
INVESTIGATING THE 
BACTERIAL TRENDS 

OF POSSESSION 
SOUND

K a r a  A n d e r s o n

O c e a n  R e s e a r c h  C o l l e g e  A c a d e m y



OCEAN RESEARCH 
COLLEGE ACADEMY 

(ORCA)
• Dual-enrollment 

program for high 
school juniors and 
seniors

• Longitudinal study of 
the local Snohomish 
River estuary  →  
Independent research

• National Science 
Foundation grants for a 
research lab and 
research vessel



GEOPATHS
• Three-year grant

• Funds summer scientific research 

opportunities

• Increase interest in undergraduate 

degrees in geoscience

• Provide experiences that:

• Develop their expertise in 

geoscience

• Enhance professional skills

• Increase access to professional 

networks
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Mileposts
WASHINGTON STATE HIGHWAY SYSTEM

2017
Milepost Data from 2017 State Highway Log

(State Highway System as of December 31, 2017)

FUT 395 is part of the future alignment of 
US Highway 395. It is assigned a Related 
Roadway Type of Spur, but is signed in the
field as Future. Once complete, this section 
will become US Highway 395 Mainline.
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(90) 137.57

(90) 191.89

(281) 10.55

(261) 15.20

(261) 15.04

(127) 10.00

(27) 15.08,

(290) 18.38

(206) 15.39

(211) 15.19
(20) 421.48

(21) 162.66

(20) 162.54

(20) 157.40

(20) 148.12

(539) 12.54

(14) 167.25

(14) 152.24

(123) 0.00B
(12) 138.60
Reg. Bdy.

(12) 151.15

(706) 13.64

(505) 17.27

(501) 10.13

(14) 14.63,

(141SP) 6.85

(109SP) 3.61

(109SP) 1.79

(100SP) 2.95

(100SP) 3.03

(20SP) 47.89

(174) 19.55,

(90) 137.80,

(101) 15.75,

(503SP) 31.31 (503SP) 39.73

(195SP) 0.60

(281SP) 2.65

(195) 19.96,

(194) 21.01,
 (195) 21.64

 (395) 66.30

(260) 39.49,

(240) 20.48,

(97) 240.15,
(97A) 239.64

(97) 235.10,

(20SP) 
55.67

(101) 83.17

(101) 89.02,

(14) 101.02,

(260) 25.01,

(97A) 223.18

(101)
 246.25

(101) 193.12

(101) 203.86

(97A) 199.83

(123) 16.34,

(82) 112.79,

(82) 131.59,

(12) 434.00,

(395) 229.64

(395) 241.89

(395) 270.26

(395) 183.69

(97) 260.42,

(90) 175.99,(90) 149.78,

(90) 221.96,

(90) 220.78,

(26) 116.92,

(90) 270.55,

(231) 45.42,

(395) 164.50

(395) 190.58

(395) 202.43
(231) 75.16,

(20) 354.33,

(20) 342.08,
(20) 305.24,

(12) 357.59,

(12) 335.92,

(14) 101.44,

(101) 148.03

(101) 184.62

(101) 144.35

(101) 151.43

(110SP) 10.47

(105SP) 34.34

(105SP) 30.28

(174SP) 19.55

(101AR) 10.04

(395) 241.61,

(101) 242.61,

(97A) 230.43,

Internat'l Bdy.
Internat'l Bdy.Internat'l Bdy.Internat'l Bdy.Internat'l Bdy.Internat'l Bdy.

Co. /  Reg. Bdy.

Co. /  Reg. Bdy.

Co. /  Reg. Bdy.

Co. /  Reg. Bdy.

Co. /  Reg. Bdy.

Co. /  Reg. Bdy.

Co. /  Reg. Bdy.

Co. /  Reg. Bdy.

Co. /  Reg. Bdy.

Co. Bdy.

Co. /  Reg. Bdy.

