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Nitrification in BOD;
test increases POTW

noncompliance

Johu <, Hall; Robext J. Foxen

The Clean Water Act requires that municipal waste-
water treatment facilities achieve lirattations based on
secondary treatment. The U. 8. Environmenrtal Protec-
tion Agency (EPA) has defined secondary treatment as
an effluent containiag no more than 30 mg/I. of 5-day
triochemisal oxyeen demand (BOD:), and 30 mg/L toral
suspended solids (1SS), or 859 removal of these pol-
Iutants, whichever is more striagent. Presently, abowut
7 900 out of 2 wtal of [$ 200 municipal treatment plants
have facilities designed to provide secondary mearment
levels. EPA estimates about 20 to 30% of all secemdary
plants have significant violations of their BOD; pertmoit
lLimitations,

Noocompliane: may be caused by & variety of design
and operational probiems. However, a significant con-
witntting factor that may account for a large percentage
of the BOD; violations involves the BOD; testing pro-
cedure itself.!? Recent data aoxlyses by the Qffee of
Water Program Operations (OWFQ) indicate that mors
than 60% of the BOD; violations may be caused by
nitrification in the BOD; test, rather than by Improper
fazility desipm or operation.

Revisions to the biochemical pxygen demand
test procedures to inhibit nitrification
wauld provide a more accnrate measure
of plant efficiency.

This paper cvaluates the rreatment capahilitics of mu-
nicipal sccondary treatmeent facilitics and examines the
cxteat to which nitrification in the BODY. test may be
coutributing 10 compliance viglations. First, the theo-
meHcal basis and origin of the 30=-mg/l. BOD; standard
are revigwed. Data from 40 municipal weatment facilities
are analyzed to dstermine actual cubddacesus BODs
(CRODS) treatment capabilities. and to estimmate the
amount of mitrogenous oxygen demand (NOD) exerted
in the BOD; test. This information is them used to estimale
the overall extent to which nitrification occurzing i the
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BOD; test :nntﬁbutca to vialations of secondary pernut
lmitations.

STATEMENT OF PROBLEM

Populations of nitrifying bacteria in untreated waste-
water are usually too small to imypact BOD test resulis.
Therefore, the BOD, test typically measures only CBOT,
in unrreated wastewators, Howover, the impact of mi-
trifying bactcria an BOD, tests of holoymlly treated
wastewalers bas Jong been recogmized,? becanse sub-
stantial populations of nitrifying bacteria may exist in
the cfluenis. Sawyer* states that cffluents from secand-
ary facitities “ofien contain populations of nitrifying

organisms sufficient to utilize a significan: (ewophasis -

added) amount of oxygen during the regular 5-day in~

cubstion peciod. Tt is impormant to know the amount of -

residns] earhionacecus BOD in such. cases in order to be
able to measuns plant efficiency.”

Interprsting the resule of the standard BODy tost for
secondary effluencs is further complicated becausc pop-
ulations of pitsifying bacteria vary fipnificantly dependiog
on environmental conditions. For example, during cold
weather it is unlikely that latge populstions of nitrifying
bacteria would be present in an efluent from! 2 conven-
donaily designed secondary trextment plant 'bel::au.sc the’
Tow watcr ‘emperatures minimize their growth ‘rate.
However, d'l.mng warm weather this same facility may
develop pupulations of nitrifying bacteria that are capable
of exerting significant ampunis of NOD in the BOD, test.
Beoause significant populations of pitrifying bacteria may
be present in a Eality during warm weather conditions,
but absent at athcr times, BOD; resuits measured under
different temperature conditions cannot be cernparsd with
any certainty of uniform tem conditions. The usefulness
of BOD; data that include varying degress of NOD-in
addition 10 CBOD; is questionable, thereforc the 15th
edition of “Standard Mcthods"™ recommends inbrRbiting
pitrogenous oxidation for all samples form. senmdary ef-
fluents or polluted waters®
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Hall & Foxen

The types of secondary fucilities mast conducive to-

development of nitrifymg bacteria are underioaded or
overdesigned activared sludge facilitics and most tick-
ling fiters During warm weather, activatad sludpe G-
cllities with lower loading tates may provide sufficient
mcan ¢ell residence time MCRT) to develop a signifi-
cant population of nitrifying bacteria. This could occur
intermittently or continuously, depending on the chare
acteristics of a particular faclity.

Trickling filters axe particularly conducive to growth
of nitrifying bacieria during wamm weather becguse the

&liex media provides an ideal base for oitrifier grawm.'

Young! scaes that nitcficadon it the BODs test is a
particularly significant problem for “trickling filter plants
where pitrificntion takes place rapidly as compared to
efflnents from conventional high-rate activated §udgs
plants where nirrification proceeds more slowly ™ Thus,
wickling filter effluehts may contnn higher concentra-
tions of nitrifying bacteria than effluents fron conven-
tional aciivated sludge faciitics,

GRIGIN AND INTENT OF
THE BODs; SECONDARY
TREATMENT STANDARD

Although significant nitrification cam ogcur in the BODY
test for secondary effluents, much debate copters on
whether the 30-mg/L BODs standaxd, as defined by EFA,
wat ftendad to inciude ouly carlonaceous axidation, or
also 29y pitrogenous oxidation that might be exerted in
the BOD; test. This distinction is critical, becanse it would
no1 Be appropdate to change the curren: BOD. test re-
quirgznent to 2 CBODs test wiihour a corresponding
change in the =fflnent standard i the original BOD; stan-
dard way intended 1o include both CBOD: and NOD-
On the other hand, If'the original 30-mg/L BODs standard
was intended to include omly CBOD;., the BODS test

- uld ke madified to moasare only CBOD; , without any
correspanding chaxge in the effluent stamdard.

The position that BOLY; was fntended to.include both
CBOD; and NOLD Is basicaily as follows:

The 30-mg/L, BOD; standard was based on an eval-
uction of BOD;s ¢ffiuent quality from a represen-
iative population of secondary treatment facilities.
Because the effluenis from these treatment plants
would presumably contain “typical™ mmoonts of
NGD;, the 30-mg/L. BOIL); standard based on this
sample population also accounts for this sane “typ-
ical” armnount of NOD. Use of the CRBODs st with-
out a carresponding change in the standard would
essentially coastitute.a relaxation of standards that
ceudd, in turn, degrade water quality.

Althguzh an cvalumion of secondary treatment facilides
wzy indicate that 30 mg/l. BOD, is a reasonable sec-
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ondary efftyent standard review of EPA docurments lead-
ing to the establishment of the secondary treatment stan-
dard indicate that the figure of 30 mg/L, was not originally
derived through an analysis of effluent data. The 30-me/
L BOD; standard was based primarily on an 85% BOD,
1emoval requirement contained in a superseded regula-
Hion.®

Development documents concetting the proposed sae.
ondary ueatment regulation (40 CFR Paxt 133) state that
EPA found “the level of ¢ffluent quality proposed is
roughly equivalent to the former 18 CFR 60125 re-
quirement of §5% BOIDN; removal™’ Other documents
also indicate thar the I0mgs/l Timitation was derived
from plant efficiency bas=d on 3 percerdage removal (that
is, 85% removal assuming a typical infinent BOD, of 200
mg/L), and was not originally based on an empirical asal-
ysis of efflucnot daia ® As discussed previously, the BOD;
test for untreated wastewater typically measures only
CBQOD; because nitrifving populations are usuadly too
small t6 exert any appreciable oxyeen demand in the firee
5 days. Because the influcnt test typically measures only
CBOD);, the efffusmt test shouldd also measere only CBOD;
10 accurately calculate percent removal. Therefors, the
30-mg/L cfllnent standard should include only CBODs-

After making the prelimoinary detcrmination that 5%
removal of BODs was an appropriate measure of offi-
cicney for a woll-operated sccondary treavment facilicy®
and thar 30 mg/L. was raughly fis equivalent (assuming
2 200 mg/L influent conccntration), EPA compieted a
study of secondary treatment facilitics to verify this nd-
ing. The uopublished study? cvaluated effluent data
from 33 secondary activated shudge and Tickling Giter
facilitics that were “well opersted® and “operated at or
noar desipn flow.” Wowever, these selection critcria
tended to minimize the probability of nitrification oc-
curring i the BOD; test. The amount of NOD; for these
plants should be significantly lower than if a truly rep.
resentative sample populatior (that is, iacloding under-
laaded plants) had becn selecied, Sccondary facilides
“at or near design flow™ are less Lkely to have suficient
MCRT for senificant numbers of nitrifiers to develop

- -compared to facilities that opcrate below their design

flows, Therefore, effluents from the facilities in the sam-

ple population would aot exhibit NOD; concentations
reprosentative of all secondary facilities. This xoay be
true for pewer facilities thy ame well below their design
flow and thus more likely to have adsquate MCRTs for

. significant nitrifier deveippment.

