


3| 4057|igvitro T 14 70.0 4.25 3| 4105|cona C 7| 245200 10.11
3| 4057|igvitro T 17 53.0 3.97 3| 4105|cona C 10{ 13349.0 9.50
3| 4057|igvitro T 21 56.0 4.03 3| 4105|cona C 14] 17456.0 9.77
3| 4057|il1serum [T 3 210.9 5.35 3| 4105|cona C 17| 9812.0 9.19
3| 4057[il1serum |T 7 227.4 543 3| 4105{cona C 21] 8614.0 9.06
3| 4057|il1serum (T 10 204.9 5.32 3| 4105|cortisol C 3 5.8 1.75
3| 4057lil1serum |T 14 184.9 5.22 3| 4105|cortisol C 7 5.1 1.63
3| 4057|i11serum [T 17 210.7 5.35 3| 4105|cortisol - {C 10 4.5 1.49
3| 4057|i11serum |T 21 150.2 5.01 3| 4105|cortisol C 14 2.1 0.74
3| 4057]il1vitro T 3 296.2 5.69 3| 4105|cortisol C 17 2.0 0.69
3] 4057|il1vitro T 7 298.7 5.70 3| 4105|cortisol C 21 4.2 1.44
3| 4057|il1vitro T 10 323.2 5.78 3] 4105|igaserum |C 3 0.3 -1.14
3| 4057]il1vitro T 14 352.9 5.87 3| 4105|igaserum |C 7 0.6 -0.54
3| 4057|il1vitro T 17 315.8 5.76 3| 4105|igaserum |C 10 0.5 -0.73
3| 4057]il1vitro T 21 347.0 5.85 3| 4105|igaserum [C 14 0.3 -1.27
3| 4057]il2serum |T 3 7.5 2.01 3| 4105|igaserum |C 17 0.3 -1.24
3| 4057]il2serum [T 7 7.5 2.01 3| 4105jigaserum |C 21 0.3 -1.11
31 4057)ii2serum _|T 10 7.5 2.02 3| 4105|iggserum |C 3 10.5 2.35
3| 4057|il2serum [T 14 7.6 2.02 3| 4105]iggserum |C 7 10.9 2.39
3| 4057|il2serum |T 17 7.5 2.01 3| 4105|iggserum {C 10 10.6 2.36
3| 4057|il2serum |T 21 7.6 2.03 3| 4105|iggserum |C 14 10.5 2.35
31 4057]il2vitro T 3 735 4.30 3| 4105]iggserum [C 17 10.7 2.37
3| 4057}il2vitro T 7 73.5 4.30 3| 4105|iggserum |C 21 10.9 2.39
3| 4057|il2vitro T 10 73.5 4.30 3| 4105]igvitro C 3 19.0 2.94
3] 4057}il2vitro T 14 153.2 5.03 3| 4105|igvitro C 7 20.0 3.00
3| 4057|il2vitro T 17 73.2 4.29 3| 4105]igvitro C 10 24.0 3.18
3] 4057]il2vitro T 21 74.4 4.31 3| 4105ligvitro C 14 16.0 2.77
3| 4057|phg T 31 3115.0 8.04 3| 4105jigvitro . |C 17 20.0 3.00
3| 4057|phg T 7| 11443.0 9.36 3| 4105]igvitro C 21 21.0 3.04
3| 4057|ph T 10| 11999.0 9.39 3| 4105jil1serum |C 3 111.1 4.71
3| 4057|phg T 14} 11104.0 9.32 3| 4105]il1serum |C 7 225.1 5.42
3| 4057iphg T 17| 11258.0 9.33 3| 4105jil1serum |C 10 169.3 5.13
3| 4057|phg T 211 7217.0 8.88 3| 4105]|il1serum |C 14 199.5 5.30
3| 4057ipwm T 3] 5851.0 8.67 3| 4105]il1serum |C 17 179.6 5.19
3| 4057!pwm T 7| 24149.0f 10.09 3| 4105iliserum |C 21 215.4 5.37
3| 4057|pwm T 10{ 21529.0 9.98 3{ 4105]il1vitro C 3 300.1 5.70
3| 4057|pwm T 14| 18700.0 9.84 3| 4105}il1vitro C 7 293.2 5.68
3| 4057|pwm T 17| 15789.0 9.67 3| 4105]il1vitro C 10 313.4 5.75
3] '4057{pwm T 211 13945.0 9.54 3| 4105}il1vitro C 14 298.4 5,70
3| 4057|staph T 3| 2328.0 7.75 3| 4105[il1vitro C 17 309.2 5.73
3| 4057|staph T 7] .6572.0 8.79 3| 4105}il1vitro C 21 288.1 5.66
3| 4057|staph T 10] 5406.0 8.60 3| 4105}il2serum |C 3 7.5 2.02
3! 4057|staph T 14] 3318.0 8.11 3| 4105}il2serum |C 7 7.5 2.01
3| 4057|staph T 17| 4421.0 8.39 3! 4105}il2serum |C 10 7.5 2.01
3| 4057|staph T 21 743.0 6.61 3| 4105[il2serum |C 14 7.8 2.05
3| 4105|chem C 3| 5469.0 8.61 3| 4105}ii2serum |C 17 7.7 2.04
3| 4105{chem C 71 6539.0 8.79 3| 4105}il2serum |C 21 7.5 2.02
3| 4105|chem C 10§ 3925.0 8.28 3| 4105]il2vitro C 3 114.9 474
3| 4105{chem C 14] 6599.0 8.79 3| 4105]il2vitro C 7 99.1 4.60
3| 4105|chem C 17| 2249.0 7.72 3| 4105}il2vitro C 10 114.6 474
3] 4105|chem C 211 3096.0 8.04 3| 4105lil2vitro C 14 125.1 4.83
3| 4105|cona C 3] 1050.0 6.96 3| 4105]il2vitro C 17 131.2 4.88
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4105|il2vitro 21 141.4 4.95 4157|igvitro 14 105.0 4.65
4105iphg 3| 2460.0 7.81 4157|igvitro 17 116.0 4.75
4105|phg 71 33897.0{ 1043 4157|igvitro 21 96.0 4.56
4105|phg 10| 22171.0] 10.01 4157|il1serum 3 14.4 2.67
4105|phg 14] 19506.0 9.88 4157|il1serum 7 314 3.45
4105|phg 171 20745.0 9.94 4157|il1serum 10 394 3.67
4105|phg 21| 21513.0 9.98 4157|il1serum 14 25.0 3.22
4105[pwm 3| 4267.0 8.36 4157]il1serum 17 171 2.84
4105{pwm 7| 54194.0f 10.90 4157|il1serum 21 31.2 3.44
4105|pwm 10| 26316.0] 10.18 4157]il1vitro 3 317.7 5.76
4105{pwm 14| 31651.0f, 10.36 4157|il1vitro 7 304.6 5.72
4105|pwm 17 16325.0 9.70 4157}il1vitro 10 301.6 5.71
4105|pwm 21| 28192.0{ 10.25 4157lil1vitro 14 303.3 5.71
4105|staph 3] 1085.0 6.99 4157|il1vitro 17 281.4 5.64
4105|staph 7| 12068.0 9.40 4157|il1vitro 21 292.9 5.68
4105{staph 10| 5168.0 8.55 4157|il2serum 3 11.5 2.44
4105|staph 14| 4794.0 8.48 4157|il2serum 7 10.5 2.35
4105|staph 17 6114.0 8.72 4157|il2serum 10 8.3 2.1
4105{staph 211 5743.0 8.66 4157}il2serum 14 9.7 2.27
4157|chem 3| 3598.00 . 8.19 4157|il2serum 17 10.2 2.33
4157|{chem 7| 7243.0 8.89 4157|il2serum 21 10.4 2.35
4157|chem 10| 7215.0 8.88 4157|il2vitro 3 126.9 4.84

