
Significant changes in macronutrient composition along the 
urban corridor of Puget Sound from 1998-2008 

Christopher Krembs, J. Bos, S. Albertson, M. Keyzers, M. Jones, B. Sackmann, C. Maloy 
Washington State Department of Ecology 

y = 0.02x - 40.19 
r² = 0.72 

-0.40 

-0.30 

-0.20 

-0.10 

0.00 

0.10 

0.20 

0.30 

0.40 

1998 2000 2002 2004 2006 2008 2010 

Va
ria

bi
lit

y 
of

  N
itr

at
e 

co
nc

. a
ro

un
d 

  
10

-y
ea

r m
ed

ia
n 

[m
M

 L
-1

] 

y = 0.01x - 10.15 
r² = 0.71 

-0.07 

-0.05 

-0.03 

-0.01 

0.01 

0.03 

0.05 

0.07 

1998 2000 2002 2004 2006 2008 2010 

Va
ria

bi
lit

y 
of

 D
O

  s
at

ur
at

io
n 

de
fic

it 
 

ar
ou

nd
 1

0-
ye

ar
 m

ed
ia

n 
[K

g 
DO

 m
-2

] 

-0.04 

-0.03 

-0.02 

-0.01 

0 

0.01 

0.02 

0.03 

0.04 

0.05 

-0.1 -0.05 0 0.05 0.1 0.15 0.2 

Va
ria

bi
lit

y 
of

 D
O

 sa
tu

ra
tio

n 
de

fic
it 

 
ar

ou
nd

 1
0-

ye
ar

 m
ed

ia
n 

[k
g 

DO
 m

-2
] 

Variability of Nitrate conc. around 10-year  median [mMl-1] 

Region Station 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 
Admiralty Reach ADM002 

  -0.12   -0.06 -0.15 -0.07 -0.06 -0.04 -0.03       0.02 -0.07 -0.11 -0.01 0.03 0.02   0.01 -0.12 -0.01 -0.05     -0.01 0.00 0.01 0.00   0.04     0.03     -0.04 0.05 0.12   -0.03 0.12   0.00 0.05     -0.15   -0.14       -0.02   -0.04 -0.15     -0.04 -0.03 0.00 -0.27 -0.05 0.02 -0.06 -0.08 0.00   -0.01     0.08 0.03   -0.10 -0.02     -0.03 0.00 0.00 0.03 -0.06   0.03 0.00 0.06 0.00 0.16 0.06 -0.16 0.07     0.01 0.04     0.10     0.05 0.08 0.06   0.01 0.03   0.16   0.16 0.14     0.12 0.04       

ADM001 
  -0.01 -0.10 -0.12 -0.27 0.08 -0.08   -0.17 0.02   0.01 0.00 -0.07 -0.09   0.04 0.00 0.05 -0.08 -0.06 -0.02 -0.04   -0.02 0.00 0.04 0.18 -0.02 -0.31 0.09 -0.19   -0.02   -0.01 -0.02 0.04 0.12 0.15 -0.11 0.02 -0.04 0.03       0.00   0.04       -0.15 -0.03 -0.13       0.00   -0.10 -0.19 -0.31 -0.01 -0.35 -0.08 0.06   0.00     0.00 -0.03   -0.06 0.08 0.04   0.00 0.00   0.03   -0.02 0.01 0.21   0.13   0.22 0.04 0.06       0.01 0.02 -0.04 -0.11 0.20   0.21 0.21 0.16 0.18   0.05 0.02 0.16 0.35 0.70 0.18 0.21 0.00 0.01   0.07     

Whidbey Basin SAR003 
  1.16 -0.45 0.00 -0.25 -0.97 0.03 0.24   -0.02   0.00 -0.02   -0.09 0.00 -0.04 0.01 -0.01 -0.52 -0.43 0.02     -0.52     -0.13 -0.01 -0.45 -0.01   -0.33   -0.02   0.00 -0.74 0.00 12.27 0.00 0.32 0.05 -0.19           -0.44 -0.60 -0.14 0.00   0.00 0.01   -0.09     0.02 0.06 0.13 -0.25 -0.46   0.04   -0.05       -0.03 0.01 6.15 -0.07 -0.72 -0.59   0.23   -0.06   0.06 0.04 -0.01 0.00 0.11 0.66 0.28 -0.49 -0.42 2.89   -0.05       0.17   0.33 0.19 24.94 6.67 3.15 0.06 0.00 0.06 0.05 -0.02 0.04 0.05 0.35 0.51 -0.35 18.63 0.03       

