for consumption. The Lisboa Springs Fish Hatchery (New 
Mexico Game and Fish Department, NMGFD), north of the village of 
Pecos, has experienced several fish kills, which may in part be attributed 
to contaminated water. The fish kills and hatchery management are 
presently being studied by the U.S. Fish and Wildlife Service and 
NMGFD. The Pecos mining district is an old (1880s to 1944) mining 
district near the boundary of the Pecos Wilderness Area, 19 km upstream 
from the fish hatchery and has been cited as a possible source of 
contaminants by government agencies. Other mining districts through-
out eastern New Mexico have drainages that enter the Pecos River 
below the village of Pecos, but have not been examined to determine 
if they too are possible sources of contamination. Other sources of 
possible contamination certainly include cities and towns, agricultural 
activities, private ponds draining into the river, automobile exhaust and 
input from atmospheric pollution. 

There has been and continues to be numerous significant scientific 
studies in the Pecos River drainage basin. In the 1970s, the U.S. 
Department of Energy examined the chemistry of both water and stream 
sediments in the Pecos River drainage basin as part of the National 
Uranium Resource Evaluation Program (Bolivar et al., 1980; Union 
Carbide Corp., 1981a, b, c; Erdman et al., 1992). Brandvold (1978) 
analyzed mercury concentrations in water samples from along the Pecos 
River and found all but one sample to be below 2 ppb Hg. Sample 
#43, from near Artesia, contained 7.4 ppb Hg. Currently the New 
Mexico Environment Department (NMED), NMGFD and the New Mexico 
Parks and Recreation Department are monitoring mercury concentra-
tions in fish from the Pecos River and the reservoirs along the river. 
Local agencies and municipalities monitor water quality in their areas 
of administration. However, the most politically sensitive investigations 
are in the Pecos mine area. AMAX, NMGFD, the New Mexico State 
Highway and Transportation Department and the State of New Mexico 
are conducting ongoing remedial investigations and feasibility studies 
of the Pecos mine area, adjacent campgrounds and recreational areas, 

NM Highway 63 and the Lisboa Springs Fish Hatchery. Because of 
potential, but unknown, contamination to the lakes downstream from 

the Pecos mine, the U.S. Bureau of Reclamation in cooperation with 
the New Mexico Institute of Mining and Technology and the New 
Mexico Bureau of Mines and Mineral Resources are conducting in-
vestigations of water and snow quality and characterizing the 
chemistry of stream and lake sediments from the headwaters of the 
Pecos River to Sumner Lake. This report, an expansion of the U.S. 
Bureau of Reclamation study, is one of the first comprehensive studies 
to examine water quality and chemistry of stream and lake sediments 
from near the headwaters of the Pecos River to south of Brantley Lake, 
north of Carlsbad. 

The purposes of this study were to (1) determine the concentration 
and distribution of mercury and base metals in sediments and water 
along the Pecos River, (2) locate areas of high concentrations of these 
metals, (3) locate possible sources for any areas of high concentrations, 
and (4) recommend further research. This was a reconnaissance study 
only; additional more detailed studies are under way. Water and stream-
and lake-sediment samples were collected to determine how much effect 
sediment composition has on Pecos River basin water quality. Samples 
were collected from near the headwaters of the Pecos southward to 
below Brantley Lake, during a five-day span in September 1992 to 
provide a regional outlook within a specific time interval. 

AREA OF STUDY 

The Pecos River is a significant source of surface and subsurface 
water supplies for eastern New Mexico, west Texas and Coahuila, 
Mexico (Fig. 1). The headwaters are in the Pecos Wilderness in the 
Sangre de Cristo Mountains, with additional drainages from the Peder-
nal uplift, Capitan Mountains, Sierra Blanca and Guadalupe Mountains 
(Fig. 1). Elevations range from 1000 to over 3600 m. The river flows 
southward through the towns and cities of Pecos, Santa Rosa, Fort 
Sumner, Roswell, Artesia and Carlsbad into west Texas and finally 
enters the Rio Grande at the international border with Coahuila (Fig. 
1). 

