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Public Works and Government Services 
Canada

Travaux publics et Services 
gouvernementaux Canada

Title - Sujet
Randle Reef sediment remediation St

Solicitation No. - N° de l'invitation
EQ754-141656/B
Client Reference No. - N° de référence du client
R.050927.001

PW-$PWL-023-2009

Solicitation Closes - L'invitation prend fin
02:00 PMat - à

on - le 2015-06-16
F.O.B. - F.A.B.

Plant-Usine: Destination: Other-Autre: 

Address Enquiries to: - Adresser toutes questions à:
Lau, Karen
Telephone No. - N° de téléphone

(416) 512-5297 (    )
FAX No. - N° de FAX
(416) 512-5862

Randle Reef
Hamilton Harbour
Hamilton, ON

File No. - N° de dossier

PWL-3-36066 (023)

Eastern Daylight Saving
Time EDT

Time Zone 
Fuseau horaire

Destination - of Goods, Services, and Construction:
Destination - des biens, services et construction:

REQUEST FOR PROPOSAL
DEMANDE DE PROPOSITION

Regional Manager/Real Property 
Contracting/PWGSC
Ontario Region, Tendering Office
12th Floor, 4900 Yonge Street
Toronto, Ontario
M2N 6A6
Ontario

RETOURNER LES SOUMISSIONS À:
RETURN BIDS TO:

CCC No./N° CCC - FMS No./N° VME

Proposal To:  Public Works and Government 
Services Canada

Comments - Commentaires

Vendor/Firm Name and Address

Issuing Office - Bureau de distribution

Regional Manager/Real Property Contracting/PWGSC
Ontario Region, Tendering Office
12th Floor, 4900 Yonge Street
Toronto, Ontario
M2N 6A6
Ontario

Proposition aux:  Travaux Publics et Services 
Gouvernementaux Canada
Nous offrons par la présente de vendre à Sa Majesté la
Reine du chef du Canada, aux conditions énoncées ou
incluses par référence dans la présente et aux annexes
ci-jointes, les biens, services et construction énumérés
ici sur toute feuille ci-annexée, au(x) prix indiqué(s).

We hereby offer to sell to Her Majesty the Queen in right
of Canada, in accordance with the terms and conditions
set out herein, referred to herein or attached hereto, the
goods, services, and construction listed herein and on any
attached sheets at the price(s) set out therefor.

Raison sociale et adresse du
fournisseur/de l'entrepreneur

GETS Reference No. - N° de référence de SEAG

Buyer Id - Id de l'acheteur
pwl023

Date 
2015-05-06

Delivery Offered - Livraison proposéeDelivery Required - Livraison exigée

Vendor/Firm Name and Address

Signature Date

Name and title of person authorized to sign on behalf of Vendor/Firm
(type or print)
Nom et titre de la personne autorisée à signer au nom du fournisseur/
de l'entrepreneur (taper ou écrire en caractères d'imprimerie)

Instructions:  Voir aux présentes

Instructions:  See Herein

Raison sociale et adresse du fournisseur/de l'entrepreneur

Telephone No. - N° de téléphone
Facsimile No. - N° de télécopieur
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This bid solicitation cancels and supersedes previous bid solicitation
number EQ754-141656/A dated 2013-12-10 with a closing of  2014-03-11
at 2:00pm. A debriefing or feedback session will be provided upon
request to bidders/offerors/suppliers who bid on the previous
solicitation.

REQUEST FOR PROPOSAL  

(ONE PHASE PROCEDURE)

RANDLE REEF - SEDIMENT
 REMEDIATION: 

STAGE 1 - CONSTRUCTION ENGINEERING SERVICES

 HAMILTON HARBOUR

HAMILTON, ONTARIO

SOLICITATION No.: EQ754-141656/B
PROJECT No.: R.050927.001

PWGSC Contracting Authority: 

Karen Lau
4900 Yonge Street

Toronto, Ontario M2N 6A6
Telephone: 416-512-5297

Fax: 416-512-5652
Email: karen.lau@pwgsc-tpsgc.gc.ca

Solicitation No. - N° de l'invitation Amd. No. - N° de la modif. Buyer ID - Id de l'acheteur

EQ754-141656/B pwl023

Client Ref. No. - N° de réf. du client File No. - N° du dossier CCC No./N° CCC - FMS No/ N° VME

R.050927.001 PWL-3-36066
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H�;� 	�� ��	$�� � ���	7�=�8�	
	



������������	
��	�	

	��	������������	 ����	
��	�	

	��	��	������	 �����	��	�	��	��	����������
EQ754-141656/B  pwl023
������	����	
��	�	

	��	����	��	������	 ����	
��	�	

	��	��  ���	 ���	
��!

	���	�	�"�	
��!

	#"$
R.050927.001    PWL-3-36066	 	 	 	

�

������>����	�
����
�

������	����	 ������� 	�������	*�N 	��	����	��'�	������������� 	� 	&���	� 	�����	
����� �		%��	�������������	� 	�����	�� ���4��	� 	C�	 +���	��	 ��&	������C	���	��	���	
���������'	 ��&	 +����	��	����������� 	����  	���	���4���	�����	���	�+��;�	����	���	
����	������		%��	�+��;�	��	*�N 	����	 �������	����	���	����	�����	������ 	�����	�� �	���	
&�������	+�+������� 	4���	��������	���	�����������		%��	������	����	��������	
�����������	*��:���	&���	� �����	��� �	����������� 	����	���	��� � ���?	�����4�	
����������'	������	+���&�� 	��	�<+� ���	��	*�N 	4�	�����'����	����+��� �		�����������	
��	������	����	&���	��+����	&����	.������	���	������	�����������	����� 	��	4�����	��	&���	
�� �	������	�������	�� �������� 	��	����'�����	���	'�������	��������	������ 	�����'�	
���	��������	��	�����4��	+���	���� �			
	
%��	9���������	��	������	� 	���������	��	���	���� ���'	��	���	N�������	N��4���	�=�	
���'����'	)6)6	�����	���	��*�	%��	�����������	��	������������	 ������� 	��	������	
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1�,		 3� ��	"���'�����		
	
%��	��� ��������?	����������?	���	����������	7���8		
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"���'�����	*�������	��	&����	����	*��+����	������� 	7�*�8	� 	4����?	+������ 	
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 ����	&� ��	'��������	��	���	+��:��� �	
	
	
	



������������	
��	�	

	��	������������	 ����	
��	�	

	��	��	������	 �����	��	�	��	��	����������
EQ754-141656/B  pwl023
������	����	
��	�	

	��	����	��	������	 ����	
��	�	

	��	��  ���	 ���	
��!

	���	�	�"�	
��!

	#"$
R.050927.001    PWL-3-36066	 	 	 	

�

�����������	�
����
�

1�/			 ����	���+������	
	
���� ?	��'������� ?	4�	��& 	���	���� ��� 	��	C���������� 	�����'	:��� �������C	&���	4�	
�4 ������		��	�� � 	��	������+?	���	�� �	 ����'���	&���	�++���		%��	��� ������	 ����	
��������	�����	:��� ������� 	�++��+�����	��	���	+��:����	
			
1�1	 	�� ;	"���'�����	
		
�	�� ;	����'�����	 �����'�	� 	�������	���	*39��	*��:���	"���'�����	���	����'���� 	
+��:���	+������'	����	+����������	+������'�	���	���	 ��;������� 	��	�	+��:���	&���	4�	��	
����'���	+���	��	���	�� ;	����'�����	 �����'�?	����������'	��	��	����'�����	+������	
�����	�+������	 ������ 	��.�����	���	+��:���	��������	���	��������	��	��.�����	������� �		
	
1�2	 N�����	���	������	
	
*39��	����'��@� 	���	�� +�� �4�����	��	�� ���	���	������	���	 �����	��	���	+�� �� 	��	
���&�	��� ��������	+��:��� 	���	���	�����������	��	4���	�������	��+����� 	���	+������	
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	 ���	&��;	���	��	4�	�� +�����	+����	��	4���'	�������	�+�		
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	 ��	�  ��4��	+����?	� 	����  ���	���	���	+��'��  	��	���	+��:����		
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*������	������������� 	��	*��� 	���	�+����������� 	��	 ���	��������� ?	� 	��.�����	��	�����	
����	+��:���	���	4�	��������		
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������ 	���	+�������	4���&A	
	
)�,�(2�(		3����	-������	"��������'A	
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%��4�����	��	%����	�� +�����	������	7%��8	�������� ��+	����'	&���	�	 �++�����'	��+���	
������+��	4�	$����������	������	���	� �	�����'	&����	.������	���������'�		%�� 	
�������� ��+	4��&���	����	����	
�+����������	%��4�����	D��� 	7
%D8	��� ������� 	��	
���	�����	���	����� +�����'	%��	���� 	7�'!H8	� 	��.�����	� 	��	� 	���	&����	.������	
���������'	��������	���	����������	�� �	�4���	4��			%��	��� ������	&���	�����@�	��� 	
�������� ��+	���	�+����	��� 	�����������	� ��'	��� ���	����	�4������	� 	�����& �			
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(�	 *������	+��� 	���	������ 	��	�����	��<��	���������'	 ������ 	��	� ��4�� �	
�����	4��;'�����	��������� 	� 	&���	� 	+�������	� 	��	��&	��� 	&���	4�	� ��4�� ����		
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�����		�  ���	(	 ��+���'	�����	+��	 ������	+��	���	��	���	4�'�����'	��	&��;�		��?	
��	���	���� �	��	�	&��;���?	 �'��������	����'� 	�����	����	&������	�	
���  �  ����	��		4��;'�����	��������� ?	���	��� ������	&���	4�	��.�����	��	
�������	4��;'�����	���������'	��	�	����	���.����	4� � �			
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 +�������	%��	��'�������'	+����������	 �������	7)1	�'!H	�4���	�	�������'	
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��<����	����&�4��	%��	&���	4�	J1	�'!H8�				

	
)�	 *������	+��� 	���	������ 	��	���&����	���4�����	���������'	��������'?	4��	���	
�������	��?	+��+� ��	�.��+����?	 ��+���'	���.�����?	 ��+���'	���������'�?	
����������	-�!-�?	����4������	+������� ?	�����	+�������� 	���	��+�����'	������ 	
���	+������� �				��	���	 ����	��	���������'?	������ 	 ���	� 	�	/	����	������'	
�����'�	���	4�	� ��	��	��� ���	�'��� �	���+�������		�  ���	2	 ��+���'	
����� 	+��	 ������	7�  ���	,	���+������	 ������ 	 ��+���	�����	)	���� 	�����'	
�	()	����	&��;���8	+��	���	��	���������	���+������	��	(66	�	����	���	���&����	
&��;�		
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(�	 ��	���:�������	&���	���4�����	���������'?	 ������	&����	 ��+��	����������	
&���	4�	���''����	&���	���	
%D	�����	����	����� +��� 	��	(1	�'!H	%��	�4���	
4��;'�����	� 	��� ����	��	���	���+������	+�����	%��	���.�����	��	 ��+���'	
 ����	4�	�  ����	��	4�	�+	��	�	��<����	��	J	���� 	+��	�����	���	����� ���	���	
(2	���� 	+��	�����	���	%���	�������	&����	 ��+�� 	&���	4�	�����@��	���	*�N ?	
%��	���	����� �	H�4�������	����� � 	 ����	4�	��	���������	����� 	��+�4��	��	
������'	���	*���������	3����	-������	=4:������ 	7*3-= 8�		%�� 	+��'���	���	4�	
�������	��	���	�� �������	��	���	*��:���	"���'��	+�����'	���	�� ��� 		������		%�� 	
����	&���	4�	+�������	��	��+���������	��+�� ��������?	���	�  �  ��'	���	��������	
��	+������ ��	�������	���&����	&��;	'�������� �			
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	 ��.�������� A	
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���	�	�������	��	16	����	 ��+�� 	���	���	+��������	��	���	$��	 �4������	���	
����� � 	��	*�N 	D�	$������������	*���������	���	7D�$*�8	(2	+��������	����	
 ��+�� 	�� �	�������	�	����	+��'�	%��	��� ������	�� �	+��+� �	�	������	��	
��������	����+��4��	��������� 	���	���	����'��	���� 	4��&���	���	&��� 	
��� ������'	���	 +�������	����	��������	����	� 	4���'	+�����	�+��	���	����'��	
 ������	���	���	(66	�'!;'	�����	*�N	 ���	 +������	�����������	���������	3����	
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+������	��	�<��������	��	��	��������?	&����	��+��������	�� 	4���	�����	
� 	���	+��������	��	���	��'�� �	�������	4� ��	��	��;���	�<��������8	���	
+���������	��	������	���	 �����	������� 	��	���	 ���	4��������		*������	
���������	��	���	��� ��������	����������	���	������	��	���	��+���������	
��+�� ��������	�������	��	���	��� ���������	��	�������'	��	 � +�����'	&��;	
�������	��	�����	�  �� �	
����'	����	�����	���	$*�?	�����	� 	��� ������	��	
4�	�	�����������	����	���	��� �	��	����� �	������	���	&���	����	��	4�	
�����  ��	� 	�++����4���	

J�	 *������	�  � �����	��	���	��+���������	��+�� ��������	&���	�� +���	��	
���	-������	�  ������!-������	�������	�����	���������'	��.�����	4�	���	
��+���������	��+�� ��������	���	��;�	���	��.�����	����'� 	4� ��	
�+��	���	�� ��� 	��	���	-�!-�	�����	���������'�	

M�	 	 *������	��+�����'	��	���	.������	��� ������� 	&���	���	�����&��'		 	
	 ���.�����B	
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��	 ���������	�+����	���	�� +���	��	����	����	���������'	������4��	��	���	
��� ��������	��'�����	�������B	

4�	 ���������	������������	��	���	��+���������	��+�� ��������	��	���	
����������	��	������������	 ��+���'	���''����	4�	��	�<��������	��	���	
����	����	���������'	��������B		

��	 3��;��	 ������	��	���	���	.������	���������'	�� ��� 	����  	����	
���������	��������'	���	����������	�� ��� 	��	#=�	 ��+���'	���	
�����+��������	��	���	����������	�� ��� 	���	�����	�����������	��	���	
��������� 	��+��������	���������'B	

��	 �	.��������	 ������	��	���	���	���������'	��������� 	���	�� ��� B	

��	 �	����	 ������	��	���	���	���������'	��������� 	���	�� ��� B	

��	 �����	��+���	 ������@��'	���	���	.������	���������'	���������	�������	
��	���'�	�	7$��	��� ��������8	��	���	+��:����	

	 (6�		 ����&	���	��� ���	������' 	��	���	4�'�����'	��	���	��� ��������	��������?	
���	��	����  ���	�����'	���	��������?	&���	��+���������	��+�� ��������	
���	������	��	�����&	���	������	���������'	+����	

	 ((�		 ��:� �	���������'	+��'���	��	 ���	������' �		

	
)�,�(5			��� ��������	����'� 	
	
(�	 %��	��� ������	��� 	���	����	���������	��	����'�	���	&��;	��	���	+����	��	���		
	 ���������		
)�	 ����'� 	&����	������	�� �	��	�� �'�	�����+�	�� �	4�	�++�����	4�	���		 	
	 ��+���������	��+�� ���������		
,�	 D+��	��+���������	��+�� ��������	�++�����?	�4����	.�������� 	����	���		 	
	 ����������	��	�������	�����&	+���� 	���	���&���	+���+���	�������������� 	��	���	
	 ��+���������	��+�� ���������		
/�	 %��	��+���������	��+�� ��������	&���	�  ��	��� �������+��+����	����'�	=���� 	
	 ��	���	����������?	&���	��+�	��	��� �������		
1�	 ���	����'� ?	��������'	��� �	���	��������'	���	�� �	��	���	+��:���?	&���	4�	�������		
	 4�	����'�	=���� �		
2�	 %��	+�������	��	C�����	��� C	� 	���	����&���		
		
�
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)�,�(J			����������0 	*��'��  	����� 	
	
(�	 $���	�����	��	��	�������� 	�'����	&���	���	����������?	���	����������	 �4��� 	�		
	 +��'��  	�����	���	&��;	���	�������� 	� 	��.�����	��	���	��� ��������	���������		
)�	 %��	����� 	���	����	4�	���+�����'	���	�����&��'	���� 	&����	�++����4��A		
	 	 �	 ��.�� �	���	��� ��������	*������		
	 	 �	 �� �	����;��&�	���	D���	���!��	���4����	*����	��������		
	 	 �	 �� �	����;��&�	���	��<��	*����	��������		
	 	 �	 ���������	�����������	*��'��  	�����		
,�	 �����&	���	 �'�	�� �'�����	���� 	���	+���+���	���&���	����� 	��	���		 	
	 ��+���������	��+�� ��������	���	+����  ��'�		
/�	 ��4���	&���	����	+��'��  	�����A		
	 	 �	 D+�����	 �������	��	���	+��'��  	��	���	&��;�		
	 	 �	 *����'��+� 	��	���	+��'��  	��	���	&��;�		
	
