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REIXJCING IDXICITY OF A PEmOIEUM REFINERY 

PROCESS WASTEWATER WI'IH AN AERATED 

suamRGED BIOI.OGIC'AL FIIII'ER 

C.G. carroll, J.N. Veenstra, am S.L. Burks 

School of civil Engineerinj am Water Quality 
Research lab, Oklahoma state University, 

Stillwater, OK 74074, U.S.A. 

Abstract-'lhe ability of an Aerated SUbmerged Biological Filter (ASBF) 

to reduce toxicity of sour water from an oil refinecy sour water 

strippinj unit was evaluated at three organic loading rates. Influent 

am effluent acute toxicity was tested by perfonning static 24-hour 

bioassays with seven percent-by-volmne based dilutions using 

CerlCJdaPmia dubia am fathead minnows (~es prra!e]as) as 

test organisms. Lethal concentra-~ions that produced 50% mortality of 

test organisms (rc50) over 24 hours were calculated for influent am 

effluent to detennine if ASBF treatment reduced toxicity. Treatment 

with the ASBF increased the rc50 of the wastewater at all three 

loading rates. Selected conventional parameters, as well as NH3 and 

sulfides, showed no observable correlations with acute toxicity. 

Key Words-aerated submerged biological filter, sour water, rc50, 

bioassay, Ceri.CJdaijmia dubia, fathead IDinnc:M, organic loading 
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INTROWCriON 

In the past, industrial wastewater discharges have usually been 

required to meet only technology-based discharge limitations for 5-day 

biochemical oxygen demam (:OOD5) am susperxied solids. However, due 

2 

to the mandate by Congress in the Water Quality Act of 1987, renewed 

attention is being placed on water quality. As a result, the u.s. 

Envirornnental Protection Agency and delegated National Pollution 

Discharge Elimination System (NPDFS) States are adding and revising 

effluent limitations in NPDFS pennits to include water quality-based 

effluent limitations according to procedures in the EPA Permit Writers 

Guide to Water Quality-based Permitting for Toxicity Pollutants (EPA, 

1987). 'Iherefore, NPDFS pennits now contain effluent limitations based 

on technological capabil:i,ty, State water quality standards, and final 

effluent toxicity limitations ilrplementing the "no toxic discharge in 

toxic amounts" language of the Clean Water Act. The oil refining 

industl:y seldom had trouble meeting traditional standards in the past 

but anticipated some diffiCulty in meeting new toxicity standards. As 

a result, a joint project of the Oil Refiners Waste Control Council, 

Oklahoma state University Water Quality Research lab, and School of 

Civil Engineering was undertaken to evaluate abilities of several 

treabnent alternatives to reduce toxicity of various refineu:y 

wastewater streams {Burks and Wagner et al. , 1989) • A major IX>rtion of 

toxicity in these waste streams may be attributed to high 

concentrations of base neutral, methylene chloride extractable, 
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nonpolar organic contaminants (Burks and wagner, 1984; Reece and Burks, 

1985; and Smith, 1987). untreated stripped sour water from this oil 

refinery is a canplex mixture of organic CClll'pJlll'O; (Burks and Wagner, 
' ' 

1984). Aliphatic hydroca:rt:x>ns c::cnpose approximately 48% of the 

organics found in the wastewater stream, follaved by oxygenated 

hydrocarl:x)ns at 25%, nitrogen heterocyclics at 20%, and alkyl aromatics 

at 7%. Results of a !base II Toxicity ·Identification. Evaluation (TIE) 

procedure using Ceriodapmia dubia in a static 48-hour bioassay 

indicated acutely lethal contaminants were either nonpolar organics, 

weakly basic organics, or a cambiriation of these fractions (Burks and 

Wagner, 1984) • 

Activated sludge andjor combined powdered activated 

carl:xm-activated sludge units are effective in reducing the discharge 

of biodegradable organics in refinery wastewaters to acceptable Best 

Practicable Treatment (BPr) or even Best Available Treatment 

Econamically Achievable (BATEA) levels (De.Jolm and Adams, 1975; Rizzo, 

1976; st:enstrcm and Grieves, 1977). Hov.iever, little has been done in 

tenns of evaluation for treatment of oil refinery wastewaters to the 

level of elllni.nating discharge of toxic contaminants in toxic amounts 

as measured by bioassays (Wong and Maroney, 1989). 

Specifically, this research centered around evaluating the ability 

of an Aerated SUbmerged Biological Filter (ASBF) to reduce acute 

toxicity of process wastewater from a sour water stripper unit. The 

ASBF was the biological system of choice for several reasons. It 

incorporates the best features of both fixed-film and canpletely-mixed 

activated sludge units allowing instantaneous dilution of concentrated 

influents and maintenance of a high bacterial concentration (Hamada and 
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Abd-El-Bary, 1987; Gonzalez, 1984; Rusten, 1984; Huang, 1982). '!his 

translates into a compact unit providing more intensive treatment than 

conventional biological treatment systems. Also, operation is 

comparatively simple relative to other biological systems because there 

are no IIIOV'ing parts ani neither effluent recirculation nor sludge 

recycling is required for efficient operation. In addition, the ASBF 

can haml.e refinery effluents as well as shock loads of sol vents and 

high stren:Jth phenolic wastes that COllllOO.nl.y occur in oil refineries 

(Hamoda and Al-Haddad, 1987; Hamoda, ~-Haddad, and Abd-El-Bary, 1987; 

Bartoldi et al.' 1987). 

Acute toxicity reduction was measured with static 24-hour bioassays 

using cmi.odapm:ia dubia and fa~ minnows on unit influent and 

effluent. '!he ASBF was operated at three organic loading rates during 

the course of the experiment to detennine system limits. Also, several 

conventional influent and effluent parameters were measured to help 

maintain steady-state conditions in the unit and check for observable 

correlations with acute toxicity. These parameters were flawrate, pH, 

Total Suspended Solids (TSS) , Volatile Suspended Solids (VSS) , Fixed 

Solids (FS) , Clemical Oxygen Demand (000) , 5-day Soluble Biochemical 

Oxygen Demand (SOODs) , Total Kjeldahl Nitrogen (TRN) , annnonia, 

sulfides, and phenols. 

EXPERIMENTAL DESIGN 

A layout of the bench scale system used in this project is shown in 

Figure 1. '!he ASBF had a total enpt.y bed reactor volmne of 

0. 0127 m3 • '!he media had a specific surface area of 137 m2 ;m3 
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Figure 1. Schematic of the ASBF 



and was contained in o. 0096 m3 givirq a total media surface area in 

the mrlt of 1.32 nf. Additionally, the media oocupied 0.0003 m3 of 

the total empty bed reactor volmne l:ea.vin;J a void volume of o. 0124 m3 

and a porositY of 97. 6% in the mrlt. 

'Ihe ASBF, shown in Figure 1, was an upflow Unit. Influent from 

26.5 liter reservoir bottles entered through a feed line in the center 

of the mrlt bottom. '!he media rested on a highly perforated plastic 

false bottom underneath which four four-inch long air diffusers were 

concentrically arranged to provide mrlfonn air flow. '!he diffusers 

supplied o. 28 m3 jhr of air to the system crea.tirq a conpletely mixed 

system. In such a system the concentration of influent substrate is 

mrlfonn throughout the reactor (Grady and Lim, 1980). Aerobic 

conditions were also maintained in the mrlt by the air diffusers. 

Analyses and bioassays were made on grab sanples. Influent samples 

were taken directly from feed -bottles and effluent sanples from a 

teflon spigot at the point, where effluent drained from the unit. Soft 

plastic tubing has been suspected o~ leachirq plasticizers which cause 

problems in bioassay tests so its use was avoided. 