The final EPA document defining best m‘acumble wasie
irearment technology (BFWTT) for muxcipal discharpers
published in Coilober 1975" further clarifies the intent
of the BOD; test and the secondary standard, This doe-
ument states that “the BOD; iest essentially messures
the oxygen demand of only the carbonacsous organic
material in the wastewaier cfffuent.” The document also

presents 3 table summan=ing the peoliutant removal ca-
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Wastewater Analysis

Tabla 1—Typical valuas of Ulimow oxygen domand
{uco).*

. Cartso- NitTag- e
Trootmen? ype nacocun onouw  Totel Rowaval
Flaw 300 100 400 [s]
Priciary 180 % 255 k]
Secardary (Hint-rate) 45 90 135 €9
Sacorrdary (Comvenional)
{winter) = 90 113 74
{sanmmer) 2a 3 a5 88
Two-slage nitrificatroan 23 P« 48 a8
Advanced waste regInernt e 1z 20 =13

* Raprinted from " Altemative Wasts Mana, t Techniques for Bast
Practicable Wazin Treairent,” EPA30/A 75013, 16 (Oct. 1975).

pabilities of secondary treatment facilities (Table 1). This
table shows that secondary trearment as defined by EPA
(that is, high rate secondary; conventional secondary ac-
tually provides seasonal nircificatiom) reduces CEBOD ul-
tionate from 3G0 to 45 mp/L. This level of remerval s
equivalent to the 85% ccrooval requiroment disctssed
previously. Using the CBOD ultimate/CBOLX; ratio of
1.3, as recommended in the ducument, a BQD; siandard
of 30 sog/L found ia the secondary regulation (40 CFR
Part 133) can te calculated. The docoment also indicates
that scasonzl nurification is not to be established as sec-
ondary treatment. This refterated the agency position that

" the oxygen demand [rom ammonia would not be ¢om-

trolled thrgughk secondary treatmment apd that EPA, in-
tended sccondary technology only to kave the capability
to remove carhomaceons material,’® Thus, it would have
beon Inconsistent with this intet to sct a secondary Stan-
dard ifwat included nittogenous BODs in addition to car-
bonaceous BOD:. It seems that EPA intended wo regulate
only CBOD; through secondary weatment.

A, final point of concern rafsed by advocates of the
edsting BODs westing procedurs is the potential water
quality impact of changing the BOLD; st to include
onlyb CBODs. Advocates of the BODYs standard state
that NOD should be accounted for in the BODs test
because NOD will exert an oxygen demand in the re-
ceiving water sfyual to the oxypen demand in the BOD,
test. Thus, water quality would be adversely impacted
if the st measured oniy CBOLD):, becanse the impacts
of MOD would not e considered.

The fallacy of this position is that the amount and rate
of axidation of ammomia ocaurring in the BOD, tesr
bottle usually diffec from that in the recejving water. I
an cllucnt with a signifimnt NOD were discharged into
a rclatively deop river with a sandy bottom, it iy unlikely
that any nitrification would occur becanse of the physical
charactedistics of the receiving stream.'? Similar examples
could occor in-any situatipt: where an efiuent inftially
containing mm.t'ymz bacteriz ts discharged foto a stream
where the pH, tcmpc:atuze. chermical, or pbysical prop-
ecties were not conducive to the growth of nitrifving bac-
teoa. On the otber hapd, i in a stcreama or river there may
be substantial picdfication ac:umng even :hough the plant
cflluent discharged into the receiving water may Hot ex-
hibit pitrification im the BOD, st Thus. whether or not
nitrification occurs in the receiving water is independeut
from tha occurrence of mitrification in the test. {n any
event, the potental effectz of cffluent adargonia and the
possible need for nitrification facilitics should be evalaated
in water quality modelinyg analyses becausc these arzas
of concern are not addressed In the techaolegy-hased
stzmdarc!.

THEORETICAL IMFPACT OF
NITROGENOUS OXIDATION

The possible problems with measoring total BODs are
illustrated in the following example. Table 2 shows the
efluent quality for two hypothetical treatment facilities,
one praviding secondary treatment with ro nitrifiers in
the cffluent, and the other just beginning to nitrify. The |
cfluent from the secondary facility containg 30 g/l
CBOD; and 20 mg/L. ammoniz, and wltimete gxygen-,
demand (UOD) of 136 mg/L. Becanse there mrc fow
nirrificrs present in effluent from this facility, the BOD;
test would indicate ap effiuent BOD; of 30 mg/L (iden-
teal to CBOD:).

Table 2 also shows that we facility in the incipient
mitrification siage provides slightly better treatment. and
produces an cfucnt with about 25 mg/L CBOD:. 18
mg/L ammania, and 120 mg/L UOD. However, in this
case, because pitrifiers are present in the effluent, an NQD
of 56 mg/L might be excried in the BOD, test. This would
yield 3 BOD; of 81 ma/L—nearly three Hines greatex
than that of the secondary faclity that discharged poorer

‘Cable Z—Theoretival impact of nhrogenous oxidation on BODs test results”

Type Oporating condiions [o1-7-1. 8 NH; uap KROD BOD,
Secondary No nirifers 30 20 136 ] 30
Secokryfingipient Warn weather, betow design flow.

nitrification sOme nitrifiom Sreassrd o 16 120 5 =hl
* Al values 0 Mg/,
BUCE: gq 1.5 CBOD: + 4.57 NH,.
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quality cffluent. Although these estimates are only iflus-
trative, they do underscors the severs compliance prob-
lems 25 2 result of nitrification in thc BOD; test. The
following sections present and analyze available side-by-
side BOD,/CBOD; data and show the cffccts of nitrif-
cation on the BOD; test. These data provide a basis for
estimgting the wationwide impact of this problem om
trealment plant compliance.

EVALUATION OF BOD:
AND CBODs DATA

Drata descriptlun. Data weare ob\‘amed from municipal
treatment plant vecords at 40 facilities where side-by-
side BOD, and CBOD; tests were run. It is believed that
the data represent x large percentage of the facilities in
the U. S. with available side-by-side BOD./CBOD; data.
Although a few facilities submitted data to EFA specif-
ically because of nitrification problems in the BOD, tesi,
the sample covers a wide mnge of facility sizes. locarions,
and design conditions. The data are believed 1o represent
n:m'c_unwide conditions.

A list of the data for each facility appears in Tables 3a
and 3b, and a summary of the data is presented is Takle
4. The cffluent concentrations listed in both tables axt
the average warm weather efflucat quality (sampled be-
tween Mgy and October), except where otharwise spec-
ihed. The facilities have Been classified as cither aitrifi-
catlon or secondary treatrnent processes. The faciljties
listed as nitrification plants were either designed to nitsify
or exhibited at lcast 75% ammaonia remgval during the
sampling period. The facilitieg listed xs secondary axhib-
ited ditrer partal (10 to 60%) or minimal ammonis re-
movai.

‘The predominant biological treatment process is ac-
tdvated studge, thoogh data from scveral trickling filters
and ¢ombination trickling filter/activated slndee plants
were alsn obrained The fasilitics Tanged in size from
78.9t0 52 496 L/s().8 10 I 200 med). Most of the plants
were operating below their design flow capacity.

Nitwification was inhibited with 2-chloro-6 (trichio-
romethyl) pyridine (TCMP). Invesugarons by Young
indicate that TCMFE does not inhibit oxidation of car-
bonaccous malcerial at recommended dosases,’ and that
when nitrificrs axe not present, BOD; tests mth and
without TCMP are equivalent.

Data anzlyzis. For nitrificanon facilities, data presented
in Table 4 show thal on the average NOD accounts for
66T of the BODs. The NOD rangss from 43 to 86% of
the BOD,. Efluent CBOD, in these facilities averaged
about 4 wmg/l, whereas the BOD. averaged about (3
mg/l-

For secondary facilities, data nrwcnted in Table 4 show
that NOD comprised about S2% of the BOD;. The average
BOD; was 28 mg/l., whereas the sverage CBODy was 13
ma/L- There is greater variability in the percentage of
NOD exertion for secondary slants than for niwifeation
fhcilivics, with the percentape ranging from 24 to 79%.
Analysis of cold weather effiuent data (not included in
this roport) indicated, gu the average, significantly less
NOD creried in the BODs ie5t, as would be expectad.