)�,�(M			"������� 	��	����	
	
(�	 %��	����������	���	�����	���	+������	��	��������	��	 ���	4��	���	�����+������	��		
	 &��;�		
)�	 "�������	�� �	4�	 �����	��	�	 �����	+����	�� �'�����	4�	���	��+���������		
	 ��+�� ���������		
,�	 ��������	�� �	��	�������� 	&���	 �++����� 	�������	 ��&��'	+����	��	����	����	�� �		
	 �����+���	�����B	��� ������	 ����	����;	���	������	���	�� ��		
/�	 ���� 	 ����	4�	�� ���	 �+�������	��	���	������	�����	�����	���	4���;���&�	�� �	���		
	 ������		
1�	 � 	��������	� 	�����+������	��	���	&��;	���	�� �	�� �	4�	�����	��	���	�++��+�����	
	 ������	����	���	�������	����	���	��������	�� ��		
		
)�,�)6			����+�����	�����		
	
������	���	��+���������	��+�� ��������	&���	 ��� ����	����	���	+��:���	� 	 �4 ���������	
���+������	%��	��� ������	 ����	�� ���	����	�� 	��+�� ��������?	�� 	 �4���� ������	
��+�� ��������?	�� �����	=������	�����&��?	����������	���	��:��	 �4������ 	
��+�� �������� 	 ����	����	+���	��	���	*��:���	����+�����	�����	���	������	���	������' 	
� 	��'���@��	4�	���	��+���������	��+�� ���������		
	
)�,�)(			��4 �������	*����������	�� +������	
	
%��	����+�����	�����	 ����	�� +���	���	&��;	���	�� �	���	������+��4��	���	�����+����	
&��;	��	�	�� �'�����	�����	%��	�����	 ����	����+�	���	+��:���	����	���	����������	
 �4:���	��	���	����������� 	���	�����+�����	&��;	�� ���	���	+������		
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)�,�))			����������� 	��	��4 �������	*����������	
	
(�	 *������	��.���� 	���+������	���	 �'���'?	4�	���	+����� 	���������?	��	���		
	 �����&��'	�������� A		

��	 �����������	��	��4 �������	*����������	
4�	 �� �	����;��&�	���	���4����	*����	��������	
��	 �� +������	���	����+�����		
��	 ���������	�����������	�����������	��	��4 �������	*����������	
��	 3��;���� 	���+�� �����	�����	������������		

)�	 #�����	����	���	���� 	���	���������	 �����	���	�� ���	����	���+�����	�������� 		
	 ���	���	 �++�����'	�������� 	���	����� ���	��	���	��+���������		 	 	
	 ��+�� ��������	���	+����  ��'�		
		
)�,�),			���������	=���+�����	
	
(�	 %��	��+���������	��+�� ��������	��	������	��+�������	���	����+�	���		 	
	  ��������	�����	���	����	��	����+�����	��	���	 ��������	4�	���	����+�����	������		
	 %��	����+�����	����	� 	��������	����	��	���	��4 �������	*����������	�����������		
	 �  ���	��	���	�����������	� 	��	���	����+�����	����?	���	����������	���	������		
	 ���	��������	�� ������?	���	���	��+���������	��+�� ��������	��	������	 		
	 ��+�������	7� 	���	�� �	���	4�8	�  ��� 	�� +�� �4�����	���A		
	

���	��������	��	���	&��; �			
					4�	9������	�����������	���	�������'	��	���	&��; �		
���	"����������	��	���	 ����		

		
)�,�)/			�����	�� +������	
	

������	���	��+���������	��+�� ��������	&���	 ��� ����	����	���	&��;	�����	���	
��������	�� 	4���	���+�����?	��������'	���	����������	���� 	���������	��	���	
�� +������	���	����+�����	� 	�	�� ���	��	���	�����������	��	��4 �������	
*�����������		%��	��+���������	��+�� ��������	��������� 	���	����+�����	
�����	&����	��;� 	�	�����	�� +������	��	���	+��:����	��	���������'	� 	 ��� �������	
���	�����	��;� 	�����	����+�����	��	���	+��:���	����	���	�����������		

		
)�,�)1			�����	�����������	
	
(�	 %��	�����	+������	��.���� 	���+������	���	 �'���'?	4�	���	+����� 	���������?	��		
	 ���	�����&��'	�������� A		

	 ��	 �����	�����������	��	���+������		
	 4�	 �� +������	���	����+�����		
	 ��	 ���������	�����������	�����	�����������	��	���+������		
	 ��	 �� �	����;��&�	���	���4����	*����	��������	
	 ��	 3��;���� 	���+�� �����	���������	�����������		
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)�	 #�����	����	���	���� 	���	���������	 �����	���	�� ���	����	���+�����	�������� 		
	 ���	���	 �++�����'	�������� 	���	����� ���	��	���	��+���������		 	 	
	 ��+�� ��������	���	+����  ��'�		
		
)�,�)2		%�;������		
�������� �
(�	 %��	��������	��;������	��	���	+��:���	��	+��� 	��	���	+��:���?	����	���	����������	� 		
	 � ��4�� ���	4�	���	*39��	*��:���	%���	&����	������� 	���	��� ������	���	���		
	 ������	��+��������	%��	����	��	�����������	��	��4 �������	*����������	���	���		
	 �����	�����������	��	���+������	 �'����� 	������������	��	���	()	�����		 	
	 &�������	+�����	���	&��;	���+�����	��	���	����	��	����	�����������	��	����������		
	 &���	���	9������	��������� 	��	���	���������		
� 	
)�	 *������	��+���������	��+�� ��������	&���	���'����	��+�	��	����������� 		 	
	 &�������� 	���	���	�������� 	���	&��;	�������	4�	��	�<������	&�������	��		 	
	 '��������?	��������'	��	���	��������� 	��	���	 +����������� �	#�����	�����		 	
	 ���+������  	���	�<����	��	������'��		
	
)�,�)5		� ������	���	������	���&��' 	���	�+����������� 	
	
(�	 �����&��'	���	��;������?	�4����	� �4����	���;����+	����	��+�	����	���		 	
	 ����������A	
)�	 ���&	 �'��������	��������� 	��	��� ��������	����	���	���'����	��������	���&��' ?		
	 ��������'	����'� 	 ��&�	��	*� ����������	���&��' ?	����'� 	�� �����'	����		
	 ����'�	=���� 	��	����	=�	����	�� �������� �		
,�	 ����;	���	������	���	� �4����	������ 	���	���+������  	���	��������	���	 �4���		
	 ��	*39���		
/�	 *������	������	���&��' 	4�	�����+������'	� ������	�����������	����	+��:���		
	 ���&��' �		
1�	 ��4���	������	���&��' 	���	�+����������� 	��	���4��	���	������	��.�����	4�		
	 ���	��� ������	�'�������	&�����	J	&��; 	��	�����	����+������		
2�	 *������	�	���+����	 ��	��	�����	 ��+	���&��' �		
5�	 ��� �	=��	��+���		
	
	
)�/					�$H�#$���H$�A	
�
(�	 3������	��+��� 	����	 ���	�� �� 	��������'	+�� �� 	��������	
)�	 	 3������	��+��� 	��	���	+��'��  	��	���	&��;	���	���	�� �	��	���	+��:���	��	���	���		
	 	 ��	����	�����	
,�	 	 �����&	���	�+�����	+��:���	 �������	��	�� ���	����	��	������� 	��������	����'� 		
	 	 ���	���+������ ?	� 	&���	� 	��������� 	��	+��'��  �	
/�	 	 ��	����	+��'��  	+������	+������	�	���������	��+���	����������'	&��;	 ���� 	��		
	 	 ����?	���+����'	�������	+��'��  	��	4� �����?	+�� �����'	�������	������ � ?		
	 	 �������'	+��4���	���� ?	������+����	����� 	���	��+���	&���	+�  �4��	����'������		
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1�	 	 %��	������	��	���	��+���	&���	4�	4�	�++�����	��	���	��+���������	��+�� ���������	
2�	 	 ����������	������	���&��' 	&���	��.�����	��	�������?	�����+���	��	 �++������	���		
	 	 ��� ��������	�������� 	
5�	 	 *� �	��������	���&��'	
J�	 	 �������	��	�����	����������� 	
M�	 	 � 	4����	������ 	
(6�	 	 3�������	����������	�� �	
((	 	 ��+���	��	�����	3�������	�����&	
()	 	 ��� �	=��	��+����	%��	�������	������� A	
� 	
	 ������
�����������
������
������� ���#'�'#!#�	

   $<�������	�������	
	 (	 ������������	7��������'	���	+��+� �	���	=4:������	��	*��:���8	
	 )	 *��:���	���;'�����		 	 	
	 		 )�(	 ����	�� ���+����	���	N� ����	
	 	 	 )�(�(				 ����	�� ���+����	
	 	 	 )�(�)											 	����	N� ����	
	 		 	 			
	 	 )�)	 *�� ����	���������� ��� 	��	������	����	
	 		 	 )�)�(	 	 ����������	���	9��+�� ����	�����������	
	 		 	 )�)�)	 	 "��������'�		
	 		 	 )�)�,	 	 N������'�		

)�,	 =������&	��	���	N�������	N��4���	�=�	7��������'	��*!�=�	
=4:������ 8	

	 	 )�/	 ��������	����������@�����		
	 	 	 )�/�(												 *�� ����		
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	 		 	 ,�/�1	 	 ����4���@�����	���	����	�����	D+			
	 		 	 ,�/�2	 	 H��'	%���	"��������'	���	"����������		
	 		 ,�1	 �������	��	��� ��������	"��������'		
	 		 	 	,�1�(	 	 ��� ��������	%���;��'		
	 	 	 	,�1�)	 	 *��������	��	�����	�����	*���	3��� 	���	������ 	
	 		 	 	,�1�,	 	 ����'�	"��������'	��������'	$��	&����	�����		 	
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	 		 ,�2	 $������������	"��������'	7��������'	"���'�����	"�� ��� 	� ��8	
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	 		 	 	 	 ,�2�(�(	�� ���+����	��	"��������'	$.��+����	E			
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	 		 	 	 	 ,�2�(�)	�� �����	"��������'	���+���'	���	����� � 		
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	 		 	 	,�M�(	 "������� 	��++��		
	 		 	 	 	 ,�M�(�(	������	#�����������	7*������ ��������8	
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	 �++����<	$	 	 9������	��� ��������	*����	H�'		
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��.��%�;����������%��	
	
,�(			�� ���+����	��	������� 			
	
%��	+��+� �	��	���	�� �����	����	 ������ 	� 	��	�� ���	���	+�� ����	��	���	��� ������� 	
���������	��+�� ��������	��	 ���	��	�� +���?	�����������	���	�������	���	� +��� 	��	���	
&��;	�����'	���	��� ��������	��	���	��������?	���	���� �	&���	���	����������?	*�4���	3��; 	
���	9���������	������� 	������	���	�����	�'����� 	� 	�++��+�����	��	���	&��;�	"���	
����	���	+�� ��	���	4�	��.�����	��	 ���	���	���� 	��	��� ���������	
	
%��	��� ������	�� �����	����	��+�� ��������	� 	�� +�� �4��	���	+�������'	����	����	
7��������'	��������8	�� �����	�� +������	���	���	� +��� 	��	���	+��:���?	����������'	�����	
������ 	��	���	��� ��������	&��;	+�����	���	��+�����'�			
	
%��	�� �����	����	��+�� ��������	 ����A	
	
(�	 	 4�	��������	�� +�� �4��	��	���	��� �������	
	
)�	 4�����	������'���	��������	&���	���	��������	�������� 	7	���'�	(	�� �'�	

���&��' 	���	�+����������� 	7��� ���	68	8	?	���	
�������	�������'	����	���	���	����	
�����  �����	��	������	�������� 	���	��� ��������	�+������� 	7�����	���	
��	
,6(	�����	G���	(MJ)	���	���	��������	���	3�����'	���	������'	���	
��	,6)	
�����	G���	(MJ)8�	N�	 ����	�� �	4�	�&���	��	���	*���������	���	"�����+��	
 ������� 	���	���	������	���	 �����	��	��� ��������	&��;�� �	

	
,�	 4�����	������'���	��������	&���	���	��.�������� 	��	���	��� ������	���+�	��	

3��;	���	+��:���	�� +�� �4������ 	��	����� 	&����	������	��	�� 	 ������ �	
	
,�)			�+������	����� 	���	�� +�� �4������ 		
	
*������	����	����	�� �����	�� +������?	�������������?	���������'	���	��+�����'	�����'	���	
��� ��������	&��;�	��	��������?	���	��+���������	��+�� ��������	���	����'���	
����������	�� +�� �4������ 	 �4:���	��	��� ������0 	�'��������	
	
"�������	�����	������ 	��	���	��� ��������	&��;	���	�� ���	��� ����	�������������	
����' �	*39��	*��:���	"���'��?	���	����������?	���	�++��+�����	*39��	
��+���������	��+�� ��������	���	��� ������ �	
	
�����������	���	������	��	�  � ����	� 	�++�����	4�	*39���	
	
��	�� �	��	����'����� ?	���	�� �����	����	��+�� ��������	� 	��+�&����	��	 ��+	���	
&��;?	��	'���	����� 	��	+������	���	 �����	��	���	&��;�� 	��	���&�	+��+�����	
�
�
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,�,			�� +������	���	��+�����'			
	
%��	�� �����	����	��+�� ��������	 ����A	
	

(�	 �� +���	���	+�� � 	��	���	&��;	��	+��'��  ?	���	���	+��+� �	��	4���'��'	��	���	
���������	��	���	����������	���	�� ���+����� 	4��&���	���	&��;?	���	��������	
�������� 	���	����+���	��� ��������	+�������� ?	

)�	 "�������	�	�����	��'	��	 ���	�� +������ 	���	 ����	�  ��	�	&��;��	&������	��+���	��	
���	��� ������?	4���	���	�� ���4�����?	��	���	����	��������?	

,�	 *��+���	���	�����	��+��� 	��	 ����� 	� 	���	4�	��.�� ���	4�	���	��+���������	
��+�� ��������	�����'�	���	��� ������?	