6 

A dilute-in study was perfonned to insure conpletely mixed 

conditions would exist in the reactor. 'lheoretically, influent 

substrate in a conpletely mixed reactor is instantaneoUsly diluted to a 

unifonn concentration throughout the unit and is equal to the effluent 

concentration (Grady and Lim, 1980) • '!he unit was filled with clear 

water and then a feed solution with a known dye concentration, (C0 ), 

was pumped into it. Air flow rate into the unit was maintained at a 

constant rate. In a conpletely mixed system, the effluent 



concentration of dye at aey tiine Cct> can be calculated from the 

equation: 

ct = Co(1 - e-Dt) 

7 

where D is the dilution factor or dilution rate and equals the flOW' (F) 

into the reactor divided by reactor volume (V), D = F/V (Grady and Lim, 

1980) • If completely mixed c::cn:li.tions exist within the reactor, the 

effluent dye concentration will gradually increase over time until it 

reaches influent concentration. Figure 2 shows predicted theoretical 

values and actual results of the tracer study. 

'!he ASBF was operated based upon total o:rqanic loading rate rather 

than hydraulic loading rate since Kincannon and Stover (1984) and 

Hamada and Abd-El-Bary ( 1987) demonstrated this to be the best 

operational parameter. Three o:rqanic loading rates were used in an 

effort to deteJ:mine system limits. '!he first nm was perfonned at an 

o:rqanic loading rate of 12.9 g CDD/nf • day with a hydraulic 

residence time- of 31. 3 hrs. '!he second nm was perfonned at an o:rqanic 

loading rate of 19.8 g CDD/~ • day with a hydraulic residence time 

of 16.5 hrs and the third nm 'at an organic loading rate of 32.0 g 

CDD~ • day with a hydraulic residence tiine of 12.4 hrs. 

'!he unit was seeded with microorganisms from an aerated lagoon at 

the same oil refinery which provided the stripped sour water. '!he 

lagoon receives a waste stream coming directly from the sour water 

stripper. Die to this and because the lagoon has been in operation for 

over twenty years, no acclimation of microo:rqanisms was needed. In 

addition, microorganisms were supplied nutrients in the fonn of 

~ro4 and I<N03 according to a SOODs:N:P ratio of 100:5:1 in 

order to enhance growth conditions (Sawyer, 1956) • 
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Soluble Biochemical Oxygen Demand (500Ds), Total SUspended Solids 

(TSS), Fixed Solids (FS), Volatile SUspended Solids (VSS), annnonia and 

Total Kjeldahl Nitrogen (Tl<N) were determined usin;J the prcx::edures 

outlined in standard Methods for the Examination of Water and 

Wastewater (1976). Chemical Oxygen Demand (CX>D), sulfides, and 

phenols weie measured usin;J techniques described in the Hach Water 

Analysis HarXIbook (1982) • A grab sample was taken each week of a nm 

and analyzed for selected cations. Soluble metal concentrations were 

detennined using Inductively Coupled Plasma Emission Spectroscopy 

(ICAP) • 

Bioassays were perfonned with CEriodaphni.a dubia and fathead 

minnows and interpreted acco:r:ding to prcx::edures outlined in ''Methods 

for Measurin;J the Acute Toxicity of Effluent to Freshwater and Marine 

Organisms" (USEPA, 1985). A set of bioassays was perfonned each week 

durin:] the two week sampling period. '!he rc50s of bioassays 

9 

perfcmned durin:] the' first week with O!riodapm:ia and fathead minnows 

are designated as C1 (CEriodaphni.a, 1st week) and M1 (minnows, 1st 

week) , respectively, in graphs. Those perfonned the seqond week are 

designated as C2 and M2. Bioassays were set up usin;J seven cups for 

O!riodapm:ia and seven bavls for fathead minnows. Each container 

represented a different dilution factor. Dilutions started with 1% 

influent and effluent and went to 100% influent and effluent. Dilution 

water used in bioassays was classified as very hard (USEPA, 1985) • 

water used for dilutions was passed through a Ihotronix RGW-5 (Reagent 

Grade water) system equivalent to the MIILI:roRE MIILI -<f system then 

rehardened with calcilDll sulfate (240 ng/1), magnesilDll sulfate 

(240 ng/1), sodilDll bicartx>nate (384 ng/1), and potassilDll chloride 



(16 ngjl) (USEPA, 1985). A blank set usin;J only dilution water was 

also run to insure no :mrtality resulted fran exposure to dilution 

water itself. 
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Ceriodaphn:ia were taken from groups cultured in very hard 

reconstituted water. Fach cup contained five or six Ceriodaphn:ia and 

each bowl five or six fathead mi.nnows. Mortality rate was monitored 

by countin;J survivin;J organisms at set, t:ime inte:l:val.s over a 24-hour 

period. A series of dilutions was used to provide -finer resolution of 

toxicity reduction occurrin;J durin;J tests. 

A log-nonnal plot of percent wastewater volume versus, percent of 

organisms survivin;J, after 24 hourS was used to calculate the rc50 . 

'!he rc50 is the lethal concentration (or in this case dilution) of 

sample that kills 50% of, the test organisms over a set t:ime interval. 

'!he 24-hour test period was selected to eliminate problems associated 

with low 00 stress over t:ime and because :mst acute toxic effects of 

oil refinery wastewater are exerted within the first 12 hours of a test 

(Matthews and Meyers, 1976). If the M:;BF was unable to reduce acute 

toxicity, then further chronic testin;J would be unnecessary. 

RESUili'S 

Average concentrations of selected cations in untreated influent 

(prior to nutrient addition) are shown in Table 1. Physical-chemical 

characteristics of untreated influent stripped sour water are 

surmnarized in Table 2. Table 2 shows that while the refinery sour 

water strippin;J unit reduces sulfides to negligible levels, other 

contaminants, such as amnonia and roo, remain well over concentrations 



Table 1. Mean concentration (ppm) of selected cations in sour 
water (prior to Inltrient addition) • 

ca. cr cu Fe K Na Se Zn 

1.0179 .0130 .0189 1.323 .0176 .1491 67.07 * .0380 

* -belOW' detection limits 

11 



Table 2. Means and ranges of values for physical-chemical 
characteristics of raw stripped sour water over 
the course of the entire experiment.* 

Parameter Mean Minimum Maximum 

pH 5.65 10.10 

CX>D 1,753 1,350 2,360 

SOOD5 1,348 633 2,040 

NH3 46.7 24.3 72.5 

SUlfides 0.047 0.000 0.148 

Phenols 240 174 327 

*Values expressed in ng/1 unless otherwise noted; pH is in su. 
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toxic to aquatic life (USEPA, 1986). '!be CXIllplex: nature of the waste 

stream makes it virtually :inposs.ible to trace reduction of any single 

CCillpOUlXi through the ASBF. Gross measurements, such as reduction in 

CDD, are basically the only useful parameters in attenpting to 

determine the treabnent ability of the ASBF in tenns of organics 

renx:wed. 

13 

A prel:i.minal:y air stripping study was run. stripped sour water was 

pumped through the unit with air diffusers operating and no biological 

grCMth on the media to detennine if stripping of volatile compounds 

would cause a reduction in toxicity. A bioassay using only 

Cerioctapmia dubia was perfonned with unit influent and effluent. 

Data from this bioassay are preselrt:ed in Table 11 of the appendix. 

