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ACS Green Chemistry 
Institute

ACS Green Chemistry Institute®
Founded in 1997 as an independent, nonprofit 
organization 
Formed an alliance with the American Chemical Society 
in 2001

Mission: to advance the implementation of green 
chemistry principles into all aspects of the chemical 
enterprise.

Research Industrial Implementation
Education International Cooperation
Policy Advocacy Conferences & Awards

www.acs.org/greenchemistry
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Annual Green Chemistry 
& Engineering Conference

12th Annual Green Chemistry & Engineering 
Conference, June 24-26, 2008
Advanced registration discount until June 9
450-500 attendees for past 3 years
www.GCandE.org
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Outline

Green environmental monitoring introduction
Developing greenness profiles for the National 
Environmental Methods Index (NEMI)
Examples comparing NEMI greenness profiles

Measuring organics in water
Measuring total residual chlorine in water
Measuring lead in water

General findings regarding NEMI greenness 
profiles
How to develop greener methods
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Environmental Monitoring

New advances in
instrumentation
quantification
characterization of analytes
environmental testing 

But in many instances, the analytical methods 
are not very sustainable or “green”, often using

hazardous solvents and reagents
generating large quantities of waste
using large amounts of energy
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Green Environmental 
Monitoring Methods

Green analytical chemistry includes:
using fewer hazardous solvents
using safer chemicals
preventing waste
conserving energy

Many aspects of an analytical method affect the 
“greenness” of a method, including:

sample preparation
measurement/detection
reagents (chemical reaction, digestion, etc.)
solvents (extractions, carrier fluid, etc.)
preservatives
waste (quantity, toxicity)
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“Greener” Analytical 
Methods in NEMI

Goals: 
To provide “greenness” profiles for the analytical 
methods in the National Environmental Methods Index,

and the data so NEMI users can make more informed 
decisions when selecting a method.  

The method selected must also meet the desired 
performance criteria.

Outcome: Evaluated over 800 analytical methods 
in NEMI and integrated the greenness profiles. 

Now available at www.nemi.gov.
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NEMI Homepage
www.nemi.gov

Searchable, 
free, online 
database
Contains 
1000+ 
methods
Dynamic
Useful for 
searching, 
comparing & 
downloading 
methods
6500 visitors 
per month
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Selection Criteria 
and Symbol

Selection Criteria
Translate info. from methods into “greenness” profile
Specifically defined criteria 
Developed in collaboration with 25+ methods experts 
from 5 Federal agencies, State, and private labs
U.S. Environmental Protection Agency, U.S. 
Geological Survey, FDA, NOAA, DOE, private labs

PBT

Corrosive

Hazardous

Waste

Green-filled quadrant = the method passes the selection criteria 
defined for that quadrant. 
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Selection Criteria

A method is “less green” if:
PBT – A chemical used in the method is listed as 
persistent, bioaccumulative, and toxic (PBT), as 
defined by the EPA’s Toxic Release Inventory (TRI)1. 
Hazardous – A chemical used in the method is listed 
on the TRI1 or on one of the RCRA’s D, F, P or U 
hazardous waste lists2. 
Corrosive – pH during the analysis is < 2 or > 12.
Waste – Waste amount generated is > 50 g. 

1Emergency Planning and Community Right-to-Know Act; Section 313; Toxic Release
Inventory (TRI), reporting year 2004, (available on the internet at
http://www.epa.gov/tri/chemical/).

