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Abstract

Streambed-sediment samples were collec arvandar River Basin in the Sistan and Ba-
louchestan province to determi irrence and distribution of lead in urban/rural and
nonurban/rural areas of the i allL2012 and fall 2013, streambed sediment was col-

28 were orders of magnitude higher than the ranges of
ites. Concentrations of lead at sites with different geologic set-
Stically significant (t = 0.079, p = 0.93); however, concentra-
pared without substantial effects of natural geologic charac-
iment was at concentrations that can adversely affect the aquatic

streambed sediments
concentrations at no,

Lead, Streambed Sediments, Karvandar River Basin, IRAN, Concentration, Urban/Rural Sites,
Nonurban/Rural Sites, Particle-Size Fractions

1. Introduction

Many of the common anthropogenic pollution problems are focused in urban settings. Studying the processes
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and patterns of an urban system that integrates both social and environmental variables requires careful con-
straint of complex models, especially in the case of anthropogenic fluxes of trace element and material. A popu-
lation shift from urban/rural settings to the suburban environment, however, has caused sources of contaminants
to aquatic systems to be contributed by larger geographic areas [1]-[3]. At present, because of the increasing
pollution of waterways by trace elements from industrial and municipal sources, we must manage our water re-
sources carefully [4]. There is an urgent need for maintaining water quality.

Lead has been used by humans for a variety of purposes throughout the 19™ and 20" centuries. Point-source
inputs of lead to aquatic systems include industrial effluents, municipal wastewater effluents, and stack emis-
sions from smelting operations and fossil-fuel combustion [5]-[7]. Today, most of the new anthropogenlc lead
addltlons to the environment are derived from materlal sources. Evidence shows that man i34

Even though the exposures are at extremely low levels, it is possible that an increase
effects may be reported in the future. Anyway, further conclusive toxicologic
needed before many suspected compounds can be proven hazardous to man at
These data are urgently needed for the appropriate regulatory actions.

Analyzing Sediment Lead

First, fine-grained particles are natural accumulators of lead in s ich is hi sorptive and associated
with particulate matter in almost all natural surface-water regi . e fraction of the total mass of this
constituent is usually associated with fine-grained sedimen

of trace element may be intermittent or storm related; asi@yresult, lead fhay not be detected in single or periodic
water samples. Bed sediments in depaositional environme

ith biological tissue analysis, bed sediment
ioaccumulation of trace element at a particular site [3].
This paper presents results of lead analysis in\s

sites affected by different sources ig River Basin (KRB) study area in Sistan and Balouchestan

of anthropogenic activities on low-gradient streams of the

EXPLANATION

& Streambed-sediment sampling
site (urban/rural)

= Streambed-sediment sampling
site (nonurbanirural)
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Figure 1. Location of sites for collection of streambed-sediment samples in the Karvandar River Basin.
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the total particle-size fraction [10] to determine relations between lead concentrations and particle size. Lead
concentrations related to distance from an urban/rural source were compared among some study-basin sites to
determine changes in lead concentrations.

2. Materials and Methods

2.1. Basin Description

The study zone includes catchment of Karvandar River which is located in north of Irandegan plain and un the
vicinity of Sibe-Sooran, Khash and Poshtkooh plains in Sistan and Balouchestan. This zone is |n 27°34'28" lati-
tude and in 60°35' 61" Iongltudes The surface area of thIS catchment is 2128 km? that 1789 kmaaf it is covered

neighborhoods, and small-scale agriculture. The narrow east-west tributaries of strg flowing
streams form reticulations or trellis patterns in basin. In the Sangan valley, drainag n part is
southeastward to join the three principal stream systems (Tighab, Dooki, an brackish
streams contribute about 70% of the total input to the basin. After the juncti ahno, the
channel is named the Karvandar River, the major river of Iranshahr quadr cofsequent stream
flowing southeast across the entire quadrangle. A series of relatively s flows northwest-
ward from the main northwestern waterway (Dooki) to the Karv they debouch and

