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GLAM – Human Health 

a) Underlying publications for each impact category 

Climate Change [Indicators: Heat stress, Cold stress] 

• https://doi.org/10.1038/s41598-021-99156-5 (Relative risk factors for heat and cold) 

• https://doi.org/10.1007/s11367-019-01583-0 (Overall AGTPcum framework) 

Fine Particulate Matter Impacts [Indicators: Fine particulate matter] 

• https://doi.org/10.1007/s11367-014-0822-2 (Consensus-building process) 

• https://doi.org/10.1021/acs.est.0c05691 (Spatialized model) 

• https://doi.org/10.1021/acs.est.7b02589 (Exposure for environmental archetypes) 

• https://doi.org/10.1021/acs.est.9b01800 (Effect factors for environmental archetypes) 

• https://doi.org/10.1111/ina.12268 (Indoor exposure aspects) 

• https://doi.org/10.1155/2023/8857446 (Indoor activity model) 

Human Toxicity [Indicators: Cancer, Reproduction/developmental, Other non-cancer] 

• https://doi.org/10.1289/EHP3871 (Consensus-building process) 

• https://doi.org/10.1007/s11367-021-01889-y (Overall framework) 

• https://doi.org/10.1016/j.envint.2016.03.014 ('Personal care products' model) 

• https://doi.org/10.1016/j.fct.2017.09.024 ('Food contact materials' model) 

• https://doi.org/10.1016/j.envint.2020.106194 ('Children toys' products model) 

• https://doi.org/10.1038/s41370-021-00354-0 (Mouthing exposure model) 

• https://doi.org/10.1016/j.jhazmat.2021.127574 ('Building materials' products model) 

• https://doi.org/10.1016/j.jhazmat.2023.133145 ('Indoor paints' products model) 

• https://doi.org/10.1007/s11367-015-0910-y ('Pesticide residue' products model) 

• https://doi.org/10.1007/s11367-008-0038-4 (Environmental emissions) 

• https://doi.org/10.1289/EHP11524 (Non-cancer effects, oral exposure) 

• https://doi.org/10.1021/acs.est.4c00207 (Non-cancer effects, inhalation exposure) 

Ionizing Radiation [Indicators: Cancer, Heritable diseases] 

• https://doi.org/10.1007/s11367-023-02226-1 (Overall framework) 

• https://doi.org/10.1016/j.scitotenv.2019.135179 (Underlying model, part 1) 
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• https://doi.org/10.1016/j.scitotenv.2019.134712 (Underlying model, Part 2) 

• https://doi.org/10.1016/j.dib.2019.104857 (Model parameters and final factors) 

Lifestyle Impacts [Indicators: Nutrition, Physical activity] 

• https://doi.org/10.1007/s11367-024-02298-7 (Consensus building & framework for nutrition) 

• https://doi.org/10.1038/s43016-021-00343-4 (Predecessor work for U.S. for nutrition) 

• https://doi.org/10.1101/2022.03.02.22271753 (Relative risk factors for physical activity) 

Work Environment Impacts [Indicators: Fatal injuries, Non-fatal injuries] 

• https://doi.org/10.1186/1476-069X-12-21 (Conceptual foundation) 

• https://doi.org/10.1021/acs.est.3c00188 (Overall framework for non-fatal injuries) 

• https://doi.org/10.1016/j.envint.2019.05.051 (Case study for non-fatal injuries) 

Water Scarcity [Indicators: Domestic (water sanitation & hygiene), Agricultural (malnutrition)] 

• https://doi.org/10.1021/es1030883 (Overall framework, domestic water scarcity) 

• https://doi.org/10.1007/s11367-022-02054-9 (Revised framework, domestic water scarcity) 

• https://doi.org/10.1007/s11367-014-0811-5 (Predecessor factors, agricultural water scarcity) 

b) Summary presenting what can be found in each paper, and what is still to be published as 

scientific articles 

Climate Change 

Average and marginal characterization factors expressed in DALY per kg greenhouse gas (GHG) 

emitted, based on damage factors are available for net temperature change and net change with 

adaptation for time horizons 0-100 years, 100-500 years and 0-500 years to quantify the impact of a 

pulse emission on human health. Characterization factors are developed using the concept of cumulative 

absolute global temperature change potential (AGTPcum) to determine the temperature change at a 

given time following a pulse emission of GHG, specific for the chosen time period (Bulle et al. 2019). 

