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6JG�UK\G�QH�CP�QRGP�HCEGF�DKQHKNVGT�FGRGPFU�QP�CKTHNQY�TCVG��TGUKFGPEG�VKOG��CPF�CXCKNCDNG�CTGC���

4GUKFGPEG�VKOG�ECP�DG�CFLWUVGF�D[�XCT[KPI�VJG�DKQHKNVGT�FGRVJ���(QWT�VGUV�DKQHKNVGTU�YGTG�

EQPUVTWEVGF�YKVJ�OGFKC�EQORTKUGF�QH�[CTF�YCUVG�EQORQUV�CPF�DTWUJ�EJKRU�VQ�EQORCTG���U�CPF���

U�TGUKFGPEG�VKOG�D[�EJCPIKPI�VJG�FGRVJ�HTQO����KP��VQ���KP���$KQHKNVGT�RGTHQTOCPEG�YCU�

OQPKVQTGF�HQT�VGP�OQPVJU�D[�OGCUWTKPI�RTGUUWTG�FTQR��OQKUVWTG�EQPVGPV��QFQT�VJTGUJQNF��

J[FTQIGP�UWNHKFG��CPF�COOQPKC�EQPEGPVTCVKQPU���1FQT�TGFWEVKQP�GHHKEKGPE[�HQT�VJG���CPF���U�

TGUKFGPEG�VKOG�DKQHKNVGTU�YCU�����CPF�����TGURGEVKXGN[���*[FTQIGP�UWNHKFG�TGFWEVKQP�

GHHKEKGPE[�YCU�����CPF�������#OOQPKC�TGFWEVKQP�GHHKEKGPE[�YCU�����CPF��������5VCVKUVKECNN[�

VJGTG�YCU�PQ�UKIPKHKECPV�FKHHGTGPEG�DGVYGGP�CP���U�CPF�C���U�GORV[�DGF�EQPVCEV�VKOG�HQT�QFQT��

J[FTQIGP�UWNHKFG��CPF�COOQPKC�TGOQXCN���$CUGF�QP�EWTTGPV�KPHQTOCVKQP��VJG�TGEQOOGPFGF�

FGUKIP�TGUKFGPEG�VKOG�HQT�DKQHKNVGTU�QP�UYKPG�DWKNFKPIU�KU���VQ���U���(WTVJGT�TGUGCTEJ�KU�PGGFGF�

VQ�FGVGTOKPG�VJG�OKPKOWO�GHHGEVKXG�TGUKFGPEG�VKOG�HQT�QRGP�HCEG�DKQHKNVGTU�QP�NKXGUVQEM�

HCEKNKVKGU��
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(WPFKPI�HQT�VJKU�RTQLGEV�YCU�RTQXKFGF�D[�VJG�/KPPGUQVC�2QTM�2TQFWEGTU�#UUQEKCVKQP�
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2QTM�RTQFWEVKQP�HCEKNKVKGU�IGPGTCVG�QFQTU���6JQUG�QFQTU�ECP�DG�C�PWKUCPEG�VQ�PGCTD[�TWTCN�CPF�

WTDCP�PGKIJDQTU���+P�C�ITQYKPI�PWODGT�QH�ECUGU��EQPEGTPU�CDQWV�QFQTU�CPF�RQVGPVKCN�QFQTU�

JCXG�ECWUGF�VJG�RQTM�KPFWUVT[�VQ�GZRGTKGPEG�IQXGTPOGPVCN�TGUVTKEVKQPU�QP�ITQYVJ�CPF�PGICVKXG�

TGNCVKQPU�DGVYGGP�TGUKFGPVKCN�PGKIJDQTU�CPF�RTQFWEGTU���6JGUG�TGUVTKEVKQPU�QP�ITQYVJ�CPF�

RQVGPVKCN�EQPHNKEVU�YKVJ�PGKIJDQTU�YKNN�NKOKV�VJG�DWUKPGUU�QRRQTVWPKVKGU�HQT�VJG�RQTM�KPFWUVT[��

�

/QUV�QH�VJG�QFQT�TGFWEVKQP�TGUGCTEJ�KP�VJG�RCUV�JCU�HQEWUGF�QP�GOKUUKQPU�HTQO�QWVUKFG�OCPWTG�

UVQTCIGU���1PG�CNVGTPCVKXG�VQ�QWVUKFG�UVQTCIGU�KU�VQ�UVQTG�OCPWTG�DGNQY�UNCVVGF�DCTP�HNQQTU�KP�

FGGR�RKVU���1FQTU�HTQO�DCTPU�YKVJ�FGGR�RKVU�CU�YGNN�CU�DCTPU�YJGTG�VJG�OCPWTG�KU�TGOQXGF�CTG�

C�OCLQT�RCTV�QH�VJG�VQVCN�QFQTU�EQOKPI�HTQO�C�RQTM�RTQFWEVKQP�UKVG�
,CEQDUQP�GV�CN����������

�

$KQHKNVGTU�TGFWEG�QFQT�GOKUUKQPU�
,CPPK�GV�CN�����������5KPEG�OCP[�DKQHKNVGT�CRRNKECVKQPU�CTG�KP�

VJG�KPFWUVTKCN�OCTMGV��NKVVNG�KPHQTOCVKQP�KU�CXCKNCDNG�HQT�FGUKIPKPI�NQY�EQUV�U[UVGOU�HQT�

CITKEWNVWTG�WUG���0KEQNCK�GV�CN��
������FGXGNQRGF�C�NQY�EQUV�DKQHKNVGT�HQT�UYKPG�RTQFWEVKQP�

HCEKNKVKGU���#XGTCIG�QFQT�CPF�J[FTQIGP�UWNHKFG�TGOQXCN�HQT�VJCV�FGUKIP�YCU�DGVYGGP����CPF����

RGTEGPV����

�

1PG�ETKVKECN�HCEVQT�KP�FGVGTOKPKPI�DKQHKNVGT�UK\G�KU�VJG�TGUKFGPEG�VKOG���#P�KPFKECVQT�QH�VJG�

TGUKFGPEG�VKOG�KU�GORV[�DGF�EQPVCEV�VKOG��YJKEJ�KU�FGVGTOKPGF�D[�FKXKFKPI�VJG�XQNWOG�QH�VJG�

GORV[�HKNVGT�DGF�D[�VJG�CKTHNQY�TCVG���#P�����U�GORV[�DGF�EQPVCEV�VKOG�YCU�WUGF�VQ�CEJKGXG�VJG�

QFQT�TGFWEVKQP�NGXGNU�YKVJ�VJG�0KEQNCK�GV�CN��
������FGUKIP���<GKUKI�
������TGRQTVGF�CFGSWCVG�

QFQT�TGFWEVKQP�EQWNF�DG�CEJKGXGF�YKVJ���U�GORV[�DGF�EQPVCEV�VKOG��

�
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�
6JG�QTKIKPCN�QDLGEVKXGU�QH�VJKU�TGUGCTEJ�YCU�VQ�FGVGTOKPG�VJG�GHHGEV�VJCV�OGFKC�FGRVJU�CPF�

OGFKC�OQKUVWTG�EQPVTQN�
CFFKVKQP��JCF�QP�QFQT��J[FTQIGP�UWNHKFG��CPF�COOQPKC�GOKUUKQPU�HTQO�

NQY�EQUV�DKQHKNVGTU�QP�C�OGEJCPKECNN[�XGPVKNCVGF�UYKPG�PWTUGT[���#�OQKUVWTG�CFFKVKQP�U[UVGO�

YCU�PQV�KPUVCNNGF�DGECWUG�C�UCVKUHCEVQT[�UGPUQT�YCU�PQV�HQWPF�HQT�OQPKVQTKPI�OQKUVWTG�EQPVGPV�

KP�VJG�HKGNF��

�

/#6'4+#.5�#0&�/'6*1&5�

�
Figure 1 shows the layout of four 5ft x 7ft biofilters constructed in September, 1997 next to a 640 
head capacity deep pitted nursery barn.  An air mixing duct was constructed to receive exhaust 
air from three 1200 cfm pit fans.  Four 250 cfm blowers mounted inside the air mixing duct 
moved air to each biofilter.  Excess air from the pit fans was allowed to exit from one end of the 
mixing duct. 
 