Although there is a low-steep rainfall gradient between th
pended sediment loads are released in the basin during rai
anthropogenic substances introduced largely in the urban

The KRB has become a saline, contaminated and eut
ing the KRB because it is much wider and deeper t
pended-sediment loads. Thus, the basin serves as a sedi where accumulation rates are on the or-
der of 0.5 - 1 cm/a. Vegetation is sparse throgghout the ba red thorn bush and low scrub grow on the
Quaternary terraces, but the hills are stony and'§ ith only very sparse development of small bushes. Culti-
vation in the area is restricted to the main

and the coast, high-sus-
ed sediment carries a variety of

. Water velocity decreases upon enter-
streams, leading to deposition of sus-

Streambed sedi
of fall 20

Figure 1). Ten sites were sampled in October 2012 (7 urban/rural; 3 nonurban/rural).
were sampled in October 2013 (15 urban/rural; 5 nonurban/rural). One representative

0 sites to determine environmental and sampling-technique variability.
ent samples were collected using the procedures described by [15]. Environmental representative

zones ata site. Holes of about 30 x 30 cm surface area were dug using a plastic scoop to depths of 10 to 40 cm.
Samples were placed in zip-lock bags. Bed sediments were collected from streams with a plastic scoop and also
stored in plastic bags. All stream sediments were also wet sieved into two fractions (2000 to 43 pm and <43 pum).
The mass in the two grain-size fractions was determined to a precision of 0.001 g. All samples were oven dried
at 60°C to remove moisture and were homogenized.

2.3. Sample Preparation and Analysis

Subsamples of streambed sediments (200 mg) were dissolved in a microwave oven with a mixture of HNO;,
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Table 1. Name, number, and type of sites and year sample collected.

Stream Site number Site type Sampling year ~ Fractional uncertainty 'ead concn. (ppim,

dry-weight basis)
Sangan 1 nonurban/rural 2012 0/35 58
Sangan 2 nonurban/rural 2012 0/33 60
Sangan 3 urban/rural 2012 0/24 70
Dooki 4 nonurban/rural 2012 0/27 66
Dooki 5 urban/rural 2013 0/03
Dooki 6 nonurban/rural 2013 0/36
Tighab 7 urban/rural 2013 0/17
Tighab 8 urban/rural 2013 0/01
Tighab 9 nonurban/rural 2013 0/13
Tighab 10 nonurban/rural 2013
Karvandar 11 urban/rural 2013 0/02 93
Karvandar 12 urban/rural 2013 115
Karvandar 13 urban/rural 2012 0/1 110
Merentak 14 urban/rural 2012 0/25 121
Karvandar 15 nonurban/rural 201 /28 65
Karvandar 16 nonurban/rural 2013 0/05 90
Mila 17 urban/rural 0/28 123
Mila 18 urban/rural 0/65 160
Darkeshan 19 urban/rural 0/85 178
Darkeshan 20 0/80 175
Darkeshan 21 0/17 75
Darkeshan 22 0/04 100
Karvandar 0/01 96
Pestag 0/12 108
Pestag n/rural 2013 0/30 125
Kah urban/rural 2013 0/75 170
urban/rural 2012 0/02 93
urban/rural 2012 1/45 230
urban/rural 2013 0/95 186
urban/rural 2012 1/02 193

approximately every tenth sample. Elemental analysis of streambed sediments was performed by atomic absorp-
tion spectrophotometry (AAS). Instrument was calibrated with a series of aqueous multi-element solutions of
known concentrations prepared from dilution of commercially purchased, NIST-traceable stock standard solu-
tions. Calibration standards were prepared daily prior to analysis.

Quality-control procedures for all samples included analyses of a reference material GXR-2 (enriched soil)
and an analytical replicate for each batch of samples analyzed. Values for lead in GXR-2 reference material
were within quality-assurance guidelines of +3 standard deviations. The difference between lab replicates was
less than 10% for lead. The precision and bias generally were less than 10% difference between replicate ana-
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lyses and similar to that reported in [10]. Field replicates were collected in the same depositional zone at the
same time as the environmental sample to define the variability in the sampling technique and in the deposition-
al zone. The difference between field replicates of streambed-sediment samples for lead ranged from 0% to 30%.
Field replicates were collected at urban/rural-affected sites that have high concentrations of lead and may ac-
count for larger variability than expected for lead.