PSS019 
  1.29 -0.50 -0.08 -0.70 -0.97 -0.20 -0.16   0.00       -0.52 -0.33 -0.03 -0.04 0.24 -0.10 0.02 -0.05 -0.03 -0.04 -0.04 -0.28     -0.48 -0.04 0.00 0.16       0.00   0.01 -0.53 0.11 -0.28 -0.50 0.16 0.03 0.14     -0.07     0.17 -0.58 -0.29 0.04 -0.25 -0.11 0.04   0.01     -0.01 0.11 -0.11 0.17 0.11   0.00 0.08 -0.03       -0.01 -0.01 -0.17 -0.24 -0.14 0.96 -1.00 0.00   -0.01   0.06 0.02 0.23   0.09 0.30   0.11 -0.20 0.01   0.00 0.02     0.23   1.64 -0.01 0.21 0.04 0.11 0.00 0.00 0.07 0.06 -0.08 0.25 0.36 0.20 1.37 2.00 6.80 0.00       

Main Basin-Narrows ADM003 
  0.00 0.02 -0.56 -0.20 0.02 -0.52 -0.96 -0.37       0.00 -0.08 -0.84 0.06 -0.80 0.43 -0.66 -0.01 -0.05 -0.03 -0.09   -0.02 0.02 -0.03 0.00 0.00 -0.63 0.20 0.19   -0.03   -0.01   -0.25 0.10 -0.81 -0.40 0.00 0.02 0.00       0.01   0.15       -0.47 -0.95 -0.40       0.04 0.01   -0.35 -0.49 -0.41 -0.11 0.22 0.05   -0.13     0.00 0.00   0.00 0.09 -0.22   0.22 0.00     -0.01 -0.03   0.13 0.12 0.42 0.40 -0.01 -0.14 0.04   -0.03   0.02 0.03 -0.02 -0.09 -0.12 -0.43 0.06 0.49 0.18 0.12 0.02 0.02 0.05   0.29 0.45 0.64 4.43 0.26 0.13   0.04     

PSB003 
  0.00 0.02 -0.44 -0.20 -0.02 -0.32 0.01 -0.10       -0.06 -0.01 -0.02 -0.06 0.19 -0.12 -0.39 0.00 -0.10 0.00   -0.03 -0.06 0.00 -0.02 0.26   -0.62 0.08 -0.07   -0.03 -0.02 0.06   0.01 0.03     0.03 0.18 -0.23 0.00     0.06     -0.32   0.07 -0.43 -0.08 -0.21 0.00     0.09 0.00 0.00 -0.27 -0.98 -0.09 -0.32 0.07 0.12   -0.05       -0.01 0.12 0.14 0.33 0.37 -0.65 -0.27 -0.13 0.00 0.00   0.04 0.09 0.17 0.36 0.54   0.15 -0.10 0.01       0.00 0.04 -0.05 0.03 -0.25 0.02 0.05 0.15 0.15 0.14 0.06 -0.03 0.06 0.11 0.22 0.57 -0.08 0.41 -0.68 0.23         

EAP001 
  -0.05 0.00   -0.13 0.08 -0.19 0.15         -0.04 -0.05 -0.20 -0.02 0.07 -0.14 -0.01 0.00 -0.18 -0.02     -0.05   -0.10 0.06 0.00 -0.65 -0.26       -0.08 -0.01   0.01 0.03 -0.10 -0.11 -0.08 0.18 -0.46           0.03 -0.12   -0.55 -0.62 -0.53   0.05     0.02 0.00 -0.01 -0.30 -0.20 -0.17   0.32 0.23   -0.09     -0.09 -0.02 0.13 0.00 0.39 0.08   -0.49 -0.29 -0.03   0.02 0.03 0.08 0.05 0.56 0.73 0.38 0.25 -0.67 0.00 0.06 -0.02       -0.15 -0.49 -0.48 -0.13 -0.08   0.18 0.05   0.04 0.05 0.05 0.24 0.70 0.73 0.74 0.26 0.19         

