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The Green Screen Approach:
Concurrent Strategies for Greening Chemical Inventories

Aim for the Top
Prefer chemical products that are
fully assessed and that have low

hazard and lifecycle benefits
—

Process of continual improvement; toward
more data and better understanding of what
is green and sustainable

s

Bring up the Bottom

Screen all chemicals against criteria for
adverse impacts to human health and
the environment to move away from the
use of the most hazardous chemicals
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Which Flame Retardant is Better?
The Green Screen for Safer Chemicals v1.0

« Guidance for selecting THE GREEN SCREEN FOR SAFER CHEMICALS:

greener chemicals bvaluating Flames o™ 7
Retardants for TV Enclosuressesass

« Case Study: FRs used in
television casings

— decaBDE,
— RDP
— BPADP
« v2 under development

Download at: http://www.cleanproduction.org/Green.Greenscreen.php
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Genesis of the Green Screen

Builds on USEPA DfE Flame Retardancy Partnerships
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TABLE 3: Threshold Values for Each Chemical Hazard Included in the Green Screen

Hazard

Very High v}

High (H)

Moderate (M)

Low (L)

Environmental Fate

Persistence—P
(half-life in days)!

« Soil or sedimant
=180 days; or
« Water =80 days

.

Soil or sediment =60 to 180 days;
Water =40 to 80 days; or

Potential for long-range environmen-
tal transport

« Soil orsediment 30 to 60
days; or
« Water 7 to 40 days

« Soil or sediment
<30 days;

Water <7 days; or
Ready bio-
degradability

.

« BCF/BAF »5000; or
= Absent such data,

BCF/BAF 1000 to 5000;
Absant such data, log K_, >4.5-5; or

.

BCF/BAF 500 to 1000;
Absentsuch data, log K,

-

BCF/BAF <500; or
Absant such data,

- EU Draft List—Category |1
orZ:or
- Japanese list

Bisaccumulation log K, =5 = Weight of evidence demonstrates 4-45;0r log K, <4
Potantial—B' bicaccurnulation in humans or wildlife « Suggestive evidence of
biocaccumulation in hu-
mans or wildlife
Ecotoxicity
= LC_/EC. AC <1 mg/lor » LG EC AC,, 1-100 mg/lor | « LC /EC /IC,
1 = T 1} i 35 ' s i 5 Eli1]
FREMIE RAERIE T ON] £y - GHS Categary 1 - GHS Category 2 or 3 =100 mg/l
+ NOEC <0.1 mgi;or = NOEC 0.1-10 mig/fl; or + NOEC =10 mag/l
1
EemniE St oulEtty = GHS Category 1 « GHS Category 2, 3ord
Human Haalth
=+ Evidence of adverse effects in humans; | - Suggestive animal studies; + Mo basis
» Weight of evidence demonstrates = Analog data; for concarn
potential for adverse effects in humans; | - Chemical class known identified or
« MNTP known or reasonably anticipated o produce toxicity; « IARC Group 2ord
to be human carcincgen; - LS EPA suggested
Carcinogenicity® = OSHA carcinogen; avidence (possible);
= US EPA known/likely (probable); + [ARC Group 28;
= Califomia Prop 65; = EU Category 2; or
« IARC Group 1 or 24; « GHS Category 2
« EU Category 1 or 2;or
» GHS Category 14 or 1B
- Evidence of adverse effects in humans; | - Suggestive animal studies; | Mo basis for concemn
- Weight of evidence demonstrates po- - Analog data; identified
tential for adversa effects in humans; = Chemical class known to
MLta0 RRlE bt Genotoxict s = EU Category 1 or 2;or produce toxicity;
= GHS Category 1A or 1B « EU Category 3; or
« GHS Category 2
» Evidence of adverse effects in humans; | - Suggestive animal studies; N basis for concern
» Weight of evidence demonstrates «» Analog data; identifiad
potential for adverse effects in humans; | « Chemical class known to
+ NTP Center for the Evaluation of Risks produce toxicity;
REpradictive teadci v to Human Reproduction; = EU Category 3; or
= Califomia Prop 65; « GHS Category 2
+ EU Category 1 or 2; or
» GHS Category 14 or 1B
« Evidence of adversa effects in humans; | « Suggestive animal studies; Mo basis for concern
» Weight of evidence demonstrates po- « Analog data; or identifiad
Dewe i tential for adversa effects in humans; - Chemical class known to
S LG ERE = MTP Center for the Evaluation of Risks produce toxicity
to Human Reproduction; or
+ Califomia Prop 65
= Evidence of adverse effects in humans; | « Suggestive animal studies; | Mo basis for concern
or » Analog data; identifiad
» Weight of evidence demonstrates « Chemical class known to
Endocrine Disruption® potential for adverse effacts in humans produce toxicity;

