














Table 6. Summary of conclusionsl from multiple correlation analysis of ECOBAM data
using Kendall's Tau. Only results showing significant difference are shown.
Complete analysis including critical statistics are found in the Appendix.
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pH PBI D.0. Temp. Turb. Depth Species
Station (units) ({mg/L) (% sat.) (°C) (NTU) (mg Diversity
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ECB102 okl ookl
ECB103 bl whx
tCB104 falalad ek
ECB201 ool
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ECB203 el
ECB204 Fokk
ECB205 ekl
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ECBl02  *** o
ECB103
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ECBZM Jek ok * Rk
ECB205 ke

1t

Turbidity (NTU) ECB1OL
ECB102 *
ECB103 *
ECB104
£C8201
ECB202
ECBZO3
ECB204 *
ECB205 o
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lconclusions:

*Significant (0.05 > 0.01)

**Very significant (0.01 > P > 0.001)
***Highly significant (P < 0.001)



discharge found its way into nearshore surface waters via the tide-modified,
density-driven estuarine circulation described earlier.

A relationship among SSL, D.0., and pH was apparent in all analyses. Correla-
tion analysis showed significant negative correlation between SSL and pH at
all stations and between SSL and D.0. at eight of nine stations. Eldridge

and Orlob (1951) and Bartsch, et al. (1967) showed a similar pattern. In a marine
ecosystem, a high level of primary production raises D.0. and carbon dioxide
is removed from the system. The reduction in COp raises pH (Sverdrup, et
al., 1941; Skirrow, 1965). Although background productivity may be a partial
explanation, productivity data are lacking. On the other hand, PBI 1is also
correlated with pH and D.0., and the three variables show significant change
over time. This may be evidence as noted earlier that increases in pH may

be due to reduction of the highly acidic SSL and hleach plant effluents (T.
Bechtel, Environmental Manager, Scott Paper Company). The explanation may be
a combination of both ideas.

A factor in the seasonal fluctuation of pH may be dilution of marine water by
high flow from the Snohomish River. If this was the case, we would expect to
see significant positive correlation between salinity and pH (Tow pH at low
salinity, high pH at high salinity). Product-moment correlation coefficients
were calculated to test the importance of this factor. Seven out of nine
sites showed negative coefficients (ECB101-103, 202-205). The remaining sites
(ECB 104, 201) were positive but so small (r=.08, .07, respectively) as to
lack significance. Thus, an appropriate correlation between pH and dilution

is likely reduced by other interacting factors.

Temperature was positively correlated with pH at all beach stations, but not
at deep ones. The increase in pH with temperature at the beach stations may
be associated with primary productivity which is maximal during the warm
seasons of the year. However, the lack of correlation between temperature and
D.0. and its presence between pH, D.0. and SSL may demonstrate a relationship
with the discharges.



Turbidity was found to be negatively correlated to temperature at the north-
ernmost four stations in the East Waterway. This may be the result of winter
storm drain discharges and runoff from paved or filled areas into the East
Waterway or seasonal discharge maxima from the Snohomish River. It is unlikely
that the industrial discharges affected the turbidity. Turbidity varied with
load at only one deep station (ECB203) and one beach station (ECB10l). The
beach station is located adjacent to a large stream located along the beach.
The reason for the correlation at the deep station is not known.

The strike period from October 1978 through January 1979 provides a signifi-
cant period of no discharge. PBI, D.0., and pH data from the strike period
(the control) were compared with those obtained for a similar period during
other years of the study (Table 7). The comparison was made for each station
using a t-test for difference between two means of two groups of data whose
variances are assumed to be unequal (Sokal and Rohlf, 1969). There were many
zeros in the SSL data during the strike period. These skewed the data distri-
bution excessively so that the standard deviation (s) exceeded the mean. In
order to correct this apparently non-normal distribution, the data were
transformed using log (Y+1). This also allowed the inclusion of zero values
in the analysis.

At all stations, the averages for SSL during the no-discharge period were
lower than similar periods when discharge was occurring. However, they did
not prove to be significantly different from one another. Similarly, average
D.0. and pH values were higher at all stations, but not statistically
different. Dissolved oxygen and pH variation may have been influenced by
factors other than discharge; physical factors (temperature, solar radiation),
biological factors (primary productivity, respiration, decomposition, etc.)
and non-paper industrial practices discussed earlier. In summary, common
sense may suggest that a cause-and-effect relationship between the water
quality variables and BOD loads exists, but this relationship is not proved
statistically.

Improvements in water quality could not be shown by the available species
diversity data at deep stations. Catches were greater and more consistent at
beach seine stations. If one assumes that improving water quality should lead
to a more diversified marine fauna (greater diversity), then this may be the



Table 7. A comparision of means for three water guality variables obt
discharge)

d to be unequal (Sokal and Rohlf, 1969).

ee ained during a period o
with means from a similar period when production occurred
method in which sample variances are assume

f industrial shutdown (no
Data were analyzed using 2

Parameter

£CB103

Overall Average
Beach-Seine Sites

0.0. (mg/L)
No discharge
Discharge
t'sl
t'.052
Conclusion

pH (units)
No discharge
Discharge
t'sl
t'.052
Conclusion

SSL (mg/L)
No discharge
Discharge
t'sl
t'.052
Conclusion

ECB102
4(3) 8.9 +1
2(22) 8.2
n;d

D.0. (mg/L)
No discharge
Discharge
t'sl
t'.052
Conclusion

pH (units)
No discharge
Discharge
t'sl
t'.052
Conclusion

SSL (mg/L)
No discharge
Discharge
t'sl
t'.052
Conclusion

ECB203

Overall Average
Deep-Seine Sites

0.633
2.190
nsd
53(3) 0.85 +
64(21) 1.00 +
0.2
1.94
nsd
ECB202
0(4) 8.2 +
3(23) 7.9 +
0.1
2.7
nsd
.2(4) 7.8 +
A(22) 7.4+
0.9
2.1
nsd
40{4) 0.20 +
67(23) 1.15 +
1.70
2.41
nsd

.1(4)
.4(22)

~ W0
.« .

0.748
2.118
nsd

~ o~
& o

ERLCES

O Wk + +

0.59 + 0.39(4)
1.29 + 0.52(23)

1.078
2.325
nsd

+ 2.

Bloo

lets: estimated value of t based on weighted averages and differing degrees of freedom in two samples assumed to have

unequal variances.

2t 05: critical value of t's at alpha = 0.05.
3nsd: no significant difference.



case at beach station ECB103 only. This is the only station at which species
diversity significantly increased over time (Table 5) and increasing diversity
correlates with load reductions (Table 6).

CONCLUSIONS

There are several indicators of water quality improvement in Port Gardner
during the ECOBAM study. Trend analysis shows that PBI (the variable most
closely associated with pulp and paper waste discharges) significantly de-
clined over the years at all stations. There was significant increase in pH
at all stations, and D.0. increased at four of five stations in the East
Waterway which receives wastes directly from the nearshore discharge. Other
variables showed little improvement.

Correlation analysis revealed significant association of loads with PBI
(positive) and pH (negative) at all stations. Association of pH with dis-
charge from the Snohomish River (a major source of natural variation) was not
significant.

It cannot be proven conclusively that waste load reductions fram the two
pulping industries resulted in water quality improvement. However, trend

and correlation analyses provide evidence that such a cause-and-effect rela-
tionship may exist. Although PBI, D.0., and pH were significantly correlated
(PBI, pH, and loads likewise), D.0. was not significantly associated with
loads at any station due to interacting environmental factors.
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