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A Review of the Incidence and Consequences of
Cigarette Filter Vent Blocking Among Smokers*
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Table 1.
Reported vent blocking incidence using filter ‘tar’ stain technique

Reference
Number
of filters

% Completely
blocked (no.)

% Partially
blocked (no.)

Number of subjects

KOZLOWSKI et al., 1982 (21) 39 15 (6) 44 (17) 39
ZACNY and STITZER, 1988 (62) 1631   0.1 (2) 28 (457)a 10
KOZLOWSKI et al., 1988 (22) 135 19 (25) 39 (53) Not reported
KOZLOWSKI et al., 1989 (23) 14 21 (3) 29 (4) 14
KOZLOWSKI et al., 1994 (25) 158 27 (43) 26 (42) Not reported

DJORDJEVIC et al., 2000 (11) �

b
�

c 21c 56 "low yield" cigarette 
   smokers

DJORDJEVIC et al., 2000 (11) �

b
�

c 30c 77 "medium yield"    
cigarette smokers

aThe 28% partially blocked filters were categorized as 6% partially blocked and 22% questionably blocked or not blocked.
bNot reported but estimated from the publication that about 60 filter butts were generated from each subject.
cEvidence of some blocking but proportion of completely and partially blocked filters not reported.
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Table 2.
Responses to questions on smokers’ perceptions,
FERRIS, 1983 (15)

Do you block the ventilation holes during
normal smoking? (N = 97)

Yes = 52% No = 27% Don´t know = 21%

How would this blocking be brought about? (N = 41)

During normal holding of the cigarette 7 %

Don´t know 29%

What proportion of the puffing time would the
holes be blocked? (N = 40)

Puffing time (%) Responses (%)

0 0

25 15

50 42.5

75 20

100 10

Don´t know 12.5

Figure 1.
Mouth insertion depth distributions
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Table 3.
Summary of cigarette mouth insertion depth measurements

Maximum insertion
depth (mm)

Study Mean
Standard
deviation

No. of
filter butts

Method Reference

Germany, 300 smokers
(pubs, etc.)

10.9 2.1 441 Lipstick SCHULZ, 1974 (51)

Germany, 41 smokers
(pubs, etc.)

11.5 3.0 560 Amylase BARKEMEYER et al., 1984 (7)

Switzerland  
(pubs, etc.)

10.4 3.8 1410 Amylase BARKEMEYER et al., 1984 (7)

Canada, non-ventilated
cigarettes (shopping malls)

11.0 4.6 290 Amylase MCBRIDE, 1984 (35)

Canada, ventilated cigarettes 
(shopping malls)

11.1 4.8 205 Amylase MCBRIDE, 1984 (35)

Canada, non-ventilated
cigarettes (shopping malls)

11.0 3.6 1003 Ninhydrin PORTER and DUNN, 1998 (40)

Canada, ventilated cigarettes
(shopping malls)

10.6 3.6 1229 Ninhydrin PORTER and DUNN, 1998 (40)

USA (in-house and public
ashtrays)

10.1 3.9 236 Ninhydrin LEWIS, 1995 (30)

UK, non-ventilated 12 mg ‘tar’
cigarette (home study)

7.8 3.6 1802 Ninhydrin BAKER et al. 1998

UK, ventilated 9 mg ‘tar’
cigarette (home study)

8.7 3.7 1821 Ninhydrin BAKER et al. 1998 (6)

UK, ventilated 4 mg ‘tar’
cigarette (home study)

9.5 5.0 1852 Ninhydrin BAKER et al., 1998 (6)

UK  (laboratory study) Max. 8.3
Min. 5.3

2.6
3.0

26 Amylase HILL, 1983 (19)
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Figure 2.
Ventilation zone coverage by lips
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Figure 3.
Calculated effect of position of ventilation zone on hole
coverage by smokers

Table 4.
Extent of ventilation hole coverage among smokers from
mouth insertion depth studies, BAKER et al., 1998 (6),
PORTER and DUNN, 1998 (40)

Study UK Canada

No vent coverage 85% 76%
Partial coverage 11% 19%
Complete coverage   4%   5%

Number of filters examined 3673 1229

:!	#���"�!��� #�	�	 #!��#���"�� �!��
���	#!���	 #�����"
�	!��	���	 #!�=A	������><��"���� � ��	 #� ��!� ���!��"��
3 �%����"	�
��� ��%���%+��#� 
����<�����	�%%+�� 
����<
�#��� ��%���%+�� 
�����" %�!��!�����#��	 #� ���"��
�#�	%�4
�	 #� � #�� � !	�	 #� ��#� ��� ��%��%����(� � ��� �+�	��%
��%��%����� ��!�%�!� ���� !" 3#� 	#� A	����� �<� ��!���  #� �

