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Atmospheric goals for 
sustainable development
Atmospheric chemistry and composition 

underlie the existential threats of climate 

change and ozone depletion (1), and 

poor air quality represents the greatest 

environmental health issue in the mod-

ern world (2). However, the only targets 

and indicators related to atmospheric 

health and clean air in the United Nations 

Sustainable Development Goals (SDGs) 

focus on reducing fine particulate pollu-

tion levels and the associated mortality 

rates (3, 4). By creating targets for a broad 

range of specific pollutants, the SDGs 

could facilitate more effective actions, 

monitoring, and funding.

The SDGs consider air quality only 

in terms of the mass density of particu-

late matter of 2.5 mm or less (PM2.5). 

However, PM2.5 is not a single pollutant 

but rather a measurement that contains 

many different compounds, including 

sulfate, black carbon, metals, and organic 

compounds of all particle sizes below 2.5 

mm. Measuring PM2.5 does not provide 

specific information about the concentra-

tions of the components that make up 

PM2.5, nor does it account for the impact 

of other air pollutants known to be harm-

ful, such as ozone and nitrogen dioxide. 
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Avian flu threatens 
Neotropical birds
A highly pathogenic avian influenza virus 

(HPAIv) that spread through the Holarctic 

region in 2022, affecting millions of birds 

(1), has reached South America. The 

disease threatens marine and terrestrial 

birds, including endangered species. Real-

time information gathering and steps 

to prevent the spread of disease will be 

required to mitigate this outbreak.

Along the Peruvian coastline alone, 

HPAIv killed more than 22,000 wild birds 

in just 4 weeks in 2022, mainly Peruvian 

pelicans (Pelecanus thagus) and Peruvian 

boobies (Sula variegata) (2), both of 

which are categorized as Endangered in 

Peru (3). The extant Peruvian population 

of pelicans in coastal protected areas is 

around 124,000 (4). The virus has also 

killed Near Threatened Guanay cormo-

rants (Leucocarbo bougainvilliorum) (2, 

3). Beyond their conservation status and 

intrinsic value, these species are of eco-

nomic interest. The guano produced by 

the Peruvian pelican, the Peruvian booby, 

and the Guanay cormorant is used as 

fertilizer and constitutes one of the most 

valuable economic resources in Peru (5).  

HPAIv is spreading across the conti-

nent. By December 2022, the virus had 

been found in birds in Ecuador, Colombia, 

Venezuela, and Chile (6). In addition to 

marine birds, the virus could threaten 

scavengers, as it has in other regions of 

the world (7), including the emblematic 

Andean condor (Vultur gryphus) (8). Viral 

transmission could occur if those scav-

engers consume infected carcasses while 

traveling from the Andean region to the 

coastline (9).

We urge Peruvian and other South 

American authorities and conservation 

managers to take steps to track and miti-

gate the spread of this disease. Up-to-date 

information about the wild bird species 

affected and the number of birds remain-

ing in the region will be necessary to 

understand the extent of HPAIv’s effects. 

Managers should perform active and pas-

sive epidemiological surveillance and 

reduce the availability of infected carcasses 

in the environment to prevent transmis-

sion to marine birds, obligate scavenger 

species, and humans. Given the diffi-

culty of controlling emerging pathogens, 

reducing anthropogenic threats such as 

An outreak of highly pathogenic avian flu threatens the Peruvian pelican (Pelecanus thagus) population.
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environmental pollution, resource overex-

ploitation, and habitat loss should also be 

an urgent priority. Minimizing other risks 

will give bird populations a better chance 

against emerging pathogens. Finally, we 

recommend continuing these efforts even 

if this flu event passes; the epidemiological 

behavior of this virus indicates that recur-

rent outbreaks are likely (10).
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Given that we still cannot fully explain 

the cause of the statistical link between 

PM2.5 and adverse health outcomes (5, 6), 

this measurement alone does not provide 

adequate information. The SDGs would be 

more valuable if they also included targets 

to reduce deaths from specific pollutants. 

Particle number concentration and chemi-

cal composition may be more important 

than fine particulate matter mass density 

for health outcomes (7, 8). Moreover, 

instead of tracking excess mortality alone, 

targets should include nonfatal health 

impacts, as well as impacts on ecosystems 

and agriculture.  

Metrics for reduction of other atmo-

spheric pollutants could be added 

to future developments of the SDGs. 

For example, in SDG 10 (Reduced 

Inequalities), reducing pollutants could 

contribute to access to clean air to 

breathe, a major contributor to health 

inequalities (9). Targets that address 

stratospheric ozone chemistry could be 

added to SDG 15 (Life on Land), given that 

life is only possible because of a healthy 

atmosphere, including the ozone layer 

(10). Inclusion of targets for tropospheric 

ozone would increase the pressure to 

control atmospheric pollution holistically, 

which—if ozone levels were successfully 

reduced—would also increase agricultural 

yields (SDG 2, Zero Hunger) (11). SDG 13 

(Climate Action) could improve transpar-

ency by providing explicit targets for the 

peak concentrations of all major climate 

forcers, including greenhouse gases and 

particulates, which would help to track 

our progress in meeting global climate 

change commitments. 

Updating the SDGs to incorporate 

atmospheric targets would improve data, 

policies, and incentives. Better regional 

policies on air pollution control and 

monitoring would also be supported in 

accordance with the broader guidance. In 

addition, a more holistic strategy would 

provide incentives for funders to support 

scientists researching pollutants that are 

not categorized as PM2.5.
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Evidence required for 
ethical social science
The history of science is littered with vio-

lations of the human rights of research 

participants (1, 2). One response has 

been regulation. In the United States, the 

Belmont Report lays out ethical principles 

for human subjects research (3), which 

form the foundation of modern-day insti-

tutional review boards. According to the 

Belmont Report, ethics committees and 

investigators need to determine whether 

the benefits of the research outweigh the 

costs and whether the costs unevenly 

burden particular groups. However, the 

assumptions underlying such assessments 

can be flawed (4, 5). Without evidence 

about the causal effects of social science 

research on participant welfare, research-

ers risk causing unexpected harms or 

missing unexpected benefits. 

Randomized experiments can provide 

data to replace assumptions about the 

potential benefits and costs of research on 

study participants. By randomly assigning 

some people to participate in a study and 

others not to participate, researchers can 

estimate the causal effects of participa-

tion on welfare (6). Researchers can also 

randomly assign and compare multiple 

versions of a protocol to learn about the 

marginal costs and benefits to participants, 

or they could randomize the sequence of a 

study component and participant welfare 

questions (7). Finally, researchers can add 

participant welfare questions to the end of 

an existing experimental study to under-

stand the costs and benefits of a treatment. 

In each case, the experiments should be 

designed to assess whether costs and bene-

fits are distributed equally among different 

subsets of participants. 

Research ethics has come a long way 

since the Belmont Report, but research-

ers who work with human subjects still 

lack the causal evidence to make fully 

informed ethical choices. Researchers 

know they can do better, as calls for eth-

ics appendices or ethics sections in pre-

registrations illustrate (8, 9). To facilitate 

the adoption of these strategies, funders 

could require more transparency on the 

ethics of the work they support. The 

experimental designs we propose can be 

embedded into ongoing research efforts, 

adding little expense. Researchers can also 

coordinate efforts by using open access 

forums to post study instruments, data, 

and results, and when appropriate can 

implement harmonized experiments to 

build generalizable evidence across cases 

(10). Randomized experiments that assess 

the effects of participating in research 

can augment existing practices and build 

credible evidence to inform future risk-

benefit calculations and improve ethical 

decision making. 
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