2Code of Federal Regulations, Title 40, Part 261, (available on the internet at
http://ecfr.gpoaccess.gov).
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Two Search Modes
in NEMI

Choice of two search modes in NEMI, both with 
greenness profiles included:

Analyte Search – search for all methods in NEMI for a 
particular analyte

General Search – search for all methods in NEMI for 
a particular media type (water, soil, etc), method 
type (organic, inorganic, radiochemical, 
microbiological, etc) or instrument
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Analyte Search 
screen with greenness profiles
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Closer View 
search results

Greenness Profiles

Click on a greenness profile for more information (see next slide)
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Greenness 
profile 
information 
pop-up 
window 
provides the 
data behind 
the profile
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Examples – comparing 
NEMI greenness profiles

Measuring organics in water

Measuring total residual chlorine in water

Measuring lead in water
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Measuring Organics
in Water

PBT

Corrosive

Hazardous

Waste

PBT

Corrosive

Hazardous

Waste

EPA Method 525.2
Extraction of 1L sample
PBT – none
Hazardous – ethyl acetate, 
methylene chloride, 
methanol
Corrosive – pH < 2
Waste – > 50g waste

EPA Method 505
Extraction of 35g sample 
with 2g hexane
PBT – none
Hazardous – hexane
Corrosive – no acid/base
Waste – < 50g waste

Two EPA methods for determining organic pesticide residues in water, such 
as aldrin, using gas chromatography:
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Measuring Total Residual 
Chlorine in Water

PBT

Corrosive

Hazardous

Waste

PBT

Corrosive

Hazardous

Waste

PBT

Corrosive

Hazardous

Waste

Three EPA methods for measuring Total Residual Chlorine 
in natural and treated water:

EPA Method 330.4
Titration of 100 ml 
sample
PBT – mercuric 
chloride preservative
Hazardous – HgCl2
Corrosive – pH < 4
Waste – > 50g waste

EPA Method 330.3
Titration of 200 ml 
sample
PBT – none
Hazardous – none
Corrosive – pH < 4
Waste – > 50g waste

EPA Method 330.5
Spectrophotometric
method with 10 ml 
sample
PBT – mercuric 
chloride preservative
Hazardous – HgCl2
Corrosive – pH < 4
Waste – < 50g waste
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Measuring Lead in Water

PBT

Corrosive

Hazardous

Waste

PBT

Corrosive

Hazardous

Waste

Two methods for measuring lead in water:

Standard Methods 3500-Pb-B
Lead dithizonate is formed 
and measured with a 
spectrophotometer
PBT – none
Hazardous – chloroform, 
citrate cyanide solution
Corrosive – pH < 2
Waste – > 50g waste

USGS Method I-1401-85
Injection of 20 μL of water 
sample with 5 μL matrix 
modifier solution into a 
GFAA spectrometer
PBT – none
Hazardous – none
Corrosive – no
Waste – < 50g waste
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General Findings Regarding 
NEMI Greenness Profiles

2/3 of methods failed waste criterion
Organic analyses mostly fail due to extractions with solvents
Inorganic analyses mostly fail due to mineral acids for preservation or 
digestion
Creative, greener examples use small sample sizes and generate  
< 50g  waste

1/2 of methods failed hazardous chemical criterion
Greener examples use safer chemicals or eliminate chemicals

1/5 of methods failed the pH criterion
Greener examples use neutral pH, buffers, or refrigeration (in the 
case of preservation) 

1/20 of methods failed the PBT criterion
Mostly by using lead (digestion), mercury (preservation)

Reference: Keith, L. H.; Gron, L. U.; Young, J. L. “Green Analytical 
Methodologies” Chemical Reviews, 2007, 107, 2695-2708.
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How to Develop
Greener Methods

Develop methods with:
fewer hazardous solvents
safer chemicals
less waste
less energy 

Use greenness profile selection criteria as 
guidance to find alternative strategies
Learn from the greener methods in NEMI

Reference: Keith, L. H.; Gron, L. U.; Young, J. L. “Green Analytical 
Methodologies” Chemical Reviews, 2007, 107, 2695-2708.
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Poster #18 
Defining the Greenness of 

Monitoring Methods
Today, 2:30-3:30 pm
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Thank You!

Jennifer Young
email: j_young3@acs.org

email: gci@acs.org

website: www.acs.org/greenchemistry
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