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In Vitro Chromosomal Aberration Test of
Tris (2-butoxyethyl) phosphate on Cultured Chinese Hamster Cells
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VUMY AR-7TFEVIFN) AT LOBEEM
i R MR B R FERNERIOVWT, Fy 4 =—X -
IO R Y —BEEMR (CHL/IU) % By T ma AR TR
rEB L.

EGEALER (24 B5f ) B X UVERF I EE (6 B8R ) 12 3314F

B 50% MR SREINE AR I, EHLE (24850 BL U

EEFREE (6EER ) @ S9 mix IEFAE T Tid 0.090
mg/mi, FERFREIER (6EFRT) @ S9 mix FFFE T Tl 040
mg/ml TH -7z, R TONIEE L, 50% AT
FIFHEED2KEE RS NEBEREL L, FhAFAL
H2TORERE LA, ERAE T, S9 mix FEFEET
T24B5H B & O4QBF M EMRMEEE, ERREWMITIE S9
mix FAETH L UIEFAET CoORMLE (ISEMOME
BRI 2, BARLERL, BETAII LV REKE
FHEREETRE L. RRASHITRELRSBEI,
24 ERMIE L L BB S9 mix FHFEET T
13 0.090 mg/mi, 48EEREMAEE L L VERFHLED
S9 mix FHETF TIEFNFH 0.045 mg/ml B L ° 0.20
mg/ml DEETH -2 &6, THLDOBRELER
FEREE L CBRERvHEdR Y L.

CHL/IU B3 % 24 B R EHE 0 E L 7> &2 & 5 (0.090
mg/mi) Tid, Mlstic L 0 EREtloBEERRE S
BEI@ o /208, 2485 B & U 48RS [ E S i
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IRAT NI, LEORBEFT CHREFERELFIRLE
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Y —F - =R 7 (JCRB) A 5 AF (19884 2
R, AFEF#Q4L, BERRK) LAFrr=-X -
NA Ay —HkD CHL/TU #ifa %, MRSk 10400
PITHERICH /2.

2. BEROAN
BEIE, R 1ME (FCS:Cansera International)

# 10% L7z 4 — 2 MEM(H KB SE00) i &
Hu /e,

3. IBERH

2X 10" @ CHL/IU #ifa %, HER Sml & AN T
1 v a (&6 cm, Corning) I &, 37Co» CO, 1 ~
FaxX-4—(5%CO,)ATHEELL. FHELEBTIE,
MBI BICHEBRME X2, 24885 & U 488518
WP L7z F/o, EREARECE, @REEE3IREIC
SOmix FHETE L CEFET COMMMEL, WEBHET
B ERE TS HICISEMERE L.

4. WHEBEME

VD EBENIRA(Z-TFEFEVIFL)IXT L (B
5 TBEP, CAS No.:78-51-3, 0 v &S K70702, K
AMEFILEMW) &, BEEHEET, KoL Tid
0.11%(25C), DMSO Tix 11/i, 74 FrBLUFx ¥
ST IITHERL, Ba-70CET, #8222C
/5.3 hpa T, 9+ C,Hy,O.P, 5F&398.54, ifF
98.2 wt% (RHMWIARE) OWETH B

WERYERAKE, BEOMIRCEHIIBVTIIEE
THAEH, K, B TLAVETCIISHET S,

5. #HEBRMEORN
HBRUMEORARIL, FROD YT 2. BRI
DMSO (FIHAHE3E THM) # A7z, BRGS0 ER
LTERYARL, DO CEBEZBE CIERFRL T
EDRBEOHBYEANELER L. HRYERANKE
2, $XRTORBRICBVTEERD 05%(v/V) 1225 L
MRS, BBREORBIIOWT, MEBRBEIFTD
Lo,

6. HBIEFEMFIABRIC L 2 VIDBEDRE

FEAREABRIIHCIUBRYEONBAE ¥ kT T
570, HERMEOMIEMIZRITTEEFANSL. K
Y E > CHL/IU MIRLICx 4 2 MIEMMER L, B
HEEMBEEE (Monocellater™, 41 A RET ¥
) FHCTESHOMBEELEE L, ERYELERD
BEAEBT T A MO E b o THIREL L.

