
OPEN ACCESS

Please cite this article in press as: Arslan et al., Empowering indigenous resilience with treatment wetlands, Cell Reports Sustainability (2024),
https://doi.org/10.1016/j.crsus.2024.100149
ll
Commentary

Empowering indigenous resilience
with treatment wetlands
Muhammad Arslan,1 Chelsea Benally,1 Jochen A. M€uller,2 Muhammad Usman,1 Jerry Hanna,3

and Mohamed Gamal El-Din1,*
1Department of Civil and Environmental Engineering, University of Alberta, Edmonton, AB T6G 1H9, Canada
2Institute for Biological Interfaces (IBG-5), Karlsruhe Institute of Technology, 76344 Eggenstein-Leopoldshafen, Germany
3Clearflow Group Inc., Sherwood Park, AB T8H 0M2, Canada
*Correspondence: mgamalel-din@ualberta.ca

https://doi.org/10.1016/j.crsus.2024.100149

Many Indigenous communities in Canada have little or no access to water treatment facilities. Treatment wet-
lands could offer a nature-based solution with localized and decentralizedwastewater treatment. However, it
is crucial that Indigenous ecological knowledge and cultural practices are integrated into the design, imple-
mentation, and management of treatment wetlands.
INTRODUCTION

The United Nations has included ‘‘Clean

Water and Sanitation’’ in the Sustainable

Development Goals (SDGs [goal .6]). How-

ever, global progress toward achieving the

specific targets of SDG 6 by 2030 is

mixed.1 It is a substantial achievement

that an additional 637 million people have

gained access to safely managed drinking

water between 2015 and 2022. But in

contrast, little, if any, progress has been

made in the proportion of wastewater

that is treated before being discharged

into the environment. This polluted water

causes ecosystem degradation and loss

of biodiversity. It is evident with surpassing

clarity that improved governance of water

resources is needed.

High on the list of actions recommended

by the UN to reach SDG 6 is to improve the

participation of Indigenous communities.

Indigenous peoples constitute 5% of the

global human population but steward

up to 20% of terrestrial landscapes with

�80% of the planet’s biodiversity.2 Their

traditional knowledge of local ecosystems

accumulated over generations includes

a deep understanding of water cycles.3

Indigenous peoples recognize water as a

sacred and life-sustaining resource and

thrive for a holistic approach towaterman-

agement and stewardship that is rooted in

cultural practices, spiritual beliefs, and a

deep respect for nature. However, access

to adequate wastewater treatment and

water purification services remains a chal-

lenge for many Indigenous communities. A
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case in point is seen in First Nations com-

munities in Canada. In a survey with data

up to 2015, 212 out of 442 wastewater fa-

cilities in First Nations communities were

considered to be at moderate or high risk

of underperforming or failing.4 Little had

changed by 2021 according to the most

recent governmental report,5 with insuffi-

cient or brokenwater infrastructure still be-

ing a substantial problem. Barriers to

advanced treatment are high infrastructure

costs, especially when a community is

located in a remote and sparsely popu-

lated area, which requires expensive

piping systems, and lack of skilled

personnel.5

Wetlands could provide a promising so-

lution to mitigate water treatment risks, as

they have a natural capacity to filter and

purify water6 and Indigenous commu-

nities largely rely on natural processes

for water treatment. Specifically, treat-

ment wetlands (TWs), also known as con-

structed wetlands (CWs), mimic the pro-

cesses occurring in natural wetlands. As

wastewater flows through the wetland

system, physical, chemical, and biolog-

ical processes, such as sedimentation,

filtration, nutrient uptake, and microbial

degradation, contribute to the removal of

pollutants and the improvement of water

quality. Hence, wetlands are environmen-

tally friendly, highly self-sustaining, and

cost-effective water treatment systems,6

forming examples of a nature-based solu-

tion (NBS) for various water treatment ap-

plications.6 So far, there are only a few

TWs used in Indigenous communities.7
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In this commentary, we highlight the po-

tential of TWs as an effective alternative

for wastewater treatment in Indigenous

territories (Figure 1).

Natural benefits of TWs
As with activated sludge-based treatment

plants, TWs are for the protection of

aqueous ecosystems, including drinking

water sources, from pollution rather than

providing drinking water directly. The effi-

cacy of TWs is influenced by various

parameters, including water flow path,

plant species, substratum, temperature,

hydraulic residence time, and pollutant

loading rates. Different types of TWs vary

in their removal efficiencies, providing

choices to users according to their possi-

bilities and treatment aims. For example,

a set of floating TWs could treat 60 million

m3 of wastewater annually at a cost of US

$0.00026 per m3, attenuating 48%–83%

of standard wastewater parameters.8

Enhanced performance is achieved by

intensifiedTWs, suchaswith artificial aera-

tion and bio-electrical systems. Other

improvement measures include the selec-

tion of cold-resistant plants, gravel bank

filtration, and the use of gel flocculants.

