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ABSTRACT

Continuous flow bioassays wére conducted at three
primary sewsge treatment plants in the Greater Vancouver area
using fingerling sockeye salmon (Oncorhynchus nerka). Geometric
mean survival time (GMST) in undiluted primsry effluent and
survival during 96 hr exposure to a range of dilutions was
measured. Acute toxicity varied from one treatment plant to
the other. Measurvements were made during dry and welt weather
conditions at one treatment plant and acute toxicity was

greater during dry weather.

Multiple regression enalysis was used to obtain a
relationship between GMST and constituents of primary sewege at
one treatment plant. Anionic surfactants and vn-ionized ammonis
were positively correlated with acute toxicity but iron and
alkalinity were negatively correlated. However, these
substances did not account for all the acute toxicity messured.
Although copper was present at significant concentration, it
was not correlated with acute toxicity.



ENTRODUCTION

Bioassays of sewage at Lulu Island Sevage Treatment Plant
(LSTE'):l quantified the acute toxicity of primary treated sevage at this
installation of Greater Vancouver Sewerage and Drainage District (GVSDD)
(Martens and Servizi 1974, 1975). Primary sewage was scutely toxic at
17% v/v and the 96 hr LC50 was frequently between 17 and 25% v/v, GVSDD
indicated that effluent from LSTP may be atypical owing to the presence
of metals and cyanide discharged to sewer by an electroplating industry.
Therefore, sewage from Ions (ISTP)2 and Lions Gate Sewage Treatment Plants
(1asTP)? vere bicassayed to extend lmowledge of the range of acube
toxicity of municipal sewage in the Greater Vancouver area.,

This report is the result of studies performed at ISTP and
ILGSTP during dry weather conditions, except for wet weather flow conditions
for some bioassays at the latter. Some of the results of studies at LSTP
(Martens and Servizi 1974, 1975) ave included in this report for purposes
of comparisorn.

METHODS
Bioaggay Sites

ISTP and LGSTP arve primary plaonts treating & mixture of domestic;
commercial and miscellaneous swall industrial effluents. Flows averaged
5509 TMGPD and 9.2 IMGPD, vespectively at ISIP and LGSTP during the study
periods. Biloassays were conducted at ISTP during late July to early
September 1974 and at LGSTP in the period mid-8eptember to mid-November,
1974. Treatment included prechlorination, preseration, settling and
chlorine disinfection. Although prechlorination dogages were small, they
were halted at both plants during the study periods to eliminate any
possible interference in measuring the toxicily of primery treated sewage.

1, 2, 3 - Iulu Island, Yona Teland and Lions Gate Sewage Treatment
Plants will be abbrevisted LSTP, ISTP and IGSTP, vespectively,



Dilution Water

Praser River water was used for acclimation and dilution during
toxicity studies at LSTP (Martens and Servizi 1974, 1975). However it
was not available at ISTP or LGSTP and Vancouver city water was used in
its place. Since city water was chlorinated snd low in hardness and
alkalinity (12 mg/l and 4.0 mg/l vespectively, measured at ISTP),it was
pretreated to remove chlorine residusl and to increase hardness and
alkelinity to levels approximating those of Fraser River water. Residual
chlorine determinstiong of city water at ISTP and LGSTP indicated chlorine
was absent at ISTP while 0,05 mg/l occurred at LSTP. To assure water
used for acclimetion end dilution was free of chlorine, 1 mg/l sodium
thiosulfate (NaQSQOB) was added at both treatment plants.

Analyses of lower Fraser River water during August 1965
indicated an average hardness and alkalinity of 53 mg/1 and 43 mg/l,
respectively (Servizi and Burkhalter 1970). Increase in hardness and
alkalinity of cily water was achieved by adding calcium chloride (CaClz)
and sodium bicarbonate (NaHCOB). These were added from stock solutions
by precalibrated metering tubes into mixing chambers before flow into a
100 gal reservoir.

Bioassays

Continuous flow biloassays were conducted with sewage from ISTP
and LGSTP using sockeye salmon fingerlings. Test fish were from the
Cultus Leke race, rsared from eggs at Sweltzer Creek Laboratory. Test
fish were acclimated for two weeks or longer to 1400 temperatures before
transfer to the bioassay site for acclimation to dilution water.
Acclimption of test fish to dilution water was intended to be a minimum
of seven days. However owing to technical problems this was not always
achieved (TABLE 1),

Bioassays were conducted in 30 liter glase aquaria with flow
rates (500 ml/min) sufficient for 99% replacement in sbout 2.8 hours
(Sprague 1973). Ten sockeye fingerlings (maximum mean wet weight 0.8 gms)

were exposed up to 96 hours in sewage, sewage-water mixtures and in



TABLE 1 = Acclimation of test figh to dilution water.