Treabnent sucx:ess was assessed by detennining the change in 

influent and effluent 24 hr r.c50s. Results are presented in Figure 9 

along with results at the first loading rate. SUrprisingly, air 

stripping significantly decreased the r.c50• '!his is in opposition to 

data obtained by Burks and Wagner (1984) and Matthews and Meyers (1976) 

that i.micated Illllch of the acute toxicity in oil refinery wastewaters 

is due to volatile contaminants. '!his decrease could possibly be 

attributed to contamination in the air supply system. '!he air supply 

was subsequently filtered through an activated carbon cartridge. 

Prior to the start of each run, the ASBF was allowed to reach 

steady-state. steady-state was operationally defined as having CDD 

nm::wal efficiency vary 10% or less for a week prior to the start of 

data collection. wasting of solids was also perfonned as needed to 

maintain steady-state conditions in the unit. Data were collected for 

a two week period. Tables and figures in this paper present only data 



collected during two week sanpling periods. Data for entire runs, 

which include acclimation periods, are listed in the appendix. 

'!he first run was perfonned at an average flC7tl rate of 9.5 1/day 

giving a hydraulic retention time of 31.4 hrs and an average loading 

rate of 12.9 g roo;m2 . day. :Rlysical-chemical data for the first 

run are listed in Table 12 of the appendix. 

'!he ASBF neutralized or reduced all monitored parameters except 

ammonia. Figure 3 shows ASBF influent and effluent pH levels during 

the two week sanpling period. Influent· pH varied considerably from 

5. 65 to 10.10. Effluent pH remained around 7. 75 during the sanpling 

period. 

Figure 4 depicts dissolved oxygen levels in the reactor bottom. 

14 

Dissolved oxygen was monitored to assure anoxic conditions did not 

occur in the reactor bottom. Near the end of the sanpling period 

dissolved oxygen levels dropped below .~sw; 2 ngjl. A corresponding 

gradual decrease in roo removal efficiency occurred until the 00 level 

again rose above 2 ng/1 (Figures 4 and 5) • Also, a slight sudden 

increase in the loading rate corresponded exactly with the small sudden 

drop in roo removal efficiency at the end of the sanpling period 

(Figure 5). 

Maximum variability in roo removal efficiency was 14% for the data 

collection period. Removals of roo and s:ooo5 were 90% during the 

sanpling period while phenol~ were reduced by 98%. Sulfides were 

negligible in both influent and effluent. Armnonia was increased by 

approximately 35 ng/1 in the effluent. 

Influent and effluent solids were also monitored. Figures 6, 7, 

and 8 show trends of 'ISS, VSS, and FS respectively in influent and 
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effluent during the first sampling period. It appears from corrparisons 

of these three figures the sudden rise arrl fall in effluent VSS near 

the ern of the first sampling period was probably due to expiration and 

subsequent wash-out of bacteria caused by the earlier drop of 00 levels 

in the reactor bottom. 

A set of bioassays, using Ceriodapmia dubia and fathead minnows, 

was perfonned each week of a sampling period. Bioassays denoted C1 and 

M1 in the Figures 9, 16, and 23 were perfonned during the first week of 

a sampling period and C2 and M2 the second week. Both species were 

used to determine if samples were ItK>re toxic to one than the other. 

Physical-chemical characteristics of sour water used in the 

bioassays are shown in Table 3. Concentrations of selected cations in 

the ASBF influent and effluent (after nutrient addition) for the first 

and second weeks of this samping period are shown in Tables 4 and 5. 

Bioassays shov.red the rc50 was increased after treatment by the 

ASBF in all cases (Figure 9) . However, the increase in rc50 was 

greater for the first bioassay (C1=Ceriodapmia,Ml=minnows) than for 

the second. Also, the increase in the rc50 was greater for 

Ceriodapmia than for fathead minnows in both cases. Examination of 

Table 3 shows n0 particular correlation of toxicity with any one 

parameter although both influent and effluent roo and sooo5 were 

higher during the second set of assays. SUI.vival data for the 

bioassays are shown in Tables 13, 14, 15, and 16 of the appendix. 

'!he second evaluation of toxicity reduction was perfonned at an 

average flow rate of 18 1/day giving a hydraulic retention time of 16.5 

hrs and an average organic loading rate of 19. 8 g coo;m2 • day. 



Table 3. Influent am effluent physical-chemical characteristics 
of strii:Ped ~ wa~ used in bioassays at loading of 
12. 9 g CX>D/llf' * day. 

Parameter I-1, E-1 I-2 

; 

pH 6'.45 7.75 6.65 

COD 1,700 200 1,840 

SOOD5 633 42 1,524 

NH3 50.0 84.0 53.1 

SUlfides ? ? 0.101 

Fhenols 300.0 

I - influent, E - effluent 
1 - assay performed during week l of test run. 
~ - assay perfo:rmed during week 2 of test run. 

E-2 

7.85 

235 

107 

84.4 

0.071 

5.70 

'Values expressed in ngjl unless othel:wise noted; pH is in su. 
? - Below detection limits 
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Table 4. Concenl;:ratian (ppn) of, selected cations in ASBF 
influent and effJ.uent ~ing first week of loading 
at 12.9 g CDD/Df * day. 

Na ca. K Fe Zn cu. Cr Se 

Influent 
58.02 4.853 .7904 6.162 -~476 .1772 .0076 * * 
Effluent 
60.20 5.615 .6897 281.3 .1283 .0282 * * .2098 

* -belOW' detection limits 

23 



Table 5. Concentration (ppm) of selected cations in ASBF 
influent and ef~luent during secorrl week of loading 
at 12.9 g COD/m * day. 

Na ca. Mg K Fe Zn Cr Se 

Influent 
62.57 6.708 1.262 29.40 .1057 .6756 .2019 * * 
Effluent 
58.63 7.058 1.115 206.9 .1634 .1061 .0076 * .2157 

* -below detection limits 
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lhysical-chemical data for the secom nm are listed in Table 17 of the 

apperxlix. 

Once again the ASBF reduced all monitored parameters except 

alli[[K)Ilj_a. Influent pH varied between 6.55 am 6.90 for the nm 

(Figure 10). Effluent pH was slightly more alkaline than at the first 

organic loadin;J rate, remainin;J close to 8. oo. . Dissolved oxygen levels 

in the reactor bottom remained well above 2 ngjl (Figure 11) • 

Ioading rate am <DD removal efficiency for the second nm are 

illustrated in Figure 12. Maximum variability in <DD removal 

efficiency was 8% during the samp~ing period, although <DD removal 

efficiency declined to an average .of 82% conpared to 90% at the first 

loadin;J rate. Decline in soons removal was much less -w;ith 88% being 

removed on the average versus 90% at the first loadin;J rate. SUlfide 

levels were again negligible in influent am effluent. lhenol removal 

efficiency remained, as in the first loadin;J rate, at 98%. Annnonia 

levels were once again increased ,in the effluent. 

Influent and effluent solids levels for the second loadin;J rate are 

illustrated in Figures 13 I 14 I am 15. Total suspended solids content 

of the effluent was quite high at the beginning of the nm 

(Figure 13) • Comparison of Figures 13 am 15 shows this to be due to a 

high influent fixed solids concentration. '!he high fixed solids 

concentration of the influent was probably related to the age of water 

samples being treated. Stripped sour water was stored in 55-gallon 

teflon-lined dnnns and fixed solids concentrations tended to increase 

after a certain storage period. '!here was a transition from an old to 

a fresh batch of sour water at the beginning of the second nm hence 

the high fixed solids concentration in the influent at the start. For 
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this particular nm, CDD removal efficiency appeared to roughly 

correspond with VSS concentrations in the effluent. 