/�	 #�����	���	.�������� 	��	�������� 	��������	���	������	&��;	+��'��  �	
�
�
,�/			�����+��������	��	���	��������	�������� 			
	
�����+��������	��	���	��������	�������� 	 ����	4�	���	�� +�� �4�����	��	���	��� �������	
%��	��� ������	���?	��&����?	����	���	�� �����	����	��+�� ��������	+������	���	&���	
�����������	��'�����'	:�4	��������� 	���	���	��.����	���	��	�����	����������	
�� �������� 	��	���	�����������	
	
��	 ����	4�	���	����	��	���	�� �����	����	��+�� ��������	��	�  � �	���	�������	������	���	
��+���������	��+�� ��������	��	���	������+����	+��4��� 	&����	���	�����	���	
+��'��  	��	���	&��;�	%��	������	��	�������'	 ���	�����������	 ����	4�	����������	4�	
���	��� �������	
	
,�1			����'� 	��	���	3��;			
	
%��	�� �����	����	��+�� ��������	 ����	���	�������@�	��	�����	���	����'�	��	���	&��;	
&����	&���	��� ������	�	����'�	��	�� �'�	��	��	���	�����	��	���	��������	�<��+�	� 	
����'����	4�	���	��+���������	��+�� ���������	
	
%��	��� ������	���	����	�+��	���	�� �����	����	��+�� ��������	��	�  � �	��	���	
����������	��	����'� 	��	���	&��;?	&����	;��&���'�	��	:�4	��������� 	� 	��.������	
	
,�2				�������������	E	H��� ��			
��
%��	�� �����	����	��+�� ��������	 ����A	
	
(�	 ������	���	��� ������� 	�� �������� 	��'�����'	���	��.�����	 ������� 	��		 	
	 &��;��� ��+	��	���	����������7 8B	
)�	 �����	��	 +����������� ?	������	���	�4����	'�������	��	��� �	������' 	&���	���	

��� �������	%��	������	� 	����	��	4�	4���'��	��	���	���������	��	���	����������� 	
��+������������	������'�	��������	�� ��  ��� 	&���	��4������	��+����������� 	
���	� �����	+����  �4��?	74��	����	&���	���	�'�������	��	���	����������8?	���	
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�� �����	����	��+�� ��������	 �����	���	����	��������	&���	�������	��	����� ���?	
��	���������	&���	���	+��'��  	��	���	&��;�	

,�	 �����������	��������	&���	���	����������	���	����������	����	�����	3���		
	 ��� 	����	� 	�  ���	���	�� �����	����	��+�� ��������	�� �	�����������	����		 	
	 ��+�� 	&���	*39��	���	���	��� �������	
/�	 �������	���	��� ������	�����������	&���	��	� 	�++�����	����	�����������	��	������	

� 	��.�����	��	���	��� ������?	��'�	'������	�� �������� ?	������������� ?	 ��+��	��	
 ��+	���&��'	�++����� ?	��.�� ����� ?	������+�����	����'�	����� ?	 ���	
�� �������� ?	������ ?	���&��' ?	����	

1�	 �����+���	*39��	��+�� �������� 	��	�� +������ 	���	��+���	��	���	��� ������	
��.�������� ?	������� 	��	�� �������� 	��	���	*39��� 	����� �	
���	����	���	
�� �����	����	��+�� ��������	 �����	�������'�	 ���	��.�������� ?	������� 	��	
�� �������� 	��	4�	+�������	��	���	��	&�����'�	

2�	 ��� ����	���	��������	���	 �''� ���� 	��	������������ 	��	���	�������� 		
	 ��������	4�	���	����������	���	�����������	��+���	��� �	��	���	��� ������		
	 &���	������� �	
5�	 $� ���	����	*39��	���	���	��� ������	���	��������	+���+���	&���	;��		 	
	 +���� 	���!��	���+����� 	��	�������� 	���	�.��+����	���	���������?	 �	����		
	 ��� �	+����� 	���	�����'�	���	���	�++��+�����	+�� �����	��	����	��			 	
	 �++��������	��	�� +���	 ���	+����	��	�� ����������	
																																																																	
,�5		 �����	H�'		
�
%��	�� �����	����	��+�� ��������	 ����	;��+	�	�����	��'	��������'A		
(�	 &������	��������� ?	+�����������	��� ���	&������	��������	��	��� ��������		 	
	 ��������� 	��	+��'��  B	
)�	 ��:��	��������	���	�.��+����	��������� B	
,�	 �����	��������� 	���	��:��	&��;	����B	
/�	  ����?	 ��+	��	���+������	��	��������� B	
1�	 +�� ����	��	�� +������	���	�� ���'	���� ?	�� � 	��;��?	�� ��� ?	���B	
2�	 ��� ���	 ���	��������� 	�<+��������B	
5�	  �'��������	������+���� ?	�����; ?	���B	
J�	  +�����	�� ���� 	��	 ���B	
M�	 ���������� 	'����	����������	��	�������;�	�������	��	��@����� 	&��; 	
(6�	 �������������	��������B	
((�	 	��+��� ?	�� �������� 	����	�++��+�����	���������� 	�� +�� �	������ �	
	

���A		%��	��'	� 	���	+�� ����	+��+����	��	���	�� �����	����	��+�� ���������	��+�� 	��	
���	��'	4��;?	���������	� 	��+�� ?	���	��	4�	+�������	��	*39��	���	��� ������	��	���	
���	��	���	+��:����	
	
,�J		 3��;��	������ 				
�
%��	�� �����	����	��+�� ��������	 ����	+��+���	&��;��	��+��� 	���	���	��� ������	��	���	
����	��������A	
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(�	 +��'��  	��������	��	 �������B	
)�	 ��:��	��������� 	���������'	��	���+�����	�����'	���	&��;B	����	��������� 		
	 ��&	��	+��'��  B	
,�	 ��:��	��������� 	��	�������� 	���!��	�.��+����B	
/�	 ����������� 	&����	���	��� �	����� 	��	���+������B	
1�	 �������� 	���	��4���	������	�����������B	
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PROPOSED WORK MANAGEMENT DECISION CRITERIA FOR SYDNEY TAR 
PONDS AND COKE OVENS CLEAN UP PROJECT 

 BENZENE & NAPHTHALENE 

I. INTRODUCTION 
 
AMEC has been requested to derive two sets of health-protective criteria for volatile 
organic chemicals, specifically benzene and naphthalene, for use with the Air Quality 
Monitoring Programme associated with the Sydney Tar Ponds Clean Up Project. These 
include criteria for laboratory data collected from 24-hour sample collection devices  
located in the residential communities surrounding the site and criteria for real-time 
fence line photoionization detector (PID) air quality monitoring instruments (PID meters) 
that will be used to determine if and when work activities must be ceased to ensure that 
public health is protected.  
 
Regulatory authorities are aware that regulatory toxicological criteria, such as Reference 
Concentrations, Minimum Risk Levels, Tolerable Concentrations, etc. are all derived in a 
very conservative manner with the application of multiple levels of safety factors.  They 
represent values that are without appreciable risk of adverse health effects, but they are 
much, much lower than are actually required to protect human health.  The community 
criteria proposed here for comparison to laboratory data from 24-hour community 
monitoring samples are derived with the full use of these regulatory safety factors.  Such 
criteria are not to be applied on a sample-by-sample basis for a 24-hour sample or 
samples of shorter durations.  They must be compared to community monitoring sample 
data averaged to match the averaging times specified in the regulatory documentation 
for the criteria. Specifically, the community criteria proposed in this document for 
benzene and naphthalene must be applied using a 365-day averaging time.   
 
The fence line Stop Work criteria proposed here to govern the conduct of daily work 
activities during the clean up project are defined with the full use of regulatory safety 
factors.  As such they are derived from No Observed Adverse Effect Levels and not 
Lowest Observed Adverse Effect Levels. In addition, this document demonstrates what 
those fence line Stop Work criteria would be if they were derived based on 
concentrations that are associated with potential toxicological effects. This is provided in 
this document because regulatory authorities are interested knowing constituent levels 
might actually cause health effects in exposed individuals.  Comparing the fence line 
Stop Work criteria that are based on No Observed Adverse Effect Levels in humans with 
the addition of standard safety factors to protect sensitive individuals in the human 
population (which are the criteria proposed for use with the monitoring programme) to 
similarly derived criteria that are derived based on Lowest Observed Adverse Effect 
Levels with the addition of standard safety factors to protect sensitive individuals in the 
human population (show here for illustrative purposes only) demonstrates that the 
criteria proposed here are more than adequately protective of human health.  
 
This document assumes that the PID air quality monitoring instruments for real-time 
fence line monitoring are calibrated against isobutylene and use a lamp with a correction 
factor (CF) of 0.6 for benzene and 0.45 for naphthalene.  If the PID meters are calibrated 
directly against benzene or the benzene CF is programmed into the PID meter, then the 
criteria shown in this document should be multiplied by 0.6 to convert the PID criteria to 
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“benzene” criteria rather than “PID” criteria assuming the presence of benzene.  
Similarly, a CF of 0.45 is used for naphthalene. 
 
The following is a summary of the criteria derived in this document and proposed for use 
with the Air Quality Monitoring Programme associated with the Sydney Tar Ponds Clean 
Up Project.  Although there are two Stop Work criteria derived, one based on benzene 
and one based on naphthalene, the lower of the two must govern the program because 
the PID meters cannot identify the source of instrument reading. Thus, this document 
proposes a running daily total of 8 ppm assuming two 15-minute reading every hour at a 
downwind fence line location as the daily Stop Work criterion. This running total of 8 ppm 
is location-dependent. If the wind is blowing towards fence line monitoring location #1 for 
four hours and then the wind shifts to fence line monitoring location #2 for the remainder 
of the day, the running total for location #1 is stopped and a new running total is initiated 
for location #2.  
 

SUMMARY OF CRITERIA 

Real-Time Fence Line Monitors 
 
Criteria Type Criteria for 15-Minute Fence Line Monitors 

(Real Time Data)  
Stop Work (PID) Running daily total of 12 ppm (assuming presence of 

benzene) 
Stop Work (PID) Running daily total of 8 ppm* (assuming presence of 

naphthalene) or add the MOE # 
* Note that 8 ppm is defined as the Stop Work criterion. 
 
24-Hour Community Monitors 
 
Criteria Type Criteria for 24-hour Community Monitors  

(Laboratory Data) 
Benzene Calendar Year Annual Average: 10 �g/m3  
Naphthalene Calendar Year Annual Average: 3 �g/m3  
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II. BENZENE STOP WORK CRITERIA 
 
A. Summary of Published Toxicological Criteria For Benzene 
 
1. Acute Toxicity  
 
(a) 14-Day Acute ATSDR MRL 
MRL = 29 �g/m3  
Endpoint = Immunotoxicity 
LOAEL = 10.2 ppm (6 day study) 
Human Adjusted LOAEL = 2.55 ppm  
Composite Safety Factor = 300  
Safety Factors: 
3 Animal to Human 
10 Human Variability 
10 LOAEL to NOAEL 
 
Effect Levels 
Effect Level in Average Humans: 2.55 ppm/3 = 0.85 ppm = 2,874 �g/m3  
Effect Level in Most Sensitive Humans: 0.85 ppm/10 = 0.085 ppm (290 �g/m3) 
 
No Effect Levels 
No effect Level in Most Sensitive Humans: 0.085 ppm/10 = 0.0085 ppm (29 �g/m3) 
 
(b) Acute California REL 
1300 �g/m3 for 6 hours 
LOAEL = 100 ppm 
NOAEL = 40 ppm 
Reproductive /developmental 
NOAEL 40 ppm 
Composite Safety Factor: 100 
Safety Factors: 
10 Animal to human 
10 Human variability 
 
Effect Levels 
Effect Level in Humans: 100 ppm/10 = 10 ppm = 32,000 �g/m3  
Effect Level in Most Sensitive Humans: 32,000 �g/m3 /10 = 3,200 �g/m3  
 
No Effect Levels 
No Effect Level in Average Humans: 40 ppm/10 = 4 ppm (12,800 �g/m3) 
No Effect Level in Most Sensitive Humans: 4 ppm/10 = 0.4 ppm (1,280 �g/m3) 
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(c) American Industrial Hygiene Association Emergency Response Planning Guidelines  
(ERPGs)  
 
ERPG 1 (60 minutes) 
 50 ppm = 160,000 �g/m3 (nearly all people exposed for an hour would 

experience no effects other than transient effects) 
ERPG 2 (60 minutes) 
 150 ppm = 479,000 �g/m3 (nearly all people exposed for an hour would 

not experience irreversible or life-threatening effects that could impair 
their ability to take protective action) 

ERPG 3 (60 minutes) 
 1000 ppm = 3,190,000 �g/m3 (nearly all people exposed for an hour 

would not experience life-threatening effects)   
 
(d) U.S. EPA/National Academy of Sciences Acute Exposure Guideline Levels (AEGLs) 

AEGL 1 (10 Minutes) 130 ppm =  415,000 �g/m3  
AEGL 2 (10 Minutes) 2,000 ppm =  6,387,000 �g/m3  
AEGL 3 (10 Minutes) NA  
 
AEGL 1 (30 Minutes) 73 ppm =  233,000 �g/m3  
AEGL 2 (30 Minutes) 1,100 ppm =  3,513,000 �g/m3 
AEGL 3 (30 Minutes) 5,600 ppm =  17,883,000 �g/m3  
 
3. Subchronic/Chronic Toxicity 
 
(a) Intermediate ATSDR MRL (14-365 days) 
MRL = 19 �g/m3   
Endpoint = Immunological effects 
LOAEL = 10 ppm 
Human Adjusted LOAEL = 1.8 ppm 
Composite Safety Factor = 300 
Safety Factors: 
3 Animal to Human 
10 Human Variability 
10 LOAEL to NOAEL 
 
Effect Levels 
Effect level in average humans = 1.8/3 = 0.6 ppm = 1,916 �g/m3  
Effect level in most sensitive humans = 1,916/10 = 192 �g/m3 (~190 �g/m3) 
 
No Effect Levels 
No effect level in most sensitive humans = 192 �g/m3 /10 = 19.2 �g/m3 (~190 �g/m3) 
 
(b) Chronic ATSDR MRL (>365 days) 
MRL = 10 �g/m3   
Endpoint = Immunological effects 
Benchmark Dose = 0.1 ppm 
Human Benchmark Dose = 0.03 ppm 



AMEC Earth & Environmental  
DRAFT Proposal for Work Management Criteria  
March 15, 2009  
Page 5 
 
Composite Safety Factor = 10 
Safety Factors: 
10 Human Variability 
 
Effect Levels 
Effect level in average humans = 0.03 ppm = 96 �g/m3  
Effect level in most sensitive humans = 96/10 = 9.6 �g/m3 (~10 �g/m3) 
 
(c) Chronic EPA RfC (lifetime) 
RfC = 30 �g/m3  
Endpoint = Immunological effects 
BMCL 8,200 �g/m3 (LOAEL) (human data) 
Composite Safety Factor = 300 
Safety Factors: 
3 Subchronic to chronic (not used here because exposures are subchronic) 
3 Database deficiencies 
10 Human variability 
3 LOAEL to NOAEL 
 
Effect Levels 
Average Human Effect Level: 8,200 �g/m3 subchronic exposure 
Sensitive Human Effect Level: 8200/10 = 820 �g/m3 subchronic exposure 
 
No Effect Levels 
Average Human No Effect Level: 8,200 �g/m3 / 9 = 911 �g/m3 subchronic exposure 
Sensitive Human No Effect Level: = 911 �g/m3 / 10 =  91 �g/m3 subchronic exposure 
 
(d) Chronic CA REL (lifetime) 
REL = 60 �g/m3  
Endpoint = hematological effects 
NOAEL = 0.19 ppm humans 
Composite Safety Factor = 10 
Safety Factors: 
10 Human variability 
 
Effect Levels 
Effect level in average humans = >0.19 ppm = >610 �g/m3  
Effect level in most sensitive humans = >610/10 = >61 �g/m3  
 
No Effect Levels 
No Effect level in average humans = 0.19 ppm  (610 �g/m3) 
No Effect level in most sensitive humans = 0.19 ppm / 10 = 0.019 ppm (61 �g/m3 ) 
 
(e) OSHA PEL (working lifetime) 
PEL = 32,000 �g/m3  
 
(f) ACGIH TLV (working lifetime) 
TLV = 1,600 �g/m3  
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(g) Health Canada (2004) Inhalation Slope Factor from TC05 = 1.46E-02 (mg/kg-d)-1

 
1x10-5 Risk-Specific Concentration for 5 years:   48 �g/m3  
1x10-5 Risk-Specific Concentration for 10 years:    24 �g/m3  
 

B. Derivation of Toxicological Criteria Based on Acute Toxicological Effects for 
Use in Deriving Real-Time Fence Line Stop Work Criteria For Benzene 

No acute effects would be expected of any type in the average person unless exposure 
levels were in the range of >415,000 �g/m3 for 10 minutes, >233,000 �g/m3 for 30 
minutes, >160,000 �g/m3 for 60 minutes, >32,000 �g/m3 for six hours, or >2,900 �g/m3 
for 336 hours (14 days).  In the most sensitive humans, no acute effects would be 
expected of any type unless exposure levels were in the range of 415,000 �g/m3 for 10 
minutes, 233,000 �g/m3 for 30 minutes, 160,000 �g/m3 for 60 minutes, 3,200 �g/m3 for 
six hours, or 290 �g/m3 for 336 hours (14 days).  

TABLE 1 
SUMMARY OF ACUTE EFFECT LEVELS IN HUMANS FOR BENZENE 

Criterion Exposure / Averaging 
Time

Source 

>415,000 �g/m3 10 minutes AEGL 1 (estimated transient effect 
level in average people) 

>233,000 �g/m3 30 minutes AEGL 1 (estimated transient effect 
level in average people) 

>160,000 �g/m3  60 minutes ERPG 1 (estimated transient effect 
level in average people) 

32,000 �g/m3 6 hours Acute California REL 
(effect level in average people) 

2,900 �g/m3 14 days Acute ATSDR MRL (effect level in 
average people) 

415,000 �g/m3 10 minutes AEGL 1  
(effect level in sensitive people) 

233,000 �g/m3 30 minutes AEGL 1 
(effect level in sensitive people) 

160,000 �g/m3  60 minutes ERPG 1 (transient effect level in 
sensitive people) 

3,200 �g/m3 6 hours Acute California REL 
(effect level in sensitive people) 

290 �g/m3 14 days Acute ATSDR MRL 
(effect level in sensitive people) 

2,135 �g/m3 1 day Derived from Acute ATSDR MRL 
(effect level in sensitive people)* 

* See text 
 
(a) AEGLs and ERPGs  
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It is thus proposed that a Stop Work criterion for the real-time monitors to protect against 
acute toxicological effects in members of the community could be set using community 
concentrations as high as 233,000 - 415,000 �g/m3 because EPA’s AEGLs for 10 and 
30 minutes are in this range.  However, to take into consideration the fact that a high 
reading above any criterion could be preceded by other high readings, albeit lower than 
the criterion, another reasonable fence line “Stop Work” criterion to protect against acute 
toxicological effects could be based on the ERPG-1 value of 160,000 �g/m3 in the 
community. This one-hour acute toxicological criterion would be applied to a 15-minute 
exposure period as a conservative measure.  
 