Eastern New Mexico is predominantly a rural agricultural area, but 
the larger cities have some light industry. Petroleum and potash pro-
duction are important in southeastern New Mexico. There is currently 
no metal mining within the Pecos drainage basin. 

GEOLOGY 

The geology of the Pecos drainage basin is diverse and rocks range 

in age from Proterozoic through recent. Lithologies are likewise diverse, 

ranging from metamorphic volcanics to granites to syenites to shales, 

limestones and sandstones (New Mexico Geological Society, 1982). 
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Mining has occurred throughout the Pecos drainage area (Table I; Fig. 

2), but total production has not been as significant as elsewhere in New 

Mexico. The largest mining district in the Pecos drainage basin is the 

Pecos mining district (Table 1). The majority of the deposits are pre-

cious- and base-metal vein deposits and sedimentary-copper deposits. 

There are no known mercury deposits in the state of New Mexico and 

mercury is typically low in similar mineralized districts elsewhere in 

the state (Table 2). 

PECOS MINE 

The Pecos mine (also known as Tererro, Cowles, Hamilton and 

Willow Creek) is located near the confluence of Willow Creek and the 

Pecos River and has been cited as a source of contamination to the 

Pecos River drainage basin by NMED. In 1881, a highly mineralized 

outcrop was discovered along the southern slope of Willow Creek Can-

yon near the river junction. Subsequently claims were filed and de-

velopment begun. A shaft was sunk to 121.9 m and initial ore mined 

averaged 17% Zn, 4% Pb, 1% Cu, 3 oz/ton (103 ppm) Ag and 0.12 

oz/ton (4 ppm) Au. The mine was eventually developed to 518 m. 

Several additional shafts and adits access the main workings, which 

extend lengthwise along the ore bodies for 609.6 m. In 1930, 1200 

gallons/min (4542 L/min) of water was pumped from the mine; none 

of the water was acidic (Matson and Hoag, 1930). No mill tailings are 

at the site because the ore was transported to Alamitos Arroyo for 

processing. Total production from the Pecos mine from 1927 to 1944 

amounts to 2,301,428 tons of ore containing 18,490,400 lbs Cu, 178,813 

oz Au, 5,476,511 oz Ag, 133,942,500 lbs Pb and 421,543,000 lbs Zn 

(0.4% Cu, 2.9% Pb, 9.1% Zn) and was worth over $40 million (from 

compilation of Harley, 1940, and unpublished reports by V. T. Mc-

Lemore). This figure includes production from the shaft (1927 to 1939) 

and some additional production from the dumps during the 1940s. 

Mineralization at the Pecos mine occurs in Proterozoic igneous and 

metamorphic rocks (Riesmeyer and Robertson, 1979; Robertson et al., 

1986). Overlying the Proterozoic rocks are Paleozoic sedimentary rocks. 

Two stratabound, lens-shaped ore bodies were mined. Ore consisted of 

sphalerite, galena and chalcopyrite in a gangue of quartz, chlorite, pyrite 

and sericite. Silver and gold are present together with minor occurrences 

of pyrrhotite, bornite, magnetite, hematite and tourmaline. Examination 

of panned concentrates from Willow Creek by the mine waste dumps 

revealed the presence of chalcopyrite, pyrite, galena, sphalerite, garnet, 

olivine, quartz and feldspar (V. T. McLemore, 9/14/92). Outcrop sam-

ples north of the Pecos mine contained 0.33-0.53% Cu and 1.6-2.6% 

Zn (U.S. Geological Survey et al., 1980). 