GOR001 
  0.00 -0.15   -0.25 -0.09 0.00 -0.07           -0.08 -0.11 -0.21 -0.11 -0.16 0.07 0.00 -0.21 0.00     -0.08 -0.06 -0.31 -0.06 0.00 -0.57 -0.11 0.01     -0.08 0.00 -0.01           -0.08 -0.09           0.07     -0.06     -0.14       0.00 0.00 -0.04 -0.39 -0.12 -0.07 0.09 -0.09 0.18   -0.06       -0.07 0.04 0.10 0.32 0.11   -0.18 -0.17 0.05   0.02 0.05 0.12 0.14 0.34 0.55 0.15 0.08 0.00 0.00 0.00 -0.02     0.01 0.08 -0.11 0.05 -0.14 0.14 0.23 0.15       0.04 0.04 0.17 0.35 0.48 0.59 0.22 0.24 0.04       

Sinclair Inlet SIN001 
-0.01 0.13 -0.18 0.21 -0.56 -0.43 1.06   -0.07 -0.01 -0.13 0.04   -0.14 -0.62 -0.62 -0.60 -0.18 0.35 -0.47 -0.41 -0.01 -0.06 0.27 -0.15 -0.01 -0.10 -0.05 -0.40 -0.33 -0.56       -0.12 0.01 0.00   0.24 0.10   0.22 0.06       -0.03       -0.08 -0.18 0.00 0.70 -0.93 0.15 0.29   -0.05   -0.01 0.05 0.17 -0.96 2.20   -0.10 0.54     0.02   0.04 0.15 -0.39 1.72 2.84 -0.18 -0.03 -0.62 -0.19 -0.02 -0.05   0.11 0.25 0.22 1.64 0.46 6.68 -0.28 -0.33 0.09     0.07 0.02 -0.10 0.26 -0.29 0.77 -0.55 -0.45 0.21 0.13 0.07 0.02   0.03 -0.28 0.52 1.13 -0.73 2.74 0.08 0.03   -0.06     

Elliot Bay-Urban ELB015 
  -0.04 -0.03   -0.22 -0.04 -0.07 0.07 -0.09 0.00   0.00 -0.05 -0.04 -0.04 -0.12 0.00 0.26 -0.26 0.10 -0.10 -0.05   -0.09 -0.06 -0.04 -0.04 0.01 0.07 -0.35 0.05 -0.05     -0.05 0.01 -0.01 0.04 0.16 -0.24 -0.24 -0.06 0.02 -0.07 0.06     0.01   0.02 -0.05     -0.31 -0.03 -0.86 0.07       0.47 0.02 -0.41 -0.30 0.00   -0.32 0.08     -0.58   0.01 0.01 0.03 0.08 0.34 0.17 0.04 -0.14 -0.05       0.04 0.04 0.12 0.23 0.53 0.42 0.22 -0.01 0.03     0.01 0.00 0.00 -0.11 -0.30 -0.67 0.02 0.01 0.28 0.01 0.08 0.02 -0.17 0.02 0.06 0.23 0.33 0.13 0.29 -0.43 0.32   -0.01     

Commencement Bay CMB003 
-0.02 0.00 -0.12 -0.29 -0.26 -0.11 0.09   -0.07   -0.06 0.00 -0.06 -0.01 -0.13 -0.21 0.06 0.00 0.19 0.06 0.00 0.00   -0.03 -0.02 -0.02 -0.10 0.03 0.30 -0.18 -0.09       -0.05 -0.01 -0.02   0.08 -0.24 -0.09 0.09 0.19 -0.05 -0.14 -0.07 -0.13   0.02 0.01 0.01 0.00 -0.85 0.08 -0.39   0.16   -0.01   0.01 0.11   -0.35 -0.33   -0.22 0.00     0.00   -0.01 -0.02 -0.01 0.05 0.17 -0.02 -0.64 -0.72 -0.14 0.00   0.10 0.03 0.10 0.02 0.33 0.34 0.11 -0.30 0.00 0.07 0.02 0.00       0.16 0.00 0.00 -0.56 0.07 0.05 0.31   0.03 0.06 0.02 0.11 0.17 0.39 0.41 0.47 0.18 0.22 0.12       