Physical-chemical characteristics of the sour water used in the 

bioassays are listed in Table 6. Table 7 lists concentrations of 

selected cations in the influent and effluent during the second nm. 

It should be noted that the influent sooo5 value in Table 6 exce€ds 

33 

the CDD and therefore is probably incorrect. SOODs were perfonned with 

bacteria from a separate batch culture maintained in the lab therefore 

some sooo5 values that are either a large percentage of or greater 

than the CDD may be unreliable since, at times, batch reactor growth 

conditions may not have been the same as growth conditions in the 

ASBF. Bioassay results are depicted in Figure 16. Smvival data from 

bioassays are given in Tables 18, 19, 20, and 21 of the appendix. 

Comparison of wastewater characteristics in Table 6 again shows no 

particular correlation with r9sults shown in Figure 16. However, the 

ASBF continued to reduce effluent toxicity (i.e. increased rc50) in 

all cases. '!he effluent rc50 for mirmows was only slightly higher 

than that of the influE¥1t in both sets of bioassays. Conversely, the 

effluent rc50 for ceriodapmia in the first bioassay (C1) was 

tripled compared to that of the influent and almost doubled for the 

second bioassay (C2) • 

'!he final test nm was perfonned at an average flowrate of 24. 0 

1/day giving a hydraulic residence time of 12. 4 hrs and an average 

organic loading rate of 32. o g ooo;m2 • day. Table 22 in the 

appendix contains physical-chemical data for the third sarrpling period. 

Treatment with the ASBF again reduced all monitored parameters 

including annnonia. Reductions were, as expected, somewhat less than 



Table 6. Influent and effluent !DYsical-chemical characteristics 
of st.ripped sour waw used in bioassays at loading of 
l9.8 g ooo;m2 * day. 

Parameter 

pH 

OOD 

NH3 

SUlfides 

Phenols 

I-1 

6.65 

1,550 

54.0 

174.0 

I - influent, E - effluent 

E-1 

8.09 

135 

72.0, 

3.0 

I-2 E-2 

6.50 8.05 

1,500 330 

1,635 206 

47.0 55.0 

0.132 0.092 

1 - assay performed during week 1 of test run. 
2 - assay performed during week 2 of test run. 
*values expressed in :rtl;J/1 unless ot.h.e:rwise noted; pH is in su. 
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Table 7. Concentration (ppm) of selected cations in ASBF 
influent and effluent at loading of 
19.8 g coo;m2 * day. 

ca. Cr cu Fe 

Influent 
.9102 .0089 .0167 .0919 

Effluent 
.8578 .0089 .0025 1.060 

* -below detection limits 

K 

73.90 

182.4 

"' '' 

.0687 

.1246 

Na Se 

28.82 .0085 

29.71 .2986 

35 

Zn 

.0549 

.0206 
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Figure 16. Effect of ASBF treatment on 24h LC50 of sour 
water at loading of 19.8 g COD/m2 * day. 
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those for the first two nms since the unit appeared to be operating 

close to its maximum organic loaciirJ} capacity. Influent pH varied 

between 9. oo and 9. 41 while effluent pH ran between 7. 60 and 8. 45 

(Figure 17). Dissolved oxygen l~s in the reactor bottom remained 

above 3.5 ngjl (Figure 18). An increase in organic loaciirJ} rate of 3 g 

roo;m2 • day between day 5 and ~y,'8 corresponded ~ith an 

appoximate 30% drop in %roD removal (Figure 19). Dlring the two 

previous sampl:i.ng periods such small loaciirJ} rate fluctuations did not 

c:orrespcni with any proportionally large drops in %roo removal. As a 

result, there was a maximum var~ of .41% in %roD removal over the 

sampling period. 

Average reductions of 49% in roo and 64% in sooo5 resulted from 

treatment with the ASBF. Again, sulfides were negligible in both 

influent and effluent while 90% removal of phenols was maintained. 

Anunonia levels were ~tantially lower in the influent and actually 

decreased by about 2 to 4 ngjl after passage through the ASBF. 

Solids data are presented in Fi~ 20, 21, and 22. Effluent TSS 
' . 

content was high at the begirming of the run due to large amounts of 

VSS in the effluent (Figures 20 and 21) • A possible explanation for 

this can be seen in a comparison of Figures 18 and 21. '!his comparison 

shows that effluent vss content follows an inverse trend seen in IX> 

levels in the reactor bottom. since IX> levels never fell below 3. 5 

ngjl during the run, this suggests a relatively higher IX> concentration 

is required in the unit to maintain healthy bacterial respiration at 

this high loaciirJ} rate and prevent wash-out. 

Physical-chemical characteristics of wastewater used in the 

bioassays are given in Table 8. concentrations of selected influent 
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Table 8 o Influent and effluent physical-chemical characteristics 
of. striwed ;pn- wat:tr used in bioassays at loading of 
. 32 o 0 g CDD/llf' * day. _ -

Parameter 

pH 

CX>D 

NH3 

SUlfides 

Phenols 

I-1 

9o30 8o30-

1,880 1,190' 

24o3 20o0 

OoO Oo•O, ' 

I - influent, E - effluent , . 

I-2 

9o30 

2,020 

25o5 

OoO 

1 -assay performed durirq week 1 of test nmo 
~ - assay performed durin;J week 2 of test nmo , 

E-2 

8o40 

1,120 

23o9 

OoO 

'Values expressed in m;Vl.unl.ess· Otherwise noted; pH _is in SUo 
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arrl effluent cations durin:] the first arrl second weeks of the sanpling 

period are shown in Tables 9 arrl 10. Results of the bioassa.ys are 

shown in Figure 23. SUrvival data for bioassays are presented in 

Tables 23, 24, 25, and 26 of the appendix. As Figure 23 shows, even 

with the system operatirg close to its max:iJnum organic loading 

capacity, the 24-hour rc50 was increased in all cases by ASBF 

treatment. For both sets of bioassays, however, the increase was 

greater for fathead minnows than for Ce:riCJdaiilnia unlike the first 

two sanplirg periods. '!he increase in ~0 was obviously also much 

greater for the first set of bioassa.ys (Cl, Ml) run during the final 

loadirg rate since the rc50 of this set was at least tripled for both 

types of test organisms. Examination of Table 8 again shows no obvious 

correspondences with toxicity changes seen in the waste stream although 

ammonia, which tends to be more toxic to fish, was slightly lower in 

the effluent used to perfonn the first set of bioassays. 

CDNCIDSIONS 

'!he main thrust of this research project was to evaluate with 

biological assays the ability of the ASBF to reduce acute toxicity of a 

process wastewater from a sour water strippirg unit. '!here appeared to 

be no observable correlation between toxicity and any monitored 

parameters. However, more extensive chemical analysis and comparisons 

would be necessary to establish statistically valid correlations. 