In 1950, NMGFD purchased approximately 2000 acres in the Pecos 

mine area, which includes the mine site, mine waste dumps and adjacent 

valley areas. The mineral rights were transferred to a trust and leased 

to various companies from 1950 to 1988 (S. M. Stoller Corp., written 

comm., March 18, 1993). NMGFD and other government agencies 

utilized the mine waste dumps for road fill and base material in the 

campgrounds along the Pecos River from the 1930s through the late 

1970s. Subsequently these areas have been remediated to prevent heavy 

metal exposure (mainly lead) to the general public. Additional remedial 

studies are under way. 

Recent work by AMAX Resource Conservation Co. indicates that 

the mine waste dump varies in thickness from 6 to 13 m. The com-

position and texture of the dump are heterogeneous and difficult to 

characterize accurately. The dump is underlain by either clay material 

or limestone bedrock (S. M. Stoller Corp., written comm., March 18, 

1993). Thirteen monitoring wells have been drilled in or near the dump 

to monitor ground water flow (M. J. Logsdon, written comm., June 

25, 1992). 

Acid water, caused by oxidation of pyrite, periodically seeps from 

the waste dumps located east of the Pecos River just below the con-

fluence with Willow Creek. White and brown precipitates or froth are 

present along the course of the seep. Sample 4 was collected along this 

seep. The seep enters a wetlands (approximately 5 acres) and very little, 

if any precipitate would be expected to reach the river except perhaps 

during periods of heavy runoff from major rain storms. 

METHODS OF STUDY  

Sampling methods 

Sample sites along the Pecos River from the Pecos Wilderness boundary 

southward to north of Carlsbad were determined prior to collection. Field 

conditions are summarized in Table 3. Sample sites were determined on 

the basis of well-maintained and easy access by vehicle or by motor 

boat and proximity to known mines and towns (Fig. 2; Table 3). 

Water samples were collected in plastic bottles and acidified to pre-

vent precipitation of dissolved metals. Field measurements on unacidi-

tied water samples included pH, temperature, conductivity and alkalinity 

(Fig. 3). One water sample was collected from each lake. Stream-

sediment samples were collected at each site. The river was typically 

shallow, enabling the sample collector to wade into the river and 

obtain a sediment sample near the center of the river bed. Samples were 

stored in plastic bags and sieved at the laboratory. 

Bottom lake-sediment samples were collected from Santa Rosa, Sum-

ner and Brantley Lakes using a motor boat or work barge and a bottom-

grab sampler (Fig. 4). Only the top layer of lake sediment could be 

collected using this device. These three lakes were chosen because of 

different ages of lake impoundment (Table 3), the large amount of 

sediment buildup that contributes to bioaccumulation of metals, par-

ticularily mercury, up the food chain to fish, and good accessibility. In 

addition, Perch Lake (16), a natural freshwater lake near Santa Rosa. 

was also sampled. 

Laboratory methods 

A portion of each sediment sample was removed and frozen for later 

study. Approximately 3 g of wet sample were used for a mercury 

determination by cold vapor atomic absorption following digestion with 

reverse aqua regia. Percent moisture was also determined in the wet 

sample to allow calculation of dry weight mercury. The detection limit 

varied between 5-10 ppb, depending on sample dry weight and amount 

of mercury in the blank. Samples were air-dried and the >2 mm size 

fraction (10 mesh) was removed by screening. This fraction was not  
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further analyzed. Mercury was also determined in an air-dried sample 
by rapidly heating the sample, trapping the released mercury on silver 
wool and heating the silver wool to drive off the mercury, which was 
detected by atomic absorption. A detection limit of 1 ppb was obtained 
with this method. The air-dried stream-sediment samples were further 
fractionated by screening with a 200 mesh (75 µm) stainless steel 
screen. For discussion purposes the <75 µm fraction is considered to 
be suspended or suspendable sediment, and the >75 µm to 2 mm 
fraction is considered as bottom sediment. The lake-sediment samples 
appeared to be mostly less than 200 mesh but proved to be too difficult 
and time consuming to screen. Samples were digested with aqua regia 
and copper (detection limit 5 to 15 ppm), lead (detection limit 15 ppm), 
zinc (detection limit 5 ppm) and chromium (detection limit 10 ppm) 
were determined by flame atomic absorption. 