Each biofilter consisted of a 6 in. deep plenum beneath a media support floor.  This plenum 
received air from the blowers in the mixing duct. Two of the four biofilters had 12 in. deep media 
and two had 6 in. deep media.  The empty bed contact time for these two depths is 8 and 4 s.   
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The biofilter media was 50% by weight yard waste compost and 50% brush wood chips.  These 
biofilters were open face and followed the type of construction developed by Nicolai and Janni 
(1997).  They were operated for 10 months and exposed to Minnesota weather conditions during 
that time.  Samples were taken over a ten month period from September 1997 until June 1998. 
�

$KQHKNVGT�RGTHQTOCPEG�YCU�OQPKVQTGF�D[�EQORCTKPI�WPVTGCVGF�CKT�UCORNGU�HTQO�GCEJ�GPF�QH�VJG�

CKT�OKZKPI�FWEV�VQ�VTGCVGF�CKT�UCORNGU�YJKEJ�YGTG�EQNNGEVGF�HTQO�DGPGCVJ�C���O�USWCTG�HNWZ�

JQQF�QP�VQR�QH�GCEJ�DKQHKNVGT���#KT�UCORNGU�YGTG�CPCN[\GF�WUKPI�C�F[PCOKE�QNHCEVQOGVGT�VQ�

FGVGTOKPG�QFQT�FGVGEVKQP�VJTGUJQNF�
0KEQNCK�GV�CN�����������*[FTQIGP�5WNHKFG�ICU�EQPEGPVTCVKQP�

YCU�OGCUWTGF�YKVJ�C�,GTQOG6/�OGVGT���#OOQPKC�ICU�EQPEGPVTCVKQP�YCU�OGCUWTGF�YKVJ�0*�

FGVGEVQT�VWDGU���#KT�RTGUUWTG�FKHHGTGPVKCN�CETQUU�QPG�DNQYGT��DGF�VGORGTCVWTG��WPVTGCVGF�CKT�

VGORGTCVWTG��CPF�VTGCVGF�CKT�VGORGTCVWTG�YGTG�EQPVKPWQWUN[�TGEQTFGF�QP�C�FCVCNQIGT�U[UVGO��

$KQHKNVGT�OGFKC�OQKUVWTG�EQPVGPV�YCU�FGVGTOKPGF�D[�FT[KPI�OGFKC�UCORNGU���/GFKC�OQKUVWTG�

EQPVGPVU�YGTG�TGRQTVGF�CU�C�RGTEGPV�QH�YGV�OCVVGT���
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1FQT�VJTGUJQNF�NGXGNU��

(KIWTG���KU�C�ITCRJ�UJQYKPI�QFQT�FGVGEVKQP�VJTGUJQNF�NGXGNU�QH�CKT�UCORNGU�HTQO�DGHQTG�CPF�

CHVGT�DKQHKNVGT�VTGCVOGPV��1FQT�NGXGNU�CTG�TGRQTVGF�KP�QFQT�WPKVU��YJKEJ�KU�VJG�OCZKOWO�

FKNWVKQPU�QH�VJG�UCORNG�CKT�KP�ENGCP�CKT�VJCV�YKNN�UVKNN�CNNQY�VTCKPGF�QFQT�RCPGNKUVU�VQ�FGVGEV�VJG�

RTGUGPEG�QH�CP�QFQT���

��

1FQT�YCU�TGFWEGF�CP�CXGTCIG�QH�����HQT�VJG����KPEJ�FGGR�DKQHKNVGT�CPF�����HQT�VJG���KPEJ�

FGGR�DKQHKNVGT���6JG�RTQDCDKNKV[�QH�XCTKCVKQP�KP�FGRVJ�YCU��������WUKPI�VJG�PQXC�UVCVKUVKECN�

CPCN[UKU���6JWU��VJGTG�YCU�PQ�UKIPKHKECPV�FKHHGTGPEG�KP�QFQT�TGFWEVKQP�DGVYGGP�VJG�VYQ�FGRVJU�CV�

VJG����NGXGN���

�

1FQT�TGFWEVKQP�GHHKEKGPE[�KORTQXGF�HTQO�����VQ�����HQT�DQVJ�DKQHKNVGT�OGFKC�FGRVJU�HTQO�

UVCTVWR�VQ�,CPWCT[���6JKU�GHHKEKGPE[�KPETGCUG�YCU�GZRGEVGF�CU�VJG�OKETQQTICPKUOU��YJKEJ�

QZKFK\G�VJG�81%	U��OWNVKRNKGF�CPF�CFCRVGF�VQ�VJGKT�PGY�GPXKTQPOGPV���1FQT�TGFWEVKQP�

GHHKEKGPE[�HQT�#RTKN�YCU�NGUU�VJGP�CXGTCIG�
TGFWEVKQPU�QH�����HQT�VJG����KP��DKQHKNVGT�CPF�����

HQT�VJG���KP��DKQHKNVGT����9CTOGT�CPF�FT[GT�YGCVJGT�EQPFKVKQPU�FWTKPI�VJKU�RGTKQF�ECWUGF�VJG�

DKQHKNVGT�OGFKC�OQKUVWTG�EQPVGPV�VQ�DG�TGFWEGF���+PNGV�QFQT�XCNWGU�YGTG�NQYGT�FWTKPI�VJG�

UWOOGT�OQPVJU�CU�CFFKVKQPCN�YCNN�HCPU�QRGTCVGF��VJGTGD[�KPETGCUKPI�VJG�PWTUGT[�XGPVKNCVKQP�

TCVGU����

�

*[FTQIGP�5WNHKFG�

(KIWTG���UJQYU�J[FTQIGP�UWNHKFG�EQPEGPVTCVKQP�VJTQWIJ�VJG�VYQ�FKHHGTGPV�DKQHKNVGT�OGFKC�

FGRVJU���*[FTQIGP�UWNHKFG�KU�TGRQTVGF�KP�RRD���*[FTQIGP�UWNHKFG�GOKUUKQPU�YGTG�TGFWEGF�CP�

CXGTCIG�QH�����HQT�VJG����KP��FGGR�DKQHKNVGT�CPF�����HQT�VJG���KP��FGGR�DKQHKNVGT���6JG�
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RTQDCDKNKV[�QH�XCTKCVKQP�KP�FGRVJ�YCU��������WUKPI�VJG�PQXC�UVCVKUVKECN�CPCN[UKU���6JWU��VJGTG�

YCU�PQ�UKIPKHKECPV�FKHHGTGPEG�KP�J[FTQIGP�UWNHKFG�TGFWEVKQP�DGVYGGP�VJG�VYQ�OGFKC�FGRVJU�CV�

VJG����NGXGN���5KPEG�VJG�DKQHKNVGTU�JCF�NQYGT�OQKUVWTG�EQPVGPVU�FWTKPI�#RTKN�VJG�J[FTQIGP�

UWNHKFG�TGOQXCN�GHHKEKGPE[�YCU�TGFWEGF��

�

#OOQPKC�

(KIWTG���UJQYU�COOQPKC�EQPEGPVTCVKQP�QH�KPNGV�CPF�GZJCWUV�CKT�HTQO�VJG����KP��CPF�VJG���KP��

FGGR�DKQHKNVGTU���#OOQPKC�KU�TGRQTVGF�KP�RRD���6JG�CXGTCIG�COOQPKC�TGFWEVKQP�HQT�GCEJ�

DKQHKNVGT�V[RG�YCU�����HQT����KP��CPF�����HQT���KP���6JG�RTQDCDKNKV[�QH�XCTKCVKQP�KP�FGRVJ�YCU�

�������WUKPI�VJG�PQXC�UVCVKUVKECN�CPCN[UKU���6JWU��VJGTG�YCU�PQ�UKIPKHKECPV�FKHHGTGPEG�KP�

COOQPKC�TGFWEVKQP�DGVYGGP�VJG�VYQ�FGRVJU�CV�VJG����NGXGN��

�

2TGUUWTG�&TQR�

#XGTCIG�RTGUUWTG�FTQR�CETQUU�VJG����KP��DKQHKNVGTU�YCU������KP��QH�YCVGT�CPF�CETQUU�VJG���KP��

DKQHKNVGT�KV�YCU������KP��QH�YCVGT���.CDQTCVQT[�RTGUUWTG�VGUVU�YKVJ�VJKU�OGFKC�CV�����EHO�CKT�HNQY�
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/GFKC�/QKUVWTG�%QPVGPV�

/QKUVWTG�EQPVGPV�KP�CNN�DKQHKNVGTU�TGOCKPGF�CDQXG�����GZEGRV�FWTKPI�#RTKN�YJGP�VJG[�YGTG�

PGCT�������0Q�CFFKVKQPCN�YCVGT�URTKPMNKPI�YCU�RTQXKFGF�HQT�VJG�DKQHKNVGT�DG[QPF�PCVWTCNN[�

QEEWTTKPI�RTGEKRKVCVKQP����

�

1PG���KP��DKQHKNVGT�YCU�EQXGTGF�VQ�RTGXGPV�OQKUVWTG�CFFKVKQP�HQT�QPG�OQPVJ�FWTKPI�,WPG������

6JG�OGFKC�FTKGF�VQ�������OQKUVWTG���6JKU�TGEQPHKTOU�/GFKPC�GV�CN��
������HKPFKPIU�VJCV�DGFU�

YKVJ�RGCV�QT�EQORQUV�OGFKC��YJKEJ�VGPF�VQ�JQNF�OQKUVWTG��YKNN�FT[�QWV�FWG�VQ�JKIJ�CKT�HNQY�

TCVGU���1FQT��J[FTQIGP�UWNHKFG��CPF�COOQPKC�TGOQXCN�RGTEGPVCIGU�CHVGT�FT[KPI�YGTG������

�����CPF�����TGURGEVKXGN[����

�

%10%.75+10�

�
5KIPKHKECPV�QFQT��J[FTQIGP�UWNHKFG��CPF�COOQPKC�TGFWEVKQP�YCU�CEJKGXGF�D[�VJG�DKQHKNVGTU���

6JGTG�YCU�PQ�UKIPKHKECPV�FKHHGTGPEG�DGVYGGP�CP���U�CPF�C���U�GORV[�DGF�EQPVCEV�VKOG�HQT�QFQT��

J[FTQIGP�UWNHKFG��CPF�COOQPKC�TGOQXCN���6JGTGHQTG��VJG�TGEQOOGPFGF�GORV[�DGF�EQPVCEV�VKOG�

HQT�UYKPG�HCEKNKVKGU�KU���VQ���U���Further research is needed to determine the minimum effective 
residence time for open face biofilters on livestock facilities.�

��

4'('4'0%'5�

�
,CEQDUQP��.��&���%��4CFOCP��&��4��5EJOKFV�CPF�4��'��0KEQNCK���������1FQT�OGCUWTGOGPVU�

HTQO�OCPWTG�UVQTCIGU�QP�/KPPGUQVC�2KI�(CTOU���+P��2TQEGGFKPIU�QH�VJG�(KHVJ�

+PVGTPCVKQPCN�.KXGUVQEM�'PXKTQPOGPV�5[ORQUKWO���#5#'��/C[��������$NQQOKPIVQP��

/0��

�

,CPPK��-��#���9�,��/CKGT��'��6CO��6�*��-WGJP��%�*��;CPI��&�8GUNG[��/�#��0GNNKU��$�$��

$TKFIGU����������'XCNWCVKQP�QH�DKQHKNVTCVKQP�QH�CKT��CP�KPPQXCVKXG�CKT�RQNNWVKQP�EQPVTQN�

VGEJPQNQI[��&TCHV�HKPCN�TGRQTV���$KQU[UVGOU�CPF�#ITKEWNVWTCN�GPIKPGGTKPI��7PKXGTUKV[�QH�

/KPPGUQVC��

�

/GFKPC��8�(���6�5��9GDUVGT��,�5��&GXKPP[���������$KQHKNVTCVKQP�QH�ICUQNKPG�XCRQTU��GHHGEVU�QH�

FKTGEV�YCVGT�CFFKVKQP���5WDOKVVGF�HQT�RWDNKECVKQP��

�

0KEQNCK��4�'���-�#��,CPPK����������&GXGNQROGPV�QH�C�.QY�%QUV�$KQHKNVGT�HQT�5YKPG�2TQFWEVKQP�

(CEKNKVKGU���2TGUGPVGF�#WIWUV������CV�VJG�#5#'�#PPWCN�+PVGTPCVKQPCN�/GGVKPI��2CRGT�

0Q�����������#5#'�������0KNGU�4QCF��5V��,QUGRJ��/+������������75#��

�

0KEQNCK��4��'���%��,��%NCPVQP��2��4��)QQFTKEJ��.��&��,CEQDUQP��-��#��,CPPK��8�,��,QJPUQP��

CPF�'��.GGU���������&GXGNQROGPV�QH�C�&[PCOKE�1NHCEVQOGVGT�.CD��2TGUGPVGF�#WIWUV�
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