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National Historical Park, Island of Hawai i 

Part 2, Spatial and Temporal Variations 
in Salinity, Radium-Isotope Activity, and 
Nutrient Concentrations in Coastal Waters, 
December 2003–April 2006

By Karen Knee, Joseph Street, Eric Grossman, and Adina Paytan

Scientific Investigations Report 2008–5128

U.S. Department of the Interior
U.S. Geological Survey



ii  

U.S. Department of the Interior
DIRK KEMPTHORNE, Secretary

U.S. Geological Survey
Mark D. Myers, Director

U.S. Geological Survey, Reston, Virginia: 2008

This report and any updates to it are available online at: 
http://pubs.usgs.gov/sir/2008/5128/

For product and ordering information: 
World Wide Web:  http://www.usgs.gov/pubprod 
Telephone:  1-888-ASK-USGS

For more information on the USGS — the Federal source for science about the Earth, its natural and living resources, 
natural hazards, and the environment: 
World Wide Web:  http://www.usgs.gov 
Telephone:  1-888-ASK-USGS

Any use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by the 
U.S. Government.

Although this report is in the public domain, permission must be secured from the individual copyright owners to  
reproduce any copyrighted materials contained within this report.

Suggested citation:
Knee, K., Street, J., Grossman, E.E., and Paytan, A., 2008, Submarine ground water discharge and fate along the coast 
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Submarine Ground-Water Discharge and Fate Along the 
Coast of Kaloko-Honokō hau National Historical Park, 
Island of Hawai i 

Part 2, Spatial and Temporal Variations in Salinity, 
Radium-Isotope Activity, and Nutrient Concentrations in 
Coastal Waters, December 2003-April 2006

By Karen Knee1, 2, Joseph Street1, 2, Eric Grossman, and Adina Paytan2

Abstract

1Department of Geological and Environmental Sciences, Stanford University.
2Institute of Marine Sciences, University of California, Santa Cruz.

Introduction

Kaloko-Honokō hau National Historical Park: 
Water Resources and Habitats
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Figure 1. Kaloko-Honokōhau National Historical Park, western Island of Hawai i, showing locations of sample sites. 
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Submarine Ground-Water Discharge

Use of Radium Isotopes as Ground-Water Tracers 
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Study goals

Methods

Survey Description

Water-Quality Measurements

Ra-Isotope Activities

Table 1. Study sites in Kaloko-Honokōhau National Historical Park, 
Island of Hawai i [X, sampled; –, not sampled].

Study site Dec. 2003 Nov. 2005 Apr. 2006
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Salinity and Temperature

Nutrient Concentrations

Results

Salinity

Radium-Isotope Activity
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Nutrients

Combined Nitrate and Nitrite 

Phosphate 

Silica 
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Table 2. Means and standard deviations ( ) of salinity, silica, and ammonium; 223Ra and 224Ra isotope activity; 224Ra/223Ra isotope-activity 
ratio; and nitrate + nitrite and phosphate concentrations at study sites in Kaloko-Honokōhau National Historical Park, Island of Hawai i 
(fig. 1) during December 2003, November 2005, April 2006, and all seasons combined.

 
Date

 
Site

 
n

Salinity (ppt)
223Ra isotope activity 

(dpm/100 L)

224Ra isotope activity 
(dpm/100 L)