Acclimation (days) Acclimation (days)

Bioassay No. ISTP 1GSTP Bioassay No. 1gsTP
1 7 0 16 0]
2 8 2 17 2
3 3 18 3
4 16 6 19 7
5 4 7 20 8
6 7 8 21 9
7 11 9 22 10
8 13 7 23 7
0 18 8 24 8
10 9 9 25 9
11 10 26 10
12 7 27 11
13 8 28 12
14 9 29 13
15 10 30 7
31 8

32 .9

33 10

control (dilution) water, The daily inflow to aquariums averaged 148 liters
per gram of figh per day, well in excess of the recommended value of two
to three liters per gram of fish per day (Sprague 1973).

Bioassays consisted of five sewage concentrations and a control,
Since test fish in 100% sewage usually died within 24 hours, additional
bioassays were conducted at this concentration when possible,

Sewage and dilution water were supplied to each aquarium from
head troughs by precalibrated metering tubes. Flows from the tubes were
checked at the outset of each bioassay and tubes were cleaned daily to
insure constant flow.

Test temperatures varied as much as 3.3°C between control agquaria
and those containing 100% sewage in spite of the use of a refrigerated
bath, Dissolved Oxygen (D.0.) was supplied by compressed oxygen,

Aquariums were checked almost continuously for mortalities or
moribund fish during the initial 8 to 12 hours of each biloagsay.
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Observations of test fish were restricted by opacity of sewage.
Thus a net was used to move test fish near the surface for inspection.
Acute toxicity was quantified by determining the 96 hr LC50
or the Geometric Mean Survival Time (GMST) from observations of mortality
(Davis and Mason 1973), Acute toxicity was also summarized in terms of
mean mortality at each concentration.

Analyses of Sewage and Dilution Water

Temperature and dissolved oxygen were measured daily in each
aquarium, the latter by the alkali-iodide-azide modification of the
Winkler method (Standard Methods 1971)., Total residual chlorine was
measured in 1007 sewage and dechlorinated dilution water daily by the
iodometric method with an amperometric end point (Standard Methods 1971).
The minimum detectable concentration was 0,02 mg/1,

Twenty~four hour composite sewage samples were analyzed on
weekdays at the treatment plant for hardness, alkalinity, pH, and
anmonia nitrogen., Hardness and alkalinity were messured according to
Standard Methods (1971), and ammonia nitrogen was measured by the phenol-
hypochlorite method (Harwood and Kithn 1970), Un-ionized ammonia
concentrations were calculated after Trussell (1972).

Sub-samples from the aforementioned composite samples were
submitted to the West Vancouver Iaboratory, Department of the Environment
for measurement of extractable (ext) and filtered (fil) metals (cadmium,
calcium, copper, chromium, iron, lead, magnesium, manganese, mercury and
zine) using atomic abgorption spectrophotometry, Samples for measurement
of extractable metals were acidified with 5 mls conc., HNOB/l. Filtered
metals were measured in filtrate from 0,45 micron membrane filters.
Additional subsamples were submitted for analysis of anionic surfactantse.
Nitrite was determined on a grab sample vpon delivery using an automated
procedure (Kamphake, Hannah and Cohen 1967) of the diazotization method
(Standard Methods 1971), Anionic surfactants were determined by the
Azure A method (Van Stevenick snd Reimersma 1966). Daily grab samples
were submitted to the GVSDD laboratory for immediate analysis of cyanidé
content (Standard Methods 1971),

Dilution water was analyzed each weekday for alkelinity, hardness,
pH and ammonia nitrogen,



RESULTS
Characteristics of Dilution Water and Sewage

Metals, nitrite, chlorine, anionic surfactants and ammonia
nitrogen were commonly less than the limit of detection in dechlorinated
and artificially hardened dilution water (TABLE 2), Hardness averaged
50 mg/1l and 54 mg/l respectively at ISTP and LGSTP while alkalinity
averaged 52 mg/l and 56 mg/l, respectively,

Sewages contained measurable concentrations of several of the
metals tested (TABLES 3 and 4). Zinc, chromium, iron, lead and manganese
were highest in LSTP sewage. Copper was highest at ILGSTP. Zinc, lead,
nmanganese, cadmium and nickel were at similar concentrations at ISTP and
ISTP, Nitrite was similar at LGSTP and LSTP, Cyanide, ammonia nitrogen
and anionic surfactants were highest at LSTP and except for cyanide,
lowest at ISTP, Cyanide reached 0.34 mg/l in one sample but all other
cyanide concentrations at ISTP were less than detectable. The average
hardness and alkalinity were greatest at LSTP and least at ISTP., The pH
of gewage at all three treatment plants was near neutral,

Samples at LGSTP included dry and wet weather flow conditions.
The collection system is primarily of the separate type but some storme-
water is included. Thus during wet weather sewage was diluted by storm-
water and infiltration. As a consequence most characteristics of sewage
at LGSTP were lowest during wet weather, with the exception of dissolved
iron, which was highest during wet weather,

Bioassay Conditions

As noted in the METHODS, test temperatures varied as much as
3,3°C between control snd aquariums containing 100% sewage within specific
bioassays. In addition bioassay temperatures changed with time owing to
variation in dilution water and sewage temperatures. This resulted in a
temperature range at each bioassay site (TABLE 5) but temperatures were
within the rahge normally tolerated by sockeye salmon (Brett 1952).