Other Stop Work criterion for the real-time monitors to protect against acute toxicological 
effects in members of the community could be derived based on the other acute 
toxicological criteria for benzene that are applicable for averaging times greater than 60 
minutes. Specifically, the effect level in sensitive humans associated with the California 
Acute REL is 3,200 �g/m3 over 6 hours, and the effect level in sensitive humans 
associated with the ATSDR Acute MRL is 290 �g/m3 over 14 days.  
 
(b) California Acute REL 
The California Acute REL is an acute criterion, because an exposure of 6 hours is 
considered an acute exposure by trained toxicologists. A single 15-minute period in 
excess of 76,800 �g/m3 in the community would cause the 6 hour average concentration 
to exceed the criterion of 3,200 �g/m3. Similarly, two 15-minute readings in excess of 
38,400 �g/m3 in the community would cause the 6 hour average concentration to exceed 
the criterion of 3,200 �g/m3. Likewise, 24 15-minute readings in excess of 3,200 �g/m3 in 
the community would cause the 6-hour average concentration to exceed the criterion of 
3,200 �g/m3. The criterion can be derived as a budget value that is the sum of 15-minute 
concentrations in the community.  
 
Budget Approach 
 
The budget approach is defined by the sum of twenty four 15-minute community 
concentrations as follows:  
 

24 periods x 3,200 �g/m3 = 76,800 �g/m3-periods 
 
This approach provides maximum flexibility and takes into account all possible scenarios 
of community concentrations over the course of a six hour period. When the budget is 
converted to fence line criteria taking into account dilution and dispersion and the PID 
sensitivity, the monitoring staff would simply need to add the 15 minute readings. 
Because downwind measurements are taken two times very hour, the workday 
allocation must assume that each actual 15-minute reading is assigned to a 30-minute 
period. Accordingly, the fence line budget for a monitoring program that involves two 15-
readings during every 60 minute period is 76,800 �g/m3 / 2 = 38,400 �g/m3. If the total of 
any number of 15-minute readings within a 6 hour period exceeded the fence line 
budget, the Stop Work order would need to be announced.   
 
The budget approach is defined by the sum of twelve 15-minute community 
concentrations when samples are collected twice per hour as follows:  
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12 periods x 3,200 �g/m3 = 38,400 �g/m3-periods 
 
 
(c) ATSDR Acute MRL 
The ATSDR Acute MRL is not really an acute criterion as the term is used by trained 
toxicologists, because it is defined to be applicable to an exposure period of 14 days. A 
14-day exposure is defined as a “subacute” exposure by toxicology experts and 
toxicology laboratories. To derive a fence line Stop Work criterion for a 24-hour period 
based on a community toxicological criterion that must be averaged over 14 days 
requires special consideration. Assuming that the air quality on the other 13 days during 
the 14-day period is at background (0.6 �g/m3), the effect level in sensitive humans for 
the 24-hour period of interest is 3,980 �g/m3 because this single day’s value averaged 
with 13 days at local background concentrations equals 290 �g/m3  which is the effect 
level in sensitive humans associated with the ATSDR 14-Day MRL. Of course, in the 
unlikely event that the site experienced 14 days of heavy emissions in a row, then the 
fence line criterion would not have been protective enough. Because it is virtually 
impossible to hypothesize that site managers would allow high level emissions to be 
released from the site day after day for 14 days in a row, a protective but practical fence 
line criterion should be derived using a 24-hour target concentration in the community 
somewhere between 290 �g/m3 and 3,980 �g/m3. It is proposed here that the mid-point 
between these two boundary conditions be established as the appropriate effect level in 
sensitive humans over one 24-hour period based on the ATSDR 14-Day MRL. The 
midpoint is 2,135 �g/m3. The total budget for 24 hour, 15-minute periods is calculated as 
 

Community Budget  24 x 4 x 2,135 �g/m3  = 204,960 �g/m3-
periods     

 
To derive a community-based criterion for a 24-hour exposure period, one must take into 
account the fact the work will only occur for 8, 10 or 12 hours a day. This means that  32, 
40, or 48 15-minute periods during the day are subject to site emissions due to work 
activities. The remaining 64, 56, or 48 15-minute time periods are assumed to be 
associated with background levels of benzene, which was cited as 0.6 �g/m3 in the 2005 
EIS (AMEC, 2005). Accordingly, a small fraction of the 24-hour budget of 204,960 
�g/m3-periods is consumed by ambient background levels in Sydney. The amount of the 
budget remaining for allocation to the work day is derived as follows for the 10-hour 
workday case: 
 

Community Budget   204,960 �g/m3-periods 
(-) Background  56 x 0.6 �g/m3 = 33.6  �g/m3-periods 
Workday Allocation 204,960 �g/m3 - 33.6 �g/m3 = 204,926 

�g/m3-periods  
 

Workday allocations for 8-hour and 12-hour days are 204,922 �g/m3 and 204,931 �g/m3 
respectively. 

 
Budget Approach  
 
The budget approach is defined by the workday allocations as noted above. This 
approach provides maximum flexibility and takes into account all possible scenarios of 
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community concentrations over the course of a ten-hour period. When the budget is 
converted to fence line criteria taking into account dilution and dispersion and the PID 
sensitivity, the monitoring staff would simply need to add the 15-minute readings. 
Because downwind measurements are taken two times every hour, the workday 
allocation must assume that each actual 15-minute reading is assigned to a 30-minute 
period. Accordingly, the fence line budget for a monitoring program that involves two 15-
readings during every 60 minute period is simply one-half of those calculated above 
assuming four 15-minute periods per hour.  This ensures that each 15-measurement 
receives double weighting to ensure that the workday average is correctly calculated. If 
the total of any number of 15-minute readings assuming that two 15-measurements are 
taken every hour exceeded the fence line budget, the Stop Work order would need to be 
announced.  
 
Workday Allocation Budgets 
 

8-Hour Workday 102,461 �g/m3 
10-Hour Workday 102,463 �g/m3 
12-Hour Workday 102,466 �g/m3 

 
(d) Summary of Acute Criteria 
Community toxicological criteria that are protective against acute toxic effects in 
members of the community were derived from numerous governmental criteria, including 
AEGLs, ERPGs, the California Acute REL and the ATSDR Acute MRL. The most 
protective of all of the criteria discussed above are the criteria based on the California 
Acute REL and the Lowest Observed Adverse Effect Level (LOAEL) in sensitive humans 
from the ATSDR Acute MRL for a 14-day exposure applied to a single day of exposure.  
 
The acute toxicity-based criteria that could be used as fence line real-time “Stop Work” 
criteria are as follows. These community criteria assume that there are two 15-minute 
measurements per hour: 
 

Six-Hour Budget of 38,400 �g/m3 in the community summed over 12 15-
minute measurement periods  
 
Eight-Hour Budget of 102,461 �g/m3  in the community summed over 16 
15-minute measurement periods 
 
Ten-Hour Budget of 102,463 �g/m3  in the community summed over 20 
15-minute measurement periods 
 
Twelve-Hour Budget of 102,466 �g/m3  in the community summed over 24 
15-minute measurement periods 

 
The above criteria are designed to ensure the sensitive members of the population do 
not experience actual acute toxicological effects, such as those observed in the 
toxicological studies from which ATSDR and California EPA derived their respective 
health-based benchmarks. However, the above community risk-based criteria have only 
one margin of safety included in their derivation, the safety factor of 10 to ensure that 
especially sensitive humans are protected in addition to average members of the 
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population. They are provided here because regulators have specifically requested to 
see what concentrations of benzene in the community during clean up work activities 
would actually be a cause for concern that residents might actually experience adverse 
health outcomes from a short-time exposure to emissions that could in theory migrate 
from the site to the nearby residential communities. 
 
These criteria are shown here to provide this perspective, but they are not proposed as 
the basis of the fence line stop work criteria. Instead these stop work criteria will be 
derived by invoking additional margins of safety as noted in the next section.  
 

C. Derivation of Toxicological Criteria Based on No Effect Levels Associated With 
Acute Toxicological Effects for Use in Deriving Real-Time Fence Line Stop Work 
Criteria For Benzene 
Federal health agencies derive and present regulatory criteria that are protective of 
human health with the addition of an additional safety factor so that the criteria are 
based on No Observed Adverse Effect Levels, not Lowest Observed Adverse Effect 
Levels. The criteria below are derived with the inclusion of this additional safety factor, 
but AMEC wishes to note that exceedance of such a criterion does not indicate that any 
adverse effects in the exposed population are expected. Instead, such an exceedance 
only indicates that an arbitrary level set to be overly protective was exceeded.  

TABLE 2 
SUMMARY OF NO ADVERSE EFFECT LEVELS FOR ACUTE EXPOSURES IN 

HUMANS FOR BENZENE 

Criterion Exposure / Averaging 
Time

Source 

13,000 �g/m3 6 hours Acute California REL 
(No effect level in average people) 

1,300 �g/m3 6 hours Acute California REL 
(No effect level in sensitive people) 

290 �g/m3 14 days Acute ATSDR MRL (No effect level in 
average people) 

29 �g/m3 14 days Acute ATSDR MRL 
(No effect level in sensitive people) 

214 �g/m3 1 day Derived from Acute ATSDR MRL 
(No effect level in sensitive people)* 

* See text 

(a) California Acute REL – No Adverse Effect Level 
The California Acute REL is an acute criterion, because an exposure of 6 hours would 
be considered an acute exposure by trained toxicologists. A single 15-minute period in 
excess of 31,200 �g/m3 in the community would cause the 6 hour average concentration 
to exceed the no effect criterion of 1,300 �g/m3. Similarly, two 15-minute readings in 
excess of 15,600 �g/m3 in the community would cause the 6 hour average concentration 
to exceed the no effect criterion of 1,300 �g/m3. Likewise, 24 15-minute readings in 
excess of 1,300 �g/m3 in the community would cause the 6-hour average concentration 
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to exceed the criterion of 1,300 �g/m3. The criterion can be derived as a budget value 
that is the sum of 15-minute concentrations in the community.  
 
Budget Approach 
 
The budget approach is defined by the sum of twenty four 15-minute community 
concentrations as follows:  
 

24 periods x 1,300 �g/m3 = 31,200 �g/m3-periods 
 
This approach provides maximum flexibility and takes into account all possible scenarios 
of community concentrations over the course of a six hour period. When the budget is 
converted to fence line criteria taking into account dilution and dispersion and the PID 
sensitivity, the monitoring staff would simply need to add the 15 minute readings. 
Because downwind measurements are taken two times very hour, the workday 
allocation must assume that each actual 15-minute reading is assigned to a 30-minute 
period. Accordingly, the fence line budget for a monitoring program that involves two 15-
readings during every 60 minute period is 31,200 �g/m3 / 2 = 15,600 �g/m3. If the total of 
any number of 15-minute readings within a 6 hour period exceeded the fence line 
budget, the Stop Work order would need to be announced.   
 
The budget approach is defined by the sum of twelve 15-minute community 
concentrations when samples are collected twice per hour as follows:  
 

12 periods x 1,300 �g/m3 = 15,600 �g/m3-periods 
 
(b) ATSDR Acute MRL - No Adverse Effect Level 
The ATSDR Acute MRL is not really an acute criterion as the term is used by trained 
toxicologists, because it is defined to be applicable to an exposure period of 14 days. A 
14-day exposure is defined as a “subacute” exposure by toxicology experts and 
toxicology laboratories. To derive a fence line Stop Work criterion for a 24-hour period 
based on a community toxicological criterion that must be averaged over 14 days 
requires special consideration. Assuming that the air quality on the other 13 days during 
the 14-day period is at background (0.6 �g/m3), the effect level in sensitive humans for 
the 24-hour period of interest is 398 �g/m3 because this single day’s value averaged with 
13 days at local background concentrations equals 29 �g/m3  which is the no adverse  
effect level in sensitive humans derived from the ATSDR 14-Day MRL. Note that the No 
Observed Adverse Effect Level is a calculated level that assumes that no effects would 
be observed in sensitive humans until the concentration dropped to ten times less than 
the concentration estimated to cause effect.  
 
Of course, in the unlikely event that the site experienced 14 days of heavy emissions in 
a row, then the fence line criterion would not have been protective enough. Because it is 
virtually impossible to hypothesize that site managers would allow high level emissions 
to be released from the site day after day for 14 days in a row, a protective but practical 
fence line criterion should be derived using a 24-hour target concentration in the 
community somewhere between 29 �g/m3 and 398 �g/m3. It is proposed here that the 
mid-point between these two boundary conditions be established as the appropriate 
effect level in sensitive humans over one 24-hour period based on the ATSDR 14-Day 
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MRL. The midpoint is 214 �g/m3. The total budget for 24 hour, 15-minute periods is 
calculated as 
 
  Community Budget   24 x 4 x 214 �g/m3  = 20,544 �g/m3 
 
To derive a community-based criterion for a 24-hour exposure period, one must take into 
account the fact the work will only occur for 8, 10 or 12 hours a day. This means that  32, 
40, or 48 15-minute periods during the day are subject to site emissions due to work 
activities. The remaining 64, 56, or 48 15-minute time periods are assumed to be 
associated with background levels of benzene, which was cited as 0.6 �g/m3 in the 2005 
EIS (AMEC, 2005). Accordingly, a small fraction of the 24-hour budget of 20,544 �g/m3-
periods is consumed by ambient background levels in Sydney. The amount of the 
budget remaining for allocation to the work day is derived as follows for the 10-hour 
workday case: 
 

Community Budget   20,544 �g/m3-periods 
(-) Background  56 x 0.6 �g/m3 = 33.6  �g/m3-periods 
Workday Allocation 20,544 �g/m3 - 33.6 �g/m3 = 20,510 �g/m3-

periods  
 

Workday allocations for 8-hour and 12-hour days are 20,506 �g/m3 and 20,515 �g/m3 
respectively. 

 
Budget Approach  
 
The budget approach is defined by the workday allocations as noted above. This 
approach provides maximum flexibility and takes into account all possible scenarios of 
community concentrations over the course of a 8-, 10-, or 12-hour period. When the 
budget is converted to fence line criteria taking into account dilution and dispersion and 
the PID sensitivity, the monitoring staff would simply need to add the 15-minute 
readings. Because downwind measurements are taken two times every hour, the 
workday allocation must assume that each actual 15-minute reading is assigned to a 30-
minute period. Accordingly, the fence line budget for a monitoring program that involves 
two 15-readings during every 60 minute period is simply one-half of those calculated 
above assuming four 15-minute periods per hour.  This ensures that each 15-
measurement receives double weighting to ensure that the workday average is correctly 
calculated. If the total of any number of 15-minute readings assuming that two 15-
measurements are taken every hour exceeded the fence line budget, the Stop Work 
order would need to be announced.  
 

TABLE 3 
WORK DAY ALLOCATION BUDGETS 

 
Work Day Work Day Allocation 

Budget1
Work Day Equivalent 
Concentration2

8-Hour Workday 10,253 �g/m3 641 �g/m3 
10-Hour Workday 10,255 �g/m3 513 �g/m3 
12-Hour Workday 10,258 �g/m3 427 �g/m3 
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1 Allowable community concentration over the work day used to derive real time fence line stop 
work criterion. Budget applied to the sum of 15-minute readings taken two times per hour. 
2 Allowable community concentration over the work day shown here for illustrative purposes only. 
 
(c) Summary of Acute Criteria – No Adverse Effect Levels 
Community toxicological criteria that are protective against acute toxic effects in 
members of the community were derived from the No Observed Adverse Effect Levels 
from the California Acute REL and the ATSDR Acute MRL. The most protective of these 
criteria discussed above are the criteria based on the No Observed Adverse Effect Level 
(NOAEL) in sensitive humans from the ATSDR Acute MRL for a 14-day exposure 
applied to a single day of exposure. AMEC notes here that the ATSDR 14-Day Acute 
MRL cannot be used to derive health-protective fence line stop work criteria without 
proper consideration of the Agency’s designated appropriate averaging time.  
 
The acute toxicity-based criteria that could be used as fence line real-time “Stop Work” 
criteria are as follows. These community criteria assume that there are two 15-minute 
measurements per hour: 
 

Six-Hour Budget of 15,600 �g/m3 in the community summed over 12 15-
minute measurement periods  
 
Eight-Hour Budget of 10,253 �g/m3  in the community summed over 16 
15-minute measurement periods 
 
Ten-Hour Budget of 10,255 �g/m3  in the community summed over 20 
15-minute measurement periods 
 
Twelve-Hour Budget of 10,258 �g/m3  in the community summed over 24 
15-minute measurement periods 

 
The above criteria are designed to ensure the sensitive members of the population do 
not exceed the No Observed Adverse Effect levels associated with the ATSDR and 
California EPA toxicological benchmarks. They are more protective by ten-fold if the goal 
were to protect people from experiencing actual acute toxicological effects.  
 