(41) 0.41 State Line

(4) 62.28, (5) 39.89

(5) 77.97, (6) 51.37

(101) 58.48, (6) 0.00

(2) 334.51 State Line,

(7) 0.45
(508) 32.84

(9) 40.03, (534) 5.08

(9) 49.78, (538) 3.62

(9) 55.89, (20) 64.81

(9) 57.17, (20) 66.08

(4) 4.75, (401) 12.13

(4) 35.53, (409) 3.84

(5) 63.42, (505) 2.96

(97) 12.67, (142) 35.29

Internat'l Boundary

(82) 30.38, (823) 0.02

(28) 46.63, (282) 0.00

(2) 221.54, (21) 91.78

(21) 55.83, (28) 93.72

(17) 7.43, (395) 45.89

(82) 3.27, (821) 25.21

(90) 54.70, (906) 2.65

(5) 250.75, 
(11) 21.28

(5) 21.09, (503) 54.38

(432) 6.10, (433) 0.94

(5) 60.91, (506) 11.53

(5) 49.84, (411) 13.48

(101) 59.67, (105) 0.00

(12) 202.75, (82) 31.38

(101) 13.38,
(103) 0.00

(28) 42.09, (283) 14.86

(23) 66.01, (28) 118.12

(195) 62.64, (271) 8.48

(21) 92.95, 
(174) 40.66

(17) 50.75, (90) 179.45

(24) 30.45
(241) 25.21

(97) 292.32, (215) 6.24

(22) 35.74, (221) 26.07

(12) 307.46, (730) 6.08

(530) 67.71, (20) 97.69

(5) 276.21, (548) 13.85

(112) 23.12, (113) 9.98

(109) 16.11,
(115) 2.28

(97) 291.24, (155) 80.47

(182) 15.19, (12) 291.67

(17) 112.22, (172) 35.08

(20) 261.95, (97) 314.83

(20) 233.31, (97) 286.18
(20) 204.09, (153) 30.74

(17) 144.29, (97) 265.21

(97A) 234.20,
(150) 8.25

(12) 202.52, (823) 0.00B

(124) 34.86, (125) 23.67

(26) 133.53, (195) 38.58

(97) 149.69

(10) 104.45, (97) 136.61

(90) 106.06, (97) 133.90

(155SP) 80.52, (215) 5.05

(90) 151.74, (281SP) 4.34

(12) 185.46, (410) 116.37

(155) 80.15, (155SP) 80.15

10

70

20

     

10

80

10

10

40

10

30

10

90

10

10

80

60

40

110

100

240

210
160

280

330

280

140

(155)
(174)25.71,

Co. Bdy.

Co. Bdy.

Co. Bdy.

Co. Bdy.

(8) 6.03

(4) 8.91

(5) 20.29 Co. Bdy.

(9) 90.36,

(27)86.62

(2)251.55

(7) 16.82

State Line

State Line

(224) 0.06B

(14) 6.09,

(432) 0.00

(5)226.40,

(12) 38.84

(101) 9.41

(128) 0.39

(395) 18.93

(397) 18.32

(117) 1.40

(17) 95.99

(26) 42.58

(182) 6.04

(240) 34.87(182) 3.83,
(182) 4.95,

(543) 1.09

(223) 3.81

(171) 3.82

(128) 2.24

(27) 52.98

(2) 250.76,

(20) 436.91

(503) 8.09

(507) 5.44

(82) 26.59,

(500) 6.98,

Co. /  Bdy.

(2) 127.83,

(101) 0.46,

(21) 106.66

(100) 0.00,

(395) 82.14

(90) 255.29

(90) 299.82

(90)289.87,

(2) 220.88,

(395) 55.08

(12) 434.19

(129) 42.55

(195) 22.39

(17) 53.91,

(2) 189.08,

(97) 234.87

(82) 82.34.

(240) 32.02 (395) 20.59

(12) 294.70

(205) 26.59

(500) 20.83

(530) 52.75

(5) 230.16,

(502) 6.12

(155) 28.36

(101) 11.57

(904) 16.96

(173) 11.99

(903) 10.06

(174) 19.69

(272) 19.23

(272) 16.78

(28) 131.18

(501) 19.88

(205) 30.90, (500) 4.76

(141SP) 4.69

(82) 102.53,

(101AR) 9.41

(821) 0.29,

(101) 83.72B
(12) 0.00

(101) 76.96,

(395) 239.14

(395) 18.26,

(182) 12.26,

(260) 33.06,

(12) 432.62,

(90) 279.35,

(12) 390.84B,

(97A) 235.03,

Internat'l Bdy.Internat'l Bdy.

Co. /  Reg. Bdy.