South Sound-Deep NSQ002 
  0.02 0.06   -0.39 0.07 -0.15 -0.01 -0.10     0.00   -0.12 -0.29 -0.01 0.00 0.05 0.00 -0.04 -0.16 0.00     -0.07 -0.02 -0.44 -0.20 -0.45 -0.53 -0.23 0.00     -0.05   0.00           0.05 0.13 0.11         0.13     -0.31 -0.24   -0.14 0.33     0.05 -0.03 -0.03 -0.34 -0.12 -0.61 -0.49 -0.22 0.30   -0.07     0.01 -0.11 0.21   0.27 0.02   -0.16 -0.05 0.00 -0.05   0.06 0.19 0.37 0.40 0.54 0.42 0.11 0.03 0.05 0.01 0.00     0.05 0.00 0.00 -0.21 -0.05 0.00       -0.03 0.08   0.00 0.20 0.21 0.39 1.13 0.42 0.52 0.22       

DNA001 
  0.00 0.00   -0.42 0.11 -0.33 -0.22           -0.18 -0.25 0.34 0.27 0.02 -0.25 -0.09 -0.15 0.02     -0.08 -0.10 -0.66 -0.08 -0.29 -0.66 -0.32 -0.08     -0.08 0.00 -0.03           0.01   0.07         0.11     0.00     -0.35       0.03 -0.04     0.07 -0.35   -0.11 0.05   -0.07       -0.24 0.32   0.36 -0.03 -0.18 -0.39 0.00 -0.01 -0.07 0.03 0.03 0.19 0.28 -0.09 1.17 -0.02 0.12 0.14 0.00 0.00 0.00   -0.01 0.05 -0.15 -0.20 -0.52 -0.21 0.00 0.64 0.55     0.06 0.06 -0.03 0.17 0.07 0.35 0.86 0.20 0.46 0.13       

Bud Inlet-Shallow BUD005 
0.09 0.10 -0.79 0.91 -0.88 17.07 -0.77   -0.13 -0.05 -0.04 0.02 -0.04 -0.16 -0.64 -0.69 -0.12 -1.00 2.42 0.41     -0.16 -0.03 -0.32 -0.21 -0.78 -0.73 -0.26 -0.81 1.13   0.03   -0.14 0.01 0.00   0.71 -0.58   22.89 -0.40 -0.38 -0.39 -0.13 -0.15   0.00 0.14 0.10 0.13 -0.39 0.21 -0.25   0.79   0.25 0.08 0.00 0.11 -0.52 -0.44 0.01   1.86 0.60       0.03   -0.21 0.44 -0.17 2.30 15.12 -1.00 -0.96 -0.12 0.12 -0.07   0.08 0.22 0.53 2.04 1.95 2.35 1.79 -0.04 0.13       -0.14 0.00 0.50 1.05 -0.77 -0.43 0.00 6.60 0.78 0.11 0.00 0.24 0.07 -0.06 0.07 1.16 1.80 41.61 4.39 3.38 -0.03       

Oakland Bay-Shallow OAK004 
-0.06 0.02 -0.93 1.97 -0.84 6.01 0.47 -1.00 -0.35 -0.13 -0.21 0.02 -0.07 -0.09 -0.88 0.24 -0.23 16.18 0.03 -1.00       -0.01 -0.21 -0.17 -0.94 1.84 2.19 -0.93 -1.00   0.02   -0.15 0.04 -0.01   0.35 0.00   0.00 5.00 0.19 -0.03 -0.07 0.00   -0.06 0.25 0.34 0.05 -1.00 -0.52 -1.00       -0.06   0.04 0.21 -0.95 -0.88 -0.73   -1.00 -0.37         0.07 -0.46 0.34 -1.00 2.43 0.00 0.00 -0.93 -0.04 0.18 -0.01   0.04 0.28 0.25 -0.27 7.04 -1.00 -0.80 2.39 0.34       0.07   0.57 -1.00 -0.93   8.03 1.02 0.74 0.11 0.04 0.11 0.00 0.06 -0.08 4.16 5.99 40.33 10.42 3.35 0.57       

S. Hood Canal HCB004 
  -0.86 -0.12 -0.10 -0.92 -0.96 -0.09 -0.18 -0.29 -0.02   0.01 -0.45 -0.05 -0.38 -0.50 -0.11 0.20 -0.10 -0.16 -0.03   0.00 -0.41 0.00 0.01 0.00 -0.04 0.00 -0.25 0.00   0.06         0.00 0.11 0.00 -0.49 0.12 -0.21 0.15   0.04 -0.26   0.01 -0.50 0.12 7.04   0.11 0.02 -0.62 0.06   0.11   -0.97 0.22 0.40 -1.00 0.36   0.00 0.08         0.00 0.03 0.04 -0.04 -0.77 -0.50   14.43 -0.21 -0.63 -0.02   0.03 0.14 -0.53 0.36 0.11 0.08 0.14 1.03 0.02     0.04 0.10 0.05 0.08 -0.74 0.17 2.62 4.86 2.13 0.15 0.02 0.02 0.32 -0.72 7.13 -0.01 -0.29 -0.05 0.05 0.17 5.58   0.12     