2.4. Data Analysis

Concentrations for fine grain-size fraction of the 30 environmental samples are presented in the Appendix 1 for
lead trace element. Lead was analyzed and discussed on the basis of occurrence and distribution in urban/rural

minated streambed sediments at urban/rural sites as well as comparison betwee
concentration for lead.

3. Results and Discussion
3.1. Trend

better with measures of human activity or impact such as
tory than uncorrected trace-element concentrations [16].
document as the concentration of trace element found i
influenced by site activities or releases. A “background

site that is geologically similar and has
size, pH, content of organic carbon) as
the contaminated site [1] but also should be upgtseam or up of the site. Samples taken from a site to de-
termine background concentrations will be refg background samples. A basin-specific background
concentration for lead was determined by plotti
from 30 streambed-sediment sample

he concentration at the first break point (change in slope)
. Because of its concentrations in the study unit and its po-

e high at 5|tes affected by anthropogenic activities in areas of
of Iast anthropogenlc activities may affect concentratlons of lead. Lead

A
A A
a A &4

Y Sl
Addhd
aihd
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8
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Figure 2. Cumulative-frequency curve used to determine the back-
ground concentration of lead.

&)



J. Shahraki et al.

(Table 1). The ranges in concentrations at nonurban/rural sites in this study reflect mineralized areas of the ba-
sin. Nonurban/rural sites, used as background conditions (sites 9, 10, and 16) (Table 1) (Figure 1), are heavily
mineralized and therefore have high naturally occurring concentrations of lead. These sites have the highest
concentrations in the range of data for nonurban/rural sites for lead (Table 2). The ranges in concentrations of
lead in streambed sediments at urban/rural sites were generally orders of magnitude higher than the ranges of
concentrations at nonurban/rural sites (Figure 3). According to Welch t-test, the concentrations of lead at ur-
ban/rural sites were not significantly more different than nonurban/rural sites (t = 0.1330, p = 0.8955). To de-
termine if sites could be analyzed together without major effects from urban/rural and nonurban/rural sources,
sites with different geologic settings and highly to lightly affected by anthropogenic activities were compared
usmg an unpalred t test. Concentrations of Iead at sites with dlfferent geologic settings were & ered to be not

iment [10], whereas
most of the samples in the basin KRB were the <43 um fraction. e <43 um fraction lead
concentrations in this study with these guidelines may overesti tions that seriously affect aquatic
life. However, lead concentrations were analyzed on 30 e both the <43 um fraction and
the total particle-size fraction to determine relations bet
to the guidelines.

The chemical quality of sediment is generally assess looking gt its toxicity to benthic organisms. Ele-
vated concentrations of lead in streambed sediment can

Percentile

Figure 3. Range of concentrations for lead in streambed sediment for
urban/rural and nonurban/rural sites in the Karvandar River Basin.

Table 2. Background concentrations for lead in soil and streambed sediment (All values are in ppm).

Threshold effect

level (TEL) Probable effect level ~ Severe effect level Percent of sites with Percent of sites with
(Grimwood and (PEL) (Grimwood  (SEL) (Persaud et concentrations above the PEL for  concentrations above the
Dixon, 1997) and Dixon, 1997) al., 1993) the total particle-size fraction PEL for the <43 pm fraction
30.2 112 250 45.4 50