4157|chem 14| 9372.0 9.15 41571il2vitro 7 157.9 5.06

4157|chem 17] 7220.0 8.88 4157{il2vitro 10 814 4.40

7| 19465.0 9.88

4157|cona 10] 12742.0 945 4157|phg 3] 3427.0 8.14

4157|cona 14| 18728.0 9.84 7| 18164.0 9.81

4157|phg

4157|cona 17| 11055.0 9.31 4157|phg 10| 13128.0 9.48

4157|cona 21| 20927.0 9.95 4157|phg 14| 16099.0 9.69

4157|cortisol 3 2.0 0.69 4157|phg 17] 19998.0 9.90

4157 |cortisol 7 4.1 1.41 4157|phg 21| 19724.0 9.89

4157|cortisol 10 7.0 1.94 4157|pwm 3| 4294.0 8.36

4157|cortisol 14 1.5 0.37 4157|pwm 7| 19896.0 9.90

4157|cortisol 17 71 1.96 4157|pwm 10] 13941.0 9.54

4157|cortisol 21 47| 154 4157|pwm 14| 16689.0 9.72

4157|igaserum 3 0.5] -0.67 4157 pwm 17| 26086.0] 10.17

‘4157)igaserum 7 03] -1.20 4157|pwm 21| 22043.0f 10.00

4157ligaserum 10 04| -0.84 4157!staph 3] 2613.0 7.87

4157}igaserum 14 04/ -0.82 4157|staph 7] 8580.0 9.06

4157|igaserum 17 04| -0.92 4157|staph 10| 4844.0 8.49

4157|igaserum 21 04| -0.89 4157|staph 14| 3730.0 8.22

4157liggserum 3 10.0 2.30 4157|staph 17] 8448.0 9.04

4157|iggserum 7 10.5 2.35 4157|staph 21] 7058.0 8.86

4157|iggserum 10 10.2 2.32 4279|chem 3| 4147.0 8.33

4157]iggserum 14 10.1 2.31 4279|chem 7] 5820.0 8.67

4157]iggserum 17 11.3 242 4279|chem 10| 5569.0 8.62

4157]iggserum 21 12.5 2.53 4279|chem 14| 6706.0 8.81

4157]igvitro 3 119.0 4.78 4279|chem 17| 2614.0 7.87

4157 |igvitro 7 112.0 4.72 4279|chem 21| 14498.0 9.58

wwwwwwwwwwwmwwwwwwwwwwwmwwwwwwwwwmwwwwwwmwwwwwwmmwwm

C 3 T
C 3 T
C 3 T
C 3 T
C 3 T
C 3 T
C 3 T
C 3 T
C 3 T
C 3 T
C 3 T
C 3 T
C 3 T
C 3 T
C 3 T
C 3 T
C 3 T
C 3 T
C 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
4157|chem T 21| 10340.0 9.24 3| 4157|il2vitro T 14 86.4 4.46
4157|cona T 3] 1601.0 7.38 3| 4157|il2vitro T 17 73.7 4.30
4157{cona T 3| 4157(il2vitro T 21 118.9 4.78
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T
T 3 T

