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Abstract

Inter- and intra-test variability in freshwater and marine acute
and marine chronic WET test results were assessed in six species
in a municipal wastewater effluent. The test species included
the fathead minnow (Pimaphales promelas) and water flea
(Ceriodaphnia dubia) freshwater acute tests, the East Coast mysid
shrimp (Americamysis bahia) and inland silverside minnow
(Menidia beryllina) marine acute tests, and the red abalone

Conclusions & Discussion

® This information came out of monitoring data and was not
designed as a cause-etfect research project, so no firm
conclusions can be drawn from this study, though some
relationships were suggested from the data.

Water Flea

(Ceriodaphnia dubia) Purple Sea Urchin

(Strongylocentrotus purpuratus)

Methods

® The species and protocols used are listed in Table 1.
All tests were conducted on split effluent samples

e Thirteen individual tests
conducted over a two-
month period showed
low variability (cv = 16%).

* Toxicity was consistently low in all tests conducted

e Testing was conducted using 24-hour flow-weighted with no variability measured.

® The results of this study demonstrate the concern in using
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composite final effluent samples.

o for data COmparabﬂity Table 12 Summary of Purple Sea Urchin (Strongylocentrotus purpuratus) Toxicity WET test reSUltS Wlth numerical hmlts fOI‘ permit Compliance-
1 - 1 1k 1 . . . : Results: . .
(Haliotis rufescens) larval development and purple sea urchin * Split-sample tests showed low variability in e Effluent disinfection occurs at several points A. Pre-disinfection samples, April-July, 2002, Depending on the test, the final result (TUa or TUc) can be
*13: . . . . ® 1 1 1 1 B. Post-disinfection samples, August-November 2002. . . . . v
(Strongylocentrotus purpuratus) fertilization marine chronic WET both samples. throughout the plant and at various stages of Freshwater acute tests conducted without dilution credit. _ % Fert. = Percent fertilization. extremely variable. Further, within-sample variability can be
tests. Inter—testlVarlaﬁlhtydm]foas meaSLXed.lm tf:lsjlt\sl Cond%Ctego(())g * Test endpoint (TUa) was consistent among treatment. Bleach is added at a rate depending on the Permit limit = 1.5 TUa. barameter N Mean Standard E— Coefflclent zero or as high as 116%. The exact cause of this tremendous
separate samples collected between April an ovember : : P h : : : : e : . . 6-55. T2 i - - '
P P P all tests showing moderate toxicity, which is volume/flow of the waste stream and is de-chlorinated e Marine acute tests conducted with dilution credit of R TEIAEET - = T YRR : variability within a single split-sample is not known.
.« o . . . . . . 5 5 5 3 5 . . . IC25 % Fert. 13 1.74 0.21 1.03-1.80 12
Disinfection of the effluent with chlorination-dechlorination eXP.e(;FI{CE t? dem()ll:strate the greatest using sodium bisulfite prior to ocean release. 10% that of the allowable chronic value (per California pHMean T 1 7.9 0.1 7.70:6.10 ; ® The variability in effluent ammonia and hardness was low
was initiated on August 1, 2002. The variability in the pre- and WERT DI AN JHER Bl . . . Ocean Plan). Permit limit = 5.7 TUa. Ref. Tox. LC50 13 63.5 20.9 28.0-83.0 33 : _dic : o
- - p p p — - — - . . . . . Standard Coefficient g °1: 0 g o _ o
pos.t b.lls.f(n ecuo:; iamp es;vbe e ane:i yzte. separatet y;( nttra testl. t R and hardness were conducted. e Marine acute conducted with 180:1 dilution credit _ Parameter " Mean Deagr;gg;n Range. ofjag'i‘;'ﬁg‘n variability in effluent metals was greater in disinfected
variability was determine conducting separate tests on spli ’ — - : g 1 - - 99, - -
y I DY 5 Separate te P p— N Ve | Smnderd [ o T Cosficent (per NPDES permit). Permit limit = 1.8 TUc. Coniol % Ferl 2 095 0.02 090100 5 effluent (13% vs. 37%), while organic compounds had greater
samples (two pre-disinfection samples only). Variability was - 127 020 | omi@ | 1o oH Mioar 5 7 56 008 7'80-8.00 : variability in the effluent prior to disinfection (30% vs.20%).
° o . . t ' . : . . DO M 14 0.22 6.80-7.40 3