The degree of NOD cxerted in any BOD, test is pri-
manly a funclion of twa paramcters: the inidal concen-
tration of nitrifying bacteria and the available ammonia.
In nitrified effluents. the NOD would be limaiied by the
zvailabie ammaonia, because sufficient bacieria are aiready
present in the sample for ammonia oxidation to begin
immediately. Thus, any reddusl ammaeonin Gncluding that

Taoble 3—Comparison of summarime CEQRg and BOD, emuent daa-—nilification faciities.*

Flrowr (mgedy
- HOD, CROD, =SS NOD, NH,
Nome ExHatiilg Pe=ign Frocoss {mg/L.) {mg/L) {mgfL) {%] {rag/L)

Chicago (NS), M. = 333.0 AS 6.0 30 74 0 or
Chicago, (WwswW). L B %00.0 AS 70 40 0 43 08
E. Fchbeny mass. 7 124 AE 250 130 180 &7 2.0 (W)
E. Fitchberg, Mass. 7 - 124 AS 18.0 7.0 20.0 57 20
Ft Colire. Cals. 7 8.0 AS 128 25 —_ &t e5
Grand fefand, Nabl. 6 7.0 AS 20.0 5.0 — s 40
Lanranas, Karo. ] 9.0 AS forcllo] 6.4 70 71 S0 (W)
Marfhorough, Mass. — 85 ASPhos — 3.4 6.4 — 0.8
Pittetery, Mass. 10 17.0 TF-AS — 3.0 6.0 — 0.3
Washington, TG, 303 319.0 AS 120 a0 0.0 67 0s
W, Conira Costa, Call. 10 125 TF-AS asa 50 6.0 86 11.0 W

* Lexs than GO% MM, ramava).

(W) = Winersaverage.

AS = Activaled Siidge.

TF — Trickling Fiter.

Phot-Chemical additor TP remaval,

Fliir = Fitration.
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‘Wastewater Anglysis

Table 4—LCompariaon of summortime CRCDy and Bob; efiluom data—secondary laciinies.

Flow (moa)
BOD, cBao, TSS NOQDS NHp
Mama Existing Oastign Procons {mg/L} {myg/Ly Gog/l) (%) fman)

Akron, Ohie 6.0 76.0 AS 36.0 15.0 — 60 7
Albugquerque, N viex. 7.0 7o THAS 350 15.0 15 g7 15
Blue Lake, Minn. 14.0 209 AS — 70 10 _— —
Chaska, Minn. —_ -— AS 170 12,0 1] 23 10
Chicago. (CGAL). M. Z20.0 220.0 AS 25.0 7.0 8 72 5
Clearwaters, P _ L - AS 3H.0 126 — &1 —
Calsade Springe. Coko. 0.0 a0.0 AS 25,0 20 15 c4 14
Cocvalis, Ore. &80 37 TRAS 43 28 5 B ] -
Cotitage Grova. Minn. 19 a8 AS 580 £6.0 20 &a 18
Dubuque. lowa 104 150 AS x 13 1% . 57 -
Dunham, Cra. 5.0 209 AS-PhoaFitr 12 3 ) 5 R
E Brsm, Cone. 20 a5 TF e 40 68 a5 13
E. Martfora, Conm. 7.8 105 AS 19 7 8 &3 —
Bmpody, Kans. —_ - T = 2z 22 24 —
Farestyile, Commn. 32 50 L I3 22 ’ ar 38 12
Hartiorg, Corm, +H5.Q G0.0 AG 18 9 12 5 -
Hastings, N 1.3 18 AS _ 15 18 —_ a2
Miwacicoae, Wig. 2000 2000 AS-Phes Fq] a 21 57 W0 Wj
Madigon, Wis. 3540 500 AS P, 12 19 s -] s
Medlard, Ore 8s 1584 as 17 s 9 - —
Mirneapatn, M, 2009 2560 AS 20 14 23 X 8
Oregan Cily, Ora. 45 10.0 A 17 12 3 29 —
Portang, Ma. 164 159 AS 28 4 20 >0 -
Fortiand, Orc. 53 8.3 AS B 0 12 79 14
Rana. Nev. 2.0 2.0 AS 20 tQ 17 ED 12
Aacky Hl, Conn. 43 7.5 AS b 9 10 61 -
Ezattle, Wash. 370 -— AS 12 B8 10 a3 1%
Seneca, MinrL . 12¢ 240 AS - 14 13 1= 53 az
Siftwater. Mim, 25 20 AS 22 a 11 57 14
Upper Brackstone, Mags, 30.0 8570 AS 1o s 12 74 14

" egg than 80% N4, remaval.

(W) = Winter avernge.

AS = Acthmated sfudge,

TF = Trcking Fites.

Phos = Chemical sadidon TP rernovel.

Flir = Fimaticer.

added o the dilution water u=ed in test) wonld likely be
oxidized duxine, the first § days of the test.

Tty in Tabic 3 show relatively littla apsmonia available
in the fimifed efllucnts (0.5 to 3.0 mg/L, excluding am=
mouia added o the Jilution wardr). If efflnent arnmonia
levels were increassd without a cocresponding decrease
in ninmgficrs, significantly mare NQD would be cxerted

in the BOD; test and could canse compliante problems.

Tahle S—Sunumary of Individual plant data.®

Nongy

o docit- 0. CEoT, NOD T88

Typs Htios (mgyt) (maty {%) tmgh.)
Niifcaton . 10 13 72 4(26-70) S5 (43-86) 9&EI)
Secsneany 3% 25 iH-E 13 (84Q) S2R4e79) 18 E-EN

® EMuet values ligled as pvemnga {mnga) -
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The problem of increasing ammonia levels withouws a cor-
tesponding decrease in nitrifying bacteria populatonm is -
represented by West Contra Costa. a seasonal niirification
Bacility. The cffluent data presented tn Table 3 were taken
afier whe facility was ao longer operating iz the Ml ni-
trification mode. Efffuent ammonia increased to 11 me/
L, and resuited in average BOD; values of 357 meg/L {a
secondary standard violation). CHOD;s remained Iow, at
only § mg/l. Although the facility does not bave 1o re-
mave ammonia all year based on its permit, ammaonia
removal would be neadad to ensine compliance with the
secondary treaiment standdrd as 2 result of the impact
of nitrifying bacterin.

For secondary facilitics, the degree of nitrdification in
the BOD), test priroarily depends oo the initist nitrifier
popralation Tather than the availablec ammonia. Becarse
nitrifying bacteria regenerate siawly, the lower MCRT of
a typical secondary Fecility (3 to 6 days} may cause a
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washouz or wide fluctuation in the nitsifving populztion,
As a geselt, 1he nitial population of nirtifying bacteria
In the test mimple maay vary odusiderably aud may not
be sufficient to affect the test results until-the pupulation
incoczses. Srgmﬁm:nm;ﬁmmn,d‘nomurs;n:ﬁ,may
be deldyved until the last days of the fest; sothatonrya
small percentage of the available ammmonig is axidized
A study on the cfficts of Auctuating MCRT on NODs
was conducted at the Colorado Sptimgs facility by Cal-
laway and Young.'* The study verified thay reducing ni~
trifying population through decreased MCRT results in
T INOD; exertion im the BODs test.
Althoueh efffueat smmonia dsta vwore Aot always
availsble for the secondary ficiities, discussions with plamt
cpertitors indiented thal mwany plantg wese paritally ni-
mﬁang(ahuut ID'ﬂD&O%:mmnmamnmal) Other’ plants
did not exhitit any smnioniz removal. When a f.acilny
is bartially nitrifying, 4 sulficient nimfymg popnlation iz
preséat to significantly fowpact the 'BOD; test. However,

eved facifitics where nitrification is not occurring may -

have safficient nitrifiers to impact BOD; results if the
facilixy is in the incipient nitrification stage, (Sec Alber-
quetque N. Mcx cas: study.) Incipient nitrification fa-
cllities hzve {oadmg wates and MCRTs that permit titrifier
populations to be gstzhlished; however, the detention tme
in the taological process (usuaily a fow howurs) is not ad-
equate for detectable ammonia redtetion. During the 5
days of the BOD, rest, the sead mmﬁfmgpapuranonhas

sufficicnt time to increase and begin anmonix oxidation.