Because the 24-hour community criteria based on the No Observed Adverse Effect 
levels associated with the ATSDR 14-Day Acute MRL are lower and hence more 
protective than the criterion derived from the California Acute REL, these values are 
proposed here as the community-based 24-hour risk-based criteria for use in deriving 
real time fence-line stop work criteria.  
 
Proposed Work Day Allocation Budgets for Benzene 
 

Eight-Hour Budget of 10,253 �g/m3  in the community summed over 16 
15-minute measurement periods 
 
Ten-Hour Budget of 10,255 �g/m3  in the community summed over 20 
15-minute measurement periods 
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Twelve-Hour Budget of 10,258 �g/m3  in the community summed over 24 
15-minute measurement periods 

 
 
D. Derivation of Dilution/Dispersion Factors Between Fence Line and Community 
Receptors
 
A conservative screening level air dispersion analysis was performed using the 
SCREEN3 dispersion model to determine dilution/dispersion factors considering all 
fence line locations and community receptor locations around the Tar Ponds for three 
time periods, 15 minutes to 8, 10 or 12 hours. As noted below, one conservative factor is 
used for all three potential work day lengths. The factor is: 
 

� 3.33 for 15’ to 8-12 hours 

SCREEN3 requires two distance measurements to execute the model, the distance from 
the source to the fence line where the measurement will be taken and the distance from 
the fence line where the measurement will be taken to the community receptor location. 
In this case, work areas in the Tar Ponds can occur anywhere in both the North and 
South Ponds. The fence line monitoring locations were taken from Attachment 1 of 
AECOM’s (2008) “Remediation of the Tar Ponds and Coke Ovens Sites, Design and 
Construction Oversight Services.” Receptor locations include all residential buildings and 
planned community monitoring stations. For this analysis, the nearest receptor locations 
were identified as a conservative measure.  
 
Dilution from the fence lines where the monitoring device will be located to the nearest 
receptor locations is greatest when the source of the emissions is near the fence line 
and least when the source of the emissions is distant from the fence line. The latter 
gives the most conservative (health protective) dispersion factors. Accordingly, the 
maximum distances in each of the 16 nominal wind directions (W, WSW, SW, SSW, S, 
SSE, SE, ESE, E, ENE, NE, NNE, N, NNW, NW, WNW) from potential sources to fence 
lines and minimum distances from fence lines to receptor locations were determined 
from georeferenced Site maps using GIS software (AMEC, 2005). Figure 1 shows the 
locations and distances. These distances are summarized on Table 4 and weighted by 
the relative frequency that the wind blows from a certain direction.  
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TABLE 4 
CALCULATION OF WIND DIRECTION WEIGHTED DISTANCES 

FOR DISPERSION FACTOR ESTIMATION 

Direction Multiplier* 
Length

(m) 

Work Area to 
Fence Line 

Length 
(m)  

Fence Line to 
House Length

(m) 

Weighted 
Work Area to 
Fence Line 

(m) 

Weighted 
Fence Line to 

House  
(m) 

E 0.02 549.42 397.70 151.72 7.95 3.03
ENE 0.02 403.11 303.65 99.46 6.07 1.99
ESE 0.02 231.72 119.12 112.59 2.38 2.25
N 0.06 327.56 245.58 81.98 14.74 4.92
NE 0.04 577.81 453.33 124.47 18.13 4.98
NNE 0.05 293.89 186.03 107.86 9.30 5.39
NNW 0.05 394.59 294.81 99.78 14.74 4.99
NW 0.05 570.72 412.48 158.24 20.62 7.91
S 0.06 1,221.43 220.51 1,000.92 13.23 60.06
SE 0.03 236.77 91.42 145.34 2.74 4.36
SSE 0.04 7,694.77 0.00* 0.00* 0.00 0.00
SSW 0.09 857.74 778.97 78.77 70.11 7.09
SW 0.15 791.20 724.59 66.62 108.69 9.99
W 0.09 1,766.20 1,382.98 383.22 124.47 34.49
WNW 0.06 1,566.72 765.19 801.52 45.91 48.09
WSW 0.12 1,225.08 1,158.61 66.48 139.03 7.98
Direction 
Weighted 
Distance     598.13 207.52

* When the wind is from the SSE, there are no potential receptors. 
 
Direction weighted work area-to-fence line and fence line-to-house distances were input 
to SCREEN3.  To estimate the dispersion factors for this source-receptor arrangement, 
SCREEN3 was programmed to evaluate the dispersion of a ground-level area emission 
source equivalent to 21 m x 90 m, which is approximately the size of the daily 
stabilization area defined in AECOM (2008).  SCREEN3 was also programmed to 
evaluate the full range of meteorological conditions.  Output from SCREEN3 for the 
direction-weighted distances were converted from 1-hour average concentrations to 15-
minute concentrations using the technique described in Turner (1970) for converting 1-
hour average concentrations to averaging times less than 1-hour.  Turner recommends 
that concentrations for averaging times greater than 1-hour be scaled by a time-
averaging factor equal to the ratio of 1-hour over the shorter time frame raised to the 0.2 
power.  For this evaluation, a 15-minute average is computed using the following 
equation: 
 
 (60 min/15 min)0.2 x 1-hour average concentration = 15 minute average concentration 
 
The 15-minute to 8-hour, 10-hour and 12-hour conversion factor requires that the 1-hour 
SCREEN3 concentrations be converted to concentrations over longer time periods.  To 
accomplish this, the 1-hour average concentration from SCREEN3 was multiplied by 0.7, 
which is the 1-hour to 8-hour conversion factor recommended by EPA.  The 8-hour 
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average concentration was conservatively assumed to representative of the 10-hour 
concentration and the 12-hour concentration.  The use of the EPA one-hour to 8-hour 
conversion factor in deriving criteria for 10-hour and 12-hour work days provides an 
additional margin of safety to the derivation of the real time fence line stop work criteria. 
The 15-minute to 8-, 10-, and 12-hour conversion factor is then computed by dividing the 
15-minute concentration at the fence line by the 8-, 10-, and 12-hour concentration at the 
receptor location.   

It is important to note that the SCREEN3 model conservatively defaulted to 
meteorological data that are indicative of the most stable conditions (stability class 6 and 
a wind speed of 1.0 m/s).  These conditions only occur during the night-time hours.  
Daytime atmospheric conditions result in a more turbulent atmosphere resulting in 
greater dispersion.  Nevertheless, the default SCREEN3 output was used for this 
assessment as a means to provide a conservative bounding estimate to the dispersion 
factors.   

E. Derivation of Fence Line Stop Work Criteria For Benzene 

To derive the fence line Stop Work criteria, one needs to take into account the expected 
dilution and dispersion between the fence line and the community receptor locations and 
the sensitivity of the PID meters to benzene. 
 
As noted above, the conservative dilution/dispersion factor for a 8-, 10- or 12 hour work 
day period is 3.33. The conversion factor from �g/m3 to ppm for benzene at 20 degrees 
Celsius is 3,193 �g/m3 per ppm. The PID sensitivity for benzene is 0.6. The fence line 
Stop Work criteria are derived as follows: 
 

Eight-Hour Budget of 10,253 �g/m3  in the community summed over 16 15-minute 
measurement periods (2 per hour x 10 hours) x 3.33 x (1/3,193) x (1/0.6) = 18 
ppm summed over 16 15-minute measurement periods (8-Hour Workday)  
 
Ten-Hour Budget of 10,255 �g/m3  in the community summed over 20 
15-minute measurement periods (2 per hour x 10 hours) x 3.33 x (1/3,193) x 
(1/0.6) = 18 ppm summed over 16 15-minute measurement periods (10-Hour 
Workday)  
 
Twelve-Hour Budget of 10,258 �g/m3  in the community summed over 24 15-
minute measurement periods (2 per hour x 10 hours) x 3.33 x (1/3,193) x (1/0.6) 
= 18 ppm summed over 16 15-minute measurement periods (12-Hour Workday)  

 
 
F. Implementation of Fence Line Stop Work Criteria For Benzene 
 
The budget approach can be simply employed by having the monitoring team take 15-
minute fence line PID readings and add them on a simple hand-held calculator, or an 
Excel spreadsheet programmed on a field computer or hand-held PDA, or by manually 
adding the values as they are entered into a field notebook. Work can continue as long 
as the total for the day does not exceed 18 ppm. However, one can never predict what 
the next reading will be, so practically speaking, on cannot employ the budget as is in 
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the field. One needs to “hold back” some of the budget as insurance that the next 
reading will not take the total over the day to a value that exceeds the budget.  
 
Accordingly, it is proposed that the Stop Work criterion be set at 1/3 the allowable daily 
budget for the work day. In essence, this approach assumes that the last reading before 
stopping work could be as high as 1/3 the budget regardless of the monitoring history for 
the day. Thus, implementation of the daily work day budget of 18 ppm requires that work 
be stopped when the running total meets or exceeds 12 ppm.   
 
Note that site personnel can easily make predictions throughout the day as to what the 
sum might be later in the day to provide even greater margins of safety to the 
community. If site personnel make a simple calculation and assume that the readings at 
the end of the day might be as high as the highest reading seen already on that day and 
the predicted sum exceeds 12 ppm, then site activities can be modified or work can be 
stopped prematurely so that no exceedance occurs. 
 
Table 5 below shows four scenarios of measurements that could be envisioned for a 
clean up work day. Case 1 shows a case where stopping work when the total budget for 
the day reaches 12 ppm. In this case, the budget was only half expended, but work is 
stopped because the next measurement could be higher than measurements seen 
earlier in the day and take the total budget above the daily target of 18 ppm.  Cases 2 
and 3 are examples of cases where the final reading takes the running total above 12 
ppm. However, by providing the “hold back,” the total day’s budget did not exceed the 
daily budget of 18 ppm.  
 
Case 4 is an example of a case where work would be stopped when the running total  
exceeded 12 ppm, but the actual daily budget exceeded the health-based target of 18 
ppm. While it is possible to create hypothetical scenarios such as this, experience with 
the various cleanup activities that have taken place to date indicate that it is extremely 
unlikely that fence line PID measurements approaching 10 ppm would ever been seen 
during the project activities. As noted above, in actual practice site personnel will be 
making predictions all day long about what the sum might be later in the day. Thus, a 
case such as Case 4 is unlikely to actually happen in real practice. Specifically, when 
site personnel saw the readings rise from 2 ppm to 6 ppm with a subtotal of 10.2 ppm, 
they would clearly be on alert that if the next reading were a 6 ppm, the subtotal would 
rise to 16.2, which would exceed the criterion of 12 ppm. In fact, the only way the 
criterion of 12 ppm would not be exceeded would be if the next reading were less than 
1.8 ppm. With a trend over the last two hours having been shown to be 0.4 ppm to 1 
ppm to 2 ppm to 6 ppm, site personnel would almost certainly assume that the next 
reading would not be as low as 1.8 ppm. They would take action in such a circumstance 
before obtaining the next reading.  
 
In addition, even is such a scenario did occur, it would not actually compromise human 
health of people living in the nearby communities because of the multiple layers of safety 
that are incorporated into the derivation of this real time fence line stop work criterion. 
Hence, the budget approach is a sound approach for protecting members of the 
community. 
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TABLE 5 
EXAMPLES OF USE OF THE BUDGET APPROACH FOR BENZENE (ppm) 

ASSUMING 12-HOUR WORKDAY 

15’
PERIOD

CASE 1 CASE 1  
Totals 

CASE
2

Case 2 
Totals 

CASE
3

CASE 3 
Totals 

CASE 4  CASE 4 
Totals 

1 1 1 .1 .1 .1 .1 .1 .1 
2 1 2 .1 .2 .1 .2 .1 .2 
3 1 3 .1 .3 .1 .3 .1 .3 
4 1 4 .1 .4 .1 .4 .1 .4 
5 1 5 .1 .5 .1 .5 .1 .5 
6 1 6 .1 .6 .1 .6 .1 .6 
7 1 7 .1 .7 .1 .7 .2 .8 
8 1 8 .1 .8 .1 .8 .4 1.2 
9 1 9 5 5.8 1 1.8 1 2.2 
10 1 10 7 12.8 2 3.8 2 4.2 
11 1 11  Stop1 3 6.8 6 10.2 
12 1.5 12.5   4 10.8 12 22.2 
13  Stop1   5 15.8  Stop2 
14      Stop1   
15         
16         
17         
18         
19         
20         
21         
22         
23         
24         
1Stop Work would be ordered at this point in time even though the actual fence line work day 
target budget of 18 ppm was not actually exceeded. This is because of the additional margin of 
safety added in this document and called a “hold back” provision. The “hold back” is used to take 
into account the uncertainty caused by the day’s “next reading.” If the next reading were always 
similar to the last reading or the average readings over the day, then the “hold back’ provision 
would not be necessary. However, because there is always a possibility that the next reading 
could be different and considerably higher than the previous readings on any given day, the “hold 
back” provision can ensure that the actual health-based target concentrations in the community 
are not exceeded.  
2 Stop Work would be ordered and this time because the last reading was greater than 12 ppm. In 
this case the health-based goal of 18 ppm would have been exceeded, but as noted in the text, 
such a scenario is unlikely to occur in practice. In addition, the health-based criterion of 18 ppm is 
not associated with actual health effects and would not compromise human health. 
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G. Summary of Implementation of Fence Line Stop Work Criterion 
 
Members of the residential communities in the vicinity of the Tar Ponds and Coke Ovens 
Sites can be protected against adverse health effects due to benzene exposure if fence 
line monitoring results are compared to the following Stop Work criterion regardless of 
the length of the work day.   
 

� Stop Work if the daily running total of 15-minute measurement periods (2 per 
hour) exceeds 12 ppm at any point during the day to ensure that a daily fence 
line budget does not exceed 18 ppm 

 
The approach is a flexible approach for monitoring work activities. The running budget 
approach explicitly takes into account the previous readings on any given day and also 
takes into account the uncertainty about the next reading that could follow on any given 
day by using a “hold back” provision. The use of the 12 ppm real time stop work criterion  
ensures that the total cumulative reading at the fence line on any given day does not 
exceed the work day budget of 18 ppm. 
 
H. Protectiveness of the Fence Line Stop Work Criterion 
 
The real time fence line stop work criterion for benzene is derived with multiple layers of 
safety factors. This section briefly summarizes the assumptions and factors used to 
demonstrate that the criterion is more than adequately protective of human health. 
 
1. No Observed Adverse Effect Level used as the basis of the criterion, which is ten-fold 
more protective than the Lowest Observed Adverse Effect level for sensitive members of 
the community.  
2. Dispersion factor derived using SCREEN3 screening level air dispersion model, which 
is a conservative screening level model that is recognized by all as providing 
conservative results. 
3. The SCREEN3 model conservatively defaulted to meteorological data that are 
indicative of the most stable conditions (stability class 6 and a wind speed of 1.0 m/s).  
These conditions only occur during the night-time hours.  Daytime atmospheric 
conditions result in a more turbulent atmosphere resulting in greater dispersion. 
4. SCREEN3 was executed assuming that benzene was being released from the site as 
a constant source all day long, whereas any emissions that might occur would be 
intermittent at worst. 
5. The use of the EPA one-hour to 8-hour conversion factor in deriving criteria for 10-
hour and 12-hour work days provides an additional margin of safety to the derivation of 
the real time fence line stop work criteria for 10-hour and 12-hour work day scenarios. 
6. An additional margin of safety called the “hold back,” which was 1/3 of the health-
based goal was added to take into account the uncertainty about the last measurement 
during any monitoring period. This added yet again another safety factor. 
 
As shown above, the real time fence line stop work criterion was derived using quite a 
few safety factors which AMEC estimates provides a total margin of safety of 100-1000 
between the health-based goal and the concentration in the community that would 
actually cause adverse acute effects in members of the community.  
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I. Health-Based Regulatory Criteria for Community Monitors 
 
Health-based criteria are available from governmental regulatory agencies to protect 
members of the community from both acute and chronic health effects.  For acute 
effects, as noted in the previous section, in the most sensitive humans, no acute effects 
would be expected of any type unless community exposure levels were in the range of 
415,000 �g/m3 for 10 minutes, 233,000 �g/m3 for 30 minutes, 160,000 �g/m3 for 60 
minutes, 3,200 �g/m3 for six hours, or 290 �g/m3 for 14 days. As an additional safety 
measure, the fence line Stop Work criterion previously discussed was derived from the 
No Observed Adverse Effect Level from the ATSDR 14-Day Acute MRL (or 29 �g/m3), 
which provides an additional margin of safety of 10-fold. It has been demonstrated in this 
document that the proposed fence line Stop Work criteria are adequately protective to 
ensure that the ATSDR 14-Day Acute regulatory criterion is not exceeded in community 
monitoring samples if the real time fence line stop work criteria are implemented.  
 