Undoubtedly, at lower dilutions the high ammonia concentrations must 

impart some toxicity to both the influents and effluents tested in this 

experiment. Comparison of calculated 24 hr rc50 anm10nia 



Table 9. Concentration (ppm) of selept:ed cations in ASBF 
influent am effluent ¥ing first week of 
!aiming at 32. o g cpojnf * day. 

ca. cu Fe K Na Se 

Influent 

Zn 

.6838 .0089 .0302 .7701 19.20 * 149.5 .5825 .0137 

Effluent 
.8645 * * 1.968 119.0 

* - belCM detection limits 

* 152.5 .0199 .0538 
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Table 10. Coilc:em:ration (Wm) of selected catibns in ASBF 
influent am effluent during second week of 
1~ at 32.0 g -ooo;m2 *day. · 

ca. cr· cu Fe K Na Se 

Influent 
.4297 * * .1488 120.1 * 149.6 .5347' 

Effluent 
.5671 * * .4557 114.9 * 153.3 * 

* - below detection limits 
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Figure 23. Effect of ASBF treatment on 24h LC50 of sour 
water at loading of 32.0 g COD/m2 * day. 
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concentrations in the influents and effluents tested with values found 

in the literature (Mount and Anderson-camahan, 1989) and through 

personal connmmications (stabler, 1990) for Ceriodaplmia and fathead 

mirmows shows no correspondence. However, refinery wastewaters contain 

such complex mixtures of organic and inorganic CCillpJUllds that ammonia 

may not be the prinicipal toxicant in the waste stream. Annnonia may, 

for instance, be actin;J synergistically with other toxicants in the 

wastewater stream such as non-polar organics., As noted earlier, TIE 

results indicated non-polar organics seem to be the pr.imazy cause of 

toxicity. 'Ibis would ten:i to explain why no obvious connections were 

seen between the physical-chemical data and toxicity levels. 

A satisfactory explanation for increased effluent ammonia levels 

durin;J the first and second loading rates was not found. 'Ihe ASBF 

appears, however, to be reducin;J wastewater toxicity in all cases. It 

should be~ in mind that wastewaters coming directly off a process 

unit are treated in this experiment. Process wastewaters such as those 

used in this researdl have CX>Ds and :OODs that are at least two to three 

times greater than those of m.micipal wastewater. 'Iherefore the 

absence of huge decreases in toxicity should not necessarily be taken 

as a sign of poor reactor performance. 'Ihe ASBF has potential in tenns 

of both economics and t;reatment ability due to its compact size, ease 

of operation relative to other biological systems, and demonstrated 

ability to remove waste stream to#city. 
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Cone. of 
Waste 

Table 11. Raw data for bioassay performed during air 
stripping study with Ceriodaphnia. 

No. of No. Ceriodaphnia alive 
Test 

(% by vol.) Animals 3 hrs 10 hrs 21 hrs 27 hrs 34 hrs 

Controls !NFL 5 4 4 4 4 4 
(0%) EFFL 5 5 5 5 ~ 5 

1% !NFL 5 5 5 5 5 5 
EFFL 5. 5 5 5 5 5 

3% !NFL 5 5 5 5 5 4 
EFFL 5 5 5 5 5 5 

10% !NFL 5 5 5 5 0 0 
EFFL 6 6 6 6 3 2 

30% !NFL 5 5 4 3 3 1 
EFFL 5 2 2 2 0 

100% !NFL 5 0 
EFFL 5 0 

at 

48 hrs 

4 
5 

5 
5 

4 
1 

0 

1 



DATE FLOWRATE D.O. pH 
(ml/min) (mg/l) 

!NFL 10-11-89 6.40 10.10 
EFFL 8.55 

I NFL 10-23-89 6.90 8.30 
EFFL 7.60 

I NFL 10-31-89 6.70 9.30 
EFFL 8.10 

!NFL 11-06-89 8.30 
EFFL 

!NFL 11-9-89 6.80 10.00 
EFFL 8.00 

I NFL 11-13-89 7.10 
EFFL 

I NFL 11-16-89 7.00 4.20 9.95 
EFFL 7.75 

I NFL 11-20-89 7.75 3.80 10.05 
EFFL 7.95 

Table 12. Raw physical-chemical data collected at 
loading rate of 12.9 g COD/m2 * day. 

coo %COD TSS FS vss SBOD5 
(mg/ l) REDUCED (mg/l) (mg/l > (mg/l) (mg/l) 

2140 10.2 2.5 1.5 1.0 1068 
1920 810 

1900 67.3 2.5 1.5 1.0 
620 47.0 2.0 45.0 

2100 58.1 
880 

1920 25.0 
1440 

1840 22.8 
1420 

1960 40.8 
1160 

1820 33.8 1068 
1204 

1900 66.3 6.5 3.5 3.0 
640 9.5 0.5 9.0 

NH3 TKN P04 SULFIDES PHENOLS 
(mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

25.0 250 260 
10.0 

25.0 3.5 
10.0 12.5 

0.09 

(J1 
(J1 



Table 12 (Continued) 

DATE FLOWRATE D.O. pH COD %COD TSS FS vss SBOD5 NH3 TKN P04 SULFIDES PHENOLS 
(ml/min) (mg/l) (mg/l) REDUCED (mg/l j (mg/l) (mg/l) (mg/D (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

' 

INFL 11-23-89 2020 70.6 3.0 . 3.0 0.0 
EFFL 592 18.5 3.0 15.5 

INFL 12-01-89 1780 78.6 
EFFL ·380. 

INFL 12-04-89 5.20 9.55 1980 72.7 32.0 10.5. 21~5 

EFFL 7.80 540 14.5 3.0 11.5 

INFL 12-07-89 4.80 9.50 1900 71.5 13.0 6.0 7.0 
EFFL 8.00 540 16.0 6.0 10.0 

INFL 12-12-89 7.50 9.65 1760 64.7 10.0 5.0 5.0 
EFFL 8.10 620 24.0 9.0 15.0 

INFL 12-21-89 1800 85.6 1688 38.5 30.0 0.04 
EFFL 260 

INFL 01-03-90 7.30 2.95 5. 75 1540 87.0 29.0 5.0 24.0 
EFFL . 7.60 200 29.0 4.0 25.0 

INFL 01-04-90 6.20 6.20 5.65 
EFFL 7.60 

(J"I 

"' 



Table 12 (Continued) 

DATE FLOWRATE D.O. pH COD %COD TSS FS vss SBOD5 NH3 TKN P04 SULFIDES PHENOLS 
(ml/min) (mg/l) . (mg/l) REDUCED (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

!NFL 01-05-90 5.60 4.30 6.30 2360 90;7 13.0 3.0 10.0 
EFFL 7.75 220 12.0 1.0 11.0 

INFL 01-06-90 6.85 3.20 6.40 
EFFL 7.75. 

INFL 01-07-90 6.23 2.60 6.10 1960 89.6 29.0 6.0 23.0 . 633 0.000. 
EFFL 7.85 204 44.0 2.0 42.0 ·. 42- 0.000 

INFL 01-08-90 8.00 3.65 6. 70 
EFFL 7.85 

INFL 01-09-90 7.14 2.10 6.45 1700 88.2 19.0 4.0 15.0 50.0 64.5 0.000 
EFFL 7.75 200 38.0 5.0 33.0 84.0 2.5. 0.000 

INFL 01-10-90 4.65 2.25 6.85 
EFFL 7.80 

INFL 01-11·90 7.00 2.60 6.60 2300 93.0 6.0 2.0 4.0 
EFFL 7.75 160 133.0 11.0 122.0 

INFL 01-12-90 6.40 4.60 6.65 
EFFL 7.75 

(.1'1 
........ 