         (544) 9.01

(2) 118.92, (285) 5.04

(5) 275.15 (543) 0.00

(432) 7.62, (411) 0.00

(17) 67.64, (282) 4.92

(17) 75.27, (28) 52.89

(12) 10.43
(107) 7.97

(5) 36.97, (432) 10.33

(12) 115.01, (131)2.07

(90) 282.25,
 (290) 0.07(2) 283.22, (90) 277.73

(2) 104.72, (97) 185.02

(97) 291.48, (155) 79.91

 (281SP) 4.21, (283) 0.00

(182) 14.37, (395) 22.72,

90

10

20

20

10

(395)
167.45,
(395SP)
167.45

(395SP) 
162.03

(2) 296.81,
(395SP) 165.47

(213) 0.35 (97) 278.48, (213) 0.00

30

10

10

10

(27) 15.33,
(272) 16.52

Reg. Bdy.
(395) 65.70

Co. Bdy.

(504) 21.08
(504SP) 21.08

(504SP) 21.95

(141) 0.00

, (970) 10.31

(546) 0.00

(9) 93.61

SEE
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MAP
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30

20

20

40

2010
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50
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3030

20

20

20

10

10

10
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40
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10 10

10

10

15

35

10

10

10
10

10

20

20

20

20

20

20

20

20

10

10

10

15

10

20

50

10

20

20
20

10

30

40

50

20

10

10

20

10

10

40

40

10

45

20

30

(3) 60.02, 
(104) 15.54

Co. Bdy.

210

110

360

350

340

330

320

270

260

140

150

200

190

170

160

120

130

310

300

290

280

100

(99) 43.61

4.64

(304) 2.63,
(303) 0.00B

25.60,

27.90(104)

(524)

(405)

(1
81

) 1
1.

37
, (

40
5)

 0
.9

7

(516) 2.04

23.74,

(2) 2.42

Co. Bdy.

Co. Bdy.

(3) 38.31, (310) 0.00

(3) 23.26
(302) 0.00

(16) 3.65

(2) 5.04,

(99) 8.14

(3) 48.49,
(308) 0.00

(3) 36.59, (304) 0.00

(3) 28.23
Co. Bdy.

(92) 9.16

(90) 2.54

(5) 95.23 (165) 0.00

Reg. Bdy.

(3) 34.67, (16) 29.19

(519) 0.47

(523) 2.45

(19) 14.09
(20) 7.79

(513) 3.35

(16) 28.16,
(166) 0.02

(529) 0.38,
(529SP) 0.38

(99) 40.47

(163) 3.37

(16) 25.14
(160) 0.00

(104) 8.87,

(19) 10.68
(116) 0.00

(116) 9.83

(308) 3.42

Co. Bdy.

(516) 4.66
(516) 4.52

(532) 2.91

(18) 2.20B,

(18) 2.89,

(8) 10.54
Co. Bdy.

(8) 20.67,

(102) 2.86

(9) 12.23

(529) 6.69

(9) 17.49

(3) 24.91,

(304) 3.51

Co. Bdy.
(302) 5.01

(5) 168.06,

(520) 0.94,

(522) 5.85

(527) 2.63

(523) 0.94

(525) 2.76

(525) 8.47

(525) 6.51

(525) 8.48

(529) 5.85

(90) 9.93,

(900) 6.63

(518) 2.49

(516) 7.34,
(515) 0.00

(1
8)

 2
.4

1B
,

(509) 7.88

(512) 2.22
(7) 52.55,

(410) 8.84

(99) 30.32,
(304) 1.67

(522) 4.22,

(5
) 1

86
.4

3
(9

6)
 0

.0
0

(509) 19.62

(705) 1.50

(5) 193.64

(519) 1.14
(5) 164.49

(160) 7.47

(305) 12.82,

(5) 199.12

(5) 114.93 Co. Bdy.

(5) 111.94,
(510) 0.01

(302)16.87

(20) 12.88
Co./Reg. Bdy.

(20) 12.56
Co./Reg. Bdy.

(181) 5.32,

(5) 208.67,

(5) 212.67,

(1
61

) 3
6.

25
(16) 18.10
Co. Bdy.

(5) 170.81,

(599) 1.75

(516) 1.79

(5)139.50

(5) 127.48,
(512) 0.00

(5) 155.94,

(5) 137.45(5) 135.04,
(167) 0.00

(5) 132.28,
(16) 0.00B

(525) 30.49

(104) 24.53B
Co./Reg. Bdy.