FORER, EENEE L UCEERAED SO mix JEF
ETIZBITE 50% OMWMIEIMHIEEIL, 0.090 mg/ml T
Horz. Fio, HEEMEO S9 mix HFET T, 040
mg/ml Td -7 (Fig. 1, 2).
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Fig.1 Growth inhibition of CHL/IU cells treated with
tris (2-butoxyethyl) phosphate

] —@— tmated for 6 h with S0 mix

Cell growth (% of control)

Concentration (mg/ml)

Fig. 2 Growth inhibition of CHL/IU cells treated with
tris (2-butoxyethyl) phosphate
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MiamEipHlREBROBR L ), FEBEARERBIIBY
T, EHRAEB L UCERBLENT X TOREBET,
50% SMEHIGIREO2ERELRSLEREL L, A
2THMEAREL - (24M B L 48 MERAE B

S UERERIE D S9 mix FEFET 10.011, 0.023, 0.045,
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2>V BEBSEEMRERE L h ElagmEt
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Tablel Chromosome analysis of Chinese hamster cells (CHL/IU) continuously treated with tris (2- butoxyethyl)
phosphate (TBEP) * without S9 mix

Concen-  Timeof  No.of No. of structural aberrations No. of cells . Concurrent®
Group tration exposure  cells Others? with aberrations  Polyploid" Trend teéts’ cytotoxicity

(mg/m!) (h) analysed gap ctb cte csb cse mul® total TAG (%) TA (%) (%) SA NA (%)
Control 200 0 0 0 0 0 O 0 o 0(00 0(00 050 -
Solvent” 0 24 200 o 0 0 0 o0 0 0 0 0 (00 0 (00 025 100.0
TBEP 0.023 . 24 200 1 1 0 0 0 10 12 0 3(19 2 (10 013 85.5
TBEP 0045 24 200 o 1 0 2 0 O 3 0 20100 2 (10 038 NT NT 79.0
TBEP 0.090 24 200 0 0 0 0 0 0 0 0 0(00) 0(00 0407 45.0
TBEP 0.18 ** 24 - - 0.0
MC 0.00005 24 200 3 61 9% 5 1 10 176 0 93 (4650 91 (455) 0.00 -
Solvent” 0 48 200 0o 0 0 0 1 0 1 0 1 (05 1 (05 063 100.0
TBEP 0.011 48 200 0o 1 0 0 0 O 1 0 1 (05) 1 (05) 013 107.0
TBEP 0.023 48 200 01 0 3 0 0 4 0 3(15 3(15 025 NT NT 101.5
TBEP 0.045 48 200 60 1 0 0 0 0 1 0 1{(05 1(05 000 86.0
TBEP 0.090 ** 48 - - 185
TBEP 0.18* 48 - - 0.0
MC 0.00005 48 200 1 47 124 3 3 0 178 9 95 (475 95 (475 050 -

Abbreviations, gap:chromatid gap and chromosome gap, ctb:chromatid break, cte: chromatid exchange, csb:chromosome break,
cse:chromosome exchange (dicentric and ring), mul:multiple aberrations, TAG:total no.of cells with aberrations, TAtotal no. of cells with
aberrations except gap, SA Istructural aberration, NA:numerical aberration, MC :mitomycin C, NT:not tested.

1) Dimethyl sulfoxide was used as solvent. 2)More than nine aberrations in a cell were scored as 10.  3)Others, such as attenuation and
premature chromosome condensation, were excluded from the no. of structural aberrations. 4)Eight hundred cells were analysed in each
group. 5)Cochran - Armitage’s trend test was done(p<0.05)when the incidence of TAG and polyploid in the treatment groups was
significantly different from historical solvent control (p<0.05)by Fisher’s exact test. 6)Cell confluency, representing cytotoxicity, was
measured with Monocellater™. 7) Seven hundred and fifty-seven cells were analysed. *:.Purity was 98.2%. **:Chromosome analysis was
not performed because of severe cytotoxicity.

Table2 Chromosome analysis of Chinese hamster cells (CHL/IU) treated with tris (2- butoxyethyl)
phosphate (TBEP)* with and without S9 mix

Concen- S9 Timeof No.of No. of structural aberrations No. of cells Concurrent®
Group tration mix exposure celis Others®  with aberrations  Polyploid" Trend test™ cytotoxicity

{mg/mi) (h)  analysed gap ctb cte csb cse mul? total TAG (%) TA (%) (%) SA NA (%)
Control 200 0 0 0 0 0 O 0 0 000 0(00 013 -
Solvent" 0 - 6-018) 200 o 1 0 0 0 O 1 0 1 ¢05 1(05 013 100.0
TBEP 0.023 - 6-(18) 200 0 0 0 0 0 O 0 1 0(00 0(00 013 995
TBEP 0.045 - 6-(18) 200 0o 06 0 0 0 0 0 0 0(00) 000 050 NT NT 105.0
TBEP 0.090 - 6-(18) 200 O 1 0 2 0 0 3 0 20100 2010 025 80.5
TBEP 1.8** - 6-018) - - 0.0
CPA 0.005 - 6-(18) 200 0 2 0 0 0 O 2 1 2(100 2 (L0} 050 -
Solvent" 0 +  6-(18) 200 0 0 0 o 0 0 0 1 0000 000 013 100.0
TBEP 0.050 +  6-(18) 200 1 1 0 0 0 0 2 2 1005 1(05 013 99.0
TBEP 0.10 +  6-(18) 200 1 1 0 4 0 0 6 0 5025 420 038 NT NT 91.5
TBEP 0.20 +  6-(18) 200 G 0 0 0 0 0 0 0 0(00 000 013 87.0
TBEP 040 ** +  6-(18) - - 75
TBEP 0.80 ** +  6-(18) - - 16.5