measured as the coefficient of variation (CV) among, test results. pHn erganurvwa 13 kg o 17 8 00.GEE > Table 1.  Effluent Chemistry Analytes and Analysis Methods. Table 2. Whole Effluent Toxicity Test Species, Methods, and Permit Limits. Ref. Ti?(r_]Lc5o g 27,8 15.4 49_0-24,0 23 o h . Ii d . B
The degree of variability depended on the species and effluent DO Mean (mgl) |13 o64 B L 0 Effluent Constituent Method Species Test Type Method Permit Limit Changes in water quality parameters (pH and DO) in the test
Ref. Tox. LC50 13 17.31 15.8 12.0-39.0 91 Hard USEPA Method 130.2 i - i .
2. L . e 2 . Fathead Minnow 96-hour Survival | Freshwater | ep 0 644 85013 1.5TUa - — vessels over the test period also appear to have an effect on
type (dlSlanCted or nOn-dISIerCted). In dlSlnfeCted efﬂuent, 4, plit-samp _ Ammonia USEPA Method 350.1 (Pimephales promelas) Acute Table 13. Summary of Purple Sea Urchin (Stongylocentrotus purpuratus) Toxicity
L - 1 Parareter | N Mean | poiion | R | ofvariation Moroury st Method 249, Water Flea 48-hour Survival and | Freshwater N test results, either by acting directly on the test animal or by
toxicity magnitude and variability was reduced by — ; — o —— - Metals USEPA Method 200.8 Reproduction (Ceriodaphnia dubia) Acute EPA/600/4-90/027F 1.5.TUa 2o SRIFSEMELO UOEE, N0 ¢y A, /
. . . . Contol Survival 2 100 0.00 100100 0 Organochlorine Pesticides USEPA Method 608 Inland Silverside Minnow 96-hour o Ferr; 't=- PaeTcpe r?t fifttiTi,zatli?)?l ’ ' dI’iVil’lg Changes 1n efﬂuent Chemistry that inﬂuence tOXlClty
approximately 50% for all species, except C. dubia for which - - s Volatile Organic Compounds USEPA Method 624 . Je nno Marine Acute | EPA/600/4-90/027F | 5.7 TUa e ~or ' . . . .
pH Mean 4 8.19 0.03 8.15-8.20 13 , Survival (Men/dla be/y/l/na) A. June 4, 2002
variability almost doubled while magnitude decreased slightl DOMean (mgl) |__4 753 02| 735760 2 pasemetiial and Aoid Lompounds | SE 24 Motnod b25 East Coast Mysid Shrimp 48-h Standard Coefficient The classic example is the interaction between effluent pH
y 5 Sy B. June 18, 2002 — Split-sample Organophosphate Pesticides USEPA SW-846 Method 8141 ast Loast VysId Shrimp #S-nour _ Parameter N Mean Deviation Range of Variation : : . . : : :
Intra-test variability ranged from 0% (H. rufescens and ’ Standard Coefficient Gross Alpha and Beta Compounds | APHA Standard Methods 7110/USEPA Method 900 survival and Reproduction Mrine Acute | EPAB00-90/027F 1 5.7 TUa TUC 7 5.6 0.00 55.6-55.6 0 drift and ammonia toxicity, but in this study it was suggested
y 8 2 ‘ Parameter N Mean ot Range o g (Americamysis bahia) 5 ; : 1 . ciq1 .
S. pMTpuTatMS) - 116% (1). pTOmeldS) amOng tGSt SpGCleS. Intra-tQSt TUa : 3 1.33 0.16 1.18-1.49 12 1 4-Dioxane .USEPA SW-846 Method 8270 (Modified for low-level testing Red Abalone 48—hOUF Marln_e EPA/600/R-95-136 18 TUc IC25 % Fert. 4 1.80 0.00 1.80-1.80 0 g . p . p
. . . . Control Survival 3 1.00 0.00 1.00-1.00 0 ’ in wastewater) DevelOpment (Ha/IOtIS rUfescenS) Chronic pH Mean 4 7.93 0.05 7.90-8.00 1 affected Chemlstry Wthh may affect WET test results
Varlablhty was greatest in P promelas ranging from B‘E‘)'\@Z” — g 2‘712 (1);8 2:1”222 214 N-Nitrosodimethylamine California DHS Low-level Analysis for NDMA Procedural Purple Sea Urchin Fertilization Marine EPABOO/R-95.136 18TUc DO Mean (mg/L) 4 7.15 0.13 7.00-7.30 2 Further. it al ’ h b i e h
. . n . . : : - SPNT St / trot { Chroni I . B. June 18, 2002
3% - 116% in the two samples tested and least in S. purpuratus, Suidelines (Strongylocentrotus purpuratus) e S ramotar N —— Standard —— Coefficient lélrt &, i a150 eflfpears t ; féllt the }115111 .ectlon }g‘oce§ > S
. . . .« . . Deviation of Variation
which was 0% in both samples. Correlation analysis indicated TUG 3 55.6 0.00 55.6-55.6 0 d ampﬁm.ng E ect qn € huen’F chemistry and toxicity,
. o . e : 74t T ¥ Control % Fert. 3 1.00 0.01 0.99-1.00 1
that test animal condition (as measured by reference IC25 % Fert 3 1.80 0.00 1.80-1.80 0 especially in the marine chronic tests.
. . . . o pH Mean 3 8.00 0.00 8.00-8.00 0 . . . .
toxicant test results) and differences in water quality I ntrod U ct ion DO Mean (mg/L) 3 6.43 0.15 6.30-6.60 2 ® The chemistry and toxicity tests were conducted on split-