�#�	%��	 #� � #�� 3	��"�  �� �� ��� �#�� �"�� ,�#��	�#
	#!���	 #�����"��	!��	���	 #� �����������!�=)�>(��"	!�%�����
�	!��	���	 #�	!� #�� ���"��� !��� ����"�#!	
���
�	%��%�
�#�� #%+���%��	
�%+��	# ���	�����#��!����� ���	#���	���"�
 �"����	!��	���	 #!����	�����	#�A	������������!��(
�"���� � ��	 #� ��!� ���!�3" ��% ���
�#�!�	!� �
	 �!%+
����#��#�� #��"��� !	�	 #� ���"��
�#��� #�?��"������"���	�
	!�����"���	%���<��"��!��%%����"���� � ��	 #� ��!� ���!��"��
��#� � ��#�	�%%+� �% ��� 	�� =A	����� �>(� K���	#�� 
�#�	%����
���#�!� �+�	��%%+� "�
�� �� 
�#�	%��	 #� � #�� !����	#�� ��
���3��#�����#���9������ ���"��� ��"��#�(�8�������<
�9@� ��!� ���!�� �%��� 
����"��
�#��� #�<��"����7 �	�+
 ��3" ��=E)@>�3 �%��� �! �����	�%%+(�8���9���<�E@� �
!� ���!�� �%��� 
����"��
�#��� #���#��
	����%%+��%%� �
�"���=�E@>�3 �%��� �! �����	�%%+(�A ���"���3 �%����!���#�
� !������#�%+����%	!"���!���	�!�=9<�)�><��"���	�������!�3���
!� �������	#��# ���%���+4� 4��+� !	����	 #!��#���6���
	#� ����	 #�  #� �"�� 
�#�	%��	 #� � #�� � !	�	 #!�  #� �"�
�	���������	%���!�3�!��%! ��
�	%��%�(��"�!��6����	#� ����	 #
 #��"���� � ��	 #� ���"��
�#�!��% ��������	#�����%��!�� #�
�����3"	%���"���	��������3�!�!� ������#���� ���	#��(��"	!
	#� ����	 #�	!�!�����	����	#����%��)(
�YS.��=)>�"�!��!���	������#�%+!	!� ��%	��	���	#�!��� �
 #�������� ��	
������"���	#� ����	 #� #��"���� � ��	 #� �
!� ���!�3" ��% ����"��
�#�	%��	 #�� #�(�$#��"	!�!���+��"�
!��7���!����%	���%	��������� ��"�	��%	�!��#���  �� #������
 #���
�#�	%������	%�����	�������(��"���������#��%�����
��+
!"���� 	����� � � ���  ���	#��� � %% 3	#�� !���+	#��  �� �"�
�	%����3	�"�	 �	#��! %��	 #(�$#�� ��%<���!��7���!��� ���"�

!����� �������!���G��I<���� ���� �� ���#+�	#�I��4
����<� G����#+<� !� ���� � �	�������!�  �� ���"�  �� �"���
�	%���4
�#�	%��������#�!(��"��!����� ���"��
�#�	%��	 #�� #�!
3���� � !	�	 #��� ��� ��� �� �� �"�� � ��"� �#��  �� �"�
�	�������(� �"���� %	�� 	���	#�!� 3����  ���	#��� �� �� 5�
!� �	#�!(�� ���� 
������ ���"��
�#�	%��	 #�� #���+��"�
%	�!�3�!� �!��
���3	�"��)� ���"��	���	#�!<��%�" ��"�	�
3�!�%�!!��"�#���@�� ������ ���"��	���	#�!(��"��)E@�%	�
� #�����3	�"� �� 
�#�� � #�� � !	�	 #��� ������ �� �� �"�
� ��"��#��	!�"	�"����"�#��"���9@��� ��A	������������
��(� �"	!� �	�����#��� ��+� "�
�� ���#� ���!��� �+� �"�
! ��3"��� �##�����%� !� �	#�� !	����	 #� 	#� �YS.��!
%�� ��� �+4��!��� !���+�  �� �� �� �"�� ������  #� �"�� %	�!
���!	#���!%	�	#��� ���"���	%�����	�(��YS.��!�	������#�%+!	!
!" 3����"����"��
�#�	%��	 #�� #��� 
������3�!�����	�%�� �
�%%���!�!�!" 3	#��! ���� 
�����<�3	�"��#� 
���%%����#� �
�5@�  �� �"�� 
�#�	%��	 #� � #�� ����� � 
����<� !��#����
��
	��	 #��)@(�A �� 
���E�@� ���" !��!� ���!�3" ��	�
"�
�� %	�� � #����� 3	�"� �"�� 
�#�� � #�<� �"�� ��6	���
� 
������ ���"��
�#�	%��	 #�� #�������3�!��@(