TWs can also effectively remove contami-

nants such as heavymetals, emerging pol-

lutants, pesticides, and microplastics.9

However, high aqueous pollutant concen-

trations can limit plant growth or extend

treatment times.

TWs also provide opportunities for the

recovery of valuable resources such as

nutrients, energy, and harvested biomass
e Author(s). Published by Elsevier Inc. 1
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Figure 1. An illustration of indigenous and ecological values of treatment wetlands
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for revenue generation. The systems may

allow for the agricultural use of nutrient-

rich wastewater, reducing the need for

fertilizers.9 TWs contribute to the conser-

vation of biodiversity by providing habi-

tats for diverse plants and animal species

for which they offer nesting sites, food

sources, and shelter, supporting local

biodiversity.10 By creating, restoring,

and maintaining diverse habitats within

TWs, Indigenous communities can

restore ecosystem functions, enhance

their resilience, and support the recovery

and conservation of culturally significant

species.10

Economic and societal benefits
of TWs
TWs could offer compelling economics

compared to conventional wastewater

treatment plants. The lower life cycle

costs of TWs, including capital investment

and minimal operational requirements,

are due to their use of natural processes

and zero or only small energy require-

ments. A comparative analysis of opera-
2 Cell Reports Sustainability 1, August 23,
tional efficiency for wastewater treatment

and disposal strategies in three villages

showed that a semi-centralized TW

required 83% less energy than a central

technical system and 72% less energy

than discharge to a large-scale sewage

treatment plant 20 km away.11 Further-

more, TWs can be designed to include

features or species of cultural significance

to Indigenous communities. Many natu-

rally occurring wetland plants have tradi-

tional uses, ranging from food and medi-

cine to tools and shelter.12 Prioritizing

these native plants in TW design can

help counteract the habitat loss threat-

ening many species, preserving both

Indigenous practices and ecological

health.

A local TW provides a customized wa-

ter management solution that can be

specifically designed to address the re-

quirements of a particular community

while minimizing infrastructure costs and

complexity.13 Importantly, decentralized

systems offer distinct advantages for

communities in remote regions where
2024
centralized infrastructure is either imprac-

tical or cost prohibitive. These decentral-

ized systems can be built and operated

as several units, which enhances func-

tional resilience as opposed to single

centralized facilities that carry the risk of

a complete shutdown.13 Furthermore,

decentralized TWs provide Indigenous

communities with greater control and

autonomy over their water resources.

Incorporating local systems allows com-

munities to collaboratively engage in

wastewater treatment processes. This

participatory approach to water manage-

ment aligns with the values of self-deter-

mination that are treasured by many

Indigenous communities.

Promoting multiple-stakeholder
engagement in TWs
There can be many different stakeholders

and rightsholders (i.e., stakeholders with

constitutional rights) involved in the plan-

ning and implementation of TWs in Indig-

enous communities, especially when

non-domestic wastewater is involved.
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Meaningful community engagement is

crucial from the early stages of planning

to the long-term management of the

TWs. Some Indigenous communities

possess valuable wetland knowledge

and follow traditional practices associ-

ated with wetland ecosystems. These

practicesmay include sustainable cultiva-

tion methods that promote biodiversity

and soil health. For example, Indigenous

knowledge guided the selection of

three priority sites for para grass weed

management in northern Australia.14

Indigenous communities in the Amazon

rainforest, Canada, and the Pacific

Islands have initiated watershed restora-

tion projects that focus on improving wa-

ter quality, restoring riparian habitats, and

promoting sustainable resource manage-

ment. These initiatives also support

eco-tourism ventures, which generate

additional income for Indigenous commu-

nities. The programs involve collaboration

with local tribes, traditional knowledge

holders, and other community members

to restore habitats, reintroduce native

species, and implement sustainable land

management practices. The programs

emphasize the involvement of Indigenous

communities in decision-making pro-

cesses to promote rights-based conser-

vation models by providing input on

design elements, management strate-

gies, and monitoring protocols. Such

collaborative approaches could ensure

that the TW aligns with the community’s

needs and rights, aspirations, and cultural

values.