Green Screen
Clearly Defined
Hazard Thresholds
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TABLE = Threshold Values for Each Chemical Hazard lncluded in the Green Screen continuesd

Liguids

Femmiablc fanenk; or
GHE Category ¥ ord
—Fammabka Liquids

Hazard Wary High i Hayh iHi Micedarata iM) Liovw L
+ Evienceof wdvarsd eifect In humang | - Eergth'-Imlrlilrlujm: Hobask far cancam
Nauroboudiy® o « Aradpgda;or Heminsd
+ Wighght of avMenis damoreirabas « Chembcd dass ket
potsmilalfor adverse afacis in humans preoduica o khy
+ LD, <50 M3l bodywkani Conal); + LOY, S0-2000 meked beoddy- | Mo bsskfrconoam
« L, <200 megkg bodywelgit demal); | walght [onl; Hemiiied
« L, 500 Igass o LDy 200-200mag’
e T rlEqFTl'.g]q:nn: bodywalght _u;r%:'ﬂ;
+ LG, A0LE megel (st oF kst o L5, SRS I ppm fga);
i e bt + U5 EPAEXIramaly Hazarotes Substance. | « 15, 220 ma v
Lisi:or i .l:l_"h-:: mg'l psion
+ GHECabegory 120 2 mET; oI
« GHE Categony 2 ord
+ Bdance ofimesa ek effccts nsudiss | o BwWdencaof gvorzbls Mo bgsks far concam
of hunian po pulations; affacts In s o dsmikied
. of avHeancs of Imavsrsibls animak;
?ﬁ';:;:nmnﬁm afacis In andmal sdkes; or « GHE Calegory I ori—
™ . GHE Cabagery 14skin or ayal =M Fricailen; ar
« GHE Category 28 orIf
—ira
+ EvHen o of wdvars offecE In hunans | - Swm“mlnﬂsmjﬂ: Mo Essk far concam
+ Wslaht of evKencs daniorsirabes « Aralogdata:or Hermikied
Bl for aivarsa effects n humare; | « Chemicd dam knowmio
Sensitiztion of tha Skin st 3
o Rusplratory Systam . gHE-Ca:-ng-:-r:.'l—.!-:h arrEpimion; produc i khy
+ PosHvs reponsas in prdkive Himan
Repeat Irsult Fatch Tests (HRIPT) dskn)
+ Evidenceof wdvarss effect nhumang | « Suggesiivae animal studes; | Nobsskforoncam
o + Aralpgdata;or Heminsd
ey ; of avidoncs danoneiraas « Chamicd dass known o
potsmilalfor advarse afacis in humans produica o Ky
+ EvHenceof sdvarsd afecE N hunans | - Suggesiha anined siudes; | Mobaskfor ooncsm
+ Wedght of aviencs damonsiraies + Aralogdus; demifed
[poient bl for adva rsa effects in humare; | « Thamicd dass krcwmio
Systamlc Tex ity Organ EMects + GHE Cansgory 1—organdsystemik prodie i kchy;
wka gl or repsabed o U todc iy Folbow ing singls or repectad « GHE Category Zor Z dngle
=t SUPOSINE; OF
+ Cabenory I epestad
SUPoSUNE
PreeskzaliChiamlcal Prop=irties
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Green Screen

Clearly Defined

Hazard Thresholds,

cont'd.
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Green Screen for Safer Chemicals:
Benchmarks

Benchmark 1:
Avold—Chemical of high concern
Benchmark 2:

Lise but search for safer substitutes
Benchmark 3:

Baenchrnark 4:
Prefer—Safer chemical

i
chernical

g‘l’s‘f:h reacly blocegradabiliy (ow P+ low B + law Human Tokl by -+ low Ecoteadel ty
AFERE 1 aoortional ecstocity endprints when available)

ri&rla.
Prefer—5Safer Chemnical
if this chiermical

BENCHMARK 2 and Its braak-

3. mederate Poor moderate B donm procucts
Fass all of these

b moderate Bootolcity criterla, then

. moderate Human Tokdty FrEde O o

o mederate Flammability or moderate Explos venasness Benchmark 4

Use but 5till Opportunity for Improvement

R IFthis chemical
o and Its break-

dowT procucts
pass all ofthese

. mderate P+ moderats B+ moderate T
irnderate Human Toadcity of modkerabe Ecotodcity