4157|igvitro 10 108.0 4.68 4279|cona 3] 2648.0 7.88
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3| 4279|cona T 7| 25365.0f 10.14 3| 4279]il2vitro T 21 94.5 4.55
3| 4279|cona T 10 25865.0f 10.16 3| 4279|phg T 3| 5678.0 8.64
3| 4279|cona T 14 13876.0 9.54 3| 4279|phg T 7] 20131.0 9.91
3| 4279|cona T 17| 10780.0 9.29 3| 4279|phg T 10] 19823.0 9.89
3| 4279|cona T 211 17308.0 9.76 3| 4279|phg T 14] 15423.0 9.64
3| 4279 cortisol  |T 3 3.3 1.19 3| 4279|phg T 17{ 15878.0 9.67
3| 4279|cortisol T 7 6.1 1.81 3| 4279|phg T 21] 19196.0 9.86
3| 4279 cortisol T 10 6.3 1.84 3| 4279jpwm T 3| 6616.0 8.80
3| 4279|cortisol T 14 3.2 1.15 3| 4279|pwm T 7] 41260.0f 10.63
3| 4279|cortisol [T 17 6.9 1.93 3| 4279pwm T 10| 29813.0f 10.30
3| 4279|cortisol  |T 21 2.5 0.90 3| 4279pwm T 14| 27375.0, 10.22
3| 4279|igaserum |T 3 0.3 -1.11 3| 4279|pwm T 17| 23734.0f 10.07
3| 4279ligaserum |T 7 0.4 -0.97 3| 4279|pwm T 21| 32430.0f 10.39
3| 4279|igaserum |T 10 0.4 -0.82 3| 4279|staph T 3| 41740 8.34
3| 4279ligaserum |T 14 03] -1.24 3| 4279|staph T 7| 16125.0 9.69
3| 4279ligaserum |T 17 0.3 -1.17 3| 4279|staph T 10] 9448.0 9.15
3| 4279ligaserum |T 21 0.4 -1.02 3| 4279|staph T 14} 8107.0 9.00
3| 4279|iggserum |T 3 11.3 2.42 3| 4279|staph T 171 9317.0 9.14
3| 4279liggserum |T 7 11.5 2.44 3| 4279|staph T 21} 12550.0 9.44
3| 4279jiggserum |T 10 11.0 2.40 3| 4286lchem C 3| 19272.0 9.87
3| 4279liggserum |T 14 11.2 2.42 3| 4286|chem C 7] 19272.0 9.87
3] 4279iggserum |T 17 12.8 2.55 3| 4286|chem C 10| 8249.0 9.02
3| 4279|iggserum |T 21 10.5 2.35 3| 4286|chem C 14| 4962.0 8.51
3| 4279]igvitro T 3 126.0 4.84 3| 4286|chem C 171 6974.0 8.85
3| 4279|igvitro T 7 106.0 4.66 3| 4286|chem C 211 8309.0 9.03
3| 4279jigvitro T 10 152.0 5.02 3| 4286|cona C 3| 5786.0 8.66
3| 4279]igvitro T 14 113.0 4.73 3| 4286|cona C 7] 1940.0 7.57
3| 4279]igvitro T 17 127.0 4.84 3| 4286|cona C 10] 25066.0f 10.13
3] 4279|igvitro T 21 125.0 4.83 3| 4286|cona C 14{ 24124.0) 10.09
3| 4279lil1serum |T 3 6.1 1.81 3| 4286|cona C 17| 11810.0 9.38
3| 4279|iltserum |T 7 10.0 2.30 3| 4286jcona C 21| 12060.0 9.40
3| 4279li1serum |T 10 11.3 2.43 3| 4286|cortisol |C 3 1.9 0.64
3| 4279|il1serum |T 14 6.8 1.92 3| 4286|cortisol  [C 7 33.2 3.50
3| 4279[il1serum T 17 28.2 3.34 3| 4286lcortisol  |C 10 4.2 1.42
3| 4279}il1serum |T 21 6.2 1.82 3| 4286|cortisol C 14 11.2 2.42
3| 4279lil1vitro T 3 334.9 5.81 3| 4286|cortisol  |C 17 8.7 2.16
3| 4279lil1vitro T 7 329.9 5.80 3| 4286|cortisol |C 21 2.8 1.03
3] 4279|il1vitro T 1 10 314.9 5.75 3| 4286ligaserum |C 3 0.3] -1.31