Sitvjlarly, scasonally cooler wastewnter temperstubss re-
duce plant-seale piwificazrion, bur ncubation at 20°C in
the teat quickly acdvates the mtnﬁr.mg populgtion,

The results from tb.nsmeyagm:w:ﬂaasundarswvey
cotducred in Wese .Germany By Damiels ' Typically,
BOD; test results for both rickling filters and activated
sindge plants o that study were signiicantly hizher than
CBOT: test results. The amount of NOD» exerted in the
BOD; tost ranged from greater than §0% for facilities with
high MCR.Ts to about 205 for facilites with Jow MCRTs
To prevent ‘misleadimg BODs'imt results cansed by ni-
trification in the test, WestGermany -G uscs the CEOD,
test

The following case studics illustrate how the ROD,
test can provide misleading and contrzdictory mfar-
mation ox plant opeations. -

Creo stadies: Fort Callms, Colg,, and Albuqnmlxe,
. Mex. Data from Fort.Coilins, Colo., arc preseqied in
Figures la, 1b, and lc. Figures 1a and 1b indicate that
thexs were fow nitifving bactexia mﬂ:eplantbﬂbre/\md.
as evidenced by cqual BOD, and C.BODs test results, and

. by bigh efflugnt amynonia concentrations. In April, the

ad<dicion of one activared sludge unit increased the MCRT
and the plant bogan dimifying. The Figures 1z and IbH
show that the monthly average CBOD, decreased from

- about 18 to about 3 me/L and ammonia degreased from

about 13 to 3 mg/T. However, the BOD, tcst results
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Figure 1—Tart Cuolling, Colurado: A—cfilluent BOD: zud
CBODs; B—efflacnt ammonia; and C—cffiuent ultimate ax- -
¥gen desourdg.

(Figure 1a) did not refiect the significant improvement
in effluent UOD (Figure |¢) because increused ammonria
oxidation was occuming in the test In terms of BOD:,
the additiona] activated sludgs umit sceraed to provide
Iittle if any improvemen:, atthough efluent JOD de-
creased by about 30%.

CBOD; and BOD, efflyent data from Albuguerguse,
N.Mecx., are shown in Figure 2. The data for early Marcch
indicated that few nitrifiers were present at this tme.
CBOD; and EQD, valucs were roughly equal during this
period (TBOD; miging 2¢ to 25 g/l BOD: wpging
25 fo 30 mg/L). In early May., CBOD; decreased to
sbout 10 to 15 mp/L, but BOD; test results ncreased
¢ between 40 and 50 mg/1. The inflated BOD; valucs
occurred even though effivent dzwm did not indicate any
significarrt decrease in armmonia concentrations to in-
dicate fncreased nitrifier populations. This veziBies that
even though populations of niwifiers may not be suffi-
clent 1o produce plant-scaie nitrification, they can stll
significantly increase BODg tost results, The wide swings
in the BOD, tcst resaiis xiso dlustrate the problem of
vsing the BODs test o measure treatment cfficiency for
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facilities aperating in the incipient nitrification stage.
Beoause of varying amounts of oitofying bacteria, sig-
nificant day-to.day fuctuations occur in the degree of
aminoaia oxidized dodng the test. In such cases, the
BOD; test can not accurately characterive plant perfor-
mance and operation.

ESTIMATE OF BODg YIOLATIONS
CAUSED BY NITRIFICATION-
NATIONAL TMPACT

Ghiven the significant effoct that oitrifying bacteria may
bave on BOD; tost results, it s apparcnt that some BOD;
noncompliance may result solely from NOD cxertion.
Only 7 of the 40 plants surveyed were out of complhiance
with the 30-mg/L. BOD; standard dusing the sampling
period. Of these soven plants, only East Bristol would
have becn out of compliance with the 30-mg/L standacd
even if the CBODy test had been wused. Although this
sampie is small, these indings suggest that a significant
percentage of BOD; complionce problems may be due
to aitification in the test and not due to poor plant
perfortnancs,

Because (here are relatively faw facilities for which side-
by-side BODs/CBOD data are available, the national
significance of this problem had to te estimated by an-
alizing available dam to identify “indirartors™ of mitrifi-

‘cariem in the BOD test. From the available datx it way
Strserved that in neardy all cases where significant ndtsi-
fication gxcarred In the BOD; test,. BODY, conceptrations
were grezter than TSS concentrations (Tabies 3a and 4).
In every case tnzt one, CBOD. was less than TS5, regardless
of the degres of nittification -occurring. This point is il-
Justrated by Fignee 3, which plots the relationship between
CBOD; and TSS for the 40 facilities sampled, Figure 3
shows thart CBODs was typically 60 1o 85% of the TSS
value. Analysis of wintec effluent TSS &nd CBOD. data
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(not included in this report} also indicated that CBOD,
values arc typically less than TSS values, when T3S is
abovs 20 mg/L. A BOD; vatue greater than the TSS value
would be a good indicator of significant aitrification io
the BODY. test

The emprrical relationship between CBODs and TSS
was used 2s a basis for cstimating the number of cases
where aoncomphance was causcd by nitdficavion in the
BOD; test. Iz wais assumed in thesc cstimares that ni-
trification wag the cause of noncomphance if BOD; con-~
centration was greater than 30 mg/L but the TSS con-
contration was less than 30 mg/l,. Because the data in-
dicate tht CBOD; is typically about 60 to 85% of the
TSS valne, it is conservative to assume that ritrificatdon
is responsible only when BOD, exceads TSS., .

Effluent monitoring data ffom 325 secondary treztment
facilities in New York state warc used to sstimate the
national extent of BODy test violations czused by nitd-
fication, The samplc included all major categorics of big-
Togicel treattnent processes (Table 6). Becanse of the size
of the samplc and the variety of facility types, a national
sample iz not likely to procluce significantly different ro-
sulie

The New York data show that 99 of the 325 facilities
were in viclation aof their 3Q-mg/L BOL; permit re-
quircrzent during the periad of record. However, a com-
parisan af BOD and T5S data revealed that in aloost
§0% of these casces TSS was [ess than 30 mye/L. Therefore,
btased on available CBQD, data indicating that CBOD;
shoudd be less than TS5, it was cancloded that about
&0% of the BODs permit vidlaticos may be caused by
nitrificadion in the test, rather than by mmproper facility
design or operation,

A detailéd breakdown of the number of BODs viola-
tons carsed by nitrification for different catepuries of
facllitics appears ia Table 5. This teble shows that trickling
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Figure 3—Relationship between CBOD; and TSS.
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Tuhle —Prodiction of secondary BOD;, vicixtiams caused hy witrification.®

. Nurnbwor Touwl Yiulotions owing to Percomags of
Typa of process of Izcifitien winlations nirification in BOD,; taat viclations Gvarastimated

Trickling Filtere 133 BT 40 és
Atlivated Sluerge 65 15 ) a0
Extended Air 54 10 4 @«
Contact Stabifization 39 5 2 an
&g Disc 4 2 3] 4]
" Lagoon - 16 5 2 a0

Crxidation Ditch 4 -1 1 00
Tetal: 225 99 58 59

‘ﬂiaapsmmdmatCmeiseqmlwagspendedsakxs(basedm compliance maniaing data from New York siate).

filtrs were most often cited for noncompliance (61 of
133 plantz did not meet 30 mg/L BOD,). However, this
table shows that 40 of the 61 violations, or 65%, were
probably the resuit of NOD exertion in the test. Previous
discussion indicates that attached growth plants provids
an exesflent environment for growth of mitrifying bacteria.
BOD, test results for this type of process may well be
significantly inflated as a result of ammomia oxidation.
The data in Table 5 show that about 60% of BOD; com-
pliance violations for the activated sludge facilitics may
be caused by NOD cxertion.

Assyming that these estimates e representative of
a national cross section of secondary facilities, it is -
timared that about §0% of a2il BOD;s peomit vialavogs
may not be caused by peor treatment plant opcration
or favlty design, butampnmanlvamsult of nitification
in the BODs tost

SUMMARY AND CONCLUSIONS

The 30-mg/], stcondary seandard defined by EYA was
initinlly derived from the 85% BOD; removal noquirement
in a supexceded statute (18 CFR 601.25). Because the
BOD; test typically measures only CHOD; in untreated
wastewalers, bul may also mesurc WOD in sccondary
effluents, treatment efficiency (percent removal) cm be
determingd gaoly if the CBOD;s test is used. The EPA
docnment definiag BPWTT reiterated that secondasy.fa-
cilities are sexquired 1o remove only carbonacsone BOD
and stared that the BODS {est was primnariiv A roeasurs
of cartonaceous BOD. Therefnre, it appears that the 30-
mg/L BODs secondary standard was mitended to include
onty CBOD,,

The standard BOD- test may measure only CBOLDY,
or both CBOD: and NOLD. The amount of NOLY cxerted
in the standard BOD: test depends on the level and $ype
of treztment aud gnvironmental conditions. Available
suinmertime effluent data from 40 facilities show that
nitrifeution in the BOD; test accounts for 24 to 86% of
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the total BODs. Summerime carbonaceous removal
capabilities of secondary and nitrification facilibies arc
cften sigmificantly underesimatend by the existing BOD,
1est, At times, nitrffication can cause BOD: test results
to indicatc poorer guality effluent when wastewaters
have actually received better treatment.