Dissolved oxygen also varied during the studies but was always
in the range consistent with normal physiological functioning (Davis 1975).



TABIE 2 - Characteristics of dilution water at ISTP and IGSTP.”

ISTP LGSTP
Average Average

Characteristic mg/1 Range mg/1 ng/1 Range mg/1
Hardness as

CaCO3 50 4659 54 4266
Alkalinity as

CaCO3 52 16-72 56 49-67
pH® 7.7 7.3-8.5 7.6 7.2-8.1
Anionic

Surfactants .02 W02 - .02 .05 05 = .05
Ammonia Nitrogen .01 0Ll = 0L .01 0l - 0L
Temperature °c 15.0 13.3-17.2
Nitrite .005 .005- ,005 .005 .005~ ,005
Chlorine 0.02 0,02 -0,02 0,02 0,02 -0,02
Cadniun® 0L/.0L  .01/.0L = .0L/.01 .01/,01°  .0L/.02 - .03/.03
Copper .01/,01°  .01/.01 - .01/.02 .01/.01°  .OL/.0L - .07/.06
Chromium .03/.03  .02/.02 - .03/.03 .03/.03°  .02/.02 - .03/.03
Iron .03/.03 :03/.03 = .52/.06  .20/.10 :07/.03 = .86/.42
Lead .02/.02 202/.02 = .02/.02  .02/.02 .02/,02 - ,02/.02
Manganese .03/.03 .03/,03 - .03/.03 .03/.03 .03/.02 - ,03/.03
Zinc 01/.01°  L0L/.0L - .02/.025 .01/.01°  .0L/.0L - .02/.02
Mercury .0008/ .0008/ ~ .0008 .0008 .0008 - .0008
Nickel o1/.L /.1 - .1/ 1/l 1/el = W1/61

Z Concentrations underscored were less than value shown.
Mode
Metals ext,./fil,



TABLE 3 - Characteristics of primary sewage at ISTP and IGSTP,*

ISTP LGSTP

Characteristic Average Average
(mg/l except pH) mg,/1 Range mg/1 mg/1 Range mg/1
Hardness as

GaCO3 20 16-25 45 3390
Alakalinity as

CaCO3 76 64=-107 128 52=171
pH® 7.0 6.7-7.5 7.1 6.8-8.0
Anionic

Smfactants 1.10 408 “2,40 3075 026 "'504.
Ammonia

Nitrogen 100'7 4. 3"'2001 160 l 3 ) 5“‘23 e 5
Un»ioni%ed

NHB-N .04 001 "'ng 509 OQOO“ .[4,6
Cyanide CN” ,03" .03 =.34° .03 203 - .03
Nitrite 0015 99_0_55_0085 00039 09_0_:):" 021‘4
Cadniun® .01/ 01/-.01/ .03/.03"  .01/.0L - .03/.03
Copper .11/,09 207/.04 =.17/.15 022/ .14 .07/.06 = ,37/.27
Chromiun W08/ .02/.02 =.60/.48  .03/.03°  .02/.02 - .07/.04
Iron 065/ .42 038/.28 =91/.54  1.04/.58  64/.25 =2.,0/ .76
Lead .gg/.ggP 002/.02 =,03/,02 .02/.02" 002/.02 - .04/.02
Manganese .06/,06 003/,03 ~.09/.08 204/.03  +03/.03 - .09/.09
Zine .10/,08 01/,01 -.12/.15 11/,10  ,03/,02 - .19/.16
NiCkel e}_/ e:.!-_ ol/ n‘]; “"og;/ og; ol-‘/ cn:!; e.];/ 0-]_-‘ b o~/ 02;
Mercury .0008/ .0008/ -,0008/ 0008 .0008 -~ 0008
2 Concentrations underscored were lesgs than value shown,

Mode ,
g 0.34 mg/l occurred on one occasion, all other values <03,

Metals ext./fil,



TABLE / - Characteristics of dechlorinated sewage at Lulu Island
Sewage Treatment Plant,

(Martens and Servizi, 1975).