w

cricaria, then
b high P +high B i
. ihikgh P+ moderate T of (igh B+ moderataT) Benchmark 2
ol mederate Humnan Tkl ty for any prionty effect or High Hurran Taicity
2. high Rammabiliy ar high Exploshenass
Ifthis chemlcal
and Its brask-
a. PET:high P+ high B+ highT' filgh Hurran Taxicity® or high Ecotaxicity) o prociucts
b wPB: very high P +v2ryhigh & Eﬁ;;f,';'_';mm
€. WPT (P + hilgh T) or vET (VB + high T) Frave an 1o
Benchmark 2

dl - high Human Tosclty for sy prarity efecd

Avold—Chemical of High Concemn
FOOTHOTES: B BEREVIATICMS:
1 Toxicity =T = harran tosicity and ecotoicity B = bicaccumralation Pepersizence
2 Human Tamcity = priority effects (see below] or acube bosiaty, immune T=hurnan taxicity ard acotoscity

systarn of ongan effects, sersitizaton, tkin corrosion, or spe dimags wBavery bioaccumuly e vPevery peristent

3 Priority Effsc s = canzinogeni city, rmugemnicity, reproduc thes or



Green Screen was Used to Assess Flame
Retardants Commonly used in TV

Casings

TABLE7: Green Screen Benchmarks for Phosphorous-based and DecaBDE Flame Retardants

Chemical CAS# Reasons for Benchmark
EBraakdown products stop decaBDE
at Banchrmark 1:
DecaBDE « pentaBDE = PBET, vPvB, vPT vET and high
and its breakdown 1163-18-5 concern for endocrine dismuption—
products Benchmarks 1(a),(b),(c),(d)
« oCtaBOE = wPT and high concern for
devalopmental toxicity—Banchmark 1(c),(d)
BPADP/BAPP Breatkdqwn prg!du;t aﬂcll fc:]rrnuflﬁmhn
and its braakdown 181028-70-5 ERHDRENN, HEERCHEL . IXACMIT CONERER
ek for endocrine disruption—stopping BPADP
s at Banchmark 1(d)
« Chemical constituents hava: high persistence
RDP ar high bicaccumulation and moderata’high
’ i toicity (but not for priority effects]—
i 'ﬁfﬁiﬁ?“w" i stopping RDP at Benchmarks 2(a) and 2(c)
P + Breakdown pmduct, phenal, has high systemic
effects—stopping RDP at Banchmark 2(d)

Benchmark Achieved

Benchmark 1:
Avoid—Chemical
of High Concern

Benchmark 1:
Avold—Chemical
of High Concern
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Who has applied the Green Screen?

Government agencies in support of policies to identify
and substitute chemicals of high concern

— Flame retardants

— Toys

OEMs to ensure the availability of safer alternatives
(flame retardants)

Retailers to screen products for use by buyers
Publications on green chemistry metrics
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The Green Screen Method

« Supports concurrent strategies for greening chemical inventories
» Supports Business NGO Forum Chemical Policy Principles

« Builds on USEPA Design for the Environment hazard assessment
protocols

— Considers significant transformation products

— Expands hazard considerations (endocrine disruptors;
flammability, explosiveness)

« Focuses on comparative hazard assessment (not risk)
« Defines green chemicals

« Scientifically rigorous

« Open, transparent and publicly available

« Drives continual improvement and innovation

e e
& - il jﬂ + .‘ il ;
- - . .




The Green Screen Method: v2.0

« Chemical Policy Principles
— Align with Chemical Policy Principles Implementation Guide
« Pursuing partnership efforts
— Case studies (e.g., polymer additives)
— Increasing public availability
« Version 2 modifications to facilitate ease of use
— Supporting lists to define chemicals of concern
— Alignment with DFE General Screen
— Expansion to include some inorganics (i.e., mineral FRs)
— Decision strategies for limited data sets




The Green Screen Approach:
Concurrent Strategies for Greening Chemical Inventories

Aim for the Top
Prefer chemical products that are
fully assessed and that have low

hazard and lifecycle benefits
—

Process of continual improvement; toward
more data and better understanding of what
is green and sustainable

s

Bring up the Bottom

Screen all chemicals against criteria for
adverse impacts to human health and
the environment to move away from the
use of the most hazardous chemicals