Mean Mean Mean

13.8 0.3 4.2 1.6 43.4 11.2

26.2 2.9 0.5 0.1 9.4 2.6

12.6 0.9 0.5 0.1 8.8 0.5

34.3 0.1 0.5 0.5 5.1 0.2

24.4 6.9 2.1 1.3 27.9 17.7

28.7 5.1 1.6 1.0 20.3 13.0

24.9 3.7 2.9 0.5 39.1 4.4

13.6 3.1 2.1 1.0 30.0 10.1

8.0 3.3 0.7 0.6 10.4 6.3

23.4 7.2 1.1 0.9 10.8 7.8

20.5 7.0 0.7 0.7 10.0 6.5

12.2 0.2 0.2 0.1 4.7 2.7

32.7 1.4 0.5 0.2 7.5 4.9

23.9 4.4 1.0 0.4 15.2 6.0

26.1 5.7 1.5 1.0 16.1 9.6

28.2 4.0 1.3 0.8 19.6 15.4

25.7 5.0 1.0 0.5 14.4 6.1

18.6 5.2 1.5 0.8 20.3 7.1

34.9 0.1 0.0 0.0 0.2 0.5

18.7 4.8 3.8 2.6 43.8 8.8

8.0 3.4 0.6 0.5 10.8 8.7

16.1 0.5 3.2 2.9 26.3 21.4

20.5 6.0 0.6 0.2 9.5 3.7

12.0 0.0 0.3 0.1 5.8 0.7

30.8 1.0 0.7 0.4 9.8 2.2

27.4 3.9 1.9 1.0 20.6 10.6

28.5 4.2 1.1 1.3 20.1 23.3

16.6 4.9 3.3 2.2 39.5 11.3

8.1 3.0 0.7 0.5 10.6 6.8

23.3 7.2 1.4 1.2 12.4 10.0

21.1 6.7 1.1 1.9 9.8 5.7

12.2 0.3 0.3 0.1 5.8 2.1

32.3 1.7 0.6 0.4 8.0 3.1

24.5 5.0 1.2 0.8 18.1 10.9

27.4 4.6 1.6 1.0 18.0 10.5

28.6 4.3 1.6 1.2 23.7 18.6

25.7 5.0 1.4 1.5 14.1 6.5

18.6 5.2 1.5 0.8 20.3 7.1

34.8 0.1 0.0 0.0 0.4 0.6
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Table 2. Means and standard deviations ( ) of salinity, silica, and ammonium; 223Ra and 224Ra isotope activity; 224Ra/223Ra isotope-activity 
ratio; and nitrate + nitrite and phosphate concentrations at study sites in Kaloko-Honokōhau National Historical Park, Island of Hawai i 
(fig. 1) during December 2003, November 2005, April 2006, and all seasons combined—Continued.

 
Date

 
Site

224Ra/223Ra isotope-
activity ratio

Nitrate + nitrite 
(µmol/L)

Phosphate (µmol/L)

Mean Mean Mean
10.9 2.3 43.6 23.6 2.3 0.8
20.5 6.2 5.2 6.9 0.5 0.5
16.4 2.8 51.0 n/a 4.1 n/a
24.2 25.6 1.3 0.4 0.3 0.0
16.3 8.0 23.9 17.9 1.6 1.0
13.3 2.8 14.4 14.0 1.0 0.7
13.8 1.6 30.2 8.2 3.2 1.9
16.4 8.3 60.6 19.5 3.0 0.5
18.4 5.7 85.1 15.1 4.4 0.4
9.9 3.7 32.5 16.8 2.1 1.7

16.3 5.7 24.8 18.5 1.5 0.9
30.2 14.3 11.6 14.2 1.5 1.0
13.2 4.2 2.9 1.0 0.3 0.1
17.0 5.0 24.7 11.2 1.6 0.6
12.5 4.7 17.5 12.9 0.9 0.5
14.0 2.8 23.5 16.0 2.8 2.8
15.9 4.0 24.7 16.8 1.2 0.7
14.4 5.4 45.9 17.9 2.0 0.8

n/a n/a 0.7 0.3 0.2 0.1
13.1 3.9 47.7 26.4 2.5 0.9
16.3 1.1 80.1 30.7 4.2 0.8
8.3 2.0 73.2 3.5 2.1 1.1

17.0 3.6 17.8 23.4 1.0 1.2
20.5 8.7 1.8 3.1 0.8 0.4
15.6 5.4 4.3 1.6 0.4 0.1
11.2 3.3 20.0 13.5 1.0 0.4
15.6 7.8 17.2 14.1 1.6 1.1
13.9 5.7 51.2 24.5 2.6 0.8
17.3 3.8 82.6 21.8 4.3 0.6
9.4 3.7 35.5 19.6 2.3 1.8

15.5 6.9 22.0 19.6 1.3 1.0
23.2 11.2 9.2 15.3 1.3 1.1
17.2 11.3 3.0 1.7 0.4 0.1
16.6 5.7 24.0 12.7 1.6 0.7
12.5 4.0 17.5 13.1 1.0 0.5
14.6 5.1 22.3 14.1 2.4 2.1
14.7 5.6 24.4 15.5 1.2 0.6
14.4 5.4 45.9 17.9 2.0 0.8

n/a n/a 0.7 0.3 0.2 0.0
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Table 2. Means and standard deviations ( ) of salinity, silica, and ammonium; 223Ra and 224Ra isotope activity; 224Ra/223Ra isotope-activity 
ratio; and nitrate + nitrite and phosphate concentrations at study sites in Kaloko-Honokōhau National Historical Park, Island of Hawai i 
(fig. 1) during December 2003, November 2005, April 2006, and all seasons combined—Continued.

Date  Site
Silica (µmol/L) Ammonium (µmol/L)

Mean Mean
478 54 1.5 2.2
188 70 0.8 1.0
532.4 15.7 2.0 n/a
22 1 0.3 0.3

254 181 0.6 0.3
157 132 0.4 0.2
259 89 0.6 0.1
513 54 1.3 1.8
531 98 0.8 0.4
227 151 0.7 0.6
335 170 1.0 0.7
543 16 0.6 0.3
64 24 0.7 0.1

296 115 1.1 0.4
194 113 1.0 0.4
167 112 0.8 0.8
233 131 0.8 0.2
412 136 0.8 0.5

6 5 0.6 0.4
433 106 0.5 0.4
616 54 0.2 0.1
423 89 0.4 0.1
340 148 0.8 0.7
518 15 0.4 0.2
93 24 0.7 0.1

183 93 1.0 0.4
157 121 0.6 0.3
463 94 0.9 1.3
574 85 0.5 0.4
236 156 0.7 0.6
327 163 0.9 0.7
530 19 0.6 0.4
65 36 0.6 0.2

281 131 1.0 0.5
184 111 0.9 0.4
181 112 0.7 0.5
231 121 0.9 0.3
412 136 0.8 0.5

6 4 0.5 0.4