Characterigtic
(mg/1l except

pH and temp.) Average Range

Hayrdness as CaCO3 65,8 L4e0 = 78,0
Alkelinity as CaCo, 117, 107, = 130,

pH 7,0P 7.0 = 7.3
Anionic Surfactants bl 2.2 = 8,8
Mmmonia Nitrogen 20,34 12,25 = 23,50
Un-ionized Ammonia 0.06 0,03 - 0,08
Temperature °C 11.1 7.8 = 13,9
Cyanide CH™ 0,11 0.03 - 0,36
Nitrite Nitrogen 0.04 0.005 = 0,08
ponP 131, 80, - 163,
Cadmiun® -01/,01 01/e0L = ,04/.02
Caleium 1ol [ 5 o2 e - 16/ =
Gopper 016/,14 212/,08 =  ,19/.19
Chromium «18/.05 01/:02 = 026/,10
Tron 3040/1..27 099/.17 = 4e2/2,3
Lead 205/ .02 002/,02 -~ ,13/.02
Magnesium 7.37/ = bel = 11,0/ -
Manganese 023/ 13 o14/.07 = 034/ 19
Zine o2/ 17 .08/.07 = ,80/.26

Concentrations underscored were less than value shown,

Mode
Metals ext./fil,



TABLE 5 « Dissolved oxygen and temperature in biocassays at ISTP, LGSTP

&nd LSTP@

Temperature °C Dissolved Oxygen mg/l
-Sewage Treatment Plant Average Range Average Range
Iona Isgland 15,0 12:4=20.7 9.7 657=1503
I-lions G’ate 12e8 8@2“‘1764 9@6 607’”’1406

Inlu Island |
primary sewage - 10,1 6,1=13,3 11,0 6,7=15.0
dechlorinated sewage 9.8 YA BNV A 105 7601462

Acute Toxicity

Acute toxicity of sewage at each of the three treatment plants
wa8 veriable as shown by (MST which ranged from 306 to 640 min at ISTP and
from 125 to 518 min at LGSTP (TABLE 6). At LSTP, GMST of primary and
dechlorinated sewage ranged from 109 to A87 min snd from 198 to 603 min,
respectively, Comparison uging Studemtis 4" indicated GMST was significantly
greater (p = 0,02) in dechlorinated than primary sewage at LSTP, There
was no tendency in the date to indicate that GMST varied with day of the
week (Mondey through Friday). Date were obtained at ISTP during essentially
dry summer weather, except for some light showers which caused only a small
increase in sewage flow. The testing period at ISTP cccurred during late
winter-early spring when wet weather was common. However, stormwater was
largely excluded although gome infiltration was believed to occur.

Bioassays at LGSTP commenced during dry weather f£low but wet
weather occurred at end of the test period. The collection system wasg
primarily of the separate type but some stormwater was included. Thus
during wel weather, sewage was diluted by stormwater plus infiltration
and GMST averaged 370 min, which wes significantly longer than the
average GMST for dry weather flow (220 min) according to Studentfs "%
test (p=10,001),
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Comparison of average GMST at the three treatment plants
indicated that primary sewage at ISIP was significantly less acutely
toxic than primary sewage at LSTP (p<90,02) or LGSTP (p=i0.01) during
dry weather flow (DWF) when compared using Student's "t" test. However,
“acute toxicity of sewage at ISTP and at LGSTP during wet weather was not
significantly different. Furthermore, acute toxicity of sewage at LGSTP
during dry weather flow was significantly greater than at LSTP during
bioassays at 100% v/v (p<0.,05),

Mortality during 96 hr bioassays ranged from zero at 10% v/v
to 100% in all bioassays at 80% v/v and greater (TABLE 7), Owing to the
nature of the deta it was possible to calculate 96 hr LC50's for only a
few bioassays using eriteria of Standard Methods (1971). Thus in single
bioagsays at ISTP and IGSTP, LC50°'s were 45% v/v and 28% v/v, respectively.
Three LG50's were calculated for primery sewage at ISTP; 19, 32 and 21% v/v.
No mortalities occurred at 25% v/v at ISTP or at IGSTP during wet weather
but mean mortalitics were 38% at LGSTP during dry weather and 74% et
LSTP (TABLE 7)., Mean mortality was slightly less in dechlorinated than
in primary sewage at ISTP, but mortalities ocecurred at 17% v/v in both
cases. No mortalities occurred at 17% v/v at LGSTP, These comparisons
suggest the relative toxicity of the three sewages was ISTP <LGSTP- LSTP,

TABLE 6 = Geometric mean survival time (GMST) of sockeye fingerlings
exposed to sewage without dilution.

GM ST (nin)

Treatment Plant Average Range No, Tests
fona Islend

primary L5 306640 9
Iions Gate

primary, DWF 220 125-370 18

primaxy, WWF 370 281518 9
Tadu Island

primary 302 109-437 12

dechlorinated 449 198=603 11
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TABIE 7 -« Mean mortality of sockeye fingerlings exposed to various
mixtures of primary sewage and dilution water.

