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Abstract: The principles of green chemistry and the precautionary principle encourage manufacturers and regulators
to minimize the generation and use of toxic substances and seek safer alternatives. Environmental risk assessment
(ERA) and life cycle assessment (LCA) are considered as major analytic approaches used to support chemical
sustainable management and decisions. ERA focuses on predicting the likelihood of a certain effect when dealing
with hazard chemicals, by comparing the predicted total exposure of certain receptors to hazard chemicals with
corresponding thresholds. LCA is typically invoked to achieve sustainability in green design by comparing the
environmental performance of different chemical products, or different life cycle phases of the product. Both ERA
and LCA have their specific concept framework and methodology respectively, consequently can supply decision
makers with different types of information. However, each method alone has certain limitation during actual
application. Integrated framework of two methods can fill the gaps and make strong support for chemical sustainable
management. Therefore, different integration approaches, which claimed integration, combination, complementary or
hybridization (trade-off) use of ERA and LCA are summarized in the present review. Several scientific issues and
challenges on integration framework of ERA and LCA are discussed, i.e. data gap, spatial and temporal
characteristics, use of toxicity data and combined effect, as well as coupling model issues and uncertainty. Finally
some perspectives are presented on the application of LCA—ERA integrated methods in green chemistry.
Communication of risk and hazard information of chemicals is vitally important in promoting hazard chemical
reduction and replacement. Therefore the integrated approaches are suggested to identify safer alternatives to a
chemical by utilizing an environmental risk assessment over the entire life cycle.
Key learning points:
(1) Environmental risk assessment (ERA) and life cycle assessment (LCA) are two major analytical tools used to
support decision making in chemical management, providing different types of information.
(2) Different integration approaches of ERA and LCA are summarized, including integration, combination,
complementary or hybridization (trade-off) use of ERA and LCA.
(3) Communication of risk and hazard information of chemicals is vitally important in promoting hazard chemical

reduction and replacement for safer alternatives.
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Comparison between method framework of ERA and LCA for chemicals

Table 1
Chemical
assessment Environmental risk assessment (ERA)
framework

Life cycle assessment (LCA)

Basic concept

Assessment goal

A measure of the likelihood of the hazard actually causing harm
and a measure of the severity of harm in terms of the
consequences to people or ecological systems
To predict the probability of a certain effect, to determine

acceptability of risk
Assessment Stressor, receptor, hazard, exposure, dose-effect relationship
elements
Assessment Problem formulation (hazard identification) — dose-response
phases assessment — exposure assessment — risk characterization

Classification of

Ecological risk assessment / human health risk assessment /

assessment integrated risk assessment
Tiers of Multiple level risk assessment: qualitative/quantitative risk
assessment assessment, deterministic/probability/tiered risk assessment
Spatial Occurring under a specific exposure scenario; Disregard emission
characteristics of chemical stressors elsewhere, mostly local or site-specific

Spatial and

Encompass extent of temporal and spatial differentiation in fate

temporal and exposure assessment
distribution
Assessment Focused on local and site-specific stressors and effects, may shift
scope the effects elsewhere
Susceptibility Take into account aspects of distribution and acceptability of risks

for specific members of a population such as susceptible
individuals

Compilation and evaluation of the inputs, outputs, and potential
environmental impacts of a product system throughout its life
cycle
To compare the environmental performance of different product or
service systems, or different life cycle phases of a product or
service system
Product/ service, function unit, process flow, impact category,
cause-effect chain

Description of the goal and scope — Life cycle inventory
analysis— Life cycle impact assessment — Interpretation

Life cycle inventory analysis / Life cycle impact assessment

Multiple environmental impact categories

Routine operations under steady-state conditions; Large spatial
scale, mostly regional or state or global

Does not take into account the time—space distribution of stressors
in a unit process

Focused on global and local emission inventory, site-generic and
site-specific impact assessment

Disregard specific members of a human population
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