3| 4279|il1vitro T 14 3311 5.80 3| 4286ligaserum |C 7 0.3 -1.35
3| 4279lil1vitro T 17] .320.0 5.77 3| 4286ligaserum |C 10 0.3 -1.24
31 4279]il1vitro T 21] . 301.5 5.71 3| 4286ligaserum [C 14 0.3 -1.24
3| 4279lil2serum [T 3 13.0 2.57 3| 4286ligaserum |C 17 0.2 -1.47
3| 4279|il2serum |T 7 16.5 2.80 3| 4286ligaserum |C 21 0.3 -1.24
3| 4279liI2serum [T 10 16.2 2.79 3| 4286liggserum |C 3 7.9 2.07
3| 4279lil2serum |T 14 25.5 3.24 3| 4286|iggserum |C 7 7.1 1.96
3| 4279lii2serum |T 17 8.5 2.13 3| 4286liggserum |C 10 7.2 1.97
3| 4279lil2serum [T 21 12.9 2.56 3| 4286liggserum |C 14 7.3 1.99
3| 4279]il2vitro T 3 115.3 4.75 3| 4286|iggserum |C 17 7.5 2.01
3| 4279lil2vitro T 7 74.6 4.31 3| 4286])iggserum |C 21 7.4 2.00
3] 4279lil2vitro T 10 82.1 4.41 3| 4286ligvitro C 3 1562.0 5.02
3| 4279lil2vitro T 14 256.0 5.55 3| 4286]igvitro C 7 167.0 512
3| 4279}il2vitro T 17 99.2 4.60 3| 4286]igvitro C 10 128.0 4.85
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3| 4286|igvitro C 14 129.0 4.86
3| 4286]igvitro C 17 138.0 4,93
3| 4286|igvitro C 21 125.0 4.83
3| 4286|il1serum |C 3 159.3 5.07
3| 4286}iliserum |C 7 7.5 2.01
3| 4286|il1serum |C 10 202.7 5.31
3| 4286|il1serum |C 14 64.0 416
3| 4286}il1serum |C 17 27.0 3.30
3| 4286|il1serum |C 21 12.7 2.54
3| 4286]il1vitro C 3 482.0 6.18
3| 4286|il1vitro C 7 304.0 5.72
3| 4286]il1vitro C 10 286.1 5.66
3} 4286}il1vitro C 14 289.4 5.67
3| 4286]il1vitro C 17 290.6 5.67
3| 4286]il1vitro C 21 273.9 5.61
3| 4286lil2serum |C 3 7.5 2.01
3| 4286|il2serum |C 7 9.3 2.23
3| 4286lil2serum |C 10 7.5 2.01
3| 4286|il2serum |[C 14 7.5 2.02
3| 4286lil2serum {C 17 8.1 2.10
3| 4286lil2serum |C 21 9.4 2.24
3] 4286}il2vitro C 3 73.5 4.30
3| 4286]il2vitro C 7 93.1 453
3| 4286]il2vitro - |C 10 109.1 4.69
3] 4286|il2vitro C 14 76.9 4.34
3| 4286|il2vitro C 17 121.4 4.80
3| 4286]il2vitro C 21 113.8 473
3| 4286(phg C 3| 7540.0] 8.93
3| 4286|phg_ C 7] 4822.0 8.48
3| 4286|phg C 10| 23118.0f 10.05
3] 4286|phg C 14| 18618.0 9.83
3| 4286|phg C 17| 15679.0 9.66
3| 4286|phg C 21| 36809.0] 10.51
3| 4286|pwm C 3| 7768.0 8.96
3| 4286|pwm C 71 9267.0 9.13
3| 4286{pwm C 10} 24232.0] 10.10
3| 4286|pwm C 14| 26390.0f 10.18
3| 4286|pwm C 17| 23114.0f 10.05
3| 4286|pwm C 21| 34399.0] 10.45
3| 4286|staph C 3| 5475.0 8.61
3| 4286]|staph C 7] 1565.0 7.36
3| 4286|staph C 10| 16547.0 9.71
3| 4286|staph C 14| 9117.0 9.12
3| 4286|staph C 17| 11564.0 9.36
3| 4286|staph C 21] 12494.0 9.43
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Appendix IV. Cow and stall monitoring data for replicates 1, 2 and 3.