Region Station 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 
Admiralty Reach ADM002 

-0.01 -0.12 -0.18   -0.04 -0.10 0.04 -0.04 -0.05 -0.02 -0.08   -0.03 -0.04 -0.04 0.01 -0.06 0.02 -0.05   -0.06 0.01 0.06 0.00     0.02 0.04   -0.14   -0.07     0.04     -0.02 0.03 0.04   0.00 0.06   -0.01 0.07     -0.02 0.05 -0.01   0.02   -0.01   -0.02 -0.15     -0.01 -0.01 0.02 -0.08 0.01 0.02 -0.07 -0.04 -0.01   0.00     0.04 0.08   -0.04 0.02     0.08 0.04 -0.03 0.06 -0.04   0.01 -0.01 0.01 0.06 0.04 0.08 0.00 0.12     0.05 0.11     0.03     0.07 0.03 -0.11   -0.06 0.05   0.08   0.06 0.12     0.04 0.04     

ADM001 
0.01 -0.09 -0.11   -0.09 0.14 0.03 0.00 -0.06 -0.07 -0.06   -0.03 -0.04 -0.08 -0.06 -0.01 -0.09 -0.03 -0.01 -0.03 0.03 0.03 0.01   0.03 -0.01 -0.02 -0.07 0.00   -0.10     0.00   0.00 -0.03 0.02 0.01 0.03 -0.02 0.06 -0.03 0.00       0.01   0.05   0.03   -0.09 -0.02 -0.03 -0.04     0.00   -0.01 -0.05 -0.05 -0.01 -0.03 -0.05 0.00   -0.01     0.04 0.05   0.03 -0.03 -0.01 0.01 0.00 0.04 -0.02 0.03   0.01 0.01 0.05   0.00   0.13 0.03 0.06       0.04 0.01 -0.02 0.00 -0.01 -0.01 0.08 0.09 -0.02 0.01 -0.05 0.00 0.04 0.06 0.09 0.12 0.02 0.09   0.00   0.05   

Whidbey Basin SAR003 
-0.09   -0.09 -0.06 0.00 -0.12 0.03 0.03 -0.04 0.01 -0.10   0.00 -0.02 -0.01 -0.03 -0.03 0.00 0.05 0.00 0.04 -0.05 0.05   0.06 0.01 0.01   -0.10 -0.08 -0.03 -0.03   -0.03 0.08 -0.05   -0.01   0.02 0.03 0.02 0.02 -0.02 0.04     0.06     0.02   0.01 0.07 -0.03 0.01 0.02   -0.06     -0.03 -0.03 0.07 0.03 0.02   -0.02 -0.01 0.01   0.06   0.04 0.06 -0.01 -0.01 -0.04 -0.18 -0.01 -0.01   0.05   -0.01 -0.01 0.03 0.03 0.04 0.07 0.09 0.04 -0.01 0.08   -0.05 0.04     -0.02   0.02 -0.03 -0.03 0.00 -0.02 -0.02 -0.01 0.01 0.02 0.01 0.02 0.03 0.04 0.07 0.03 -0.01       

PSS019 
-0.12   -0.06 -0.06 0.04 -0.06 0.03 0.03 -0.04 0.05 -0.03   -0.01 -0.09 -0.02 -0.04 0.00 0.00 0.06 0.02 0.01 -0.07 0.07 0.02 0.07 0.04 0.04   -0.12 -0.05 -0.02 -0.06       -0.06   -0.03 -0.15 0.03 0.03 0.01 0.03 0.00 0.05     0.08   0.02 0.09 0.00 0.02 0.05 -0.04 0.02 0.02   -0.04     -0.03 -0.03 0.03 0.01 -0.02   -0.05 0.00 0.01   -0.02   0.03 0.06 0.01 -0.04 -0.03 -0.12 -0.03 0.00   0.02   0.00 0.01 0.05 0.00 0.01 0.06   0.03 0.01 0.10   -0.03 0.03     0.00   -0.01 -0.01 0.00 -0.02 0.01 -0.02 0.01 0.03 0.04 0.02 0.03 0.04 0.06 0.07 0.03 -0.03 -0.09     