To assess chronic health effects, it is assumed that community monitoring will continue 
to be accomplished via the use of 24-hour sampling of community air.  For compliance 
purposes, there are four available long term (chronic) toxicological criteria for benzene: 
(1) ATSDR Chronic Minimum Risk Level (MRL), (2) California Chronic Reference 
Exposure Level (REL), (3) U.S. EPA Chronic Reference Concentration (RfC) and (4) 
Health Canada Tumour Concentrations (5%).  One or more of these criteria can be used 
as a regulatory compliance criterion. 
 
As noted above, the ATSDR Chronic MRL is 10 �g/m3.  The California chronic REL is 60 
�g/m3, but this is based on a No Observed Adverse Effect Level, so the level associated 
with toxicological effects in the most sensitive humans is >60 �g/m3.  The EPA chronic 
Reference Concentration is 30 �g/m3, but the level associated with toxicological effects 
in the most sensitive humans is 820 �g/m3.  Lastly, according to Health Canada, the risk-
specific benzene concentration associated with a 1/100,000 incremental lifetime cancer 
risk is 24 �g/m3 for a ten year exposure.   
 
As shown in Table 6,the most health-protective of these criteria including regulatory 
safety factors is the ATSDR Chronic MRL, 10 �g/m3.  Accordingly, it is proposed to be 
adopted as a regulatory criterion for the project’s air quality monitoring programme.   
 

TABLE 6  
CHRONIC TOXICOLOGICAL CRITERIA 

BENZENE 
 

Chronic Toxicological Criterion Value 
ATSDR Chronic MRL 10 �g/m3 (lifetime) 
California Chronic REL 60 �g/m3 (lifetime) 
U.S. EPA Chronic RfC 30 �g/m3 (lifetime) 
Health Canada Risk-Specific 
Concentration at 1/100,000 Risk (5 yr) 

48 �g/m3 (five years) 

 
The 10 �g/m3 criterion is applicable to lifetime exposure.  In this case, the project 
activities are estimated for a period of five or more years, so the period of interest is five 
years.  However, it is common in the practice of risk assessment to average such values 
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only over a single year despite the fact that there are acceptable levels for a lifetime 
exposure.  Thus, the project goal for benzene is an annual average concentration of 10 
�g/m3. 
 
It is important to note that the 10 �g/m3 Chronic MRL is not a value that must be met for 
every 24-hour canister.  Instead, the project goal is to ensure that the one-year average 
concentration is less than 10 �g/m3.  Many 24-hour canister samples can be higher than 
10 �g/m3 as long as ample canisters are less than 10 �g/m3. AMEC notes that the 
monitoring schedule for the residential areas is one sample every sixth day. This means 
that there are five intervening days with no sample results. There are several ways to 
evaluate this censored dataset. One can assume that all five intervening days are similar 
to the higher of the two days with data. One can assume that all five intervening days 
are similar to the lower of the two days with data. When one of the two sampling days is 
a work day and one is not a work day, one can assume that all five intervening days are 
similar to the work day. One can assume that all five intervening days are similar to the 
average of the two days with data.  
 
There are other approaches that could also be considered. However, a priori, there is no 
reason to expect that the work days that are monitored are systematically any different 
than the work days that are not monitored with community canisters. Accordingly, it is 
recommended that the annual average concentration be calculated by simply assuming 
that the running average of the monitored days is a reasonable estimate of the running 
average over the entire period, including the non-monitored days. On the other hand, it 
is a simple matter to calculate a running average using any one of several ways to 
estimate the concentrations at residential locations during non-monitored days.  
 

J. Verification of Protectiveness of Stop Work Criteria Regarding Regulatory 
Toxicology Criteria  
 
The fence line Stop Work criteria are designed to ensure that the 14-day concentration 
in the community does not exceed 29 �g/m3, which protects the community against 
acute toxic effects over a short time period with an added margin of safety of 10 by using 
the No Observed Adverse Effect Level instead of the Lowest Observed Adverse Effect 
Level. To ensure that the 14-day concentration in the community does not exceed 29 
�g/m3, the concentration during the 8-, 10-, or 12-hour work day cannot exceed 641, 
513, or 427 �g/m3, respectively. It should be noted, however, that the fence line Stop 
Work criterion is designed with an extra margin of safety (the “hold back” provision) to 
ensure that work is stopped before the acute toxicological criterion of 29 �g/m3 in the 
community over a 14-day period is actually reached.  
 
Specifically, because of the “hold back” factor used to derive the fence line Stop Work 
criterion of 12 ppm, work will be stopped when the concentration in the community over 
a 10-hour work day is actually no greater than 427, 344, or 285 �g/m3 respectively (see 
Section E for discussion of the “hold back” factor.) At these work-day concentrations, the 
14-day concentration in the community would be less than 29 �g/m3. This is an 
additional protective factor that has been added because of uncertainty in the final 
measurement of the day before a Stop Work order might be given.  
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Before the fence line Stop Work criteria are adopted, it is important to verify that 
regulatory criteria, which incorporate all regulatory margins of safety, are satisfied if the 
Stop Work criteria are adopted. The most health protective of these regulatory criteria 
include the following: 
 

� Acute ATSDR MRL 
29 �g/m3 over 14 days 

� Chronic ATSDR MRL 
10 �g/m3 over >365 days 
 

The chronic ATSDR MRL is applicable for periods ranging from 365 days to a 70+ year 
lifetime. However, it is common risk assessment practice to average exposures over a 
period of no longer than one year when applying chronic health-based regulatory criteria. 
In this document, the chronic MRL will be assumed to be applicable 365 days and not 80 
years, which is the Health Canada default risk assessment assumption for the lifetime of 
a Canadian citizen.  Applying this chronic toxicological criterion to a one year time frame 
provides an additional margin of safety that ranges from 8 for 10-year exposure periods 
to 80 for one year exposure periods.  
 
Acute ATSDR MRL (29 �g/m3 over 14 days) 
 
The following example is given for the 10-hour work day scenario. Similar calculations 
can be shown for 8-hour or 12-hour work days. 
 
Over a 14-day period, the target running total benzene concentration assuming a goal of 
29 �g/m3 over 14 days is 9,744 �g/m3 - hours (29 �g/m3 x 14 days x 24 hours/day = 
9,744 �g/m3 - hours). Over this same 14-day period, there are 12 work days and 2 non-
work days (assuming a 6-day work week), 10 work hours per day, and 14 non-work 
hours per day. Background for non-work hours and non-work days is 0.6 �g/m3. 
Accordingly, the goal for the work-day hours can be calculated as follows: 
 
Total goal for entire period:  9,744 �g/m3 –hr 
Contribution over non-work days: 2 days x 24 hr/day x 0.6 �g/m3 = 29 �g/m3 -hr 
Contribution over work day nights: 12 days x 14 hrs/day x 0.6 �g/m3 = 101 �g/m3-hr 
Contribution over non work hours: (29 �g/m3 –hr) + (101 �g/m3-hr) = 130 �g/m3-hr 
Remaining goal for work-day hours:  (9,744 �g/m3 –hr) – (130 �g/m3 –hr) = 9,614 �g/m3 –hr 
  
The number of 10-hour work days that can exceed the fence line Stop Work criterion at 
any specific location and not exceed the acute ATSDR MRL of 29 �g/m3 over 14 days 
can be calculated as follows. As noted above, 344 �g/m3 is the community concentration 
over a 10-hour work day associated with the stop work criterion.  
 
(Exceedance Days) x (10 work hrs/day) x (344 �g/m3) =  9,614 �g/m3 –hrs 
Exceedance Days = 9,614 �g/m3 –hrs / {(10 work hrs/day) x (344 �g/m3)} 
Exceedance Days = 3 days  
 
In essence, the acute ATSDR MRL of 29 �g/m3 over 14 days will be met in the 
community if the fence line Stop Work criterion of 24 ppm over a 10-hour period is met 
or exceeded no more than three times every 14-day period at a specific location. This 
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point must be re-iterated. If during a 14-day period, there are one to two exceedances at 
a specific fence line monitoring location on the south side of the North Tar Pond (location 
A) and one to two exceedances at a specific fence line monitoring location on the north 
side of the South Tar Pond (location B), this would not cause an exceedance of the 
Acute ATSDR MRL, because exceedance of this regulatory criterion is location-
dependent. 
 
The probability that an exceedance will occur every three days per 14-day period at a 
specific location cannot be predicted with accuracy. However, it is clearly very unlikely 
that this would ever occur. The probability of an exceedance is dependent on at least 
four factors: (1) Repeatedly disrupting sediments containing benzene at high 
concentrations in an uncontrolled manner several times within a 14-day period; (2) 
Repeatedly disrupting these sediments at worst case locations in terms of potential for 
dispersion; (3) Repeatedly disrupting these sediments during temperature and humidity  
conditions that promoted volatilization; and (4) Experiencing unusual meteorological 
conditions where the wind was consistently blowing the same direction during the entire 
day and in that same direction for 14 days in a row.  
 
Factors #1-3 are difficult to quantify. However, factor #4 can be quantified by consulting 
the hour-by-hour wind data files used to perform air dispersion and deposition modeling. 
As shown in Tables 7-11, according to the actual Sydney wind data files, over a five year  
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TABLE 7 
SUMMARY OF 10-HOUR WIND 

DIRECTION PERSISTENCE* (1995) 
  

Wind Direction 
Sector 

Number of Days Wind 
Blows From This 

Direction 
86.95 - 109.45 1 
109.35 - 131.85 1 
130.15 - 152.65 1 
170.15 - 192.65 1 
188.85 - 211.35 2 
197.15 - 219.65 3 
203.35 - 225.85 3 
213.35 - 235.85 2 
226.35 - 248.85 1 
250.85 - 273.35 2 
256.95 - 279.45 2 
271.65 - 294.15 1 
291.55 - 314.05 1 
319.35 - 341.85 3 
324.15 - 346.65 3 
325.15 - 347.65 3 

Notes:  
*10-hour time period from 0700 to 1700. 
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TABLE 8 
SUMMARY OF 10-HOUR WIND 

DIRECTION PERSISTENCE*  (1996) 
  

Wind Direction 
Sector 

Number of Days 
Wind Blows From 

This Direction 
361.35 - 21.15 3 
4.45 - 26.95 3 
5.05 - 27.55 3 
29.85 - 52.35 1 
43.85 - 66.35 1 
81.65 - 104.15 4 
81.85 - 104.35 4 
84.65 - 107.15 4 
85.35 - 107.85 4 
129.65 - 152.15 2 
130.85 - 153.35 2 
145.35 - 167.85 1 
160.85 - 183.35 3 
166.25 - 188.75 3 
171.55 - 194.05 5 
179.05 - 201.55 4 
181.65 - 204.15 4 
185.55 - 208.05 3 
200.95 - 223.45 3 
203.85 - 226.35 3 
208.25 - 230.75 3 
255.05 - 277.55 5 
257.85 - 280.35 5 
262.85 - 285.35 6 
264.85 - 287.35 7 
264.95 - 287.45 7 
270.15 - 292.65 5 
274.25 - 296.75 4 
295.15 - 317.65 1 
333.05 - 355.55 1 

Notes:  
*10-hour time period from 0700 to 1700. 

 



AMEC Earth & Environmental  
DRAFT Proposal for Work Management Criteria  
March 15, 2009  
Page 27 
 
 

TABLE 9 
SUMMARY OF 10-HOUR WIND 

DIRECTION PERSISTENCE* (1997) 
  

Wind Direction 
Sector 

Number of Days 
Wind Blows From 

This Direction 
4.85 - 27.35 1 
44.45 - 66.95 2 
52.35 - 74.85 3 
60.65 - 83.15 2 
75.65 - 98.15 1 

102.85 - 125.35 2 
113.65 - 136.15 2 
155.55 - 178.05 3 
159.65 - 182.15 4 
164.55 - 187.05 5 
170.55 - 193.05 5 
175.35 - 197.85 6 
179.95 - 202.45 6 
183.85 - 206.35 5 
185.85 - 208.35 5 
186.85 - 209.35 4 
211.45 - 233.95 2 
212.95 - 235.45 3 
223.95 - 246.45 2 
248.25 - 270.75 2 
257.45 - 279.95 5 
259.85 - 282.35 4 
262.35 - 284.85 4 
265.15 - 287.65 5 
274.35 - 296.85 2 
295.65 - 318.15 1 
325.35 - 347.85 1 
337.65 - 360.15 1 

Notes:  
*10-hour time period from 0700 to 1700. 
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TABLE 10 
SUMMARY OF 10-HOUR WIND 

DIRECTION PERSISTENCE* (1998) 
  

Wind Direction 
Sector 

Number of Days Wind 
Blows From This 

Direction 
0.85 - 23.35 1 
34.85 - 57.35 3 
38.65 - 61.15 3 
39.85 - 62.35 3 
61.35 - 83.85 3 
65.45 - 87.95 3 
71.25 - 93.75 5 
80.15 - 102.65 4 
81.25 - 103.75 4 
85.95 - 108.45 3 
118.85 - 141.35 1 
153.85 - 176.35 1 
174.15 - 196.65 1 
198.85 - 221.35 1 
237.15 - 259.65 3 
243.35 - 265.85 6 
244.75 - 267.25 6 
250.85 - 273.35 6 
251.55 - 274.05 6 
252.85 - 275.35 6 
261.35 - 283.85 4 
276.25 - 298.75 2 
282.35 - 304.85 2 
323.25 - 345.75 1 

Notes:  
*10-hour time period from 0700 to 1700. 
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TABLE 11 

SUMMARY OF 10-HOUR WIND 
DIRECTION PERSISTENCE* (1999) 

  

Wind Direction 
Sector 

Number of Days 
Wind Blows From 

This Direction 
63.25 - 85.75 1 

164.85 - 187.35 2 
166.15 - 188.65 2 
177.45 - 199.95 3 
183.35 - 205.85 4 
185.25 - 207.75 4 
194.15 - 216.65 4 
196.95 - 219.45 2 
228.15 - 250.65 3 
234.15 - 256.65 3 
238.15 - 260.65 3 
257.85 - 280.35 1 
272.85 - 295.35 1 
303.45 - 325.95 1 
333.65 - 356.15 1 

Notes:  
*10-hour time period from 0700 to 1700. 
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period of meteorological data, there are only 3 to 7 instances per year in which the wind 
was blowing the same direction defined as a 22.5% sector over the course of a 10-hour 
work day (7 am to 5 pm) and 0 instances in which the wind was blowing the same 
direction for 14 days in a row. This simple exercise demonstrates that the use of the 
fence line Stop Work criteria for benzene proposed here are adequately protective of 
acute toxicological effects in sensitive members of the population that live in the nearby 
residential areas and also adheres to the Acute ATSDR MRL, a regulatory criterion 
derived with the full use of regulatory safety factors. 
 
Chronic ATSDR MRL (10 �g/m3 over 365 days) 
 
The following example is given for the 10-hour work day scenario. Similar calculations 
can be shown for 8-hour or 12-hour work days. 
 
Over a 365-day period, the target running total benzene concentration assuming a goal 
of 10 �g/m3 over 365 days is 87,600 �g/m3 -hours (10 �g/m3 x 365 days x 24 hours/day 
= 87,600 �g/m3 -hours). Over this same 365-day period, there are 235 work days and 
130 non-work days (assuming a 6-day work week over a 9 month construction season), 
10 work hours per day, and 14 non-work hours per day. Background for non-work hours 
and non-work days is 0.6 �g/m3. Accordingly, the goal for the work-day hours can be 
calculated as follows: 
 
Total goal for entire period:  87,600 �g/m3 –hrs 
Contribution over non-work days: 130 days x 24 hr/day x 0.6 �g/m3 = 1872 �g/m3 -hrs 
Contribution over work day nights: 235 days x 14 hr/day x 0.6 �g/m3 = 1974 �g/m3-hrs 
Contribution over non work hours: (1872 �g/m3–hr) + (1974 �g/m3-hr) = 3846 �g/m3-hr 
Remaining goal for work-day hours:  (87600 �g/m3–hr) – (3846 �g/m3–hr) = 83754 �g/m3–hr 
 
The number of 10-hour work days that can exceed the fence line Stop Work criterion at 
any specific location and not exceed the chronic ATSDR MRL of 10 �g/m3 over 365 days 
can be calculated as follows. As noted above, 344 �g/m3 is the community concentration 
over a 10-hour work day associated with the stop work criterion.  
 