ID CODES
Rep: There were three replicates that started on 11/28/98, 01/09/99 and 4/10/99.
Date: Day of observation.

Stall: Stall number.

cow.num: [ie. 4192_1_T] This is the cows number (4192), the stall it was in (1), and if it received treatment
(T) or Control (C).

amtemp: This is the cow temperature in the morning in degree Celsius.

amvolts: This was the measured voltage in the morning from front to back of stall.

pmvolts: This was the measured voltage in the evening from font to back of stall with a 1k shunt resistor.

amwater: Gallons of water drank by the cow in a 24 hour period.

milk: Milk production in pounds for a 24 hour period.

Rep date stall cow.num amtemp amvolts pmvolts amwater milk
1 11/28/98 1 4192_1_T 387 0 0 0 69
1 11/28/98 2 4161_2_T 385 0 0 0 86
1 11/28/98 3 4230_3_C 385 0 0 0 78
1 11/28/98 4 4212_4 C 3838 0 0 0 75
1 11/28/98 5 4066_5_T 383 0 0 0 83
1 11/28/98 6 3910_6_T 388 0 0 0 87
1 11/28/98 7 4106_7_C  39.1 0 0 0 116
1 11/28/98 8 41348 C 388 0 0 0 91
1 11/29/98 1 4192_1_T 386 0 0 16.7 65
1 11/29/98 2 41612 T 384 0 0 21.8 76
1 11/29/98 3 4230_3_C 385 0 0 27 82
1 11/29/98 4 4212_4 C 397 0 0 23.5 65
1 11/29/98 5 4066_5_T 385 0 0 24.6 78
1 11/29/98 6 3910_6_T 385 0 0 221 82
1 11/29/98 7 4106_7_C 387 0 0 27 113
1 11/29/98 8 4134 8. C 388 0 0 17 93
1 11/30/98 1 4192_1_T 387 0 0 14.3 61
1 11/30/98 2 41612 T 388 0 0 18.2 95
1 11/30/98 3 4230_3_C 384 0 0 23 93
1 11/30/98 4 4212_.4.C 384 0 0 16.5 89
1 11/30/98 5 4066_5_T 386 0 0 15.4 76
1 11/30/908_ 6 3910_6_T 38.9 0 0 27.9 89
1 11/30/98 7 4106_7_C 389 0 0 23 125
1 11/30/98 8 41348 C 387 0 0 23 103
1 12/01/98 1 4192_1_T 38 0 0 20 62
1 12/01/98 2 41612 T 385 0 0 30 84
1 12/01/98 3 4230_3_C 386 0 0 20 81
1 12/01/98 4 4212_4 C 385 0 0 20 68
1 12/01/98 5 4066_5_T 386 0 0 30 73
1 12/01/98 6 3910 6_T 386 0 0 20 91
1 12/01/98 7 4106_7_C 388 0 0 20 113
1 12/01/98 8 41348 C 388 0 0 20 85
1 12/02/98 1 4192_1_T 387 0 0 23 73
1 12/02/98 2 41612 T 386 0 0 255 86
1 12/02/98 3 4230_3_C 387 0 0 25 84 -
1 12/02/98 4 42124 C 388 0 0 18 76
1 12/02/98 5 4066 5 T 387 0 0 28 82
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4360| T| iggserum 116] 7.2
3813| T| iggserum 13.2 10.6
2336| C| igaserum 1.64) 2.86
945 C| igaserum 0.98{ 1.08
4128| C| igaserum 254 278
4341| T| igaserum 1.66] 3.74
4119 T| igaserum 0.94| 267
4360{ T| igaserum 2.38] 0.86
3813| T| igaserum 3.22 3.1
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Appendix VI. Cow and stall observation data for positive control experiment.

date | stall| cow.num | amtemp [ amwater | milk

05/12/99 4360 6 T| 385 14.3 46

05/12/99 4128 7 C| 387 12.2 65

05/12/99 3813 8 T| 385 10.7 23

05/13/99 14341 2 7| 385 20.3 87

05/13/99 2336_3 C 38 34.5 65

05/13/99
05/13/99

4119 4 T| 388 17 52
945 5 C 38.7 22.3 98

05/13/99 4360 6 T | 3838 16 57

05/13/99 4128 7 C| 383 156.3 74

05/13/99 39 0.8 15

05/14/99 38.9 1é.2 81
05/14/99

05/14/99

38.5 23.8 65

38.5 16.3 53

05/14/99

05/14/99
05/14/99
05/14/99

38.1 19.2 56
37.8 16.2 70
38.4 4.7 6

05/08/99 | 2 |4341 2 T 38.4 0 119
05/08/99 | 3 2336 3 C 38.6 0 77
05/08/99 | 4 |4119.4 T 38.8 0 97
05/08/99 | 5 945 5 C 384 0 99
05/08/99 | 6 | 4360 6 T 38.8 0 92
05/08/99 | 7 [4128 7 C 385 0 76
05/08/99 | 8 [3813 8 T| 384 0 87
05/00/99 | 2 |4341 2 T 39 21 114
05/09/99 | 3 |2336 3 C 38.5 30.2 83
05/09/99| 4 |4119.4 T 38.6 28.8 88
05/09/99 | 5 945 5 C 38.4 31.6 97
05/00/99| 6 |4360 6 T 38.7 27.6 83
05/09/99 | 7 |4128 7 C 38.5 18.1 59
05/00/99 | 8 | 3813 8 T 38.5 19.8 76
05/10/99 | 2 | 4341 2 T 38.3 22.5 92
05/10/99 | 3 |2336 3 C 38 32.3 70
05/10/99| 4 |4119.4 T 38.3 25.6 67
05/10/99 | 5 945 5 C 38.3 20 102
05/10/99 | 6 |4360 6_T 38.3 18.5 71
05/10/99| 7 [4128 7. C| 384 18.7 66
05/10/99| 8 [3813 8 T 38.4 14 61
05/11/09 | 2 | 4341 2 T 38.3 295 77
05/11/99| 3 2336 3 C 38.2 39 72
05/11/99| 4 | 41194 T 38.5 25.2 54
05/11/99 | 5 945 5 C 38.5 30.5 96
05/11/99| 6 | 4360 6 T 38.7 24,2 56
05/11/99 | 7 |4128 7. C| 383 22.3 64
05/11/99| 8 |[3813 8 T 38.3 25.3 42
05/12/99| 2 4341 2 T 38 22 74
05/12/991 3 |2336 3 C 38.2 30.5 66
05/12/99| 4 41194 T 38.4 14.5 48
05/12/99} 5 945 5 C 38.3 24.5 104

6
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4
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3

4
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Riley Hendrickson

om: Anderson, Larry E [larry.anderson@pnl.gov]
sent: Thursday, July 01, 1999 4:23 PM E @ E U w E
To: 'Hendrickson, Riley'
Cc: Anderson, Larry E |
Subject: Final report JUL 27 1999
_ MINNESOTA PUBLIC
Dear Riley: UTILITIES COMMISSION .