parameters (pH and dissolved oxygen) can contribute
to variability in WET test results.

samples to insure comparability of the data, yet correlations
of water quality parameters to effluent chemistry yielded
different results for each toxicity test demonstrating that
the individual test protocols have an effect on the effluent
sample. These differences are due to test factors such as
aeration vs. no aeration, test temperature, and duration of
the test among the different test types and animals.

Variability in (WET) tests has been the focus of attention by both
regulators and the regulated community, including resulting in
litigation (i.e., Edison Electric Institute et al. v. US EPA).

The primary focus has been on freshwater WET tests, mainly
those using the fathead minnow (Pimaphales promelas) using
single reference toxicants.

The Orange County Sanitation District (OCSD) is a publicly
owned treatment works (POTW) that serves 2.5 million people

Mysid Shrimp
(Mysidoplis bahia)

* Considerable variability was found in pre-disinfection
samples (cv = 79%), though the toxicity level was
very low (0.52 TUa).

Inland Silverside &%

(Menidia beryllina) - L 0 B

Results

* Toxicity in pre-disinfected effluent (4.50 TUa) was
about twice that of disinfected effluent (2.29 TUa).

* Moderate variability (cv = 49%) seen in pre-
disinfection tests, while disinfected effluent .
variability was reduced by about half (cv = 24%).

Effluent Chemistry

e Rent chemistry analyses are presented in Tables 3 (Pre-disinfection samples) and 4 (disinfected samples).
Disinfected effluent showed about three-times the

toxicity (1.44 TUa; still very low), but only half the

Fathead Minnow | S gl -

e Differences in chemistry concentrations between pre-disinfection and post-disinfection effluent samples were tested