Marginal and average effect factors (combining dose-response and severity) that quantify health 

damage from climate change due to temperature increase and decrease, are expressed in DALY/℃-yr, 

and are available for 165 countries, four emission scenarios called representative concentration 

pathways (RCP; RCP2.6, RCP4.5, RCP6, and RCP8.5), and two time periods (2040-2059 and 2080-

2099) for heat, heat with adaptation, cold, net temperature change and net change with adaptation. RCP 

scenarios originate from the IPCC Fifth Assessment Report (AR5, IPCC 2013). They build on the non-

optimal temperature risk factor from the Global Burden of Disease 2019 study (GBD 2019) and Relative 

risk factors  from Bressler et al. 2021, which correspond to the percentage change in global mortality 

rate due to heat/cold as a function of the yearly average temperature change at the country level. 

A scientific publication providing the final effect factors and characterization factors (Rupcic et al., 

Temperature increase from climate change causes high global health disparities) is currently in 

preparation. 

Fine Particulate Matter Impacts 

Characterization factors are available for emissions of fine particulate matter (PM2.5) and PM2.5-

precursors into outdoor environments (DALY/kg PM2.5 or precursor emitted) and for emissions into 

indoor environments from different indoor activities (µDALY/µg PM2.5 emitted and µDALY/d of 

activity). For outdoor environments, factors characterizing health impacts from emissions of PM2.5 as 

well as its precursors are provided for different emission stack heights, marginal and average effects, 

and a spatial resolution of 0.25° × 0.25°, based on the approach by Oberschelp et al. (2021). For indoor 
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environments, factors characterizing health impacts from emissions of PM2.5 are provided for 19 indoor 

activities and different indoor occupancy, air change and source strength scenarios, based on Bhoonah 

et al. (2023). 

Scientific publications providing the indoor emission-based model and final characterization factors (to 

be defined), and providing intake fractions and characterization factors for secondary organic aerosols 

formed indoors (Cummings et al., Intake fractions and characterization factors for secondary organic 

aerosol formation indoors) are currently in preparation. 

Human Toxicity 

Characterization factors are available for chemical emissions along product system life cycles and for 

chemicals in product applications. Fate and exposure processes for outdoor environments (far-field) and 

cancer effect factors build on the original USEtox model (Rosenbaum et al. 2008, 2011). Fate and 

exposure processes for indoor environments and product applications (near-field) and non-cancer effect 

factors build on combined near/far-field USEtox model (Fantke et al. 2021). Characterization factors 

are available for about 10,000 chemical substances, and are provided at mid-point (cumulative 

population-level disease incidence risk expressed as statistical disease ‘cases’ per kg emitted or per kg 

in product) and damage level (DALY per kg emitted or per kg in product). 

Scientific publications for the final near/far-field USEtox 3 model (Fantke et al., USEtox 3: 

Recommended Human Toxicity and Ecotoxicity Characterization Factors for Chemical Emissions and 

Chemicals in Products) and for the chemical input data curation (to be defined) are currently in 

preparation. Additionally, scientific publications for deriving chemical input data for all marketed 

substances globally (von Borries et al., Uncertainty-aware machine learning to predict non-cancer 

human toxicity for the global chemical market; to be defined) are currently in preparation. 