(106) 20.09

Co.  Bdy.

(405) 25.02

(405) 30.32

(104) 24.45
Co./Reg. Bdy.

(526) 4.52,

(99) 50.63,

(509) 29.92
(99) 26.55,

(167) 7.07,
(410) 22.02

(410) 24.82

(410) 21.99

(702) 9.32
(7) 36.08,

(90) 33.29

(507) 30.67

(507) 31.10, 
(702) 0.00

(310) 1.84,

(524) 14.56

(101) 331.7
(119) 0.00

(532) 10.09

(530) 16.95

(101) 361.52

(101) 356.92
Co. Bdy.

(101) 337.00,
(106) 0.00

(101) 314.63
Co. Bdy.

(104) 14.67 
Co. Bdy.

(167) 11.17 Co. / Reg. Bdy.

(405) 11.11

(522) 11.12

(527) 11.92

(20) 16.34

(5) 198.29,

(5) 189.09,

(5)181.53,

(524 SP) 5.14

(203) 17.99
(522) 14.09, (9) 0.00

(522) 13.45

(522) 12.06, (202) 0.00

(5) 174.58,

(169) 15.21
(18) 16.84,

(302) 15.85, (302SP) 15.85 (16) 18.04,

(16) 15.76,

(167) 14.36B

(410) 10.40, (162) 0.00

(101) 274.65
Co. Bdy.

(101) 282.56

(5) 182.63,

(169) 25.22, 
(405) 4.00

Co. / Reg. Bdy.

Reg. Bdy.

(510) 15.67

(522) 16.60,

(101) 343.44,

(405) 18.11

(164) 15.13,

(405) 14.85,

(507) 28.24,

(509) 0.00

(9) 6.97, 
 (96) 6.75

(302SP) 17.13

(3) 34.26, (16SP) 29.13

(3) 26.38, (300) 3.35

(18) 4.16,
(164) 0.31

(9) 26.05, (531) 9.88

(9)1.57,
(524)12.84

(3) 45.91, 
(303) 8.71

(7) 47.38, (507) 43.57

(9) 29.46, (530) 20.79

(9) 15.76, (204) 2.35

(405) 2.79, (515) 6.93

(18) 27.84, (90) 25.67

(9) 19.26,
(528) 3.46

(5) 206.08,
(531) 6.36

(3) 52.76,
(305) 13.52

(2) 14.92, (203) 24.17
(2) 14.27, (522) 24.68

(5) 133.78,
(7) 58.60,
(705) 0.00

(90) 30.58,
(202) 30.60

(1
67

) 2
6.

28
, (

40
5)

 2
.3

2

(161) 29.87,
(167) 5.26  

(161) 25.85, (512) 8.74

(5) 99.28, 
(121) 7.67

(104) 20.58, 
(307) 5.25

(167) 6.00, (512) 12.06

(405) 5.42, (900) 12.50

(515) 7.82, (900) 10.49

(101) 285.13, (104) 0.20

(99) 11.39, 
(509) 14.29

(202) 7.75, (520) 12.83

(18) 11.43,
(516) 11.47

(5) 104.32,
(101) 367.41

(169) 11.44, (516) 16.22

(162) 19.78,
(165) 19.57

(509)

(104) 25.13

(99) 43.50

(518) 3.81, 
(5) 154.51, (405) 0.00

(5) 149.19,

(524) 5.24

(520) 6.95

(161) 35.49

(5) 193.81

(104) 24.51

(99) 55.41

(528) 0.36,

(99) 22.97,

(99) 20.40,

(161) 33.80 Co. / Reg. Bdy.
(5) 141.25,

(5) 177.76,           
(104) 29.67, Co. Bdy.

(5)157.34,

(99) 15.49,

(104) 32.28,

(405) 26.75,

(167) 19.62,

(405) 4.52, (900) 11.55

(5
) 1

42
.0

2,
 (1

8)
 0

.0
1

(527) 8.85,
(96) 1.37

(167) 27.28
(900) 9.90

(527)3.74,
  (524)9.50

(405) 29.68
(524) 6.76

(90) 15.82, (900) 21.64

(165) 21.17, (410) 20.68

(169) 25.26, (900) 11.03

5

115

5

15

15

5 5

(102) 0.00

335

345

125

15

325

315

25
5

5

305

295

25

35

45

265
275

510

285 5

5

15

5

55

5

25

15

25

15

5

25

5

205 25

5

5

195 15

5

5

15
25

5

5

15

35
15

25

15

15

15

5

25

3020

5 5

15

5

15

15

25

15

5

10

145

5

20

25

25

25
5

25

5

15

15

5

15
5

175

5

25

25

(104) 28.23

(5) 189.31,

55

185

(99) 46.85

(524) 0.00B

5

5

180

45

135 Co./Reg.Bdy.

(99) 6.15 
Co./Reg. Bdy.