(Pimephales promelas) , o _ variability (cv = 36%) with a two-sample t-test. Only three of 15 analytes tested showed ditferences. Pre-disinfection concentrations of antimony
Table 7. S f Inland Silverside Minnow ( Menidia beryllina) Toxicity Results: y : : . . : :
Thi . ividual Jucted n central fa ;ﬁ%noorl’;hwestl?range gounty,c(liahfforma, t}”eatinlg anl o ugmgag-%sirr}f%r;tior::?lﬁ:oi;s, K‘é‘fﬁﬁmf’éﬁééb:zry T T R (Sb) (P = 0.01) and chromium (Cr) (P = 0.01) were greater than disinfected samples, while concentrations of Method
° averagee O million €allon ver da m O a roxamate ___©. Jisintecled samp’es, AUgUSt-Novemnber - Table 9. Summary of East Coast Mysid Shrimp (Americamysis bahia) Toxicity Results: . - o
Le e ek . ual tests con uc.te OVeT a 5 , , 5 , P _ y (mgd) PP y A. Pre-disinfection _ A. Pre-disinfection samples, April-July, 2002, 608 compounds were greater in the disinfected etfluent (P<0.001). Red Abal
two-month period showed considerable 80% residential and 20% industrial wastewater. All wastewater Parameter N Mean Standard Range | Cocfficient B. Post-disinfection samples, August-November 2002. e alone
.1 eqe .. : : : : - A. o . : : : : : ..
variability (cv = 70%) and moderate toxicity received advanced chemical primary treatment, while 50% also 181 % 223 22359 2 ororetor N - Standard Range | Coefficient It appears that the disintection process has little ettect on effluent chemistry, with but a few exceptions. (Haliotis rufescens)
- : - pH Mean 13 7.95 0.14 7.70-817 2 Deviation of Variation c 1 e1es
(0.72 TUa). received full secondary treatment by either waste activated DO Mean (mg/l) |12 6.45 034 5.73:6.83 5 Ta 12 052 041 0.00-1.00 & e The significance of the effects, if any, seen in this study are not known at this time. * There was low variability in
. . . . er. 1ox. . .0- ontrol surviva . . JU-1. o o .
. o sludge or tricking filter technology. The blended (50:50 primary B. Disinfected oH Mean 12 7.93 017 7.63-8.20 2 pre=disinfection samples (cv = 25%),
* Split-sample tests showed great variability in q q final offl o disch d oarametor Ny Vean Standard Range | Coefficient DO Mean (mg/L) | 12 6.52 0.40 5.90-7.10 6 _ — _ _ —_ : s :
_ ; to secon ary treate WaStewater) 1nal ettluent 1s disc arge Deviation of Variation Ref. Tox. LC50 12 293 9.29 10.0-43.0 32 Table 3. Summary of Effluent Chemistry Results: Pre-disinfection samples, April- Table 4. Summary of Effluent Chem|§try Results: Post-disinfection samples, August- Wthh was I‘educed to zero by dlSlnfectl()n.
one Sample (CV — 116%) Wlth mOderately-IOW ol th P f O . 4.5 1 1 . 1 I TUa . 7 2.29 0.54 1.91-3.18 24 B. JOU|y, 2_002_- AnI‘Lm OCnla fa]:.nql HtardaneSS_ \;_‘alues = T%Ikg. Etffluent Metals and November,_20(12. Ammonia and Hardness values = mg/kg. Effluent Metals
toxicity (0.50 TUa), while the other sample 1(1;(?5[)'6 Na Ctl. - ICIf aﬁl Z.la aD.. Tll N or];% oc.zea? plpSe 1rj:e. & RV — 7o 020 | 780807 : Parameter N Mean | Standard [ p,ge | Coefficient e R e e tandard | ” v et oA S Standard | oo CV * Toxicity was low to moderate in pre-