Table 12 (Continued) 

DATE FLOWRATE D.O. pH COD %COD TSS FS vss SBOD5 NH3 TKN P04 SULFIDES PHENOLS 
(ml/min) (mg/l) (mg/l) REDUCED (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

!NFL 01-13-90 7.60 3.40 6.75 1780 88.5 4.0 3.0 1.0 
EFFL 7.85 205 84.0 7.0 n.o 

INFL 01-14-90 6.60 2.70 6.55 
EFFL 7.65 

INFL 01-15-90 6.00 3.25 6.35 1600 86.3 14.0 2.0 12.0 
EFFL 7.90 220 38.0 ·3.0 35.0 

INFL · 01-16-90 7.00 3.60 6.60 
EFFL 7.85 

INFL 01-17-90 7.20 2.60 6.40 1640 90.6 13.0 1.0 12.0 
EFFL 7.75 155 19.0 4.0 15.0 

INFL 01-18-90 5.30 2.00 6.70 
EFFL 7.85 

INFL 01-19-90 5.26 2.10 6.40 2000 90.8 16.0 5.0 11.0 
EFFL 7.80 185 50.0 5.0 45.0 

!NFL 01-21-90 6.35 0.80 6.45 1620 89.2 54.0 17.0 37.0 
EFFL 7.80 175 47.0 5.0 42.0 

U1 
co 



Table 12 (Continued) 

DATE FLOWRATE D.O. pH COD %COD TSS FS vss SBOD5 NH3 TKN P04 SULFIDES PHENOLS 
(ml/min) (mg/l) (mg/l) REDUCED (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

I NFL 01-22-90 6.33 2.80 6.30 
EFFL 7.65 

I NFL 01-23-90 4.40 1.50 6.65 1840 87.2 27.0 5.0 22.0 53.1 7.8 0.101 300.0 
EFFL 7.85 235 368.0 26.0 342.0 84.4 1.6 0.071 5.7 

I NFL 01-24-90 7.69 2.10 6.75 1524 
EFFL 7.80 1_06 

INFL 01-25-90 9.90 6.55 1620 79.9 33.0 6.0 27.0 
EFFL 7.70 325 137.0 11.0 126.0 

I NFL 01-26-90 7.00 2.18 6.65 
EFFL 7.70 

I NFL 01-29-90 5.40 0.55 6.35 1760 87.2 24.0 8.0 16.0 
EFFL 7.70 225 118.0 12.0 106.0 

I NFL 01-31-90 6.63 2.50 6.60 1720 85.8 11.0 1.0 10.0 
EFFL 7.80 245 54.0 4.0 50.0 

I NFL 02-02-90 7.60 2.30 6.85 1740 87.1 72.5 252.0 
EFFL 7.85 225 86.3 3.6 

(J1 
1.0 



Cone. of 
Waste 

Table 13. Raw data for first bioassay performed with fathead 
minnows at loading rate of 12.9 g COD/m2 * day. 

No. of No. fathead minnows alive at 
Test 

(% by vol.) Animals 2 hrs '4 hrs 7 hrs 10 hrs 20 hrs 24 hrs 

controls !NFL 5 5 5 5 5 5 5 
(0%) EFFL 5 5 5 5 5 5 5 

1% !NFL 5 5 5 5 5 5 5 
EFFL 5 5 5 5 5· 5 5 

3% !NFL 5 5 5 5 5 5 5 
EFFL ·5 5 5 5 4 4 4 

10% !NFL 5 5 5 3 2 2 2 
EFFL 5 5 5 5 5 5 4 

30% !NFL 5 5 3 0 
EFFL 5 5 4 0 

50% !NFL 5 0 
EFFL 5 5 0 

100% !NFL 5 0 
EFFL 5 0 

35 hrs 48 hrs 

5 5 
5 5 

5 5 
5 5 

5 5 
4 4 

2 2 
3 3 

0'\ 
0 



Cone. of 
Waste 

Table 14. Raw data for first bioassay performed with Ceriodaphnia 
at loading rate of 12.9 g COD/m2 * day. 

No. of No. Ceriodaphnia alive at 
Test 

(%by vol.) Animals 2 hrs 4 hrs 7 hrs 10 hrs 20 hrs 24 hrs 35 hrs 48 hrs 

Controls !NFL 5 5 5 5 5 5 5 5 5 
(0%) EFFL 5 5 5 5 5 5 5 5 5 

1% !NFL 5 5 5 5 5 5 5 3 2 
EFFL 5 5 5 5 5 5 5 5 5 

3% !NFL 5 5 5 5 5 0 
EFFL 5 5 5 5 5 5 ~ 5 5 

10% !NFL 5 5 5 5 2 0 
EFFL 5 5 5 5 5 5 5 5 5 

30% !NFL 5 3 0 
EFFL 5 5 5 5 3 0 

50% !NFL 5 0 
EFFL 5 5 2 2 0 

100% !NFL 5 0 
EFFL 5 0 

0'1 ...... 



Cone. of 
Waste 

Table 15. Raw data for second bioassay performed with fathead 
minnows at loading rate of 12.9 g COD/m2 * day. 

No. of No. fathead minnows alive at 
Test 

(%by val.) Animals 1 hrs 2 hrs 4 hrs 8 hrs 20 hrs 24 hrs 

Controls !NFL 5 5 5 5 5 5 5 
(0%) EFFL 5 5 5 5 5 5 5 

1% !NFL 5 5 5 5 -5 5 5 
EFFL 5 5 5 4 4 4 4 

3% !NFL 5 5 4 4 4 4 3 
EFFL 5 5 4 4 4 4 4 

10% !NFL 5 5 5 4 1 1 1 
EFFL 5 5 5 5 2 1 0 

30% !NFL 5 5 0 --
EFFL 5 5 1 0 

50% !NFL 5 1 0 
EFFL 5 0 

100% !NFL 5 0 
EFFL 5 0 

48 hrs 

5 
5 

4 
4 

2 
4 

0 

m 
N 



Table 16. Raw data for second bioassay performed with Ceriodaphnia 
at loading rate of 12.9 g COD/m2 * day. 

Cone. of No. of No. Ceriodaphnia alive at 
Waste Test 

(% by vol.) Animals 1 hrs 2 hrs 4 hrs 8 hrs 20 hrs 24 hrs 

Controls INFL 5 5 5 5 5 5 5 
(0%) EFFL 5 5 5 5 5 5 5 

1% ··INFL 5 5 5 5 5 5 5 
EFFL 5 5 5 5 5 5 5 

3% INFL 5 5 5 5 5 5 5 
EFFL 5 5 5 5 5 5 5 

10% INFL 5 5 5 5 5 2 2 
EFFL 4 4 4 4 4 2 2 

30% INFL 5 3 2 0 
EFFL 4 3 2 1 1 0 

50% INFL 
EFFL 

100% INFL 
EFFL 

48 hrs 

5 
5 

3 
4 

3 
5 

0 
0 

O"t 
w 



DATE FLOWRATE D.O. pH 
<ml/min) (mg/l) 

I NFL 02-13-90 13.40 8.85 
EFFL 7.90 

INFL 02-14-90 12.70 8.95 
EFFL 7.80 

INFL 02-16-90 15.10 3.10 8.95 
EFFL 7.80 

!NFL 02-18-90 13.00 1.10 8.55 
EFFL 8.00 

!NFL 02-20-90 11.80 0.40 9.07 
EFFL 8.00 

INFL 02-26-90 11.20 0.25 8.50 
EFFL 8.05 

INFL 03-01-90 12.00 2.20 9.60 
EFFL 8.50 

INFL 03-05-90 12.80 2.60 9.59 
EFFL 8.50 

Table 17. Raw physical-chemical data collected at 
loading rate of 19.8 g COD/m2 * day. 