To enable and empower Indigenous

communities to participate in TWmanage-

ment, it is important to set up initiatives

aimed at enhancing their capacity and

skills for sustainable development and nat-

ural resource management. The initiatives

could be included in existing programs

that involve Indigenous communities,

such as Indigenous language revitaliza-

tion, Indigenous-led cultural education ini-

tiatives, digital inclusion and connectivity,

and land-based and experiential learning

programs. Education programs should

adopt a culturally sensitive approach that

respects and incorporates Indigenous

knowledge systems, traditions, and

values. Technical training could be pro-

vided to Indigenous communities in the

design, construction, operation, andmain-

tenance of TWs. The Indigenous Peoples’
Biocultural Climate Change Assessment

Initiative (IPCCA) is one such example

that aims to strengthen the capacity of

Indigenous peoples to understand and

respond to climate change by document-

ing and sharing traditional knowledge

and practices.15 Building local capacity

could empower the community to take

an active role in the decision-making pro-

cesses and management activities.16

TW management also requires profes-

sional knowledge and policy support.

Strengthening cooperation between

Indigenous communities and stake-

holders such as government agencies,

non-governmental organizations, and ac-

ademic institutions is crucial. Partner-

ships can provide access to resources,

expertise, and funding opportunities and

facilitate knowledge exchange and

learning between different stakeholders

and rightsholders. For example, the Elwha

River restoration in the United States was

accomplished through a partnership be-

tween the scientific community and the

Lower Elwha Tribe; combining scientific

expertise with Indigenous knowledge

led to ecosystem-level changes and

contributed to the betterment of the

ecosystem.17 Another example is the suc-

cessful ecological restoration of severely

degraded acidic soil at East Trinity

wetland in Queensland, Australia. Indige-

nous rangers addressed the issue of acid-

ity and played a vital role in reviving the

wetland, demonstrating the importance

of combining traditional knowledge and

scientific expertise in ecosystem resto-

ration.18

It is essential to note that the specific

details of TW implementation may vary

depending on the local context, cultural

lenses, and community priorities. A one-

size-fits-all approach is less likely to be

universally applicable to all Indigenous

communities. Regular monitoring, evalua-

tion, and feedback loops are essential for

assessing the effectiveness of the TW and

making informed decisions for ongoing

management. For example, a floating

TW added to the local wastewater stabili-

zation pond of a small community in

Brazeau, Alberta, Canada, initially pro-

vided only limited improvement in water

quality.6 Enhancements such as area

expansion and aeration significantly

improved performance in subsequent

years, achieving notable reductions in
Cell Rep
pollutants and meeting national guide-

lines for water quality.

Limitations to the expanded use
of TWs
The implementation of TWs faces several

challenges. Technically, TWs require

design and long-term maintenance

expertise, which, although not substan-

tial, is often lacking in less-developed

areas. TWs provide mostly secondary

treatment with an efficacy constrained

by land availability and subject to sea-

sonal variations, with reduced perfor-

mance in colder climates.6 Users need

to be aware that TWs may not meet the

higher effluent standards of tertiary treat-

ment. Financially, the initial investment

for construction and land acquisition can

be considerable. Ecologically, TWs pose

risks such as mosquito breeding if not

properly maintained. Finally, the lack of

supportive policies and complex regula-

tory frameworks may delay the adoption

of TWs. These constraints highlight the

complexity of implementing TWs as a

widespread wastewater treatment option.

Conclusions
TWs are an appealing treatment choice

for Indigenous communities due to their

various natural benefits and compatibility

with Indigenous values and priorities. Em-

powering local communities’ participation

in TW management and fostering effec-

tive collaboration with stakeholders such

as governments and research institutes

are important ways to promote more effi-

cient TW management. This contributes

to enhancing the resilience of local com-

munities and water ecosystems.
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Rubial-Fernández, M.J., Valderrama, F., Mar-

tı́n, M., Dı́az, D., Velasco-Posada, A., Sabater,

M., Gismero, E., and Hernández-Crespo, C.

(2023). Treatment wetlands in Embera indige-

nous communities (Colombia), are they Na-

ture-based Solutions? Nature-Based Solu-

tions 4, 100074.

8. Afzal, M., Arslan, M., M€uller, J.A., Shabir, G.,

Islam, E., Tahseen, R., Anwar-ul-Haq, M., Iq-

bal, S., Khan, Q.M., and Khan, Q.M. (2019).

Floating treatment wetlands as a suitable op-

tion for large-scale wastewater treatment.

Nat. Sustain. 2, 863–871.

9. Wu, H., Wang, R., Yan, P., Wu, S., Chen, Z.,

Zhao, Y., Cheng, C., Hu, Z., Zhuang, L., Guo,

Z., et al. (2023). Constructed wetlands for

pollution control. Nat. Rev. Earth Environ. 4,

218–234.

10. Arslan, M., Siddique, K., M€uller, J.A., Tahseen,

R., Iqbal, S., Islam, E., Abbasi, S.A., Usman,

M., Gamal El-Din, M., and Afzal, M. (2023).

Full-Scale Floating Treatment Wetlands in

Pakistan: From Performance Evaluation to

Public Acceptance. ACS ES. T. Water 3,

3516–3525.