S INAl10Onal rouuuaon piscnarge ciliiminataon stem DO Mean (mg/L) 6 6.91 0.30 6.40-7.23 4 Deviation Deviati . . . .
showed very low variability 5 Y Ref. Tox. LCK0 7 144 477 9.0-225 33 U . : s Dac (00 L 2 Amm onia 4 28.7 0.63 28.0-30.0 2 Ammonia 7 277 “0.49 | 27.0280 2 disinfectiaon smples and consistently low
) o (NPDES) discharge permit is a requirement tO Conduct acute and Control Survival 4 0.99 0.03 0.95-1.00 3 Har_dness 4 355 12.4 340-380 4 Hardness 4 373 38 6 350-430 10 . o
(cv = 3%), but twice the toxicity (1.02 TUa). hronic whole effl icity (WET) tests for th f - R T S B 11— T : o e = e | £ -0 D 5 o.fs | 0re15 | e in disinfected samples.
chronic whole eftluent toxicity (WET) tests for the purpose o * Split-sample tests showed moderate to Ref Ti?(nlfggo ) 4 18.0 1.16 17.0-19.0 6 Beryllium (Be) 3 0.07 0 0.07-0.07 0 LrSenie (A(SB) ; > 127 . 110220 >
- - ici - Pre- s 3 . . - . 1 +1e : ——— : : —— i - eryflium {be : : : Table 11. S f Red Abalone (Haliotis ruf Toxicity Results:
T o oo L (el promele) Txity Resuls Pr determining permit compliance. In August 2002, OCSD began considerable variability in both tests Cadmium (Co) 2 g2t 11 e || T : o T 1 . ) S e oy M
— S - - 2 - ; romium ) i .19-3. . Post-disinfection samples, August-November .
Parameter N Mean g;?/?:t?;(:l Range ;()\?;?izlt?::‘ dlSlnfECtlng the effluent USIHg bleaCh and then (CV — 36% and 66%) ° BOth rounds Of Spht Sample teStlng Showed (L:eoapdp?lg éC))u) g :1333§ (1332 ?122_?543 g Copper (Cu) 5 36.5 5 71 27 4-42 .8 16 E/I.Ngglilta-eSracr:rﬂli;l'f;le,;:n;o‘I:r,ni(r)I(:Z
- . . . . . . . cAThilit g — Mercury (Hg) 5 004 NA 0 04-0 04 NA Lead (Pb) 5 1.00 0.25 0.60-1.30 25 === Y
Tua 13 0.72 0.50 0.00-1.20 70 de-chlorinating with sodium bisulfite. . TU 1 4in both | considerable variability in test results (cv = 71% and Meroury (Ha) 2 0.04 NA 0.04-0.04 L e B > 109 025 0-60-1.30 25 A — —
Control Survival 13 0.99 0.03 0.90-1.00 3 d wWdads e evate 1n Ot Samp esS o o . " n - _ Parameter N Mean . .. Range . ..
oH Mean 13 6.99 0.12 6.73-7 20 5 i ) . ) 92%), but tOXlClty was Very IOW 1n both SampleS. Nlckel. (Ni) 3 19.8 4.13 16.9-24.5 21 M_olybden_um (Mo) S 23.7 1.61 22.3-25.8 / Deviation of Variation
DO Mean (mg/L) 13 5.90 0.82 4.30-6.80 14 In the present study, we exammed the Varlabﬂlty in WET tests mdlcatmg moderate to hlgh tOXlClty. gﬁ\llee r; I;Jgng )(Se) g 421: ; 421 832 g:gg:g:gg 133 g ;‘iiﬁ'. u(rl:l]l)(se) g ii? g:g; 1 ?2.(1):2.27.3 253 &Jsml S g 3092 (1)403 3595611%% 225
Ref. Tox. LC50 13 256 57.8 150-300 23 : - - : Table 10. Summary of East Coast Mysid Shrimp (Americamysis bahia) Toxicity Results: Thallium (T1) 3 0 0 0 0 Silver (Ag) 5 1.26 1.24 0-2.86 08 IC25 9 Lol 5 (E2Z281EC0 i
SUnEE 2002 =op sampie — USIHg bOth freshwater and marine SpeCIQS and acute and chronic Table 8. Summary of Inland Silverside Minnow (Menidia beryllina) Toxicity Results: A. Split-Sample Tests, June 4, 2002. Zinc (Zn) 3 43.9 1.30 42.4-44.7 3 Thallium (T1) S 0.24 0.53 0-1.19 221 BI_(;I\IC/Iele:w (mglL) g (75.?1:31 8%3 g;g?;g S