Mean Mortality, Percent®

Percent Sewage
Treatment .

Plant, 10 17 25 30 L0 45 50 60 65 80 100
TSTP - « 0 30° 37 90° g 90”200 100° 100
LGSTP | .

DWF - 0 38 w 03 - = 100 - 1007 100

{0100 - 0 0 = 80 - - 100 - - 100
LSTP

primary 0 28 74 - 97 - - - - - 100

dechlorinated O 21 56 - 93 e - - 99 - 100

z Three to seven tests, except where noted,

Single test,

Acute Toxiecity Helated to Constituents

Multiple regression analysis was used to determine which
constituents were statistically related to acute toxicity. Geometriec
Mean Survival Time of sockeye in 100% v/v primary sewage was compared
with constituent analysis of the composite sample of the same day. This
comparigon was possible only with data from LGSTP since there were not
enough bioassay tests at ISTP and LSTP to suit the number of constituents
measured, The regression equation indicated acute toxicity was negatively
correlated with filtered iron and alkalinity but positively correlated
with anionic surfactants and un-ionized ammonias

GMST = « 249 + 927(Fe) - 143(Anionic Surf,) - 348(NH3un) + 4,8(Alk,)
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Negative correlation with iron appeared related to the fact
that iron concentrations were highest during wet weather flow when acute
toxicity was lowest. It is suspected that iron increased during wet
weather owing to contribution from high flows in the stormwater collection
system. Thus iron was an indirect correlation with dilution by stormwater.
Although alkalinity was negatively correlated with acube toxicity, it
was not related to flow conditions as was iron. The role of alkalinity
may have been antagonistic toward acute toxicity of copper (Pagenkopf,
Russo, Thurston 1974, Stiff 1971). The positive correlation with anionic
surfactants and un-ionized ammonia corresponded with high concentrations
during DWF and low concentrations during WWF owing %o dilution by storm-
water and infiltration.

The acute toxicity of mixtures has been attributed to the sum
of acute toxicity of the constituents expressed in toxic units (Brown 1968).
Toxic units are calculated by dividing the concentration of a substance
by its 96 hr LC50. This simplified approach assumes toxic effects are
additive vhereas there is a possibility of synergism or antagonism.
However, calculation of toxic units may give an indication of the importance
of various substances in acute toxicity of sewage at each of the three
sewage treatment plants, Calculations of toxic units herein are based
upon 96 hr LC50 values summarized by Esvelt, Kaufman and Selleck (1971),
except for copper and nitrite. Copper and zinc 96 hr LC50 values are
from Servizi and Martens (Ms, 1971), The 96 hr LC50 for nitrite was
derived from Brown and Mecleay (1974).

Multiple regression apalysis identified anionic surfactants
and un-ionized ammonia as sources of acute toxicity at LGSTP but the
total toxic units contributed by these substances was 1.17, equivalent to
an LG50 of about 85% v/v (TABLE 8). This calculation substantially
underestimated actual toxicity of primary sewage at LGSTP. Although
copper was not correlated with acute toxieity in regression analysis,
the average concentration corresponded to 1.4 toxic units, Nitrite was
calculated to contribute almost as meny toxic units as un-ionized
ammonis., Similar calculations for sewege at ISTP and LSTP indicated

filtered copper and anionic surfactants were associated with mwsjor values



TABLE 8 - Estimated toxic units of selected comstituents of sewagee&
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Concentration, mg/l 96 hr 150, mg/l1
Sewage and

Toxic Units

Constituent Average Range Average Range Average Range
Xona Island
Anionic b b
Sllrfactants 1911 05008“’2@4 4 2‘”’6 Oo 28 001"' 102
Un-ionized b b
Ammonia 0,04 0.0}, =0,13 0ol 02 =69 0.01 .01- 0,65
No", 0,015  0,005-0,085 0,23 0,07 0~ 0.37
Cu(fil) 0,09 0,04 =0,15 0,10° 0.08 -,11 0,9 +36- 1,88
Lions Gate
Anionic
Surfactants 3.75 0,26 =54 4 26 0,94 oOh= 2,7
Un-ionized
Ammonis, 0,09 0=0,46 0.4 0.2 =,9 0.23 0= 2.3
No“'2 0,04 0,005~0.24 0.23 0,17 .02~ 1,04
Cu(fil) 0.14 0,06 =0,27 0,10 0,08 -,11 1.4 o55= 3.4
Inlu Island
Anionic
Surfact&nts 4'94"7 2e12 “””808 [g. 2”’6 1012 037“‘ A.le
Un-ionigzed
Ammonis 0,06 0,03 -0,08 0.4 0.2 =,9 0,15 003 0.4
Cyanide 0.11  0.03 ~0.36 0.1 0,025-.2 1.1 0-14 ./
No‘2 0.04 0,005-0,08 0.23 0.17 0~ 0.4
Cu(fil) 0,14 0,08 -0,19 0,10 0,08 =,11 A 073~ 2,38