Nitrification can 2als50 cause BOLk values to ¢xdoed
efffuent limits set for treatment facitities. It is estimated
that nearly 60% of the compliance violztions nationwide
may result from pitriScation occurding in the BOD; test,
rather than from timproper design or operatios. Revision
of the BOD; test to include only CBOD, would reduce
improper reporting of compliance violations and pro-
vide a more accuratc measurc of treutment plaot effi-
ciency and CROD; removal capabilities. EFA is cur-
rently in the process of adding the CBOD test to the list
of accepied test procedures contained in 40 CFR Part
136. The agency is also proposing changes to 40 CFR
Part |33, “Scoondary Treatment Information,” to allow
use of the CROD; tost.
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30/30 Hindsight

On November 18, 1933, the [}.5. Environmental Protecion Agen-
cY (EFA} proposed a revision to the regudations goverming secondary
treetment (40 CFR Part 133) ta allow, at the discretion of the per-
mitting authorities, substitution of 25 mg/L, carbonaceous biochemical *
axygen demand (CBOD) for the previous limit of 30 meg/¥. biechemical
oxygen demand (BOD) on eflucnt discharge perrmiss. The revisior is
1o be selectively appiied in those cases where the BOD test does not
eecurately reflect the degree of tremtment achisved by the pilant. Al-
thozgh marcy of the people who campaigned for e regulation addressing
this issue feef it i not exactly what they kad in mingd, the remuiaion has
beers sz long irr coming that they are witling ro sertle for a compromise.

A BOD bottle will certainly be
included i the envirommenral en-

gineering time capsule, BOD temov-

al, its measurcment, ity mechanison
sad kinetics, even the appropiiate-
ncse of its uwse in process contral
have besn the topics of more engi-
necring rescarch studies than any

other single characteristic of waste-
water. BOD is onc of the fonda. .

‘mental critoria on which, the design
of pearly every wustewster freat-
ment plant in the country s based.
Even so, whether or oot it is an
acourate indicaior of the efficlency
of biological reatment proctsses has
been the subject of debats for years,
especially since the development of
other measuremends of organic ma-

terial in water such ag chemdical |

oxygen demand (CODY and total
organic caron (TOC). Now BOD
Bas been dizsected into two com-
ponents, carbonaceosus oxygen de-
wagd (CBOD)} =nd nittogencas

oxygen demand (NOD), for still-

another comtruversy.-

BOD defined

According o the 15th edirion of
“Standard Methods for the Ex-
amipation of Water and - Waste-
water,” BOD is a measarcment of
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the quantity of oxygen utilized in
the biochemiea] oxidation of or-
gani¢c matter in wastewater in a spe-
cific Sme and at 3 spotific Letip~
cratuxe. It also measures the oxygen
uged to oxidize inorganic material
such ag solfides and farrous iron
It can also measwre the oxygen used
to oxidize reduced nitrogen forms
if the crganisms that mediate that
process (nitcification) ave present

A pampls is dilwted with water
comtaining approprisic amcunts of
essential auirients, a colfure of oxcs
roorganisms capable of degrading
the organic matedzl is added, the
dissolved oxygan (DO) in the mir-
fie i3 measored, the sample is in-
cubated for'a fixed period (5 daye)
at 20°C, the DO in the incubated
sample is mensured, md the didfer-
ence hetween the two measore-
ments, corrected for the dilotion, is
the S5.day BOD, BODn Simple,
Tight? .

Ths analysis i actually ey
simple in comparison with some of
the chemical analyses for waste-
water, hut interpreiing the reeniis
and maintaining the strct analytical
quality control required for a valid
megsuremeat ere infinitely more
eomplicated. The analysis is an in-

direct measure of organic mateacial
m that it measurcs the oxygen re-
quired for biological stabilization of
that material; as such it is essen-
dally a bicassay procedure. Al-
though the results iIndicate the
amount of organic marerial In the
water, they are alse a function of the
condifion and type of microorgan-
istms in the sample. which ate in
turn & -fonetion of the history of the
sample itself. -

The effect of nifrification
Development of the BOD test be-
gan around 1870 with the applica-
tion of the theory of oxidation w the
measnrement of organic material.
The test was formally igtroduced in
the 3rd edition of “Standard Meth-
ods™ in 1917. The next major devel-
opment was the recoramendation
of 5 days as the standard incohation
peried in the 7th. adition in 1933,
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many reasearcrers had demonstrated
the two-stage nature of BOD exer-
tion——oxidation of cnly carbomac-
eous material for the first 10 or 12
days of incubation, and oxygen up-

take for nitrificarion (INOCD) by mi--

trifying bacteria after that tite. An

example of the classic curve i=
shown 0 Fipee 1.

O A N
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s
Flgure i—The BOD curve showing
the effect of mitdficaian.

In 1955, the [Oth edition of
“Standard Metkads™ noted that
some samyples, partculady second-
ary efiluents or natutal watcrs, cons

- tajned establishad popmlations of ni-

trifiers, and thus nitrffication could

. easily begin before the end of the

S5-day incubation petiod. Proced-
ures wets sugpested for nitrifiestion
supression. MNitrification has comsis-
tently been referred to in the litcra-
ture 25 an intcgference in the BOD
tcst, rather than as a ¢havacteristic
of lnterest in the wastewaler. In-
deed, a steong argament has been
made that the test was never in-
tended to messure the oxygen de-
magd of pitrogénous substances,
and that the BOD rofened to in the
regulations governing secondary
treatmant should always have been
only carbongceous. The 1S5th edi-
tion of “Standaxrd Methods™ cxpli-
citly staies that “The inchisiom of
ammonia in the dijetion water de-
monsirates that there is no iatent to
inciude the oxygen Jdemand of re-
duced mitrogen forms in the BOD
test”

Normal operation of activated
sledge processes does mot provide
safficicnt detention time to develop
substantia] populations of nittifiers.
Thess organisms grow slowly and
require more time to establish them-
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sclves in the biological process than
do orpanisms that metabolize cmr-
bonaceous matsdal. For this rea-
son raw wastewater may contain
very few nitriSers, but as the waste.
water passes through the vatious
processes the detention tirme may be
sufficien: for them to develop into an
acgvely nitrifying popwadon. By
the tima the treated wastewater
leaves the plant, niuificaton may be
in full swing. This can Bc a prob-
lemt in planis that are treating less
than their decdpn How so that he
actaal detention time in the seration
basips is longer than intended.

-Mislcading resuolia

The impact of uitritication on the
BOD test iy that the results of the
analysis may »ot sccurately repme-
scat teatment efficiency. While the
procees may indesd be stabilizing
carbonaceous matecrial so  that
CBOD is guita Jow, and further im-
proving ¢ffinent gualify by removing
nityogenogs pollutanis (emmonia),
the BOD test counld easily indicatc
Eetle or no Improvemenmt in water
quality. In 2n extreme case, the ef-
Auent BOD could actually be higher
than that in the influent because of
the infinence of pitrification.
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A, plant may very well be remov-
ing even mare pollution from the
water then ii-was designed 1o 18-
move, but secma to pexform poor-
I¥ acearding to the BOD dara. Fig-

.ure 2 illnstrates this sitgation. Such

problems have led miany treatment
plant sdministrators to Tequest con-
struction grants funds for firation

facilties over and above their sec-
ondary processcs for additional
BOD remgval. When EPA ex-
amined the plaot datz. the oxygen
demand that had been measured
often included that from oitrifics-
tion so that the plant was acmafly
meeting and exceeding its removal
requirements, and removing am-
mania 2s well Recognition of this
problem saved maoy mdllions of
dollare in unmecessaty construction.