)
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ped in the Interim Sediment-Quality Guidelines [20] [21]. TEL was established by the Canadian Council of Mi-
nisters of the Environment (CCME) and is routinely used by the different stakeholders involved in sedi-
ment-management activities. The TEL represents the concentration below which harmful effects to aquatic biota
are rarely expected to occur. None of the concentrations for lead at nonurban/rural sites exceeded the probable
effect level (PEL). The PEL is defined as a concentration that probably produces harmful effects in organisms.
Concentrations of lead in streambed sediment exceeded the PEL for 50 percent of urban/rural sites in the study
basin (Table 3). Although the <43 um fraction is not as comparable to the guidelines as the total particle-size
fraction, 48 percent of all samples for both particle-size fractions exceeded the PEL for lead. Lead concentra-
tions are higher in the <43 pm fraction; however, within this type of geologic and urban/rural conditions, con-
centrations in the total particle-size fraction also exceeded the PEL at more than 45 percen Dan/rural sites
for lead. Concentrations of lead generally were highest and exceeded the PEL at sites 28
vandar River. Sites 6, 9, and 17, located on Dooki, Tighab, and Mila waterways e

number of sites.
Variation coefficient (V.C) is one of the most appropriate criteria
lead-contaminated streambed sediments at urban/rural sites. This coéffi
are not in variance and standard deviation. The comparison be
lead concentrations upper (a) and lower (b) than the backgro

Figure 4. Geochemical map showing location of marginally polluted streambed-sediment samples (small solid circles) and
significantly polluted samples (large solid circles) in the Karvandar River Basin.

&)
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Table 3. Comparison between Interim sediment-quality guidelines and lead concentrations (in ppm) in streambed sediment
at urban/rural sites in this study.

Deacon and Salomonsand  Jenkins Range in concentrations for background Median concentrations for background
Driver (1999)  Forstner (1984)° (1981)° sites from this study® (<43 um fraction)  sites from this study® (<43 pum fraction)

23 -380 29.2 10-40 59 -90 68

Concentrations established for Streambed Sediments at background sites in the Upper Colorado River Basin. "Concentrations established at back-
ground sites for western US soils. “Concentrations from nonurban/rural sites (background conditions) in this study.

3.2. Role of Particle Size on Lead Concentration in Streambed Sediments

decreases, lead concentration increases. Lead occurred at higher
6) shows the relation between the <43 um and total particle-sj

ticles have more surface area to which the trace eleme
therefore their ability for adsorbing trace element incre

To evaluate the extent of do in J€ad concentrations of the streambed sediment, sites along
Karvandar River (sites 13 -

the source (sites 19 - 20, 26, and 28 - 30). Comparing lead concentrations among sites indi-
ious differences between two groups. Concentrations of lead were lower at sites close to the source

stream from the source. When comparing sites close to the source and sites downstream from the source as a
whole, a pattern of increasing concentrations was observed for lead with increasing distance from the source
(Figure 7). The increase in concentrations at sites downstream from the source was a result of suspended-sedi-
ment deposition on the downstream. Lead concentrations of streambed sediments being deposited at sites just
upstream were not at a concentration level that can harmfully affect aquatic biota.

4. Conclusions

Streambed sediments provide an important archive for examining trace element and identifying anthropogenic
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pollution signals when detailed investigations are conducted. Lead concentrations need to be measured in
streambed sediment for a more complete picture of the relation between geologic setting, element composition
in streambed sediment, and land use. The ranges in lead concentrations at nonurban/rural sites in the study re-
flect mineralized areas of the basin. Because of the statistically insignificant influences from bedrock geology,
comparison between sites with different geologic settings can be made without major effects of natural geologic
characteristics. Median concentrations of lead from nonurban/rural sites as determined for the study basin were
all above the threshold effect level (TEL). None of the concentrations were above the probable effect level
(PEL). The range in concentrations of lead at urban/rural sites was generally orders of magnitude higher than the
range of concentrations at nonurban/rural sites. Streambed sediment proved to be a useful indicator in defining
stream reaches affected by anthropogenic activities. Lead in streambed sediment was at copgemtmations that can

particle-size fractions. Although the study did not address effects on stream biota, ot
harmful effects on the aquatic biota occur at sites located below the urban/rural are

particle size decreases, concentrations of lead increase.
Streambed sediments with the highest lead concentrations wer,
sociated with suspended-sediment deposition on the downstre
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