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Objective

To highlight the new science of population and urban metabolism metrology, for characterizing human exposures to biological
agents, narcotics, antimicrobials and other contaminants of emerging concern using community wastewater as a diagnostic matrix.

Introduction

Sewerage systems of villages, townships, cities and megacities convey the urine, stool, blood, and sputum of community members,
enabling through analysis of community wastewater, a near real-time assessment of population health status and of emerging public
health threats. Signature compounds and biomarkers targeted analytically for surveillance may include chemical and biological
threat agents, transformation products of the same, human metabolites, biomarkers of exposure and other markers of interest.
Additional information can be gleaned by analyzing, in a similar fashion, municipal sewage sludge resulting from wastewater
treatment, a material that during treatment becomes enriched in persistent, hydrophobic and potentially bioaccumulative pollutants,
while more biodegradable compounds are converted to methane mostly. When taken together, these multi-dimensional data sources
promise to yield critical information on the health status, sustainability and resilience of rural and urban human populations in a
new scientific approach termed population metabolism metrology, or for city environments, urban metabolism metrology.

Methods

Starting in 2001, samples of wastewater and municipal sludge were collected from cities across the United States and from around
the world. Obtained samples were logged, archived and split samples analyzed for chemical and biological markers of human health
concern. Sampling and analyses are ongoing. The sample archive is a shared resource available to the international research
community.

Results

Over the course of 15+ years, wastewater and municipal sludges from over 300 cities around the world have been collected (see
Figure 1 below). The resultant expansive specimen archive today is known as the Human Health Observatory (HHO) at Arizona
State University. It constitutes the largest repository of wastewater process flow samples in the world. The municipal sludge
samples contained in the Human Health Observatory constitute the U.S. National Sewage Sludge Repository (NSSR) and
international Sewage Sludge Repository (iSSR). Archived samples have been analyzed for over 300 chemical and biological threat
agents, resulting in U.S. national inventories of dozens of harmful chemicals, time- and space-resolved insights into human
exposure to pesticides and substances of abuse, the identification of chemical threats fostering drug resistance and antibiotic cross-
resistance, and the discovery of hundreds of novel viruses of potential human health importance. Public health and policy events
informed by the HHO and NSSR include the U.S. federal ban of antimicrobials in personal care products regulated by the U.S Food
and Drug Administration, and the Florence Statement of Triclosan and Triclocarban, a global call for elimination of unnecessary
and ineffective antimicrobials from consumer products.

Conclusions

The analysis of wastewater and municipal sewage sludges collected at centralized wastewater treatment facilities around the world
represents an effective, inexpensive and rapid approach for public health assessment and threat detection. Among the notable
success stories thus far are the 2017 US FDA ban of multiple antimicrobials whose overuse has been linked to the emergence of
drug resistance and cross-resistance of human pathogens to antibiotics used in human medicine.
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Figure 1. U.S. national (A) and international sarhpling locations (B) represented in the Human Health Observatory (HHO) at
Arizona State University.
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