Concentrations underscored were less than value shown.
Esvelt, Kaufmen and Selleck (1971)

Servizi and Martens (Ms 1971)

Brown and McLeay (1974)

jo P o B o 2l -}
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of toxic units. In addition, cyanide wag a significant gource of toxic
wnits at LSTP, Zinc, chromium, iron, lesd, mangsnese, nickel and
mercury were not tabulated since the avervage toxic units for ecach was
well below the 0.2 T.U. eriterion recommended for egtimabing combined
effects of toxicants (Brown, Jordan and Tiller 1969},

Summe tion of aversge toxic units in TABLE 8 for LGSTP, including
copper and nitrite, equaled 2.74, equivalent to a 96 hr 1050 of 37% v/v.
This value falls within the range expected based vpon mean mortality
data. In the case of ISTP, summation of average toxic umits, bubt excluding
values for wn-ionized ammonia and nitrite since they wers well under the
reconmended criterion of 0.2 T.U., yvields s value of 1,18 T.U., equivalent
to a 96 hr LC50 of 85% v/v., Since mean mortslity data indicate the
96 hr LC50 would be between 40 and 45% v/v (TABLE 7), summation of toxic
units underestimated acube boxicity. For ISTP, the summation of average
toxic units equaled 3,94, equivalent to s 96 hr LG50 of 25% v/v. This
agrees with mean mortality of dechlovinated sewsge fwom which the
congtituents were measured. However, in each case a large part of the
toxic unit total was associated with f£iltered copper but since copper
was not correlated with acute toxicity as IGSTP, its contribution to
acute toxicity is subject to doubt and will be considered under DISCUSSION,

DISCUSSION

Baged upon GMST, primary sewage al LGSIP during dry weather
flow was the most toxic, but based upon mean mortality during 96 hr
exposure, primary sewage at LSTP appeared most toxic, A result of this
type is not explainable using the dats at hand, buit diwmal variation of
sewage strength could have contributed to the results observed.

Mean mortality data indicated that 96 hr 1050%g would be
between 40 and 45% v/v at ISTP and between 25 snd A0% at LGSTP, whereas
at LSTP, the LC50 would occur between 17 and 25% v/v. For comparison
the mean 96 hr LC50 (TIm) to golden shiners (Notemignoses chrysoleucos)

for primery sewage from four trestment plents in the Sam Francisco area
was 45% v/v (Bavelt, Kaufman and Selleck 1973}, Mesn 96 hr LG50's at



the four plants ranged from 37.5 to 58.8% v/v., Timited comparison

indicated, with only one exception, that salmonids (rainbow trout,

Salmo gairdnmeri and chinook salmom, O. tshuytscha) were slightly more
sensitive to primary sewage than golden shiners (Bsvelt, Kaufman and
‘Selleck 1971)@ Although there is no assurance that rainbow trout,
chinook and sockeye salmon are equslly sensitive to sewage toxieity, the
results suggest that acute toxicity of sewage at ISTP and LGSTP was
similar to that in the San Francisco area but primsry sewage at LSTP was
more toxic. '

Acute toxiecity of primary sewage at LOSTP was positively
correlated with surfactents and un-ionized smmonia but was negatively
correlsted with filtered iron and slkalinity. Part of the acute toxicity
of primary sewage in the San Francisco sres was correlated with Methylene
Blue Active Substence (MBAS) and awmonia nitrogen with the rewainder
attributed to metals and perhaps reduced substencss (Esvelt, Ksufman and
Selleck 1973). The MBAS test is a grose measure of detergent content
but includes other organic substences sensitive to Methylene Blue. On
the other hand, only anionic surfactants were measured by the Azuve A
test used in this study. Thus the results herein indicete that anionic
surfactants (detergents) contributed Lo acute toxicity of primevy sewags.

The everage concentration of anionic surfactants was greatest
at LSTP (4.47 mg/l), less at IGSTP (3,75 mg/1) and lowest at ISTP
(1,20 mg/1). Since acute toxicity was correlabed with surfactant
concentration at IGSTP, it appears reasonable to assume that suvrfactants
were a gignifiecant cause of acute toxicity at LSTP. According to
caleulations in TABLE 8, surfactants contributed limited acute toxicity
at ISTP.