CPA 0.005 +  6-(18) 200 0102 226 7 1 50 38 0 134 (67.0) 134 (67.0) 0.00 -

Abbreviations, gap.chromatid gap and chromosome gap, ctb.chromatid break, cte: chromatid exchange, c¢sb:chromosome break,
cse:chromosome exchange{dicentric and ring), mul:multiple aberrations, TAG:total no.of cells with aberrations, TA total no. of cells with
aberrations except gap, SAstructural aberration, NA: numerical aberration, CPA:cyclophosphamide, NT:not tested.

1) Dimethyl sulfoxide was used as solvent. 2)More than ten aberrations in a cell were scored as 10. 3)Others, such as attenuation and
premature chromosome condensation, were excluded from the no. of structural aberrations. 4)Eight hundred cells were analysed in each
group. 5)Cochran - Armitage’s trend test was done(p<0.05)when the incidence of TAG and polyploid in the treatment groups was
significantly different from historical solvent control(p<0.05)by Fisher’s exact test.  6)Cell confluency, representing cytotoxicity, was
measured with Monocellater™. *:Purity was 98.2%. **:Chromosome analysis was not performed because of severe cytotoxicity.

64
280




Flame retardants (EHC 218, 2000)

UNITED NATIONS ENVIRONMENT PROGRAMME
INTERNATIONAL LABOUR ORGANISATION
WORLD HEALTH ORGANIZATION

INTERNATIONAL PROGRAMME ON CHEMICAL SAFETY

Environmental Health Criteria 218

FLAME RETARDANTS: TRIS (2-BUTOXYETHYL)
PHOSPHATE, TRIS(2-ETHYLHEXYL)
PHOSPHATE AND TETRAKIS (HYDROXYMETHYL)
PHOSPHONIUM SALTS

This report contains the collective views of an international group of
experts and does not necessarily represent the decisions or the stated
policy of the United Nations Environment Programme, the International
Labour Organisation, or the World Health Organization.

First draft prepared by Dr G.J. van Esch, Bilthoven, the Netherlands

Published under the joint sponsorship of the United Nations
Environment Programme, the International Labour Organisation, and the
World Health Organization, and produced within the framework of the
Inter-Organization Programme for the Sound Management of Chemicals.

World Health Organization
Geneva, 2000

The International Programme on Chemical Safety (IPCS),

established in 1980, is a joint venture of the United Nations
Environment Programme (UNEP), the International Labour Organisation
(ILO), and the World Health Organization (WHO). The overall
objectives of the IPCS are to establish the scientific basis for
assessment of the risk to human health and the environment from
exposure Lo chemicals, through international peer review processes, as
a prerequisite for the promotion of chemical safety, and to provide
technical assistance in strengthening national capacities for the
sound management of chemicals.

The Inter-oOrganization Programme for the Sound Management of
Chemicals (IOMC) was established in 1995 by UNEP, ILO, the Food and
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Agriculture Organization of the United Nations, WHO, the United
Nations Industrial Development Organization, the United Nations
Institute for Training and Research, and the Organisation for Economic
Co-operation and Development (Participating Organizations), following
recommendations made by the 1992 UN Conference on Environment and
Development to strengthen cooperation and increase coordination in the
field @f chemical safety. The purpose of the IOMC is to promote
coordination of the policies and activities pursued by the
Participating Organizations, jointly or separately, to achieve the
sound management of chemicals in relation to human health and the
environment.

WHO Library Cataloguing-in-Publication Data

Flame retardants : tris(2-butoxyethyl) phosphate, tris{(2-ethylhexyl)
phosphate, tetrakis(hydroxymethyl) phosphonium salts.

{Environmental health criteria ; 218)
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- toxicity 3.Flame retardants - toxicity

4 _.No-observed-adverse-effect level 5.Environmental exposure
6.0ccupational exposure 1I.Series

ISBN 92 4 157218 3 (NLM Classification: QU 131)
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The World Health Organization welcomes requests for permission to
reproduce or translate its publications, in part or in full.
Applications and enquiries should be addressed to the Office of
Publications, World Health Organization, Geneva, Switzerland, which
will be glad to provide the latest information on any changes made to
the text, plans for new editions, and reprints and translations
already available.

(c) World Health Organization 2000

Publications of the World Health Organization enjoy copyright
protection in accordance with the provisions of Protocol 2 of the
Universal Copyright Convention. All rights reserved.