Co. Bdy.

Co. Bdy.

Co. Bdy.

15
Co.  Bdy.

(20) 0.00

(19) 0.00

(307) 0.00

(305) 0.02

(300) 0.00

(705) 0.72
(163) 0.00

(164) 14.52, 
(169) 0.00

(202) 21.83,
(203) 0.00

(516) 0.00

(518) 0.00

165

(519) 0.00
(90) 1.94

(599) 0.00

(532) 0.00

(531) 0.00

(528) 0.00

(92) 0.00

(204) 0.00B,

(2) 0.00B

(529SP) 0.58,
(5) 194.03

(529) 0.00

(526) 0.00

Co. Bdy.

Co. Bdy.

(523) 0.00

(524) 3.57

(524) 0.00,
(524SP) 0.00

(524SP) 0.70

(522) 0.00

(520) 0.00

(513) 0.00

155

(16) 28.74,
(16SP) 28.74

(166) 4.95

(101) 349.17,
(3) 0.00

(101) 353.53,
(108) 11.96

(99) 0.00

(3) 45.58, 
(303) 9.11

(9) 29.57,
(530) 20.90

(121) 0.00

25

5

40

35

5

5

355

365

105

15

30

5

35

30

(119) 10.93

5

95

15

30

55

5

5B

10

15

25

(900)
5.93

25

(510) 13.53
(510SP) 13.53,

(510SP) 14.70

15

(5) 180.73,

(7) 48.33, (704) 5.92
(704) 5.29

(202) 7.03

(522)
9.81,
(527)
0.00

(525) 5.60,
(525SP) 5.60

(525SP) 6.46,
(526) 0.40

10

5

35

KING

CLALLAM

PIERCE

JEFFERSON

SNOHOMISH

MASON

KITSAP

THURSTON

ISLAND

O L Y M PIC
N O R T H WEST

§̈¦5

§̈¦405

§̈¦705

§̈¦90

UV530

UV161

UV3

UV507

UV525

UV106

UV165

UV203

UV162

UV7

UV164

UV510

UV305

UV169

UV18

UV302

UV119

UV19

UV8

UV116

UV900

UV702

UV99

UV303

UV509

UV104

UV92

UV522

UV108

UV121

UV160

UV532

UV16

UV515

UV529

UV167

UV512

UV531

UV181

UV96

UV307

UV527

UV516

UV526

UV166

UV524

UV308

UV163

UV300

UV513

UV204

UV102

UV310

UV304

UV599

UV523

UV519

UV530

UV9

UV900UV509

UV104

UV161

UV525

UV20

UV202

UV520

UV528

UV518

UV16

£¤101

£¤101

£¤101

£¤101

UV20

UV20

UV104

UV305

UV3

UV3

UV3

§̈¦5

§̈¦5

UV507

UV7

UV512

UV162

UV410
UV410

UV167UV167

UV99

UV509

UV18

UV18

UV99

UV516

UV202

UV203

UV169

UV99

§̈¦90

§̈¦405

§̈¦5

£¤2

£¤2

UV704

TACOMA

OLYMPIA

SHELTON

SEATTLE

EVERETT

COUPEVILLE

PORT
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HYPOTHESIS
• Increased levels of river discharge

• Closer proximity to the mouth of the 

Snohomish River

• Closer proximity to combined sewer 

outflows, storm drains, and human-

accessed beaches

• Flood tide
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METHODS
• ORCA students started collecting 

bacteria data in 2004

• Study focused on 2014-2018

• Niskin bottle used for water 

samples

• YSI 650 was utilized to test water 

chemistry parameters

• Coliscan® Easygel® Protocol for 

inoculation, incubation, and 

quantification

• Data reported in terms of E. coli 

per 100 mL of water
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