COD %COO TSS FS vss SBOD5 
(mg/l) REDUCED (mg/l) (mg/l) (mg/l) (mg/ l) 

2440 65.4 
845 

2500 53.6 2535 
1160 

2400 64.6 
850 

2150 53.5 
1000 

2750 55.6 
1220 

2350 62.6 
880 

2700 44.8 
1490 

2750 44.7 
1520 

NH3 TKN P04 SULFIDES PHENOLS 
(mg/l) (mg/l) (mg/l) (mg/l) (mg/ l) 

9.5 0.095 

"' ~ 



Table 17 (Continued) 

DATE FLO\JRATE D.O. pH coo %COD TSS FS vss SB005 NH3 TKN P04 SULFIDES PHENOLS 
(mltmin) (mg/l) (mg/l) REDUCED (mg/l) (mg/l) (mg/l) (mg/l) • (mg/l) (mg/l) .(mg/l) (mg/l) (mg/l) 

!NFL 03-07-90 2500 44.0 
EFFL 1400 

INFL 03-12-90 2500 50.4 
EFFL 1240 

INFL 03-16-90 2400 56.7 
EFFL 1040 

!NFL 03-18-90. 2700 64.4 
EFFL 960 

!NFL 03-21-90 2700 70.3 1235 
EFFL 800 

INFL 03-28-90 1600 80.6 47.3 5.3 0.020 
EFFL 310 

INFL 03-30-90 1350 80.7 
EFFL 260 

!NFL 04-01-90 1650 85.5 
EFFL 240 

0"1 
(.J1 



Table 17 (Continued) 

DATE FLOWRATE D.O. pH COD %COD TSS FS vss SBOD5 NH3 TKN P04 SULFIDES PHENOLS 
(ml/min) (mg/l) (mg/l) REDUCED (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

!NFL 04·02·90 11.10 4.80 6.65 1550 82.6 421.0 419.0 2.0 54.6 1.5 
EFFL 8.09 135 537.0 424.0 113.0 71.6 0.3 

!NFL 04-04-90 13.20 4.65 6.90 1450 81.4 4.0 3.0 1.0 174.0 
EFFL 7.85 270 130.0 20.0 110.0 3.0 

!NFL 04-06-90 11.30 5.40 6.70 1350 84.4 2.0 1.0 1.0 
EFFL 8.00 210 200.0 30.0 170.0 

!NFL 04-08-90 14.50 5.00 6.55 1490 79.6 15.0 4.0 11.0 1170 0.148 
EFFL 8.05 304 160.0 20.0 140.0 127, 0.050 

!NFL 04-10-90 11.00 6.20 6.50 1500 78.0 3.0 2.0 1.0 47.0 0.3 0.132 216.0 
EFFL 8.05 330 100.0 20.0 80.0 54.6 0.1 0.092 0.6 

!NFL 04-12-90 13.90 5. 75 6.60 1490 77.0 20.0 4.0 16.0 1635 
EFFL 8.00 330 70.0 20.0 50.0 206 



Table 18. Raw data for first bioassay performed with fathead 
minnows at leading of 19.8 g COD/m2 * day. 

Cone. of No. of No. fathead minnows alive 
Waste Test 

(%by vol.) Animals 1 hrs 2 hrs 4 hrs 8 hrs 24 hrs 48 

Controls INFL 5 5 5 5 5 5 
(0%) EFFL 5 5 5 5 5 5 

1% INFL 5 5 5 5 5 5 
EFFL 5 5 5 5 5 5 

3% INFL 5 5 5 5 5 5 
EFFL 5 5 5 5 5 5 

10% INFL 5 5 5 5 3 3 
EFFL 5 5 5 5 5 5 

30% INFL 5 5 5 0 
EFFL 5 5 4 3 3 0 

50% INFL 5 5 0 
EFFL 5 5 4 1 0 

100% INFL 5 0 
EFFL 5 0 

at 

hrs 

5 
5 

4 
5 

5 
5 

2 
5 

0'1 
'-I 



Table 19. Raw data for first bioassay performed with Ceriodaphnia 
at loading rate of 19.8 g COD/m2 * day. 

Cone. of No. of No. Ceriodaphnia alive at 
Waste Test 

(% by vel.) Animals 1 hrs 2 hrs 4 hrs 8 hrs 24 hrs 48 

Controls INFL 5 5 5 5 5 5 5 
(0%) EFFL 5 5 5 5 5 5 5 

1% INFL 5 5 5 5 5 5 5 
EFFL 5 5 5 5 5 5 5 

3% INFL 5 5 5 5 5 5 3 
EFFL 5 5 5 5 5 5 5 

10% INFL 5 5 5 5 5 2 1 
EFFL 5 5 5 5 5 5 5 

30% INFL 5 5 3 2 0 
EFFL 5 5 5 5 5 3 2 

50% INFL 6 0 
EFFL 6 3 3 3 2 0 

100% INFL 6 0 
EFFL 5 0 

hrs 

0'\ 
co 



Table 20. Raw data for second bioassay performed with fathead 
minnows at loading rate of 19.8 g COD/m2 * day. 

Cone. of No. of No. fathead-minnows alive 
Waste Test 

(% by v:ol.) Animals 1 hrs 2 hrs 4 hrs 8 hrs 24 hrs 48 

Controls !NFL 5 5 5 5 5 5 
(0%) EFFL 5 s: 5 5 5 5 

1% !NFL 5 5 5 5 5 5 
EFFL 5 5 5 5 5 5 

3% !NFL 5 5 5 5 5 5 
EFFL 5 5 5 5 5 5 

10% !NFL 5 5 5 5 5 4 
EFFL 5 5 5 5 5 5 

30% !NFL 5 5 5 5 0 
EFFL 5 5 5 5 5 0 

50% !NFL 5 5 5 2 0 
EFFL 5 4 4 3 0 

100% !NFL 5 2 1 0 
EFFL 5 0 

at 

hrs 

5 
5 

5 
5 

5 
5 

3 
5 

0'1 
1.0 



Table 21. Raw data for second bioassay performed with Ceriodaphnia 
at loading rate of 19.8 g COD/m2 * day. 

Cone. of No. of No. Ceriodaphnia alive at 
Waste Test 

(% by vol.) Animals 1 hrs 2 hrs 4 hrs 8 hrs 24 hrs 48 

Controls !NFL 5 5 5 5 5 5 5 
(0%) EFFL 5 5 5 5 5 5 4 

1% !NFL 5 5 "5 5 5 5 5 

hrs 

EFFL 5 5 5 5 5 5 5" 

3% !NFL 5 5 5 5 5 3 1 
EFFL 5 5 5 5 5 5 5 

10% !NFL 6 6 6 6 4 4 0 
EFFL 5 5 5 5 5 5 5 

30% !NFL 5 5 5 4 2 0 
EFFL 5 5 5 5 5 2 1 

50% !NFL 5 0 
EFFL 5 5 5 4 2 2 

100% !NFL 5 0 
EFFL 5 0 

"-J 
0 



DATE FLOWRATE D.O. pH 

(ml/min) (mg/l) 

I NFL 05-01-90 14.20 
EFFL 

I NFL 05-03·90 16.80 
EFFL 

I NFL 05-06-90 17.50 
EFFL 

I NFL 05-08-90 18.10 
EFFL 

I NFL 05-15·90 16.30 7.15 
EFFL 7.80 

I NFL 05-19-90 .16.00 
EFFL 

I NFL 05-22-90 16.80 3.81 6.85 
EFFL 7.99 

I NFL 05-24-90 
EFFL 

Table 22. Raw physical-chemical data collected at 
loading rate of 32.0 g COD/m2 * day. 