�.,�$-'��(�
.AA.,���-A�&.'���K-,L$'G�-'�,$G8�.��.
&.'�$K8�$-'�8'��-��12(3
�1-L.�;$.K��

�"��%	���������	#�	����!��"����"����	!���# #4%	#������%��	 #4
!"	�����3��#��	���% 3��"� ��"����� �������������#���"�
���!!������ ����� !!��"��������=�<�)<���<���<��)<��E<�)�<��><
���!��� �+� 	#���	�%� � ���!� �!� �"�� �	�� �% 3!� �"� ��"� �"�
���� ���	 #�" %�!(��,I'.$�.����
����=)�>�!" 3����"����"�
��%��	 #!"	�����3��#��	%����
�#�	%��	 #� �����	���������#�
������	
���	���������	%	�+� ���"���	%����
�#�	%��	 #�� #��	!
# #4%	#���(��"���	���������	%	�+� ���"��
�#�	%��	 #�� #�
	!��� � ��	 #�%�� ��"��#������ ��" %�!�	#��"��� #��=)<��E>(
�"�!�	����+�������������"����"����%��	 #!"	�����3��#��"�
������� ���% ��	#�� ���"���	%����
�#�	%��	 #�� #���#���	%���

�#�	%��	 #�	!��%! �# #4%	#���(��"	!�"�!����#�� #�	�����	#
!�
���%� !���	�!� =9<� ��<� ��<� ))�)9>(� �"�� # #4%	#���	�+
	#����!�!��!��"���	%����
�#�	%��	 #�	#����!�!(�
�"��# #4%	#����
�#�	%��	 #C������� ���% ��	#����%��	 #4
!"	�!� ���� �%! � ���%������ 	#� �"�� # #4%	#���� ��%��	 #!"	�!



��E

Figure 4.
Effect of vent blocking on yield of smoke components (X) relative to unblocked yield (X0) � machine smoking (ISO) conditions

Figure 5.
Effect of magnitude of filter ventilation on relative increase in yield when filter vent zone is blocked � machine or constant (cued)
human smoking regimen

���3��#�  �!��
��� ��	#!������ !� ��� +	�%�!� �����
������
	�����*
��������	��#�������#����� ���	%����
�#�
" %�!��% �����=9<���<��<���<�)�)5>(�A ��� ���"�!��!���	�!

"�
����� ����������� �������<�#	� �	#���#������ #�� # 64
	���+	�%�!�=9<���<���<�)9>(�8�%�����!���+��+��$,L.�����
���
=)�>��%! ���� ����������� �������<�#	� �	#���#��,-�� ���9



���

Table 5.
Effect of deliberately blocking filter ventilation zone on "CO boost" � subjects cued to smoke at a fixed puffing regimen

Reference
FTC ‘tar’

category of
cig. (mg)

Vent zone
condition

Mean "CO
boost" (SE)a 
(ppm)

Cued smoking regimen
No.

 of subjects

ZACNY et al.,
1986 (61)

1 Unblocked
50% blockedb

100% blockedb

0.8
2.9
7.1

Eight 60 mL puffs every 50 s;
inhalation volume was 50% of vital
capacity; breathhold was 3.5 s 

5

KOZLOWSKI et al.,
1996 (27)

1 Unblocked
Lip blocked
100% blockedb

2.7 (0.5)
6.7 (1.0)

12.9 (2.2)

2 s puff every 50 s 12

SWEENEY and
KOZLOWSKI,
1998 (55)

10

1

10

Unblocked
50% blockedb

Lip blocked
Finger blocked

Unblocked
Finger blocked

Unblocked
Finger blocked

5.0 (0.5)
4.8 (0.5)
4.9 (0.9)
4.9 (0.5)

2.8 (0.3)
5.4 (0.6)

6.3 (0.5)
6.5 (0.5)

2 s puff every 50 s 

2 s puff every 50 s 

2 s puff every 50 s 

12

12

12

aSE = Standard error.
bVentilation zone blocked with tape.
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Table 6.
Effect of deliberately blocking filter ventilation zone on "CO
boost" with ad libitum smoking, SWEENEY et al., 1999 (56)

FTC ‘tar’
category of
cig. (mg)

Filter
ventilation

(%)c 

Mean "CO boost" (SE)e

(ppm)