Mercury was determined in the water samples by the standard per-
manganate digestion followed by cold vapor atomic absorption (detec-
tion limit 0.2 ppb). Zinc was determined by flame atomic absorption 
(detection limit 5 ppb). Copper and lead were determined by graphite 
furnace atomic absorption (detection limits 1 ppb). 

RESULTS 

We emphasize that it is difficult to take representative samples from 
some river systems. Water flow rates, location of samples within the 
stream bed and time of collection may affect the results. Numerous 
studies are required to obtain representative results. Because of time 
constraints, water samples were not filtered before being acidified. 

Filtering would have removed any precipitates that may have had metals 
associated with them. Thus the reported values are not true "dissolved" 
values and may be higher than actual dissolved values. However, with 
the exception of mercury, which is a total value, they are not total 
values either, because the samples were not acid digested prior to 
analysis as the Environmental Protection Agency (EPA) requires on 
values reported as total. For the purposes of comparison in this prelim-
inary study, recognizing that the values may be erroneously high, the 
values are considered to be dissolved. Distances between some sample 
sites are large and in general represent a low-density sampling. Many 
sample sites are near bridges and contamination from the bridge itself 
or from automobile exhaust is a possibility. Water flow rates were not 
measured. Future studies should address some of these aspects. 

pH values of water samples (Table 4) ranged between 7.6 and 8.6, 

typical for New Mexico surface waters, except for site 4 (at the seep 

below the waste dumps) where the pH was 6.2 and site 5 (at the river 

below the seep and wetlands) where the pH was 9.1. 
For reference purposes, average dissolved lead, copper and zinc 

values and total mercury values in stream water and Rio Grande water 
are shown in Table 4. As a result of federal legislation, the Pecos River 
has been classified as a fishery by the New Mexico Water Quality 
Control Commission (NMWQCC). Inherent in this classification are 
stream standard limits for dissolved lead, copper and zinc and total 
mercury as well as many others. These standards, with the exception 
of mercury, are based on the hardness of the water and thus vary for 
each site. Again for reference purposes, these standards are listed in 
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Table 4 for several sites based on hardness data obtained from U.S. 

Geological Survey (USGS) data on STORET. These stream standards 

are also compared graphically to values from this report in Fig 5. 
X-ray diffraction analysis of the brown and the white precipitates 

from site 4 indicates that the precipitate is a mixture of iron, copper, 
zinc, sulfates and aluminum hydroxides. Goslarite (ZnSO4.H20) is re-
ported by AMAX (J. W. Todd, written comm., March 12, 1993; 
S. M. Stoller Corp., written comm., March 18, 1993). Chemical anal-
yses of the precipitates range from 0.10 to 0.47% Cu, 1.20 to 1.27% 
Zn, 4.09 to 4.90% Fe and 0.06 to 0.15% Pb. The low pH water in the 
seep contained high levels of copper and zinc and elevated lead, 
which is not surprising (Table 4). As the pH rises, lead and copper levels 
drop quickly to background. Zinc, which is more soluble, remains 
elevated for a longer distance downstream and may be absorbed on 
iron-manganese oxides or by organic material in the sediment. 

Chemical analyses data on the stream and lake sediments (Table 5) 
show values for both mercury determinations, but these were averaged 
for graphical and statistical purposes. Mercury, lead, copper and chro-
mium are elevated in sediment samples from Willow Creek (site 3). 
The mercury concentration at site 3 is above crustal abundance but is 
less than mercury concentrations from some other mining districts in 
New Mexico (Table 2). These elements, with the exception of chro-
mium, are also elevated in the sediments at site 4, but this is at the 
seep, which is east of the Pecos River. This was not unexpected (see 
discussion of precipitates above). At site 5 mercury, lead, copper and 
zinc are also elevated but are significantly lower than at site 3 (Willow 
Creek). Mercury concentrations at sites 3 and 5 are near the reported 
mercury concentration in average shale (Table 5; Krauskopf, 1979). By 
site 6 (above the hatchery), mercury, lead and copper are essentially at 

or below crustal levels. Zinc remains elevated. Lead, copper and zinc 
are elevated in sediments at site 8 (just below the village of Pecos and 
Alamitos Arroyo). 