The designations employed and the presentation of the material in
this publication do not imply the expression of any opinion whatsocever
on the part of the Secretariat of the World Health Organization
concerning the legal status of any country, territory, city, or area
or of its authorities, or concerning the delimitation of its frontiers
or boundaries.

The mention of specific companies or of certain manufacturers'
products does not imply that they are endorsed or recommended by the
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that are not mentioned. Errors and omissions excepted, the names of
proprietary products are distinguished by initial capital letters.
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PART A: TRIS (2-BUTOXYETHYL) PHOSPHATE (TBEP)

Al.

A2.

A4,

A5.

A6.

A7.

SUMMARY, EVALUATION AND RECOMMENDATIONS

Al.l1 Summary
Al.2 Evaluation
Al.3 Recommendations

IDENTITY, PHYSICAL AND CHEMICAL
PROPERTIES, AND ANALYTICAL METHODS

A2.1 Identity

A2.2 physical and chemicals properties

A2.3 conversion factors
A2.4 Analytical methods

A2.4.1 Air

A2.4.2 Water

A2.4.3 Sediment

A2.4.4 Soils and foodstuffs
A2.4.5 Bioclogical media

SOURCES OF HUMAN AND ENVIRONMENTAL EXPOSURE

A3.1 Natural occurrence
A3.2 Anthropogenic sources

A3.2.1 Production levels and processes

A3.2.2 Uses

ENVIRONMENTAL TRANSPORT, DISTRIBUTION AND TRANSFORMATION

A4.1 Transport and distribution between media

Ad4.2 Biodegradation

B4.2.1 Migration

ENVIRONMENTAL LEVELS AND HUMAN EXPOSURE

AS5.1 Environmental levels

w

Air

Soils and sediment
Aquatic organisms

[3)]

Py
()] [&4]

s
Bw N

A5.2 Human tissue levels
A5.3 Food
A5.4 Occupational exposure

KINETIC AND METABOLISM IN LABORATORY ANIMALS AND HUMANS

EFFECTS ON LABORATORY MAMMALS AND IN VITRO TEST SYSTEMS

A7.1 Single exposure

A7.1.1 Oral and dermal
A7.1.2 Inhalation

A7.2 Short-term repeated exposure

A7.2.1 Oral
A7.2.2 Dermal
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A8.

A9,

PART

Bl.

B2.

B3.

B4.

B5.

A7.3 Skin and eye irritation: sensitization

A7.4 Reproductive toxicity, embryotoxicity and
teratogenicity

A7.5 Mutagenicity and related end-points

AT.6 Carcinogenicity

A7.7 Special studies

A7.7.1 Neurotoxicity
A7.7.1.1 Acute administration i
A7.7.1.2 Repeated oral administration
A7.7.1.3 Effects on esterase activity

EFFECTS ON HUMANS
EFFECTS ON OTHER ORGANISMS IN THE LABORATORY AND FIELD

AS.1 Laboratory experiments

AS.1.1 Aquatics organisms
A8.1.1.1 Invertebrates
A9.1.1.2 Vertebrates

B: TRIS(2-ETHYLHEXYL) PHOSPHATE (TEHP}
SUMMARY, EVALUATION AND RECOMMENDATIONS

Bl.l Summary
Bl.2 Evaluation
Bl.3 Recommendations

IDENTITY, PHYSICAL AND CHEMICAL PROPERTIES, AND ANALYTICAL
METHODS

B2.1 Identity

B2.2 Physical and chemical properties
B2.3 Conversion factors

B2.4 Analytical methods

B2.4.1 Air
B2.4.2 Water
B2.4.3 Sediment

SOURCES OF HUMAN AND ENVIRONMENTAL EXPOSURE

B3.1 Natural occurrence
B3.2 Anthropogenic sources

B3.2.1 Production levels and processes
B3.2.2 Uses

ENVIRONMENTAL TRANSPORT, DISTRIBUTION AND TRANSFORMATION

B4.1 Biodegradation
B4.2 Bioaccumulation

ENVIRONMENTAL LEVELS AND HUMAN EXPOSURE

B5.1 Environmental levels

B5.1.1 Air
B5.1.2 Surface water
B5.1.3 Drinking-water
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B6.

B7.

B8.

B9.

PART

Cl.

c2.