COD %COD TSS FS vss SBOD5 
(mg/l) REDUCED (mg/l) (mg/l) (mg/l) (mg/l) 

1660 4.8 1566 
1580 

1620 55.6 
720 

1600 6'4.7 
602 

1760 64.7 
620 

1700 52.9 
800 

1560 55.1 
700 

1620 41.3 41.0 13.0 28.0 
950 53.0 6.0 47.0 

1740 50.0 
860 

NH3 TKN P04 SULFIDES PHENOLS 
(mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

52.5 
45.0 



Table 22 (Continued) 

DATE FLOWRATE D.O. pH COD r.coo TSS FS VSS SBOD5 NH3 TKN P04 SULFIDES . PHENOLS 
(ml/min) (mg/l) (mg/l) REDUCED (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

INFL 05-27-90 1760 40.9 960 22.0 .. 6.3 
EFFL 1040 

INFL 05-28-90 1760. 42.1 
EFFL 1020 

INFL 05-30-90 1620 . 39.5 
EFFL 980 

INFL 06-01-90 1800 55.0 0.114 
EFFL 810 

INFL 06-03-90 1760 53.9 
EFFL 810 

INFL 06-05-90 1620 58.0 
EFFL 680 

INFL 06-06-90 17.40 4.80 9.41 1720 62.2 23.0 7.0 16.0 183.0 
EFFL .8.05 650 52.0 8.0 44.0 0.9 

INFL 06-08-90 17.40 3.80 9.00 1780 55.2 27.0 9.0 18.0 0.000 
EFFL 7.99 798 127.0 11.0 116.0 0.023 



Table 22 (Continued) 

DATE FLOWRATE D.O. pH coo r.coo TSS FS vss SBOD5 NH3 TKN P04 SULFIDES PHENOLS 
(ml/min) (mg/l) (mg/l) REDUCED (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) Cmg/L> (mg/l) (mg/l) (mg/l) 

!NFL 06-11-90 17.90 3.60 9.30 1800 51.1 38.0 14.0 24.0 
EFFL 7.60 880 232.0 34.0 198.0 

!NFL 06-13-90 18.60 4.80 9.30 1880 16.0 8.0 8.0 24.0 6.6 0.000 
EFFL 8.30 1190 36.7 98.0 10.0 88.0 20.0 24.8 0.000 

!NFL 06-15-90 17.20 '6.20 9.20 1780 43.9 10.0 8.0 2.0 
EFFL 8.45 998 50.0 4.0 46.0 

!NFL 06-17-90 15.70 5.60 9.10 1596 49.3 20.0 6.0 14.0 
EFFL 8.20 810 48.0 6.0 42.0 

!NFL 06-19-90 15.00 5.80 9.15 1940 48.9 46.0 10.0 36.0 1086 0.000 
EFFL 8.25 990 50.0 12.0 38.0 542 0.000 

!NFL 06-21-90 15.40 6.60 9.30 2020 44.5 14.0 10.0 4.0 25.5 6.2 0.000 
EFFL 8.40 1120 56.0 8.0 48.0 23.9 4.3 0.000 

!NFL 06-23-90 15.90 6.20 9.29 1920 57.2 16.0 12.0 4.0 2040 327.0 
EFFL 8.30 820 36.0 6.0 30.0 413 63.0 



Cone. of 
Waste 

Table 23. Raw data for first bioassay performed with fathead 
minnows at loading rate of 32.0 g COD/m2 * day. 

No. of No. fathead minnows alive 
Test 

(% by vol.) Animals 1 hrs 2 hrs 4 hrs 8 hrs 12 hrs 24 

Controls !NFL 6 6 6 6 6 6 6 
(0%) EFFL 6 .6 6 6 6 6 6 

1% !NFL 6 6 6 6 6 6 6 
EFFL 6 6 6 6 6 6 6 

3% !NFL 6 6 6 6 6 6 6 
EFFL 6 6 6 6 6 6 6 

10% !NFL 6 6 6 1 1 0 
EFFL 6 6 6 6 6 6 6 

30% !NFL 6 6 2 0 
EFFL 6 6 6 3 0 

50% !NFL 6 4 0 
EFFL 6 6 2 0 

100% !NFL 6 0 
EFFL 6 2 0 

at 

hrs 48 hrs 

6 
6 

6 
6 

6 
6 

6 

-.....! 
+:=. 



cone. 

Table 24. Raw data for first bioassay performed with Ceriodaphnia 
at loading rate of 32.0 g COD/m2 * day. 

of . No. of No • Ceriodaphnia alive at 
Waste Test 

(% by vol.) Animals 1 hrs 2 hrs 4 hrs 8 hrs 12 hrs 24 hrs 48 hrs 

Controls !NFL 6 .6 6 6 6 6 6 6 
(0%) EFFL 6 6 6 6 6 6 6 6 

1% !NFL 5 5 5 5 5 5 5 4 
EFFL 6 6 6 6 6. 6 

. 
6 6 

3% !NFL 7 7 7 7 7 7 4 0 
EFFL 5 5 5 5 5 s, 5 3 

10% !NFL 6 6 6 6 6 6 1 0 
EFFL 6 6 6 6 6 6 6 5 

30% !NFL 5 5 5 3 3 3 3 2 
EFFL 6 6 5 5 5 5 4 0 

50% !NFL 7 5 2 1 0 
EFFL 6 1 1 1 0 

100% !NFL 7 0 
EFFL 6 0 

....., 
U1 



Table 25. Raw data for second bioassay performed with fathead 
minnows at loading rate of 32.0 g COD/m2 * day. 

cone. of No. of No. fathead minnows alive 
Waste Test 

(% by vol.) Animals 1 hrs 2 hrs 4 hrs 8 hrs 12 hrs 24 

Controls INFL 6 6 6 6 6 6 
(0%) EFFL 6 6 6 6 6 6 

1% INFL 6 6 6 6 6 6 
EFFL 6 6 6 6 6 6 

3% INFL 6 6 6 6 6 6 
EFFL 6 6 6 6 6 6 

10% INFL 6 6 6 6 3 1 
EFFL 6 6 6 6 5 5 

30% INFL 6 6 0 
EFFL 6 6 2 0 

50% INFL 6 1 0 
EFFL 6 5 0 

100% INFL 6 0 
EFFL 6 0 --

at 

hrs 48 hrs 

6 6 
6 6 

6 6 
6 6 

5 5 
6 6 

0 
3 2 

'-I 
0'1 



Cone. 

Table 26. Raw data for second bioassay performed with Ceriodaphnia 
at loading rate of 32.0 g COD/m2 * day. 

of No. of No. ceriodaphnia alive at 
Waste Test 

(%by vol.) Animals 1 hrs 2 hrs 4 hrs 8 hrs 12 hrs 24 hrs 48 hrs 

Controls !NFL 6 6 6 6 6 6 6 6 
(0%) EFFL 6 6 6 6 6 6 6 6 

1% !NFL 6 6 6 6 6 6 '6 4 
EFFL 6 6 6 6 6 6 6 6 

3% !NFL 6 6 6 6 6 6 5 0 
EFFL 6 6 6 6 6 5 3 3 

10% !NFL 6 6 6 6 6 6 1 0 
EFFL 6 6 6 6 6 6 5 5 

30% !NFL 6 6 6 6 6 6 0 
EFFL 6 6 5 5 5 5 5 1 

50% !NFL 6 3 0 
EFFL 5 5 0 

100% !NFL 6 0 
EFFL 6 0 

-....,J 
-....,J 



Table 27. Concentrations (ppn) of selected cations in sour water 
(prior to nutrient , addition) over the entire course of 
the experiment. 

ca. Cr cu Fe K Na Se Zn 

.5773 .0130 .0101 .2630 .0176 .0687 28.93 * .0549 

.7233 * .0276 .2558 * .0861 88.30 * * 
1.753 * * .8045 * .2924 83.99 * .0211 

* -below detection limits 
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