STATISTICAL ANALYSES 

Correlation coefficients and factor analysis of the water and stream-
sediment metal concentrations (Tables 5-7) were performed using MSTAT 
(SRIE Pty. Ltd., 1992). Correlation coefficients are measures of the 
linearity or correlation between two variables. Pearson correlation co-
efficients greater than 0.35 (n = 35) are significant and correlation co-
efficients greater than 0.8 exhibit strong correlation between the two 
variables. Factor analysis reduces a set of numerous variables to a lesser 
number of mutually uncorrelated factors that may be related to similar 
origins or sources. For the purposes of statistical analyses, any con-
centrations below the detection limit were assigned one-half the value 
of the detection limit because the computer programs will not function 
using values of zero. 

PRELIMINARY CONCLUSIONS 

A few preliminary conclusions can be drawn from this reconnaissance 
study. However, these conclusions are subject to revision as more data 
are collected. 

Lead and zinc concentrations in Pecos River water samples were 
above average dissolved concentrations found in streamwaters (Table 
4), whereas copper was lower. When the Pecos concentrations are 
compared with those found in another river in New Mexico, the Rio 
Grande (Table 4), copper and mercury concentrations are lower and 
lead concentration is about the same. Zinc concentrations appeared 
slightly elevated in the upper Pecos. Comparing the Pecos concentra- 
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tions with New Mexico Water Quality Control Commission Fishery 

Stream Standards, site 5 (just below the confluence with Willow Creek) 

was the only site (excluding site 4) with concentrations above the 

standards for lead and zinc only. 

Conductivity increased downstream in the Pecos River (Table 4), 

possibly a natural result from Permian evaporites and limestones and/ 

or contamination from agricultural areas as well as evaporation. 

Mercury and zinc concentrations in sediments were typically below 

crustal abundances or below averages for common lithologies found in 

the Pecos drainage basin (Krauskopf, 1979), with the exception of site 

3 (Jacks Creek) through site 8 (below the Village of Pecos) (Figs. 6, 

7; Table 5). Copper and chromium concentrations in sediments were 

below crustal abundances, except for samples near the Pecos mine waste 
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dumps (Figs. 8, 9; Table 5). Mercury, lead, copper and zinc concen-

trations in sediments are elevated in samples from above the Pecos 

mine waste dumps (Figs. 6, 7, 8, 10; Table 5), suggesting that out-

cropping zones of mineralization and maybe the outcropping rocks are 

sources of contamination as well as the waste dumps themselves. This 

area is being examined in greater detail. 

Lead concentrations in Pecos River sediments were above crustal 

abundances (Fig. 10). Lead concentrations in river sediments elsewhere 

in New Mexico are also typically above crustal abundances (Brandvold 

and Brandvold, 1990; U.S. Geological Survey et al., 1980; examination 

of NUKE and USGS stream sediment data from throughout New Mex-

ico). Some studies indicate that lead and mercury concentrations in the 

atmosphere are increasing with time as a result of human-induced pol-

lution (Eddington and Robbins, 1976; Cranstom and Buckley, 1972; 

Nater and Grigal, 1992; Swain et al., 1992). A major source of lead 

into the atmosphere has been automobile exhaust from leaded gasoline. 

Precipitation washes some of these pollutants from the atmosphere into 

water supplies and soils. It is also possible that rocks and sediments 

throughout New Mexico may be enriched in lead relative to crustal 

abundances. 