Main Basin-Narrows ADM003 
0.02 -0.09 -0.09 -0.06 -0.06 -0.11 -0.01 0.00 -0.08 -0.05     -0.03 -0.05 -0.01 -0.04 -0.01 -0.02 0.01 0.01 0.01 -0.01 0.02 0.00   0.04 0.00 -0.02 -0.03 0.06   -0.06 -0.15   -0.01   -0.03   0.01 0.01 -0.05 -0.10 0.03 -0.01 -0.01   -0.01   0.04   0.03   0.07   -0.08 -0.06 -0.06 -0.02     -0.01 -0.01 -0.03 -0.03 -0.03 -0.03 0.04 0.03 0.03   -0.01     0.03 0.08   0.05 0.06 -0.12   0.06 0.05     0.00 0.02   0.06 0.05 0.04 0.05 0.00 0.04 0.04   -0.02   0.05 0.01 -0.01 -0.08 0.02 0.00 0.06 0.12 -0.01 -0.03 0.02 0.01 0.01   0.09 0.09 0.08 0.08 0.03 0.04   0.05   

PSB003 
0.05 -0.05 -0.07 -0.07 -0.05 -0.04 -0.07 -0.04 -0.01 -0.06     -0.07 -0.02 -0.06 0.00 -0.03 -0.02 -0.08 -0.02 0.00 -0.09 -0.11 0.04 -0.04 0.05 -0.01 -0.01 -0.01     -0.05 -0.01   0.03 -0.02 0.00   -0.05 0.03     0.03 0.06 -0.12 0.07     0.09 0.01   -0.01 -0.01 -0.03 -0.05 -0.01 0.03 0.00     0.02 -0.01 0.01 -0.08   0.02 0.01 0.07 0.10   -0.02   -0.05   0.03 0.04 0.02 0.02 0.04 -0.12 -0.01 0.06 0.06 0.05   -0.04 0.07 0.05 0.04 0.01   0.09 0.00 0.10       0.06 0.01 -0.02 -0.01 -0.01 0.00 0.00 0.03 -0.07 0.05 -0.07 0.01 0.01 0.07 0.08 0.06 0.05 0.12 0.02 -0.02       

EAP001 
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Commencement Bay CMB003 
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South Sound-Deep NSQ002 
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DNA001 
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Bud Inlet-Shallow BUD005 
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S. Hood Canal HCB004 
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-3 

-2 

-1 

0 

1 

2 

3 

1998 2000 2002 2004 2006 2008 

Va
ria

bi
lit

y 
of

  N
itr

at
e 

co
nc

. b
et

w
ee

n 
su

rf
ac

e 
(0

-3
0m

) -
 d

ep
th

 (3
0-

80
m

) 
ar

ou
nd

 th
e 

10
-y

ea
r m

ed
ia

n,
 [m

M
 l-1

 
PS

U
-3

0-1
] 

0 

500,000 

1,000,000 

1,500,000 

2,000,000 

2,500,000 

3,000,000 

3,500,000 

4,000,000 

4,500,000 

5,000,000 

19
60

 

19
65

 

19
70

 

19
75

 

19
80

 

19
85

 

19
90

 

19
95

 

20
00

 

20
05

 

20
10

 

20
15

 

20
20

 

Po
pu

la
tio

n 

Population growth along urban corridor 
(Counties: King, Thurston, Mason, Kitsap, Snohomish) 

Source: OFM/Forecasting/ October 2007 Conclusions 
1. Long-term trend of increasing nitrate and decreasing oxygen suggest a 

continued Puget Sound-wide intensification of eutrophication (Fig. 4a,b, Fig. 
5a,b, Fig. 6). 
 

2. Increased near-surface nitrate concentration in the Strait of Juan de Fuca (Fig. 
7), indicative of increased nitrate export from inshore waters, is consistent with 
the nitrate increase within Puget Sound (Fig 4a). 
 

3. Nitrate concentration and the dissolved oxygen saturation deficit strongly co-
vary (Fig. 6), despite significant inter-annual variability. This supports the idea 
that inshore anthropogenic additions of nitrate are significant. 