CLEAN

6 PRODUCTION
ACTION



END

CLEAN

6 PRODUCTION
ACTION



Benchmark

Chemical Achieved Reasons for Benchmark

Persistence

BCF

Reactive Chemicals

TBBPA + its reaction and combustion byproducts

Moderate: developmental; High acute
aquatic toxicity; High chronic aquatic
toxicity;

High: persistence [using Green Screen
criteria, moderate if using EPA criteria]

Aerobic biodegradation - not readily
biodegradable; soil & sediment: >60d +
<180d

Aerobic biodegradation - water: primary =
weeks-months; ultimate = recalcitrant
Air: 3.6d

<500 measured

Moderate: cancer, reproductive,
developmental, genotoxicity, skin
sensitization

High: persistence [using Green Screen
criteria, moderate if using EPA criteria]

Aerobic biodegradation - soil & sediment:
Aerobic biodegradation - water: primary =
>60d; ultimate = >60d

Air: <2d

<500

Anaerobic biodegradation in soild yielded
complete dehalogenation to BPA in 45
EENINEN S days and the BPA was not degraded after
3 months. Pyrolysis at 700-900C yielded
mono, di-, tri- and tetra- PBDD and PBDF

TBBPA degradation
products and metabolites

Combustion products TO BE DETERMINED

DOPO + its reaction and com

Moderate: aquatic toxicity - acute and

35948-25-5 Benchmark 3

Aerobic biodegradation - soil & sediment:
Aerobic biodegradation - water: primary +

very High: persistence

chronic ultimate = <60d <500
Air: 1.8d

Moderate: cancer, reproductive,

developmental, genotoxicity Expected to be recalcitrant to biodegrdation <100

Degradation Products

and Metabolites NA

Combustion products TO BE DETERMINED

Fyrolflex (aryl alkylphosphonate) + its reaction and combustion byproduc

Fyrolflex PMP proprietary

Benchmark 3 |very High: persistence

Expected to be recalcitrant to biodegrdation

Moderate: cancer, reproductive,
developmental, genotoxicity
very High: persistence

Degradation Products
and Metabolites

NA

Combustion products TO BE DETERMINED

Applying the Green Screen to FRs in PCBs

Green Screen - "CONFIDENTIAL, INCOMPLETE & DRAFT ONLY" Assessment of Alternatives to TBBPA
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Additive FIarﬁe Retafdants

Exolit OP930 (phosphoric acid, diethyl-,aluminum salt) + its reaction and combustion byproducts

Organic counter ion: ultimate aerobic water
H |biodegradation = <60 <1000
Metal ion: recalcitrant to biodegradation

Moderate: developmental, neurological
very High: persistence

Degradation Products
and Metabolites

Combustion products TO BE DETERMINED

Melapur 200 + its reaction and combustion byproducts

Moderate: genotoxicity
High: persistence [using Green Screen Persistence based on melamine data <1000
criteria, moderate if using EPA criteria]

weight of evidence: it will hydrolyze under

Low: all endpoints - i no data
environmental conditions

Moderate: genotoxicity - . - _

High: persistence [using Green Screen Aerobic biodegradation - water: primary = no data

criteria, moderate if using EPA criteria] days-weeks; ultimate = weeks-months

Degradation Products
and Metabolites

Combustion products TO BE DETERMINED

Fillers

Aluminum Hydroxide + its reaction and combustion byproducts

Moderate: neurological
very High: persistence

Inorganic material, it is not expected to
biodegrade

Degradation Products

and Metabolites NA

Combustion: aluminum hydroxide
Combustion products degrades to alumina during smelting

Silicon Dioxide (amorphous; includes particles < 10y) + its reaction a ombustion byproducts

High: systemic

U . Persistent: inorganic materials <500
very High: persistence

Silicon dioxide is inert under typical
environmental conditions

Degradation Products

and Metabolites NA

Combustion products TO BE DETERMINED

Silicon Dioxide (crystalline; includes particles < 10) + its reaction and combustion byproducts
crystalline silica at <10 micron particle size
Silicon dioxide crystalline 1317-95-9 EENIIETG M is carcinogenic by inhalation and Persistent: inorganic materials
persistent

Degradation Products NA NA Silicon dioxide is inert under typical CLEAN

and Metabolites environmental conditions PRODUCTION
6 ACTION

Combustion products TO BE DETERMINED




Think of it as a way for a Benchmark 4

manufacturer of chemical
intensive products to
improve his/her golf
game...and lower their
handicap.

Prefer — Safer Chemical

Benchmark 3

Use but Still Opportunity
for Improvement

Benchmark 1

Avoid - Chemical o
High Concern
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