The final report on Parts | and Il of the study conducted in Dr Douglas

Reinemann's laboratory at the University of Wisconsin-Madison has been reviewed.
It presents the results of experiments to compare behavioral and physiological
responses in cows subjected to a 60 Hz current. Also described was a second
study investigating the effect of current on mild delivery and efficiency of

milking.

The report was clear and consise with an excellent description of the rationale
for selecting parameters of interest; experimental desi?n used in the study,
preliminary tests used to establish baseline values and the description of
results. Furthermore, the analysis of those results, although brief, were
straightforward and consistent with the data collected. A few specific points

of clarification are noted below: :

1] Statistical methods applied are not described adequately in the materials
and methods sections of the reports. A brief section on the statistical
treatment of the data would be valuable.

2] Indication is made that the cortisol assay procedure resulted in over 90% of

the cortisol from the serum. However, there is no indication or data included
Jemonstrate that such recovery was actually achieved. Was information
(ained as the the variability from assay to assay or sample to sample. If

information is available on the precision and reproducibility for each test

(eg., were samples spiked to develop a standard concentration curve to provide

controls within the assay) it should be included in the report. :

3] Additional environmental information should be included (eg., lighting
cycle, time of year, temperature and relative humidity). This kind of
information may be important if any attempts at replication of the results are
conducted.

4] No indication is given that this was a "blind" study. Was the exposure
condition known to behavioral observers, for instance. Also were the assays and
milk production data determined with the analyses blind to exposure condition?

Overall, the conclusions seem to be strongly supported by the experimental
results - that exposure to 60 Hz currents are more readily observable via
behavioral changes than through measurements in physiological (cortisol)
indicators. Also, that adverse responses in milking parameters were not
observed when cows are exposed to 60 Hz currents (1 mA) during milking.

Larry



Harold Dziuk

51301 Pine Point Road
Bigfork, MN 56628-4229
Phone: 218-743-6102
e-mail: hdziuk@bigfork.net

June 26, 1999

Riley Hendrickson

The Bakken Library and Museum
3537 Zenith Ave. S.

Minneapolis, MN 55416

Dear Riley:

| have reviewed the June, 1999, "Dairy Cow Response to Electrical
Environment, Final Report, Part |. Comparison of Behavioral to
Physiological Responses and Part Il. Comparison of Treatments Applied
during Milking" that was submitted to the MN Public Utilities Commission by
Dr. Douglas Reinemann and coworkers.

Based upon what was submitted, the following are my comments:

1) Satisfactory progress continues to be made in achieving the four major
objectives that were outlined in the contract with the MN PUC for this
research.

2) | believe that the investigators should be complimented on the care used
in planning and conducting the studies. Use of controls, random selection
of subjects, appropriate statistical analysis of data and attention to
validation of equipment and assays were included and were important to
obtaining reliable results.

3) Results of Part | of the report indicate that behavioral changes are
more sensitive indicators of response to electric current than blood
cortisol levels.

a) While plasma concentration of cortisol may not rise following a
relatively short term exposure of dairy cows to an electrical environment,
it is only one indicator of stress. Responses to stress are very complex.
Studies in the future should be more adequately funded and should continue
to look at the impact of chronic stress that may occur from a wide variety
of sources, including nonelectrical stressors, such as poor nutrition and
metabolic diseases. Behavioral, endocrine and immune system studies
combined with performance criteria such as fertility, reproduction, weight
of newborns, dry matter intake, feed conversion, body condition, weight



gain, and milk production are required to fully assess potential harmful
impacts of chronic stress in cattle.

b) Animal scientists and veterinarians have for many decades devoted
their
research efforts to finding ways to make animals more comfortable, more
healthy and more productive. They have had a major role in improving the
efficiency of food animal production. In the Final Report of the Science
Advisors to the PUC, July 31, 1998, page 35, reference was made to two 1998
publications regarding measures of responses of pigs to acute stress.
Authors of these articles are well established experts in their field of
research. Hicks et al. reported: "Because of the lack of agreement on the
appropriate or 'best' measures for stress, a battery of physiological,
behavioral, endocrine, and immune traits were measured." "During acute
stress, behavioral changes seem to be the most consistent and reliable
indicators."

c) Behavioral changes or an elevation in endocrine concentrations in
blood
or plasma do not necessarily accompany or cause impaired performance, the
most important concern in food animal production and, perhaps, the best
indicator of an unhealthy environment for cows. For example, Turner et al.
reported: "Our results suggest that repeated acute activation of the
hypothalamo-pituitary adrenal axis prior to and during estrus does not
affect the factors that control estrus and ovulation in gilts." "The
negative handling treatment (shocking the gilts with an electric prodder)
resulted in substantial elevations in plasma concentrations of cortisol for
periods of at least 3-4 h and induced a higher level of fear of humans than
in control gilts. Nonetheless, none of the parameters of reproduction or
sexual behavior were affected by negative handling."

d) Behavioral or endocrine changes may provide new information on
mechanisms of physiological responses but not all changes are undesirable
or indicative of an impairment in performance. The finding that the hoof
trimming treatment caused an elevation of plasma cortisol does not indicate
that the procedure had lasting harmful impacts on production or health or
that the hoof trimming procedure should be discontinued.

e) On page 9, paragraph 2, lines 9 and 10, it is stated that: "Information
on the cows used for this study is given in the Appendix." | could not find
that information in my copy.