Unblocked Blocked

Study 1a

1 �

d 2.0 (0.6) 3.7 (0.5)
10 22.5 6.1 (0.8) 5.9 (0.8)

Study 2b

1 82.5 1.8 (0.4) 6.1 (0.9)
2 66 3.9 (0.7) 5.6 (0.7)
5 56 5.0 (0.9) 5.8 (0.7)
8 40 5.5 (0.8) 5.9 (1.0)

aTwelve smokers (6 men, 6 women) aged 19�33 years.
Their regular brands were "full flavor" or "lights" cigarettes.
Subjects were instructed to block as much of the vent zone
as possible with their fingers.
bTwelve female smokers aged 18�50 years. Their regular
brands were all "lights" cigarettes. Subjects were instructed
to block as much of the vent zone as possible with their
lips.
cMeasured at an air flow of 17.5 mL s%1.
dNot measured. 
eStandard error. 
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Figure 6.
Effect of deliberately blocking vent zone on mean puffing
behavior of smokers (REEVES et al., 1997 [41])

Table 7.
Effect of deliberately blocking vent zone on mean puffing
behavior of smokers, ZACNY et al., 1986 (61)a

Parameter
measured

% Vents blocked Significance
of differ. (%)0 50 100

Puff  volume (mL) 63.3 54.8 42.8 99
Puff duration (s) 2.0 1.9 1.8 No sig.

difference
Puff number 13.2 11.1 9.2 99
Interpuff interv. (s) 20.6 22.1 23.3 95

aFive subjects whose regular brands were high ‘tar’. In this
experiment, each subject smoked a 1 mg ‘tar’ cigarette with
the three vent block conditions on 5 consecutive days.
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Table 8.
Estimated mean nicotine yields (standard deviation), mg,
of the smokers (study of REEVES and co-workers, repor-
ted by ST. CHARLES and HILTON[47])

Smoking conditions
FTC ‘tar’ category

1�3 mg 4�6 mg 7�12 mg

Unblocked � 
human smoking

0.46
(0.34)

0.59
(0.29)

0.68
(0.26)

50% Blocked �
human smoking

0.57
(0.36)

0.60
(0.20)

0.77
(0.37)

100% Blocked �
human smoking

0.55
(0.28)

0.56
(0.20)

0.78
(0.39)

Laboratory 
"free" smoking

0.51
(0.22)

0.57
(0.17)

0.74
(0.20)

Home smoking 0.57
(0.20)

0.53
(0.13)

0.75
(0.21)

Number of subjects 9 20 19

Unblocked �
machine smokinga 0.14 0.45 0.72

50% Blocked �
machine smokinga 0.28 0.62 0.79

100% Blocked �
machine smokinga 0.53 0.78 0.85

  a35 mL, 2 s puff once per minute.

Table 9.
Estimated mean ‘tar’ yields (standard deviation), mg, of
the smokers (study of REEVES and co-workers, reported
by ST. CHARLES and HILTON [47])

Smoking conditions
FTC ‘tar’ category

1�3 mg 4�6 mg 7�12 mg

Unblocked � 
human smoking

4.2
(2.6)

7.2
(4.4)

10.1
(5.1)

50% Blocked �
human smoking

6.4
(4.3)

8.8
(4.8)

10.5
(5.3)

100% Blocked �
human smoking

9.0
(6.1)

9.6
(4.3)

10.3
(5.4)

Laboratory 
"free" smoking

5.2
(3.1)

7.6
(2.3)

9.9 
(2.8)

Home smoking 6.4
(2.8)

7.1
(1.6)

10.2
(3.0)

Number of subjects 9 20 19

Unblocked �
machine smokinga

1.4 5.2 9.6

50% Blocked � 
machine smokinga

3.1 8.1 11.2

100% Blocked � 
machine smokinga

7.5 11.5 12.6

   a35 mL, 2 s puff once per minute.
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Figure 7.
Ad libitum human smoking � effect of filter ventilation on relative increase in yields when filter vent zone is deliberately blocked
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Table 10.
Estimated mean nicotine yields to the smokers, BAKER et
al., 1998 (6)

Cigarette Std. Light
Ultra
Light

Machine yielda (mg) 1.10 0.89 0.35

Mean yield to the 
smokers (mg)

0.87 0.71 0.45

Standard deviation 0.27 0.20 0.14
Standard deviation/mean

yield to the smokers
0.31 0.28 0.31

Number of subjects 204 197 195

  a35 mL, 2 s puff once per minute. 

Figure 8.
Estimated nicotine yields and insertion depths (Baker et
al.,1998)
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