B5.1.4 Effluents
B5.1.5 Sediment
B5.1.6 Food

KINETICS AND METABOLISM IN LABORATORY ANIMALS
EFFECTS ON LABORATORY MAMMALS AND IN VITRO TEST SYSTEMS

B7.1 Single exposure
B7.2 Repeated exposure

B7.2.1 Oral
‘B7.2.2 Dermal
B7.2.3 Inhalation

B7.3 skin and eye irritation; sensitization

B7.4 Reproductive toxicity, embryo toxicity and
teratogenicity

B7.5 Mutagenicity

B7.5.1 In vitro assays
B7.5.2 In vivo assays
B7.6 Carcinogenicity

B7.7 Special studies
B7.7.1 Neurotoxicity
EFFECTS ON HUMANS
EFFECTS ON OTHER ORGANISMS IN THE LABORATORY AND FIELD
B9.1 Laboratory experiments

B9.1.1 Microorganisms’
B%.1.2 Agquatic organisms

B9.1.2.1 Vertebrates
BS9.1.3 Terrestrial organisms
C: TETRAKIS (HYDROXYMETHYL) PHOSPHONIUM SALTS
SUMMARY AND EVALUATION

Cl.1 Summary
Cl.2 Evaluation

IDENTITY, PHYSICAL AND CHEMICAIL PROPERTIES, AND ANALYTICAL
METHODS

C2.1 Identity

c2.1.1 Tetrakis (hydroxymethyl) phosphonium
chloride (THPC)

c2.1.2 Tetrakis{(hydroxymethyl) phosphonium
sulfate (THPS)

c2.1.3 Tetrakis (hydroxymethyl) phosphonium

chloride~urea condensate (THPC-urea)
C2.2 Physical and chemical properties

c2.2.1 Technical products
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C3.

c4.

CsS.

ce.

c7.

C2.3 Conversion factors
C2.4 Analytical methods

SOURCES OF HUMAN AND ENVIRONMENTAL EXPOSURE

C3.1 Natural occurrence
C3.2 Anthropogenic sources

c3.2.1 Production levels and processes
c3.2.2 Uses

ENVIRONMENTAL TRANSPORT, DISTRIBUTION AND TRANSPORTATION

C4.1 Transport and distribution between media
C4.2 Transformation

c4.2.1 Biodegradation
c4.2.2 Abiotic degradation

C4.3 Migration from textiles
ENVIRONMENTAL LEVELS AND HUMAN EXPOSURE
KINETICS AND METABOLISM IN LABORATORY ANIMALS
EFFECTS ON LABORATORY MAMMALS AND IN VITRO TEST SYSTEMS
C7.1 Single exposure
C7.1.1 Oral
c7.1.2 Dermal

c7.1.3 Inhalation

C7.2 Repeated exposure

c7.2.1 Cral
c?7.2.1.1 THPC
Cc7.2.1.2 THPS
c7.2.2 Dermal

C7.3 Long-term exposure

Cc7.3.1 THPC
C?7.3.2 THPS

C7.4 Skin and eye irritation; sensitization

c?7.4.1 Skin irritation
C7.4.1.1 THPS
C7.4.1.2 THPC-urea

C7.4.2 Eye irritation

C7.4.3 Skin sensitization
C7.4.3.1 THPS
C7.4.3.2 THPC-urea

C7.5 Reproductive toxicity, embryotoxicity and
teratogenicity

C7.5.1 THES
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C7.5.2 THPC~-urea
C7.6 Mutagenicity and related end-points
c7.6.1 THPC-urea

C7.6.1.1 In vitro studies
C7.6.1.2 In vivo studies ) ‘

c7.6.2 THPC
€7.6.3 THPS
c7.6.4 THPO
Cc7.6.5 Treated fabrics

C7.7 Carcinogenicity
c7.7.1 Oral studies

C7.7.1.1 Mice
C7.7.1.2 Rats

c7.7.2 Dermal studies: initiation and promotion
C7.8 Special studies
C8. EFFECTS ON HUMANS
C9. EFFECTS ON OTHER ORGANISMS IN THE LABORATORY AND FIELD
C9.1 Laboratory experiments

c9.1.1 Aquatic organisms
cg.1.2 Terrestrial organisms

C10. PREVIOQUS EVALUATIONS BY INTERNATIONAL BODIES
REFERENCES

APPENDIX

RESUME, EVALUATION ET RECOMMANDATIONS

RESUMEN, EVALUACION Y RECOMENDACIONES

NOTE TO READERS OF THE CRITERIA MONOGRAPHS

Every effort has been made to present information in the criteria
monographs as accurately as possible without unduly delaying their
publication. In the interest of all users of the Environmental Health
Criteria monographs, readers are requested to communicate any errors
that may have occurred to the Director of the International Programme
on Chemical Safety, World Health Organization, Geneva, Switzerland, in
order that they may be included in corrigenda.

* * *

. A detailed data profile and a legal file can be obtained from the
Internaticnal Register of Potentially Toxic Chemicals, Case postale
356, 1219 Chatelaine, Geneva, Switzerland (telephone no. + 41 22
- 9799111, fax no. + 41 22 -~ 7973460, E-mail irptcQunep.ch).