(Exceedance Days) x (10 work hrs/day) x (344 �g/m3) =  83,754 �g/m3 –hrs 
Exceedance Days = 83,754 �g/m3 –hrs / {(10 work hrs/day) x (344 �g/m3)} 
Exceedance Days = 24 days   
 
In essence, the Chronic ATSDR MRL of 10 �g/m3 over 365 days will be met in the 
community if the fence line Stop Work criterion of 12 ppm over a 10-hour period is 
exceeded no more than 24 times every 365-day period at a specific location. As noted 
above, if during a calendar year period there are twelve exceedances at a specific fence 
line monitoring location on the south side of the North Tar Pond (location A) and twelve 
exceedances at a specific fence line monitoring location on the north side of the South 
Tar Pond (location B), this would not cause an exceedance of the Chronic ATSDR MRL, 
because exceedance of this regulatory criterion is location-dependent.  
 
The probability that an exceedance will occur 24 times a year at a specific location 
cannot be predicted with accuracy. However, it is clearly very unlikely that this would 
ever occur. The probability of an exceedance is dependent on at least four factors, as 
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noted above. While it may be possible to envision that over a year, the workers disrupt 
sediments containing benzene at high concentrations in an uncontrolled manner 24 
times, that they might disrupt these sediments at worst case locations in terms of 
potential for dispersion 24 times in the year, and they might disrupt these sediments 
during temperature and humidity conditions that promoted volatilization 24 times a year, 
it is highly unlikely that these three conditions would overlap in time very many times, if 
at all. More importantly, it is extremely unlikely that this constellation of conditions would 
occur 24 times a year when the wind is consistently blowing the same direction during 
the entire day and in that same direction for the specific 24 days on which the unusually 
high levels of benzene emissions occurred.   
 
As above, the probability that unusual meteorological conditions could occur 24 times a 
year can be assessed by consulting five years of the hour-by-hour wind data files used 
to perform air dispersion and deposition modeling. As shown in Tables 7-11, according 
to the actual Sydney wind data files, over a five year period of meteorological data, there 
are only 3-7 instances per year during the five year period in which the wind was blowing 
the same direction defined as a 22.5% sector over the course of a 10-hour work day (7 
am to 5 pm) and 0 instances in which the wind was blowing that same specific direction 
24 times within a single year. 
 
This simple exercise demonstrates that the use of the fence line Stop Work criteria for 
benzene proposed here are adequately protective of acute toxicological effects in 
sensitive members of the population that live in the nearby residential areas and also 
adheres to the Chronic ATSDR MRL, a regulatory criterion derived with the full use of 
regulatory safety factors. 
 
K. Summary of Fence Line and Community Criteria For Benzene 

The criteria for benzene are summarized below.  
 

TABLE 12 
SUMMARY OF FENCE LINE AND COMMUNITY CRITERIA FOR BENZENE 

Criteria Type Criteria for Real-Time Fence Line Monitors  
(PID Meters) 

Stop Work (PID) Running daily total of 12 ppm 
 
Criteria Type Criteria for 24-hour Community Monitors  

(Laboratory Data) 
Regulatory Compliance Calendar Year Annual Average: 10 �g/m3  
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III. NAPHTHALENE  

A. Summary of Toxicological Criteria For Naphthalene 
 
1. Acute Toxicity 
 
(a) U.S. EPA Acute Inhalation Exposure Criteria (2005) 
 
75,000 �g/m3  ( One Hour)   
 
2. Subchronic Toxicity 
 
(a) Subchronic Criterion Derived From Ontario MOE (1987)* 
Subchronic Criterion = 225 �g/m3 
NOAEL = 6.4 mg/kg/day (oral dosing) 
Composite Safety Factor = 100 
10 Animal to human 
10 Human variability 
 
Effect Levels 
Average Human Effect Level: >6.4/10 = >0.64 mg/kg/day = >2,240 �g/m3 
Sensitive Human Effect Level: >0.64/10 = >0.064 �g/m3 = >224 �g/m3 

 
No Effect Levels 
Average Human No Effect Level: 6.4/10 = 0.64 mg/kg/day = 2,240 �g/m3 
Sensitive Human No Effect Level: 0.64/10 = 0.064 �g/m3 = 224 �g/m3 

 
*Ontario Ministry of Environment documentation lists the NOAEL from an oral dosing 
study in rodents was 6.4 mg/kg/day and that the criterion was derived assuming 20 
m3/day inhalation by a 70 kg person. Assuming the standard safety factors of 10 for 
animal to human variability and 10 for human variability, the remaining safety factor of 10 
is logically assumed to be a factor of 10 for subchronic to chronic study duration. In 
deriving this subchronic criterion, AMEC has employed only the two safety factors of 10 
for animal to human variability and 10 for human variability, because the additional 
safety factor for subchronic to chronic study duration is not necessary. 
 
3. Chronic Toxicity 
 
(a) Chronic ATSDR MRL (> 365 days) 
MRL = 3.67 �g/m3 
Endpoint = Respiratory effects  
LOAEL = 0.2 ppm  
Composite Safety Factor = 300 
10 LOAEL to NOAEL 
3 Animal to human 
10 Human variability 
 
Effect Levels 
Average Human Effect Level: 0.2 /3 = 0.07 ppm = 367 �g/m3 
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Sensitive Human Effect Level: 367/10 = 37 �g/m3 
 
No Effect Levels 
Average Human No Effect Level: 0.2 /30 = 0.007 ppm = 37 �g/m3 
Sensitive Human Effect No Effect Level: 37/10 = 3.7 �g/m3 
 
 
(b) Chronic CA REL (lifetime) 
REL = 9 �g/m3 
Endpoint = Respiratory effects 
LOAEL =1.8 ppm 
Composite Safety Factor = 1000 
10 LOAEL to NOAEL 
10 Animal to human 
10 Hum variability 
 
Effect Levels 
Average Human Effect Level: 1.8/10 = 0.18 ppm = 943 �g/m3 
Sensitive Human Effect Level: 943/10 = 94 �g/m3 
 
No Effect Levels 
Average Human Effect Level: 1.8/100 = 0.018 ppm = 94 �g/m3 
Sensitive Human Effect Level: 94/10 = 9.4 �g/m3 
 
(c) Chronic EPA RfC (lifetime) 
RfC = 3 �g/m3 
Endpoint = Nasal effects 
LOAEL = 9,300 �g/m3 
Composite Safety Factor = 3000 
10 LOAEL to NOAEL 
10 Animal to human 
10 Human variability 
3 Database deficiencies 
 
Effect Levels 
Average Human Effect Level: 9,300/10 = 930 �g/m3 
Sensitive Human Effect Level: 930/10 = 93 �g/m3 
 
No Effect Levels 
Average Human No Effect Level: 9,300/100 = 93 �g/m3 
Sensitive Human No Effect Level: 93/10 = 9.3 �g/m3* 
 
* Note that the MRL is 9.3 �g/m3/3 = 3 �g/m3 because of the additional safety factor of 3 
for “database deficiencies.” 
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B. Derivation of Toxicological Criteria Based on Acute and Subchronic 
Toxicological Effect Levels for Use in Deriving Real-Time Fence Line Stop Work 
Criteria For Naphthalene

AEGLs, ERPGs, and California Acute Reference Exposure Levels are not available for 
naphthalene. The only regulatory criterion available was the U.S. EPA (2005) Acute 
Inhalation Exposure Criterion. Because the EPA compares this value to the maximum 
one hour estimated concentration from combustor stack emissions to calculate an Acute 
Hazard Quotient for naphthalene when evaluating permits for combustion facilities, this 
value is a No Observed Adverse Effect Level and it applies to all members of the 
community, including sensitive individuals. Thus, no acute effects would be expected of 
any type in the average person unless exposure levels were >>75,000 �g/m3 for one 
hour. In the most sensitive humans, no acute effects would be expected of any type 
unless exposure levels were >75,000 �g/m3 for one hour.  
 
Because the effect levels can only be estimated as “greater than” the no effect levels for 
this criterion, stop work criteria are not defined here based on the EPA AIEC. Instead 
such values would simply be greater than the value derived in Section C below.  
 

TABLE 13 
SUMMARY OF ACUTE EFFECT LEVELS IN HUMANS FOR NAPHTHALENE  

Criterion Exposure / Averaging 
Time

Source 

>>75,000 �g/m3  
 

One hour U.S. EPA AIEC (EPA, 2005) (estimated  
acute effect level for average 
individuals) 

>75,000 �g/m3  
 

One hour U.S. EPA AIEC (EPA, 2005) (estimated  
acute effect level for sensitive 
individuals) 

 
Similarly, the subchronic no effect level used in Section C below is based on a study in 
which the No Observed Adverse Effect Level is reported. Because the subchronic effect 
levels can only be estimated as “greater than” the no effect levels for this criterion, stop 
work criteria are not defined here based on subchronic effects.   

C. Derivation of Toxicological Criteria Based on No Acute and Subchronic 
Toxicological Effect Levels for Use in Deriving Real-Time Fence Line Stop Work 
Criteria For Naphthalene

AEGLs, ERPGs, and California Acute Reference Exposure Levels are not available for 
naphthalene. The only regulatory criterion available was the U.S. EPA (2005) Acute 
Inhalation Exposure Criterion. Because the EPA compares this value to the maximum 
one hour estimated concentration from combustor stack emissions to calculate an Acute 
Hazard Quotient for naphthalene when evaluating permits for combustion facilities, this 
value is a No Observed Adverse Effect Level and it applies to all members of the 
community, including sensitive individuals. Thus, the no acute adverse effect level in the 
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average person would be estimated as >75,000 �g/m3 for one hour. In the most 
sensitive humans, the no acute adverse effect level is 75,000 �g/m3 for one hour.  
 

TABLE 14 
SUMMARY OF ACUTE NO EFFECT LEVELS IN HUMANS FOR NAPHTHALENE  

Criterion Exposure / Averaging 
Time

Source 

>75,000 �g/m3  
 

One hour U.S. EPA AIEC (EPA, 2005) (no acute 
effect level for average individuals) 

75,000 �g/m3  
 

One hour U.S. EPA AIEC (EPA, 2005) (no acute 
effect level for sensitive individuals) 

 
(a) Acute Inhalation Exposure Criterion (AIEC) (EPA, 2005)    
 
It is thus proposed that a Stop Work criterion for the real-time monitors to ensure that no 
adverse effect levels for acute effects are not exceeded in the community be set using a 
community concentration of 75,000 �g/m3 over a one-hour monitoring period. 
 
No day-long budget approach can be defined for this criterion because it is based on a 
one-hour averaging time. However, a one-hour budget (four 15-minute periods) can be 
established.  
 
The total budget for 4,15-minute periods is calculated as: 
 

Community Budget  4 x 75,000 �g/m3  = 300,000 �g/m3-periods 
 
When the budget is converted to fence line criteria taking into account dilution and 
dispersion and the PID sensitivity, the monitoring staff would simply need to add the 15-
minute readings. Because downwind measurements are taken two times every hour, the 
one-hour allocation must assume that each actual 15-minute reading is assigned to a 
30-minute period. Accordingly, the fence line budget for a monitoring program that 
involves two 15-readings during every 60 minute period is simply one-half of those 
calculated above assuming four 15-minute periods per hour.  This ensures that each 15-
measurement receives double weighting to ensure that the workday average is correctly 
calculated. If the total of any two adjacent 15-minute readings assuming that two 15-
measurements are taken every hour exceeded the fence line budget, the Stop Work 
order would need to be announced.  
 
Accordingly, the Monitoring Programme Budget is 150,000 �g/m3-periods.  Thus, a 
health-based criterion for naphthalene to ensure that no adverse effect levels for acute 
effects are not exceeded in the community would be defined as follows assuming a 
monitoring programme with two 15-minute measurements per hour:  
 

� One-Hour Budget of 150,000 �g/m3  in the community summed over two 
temporally adjacent 15-minute measurement periods. 

(b) Ontario Ministry of Environment Ambient Air Quality Criterion 
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A regulatory criterion for naphthalene was established as an Ambient Air Quality 
Criterion by the Ontario Ministry of the Environment in 1987.  Limited documentation is 
available on the derivation of this criterion. The documentation demonstrates that is was 
derived from an oral study in mice in which the No Observed Adverse Effect Level was 
6.4 mg/kg/day.  A safety factor of 1000 was applied yielding the acceptable dose in 
humans of 0.0064 mg/kg/day.  This was converted to an air concentration assuming 20 
m3 daily inhalation rate and 70 kg body weight.  This yields 22.5 �g/m3. It is applied in 
Ontario to 24-hour samples but scientifically, this is incorrect.  It should be applied to 
annual average concentrations, not single 24-hour samples given that it is derived from 
a long-term toxicology study, not an acute toxicology study. 
 
AMEC has derived a regulatory criterion from the same basic toxicological data for 
subchronic exposures, because the rodent toxicology study was a subchronic study. 
Subchronic exposures are defined by toxicologists as exposures that are weeks or 
months in duration versus chronic exposures that are exposures that are years in 
duration. For the purposes of this document, AMEC defines subchronic exposures as 
exposures that could be as short a duration as 15 days. This conservative definition of 
subchronic is assumed because the ATSDR’s definition of acute exposures are 
exposures from one day to 14 days, and their definition of “intermediate” exposures, 
which is substantially similar to “subchronic” exposures is 15 days to one year.  
 
The subchronic criterion is 225 �g/m3 but there are uncertainties about the 
documentation for this study that Ontario MOE relied upon in 1987. Because of 
database uncertainties, AMEC believes that is it prudent to apply an additional safety 
factor of 10 when applying the criterion to the derivation of stop work criteria. The 
resulting criterion with the additional safety factor is 22.5 �g/m3. As noted above, AMEC 
will conservatively assume that this subchronic criterion applies to exposures with 
durations as short as 15 days.  

TABLE 15 
SUMMARY OF SUBCHRONIC NO EFFECT LEVELS IN HUMANS FOR BENZENE 

Criterion Exposure / Averaging 
Time

Source 

22.5 �g/m3  
 

15 days Derived from Ontario MOE (1987) (no 
subchronic effect level for sensitive
individuals x 0.1 additional safety 
factor) 

 
To derive a fence line Stop Work criterion for a 24-hour period based on a community 
toxicological criterion that must be averaged over 15 days requires special 
consideration. Assuming that the air quality on the other 14 days during the 14-day 
period is at background (0.08 �g/m3), the effect level in sensitive humans for the 24-hour 
period of interest is 336 �g/m3 because this single day’s value averaged with 14 days at 
local background concentrations equals 22.5 �g/m3. Of course, in the unlikely event that 
the site experienced 14 days of heavy emissions in a row, then the fence line criterion 
would not have been protective enough. Because it is virtually impossible to hypothesize 
that site managers would allow high level emissions to be released from the site day 
after day for 14 days in a row, a protective but practical fence line criterion should be 
derived using a 24-hour target concentration in the community somewhere between 22.5 
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�g/m3 and 336 �g/m3. It is proposed here that the mid-point between these two boundary 
conditions be established as the appropriate effect level in sensitive humans over one 
24-hour period based on the ATSDR 14-Day MRL. The midpoint is 179 �g/m3. The total 
budget for 24 hour, 15-minute periods is calculated as 
 

Community Budget  24 x 4 x 179 �g/m3  = 17,184 �g/m3-periods 
    

 
To derive a community-based criterion for a 24-hour exposure period, one must take into 
account the fact the work will only occur for 8, 10 or 12 hours a day. This means that  32, 
40, or 48 15-minute periods during the day are subject to site emissions due to work 
activities. The remaining 64, 56, or 48 15-minute time periods are assumed to be 
associated with background levels of naphthalene, which was cited as 0.08 �g/m3 in the 
2005 EIS (AMEC, 2005). Accordingly, a small fraction of the 24-hour budget of 17,184 
�g/m3-periods is consumed by ambient background levels in Sydney. The amount of the 
budget remaining for allocation to the work day is derived as follows for the 10-hour 
workday case: 
 

Community Budget   17,184 �g/m3-periods 
(-) Background  56 x 0.08 �g/m3 = 4.48 �g/m3-periods 
Workday Allocation 17,184 �g/m3 – 4.48 �g/m3 = 17,180 �g/m3-

periods  
 

Workday allocations for 8-hour and 12-hour days are 17,179 �g/m3 and 17,180 �g/m3 
respectively. 