But what abouat the bottom line on
the issuc of orgamic romaval—
oxygen demend om the roceiving
warer? If the wastewaier cantaing ag
oxygen demand from aitrogenons
substances instcad of carbonacsous
stbstapces, Is that Ikss hammful to
the stream? (Translztion: “oxygen
demand by any other name . . .7}
Ths key w this question is that for
the mitrogerous oxygen déwaond fo
be cxerted in the stream, nitdfying
popuiations must be present and ac-
tive thers. While these olpaniuams
may thrive in treatmenl PIUCESSES O
the BOD bomle where conditions
favor their growth and whero thoy
arc much morw congentrated, they
may not be able to menifost their
cifewt in the recciving watcr.
Niuification in action

The significance of the nitrifea-
tion problem is clesrly Musteated by
the experience of the Colorado
Springs Udlities Department Waste-
water Division, In the fall of 1979,
plant management suspected the in.
terfetence of nitrdfication in their
BOD tests. They began to ansiyze
their samples in duplicate, age by
the standard BOD method, and one
sample with the addidon of a chem-
ica} wo inhibit nitrification. These r2-
sults veriGed the suspicion, and they
requested permiasion from the Colo-
rade Depariment of MHealth Water
Onality Control Division to report
the resnlts of the inhibited BOD test
becaase thexr staudard BOD datz
was arroneous. Becanse EPA had
not approved the inhibited BOD
tnethad for pse in compliznce test-
ing, the state denied the request sad
Cotorsdo $ptings went to the EPA
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Region VIIT admimistrator to re-

quest modificatiom of their permit,

However, EPA  beadguuaters
matwatained that thc “30/30™ (30
wg/L BOD, and 30 mp/L suspend-
ed solids) efucnt Iimitation had
been intended to include the inci-
dental eonpeibution of NOD, and
so s redefinidon of the parameter
and a review of the numerical limi-
fation would be necessary. This
lammched Colorade Springs on a 4-
year strupgle with state amo federal
regulatory agencies that Included a
campaipn of ictters to their state
lepislators and three different EPA
Administrators. They alsa spomsor-
ed an in-depth study hy Owen Cal-
laway and Yames C. Young, the
BOD Task Force chairman for the
“Srandard Methods" Joint Editorial
Board. Although the rtechnical
groups T the various agencies scom-
cd i0 understand the issue and snp-
port Colorado Springs® request. the
dispute became essentizlly a legal
battle,

In lae 1980 Colorada Springs
solicited the help of the Association
of Metropolitan Sewerage Agendics
{AMSA). AMSA surveyed its mem-
bers on the question of comphance
with EPA secondary eatment reg-
uviations m plants with nitrifed of-
fluents. OF 71 plants surveyed, 41
expexienced incidental ritrification
m, their secondary systems, In 41 %
of those plents, the effu=nt BOD
was artificially high as a xesalt of
nitzificalion; NOP represeated be-
tween 9 and 86% of the total BOD.

Of the plants with incidental ni-
trification, 3495 responded that they
had experienced compliance proh-
lems. The survey concluded that
plapts with compliance problems
“gcncrally implemented fasility or
operating technigue modifications at
additionzl cost in an attempt to con-
trol the partal nitrification or at-
tennate its effecte.” In many cases it
was not ihitially clear that mitrifca-
tien, was the problem, and remedies

such as the addition of gravity fltra- -

tion mmentioned previously were can-
sidered. Some bigher-rhan-expected
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BOD results were interpreted simply
as inadequate biclogical treatment,
and mensures such as iucreased
acretion wexe tried. This served to
encourape nitrifieation and agera-
vate the problem. When aitrification
was identified, some plants de-
creased their mixed-liquor DX and
wound up with a slodpe hulking
probiem to add 1o their woes. Al-
though a decgease i mean sell resi-
dence time (MCRT) would help
discourage nitrification, It often pro-
duced a sludge disposal prablem.
In Minnezpolis-$t. Paul, the Metro-
poiitan Waste Control Commission
(MWCC) began stroggling with the
niirificaring fater{crence problem in
1975. Under summertime conditians,
their BOY) was anywhere from kalf-
again to three times as high ac nor-
mal. Once they established that their
problem was not inadequare buz ac-
taafly excess tramment efficiency,
they began unsuccessful cHorts te
have their peomit xeowritien for
CBOD. After trying such merthods as
Teduced aeration and additional
sludge wactmg, they finaily hit on a
reliable way to climmate the nitai-
Bers; in their efficent—ovarchlorina-
tion. There was no question that
this practice was not environmen-
tally sound. nt it did bring their
cHiuent BOD- within the limits of
their permit. In 1981, a dispute with
the Minpesota Pollution Control
Agency over the prectice of year-
round chlorination produced a stand-
aff of sorts. The MWCC dxscon-
tinged overchlorination and now 1e-

ports data for both CBOD and total -

BOD to the siate o demonstrate
their good faith cofforts to comply
with their pzrmit, bot theorctically
the state conld Initiate enforcement
action af any Hme.

Enforcement prexogative

A much more hruted batde with
the regulatory powers ocomred I
Duubugue, Jowa. The city’s problem
with nitrification stemmed from ef-

forts to contrel 2 problem of ex- .

cesstve solids in the Biologieal pro-
cess. Increasing the sludpge age to
facilitate solids handling resulted in

nitrification, not in the plant but in
the BOD bottk. Their problem was
brought to the attention of the Iowa
Dicpartment of Eavironmenal Cmal..
ity in late 1978. In a situation simi.
lar to that in Colorade Springs, they
found that the regional eopineers
were receptive but the problem was
held up administratively. Eventually
the city was thrcatened with retro-
active fines of $£10 000/day which
would have amounted to millions of
dollars, An ocut-of.couxt settlerment
required the city to take scvcml
measures  dizected  at
their solids handling problems and
pay a fine of $15 000, The conscat
agreement provided for the wse of
the inhibited BOD test for 2 epecific
periad. Now the ity reports both
CBOD and BOD o the state, and i
planning to take advaniage of the
opportunity to have thair permir
modified permancatly. .
Nitrfication and provess modifi-
cations to cantro] it can often re-
sult in other problems, nat just with
operation but with compliance 25
well. Partial nierification ia a plany
produces excess nitnile comcentra-
tions which play kavoc with the re-
actions of chlorine disinfection. A
plant with this problem may violare
not only i BQOD standahi but its
Timit for facal coliform as well. In
these throe cascs the discharger has
finally resorted to simply reporting
data for both types of BODY and
relying on the judpment of the per-
mifting antheority with regard to en-
{orcement action

BOD redefined )
EPA is now wcll on its way -
toward promulgating a rcgulation to
provide publicly ¢wmed treéatment |
works (POTWs) the upmm of re-
porting either type of BOD, Ths
controversy is not over whether
EFA should have addreszed the is-
sue, but the way in which it was
dane. The debate goes back through
the history of the secondary wreat-
ment regulations required in the
Clean Water Act, and into the his-
tory of the BOD mcthod itsclf. The
two poncipal issoes axe: whether |
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EPA needed 10 or r.ven should ha‘u )

redefined BOD to include NOD and
mtroduced a new patamcter, CBOD;

and whother the clluent standacd
for CROD should be diffcrent than

the 30 mg/T originally set for BOD.

Cemiral i both questons is the
issue of whether BOD was intended
to mclode NOED ar all. X not, BOD
can be comnsidered fto have becn
CBOD all alopg. {Translation: why
chagge the sumber?) I it was
CBOD all along, then why dida't
EPA just approve the inhibited
mrethod for BOD auzlysis proposed
in December 1979 (44 TR, 69464)
to amemd the polintant zampimg

and analysiy procedure rcgnlation

(40 CFR Part 136)?

A rovicw of the regulatory khis-
tory of BOI? was made by Hall and
Foxen and pablished m the Decem-
ber 1983 foromal Thedir conclusion
was that EPA did got ititend the
BOD test results to reflect the con-
tribution of NOD. An excocdingly
detailed zevicw of the literature by
Vinten Bacon and Jercy Huasng for

the City of Iubuogne, Iowd, con-,

cluded that in the developmient of
the BOD procedurs, there was no
inteption to include the oxygen de~

' mand of mitrogenons substances.

EPA’s own review of the regu]s,_.
tory history concludes that bocamse

1)

ﬂwy recogmzcd the pmennal con-
tribution of NOD 10 the BOD test
Tosults at the time rhat they prom-
ulgzied the “30/307 regnlation, they
intended to inciude it The regula-

“tions were devoloped based oo the

results of a sarvey of wastewater
treatment plant sffluents acrozs the
country. The datz basw that these
results represcnted was indeed pro-
duced by the standard woinhibited
BOD procedere, which may well
have included an ucquanifiable
amount of WOD. According (o BPA,
the plauts surveyed were “well de-
sipned and * Thexe are
those who ask, given that nitrifica-
tion in & sccondary process is a
product of underioaded or improp-
erly operated [acilities, whether thers
would have bven signilicemt nitri-
fication In the plants EP'A surveyed
im the early 1970s.

‘Which caone {Srst?