Parameter N Mean Standard Range Coefficient test pI'OtOCOlS using OCSD's final effluent. Testing was conducted A. Split-Sample Tests, June 4, 2002. B. Split-Sample Tests, June 18, 2002. Gross Alpha 3 3.35 1.91 1.16-4.65 57 Zinc (Zn) 5 43.3 6.36 37.8-52.5 15 ReT. Tox. LC50 9 60.3 16.7 41.0-77.0 28
TU ) 050 De\élggon 0.00-1.00 ofV::I:qlgtlon . L. . . . B. Split-Sample Tests, June 18, 2002. A. June 4, 2002 g?(;j;c;ch(tal;/a:ty Alpha 4 393 1.05 > 755 16 57 =
a : : .00-1. _ A J 4, 2002 Standard Coefficient : 1d _ _ 8-29. Bet 4 14.9 4.69 8.70-18.9 32 ici
ISR y o o oL L on samples collected prior to disinfection (pre-disinfection) and June 4.2 N Mean — o Parameter N Mean ST Range | Cocfficient o ey 3 22.9 7.61 14.8-20.9 33 I I— S g Mean | Sendard [ T Cosficent
pH Mean 4 7.03 0.11 6.87-7.13 2 post_disinfection (disinfected) tO determine the effect Of the — ) — De\éi?gon — 8904 of Va:;'éation TUa 4 0.59 0.42 0.00-0.94 71 gOS8EgoAmMp%t::§S 4 0.20 0 0.20-0.20 0 608 Compounds 4 1.29 0.25 0.91-1.45 19 -égrftml - ; 2593 882 859‘61_?508 2
DO Mean (mg/L) 4 6.19 0.54 ©.40-6.63 9 o . / a | : : .66-8. Control Survival 4 0.90 0.00 0.90-0.90 0 USEPA Method USEPA Method 4 813 148 633-97 1 18 0 — : s
B. June 18, 2002 — Split-sample ~ disinfection process on chemistry and WET results. The purpose Corlol Suvival |2 080 0.00 0.900.90 0 pH Mean 4 7.92 0.06 7.87-7.97 1 624 Compounds 4 725 314 440-1040 43 624 Compounds e ; ot 0N :
Parameter N Mean Stal:ld?l'd Range Coeffl_m?nt . . . g . . DO Moar il ; 6.41 0.11 6.27-6-53 > DO Mean (mg/L) 4 6.53 0.08 6.43-6.63 1 USEPA Method USEPA Method 4 128 63 .2 61.9-195 49 DO Mean (mg/L) 7 6.00 0.49 5 50-6.65 8
Deviation of Variation was to determine the variability in the species and tests required Soean (gL ' ' 21, B. June 18, 2002 625 Compounds N 152 240 126-179 10 625 Compounds Ref. Tox. LC50 7 38.0 6.95 25.0-43.0 18
TUa 3 1.02 0.03 1.00-1.05 3 . . . . . : 2 — Standard Coefficient USEPA Method etho C. June 18, 2002
Control Survival 3 1,00 0.00 1.00-1.00 0 in OCSD’s NPDES permit using the actual medium tested (final Parameter N Mean Standard Range Coefficiont FELE R X e Deviation SENEL of Variation 8141 Compounds 1 0 NA NA NA 8141 Compounds 4 0.00 0.00 0.00 0 o rametor g . Standard Range | Coefficient
pH Mean 3 7.02 0.02 7.00-7.03 <1 , , . U 3 T 341 303009 56 TUa 3 0.50 0.46 0.00-0.91 o2 1,4-Dioxane* 0 NA NA NA NA 1,4-Dioxane 2 5078 643 4623-5532 13 — - — ReVIEION | g o onaten
DO Mean (mg/L) 3 9.45 0.90 4.50-6.13 17 effluent, d COmpleX leture) 1n addlthn Control Survival 3 0.90 0.00 0.90-0.90 0 Control Survival 3 1.00 0.00 1.00-1.00 0 NDMA* . _O NA NA : . NA NA NDMA 2 60.9 .87 ©6.7-65.0 10 Control ND 3 0.9.8 0:00 0.9.8-0.9.8 0
. . oH Mean 3 8 14 0.02 8.13-817 <1 pH Mean 3 815 0.04 8.13-8.20 1 NDMA and 1,4-Dioxane analyses were not planned during this part of the study. IC25 3 1.80 0.00 1.80-1.80 0
to a smgle reference toxicant. DO Mean (mg/L) 3 6.43 0.32 6.20-6.80 5 DO Mean (mg/L) 3 6.50 0.53 6.10-7.10 8 pH Mean 3 8.10 0.10 8.00-8.20 1
DO Mean (mg/L) 3 5.98 0.10 5.90-6.10 2
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