
Evaluating Approaches To Decentralized 
Wastewater Treatment And Management 

For Diverse Coastal And Island Environments
PRESENTED BY: JILLIAN MAXCY-BROWN, PHD

CO-AUTHORS: MARK ELLIOTT, PHD

AMY ZIMMER-FAUST , PHD

FINDINGS FROM THE PACIFIC WASTEWATER TECHNOLOGY RECOMMENDATIONS 

CONSULTANCY FOR THE NATURE CONSERVANCY



NOWRA’S DISCLAIMER:  THE MATERIALS BEING 
PRESENTED REPRESENT THE SPEAKER’S OWN 

OPINIONS AND DO NOT REFLECT THE OPINIONS OF 
NOWRA.

2





Joint Monitoring Programme (JMP) Service Ladder for 
Global Monitoring of Sanitation in Households

Millennium 

Development Goals 

(MDG): 1990-

Sustainable 

Development Goals 

(SDG): 2016-
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In 2022, an estimated 3.5 billion people still did not have 

access to safely managed sanitation facilities 

Increase of at least 5x in the rate of implementation is 

needed to meet the 2030 targets



Existing Sanitation Guides

• Most lack specific guidance suited for pacific island countries and 

territories (PICTs)

• Unique climate and geological conditions

• High island, high rainfall settings and low, coral islands

• Impacts on coastal and freshwater ecosystems

• Diverse subsurface transport with very high and very low porosity

• Unique supply chain contexts

• Highly variant population densities across the islands

• Highly vulnerable to the ongoing natural impacts (e.g. cyclones, 

droughts, earthquakes, tsunamis)

• Increasing human impacts (e.g. Population changes, demands on 

natural resources, freshwater scarcity)



Study Objectives

Determine

key factors for effective 
decentralized 

wastewater treatment in 
PICTs

• for both ecosystem and 
public health protection

• for high island, high rainfall 
and low, coral island settings 

Examine

case studies of 
successful technology 

and management 
practices applicable to 

PICTs

Propose

practical guidance for 
community-scale 

wastewater treatment 
projects



Estimated Number of Residents Relying on Each Sanitation 
Access Levels for U.S.-Associated Pacific Island Countries

Location Data Year Open Defecation Unimproved Limited Basic Safely Managed

Hawai‘i 2022
0.1%

(1,394)

0%

(0)

0.0%

(628)

17.8%

(256,668)

82.0%

(1,180,709)

American Samoa 2022
0%

(0)

1.5% 

(678)

44.3% 

(19,623)

17.2% 

(7,593)

37.0% 

(16,378)

Guam 2022
0%

(0)

0.8% 

(1,377)

8.8% 

(15,153)

90.4%

(155,243)*

Northern Mariana 

Islands
2022

0.2%

(79)

0.4%

(203)

19.1% 

(9,466)

80.3%

(39.803) *

Federated States of 

Micronesia
2020

0%

(0)

9.5% 

(10,702)

0%

(0)

90.5% 

(101,404) *

Republic of the 

Marshall Islands
2022

8.7% 

(3,608)

3.3%

(1,384)

6.5% 

(2,715)

81.5%

(33,862) *

Republic of Palau 2022
0%

(0)

1.0%

(177)

0%

(0)

99.0% 

(17,878) * 

Data Sources: (Ka Mana O Na Helu 2023; State of Hawai‘i Department of Health 2018; WHO and UNICEF 2022)



Wastewater Data Limitations In U.S.



Four Broad 
Network 

Typologies



Source: Purdue Univ. Extension Service (Jones et al., 1990)
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Conventional Septic Tank System

Drainfield



Advanced Onsite Wastewater Treatment



WASTEWATER MANAGEMENT TYPOLOGIES Option End-point Requires solids handling
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TYPOLOGY: CENTRALIZED Option End-point Requires solids handling
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TYPOLOGY: ONSITE Option End-point Requires solids handling
O

N
SI

TE

se
le

ct
 o

p
ti

o
n

Blackwater & 
greywater

PRIMARY SEPTIC TANK

se
le

ct
 

o
p

ti
o

n

Aerobic 
treatment unit

Conventional 
anaerobic

se
le

ct
o

p
ti

o
n

Pressurized

Use gravity

se
le

ct
o

p
ti

o
n

Incinerating toilet

Composting toiletBlackwater 
only

MULTI-STAGE TREATMENT

se
le

ct
 o

p
ti

o
n

(s
)

Porous media 
biofilter

Packaged media 
biofilter

Membrane 
bioreactor

o
p
ti
o
n
a
l

se
le

ct
o

p
ti

o
n

o
p
ti
o
n
a
l

se
le

ct
 o

p
ti

o
n

Conventional gravel 
drain field

Chamber

Geosynthetic 
aggregate

Drip irrigation

Mound

Geotextile wrapped 
pipe

Surface

Sub-surface

se
le

ct
 o

p
ti

o
n

Re-use applications

Constructed 
wetlands

Evapotranspiration



TYPOLOGY: DECENTRALIZED “CLUSTER” Option End-point Requires solids handling
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QUESTIONS FOR COMMUNITY ADVOCATES, 
STAKEHOLDERS, AND DECISION MAKERS



QUESTIONS FOR COMMUNITY ADVOCATES, 
STAKEHOLDERS, AND DECISION MAKERS



Biosolids & Septage Management Options

• Especially critical in coastal areas due to the 

proximity of the water body and impending 

climate change impacts

• These coastal areas  have sensitive 

ecosystems and may be a source of seafood 

• Improved management of septage and 

biosolids will yield major improvements to 

surface water quality and groundwater 

quality

• Regulatory changes for solids handling will 

have major implications in coastal regions



CENTRALIZED

• Communities located within or near 

existing sewer service areas

• If there is need for many expensive 

lift stations, consider liquid-only sewer 

with septic tanks

• If these systems fail, they would be 

discharging larger, concentrated 

volumes of untreated or partially 

treated wastewater

ONSITE

• Must have advanced treatment 

• ATUs with solar panels

• Multi-stage tank treatment system

• Constructed wetlands (if sufficient 

land area)

• Packaged media biofilters (if 

procured in large quantities)

• Sand filters and membrane 

bioreactors (in affluent areas with 

management entity)

• Effluent discharge depends on 

regulations, geological conditions, and 

proximity to ground/surface waters

DECENTRALIZED 

“CLUSTERS”
• Low-density housing in areas 

where conventional septic 

systems are not suitable

• Lower cost than centralized

• Requires a responsible 

management entity

Table 2: Overview of 

Wastewater 

Management 

Typologies including 

benefits & limitations



QUESTIONS?

Jillian Maxcy-Brown

Assistant Professor

Auburn University

JMAXCYBROWN@AUBURN.EDU

To request a copy of the report, please email Kassie Morton kassie.morton@tnc.org 
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