* * *
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Environmental Health Criteria
PREAMBLE
Objectives

In 1973 the WHO Environmental Health Criteria Programme was
initiated with the following objectives:

(i) to assess information on the relationship between exposure
to environmental pollutants and human health, and to provide
guidelines for setting exposure limits;

{ii) to identify new or potential pollutants;

{iii) to identify gaps in knowledge concerning the health effects
of pollutants;

{iv) to promote the harmonization of toxiceological and
epidemiological methods in order to have internationally
comparable results.

The first Environmental Health Criteria {EHC) monograph, on
mercury, was published in 1976 and since that time an ever-increasing
number of assessments of chemicals and of physical effects have been
produced. In addition, many EHC monographs have been devoted to
evaluating toxicological methodology, e.g., for genetic, neurotoxic,
teratogenic and nephrotoxic effects. Other publications have been
concerned with epidemiological guidelines, evaluation of short-term
tests for carcinogens, biomarkers, effects on the elderly and so
forth.

Since jts ipauguration the EHC Programme has widened its scope,
and the importance of environmental effects, in addition to health
effects, has been increasingly emphasized in the total evaluation of
chemicals.

The original impetus for the Programme came from World Health
Assembly resolutions and the recommendations of the 1972 UN Conference
on the Human Environment. Subsequently the work became an integral
part of the International Programme on Chemical Safety (IPCS), a
cooperative programme of UNEP, ILO and WHO. 1In this manner, with the
strong support of the new partners, the importance of occupational
health and environmental effects was fully recognized. The EHC
monographs have become widely established, used and recognized
throughout the world.

The recommendations of the 1992 UN Conference on Environment and
Development and the subsequent establishment of the Intergovernmental
Forum on Chemical Safety with the priorities for action in the six
programme areas of Chapter 19, Agenda 21, all lend further weight to
the need for EHC assessments of the risks of chemicals.

Scope
The criteria monographs are intended to provide critical reviews
on the effect on human health and the environment of chemicals and of

combinations of chemicals and physical and bioclogical agents. As
such, they include and review studies that are of direct relevance for
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the evaluation. However, they do not describe every study carried
out. Worldwide data are used and are quoted from original studies,
not from abstracts or reviews. Both published and unpublished reports
are considered and it is incumbent on the authors to assess all the
articles cited in the references. Preference is always given to
published data. Unpublished data are only used when relevant
published data are absent or when they are pivotal to the risk
assessment. A detailed policy statement is available that describes
the procedures used for unpublished proprietary data so that this
information can be used in the evaluation without compromising its
confidential nature (WHO (19%0) Revised Guidelines for the Preparation
of Environmental Health Criteria Monographs. PCS/90.69, Geneva, World
Health Organization}).

In the evaluation of human health risks, sound human data,
whenever available, are preferred to animal data. Animal and in
vitro studies provide support and are used mainly to supply evidence
nissing from human studies. It is mandatory that research on human
subjects is conducted in full accord with ethical principles,
including the provisions of the Helsinki Declaration.

The EHC monographs are intended to assist national and
international authorities in making risk assessments and subsequent
risk management decisions. They represent a thorough evaluation of
risks and are not, in any sense, recommendations for regulation or
standard setting. These latter are the exclusive purview of national
and regional governments.

Content
The layout of EHC monographs for chemicals is outlined below.

* Summary -- a review of the salient facts and the risk evaluation
of the chemical

Identity -- physical and chemical properties, analytical methods
Sources of exposure

Environmental transport, distribution and transformation
Environmental levels and human exposure

Kinetics and metabolism in laboratory animals and humans

Effects on laboratory mammals and in vitro test systems

Effects on humans

Effects on other organisms in the laboratory and field
Evaluation of human health risks and effects on the environment
Conclusions and recommendations for protection of human health
and the environment

* % % % F % %k o *

Further research
* Previous evaluations by international bodies, e.g., IARC, JECFA,
JMPR

Selection of chemicals

Since the inception of the EHC Programme, the TPCS has organized
meetings of scientists to estapblish lists of priority chemicals for
subsequent evaluation. Such meetings have been held in: Ispra, Italy,
1980; Oxford, United Kingdom, 1984; Berlin, Germany, 1987; and North
Carolina, USA, 1995. The selection of chemicals has been based on the
following criteria: the existence of scientific evidence that the
substance presents a hazard to human health and/or the environment;
the possible use, persistence, accumulation or degradation of the
substance shows that there may be significant human or envircnmental
exposure; the size and nature of populations at risk (both human and
other species) and risks for environment; international concern, i.e.
the substance is of major interest to several countries; adequate data
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on the hazards are available.

If an EHC monograph is proposed for a chemical not on the
priority list, the IPCS Secretariat consults with the Cooperating
Organizations and all the Participating Institutions before embarking
on the preparation of the monograph.