Axothsr guestion about EPA’:
intent is that of how the original
rumber, 30 mg/l, was chosen.
Scme maintge that EPA wok an
average comcentration of 204 me/1,
BOD in taw wastewatsy (which
would ot have sigeifieant nitri{ying
populations), required that POTWs
remove $5% of that, and avrived at

. 30 mg/L. If the iufluest concegtra-

ton did pot represemt any NOD,
then, by defigition acither did the

&iyent limit EPA did include twa
mequitements in the rcgolation-—ga
30 mg/1. effigent lunit, and a re-
guirement for 85% removal of in-
fluent BOD. The significant qoes.
tion is: which came first? The sta-,
totory basis for Uk reguistion re-
gaired the Administrator to publish
‘“Saformation, o terms of arpountz
<of constilncniz #ad chenrical, phy-
sical, snd biological characteristica
of pollotants, on the degree of ef-
fluenr reducrion gregingble throurh
the application of secondary treat-
teat”? Jemphasis added]. Thet this
langgagr specifically directs attan-
tion {0 removal effiviency has Jed
some to believe that the requirernent
for 859% removal came first
Another iqteresting poiut is thet the
figure of 85% rcmoval was also
mentioned in the publc works
grants regulations that precesded
the- Clcan Water Act {13 CFR
601.25).

However, a close look at the
documentation for EPA’s decision
indicates thar they first selected 30
mg/L as the cfluent quality attain-
able by secondary treatnnent, and K-
cluded the specified 85% remowval
requitement 10 prevent dischergers
with ifofiitration/inflow problems
from meeting their permit Bmits by
dilution, It js dJifficult tv meke an
wncontastable cazc for sither com-
clusion; the written rocord as well as.
the recoleotions of people tvolved
in the decizion ate very ambigitons

Other measurements

The scecondary trearmesgt  mfor-
mation regulation as prommigated
on Augnst 17, 1973 (38 FR. 22258)
included a provision that CODy or
TOC atvalyses, which both weasere
only the oxygen demand exerted hy
organic material (no appreciable in-
terference from roduced nitrogen
forms), could be sobstituted for
BOD i a sigaificant correlation
could be estzblished betwesn eithet
of those parameters and BOD for a
given wastewzater. This seems to in.
dicate thst EPA, iofended to Hrmt
tha analysis o0 carbonzceQus oOXy-
gen demand, withoat INOD,
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‘The proposed amendment fa the
regulation includes 2 discussion of
the ultirnate oxygen demand (UOD)
of wastewater as it relates to BOD,
The equation given by EPA ia:

, IO = (1.5 CBOD) +

(4.6 NH:—N).
The terms repiesenting organic oxy-
gen demand and reduced nitrogen
are clearly separate. Althoogh the
concept of WOD is not specificaily
addressed in the 1973 repmiation, in
1975, the EPA “Pmcoss Design
Maguail for Nitrogen Control” con~
tained a calculation for total axygen
demand that incloded the separats
terms BOD a2cd NOD. A sthoolar
equation appears in the 1975 EPFA
document “Altemnative Waste Man.
agement Techniques for Best Prac-
ficable Waste Treatment.” The Im-
plication of the separate terms is
that EPA did not cootder BOD to
include rbe oxygen demand from re-
duced mitrogen forms.

No backsliding

Regardless of what EPA intended
BOD t& rmcan, the decision was
made that in order to address the
effect of nitrificatian, the parameter
would have to be redefimed. Al-
though it may have been infinitely
simpler 1y approve the inhibited
BOD method as proposed o 1979,
that action would have undoubtedly
dravn cifticism from those who
would have regarded it as & relaxa~
ton of the standard,

EPA. makes a point that changes
in regolations should not have the
effect of negativg priar progress
1owaxd cleaner water. The lengihy
languspe included in the proposed
redefinition of secondary treatmaent
(40 CFR Par* 133} to prevent
“backshiding™ iz evidemc of thar
Likewise, EPA mconsidemd the on-
merical standard of 30 mg/L. BOD
when it provided the option of re-
porting CBOD. X indeed the ozd-
pinal standard was iatended fo ae-
count for the eoptribution of HOD,
then beczuge the CBOD procedmxe
eliminates that contribution so that
the results would be somewhat lower
than those of the uninhibited fest, it

April 1984

follows that the standard fn; that,

paramctcr should be lower as well,
EPA reviewed the data om which
the original standard was based, as

well as mare recent data. The aver-

age difference between CBOD and
BOD in those samples was 3 to0 5
mg/L under conditions that mini-
mized the possibility of nitrification.
Althaugh the regulation does not ex-
plicitly srate whether CBOD was
consistently Iower than BOD, EFA
considered it prudent ta establish the
CBOD effuent requirement at 25
me/L. The limited accuracy of the
BOD test does nat jostify an incre-
mental change in the standard of
Iess than § mg/1.. The rationale for
lowering the stapdard scems based
more on the need to elimvinate the
possibility of backsliding than on
scientific justification. This 15 one of
two principal points brought out by
critics of the regulation.

Administrative chaos

The other, and perbaps the most
significent, eriticism, is that the regu-
lation could easily produce admin-
istrative chaos among the pernmitting
smthorities. 1t effectively ostablishes
a scparate parameter to be rega-
lated beecause it i nat likely that
all POTWs will request a revision
of their permits. The repulation i¥
ngt required across-the-board, and
is not likely to be apphed uniformly.

Even the various EPA regional ad-
mipistrations do not agree on the
issues, ‘as illustrated by the diffor-
cat responses to the problest in
ITowa where EPA Replon VII
granted Dabuque permission o use
the inhibited test, and in Minnesota
where EPA Region V refused to ac-
<ept a permit writtent without BOD.
Perhaps the official sanction of EFA
beadquarters for the substitotion of
CBODwﬂlmducathcdcgmeufdw—
agreemant

A5 is commeon W any regulatory
dedision, the proposed revigion to
the secondary treatment fegulation
Icpresenits a compromise. In the
decada since HPA excrcised its best
judgment in the form of the 30/30
effiuent Lmitations, wastewater weat-
ment practice has iotproved sub-
stantially aod hrought the probles
of nitification I the BOD test o
light. EPA Iooked back and has
acted again on its best judgment. -
terested partles -are almost wnani-
mous that some regulatory action
was necpssary, although many do
not find EPA's proposal pecfect
But affer years of stuggling to
comply with am often unmeetable
standard, and negotiating with vary-
ing succoss with the permitting -
thorities for rclick, the proposed regs
ulation is a welcome compromise.

Karen B. Carter
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AGGREGATE ORGANIC CONSTITUENTS (5000)

5210 BIOCHEMICAL OXYGEN DEMAND (BOD)*

5210 A.

1. Genermn! Discussion

The biochemical oxygen demand (BOD) detennination is an
empirical test in which standardized laborawory procedures are
used o determine the relative oxygen requiraments of waste-
watrers, effiuents, and pollured warers. The test has irs widcst ap-
plication in measuring wasic loadings to wreatment plants and in
evaluating the BOD-remaval efficiency of such trcatment sys-
tems. The lest mcasnres the molecular oxygen uilized during 2
specified incubarion period for the biochemical degradation of
organic matcrial (carbonaceous demand) and the oxygen used 10
oxidize inorganic material such as sulfides and ferrous ron. It
also may measare the amount of oxyaen vsed to oxidize reduced
forms of nirogen {nimogenous demand) unless their oxidation is
pravented by an inhibitor, The seeding and dilution pracedures
provide an estimate of the BOD ar pH 6.5 to 7.5.

Measurcments of oxygen consumed in a 5-d test period (5-d
BOD or BOD,, 5210B), oxygen consumed after 60 10 90 d of
incubation (ulimate BOD ar UBOD, 5210C), and continuous
oxygen uplake (respirometic method, 5210D) are described here,
Many other variations of oxygen demand measuréments exist,
including nsing shorter and longer incubation periods and tests to
determine rates of oxygen uptake. Alernative sued.ing. diluton,
and incubation conditions can be chosen 10 miric receiving-water

conditions, thereby providing an estimare of the environmental

effects of wastewarers and cffluents,

The UBQOD mcasures the oxygen required for the total degra-
dation of arganic material (uldmate carbonaceous demand) and/
or the oxygen to oxidize reduced nirogea compounds (ultimate
nitrogenous demand). UBOD values and appropriate kinetic de-
scriptons are necded in water quality modeling studics such as
TUBOD: BODs ratios for relating stream assimilative capacity to
cgulatory requirements; definition of river, estusry, or lake de-
oxygenation kinctics; and instream ultimate carbonaceons BOD
(UCEOD) values for made! calibration.

2., Carbanaceous Versus Nitragenous BOD

A pumber of factors, for example, soluble ‘versus pamculate
organics, settleable and floatable solids, oxidation of reduce.d iron
and sulfur compounds, or lack of mixing may affect the accuracy
and precns‘mn of BOD measwrements. Presently, there is no way

0 inclnde adjustments or corrections to account for the effect of .

these factors.

Oxidation of reduced forms of nitrogen, such as ammonia and
Organic nitrogen, can be mediated by microorganisms and exert
nitrogenous demand, Nitrogenous demand historically has been
considered an interference in the determination of BQD, as clearly
evidenced by the inclusion of ammonia in the dilution water, The
interference from nitrogenous demand can now be prevented by
an nhibitory chemical.! If san inhibiting chemica] is not used, the

T Approved by Standard Metwsds Committes. 1997,

Introduction

oxygen demand measured is the sum of carbonaecous and nitrog-
enous demands.