Acute toxieity of primary sewage at ILGSTP was correlated with
un~ionized ammonia but wot with smmowis nitrogen. This agrees with
the belief thet acute toxicity of smmonis is related to un-ionized ammonia
which ig dependent upon pll and tempersture (McKee snd Wolf 1963). On
the other hand, smmonia nitrogen was uged in correlating acute voxicity
and constituents of sewsge in the San Francisco area because the pH

range was only 6.6 to 7.6 (Esvelt, Ksufman and Selleck 1971}, However,
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based on recent iuformation; this pH range was greast enough to cauvse a
tenfold difference in the calculated concentrations of un~ionized
ammonia (Trussell 1972, Emerson et sl 1975). Martens and Servizi (1974)
recalculated un-ionized ammonia concentrations reported by Egvelt, Kaufman
“and Selleck (1971}, using tables by Trussell (1972) and found concentrations
in San Francisco ares sewage were much less than the amount reported lethal
(0.2 to 0.9 mg/l, TABIE 8), Un~ionized ammonia at LGIIP averaged about
23% of the amount reported lethal but was correlated with acute toxicity
of primary sewage by multiple coxrrelation analysis. On the other hand,
ammonia nitrogen wag not correlated with acute toxicity. It appears that
further work is required to vedefine the lethsl concentrations using
current ionization constants to better define the role of ammonia in acute
toxicity of sewage.

Nitrite was present at sbout 17% of its 96 hr LG50 at LSTP and
IGSTP, but wae not identified by regression analysis as being correlated
with acute toxicity. The concentration at ISTF was well below the lethsal
level, Thus nitrite appearved to play s winor role, if any, in acute toxicity
of primary sewage. However, under certein conditions of temperature, time
and type of treatment, conversion of ammonia to nitrite may be significant.
Thus nitrite should not be overlocked as a cause of toxicity in other
sewage btoxicity studies.

Piltered iron was negatively corvelated with acute toxicity at
IGSTP and was present at concentrations well below those reported lethal,
Since iron contributes to hardness and since mome substances are reported
to be less toxic as havrdoess increases, calculations were made to determine
the effect which iron may have had upon hardness. However, calculations
indicated that the range of iron concentrations measured would have little
effect upon the total hardness at IGSTP. As explained previously, iron
concentrations were greatest during wet weather flow snd least during dry
weather. Thus it appears thal iron reflected the dilution and lowered
acute toxieity which occurred owing to stormwater and infilivabion,

Metals were not correlated with acute toxicity of sewage at
IGSTP by multiple regression analysig and all metals measured were present

at less than lethal levels, except copper., Average measured copper



17

concentbrationg in sewage at all three treatment plants were in excess

of the lethal concentration for sockeye sslmon in pollutant free water

at hardness of about 80 mg/l and alkalinity of 63 mg/l (Servizi and
Martens, Ms, 1971), Hardness and alkalinity of sewage at LGSTP averaged
45 and 128 mg/l, respectively. It has commonly been held that acute
toxicity of copper is inversely related to bardness, but in this case

the hardness of sewage was less than that of the water in which lethal
levels were measured. This result suggests that some substance other
than hardness was antagonistic to the towxic action of copper, The result
may be partially explained by recent analyses which have indicated that
alkalinity, not hardness, is the major factor controlling the toxic form
of copper (Pagenkopf, Russo and Thurston 1974, Stiff 1971). Since
acute toxicity of primary sewage at LGSTP was nol correlated with either
filtered copper or hardness, bul was negatively correlated with alkalinity,
the latter characteristic may'have played an antagonistic role insofar as
acute toxicity of copper was concerned.

Binding of metal ions by some types of organic substances present
in natural water is another factor which masy have reduced toxic action of
copper, and other metals (Remamoorthy and Kushner 1975). According to
these authors, metal-organic complexes pass through 0.45 micron membrane
filters and thus would have been included in the "filtered" state reported.
However, toxic action would have been less than when the metal was in the
free ionic form.

In view of the foregoing {actors concerning acube toxicity of
copper, toxic units calculated in TABLE 7 may overestimate the role which
copper played in acute toxicity at each of the treatment plants. If this
is the case, summation of toxic units, using the measurements reported,
would not reflect the relative importance of the various constituents
to total acute toxiecity and the summation would substentially underestimate
acute toxicity in each case. As o congequence, substances in addition to

those measured would seem to play a role in acute toxicity of sewage.
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CONCLUSIONS

1. Based upon mean mortality during 96 hr bioassays, primary
sewage at LSTP was most toxic, followed by primary sewage
from LGSTP and ISTP.

2., Primsry sewage was more toxic at LGSTP during dry weather than
during wet weather flow conditions.

3. Multiple correlstion analysis identified un-ionized ammonia
and surfactants as causes of acute toxicity at LGSTP but these
constituents did not account for all the toxicity observed.