-
Procedures

The order of procedures that result in the publication of an EHC
monograph is shown in the flow chart. A designated staff member of
IPCS, responsible for the scientific quality of the document, serves
as Responsible Officer (RO). The IPCS Editor is responsible for
layout and language. The first draft, prepared by consultants or,
more usually, staff from an IPCS Participating Institution, is based
initially on data provided from the International Register of
Potentially Toxic Chemicals, and reference data bases such as Medline
and Toxline.

The draft document, when received by the RO, may require an
initial review by a small panel of experts to determine its scientific
quality and objectivity. Once the RO finds the document acceptable as
a first draft, it is distributed, in its unedited form, to well over
150 EHC contact points throughout the world who are asked to comment
on its completeness and accuracy and, where necessary, provide
additional material. The contact points, usually designated by
governments, may be Participating Institutions, IPCS Focal Points, or
individual scientists known for their particular expertise. Generally
some four months are allowed before the comments are considered by the
RO and author(s). A second draft incorporating comments received and
approved by the Director, IPCS, is then distributed to Task Group
members, who carry out the peer review, at least six weeks before
their meeting.

The Task Group members serve as individual scientists, not as
representatives of any organization, government or industry. Their
function is to evaluate the accuracy, significance and relevance of
the information in the document and to assess the health and
environmental risks from exposure to the chemical. A summary and
recommendations for further research and improved safety aspects are
also required. The composition of the Task Group is dictated by the
range of expertise required for the subject of the meeting and by the
need for a balanced geographical distribution.

The three cooperating organizations of the IPCS recognize the
important role played by nongovernmental organizations.
Representatives from relevant national and international associations
may be invited to join the Task Group as observers. While observers
may provide a valuable contribution to the process, they can only
speak at the invitation of the Chairperson. Observers do not
participate in the final evaluation of the chemical; this is the sole
responsibility of the Task Group members. When the Task Group
considers it to be appropriate, it may meet in camera.

All individuals who as authors, consultants or advisers
participate in the preparation of the EHC monograph must, in addition
to serving in their personal capacity as scientists, inform the RO if
at any time a conflict of interest, whether actual or potential, could
be perceived in their work. They are required to sign a conflict of
interest statement. Such a procedure ensures the transparency and
probity of the process.

When the Task Group has completed its review and the RO is
satisfied as to the scientific correctness and completeness of the
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document, it then goes for language editing, reference checking, and
preparation of camera-ready copy. After approval by the Director,
IPCS, the monograph is submitted to the WHO Office of Publications for
printing. At this time a copy of the final draft is sent to the
Chairperson and Rapporteur of the Task Group to check for any errors.

It is accepted that the following criteria should initiate the
updaEing of an EHC monograph: new data are available that would
substantially change the evaluation; there is public concern for
health or environmental effects of the agent because of greater
exposure; an appreciable time period has elapsed since the last
evaluation.

All pParticipating Institutions are informed, through the EHC
progress report, of the authors and institutions proposed for the
drafting of the documents. A comprehensive file of all comments
received on drafts of each EHC monograph is maintained and is
available on request. The Chairpersons of Task Groups are briefed
before each meeting on their role and responsibility in ensuring that
these rules are followed.

EHC PREPARATION FLOW CHART

l Commitment 2o draft EHCJ

3

r Document preparation iitisted l

-

~

~v
-~

- 3 “«, [Possiblemeeting
- of afew experte
Revizion 32 " ol
necessary 4---=~] Draft zent to PCS Responsible Officer {RO} | 4- - - - to resolve
T controrersial issucs

Rezsponzible Offices, Editor chech for coherence of text and
readability (not language editing]

+

llhtcnnaﬁonal drculation to Contact Points (150+)

1

[ Comments to IPCS (RO) l

JF A

Review of commentz, refersnce eross-check:
o preparation of Tack Group (TG} draft -

A" T N Working group.
________ -y - PP IR if required
Tack Group mecting
Insertion of TG changes

I Post-TG draft; dedalled refercnce cross-check l

F
h\“* French?Spanizh

// T P——- transhitions of Summary

) Ly [t
CIP data
-
l‘ﬂppronl by Directos, IPCS ]

WHO Publication Office
~—) soutinc procedare . -
- —-p optionsl procedurs l Printer }—’l Proofs I—PI Pubﬁcal:onl

291



Flame retardants (EHC 218, 2000) 12/89 R—

WHO TASK GROUP ON ENVIRONMENTAL HEALTH CRITERIA FOR FLAME RETARDANTS:
TRIS {2-BUTOXYETHYL) PHOSPHATE, TRIS(2-ETHYLHEXYL) PHOSPHATE AND
TETRAKIS (HYDROXYMETHYL}) PHOSPHONIUM SALTS