 
Budget Approach  
 
The budget approach is defined by the workday allocations as noted above. This 
approach provides maximum flexibility and takes into account all possible scenarios of 
community concentrations over the course of a ten-hour period. When the budget is 
converted to fence line criteria taking into account dilution and dispersion and the PID 
sensitivity, the monitoring staff would simply need to add the 15-minute readings. 
Because downwind measurements are taken two times every hour, the workday 
allocation must assume that each actual 15-minute reading is assigned to a 30-minute 
period. Accordingly, the fence line budget for a monitoring program that involves two 15-
readings during every 60 minute period is simply one-half of those calculated above 
assuming four 15-minute periods per hour.  This ensures that each 15-measurement 
receives double weighting to ensure that the workday average is correctly calculated. If 
the total of any number of 15-minute readings assuming that two 15-measurements are 
taken every hour exceeded the fence line budget, the Stop Work order would need to be 
announced.  
 
Workday Allocation Budgets 
 

8-Hour Workday 8,589 �g/m3 
10-Hour Workday 8,590 �g/m3 
12-Hour Workday 8,590 �g/m3 
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D. Derivation of Dilution/Dispersion Factors Between Fence Line and Community 
Receptors
 
As noted above, a conservative screening level air dispersion analysis was performed 
using the SCREEN3 dispersion model to determine dilution/dispersion factors 
considering all fence line locations and community receptor locations around the Tar 
Ponds for three time periods, 15 minutes to 8, 10 or 12 hours. As noted below, one 
conservative factor is used for all three potential work day lengths. The factor is: 
 

� 3.33 for 15’ to 8-12 hours 

 
E. Derivation of Fence Line Stop Work Criteria For Benzene 

To derive the fence line Stop Work criteria, one needs to take into account the expected 
dilution and dispersion between the fence line and the community receptor locations and 
the sensitivity of the PID meters to benzene. In addition, one needs to take into account 
the fact that four 15-minute measurements are not taken over the work day.  
 
As noted above, the conservative dilution/dispersion factor for a 8-, 10-, or 12-hour 
period is 3.33. The conversion factor from �g/m3 to ppm for naphthalene at 20 degrees 
Celsius is 5,240 �g/m3 per ppm. The PID sensitivity for naphthalene is 0.45. The fence 
line Stop Work criterion is derived as follows: 

One-hour Budget of 150,000 �g/m3  in the community summed over 2 
consecutive 15-minute measurement periods (2 per hour x 1 hours) x 3.33 x 
(1/5,240 ) x (1/0.45) = 212 ppm summed over 2 consecutive 15-minute 
measurement periods.  

Eight-Hour Budget of 8,589 �g/m3  in the community summed over 16 15-minute 
measurement periods (2 per hour x 10 hours) x 3.33 x (1/5,240 ) x (1/0.45) = 12 
ppm summed over 16 15-minute measurement periods (8-Hour Workday)  
 
Ten-Hour Budget of 8,590 �g/m3  in the community summed over 20 
15-minute measurement periods (2 per hour x 10 hours) x 3.33 x (1/5,240) x 
(1/0.45) = 12 ppm summed over 16 15-minute measurement periods (10-Hour 
Workday)  
 
Twelve-Hour Budget of 8,590 �g/m3  in the community summed over 24 15-
minute measurement periods (2 per hour x 10 hours) x 3.33 x (1/5,240) x (1/0.45) 
= 12 ppm summed over 16 15-minute measurement periods (12-Hour Workday)  

F. Implementation of Fence Line Stop Work Criteria For Naphthalene  
 
The budget approach can be simply employed by having the monitoring team take 15-
minute fence line PID readings and add them on a simple hand-held calculator or by 
manually adding the values as they are entered into a field notebook. Work can continue 
as long as the total for any one hour moving period (i.e. any two temporally adjacent 15-
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minute measurement periods) does not exceed 212 ppm. However, one can never 
predict what the next reading will be, so practically speaking, on cannot employ the 
budget as is in the field. One needs to “hold back” some of the budget as insurance that 
the next reading will not take the total over the hour to a value that exceeds the budget.  
 
Accordingly, it is proposed that the Stop Work criterion be set at 1/3 the allowable daily 
budget for any hour-long period. In essence, this approach assumes that the last reading 
before stopping work could be as high as 1/3 the budget regardless of the monitoring 
history for the day. Thus, implementation of the hour-long budget of 212 ppm requires 
that work be stopped when any single 15-minute measurement is 141 ppm. (212 ppm x 
2/3 = 141 ppm.)    
 
Similarly, the stop work criteria for 8-, 10-, and 12- hour days using a ½ “hold back” 
would be 8 ppm (12 ppm x 2/3 = 8 ppm). 
 
 
G. Summary of Implementation of Fence Line Stop Work Criterion 
 
Members of the residential communities in the vicinity of the Tar Ponds and Coke Ovens 
Sites can be protected against adverse health effects due to naphthalene exposure if 
fence line monitoring results are compared to the following Stop Work criterion 
regardless of the length of the work day.   
 

� Stop Work if the result of any 15-minute measurement period (2 per hour) 
exceeds 141 ppm at any point during the day to ensure that a budget for any 
hour-long period does not exceed the fence line budget of 212 ppm.  

� Stop Work if the daily running total of 15-minute measurement periods (2 per 
hour) exceeds 8 ppm at any point during the day to ensure that a daily fence line 
budget does not exceed 12 ppm 

 
The approach is a flexible approach for monitoring work activities. The running budget 
approach explicitly takes into account the previous readings on any given day and also 
takes into account the uncertainty about the next reading that could follow on any given 
day by using a “hold back” provision. The use of the 8 ppm real time stop work criterion  
ensures that the total cumulative reading at the fence line on any given day does not 
exceed the work day budget of 12 ppm. Because the stop work criterion of 8 ppm 
running total is more conservative than the single measurement criterion of 141 ppm, the 
8 ppm criterion governs.  
 
 
H. Protectiveness of the Fence Line Stop Work Criterion 
 
The real time fence line stop work criterion for naphthalene is derived with multiple 
layers of safety factors. This section briefly summarizes the assumptions and factors 
used to demonstrate that the criterion is more than adequately protective of human 
health. 
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1. A No Observed Adverse Effect level for acute effects is being used for the hour-long 
Stop Work criterion and a No Observed Adverse Effect level for subchronic effects is 
being used for the day-long Stop Work criterion. 
2.The dispersion factor was derived using SCREEN3 screening level air dispersion 
model, which is a conservative screening level model that is recognized by all as 
providing conservative results. 
3. The SCREEN3 model conservatively defaulted to meteorological data that are 
indicative of the most stable conditions (stability class 6 and a wind speed of 1.0 m/s).  
These conditions only occur during the night-time hours.  Daytime atmospheric 
conditions result in a more turbulent atmosphere resulting in greater dispersion. 
4. SCREEN3 was executed assuming that naphthalene was being released from the site 
as a constant source all day long, whereas any emissions that might occur would be 
intermittent at worst. 
 
I. Derivation of Decision Criteria for Community Monitors 

To assess chronic health effects, it is assumed that community monitoring will continue 
to be accomplished via the use of 24-hour sampling of community air.  For compliance 
purposes, There are three available long term (chronic) toxicological criteria for 
naphthalene: (1) ATSDR Chronic Minimum Risk Level (MRL), (2) California Chronic 
Reference Exposure Level (REL), and (3) U.S. EPA Chronic Reference Concentration.  
One or more of these criteria can be used as a regulatory compliance criterion. 
 

TABLE 16 
CHRONIC TOXICOLOGICAL CRITERIA 

NAPHTHALENE 
 

Chronic Toxicological Criterion Value 
ATSDR Chronic MRL 3.7 �g/m3 (lifetime) 
California Chronic REL 9 �g/m3 (lifetime) 
U.S. EPA Chronic RfC 3 �g/m3 (lifetime) 
 
 
As noted above, the ATSDR chronic MRL is 3.7 �g/m3, but the level associated with 
toxicological effects in the most sensitive humans is 37 �g/m3.  The California chronic 
REL is 9 �g/m3, but the level associated with toxicological effects in the most sensitive 
humans is 94 �g/m3.  Lastly, the EPA chronic Reference Concentration is 3 �g/m3, but 
the level associated with toxicological effects in the most sensitive humans is 93 �g/m3.  
The most health-protective of these criteria including regulatory safety factors is the EPA 
Chronic RfC, 3 �g/m3.   
 
The 3 �g/m3 criterion is applicable to lifetime exposure.  In this case, the project activities 
are estimated for a duration of five or more years, so the period of interest is five years.  
However, it is common in the practice of risk assessment to average such values only 
over a single year despite the fact that there are acceptable levels for a lifetime 
exposure.  Thus, the proposed project goal for naphthalene is an annual average 
concentration for a one-year period of 3 �g/m3.  
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It is important to note that the 3 �g/m3 Chronic RfC is not a value that must be met for 
every 24-hour canister.  Instead, the project goal is to ensure that the one-year average 
concentration is less than 3 �g/m3 for naphthalene.  Many 24-hour canister samples can 
be higher than 3 �g/m3 as long as ample canisters are less than 3 �g/m3. AMEC notes 
that the monitoring schedule for the residential areas is one sample every sixth day. This 
means that there are five intervening days with no sample results. There are several 
ways to evaluate this censored dataset. One can assume that all five intervening days 
are similar to the higher of the two days with data. One can assume that all five 
intervening days are similar to the lower of the two days with data. When one of the two 
sampling days is a work day and one is not a work day, one can assume that all five 
intervening days are similar to the work day. One can assume that all five intervening 
days are similar to the average of the two days with data.  
 
There are other approaches that could also be considered. However, a priori, there is no 
reason to expect that the work days that are monitored are systematically any different 
than the work days that are not monitored with community canisters. Accordingly, it is 
recommended that the annual average concentration be calculated by simply assuming 
that the running average of the monitored days is a reasonable estimate of the running 
average over the entire period, including the non-monitored days. On the other hand, it 
is a simple matter to calculate a running average using any one of several ways to 
estimate the concentrations at residential locations during non monitored days.  
 
 
J. Verification of Protectiveness of Stop Work Criteria Regarding Regulatory 
Toxicology Criteria  
 
The fence line Stop Work criteria are designed to ensure that the 15-day concentration 
in the community does not exceed 22.5 ug/m3, which protects the community against 
subchronic toxic effects over a short time period with an added margin of safety of 100 
by using the No Observed Adverse Effect Level instead of the Lowest Observed 
Adverse Effect Level and by adding an additional safety factor of 10 to account for 
database uncertainties. To ensure that the 15-day concentration in the community does 
not exceed 22.5 �g/m3, the concentration during the 8-, 10-, or 12-hour work day cannot 
exceed 537, 429, or 358 �g/m3, respectively. It should be noted, however, that the fence 
line Stop Work criterion is designed with an extra margin of safety (the “hold back” 
provision) to ensure that work is stopped before the subchronic toxicological criterion of 
22.5 �g/m3 in the community over a 15-day period is actually reached.  
 
Specifically, because of the “hold back” factor used to derive the fence line Stop Work 
criterion of 12 ppm, work will be stopped when the concentration in the community over 
a 10-hour work day is actually no greater than 358, 286, or 239 �g/m3 respectively (see 
Section E for discussion of the “hold back” factor.) At these work-day concentrations, the 
15-day concentration in the community would be less than 22.5 �g/m3. This is an 
additional protective factor that has been added because of uncertainty in the final 
measurement of the day before a Stop Work order might be given.  
 
Before the fence line Stop Work criteria are adopted, it is important to verify that 
regulatory health-based criteria, which incorporate all regulatory margins of safety, are 
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satisfied if the Stop Work criteria are adopted. The most health protective of these 
regulatory health-based criteria includes the following: 
 

� Chronic EPA RfC 
3 �g/m3 over >365 days 
 

The chronic EPA RfC is applicable for periods ranging from 365 days to a 70+ year 
lifetime. However, it is common risk assessment practice to average exposures over a 
period of no longer than one year when applying chronic health-based regulatory criteria. 
In this document, the chronic RfC will be assumed to be applicable 365 days and not 80 
years, which is the Health Canada default risk assessment assumption for the lifetime of 
a Canadian citizen.  Applying this chronic toxicological criterion to a one year time frame 
provides an additional margin of safety that ranges from 8 for 10-year exposure periods 
to 80 for one year exposure periods.  
 
Chronic EPA RfC (3 �g/m3 over 365 days) 
 
The following example is given for the 10-hour work day scenario. Similar calculations 
can be shown for 8-hour or 12-hour work days. 
 
Over a 365-day period, the target running total naphthalene concentration assuming a 
goal of 3 �g/m3 over 365 days is 26,280 �g/m3 -hours (3 �g/m3 x 365 days x 24 
hours/day = 26,280 �g/m3 -hours). Over this same 365-day period, there are 235 work 
days and 130 non-work days (assuming a 6-day work week over a 9 month construction 
season), 10 work hours per day, and 14 non-work hours per day. Background for non-
work hours and non-work days is 0.08 �g/m3. Accordingly, the goal for the work-day 
hours can be calculated as follows: 
 
Total goal for entire period:  26,280 �g/m3 –hrs 
Contribution over non-work days: 130 days x 24 hr/day x 0.08 �g/m3 = 250 �g/m3 -hrs 
Contribution over work day nights: 235 days x 14 hr/day x 0.08 �g/m3 = 263 �g/m3-hrs 
Contribution over non work hours: (250 �g/m3–hr) + (263 �g/m3-hr) = 513 �g/m3-hr 
Remaining goal for work-day hours:  (26280 �g/m3–hr) – (513 �g/m3–hr) = 25767 �g/m3–hr 
 
The number of 10-hour work days that can exceed the fence line Stop Work criterion at 
any specific location and not exceed the chronic EPA RfC of 3 �g/m3 over 365 days can 
be calculated as follows. As noted above, 286 �g/m3 is the community concentration 
over a 10-hour work day associated with the stop work criterion for naphthalene. 
 
(Exceedance Days) x (10 work hrs/day) x (286 �g/m3) = 25,767 �g/m3 –hrs 
Exceedance Days = 25,767 �g/m3 –hrs / {(10 work hrs/day) x (286 �g/m3)} 
Exceedance Days = 9 days   
 
In essence, the Chronic EPA RfC of 3 �g/m3 over 365 days will be met in the community 
if the fence line Stop Work criterion of 8 ppm (running total) over a 10-hour period is 
exceeded no more than 9 times every 365-day period at a specific location. As noted 
above, if during a calendar year period, there are five exceedances at a specific fence 
line monitoring location on the south side of the North Tar Pond (location A) and four 
exceedances at a specific fence line monitoring location on the north side of the South 
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Tar Pond (location B), this would not cause an exceedance of the Chronic EPA RfC, 
because exceedance of this regulatory criterion is location-dependent.  
 
The probability that an exceedance will occur 9 times a year at a specific location cannot 
be predicted with accuracy. However, it is clearly very unlikely that this would ever occur. 
The probability of an exceedance is dependent on at least four factors, as noted above. 
While it may be possible to envision that over a year, the workers disrupt sediments 
containing naphthalene at high concentrations in an uncontrolled manner 9 times, that 
they might disrupt these sediments at worst case locations in terms of potential for 
dispersion 9 times in the year, and they might disrupt these sediments during 
temperature and humidity conditions that promoted volatilization 9 times a year, it is 
highly unlikely that these three conditions would overlap in time very many times, if at all. 
More importantly, it is extremely unlikely that this constellation of conditions would occur 
9 times a year when the wind is consistently blowing the same direction during the entire 
day and in that same direction for the specific 9 days on which the unusually high levels 
of benzene emissions occurred.   
 
As above, the probability that unusual meteorological conditions could occur 9 times a 
year can be assessed by consulting five years of the hour-by-hour wind data files used 
to perform air dispersion and deposition modeling. As shown in Tables 7-11, according 
to the actual Sydney wind data files, over a five year period of meteorological data, there 
are only 3-7 instances per year during the five year period in which the wind was blowing 
the same direction defined as a 22.5% sector over the course of a 10-hour work day (7 
am to 5 pm) and 0 instances in which the wind was blowing that same specific direction 
9 times within a single year. 
 
This simple exercise demonstrates that the use of the fence line Stop Work criteria for 
naphthalene proposed here are adequately protective of acute toxicological effects in 
sensitive members of the population that live in the nearby residential areas and also 
adheres to the Chronic EPA RfC, a regulatory criterion derived with the full use of 
regulatory safety factors. 
 

K. Summary of Fence Line and Community Criteria For Naphthalene  

The criteria for naphthalene are summarized below.  
 

TABLE 17 
SUMMARY OF FENCE LINE AND COMMUNITY CRITERIA FOR NAPHTHALENE 

Criteria Type Criteria for Real-Time Fence Line Monitors  
(PID Meters) 

Stop Work (PID) Running daily total of 8 ppm 
 
 
Criteria Type Criteria for 24-hour Community Monitors  

(Laboratory Data) 
Regulatory Compliance Calendar Year Annual Average: 3 �g/m3  
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