Chemical and physical controls on arsenic removal from flowing irrigation water in Bangladesh

Ethan M. Lineberger!, Rebecca B. Neumann?, A.B.M. Badruzzaman3, Matthew L. Polizzotto*

1Soil Science, North Carolina State University; °Civil and Environmental Engineering, University of Washington; 3Civil Engineering, Bangladesh University of Engineering and Technology

INTRODUCTION PROJECT GOAL MATERIALS & METHODS

Across Bangladesh, millions of shallow tube wells are used to provide a Fva | uate processes co ntrolling arsenic tra nsport in ﬂOWIHg irrigation water to Field experiments were conducted in Bangladesh to examine arsenic concentrations

source of irrigation water and increase dry season rice production. However, , , , , over space and time in modified irrigation channels.
many of these wells pull groundwater from aquifers contaminated with high determine the potential for low-cost management strategies that reduce arsenic
deposition onto rice field soils.

Site Description

Experiments were conducted at a well-characterized site in Mushiganj, ~30 km south
of Dhaka. Rice fields at the site are irrigated from a central well containing 400 ug/L As
and high dissolved Fe. A network of channels distributes water from the well to fields.

levels of arsenic (1). Accordingly, after years of irrigation, arsenic
concentrations have increased in rice field soils (2,3), leading to reduced rice
yields (3,4,6,7) and increased arsenic concentrations in rice grains.
Consumption of contaminated rice can account for up to 50% of annual
arsenic intake in Bangladesh (5), representing a significant contribution in a
region dealing with arsenic-contaminated drinking water and rampant with
cases of arsenicosis (low-dose arsenic poisoning). Due to the volume of
water involved in irrigation, there are no current technologies or methods
available to prevent arsenic loading to rice fields. Distribution systems made
of native soils can remove arsenic from flowing irrigation water by promoting

R ES EA RC H O BJ ECTIV ES Variables Tested (all experiments in triplicate):

 Determine the factors controlling the spatiotemporal variability of arsenic * Channel Width: Channel widths of 43 cm (the typical channel width), 89 cm (2X),
. . . . . . and 137 cm (3X) were examined.
concentrations in flowing irrigation water.

* Channel Length: Typical experimental channels were 45 m long and were sampled

sorption to soils or co-precipitation of arsenic-bearing solids, as indicated by  Evaluate the impact of different chemical processes on arsenic concentrations. every 15 m. A long channel composed of 4 of the channels connected together
observed decreases in arsenic concentrations along flow channels and across achieved a length of 200 m.
rice fields (6, 7). However, the chemical and physical controls driving these * Examine management options to reduce arsenic loading to rice field soils. + Time: Samples were taken at varying time points, from the wetting front (0

reactions have yet to be resolved, limiting our ability to manage irrigation in a

minutes) up to 45 minutes.
way that maximizes arsenic removal prior to field application.

* Lining: Lined channels to prevent soil-water contact were tested.

RESULTS CONCLUSIONS & IMPLICATIONS

Arsenic Variability in a Typical Channel Soll-Water Contact

* Arsenic concentrations in flowing irrigation water are governed by a host of processes (Figure 5)
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Figure 1. The greatest decrease in arsenic concentrations is observed along the wetting front. Sampling time of arsenic removal from solution by co-precipitation. By lining a channel with a plastic Oxidation Transpor,
impacts arsenic concentrations more than distance. The wetting front has increased ratios of atmospheric and tarp, we prevented arsenic adsorption to soil. Therefore, we attribute observed Fe(ll) mm———3> Fe(lll)=—>
soil contact to water volume compared with later time points. This enhances oxygenation of water, oxidizing decreases in arsenic concentrations along the wetting front to co-precipitation. At the _ \Particle
iron and, to a lesser extent, arsenic. The formation of iron oxide precipitates removes arsenic from solution full hydraulic profile (later time points), the ratio atmospheric contact to water volume So.rptlon: N Settling,
through co-precipitation, and arsenic may also sorb to channel walls. At later time points, many potential significantly decreases, decreasing oxygenation and therefore decreasing co- F(As-site contact) PO, SiO, Competition Trapping
sorption sites have already been filled and higher irrigation water volumes lead to less overall oxygenation. Data precipitation. As(V) > As(lll) CO3, NONi PO,, SiO,,
points represent the average of three experimental trials, and error bars represent standard error. As L As CO;, NOM AAS
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400 L Figure 5. Conceptual model of the processes influencing arsenic removal from flowing irrigation water. Sorption and co-precipitation are
two mechanisms that remove arsenic from solution. Sorption of arsenic to soils is controlled by arsenic speciation, as arsenate (As(V)) sorbs
j 300 A~ preferentially to arsenite (As(lll)). Competition from other anions (e.g. phosphate, silicate, and carbonate) may limit arsenic sorption. When
= i exposed to the air, dissolved As and Fe oxidize. Changing flow length and channel shape affects the number of adsorption sites contacted by
) @) the flowing water as well as the amount of 0, that will dissolve into channel flow. Precipitates that form will gradually settle to the channel
3— 200 3 bottom, and the rate at which they settle will be affected by flow path shape as well as the velocity of flow.
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T —v— 35 min greater than the decrease in As concentration indicating The increased contact with both sorption sites and the atmosphere  Determine chemical limits on arsenic adsorption to rice field soils and the potential for arsenic desorption

a sorption affinity for P over As; this affinity seems to
disappear between 30m and 45m. In the 3x channel we
observe a much slower flow than in the regular width
channel, increasing P removal along the channel. Once P
concentrations flatten, As is removed from solution,
perhaps due to oxidation of the less competitive initial
0.0 | | | | species As(lll) to more competitive As(V).
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results in more As removal. At 200 m, Fe concentrations approach O
indicating that potential for co-precipitation is maxed out . Further

removal of arsenic would likely result only from sorption to mineral References
surfaces, including soil and suspended Fe particles.

P (mg/L)

Ali, M. A., et al. Fate of Arsenic in the Environment; Ahmed, M. F., Ali, M. A., Adeel, Z., Eds.; ITN International Training Network: Dhaka, Bangladesh, 2003; pp 7-20.

Khan, A. et al. (2010). Arsenic bioavailability to rice is elevated in Bangladeshi paddy soils. Environ. Sci. Technol., 44(22), 8515-8521

Khan, A. et al. (2010). Accumulation of arsenic in soil and rice under wetland conditions. Plant Soil, 333, 263-274

Dittmar, J. et al. (2010). Arsenic in Soil and Irrigation Water Affects Arsenic Uptake by Rice: Complementary Insights from Field and Pot Studies. Environ. Sci. Technol., 44(23), 8842-8848
Chung-Min Liao, Tzu-Ling Lin, Nan-Hung Hsieh, Wei-Yu Chen..(2010). Assessing the arsenic-contaminated rice associated children skin lesions. Journal of Hazardous Materials.176, 239-251
Roberts, L. et al (2011). Arsenic dynamics in porewater of an intermittently irrigated paddy field in Bangladesh. Environ. Sci. Technol., 45 (971-976)

Roberts, L. et al. (2007). Spatial Distribution and Temporal Variability of Arsenic in Irrigated Rice Fields in Bangladesh. 1. Irrigation Water. Environ. Sci. Technol., 41, 5960-5966

Stroud, J. et al. (2011) Assessing the Labile Arsenic Pool in Contaminated Paddy Soils by Isotopic Dilution Techniques and Simple Extractions. Environ. Sci. Technol., 45, 4262—-4269

Fe (mg/L)

0 50 100 150 200 250
Distance (m)

O NOUAEWNRE