4e  Although copper was present at all three treatment plants in
amounts which could be considered lethal, it wasg not identified
by correlation analysis as a source of acute toxicity at LGSTP,

5. Alkalinity was inversely related to acute toxicity at LGSTP by
correlation analysis and was possibly antagonistic to acute

toxicity of copper.

ACKNOWLEDGMENTS

The assisgtance and coopervation of the Department of the
Environment, Fisheries Service and Environmental Protection Service
and the Greater Vancouver Sewerage and Drainage District in conducting

this study are gratefully acknowledged.



19

LITERATURE CITED

Bretty; J. R, 1952, Temperature tolerance in young Pacific saelmon. J.
Fish. Res. Bd. Can, 9(6)

Brown, Do A, and D. J. Mcleay. 1974. Effect of nitrite on methemoglobin
and total hemoglobin of juvenile rainbow trout (Salmo gairdneri).
B. C. Res., 3650 Wesbrook Crescent, Vancouver, Can, (Submitted to
the Prog, Fish. Cult. for publ.)

Brown, V. Mo 1968, The calculation of the acute toxicity of mixtures
of poisons to rainbow trout., Water Res, 2¢: 723

Brown, V. M., D, H. M. Jordan and B, A, Tiller. 1969. The acute toxicity
to rainbow trout of fluctuating concentrations and mixtures of ammonia,
phenol and zinc. J. Fish. Biol. 1: 1=9

Davig, J. C. 1975, Minimal dissolved oxygen requirements of aquatic life
with emphasis on Canadian species: a review, J. Fish. Res. Bd. Can.
32:  2295-2332

Davis, Jo C. and B. J. Mason. 1973. Biocassay procedures to evaluate
acute toxicity of neutralized bleached kraft pulp mill effluent to
Pacific salmon. J, Fish. Res. Bd, Can. 303 1565-1573

Emerson, K., R. C. Russo, R. E, Iund and R. V., Thurston. 1975. Aqueous
ammonia equilibrium calculations: effect of pH and temperature, J,.
Fish. Res. Bd, Can. 32: 2379-2383

Esvelt, L, A., W, J. Kaufmen and R. E. Selleck, 1971. Toxicity removal
from municipal wastewater. SERL Rept. 71-7 San. Eng, Res. Lab.,
Univ, of Calif., Berkeley (Oct.) 224 p.

Harwood, J, B, and H, L. Kibn. 1970. A colorimetric method for ammonia
in natural waters. Water Res. Pergamon Press 4: 805-811

Kamphake, L. Joy So A. Hannah and J, M, Cohen. 1967. Automated analyses
for nitrite by hydrazine vreduction. Water Res, 1t 206 p.

Lloyd, R, 1960, Toxicity of zinc sulfate to rainbow trout. Anm. appl,
Bi01 @ 48 H 84”’”94

Martens, D, We and J. A, Servizi. 1974. Acute toxicity of municipal
sewage to fimgerling sockeye salmon. Int. Pac, Salmon Fish. Comm.
Prog. Rept. 29¢ 18 p,

McKee, Jo E, and H, W, Wolf. 1963. Water quality criteria. 2nd ed.
Resource Agency of Calif. State Water Quality Control Bd. Fubl,
B“A: 548 _pe



20

Pagenkopf, G. K., R. C, Russo, K. V., Thurston., 1974. BEffect of complexation
on toxicity of copper to fishes. J. Fish. Hes. Bd, Can. 31t 462-465

Rameamoorthy, S. and D. J. Kushner. 1975. Heavy metals binding components
of river water, J., Fish. Res. Bd, Can, 32: 17551766

Servizi, J. A, and R, A. Burkhalter., 1970, Selected measurements of
wvater quality and bottom-dwelling organisms of the Fraser River
system 1963 to 1968, Int. Pac. Salmon Fish, Comm., 70 p.

Servizi, J, A. and D, W. Martens. Ms, 1971, Heavy metal criteria for
sockeye and pink salmon, Int. Pace. Salmon Fish: Comm,

Sprague, J. B, 1973, Biological methods for the assessment of water
quality, ASTM STP 528, Am. Soc. for Testing and Materials, 6-30

Standard Methods for the Examination of Water and Wastewater. 1971,
13th ed. Am, Public Health Assoc., Tnc. New York, N. Y. 874 p.

Stiff, M, J. 1971. Copper/bicarbonate equilibria in solutions of
bicarbonate ion at concentrations similar to those found in natural
water. Water Regs. 5: 171-176

Trugsell, R, P, 1972. Percent un-ionized ammonia in aqueous ammonis
solutions at different pH levels and temperatures, J. Fish. Res.
Bd, Can. 29: 1505=1507

Van Stevenich, J. and J. C. Riermersma. 1966. Azure A method for
surfactant analysis. J. of Anals Chem. 38(9) (Aug.)