4) Results of Part Il of the report indicate that one mA, rms of 60 Hz
electrical current applied from front to back hooves during milking did not
significantly alter milk yield, average milk flow rate, maximum milk flow
rate, cow activity, and strip yield.



a) It appears that milking unit pulsation failure and aged liners (not
uncommon problems on dairy farms) had a measurable effect on milking
patterns but that a 5 minute exposure to an electric current of 1 mA from
front to rear hooves during milking did not affect milking patterns or cow
activity. This controlled study in which cows were randomly selected for
assignment to groups, in which known and measurable milking machine
problems were introduced and in which the same operator milked all the cows
during the study is important. Clearly, this type of experiment could not
be conducted satisfactorily on privately-owned farms and is an example of
carefully planned and conducted experimentation in seeking unbiased
results.

b) I believe that in the discussion on page 12 some comment by the
authors :
regarding the following may be desirable:

1. "A malfunctioning pulsator is a problem commonly encountered
in the
field and was expected to produce mild discomfort to the cows." See page
10, paragraph 5, lines 5 to 7." "Pulsation failure produced a significant
decrease in cow activity." See page 12, paragraph 2, lines 2 and 3. A
reader might speculate: a) that pulsation failure in this experiment did
not cause discomfort but had another physiological effect, b) that pulsator
failure caused discomfort but the cows responded by moving less than
without the pulsator failure, or c) that stopping or reducing milking
machine pulsation is a suitable method for reducing cow activity during
milking? What is the best interpretation of this finding?

2. "This reduction in tension (artificially aging a liner) was expected
to reduce the massage applied to the cows' teats during milking, thus
causing mild discomfort to the cows." See page 11, paragraph 1, lines 3 to
5. "Aged liners produced a significant effect on milk yield (2.2 kg.
increase)..." To the reader without background information, this may sound
as if artificially aging liners would be a method for increasing milk
yield. Anexplanation of the potential long term effects of aged liners on
udder health and milk production over the entire lactation is indicated.
Also, an explanation is needed for why milk yield over the 3 milkings was
increased by aged liners.

5) A report on Part lll, Immune Function Response to Sub-acute Voltages,
has not been submitted and, therefore, critical review of data, results and
conclusions is not possible at this time. Procedures for conducting the

trials and for analysis of the immune response appeared to be carefully set
forth. Appropriate control animals/stalls and sensitivity and specificity

of the immune assays had been identified. Randomized stall assignment and
stall maintenance were properly outlined. The researchers indicated that



they were seeking approval for use of a positive control procedure for
immune suppression. However, they did not specify what that procedure might
be.

| look forward to reviewing Part lll of this interesting research and | am
encouraged by the carefully planned and executed studies that have already
been reported. | believe that this research provides valuable new
information. | don't expect that all the questions that have been, are

being or will be asked by concerned individuals will be answered by this
recently completed research.

Please contact me if you need further comment or action from me.

Sincerely yours,

Harold Dziuk, D.V.M., M.S., Ph.D.



Riley Hendrickson

From: Harold Dziuk [hdziuk@bigfork.net]
‘ent: Friday, July 09, 1999 6:34 AM

Lo hendrick@thebakken.org

Harold Dziuk

51301 Pine Point Road
Bigfork, MN 56628-4229
Phone: 218-743-6102
e-mail: hdziuk@bigfork.net

July 8, 1999

Riley Hendrickson

The Bakken Library and Museum
3537 Zenith Ave. S.

Minneapolis, MN 55416

Dear Riley:

| have reviewed the June, 1999, "Dairy Cow Response to Electrical
Environment, Final Report, Part lll. Immune Function Response To Low-Level
Electrical Current Exposure" that was submitted to the MN Public Utilities
Commission by Dr. Douglas Reinemann and coworkers.

Based upon what was submitted, the following are my comments:

1) The four major objectives that were outlined in the contract with the MN
PUC for this research have been satisfactorily completed.

2) Repeating what | wrote after review of Parts | and 1l of the Final
“eport, | believe that the investigators should be complimented on the care
sed in planning, conducting and reporting the studies in Part lll. Use of
controls, random selection of subjects, appropriate statistical analysis of
data and attention to validation of equipment and assays were included and
were important to obtaining reliable results.

3) Results of Part Il of the Report indicate that for dairy cows 1 mA of

60 Hz electrical current for two weeks had no significant effect on immune
function responses, standing and lying behavior, or time required to enter
stalls. | concur with the conclusions drawn by the authors.

4) Procedures for conducting the trials and for analysis of the immune
responses were carefully set forth and completed. Appropriate control
animals/stalls and sensitivity and specificity of the immune assays were
identified. Randomized stall assignment and stall maintenance were properly
outlined. The use of dexamethasone injections over a 4-day period provided
positive and informative control values to determine if the immune response
tests would detect the expected immunosuppression.

5) | believe that the research that has been completed by the authors and
summarized in the Final Report is very valuable in understanding dairy cow
responses to electrical environments. Also, | believe that the results they
obtained can be relied upon and should be considered carefully by those who
make recommendations for dairy cow herd management in the future.

6) Information from this last study that is outlined in the Final Report,
review of the literature, on-farm visits, information provided at public
hearings, surveys of dairy farmers, and measurements of electrical events
on farms coupled with assessment of electrical wiring and herd health
management all indicate that earth currents do not significantly contribute
to herd health and production problems in dairy herds.