Concentrations of metals in Pecos River sediments were typically 

higher in lake sediments than in stream sediments, with the above-

mentioned exceptions. The concentrations of metals in the bottom sed-

iment fraction (75 vm-2 mm) are typically lower than in the <75 

fraction. Clay-size fractions tend to contain higher concentrations of 

metals than sand- and silt-size fractions. Mineralogical studies of the 

sediments are under way. 

Apparently even though mercury, lead, copper and zinc concentra-

tions were elevated in some sediments, the concentrations in the sed-

iments have little effect, if any, on metal concentrations in the water. 

However, these metals in sediments may still enter the food chain and 

eventually concentrate in fish. Bioaccumulation of metals is a very 

complex issue and is not the focus of this report.  

The white and brown precipitates or froth from the seep below the 

waste dumps (4) were high in zinc and other metals. During high runoff 

events, it is possible that the precipitate enters the Pecos River and 

subsequently may enter the fish hatchery at Lisboa Springs. Reported 

fish kills could be in part, a result of contamination by this precipitate 

during high runoff events. However, a U.S. Fish and Wildlife Service 

report suggests that the fish kills at Lisboa Springs State Fish Hatchery 

are due to a combination of water quality factors including temperature, 

periodic presence of toxic concentrations of metals and the possible 

introduction of diseases (Albuquerque Journal, Feb. 16, 1993). Fur-

thermore, fish along the Pecos River between the mine waste dumps 

and the hatchery (a distance of 19 km) appear healthy and show no 

effects from potential contamination. Sampling of fish from the Pecos 

River shows no detectable mercury concentrations (J. W. Todd, written 

comm., March 12, 1993). Metal concentrations increased in sediments 
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between sample sites 7 (below hatchery) and 8 (below Pecos village). 
This could be a result of contamination from Alamitos Arroyo, where 
the mill tailings are located. But there are no reported fish kills in the 
Pecos River in this area. This evidence suggests that the hatchery fish 
kills are likely due to a combination of factors and not necessarily due 
to contamination from the Pecos mine waste dumps. 

Mercury, lead, copper and zinc concentrations in sediments are strongly 
correlated with each other (Tables 5-7). Chromium is slightly correlated 
with mercury, lead, copper and zinc. These correlations are also evident 
in the factor matrix where mercury, lead, copper and zinc comprise 
most of factor I and chromium comprises factor 2 (Table 7). This 
suggests at least two hypotheses. It is possible that a similar source for 
mercury, lead, copper and zinc exists; but a separate source for chro-
mium. An alternative hypothesis is that mercury, lead, copper and zinc 
are concentrated in similar minerals in the sediments, whereas chro-
mium is concentrated in different minerals. 

The Pecos mine waste dumps, mineralized outcrops and outcropping 
rocks are potential sources of elevated levels of mercury, lead, copper 
and zinc in sediments near the mine site. However, elsewhere in the 
Pecos drainage basin other sources for these metals should be 
considered as well, especially atmospheric deposition (Swain et al., 
1992) and possibly municipal, industrial and agricultural activities. 

RECOMMENDATIONS 

1. Analyze samples collected for this study for additional elements 

to better characterize the chemistry of the sediments. 
2. Mineralogical and/or chemical studies are needed to determine 

how the metals are carried in the sediments. 
3. Surveys are needed to identify and locate sources of chromium, 

especially near site 23. 
4. Detailed geochemical surveys of sediments are needed along 

drainages from other mining districts and areas of mineralization within 
the Pecos drainage basin. Some of these areas require geological map-
ping and chemical analyses of the mineralized zones. 

5. Measure water flow rates at time of sampling. 
6. Lithogeochemical sampling around the Pecos mine is needed to 

characterize the chemistry of the outcropping rocks. 

7. Additional sampling along the entire Pecos River is needed over 

an extended period of time, especially during low and high runoff 

events. 
8. Chemical analyses of suspended sediment are needed as well as 

amounts of total suspended sediment during different runoff events. 
9. Additional sampling away from bridges and towns is needed in 

order to determine the effects from the cultural features. 

Most of these studies are currently in progress. 
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