Members

Br R. Benson, US Environmental Protection Agency, Denver, Colorado,
USA

Dr P. Brantom, British Industry Biological Research Association
{BIBRA} International, Carshalton, Surrey, United Kingdom

Dr S. Dobson, Institute of Terrestrial Ecology, Monks Wood,
Huntingdon, Cambridgeshire, United Kingdom (Chairman)

Professor J. Liesivuori, Department of Pharmacology and Toxicology,
University of Kuopio, Kuopio, Finland

Mr D. Renshaw, Department of Health, Elephant and Castle, London,
United Kingdom

Dr E. Stderlund, National Institute of Public Health, Department of
Environmental Medicine, Oslo, Norway (Rapporteur)

Observers

Dr 1. Kotkoskic, FMC Corporation, Princetown, New Jersey, USA

Dr P. Martin, Albright and Wilson UK Limited, European Business
Services - Product Stewardship, 0Oldbury, West Midlands, United Kingdom

Secretariat

Dr M. Baril, International Programme on Chemical safety, Montreal,
Quebec, Canada

ENVIRONMENTAL HEALTH CRITERIA FOR FLAME RETARDANTS:
TRIS (2-BUTOXYETHYL} PHOSPHATE, TRIS(2-ETHYLHEXYL) PHOSPHATE AND
TETRAKIS (HYDROXYMETHYL) PHOSPHONIUM SALTS

A WHO Task Group on Environmental Health Criteria for Flame
retardants: tris(2-butoxyethyl) phosphate, tris(2-ethylhexyl)
phosphate and tetrakisthydroxymethyl) phosphonium salts met at the
British Industrial Biological Research Association, Carshalton, United
Kingdom from 18 to 22 January 1999. Dr P. Brantom opened the meeting
and welcome the participants on behalf of the host institute. Dr M.
Baril, IPCS, welcomed the participants on behalf of IPCS and the three
cooperating organizations (UNEP/ILO/WHO). The Task Group reviewed and
revised the draft criteria monograph and made an evaluation of the
risk to human health and the environment from exposure to these flame
retardants.

Financial support for this Task Group was provided by the United
Kingdom Department of Health as part of ‘its contribution to the IPCS.

The first draft of this monograph was prepared by Dr G. J. van
Esch, Bilthoven, the Netherlands. The second draft prepared by Dr M.
Baril incorporated the comments received following circulation of the
first graft to the IPCS contact points for Environmental Health
Criteria.

Dr P.G. Jenkins (IPCS Central Unit, Geneva) and Dr M. Baril (IPCS

technical advisor, Montreal) were responsible for the overall
technical editing and scientific content, respectively.
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The efforts of all who helped in the preparation and finalization
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ABBR%VIATIONS
AChE acetylcholinesterase
ALAT alanine aminotransferase
ASAT aspartate aminotransferase
BCME bis{chloromethyl) ether
BEHP bis(2-ethylhexyl) phosphate
BMPA bishydroxymethyl phosphonic acid
BuCHE butyrylcholinesterase
CHO Chinese hamster ovary
DMSO dimethyl sulfoxide
EC,, median effective concentration
FDA Food and Drug Administration (USA)
GC gas chromatography
HPLC high performance liquid chromatography
ICq, median inhibitory concentration
LC., median lethal concentration
LD, median lethal dose
LOAEL lowest-observed-adverse-effect level
LOEL lowest-observed-effect level
MS mass spectrometry
nd not detected
NOAEL no-observed-adverse-effect level
NOEC no-observed-effect concentration
NOEL no-observed-effect level
NPD nitrogen-phosphorus sensitive detector
NTE neuropathy target esterase
NTP National Toxicology Program (USA)
OECD Organisation for Bconomic Co-operation and Development
pvC polyvinyl chleoride
SCE sister-chromatid exchange
TBEP tris(2-butoxyethyl) phosphate
TEHP tris(2-ethylhexyl) phosphate
THP tetrakis(hydroxymethyl) phosphonium
THPC tetrakis{(hydroxymethyl) phosphonium chloride
THPO trihydroxymethyl phosphine oxide
THPS tetrakis(hydroxymethyl) phosphonium sulfate
TOCP tri- ortho-cresyl phosphate
PART A

Tris(2-butoxyethyl) phosphate
{TBEP)
A. SUMMARY, EVALUATION AND RECOMMENDATIONS
Al. Tris{Z-butoxyethyl) phosphate (TBE?)
Al.1 Summary
Tris(2-butoxyethyl) phosphate (TBEP) is used in floor polishes
and as a plasticizer in rubber and plastics. The worldwide production
volume is not available but is estimated to be in the range of

5000-6000 tonnes.

TBEP occurs in the environment only as a result of human
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