Ionizing Radiation 

Characterization factors are derived from four modules. The fate and exposure modules are based on 

UCrad – a compartment-based multimedia environmental model for radionuclides (Paulillo et al. 2020a, 

2020b). UCrad builds upon USEtox taking into account specific features of radionuclides in the 

environment (e.g. radioactive decay) and relevant pathways; notably, it enables assessing the potential 

ionizing radiation impacts arising from nuclear waste disposal, a critical aspect for comparing 

alternative nuclear fuel cycles (Paulillo et al. 2018). The dose and effect response modules account 

respectively for cancer incidence and resulting damage to human health, based on data from on the 

International Committee on Radiological Protection and the Global Buren of Disease project series 

(Paulillo et al. 2024). Characterization factors are available for 115 radionuclides (all that can potentially 

be released) and eight environmental compartments. The factors are provided at mid-point (Man Sv per 

kBq emitted) and damage level (DALY per kBq emitted). 

Lifestyle Impacts: Nutrition 

Characterization factors are represented by Dietary risk factors (DRFs). They build on the Global 

Burden of Disease 2019 study (GBD 2019). Marginal and average DRFs are available for 15 dietary 

risks and for about 200 countries. Dietary risks refer to diets high in detrimental or low in beneficial 

nutrients or food groups. The selected framework generalized and extended the work of Stylianou et al. 

(2021) and was agreed upon during a workshop with nutrition experts (Scherer et al. 2024). A scientific 

publication providing the final DRFs is currently in preparation. 

Lifestyle Impacts: Physical activity 
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Characterization factors are based on relative risk curves from exposure to physical activity for 22 fatal 

and non-fatal health outcomes developed by Garcia et al. (2022). Marginal and average characterization 

factors for physical activity are expressed in micro-Disability-Adjusted Life Years (μDALY) per  

marginal Metabolic Equivalents of activity task hours (mMET-h) and were derived by parameterizing 

these relative risk curves and combining them with background health burden data from the Global 

Burden of Disease 2019 study (GBD 2019) and physical activity rates across demographics from the 

U.S. Center for Disease Control (CDC 2010) and Swiss DFI (DFI 2017). 

A scientific article presenting the final characterization factors (Namovich et al., Characterizing human 

health impacts of physical activity in sport and transportation LCAs) is currently in preparation. 

Work Environment Impacts 

Characterization factors of non-fatal injuries are available for all US industry sectors (USD/DALY) and 

can be extrapolated to other countries (Huang et al. 2023). The disability-adjusted life years (DALYs) 

for non-fatal injuries are estimated based on the WE-DALY approach (Scalon et al. 2013). The 

characterization factors (USD/DALY) to final demand of product were derived based on the economic 

input–output model USEEIO (Ingwersen et al. 2022). 

A scientific article presenting the final approach and characterization factors for fatal injuries (to be 

defined) is currently in preparation. 

Water Scarcity: Domestic (water sanitation & hygiene) 

Characterization factors for domestic water scarcity are provided for assessing the potential diarrheal 

impacts of water consumption that induces domestic water deprivation. These factors are based on the 

general model proposed by Boulay et al. (2011) and revised by Debarre et al. (2022). The latter adapted 

the fate factor to align with the agricultural impact pathway. 

A revision of the effect factor is presented in the scientific article 'Assessing the potential human health 

impacts of freshwater consumption: considering inequalities in water availability to assess the 

consequences of domestic water deprivation', which currently under review. This scientific article also 

updates the exposure factors and recomputes the characterization factors provided for GLAM. 

Water Scarcity: Agricultural (malnutrition) 

Characterization factors for agricultural water scarcity reflect malnutrition damage via crop production 

loss. These factors build on previous work by Motoshita et al. (2018), for which some of the data and 

modelling assumptions have been updated for deriving the present characterization factors. 

A scientific article presenting the final characterization factors (Motoshita et al., Updated consensus-

based model from GLAM3 for assessing human health impacts of water consumption: malnutrition 

caused by agricultural water scarcity) is currently in preparation. 
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