11. Luederitz, V., Eckert, E., Lange-Weber, M.,

Lange, A., and Gersberg, R.M. (2001). Nutrient

removal efficiency and resource economics of

vertical flow and horizontal flow constructed

wetlands. Ecol. Eng. 18, 157–171.

12. Wada, A., Murakami, K., Ishikawa, Y., Amoh,

T., Hirao, K., Hosokawa, Y., Hinode, D.,

Miyake, Y., and Yumoto, H. (2022). Anti-In-

flammatory and Protective Effects of Juncus
2024
effusus L.Water Extract on Oral Keratinocytes.

BioMed Res. Int. 2022, 9770899.

13. Massoud, M.A., Tarhini, A., and Nasr, J.A.

(2009). Decentralized approaches to waste-

water treatment and management: applica-

bility in developing countries. J. Environ.

Manage. 90, 652–659.

14. Bangalang, N.-g., Nadji, J., Nayinggul, A.,

Nadji, S., Nayinggul, A., Dempsey, S., Man-

giru, K., Dempsey, J., McCartney, S., Mairi

Macdonald, J., and Robinson, C.J. (2022). Un-

derstanding Indigenous values and priorities

for wetlands to guide weed management ac-

tions: Lessons from the Nardab floodplain in

northern Australia’s Kakadu National Park.

Eco. Management Restoration 23, 105–116.

https://doi.org/10.1111/emr.12542.

15. Schramm, P.J., Al Janabi, A.L., Campbell,

L.W., Donatuto, J.L., and Gaughen, S.C.

(2020). How Indigenous Communities Are

Adapting To Climate Change: Insights From

The Climate-Ready Tribes Initiative. Health

Aff. 39, 2153–2159.

16. Hacker, K., Tendulkar, S.A., Rideout, C.,

Bhuiya, N., Trinh-Shevrin, C., Savage, C.P.,

Grullon, M., Strelnick, H., Leung, C., and DiG-

irolamo, A. (2012). Community capacity build-

ing and sustainability: outcomes of commu-

nity-based participatory research. Prog.

Community Health Partnersh. 6, 349–360.

17. Armitage, D., Marschke, M., and Plummer, R.

(2008). Adaptive co-management and the

paradox of learning. Global Environ. Change

18, 86–98.

18. Luke, H., Martens, M.A., Moon, E.M., Smith,

D., Ward, N.J., and Bush, R.T. (2017). Ecolog-

ical restoration of a severely degraded coastal

acid sulfate soil: A case study of the East

Trinity wetland, Queensland. Eco. Manage-

ment Restoration 18, 103–114.

https://unstats.un.org/sdgs/report/2023/The-Sustainable-Development-Goals-Report-2023.pdf
https://unstats.un.org/sdgs/report/2023/The-Sustainable-Development-Goals-Report-2023.pdf
https://unstats.un.org/sdgs/report/2023/The-Sustainable-Development-Goals-Report-2023.pdf
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref2
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref2
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref2
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref2
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref3
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref3
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref3
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref3
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref4
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref4
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref4
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref4
https://www.oag-bvg.gc.ca/internet/English/parl_oag_202102_03_e_43749.html
https://www.oag-bvg.gc.ca/internet/English/parl_oag_202102_03_e_43749.html
https://www.oag-bvg.gc.ca/internet/English/parl_oag_202102_03_e_43749.html
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref6
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref6
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref6
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref6
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref6
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref7
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref7
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref7
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref7
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref7
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref7
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref7
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref7
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref8
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref8
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref8
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref8
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref8
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref8
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref8
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref9
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref9
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref9
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref9
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref9
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref10
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref10
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref10
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref10
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref10
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref10
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref10
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref10
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref11
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref11
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref11
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref11
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref11
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref12
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref12
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref12
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref12
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref12
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref12
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref13
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref13
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref13
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref13
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref13
https://doi.org/10.1111/emr.12542
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref15
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref15
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref15
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref15
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref15
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref15
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref16
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref16
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref16
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref16
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref16
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref16
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref16
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref17
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref17
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref17
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref17
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref18
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref18
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref18
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref18
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref18
http://refhub.elsevier.com/S2949-7906(24)00235-0/sref18

	Empowering indigenous resilience with treatment wetlands
	Introduction
	Natural benefits of TWs
	Economic and societal benefits of TWs
	Promoting multiple-stakeholder engagement in TWs
	Limitations to the expanded use of TWs
	Conclusions

	Acknowledgments
	Author contributions
	Declaration of interests
	References