. lease contact me if you need further comment or action from me.

Sincerely yours,



Harold Dziuk, D.V.M., M.S., Ph.D.



Review of “Final Report” by Dr. Reinemann et al. on “Dairy Cow Response to Electrical
Environment” (Research in 1998/99 sponsored by Minnesota PUC).

Part I. Comparison of Behavioral to Physiological Responses

The conclusion that “cows respond at lower current levels to 1-front to 2-rear hoof pathway than to
muzzle to 4-hooves” is interesting. Of course, this experiment neither provided, nor was it designed to
provide any information about possible effects of long-term exposure to small currents, since the
“behavioral response” was only tested during 5-minute observation periods. The experiments tested
only, as indicated in the “Conclusions” (page 9) immediate “perception or annoyance” to the sudden
application of a current. ‘

Apparently two types of exposure were used:

(1) Constant current for 1 minute, and

(2) Pulsed 60 Hz (0.5 seconds on and 2 seconds off for 1 minute);

The authors state (page 7) that “there appeared to be little difference between constant and pulsed
exposure methods”, but data to show this cannot be found in the report. Did the “flinch” response just
occur when the current was first turned on , so that what came after the switching event made no or
little difference?

On page 6 the report states that “the current delivered to cows was controlled by adjusting the source
resistance and was measured as the voltage across a 1000 ohm resistor in series with the cow circuit and
confirmed using a precision current clamp”. Where was the “current clamp” (current clamp-on meter)
placed? Did it actually measure current through the cows’ leg(s)?

Also on page 6 the report states “stalls were routinely checked for any current leakage paths using a
standard cow-contact measurement device (copper plates placed 1-m apart and connected with shunt
resistors ranging from 500 to 10000 ohms)”. It would be interesting to see the results of these
measurements to confirm that the entire applied current was actually flowing through the animal.

Part Il. Comparison of Treatments Applied during Milking.

Referring to the circuit on Fig.9 of the report, how was it verified that the current (measured by the
voltage across the 1000 ohm resistor) was actually flowing through the cow, and particularly along the
front to rear hooves path? What was the magnitude (if measurable) of the leakage current bypassing the
cow?

What measurements (if any) were made to verify that no current was flowing from any part of the
milking equipment through either control or exposed animals?

Under “Results and Discussion” (page 12) I note the statement “there was no statistically significant
main (my emphasis) effect for current exposure for any of the response variables for either
experiment”. What is meant by “main effect” and what were the statistically significant effects of the
other, non-“main” variables? Do the authors identify as not "main” the statistically significant effects of
interaction between current exposure and pulsation failure in experiment I, and with aged liner in
experiment 11?7



Part III. Immune Function Response to Low-Level Electrical Current Exposure

The conclusion of this report “Collectively, these results suggest that exposure to 1 mA of 60 Hz
electrical current for two weeks had no significant effect on immune function of dairy cattle” is not
justified. This comment is based, in part, on discussions with my immunologist colleague, Dr. S. Mehta.

On page 6 the authors of the report state correctly that “Phytohemagglutinin and Concanavalin-A
activate largely T lymphocytes, pokeweed mitogen (activates) T and B lymphocytes and S.aureus
(activates) B lymphocytes”. Therefore one cannot expect that the S.aureus assay of lymphocytes should
be “consistent with other observations” as stated in the “Conclusion”. There is no reason that it should
be.

The authors’ suggest (on page 13) that the statistically significant response of B-célls indicated by the S.
aureus assay can possibly be discounted (“probable type I error”), because the difference in response
was caused by an increase in the control cows, while the treatment cows showed no change. However,
is it not likely that some physiological changes take place in a pregnant animal during a two week
period and that such changes were, in this case, inhibited by the current exposure ? Possibly normal
growth of B-cells in the exposed animals may have been inhibited by the 1 mA exposure. The result
does suggest that the difference in B-cell response between control and exposed animals cannot be
dismissed and deserves further investigation.

I also note that the increase of II-1 cytokine in serum from exposed cows comes close to statistical
significance (using p< 0.05) with p< 0.071. This is at least interesting, because the exposure periods
were only 2 weeks and a significant effect on cytokine secretion may very well require longer exposure.

I further note from the discussion on pages 12/13 that “One of the control cows in this experiment
showed a change in immune function within 4 days in response to a mastitis infection”. Shouldn’t the
data from this animal have been excluded from the comparison between exposed and controls? (It
appears that it was not excluded since n = 12 for both control and exposed animals on Table II).

Inote (page 3) that the animals in the exposed-control experiments were pregnant while (page 10) the
positive controls were not. Furthermore, the exposed-control experiments were for two weeks exposure
- a period during which some physiological changes might be expected in a pregnant animal - while the
positive control experiment lasted only seven days (pages 34 and 10). Didn’t these differences between
the exposed-control experiments and the positive control experiment make the validity of any
comparisoii Tather questionable ?

In summary, one can say at best (or worst, depending on one’s point of view) that the results of this
study showed a statistically significant effect of 1 mA current exposure only on B-cell response and
indicate the need for further research. Probably a longer period of exposure and more precise
(continuous) monitoring of current flow through the animals would be desirable.

Charles Polk, July 12,1999