Measurements that include nitrogenous demand generally are
not useful for assessing the oxygen demand associaied with or-
ganic material. Niuogcnous demand can be estimated dircctly
from ammonia nitragen (Section 4500-NHj); and carbonaceous
demand can be esdmated by subtracting the theoretical equivalzny
of the reduced nitrogen oxidation from uninhibited test results.
However, this method is cumbersome and is subject to consid»
erabie eror. Chemical inhibition of nirogenous demand provides
a more direct and more reliable measure of carbonaceous demand.

The extent of oxidation of nitrogenons compounds during the
5-d incubation period depends on the concentration and 1ype of
microorganisms capable of carrying out this oxidation. Such or-
panisms usually arc not present in ruw or scttled primary sewage
in sufficicnt numbers 10 oxidize sufficient quantities of reduced
nitrogen forms in the 5-d BOD test, Many biological treaiment
plant effluents contain sulficient numbers of nitrifying organisms
to cause pitrification. in BOD tests. Because oxidution of nitrog-
enous compounds can oceur in such samples, inhibition of nitri-
fication as directed in 5210B.4¢6) is recommended for samples
of secondary effluent, for samples seeded with secondary effluent,
and for samples of polluted walers.

Report results as carbonaceous biochemical oxygen demand
(CBOD;) when inhibiting the nitrogenous oxygen demand When
nitrification is not inhibited, report results as BOD;,

3. Dilution Requiraments

The BOD concéntration in most wastawalers cxceeds the con-
centratian of dissolved oxygen (DO) availablc in an air-saturated
sample. Therefore, it is nceessary to dilute the sample before in-
cubation 1o bring the oxygen dcmand and snpply inte appropriate
balance, Because hacterial growth rcquires nutrients such as ni-
trogen, phosphorus, and trace metals, these are added to the di-
lution water, which is buffered to ensure that the pH of the in-
cubated sample remains in a range suitable for bacterial growth.
Complete stabilization of & sample may require a period of in-
cubation 00 long for practical purposes; thercfore, 5 d has haen
accepled as the standard incubation period.

If the dilution watcr is of poor quality, the BOD of thé dilution
water will appear as sample BOD. This effect will be amplified
by thé dilution factor. A positive bias will resnlt Thé methods
included below (5210B and 5210C) contain both a dilution-water ~
check and a dilution-water blank. Seeded dilutfon watcrs are*
checked further for acceptable quality by measuring their con-
sumption of oxygen from a known orgunic mixture, usually glu-
cose and glwiamic acid,

The source of dilution water is not reswicted and may be dis-
tilled, tap, or recciving-stream water free of biodegradable organ-
ics and bicinhibitory substances such as chloring or heavy metals.
Distilled water may conain ammonia or volatile organics; deions
ized waters gfien arc contaminated with soluble organics Jeached
from the tesin bed. Use of copper-lined stills or copper filtings
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s gmached to distilled water lines may produce water containing
excessive amounts of copper (see Section 3500-Cu),

EL Raference
: .'1 “Youna, 1.C. 1973. Chemical methods for nitrfcation control, J. Warer
; :_Pollur Cortrol Fed. 45:637.

y 'msumur.'r. EJ. PD. MCN'AMEE&CT Burmm.n 1931. Selection of
a iy dthon water for use in uxygm denrand tests, Pub. Health Rep.

~ . @ Principle: The noethod consisis of ﬁ]lmg with sample,
X overﬂawxng. an airright boule of the specified size and incubaring
== jt at the specified temperature for 5 d. Diissolved oxygen is meas-
.- ured initally and aftae incubation, and the BOD is computed from
*so the difference between initial and final DO. Becqusc the initial
Z:: DO ls determined shordy after the dilvtion is made, all axygen
. upuke occurrng after this measwrement is included in the BOD
¥ - Measufament.
... b Sampling and storage: Samples for BOD analysis may de-
5 mde significantly during storage betwesn callection and analysis,
i resulting in low BOD values. Minimize reduction of BOD by
#3207 analyzing sample prompily or by cooling it to near-freezing tem-
T peranyre during storume. However, ¢ven at low temperature, keep
2= < bolding tme t0 a4 minimurm. Warm chilled samples to 20 % 3°C
. before analysis.

1) Grab samples—If apalysis is begun within 2 h of collection,
cold storage is unnecessary. If analysis is not startad within 2 h
of sample collcetian, keep sample at or belaw 4°C from the tima
of collection. Begin analysis within 6 h of collecdon; when this
is not possible becauss the sampling site is distant from the lab-
oratary, store af or below 4°C and report length and emperanre
of storage with the resulls., In no casc start analysis more than
24 h after grab sample collection, When samples are to be used
« for mgulatory purposes make every effort to deliver samples for

. analysis within 6 h of collection.

2) Composite samples—Keep samples at or below 4°C during
compasmng Limit compositing pericd w 2¢ h. Use the same
cdteria as for storage of grab samples, starting the measurement
- of holding time from end of compositing period. State storage
_time and conditions as part of the results.

3
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2. Apparatus

peityps
EES
#

Argehy £,

@ Incubation boules: Use 2lass bomles having 60 mil. or
greater capacity (300-mL bott.les having a ground-glass stopper
e and a flared mouth are preferred), Clean bottles with a dem:gent,
fwee Tinge thoroughly, and drain before use. As a precaution against
S drawing air into the dilution bortle during incubation, usc a warer

‘.'é;

X
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A

8cal, Obtain sutisfactory water seals by inverting bottles in a water
e bath ar by adding water to the Bared mouth of special BOD bot-

o

Lea, W.L. & M.S. Nicnacs, 1937, Influence of phosphoms and nitrogen
on biochemical oxygen demand Sewage Works J. 9:34, .
Ructuort, C.C. 1941. Report on the cooperative sdy of dilution waters
made for the Standard Methods Commiuee of the Federation of
Sewage Works Associatinas, Sewage Works L. 13:669.

Momman, F.W,, E. Hurwrrz, G.R. Barnert & H.K Ramer, 1950. Ex-
perience with modified mediods for BOD. Sewage Ind. Wastes
22:3].
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tles. Place a paper or plastic cup or foil cap over flared mouth of
bonle to reduce evaporation of the water seal during neubation.
b. Air incubator or water bath, thermostatically conmolled ar
20 =1°C. Exclude all light to prevent possibility of photusyn—
thetic production of DO. R

3. Reagenls DREET

Prepare reagents in advance but discard if there is any sign of
precipitation or biological growth in the stock botles. Commer-
cial equivalents of these reagents are acceptable and differcnt
stock concentrasions may be used if doses are adjusted pmpot-
tionally.

a. Phosphate buffer solution: Dissolve 3.5 g KH;PQ;. 2175
KoHFO,, 334 4 Nad .- 7H, 0, and 1.7 4 mc,. in about
3500 mL distiﬂed water and dilute to'1 L. The pH should be 72
without further adjustment. Alternatively, dissolve 425 g
KH;PQ; or 54.3 g K:HPQ, in about 700 mL distilled water, Ad-
just pH 10 7.2 with 30% NaOH aod dilute 10 1 L.

b. Magnesium sulfate solution: Dissolve 22.5 g MgSQ,-TH-O
in distilled watar and dilute to 1 L.

¢. Colcium chloride solution: Dissolve 27.5 £ CaCl; in distilled
water and dilute o 1 Lo

d. Ferric chloride solusion: Dissolve 025 g FeCly-6H10 in dis-
tlled water and difute to 1 L.

. Acid and alkali solutions, LN, for nentralization of caustic
ar acidic waste samples.

1) Acid—Slowly and while stirring, add 28 mL. conc sulfuric
acid w distilled water. Dilste to 1 L.

2) Alkali—Dissolve 40 g sodivm hydroxide in d:snﬂed water,
Diluts to 1 L.

f Sodium sulfite solution: Dissalve 1.575 g Nz50:; m
1000 mL distilled water, This soluton is not stable; prepare daily.

2. Nitrification inhibitor, 2-chloro-6-(mrichloromethyl) pyri-
dine.*

k. Glucose-glutamic acid solution: Dry magent—grad glucose
and reagent-grade glutamic acid at 103°C for 1 h. Add 150 mg
glucose and 150 mz glutamic acid o distlled water and dﬂuw to
1 L. Prepare fresh immediately before use.

* Nigilication Inhibiter, Formuia 2533, Hach Co.. Loveland, CQ. ar squivalent

i