Fig. 4a 

Fig. 5a 

Fig. 4b 

Fig. 7 

                     Monthly variability of nitrate concentrations from 16 stations in Puget Sound from 1999-2008.  
Each pixel represents the median nitrate concentrations from 0, 10 and 30m depths for each sampling event. 
Color schemes represent the 25th percentile (green), the 50th percentile (black) and the 75th percentiles (red). 
Grey represents where data are not available. Shifts from a prevalence of green to red  indicate significant nitrate 
increases over the last 10 years. 

                     Monthly variability for the oxygen saturation deficit from 16 stations in Puget Sound from 1999-
2008. Each pixel represents the variability of depth integrated oxygen concentration minus the depth 
integrated theoretical saturated concentration for each sampling event. Color schemes represent the 25th 
percentile (green), the 50th percentile (black) and the 75th percentiles (red). Grey represents where data are 
not available. Similar to nitrate the oxygen saturation deficit has increased over the last 10 years indicated by 
the green to red shift towards the right. Thus there is less oxygen available to support Puget Sound’s 
ecosystem. 

Fig. 6 

Ecosystem Variability Long-term trends Urbanization 

Fig. 2 Population growth is expected to increase and will 
continue to affect nitrogen discharge into Puget Sound 

                      Increased nitrogen export through the St. of Juan 
de Fuca for salinity normalized (30 PSU) nitrate data (dot = 
yearly median, bar = inter-quartile range).  

Fig. 5b                       Increase in dissolved oxygen saturation deficit in 
P. Sound (depth interval 0-50 m; dot = yearly median, bar = 
inter-quartile range). The graph summarizes 192,000 data 
points from 16 stations. 
 

                      Increase in nitrate concentration in Puget Sound 
(depth 0, 10, 30 m; dot = yearly median, bar = inter-quartile 
range). The graph summarizes 5,760 data points from 16 
stations. 

                     Correlation of yearly aggregated nitrate and 
dissolved oxygen (saturation deficit) for all 16 Puget Sound 
stations. The graph represents a summary of 197,760 
environmental data points. 
 

r2=0.88 

Ocean variability 

Puget Sound variability 

References:  Rivers and Streams, Water year 2008,  (2009). Water Quality Monitoring Report , Publication No. 09-03-041 
 

                      Ocean-climate variability indices relevant for Puget Sound; Pacific Decadal Oscillation and 
NOAA’s index of upwelling (PFEL). Indices show two different patterns: while ocean surface temperature 
(PDO index) showed a warm period in 2002-6, upwelling  represented by the PFEL index anomalies for the 
Washington’s coast (48°N 125°W) increased significantly over the last 10 years (Spearman Rank Correl. Coeff., 
p<0.05). 
 

Fig. 3 
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Fig. 1   Monitoring stations  in Puget Sound 

Introduction 
Puget Sound (Fig. 1) is a complex fjord-type estuary in 
Washington State, significantly influenced by patterns of oceanic 
variability. It is a large urban and industrial corridor expected to 
reach a population density of 3.6 million by 2020 (Fig. 2).  
 
Many factors affect water quality in Puget Sound including 
terrestrial, oceanographic (Fig. 3) and anthropogenic processes. 
Water quality indicators are therefore subject to strong 
variability (Fig. 4a-b, Fig 5 a-b), masking anthropogenic effects. 
From 1999-2008, the Washington State Department of Ecology 
collected and analyzed data on 16 water quality indicators at 21 
core monitoring stations (Fig. 1) and determined a significant 
correlation  of nitrate concentration and the oxygen saturation 
deficit between 0-50 m over time. Despite climatic fluctuations 
(Fig 3), a significant increase in nitrate concentration (Fig. 4a,b)  
developed along the main urban corridor spanning from 
Olympia to the Strait of Juan de Fuca and paralleled the increase 
in population between 1999-2008 (Fig. 2).  
 
Nitrate is a significant contributor to marine eutrophication. The 
nitrate increase is significant enough to reflect the increase in 
the dissolved oxygen saturation deficit (Fig. 6). As both water 
entering Puget Sound from the Strait (Fig. 7) and rivers (Water 
Quality Monitoring Report, 2009) do not corroborate the 
increase in nitrate conclusively, more attention has to be 
dedicated to the cause of Puget Sound's continued water 
quality degradation. 
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