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Neutralizacién

1.~ Introduccibn

Se denomina "acidez" de una solucidn acuosa a su capacidad para
ceder iones de hidrfgeno; al concepto inverso, es decir a la ca
pacidad de una solucidn para aceptar iones de hidrégeno se le -
denomina "alcalinidad o basicidad®.

Por otro lado, la intensidad de la acidez 0 basicidad de una sgQ

lucibén se mide convenientemente en funcién de la concentracién
de los iones de hidrdégend en el seno del 1liquido, Asf, el "po-
tencial hidrégeno" se define como el logaritmo de base 10 de -

la inversa de la concentracién de iones de hidrégeno
pH = = log [H'] | (1)

Se consideran neutras las soluciones con pH 7, alcalinas las -
que muestran pH 7, y acidas las tienen pHL 7.

El término "alcalinidad total"™ se refiere a la cantidad total -
de 4cido que debe agregarse a una muestra de solucidn para ba-
Jar su pH hasta 4.5, y el "término "acidez total", a 1, canti-
dad de base requerida para elevar el pH de la muestra hasta 8.3,
Ambos son tépminos de capacidad, y pueden expresarse convenienw

temente en mg/l como CaCO5°




La; aguas residuales procedentes de un gran nimero de industrias
son alcalinas o &cidas. Entre estas industrias destacan las de
productos quimicos, las de pulpa y papel, las metallrgicas, las
de galvanoplastia, las textiles, la hu}era y las de carbén mine-
ral, las de peliculas fotogrificas, las embotelladoras de refres
cos, artfculos de cuero, y enlatadoras,

Los desechos &cidos o alcalinos ocasionan daiios aklos cuerpos
de‘agua receptores, produciendo, segin su concentracién reduc-
ciln o muerte de la vida acuftica. Se considera que el rango de
PH para que exista actividad vital efectiva en las aguas es ©.5
a 805, por tanto, se recomienda que los desechos fuera de estos
1{mites se sujeten a neutralizacibén antes de ser descargadoscl),
lo cual debe estar de acuerdo obviamente con las caracteristicas
de la corriente receptora y los reglamentos en vigor.

2.~ Métodos de neutralizacidn

Al presente existen diversos métodos aceptables desde el punto
de vista econémico para efectuar la neutralizacién de las aguas
residuales que lo requieran. Los mis usuales son:

a) = mezgladodqe aguas residuales acidas y alcalinas.~Los dese=-

chos pueden proceder de la misma 0 diversas industrias, mezclén

dose para obtener un pH lo mds cercano posidble a 7.
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Este método requiere de capacidad suficiente de almacenamiento
y homoggz;aci6n para absorber las variaciones en las concentra
clones de los desechos.
Si este método es aplicado debe tenerse cuidado en el control
de lag produccién de compuestos tbxicos.
Aguas acidass
b) - Paso de las aguas residuales por mantos de piedra caliza.-
En este procedimiento, se usa generalmente flujo ascendente, 10
gridndose con ello arrastrar a la mayor parte de los productos =
de la reaccidn antes de que se precipiten sobre la caliza. Ila
carga recomendada mdxima es de 35 1/min=m2, para obtener tiem=-
pos de contacto suficientes para que se efectle la reaccién. 3e
recomienda limitar la concentracibén de 4cido en el agua residual
al 5% para evitar la obstruccidédn de la superficie caliza debido
a precipitados. Para evitar la formacidn de capas nc reactivas
de sulfato de calcio sobre ia caliza, la concentracién de &cido
sulfirico debe ser menor a 0.6%. Debe considerarse que los meta
les disueltos tienden a precipitarse como hidréxidos obstruyendo
la superficie!de la piedra calizao

A
¢) « Adicibn de lechada de cal a desechos 4cidos.- Este método
resulta mds efectivo que el anterior en el tratamiento de dese-

chos acidos. Se usa normalmente en tratamiento continuo, de mo-




do que los productos de la reaccién, que quedan en golucién,
soﬂlarrastrados con el efluente.
No obstante las dificultades de dosificacién de la cal hidra-
tada,su empleo es muy conveniente cuando se trata de volimenes
relativamente pequefios de desechos. Como el contenido magnési-
co de la cal es més reactivo en aguas fuertemente Acidas, el =
tipo de cal que se use influird en el grado de neutralizacién
obtenido, lLos resultados son generalmente eficientes cuando el
pH del agua por tratar es menor de 4.2.
d) - Adicién de NaOH o Na, CO; &
Estos compuestos son agentes neutralizadores més potentes que
la cal o la piedra caliza, sin embargo su alto costo influye <>
generalmente en forma negativa en la seleccidn de este proceso.
Su aplicacién tieme como ventaja el que los productos de la -
reaccién son solubles y no incrementan la dureza de las aguas
receptoras. Por tanto, este m8todo se usa para tratar pequeios
volimenes de desechos.
Aguas alcglinas:
e) - Adicibm ?e CO, &~

4
La adicidn de 002 a aguas residvales alcalinas puede ser de di-

versas formas, a sadber



= difusidn de gases provenientes de chimeneas de calderas

-~ inyeccidn de CO, comprimido

- combustidén sumergida
En el primer caéo se aprovecha el contenido de 002 de los ex-
haustos de las calderas (aproximadamente 14%). Para ello, los
gases se filtran para remover azufre y partf{culas, éplicéndose
posteriormente al agua mediante difusores. Si las aguas residua
les tienen altos contenidos de azufre, puede formarse &cido =
sulfidrico, que debe controlarse para evitar condiciones desa-
gradablesgs -
El CO2 comprimido comercial tiene ventajas sobre el 002 proce=

dente de procesos de combustidn en calderas, sobre todo en lo

que se refiere a su pureza y sencillez para su aplicacibn. Por
otro ladc, su costo resulta alto, sobre todo cuando se trata -
de grandes volimenes por tratar.

El método de combustibén sumergida ha sido usado en forma experie
mental, siendo necesario realizar investigacicnes amplias para
determinar sl puede 0 no ser usado como proceso normal de neu-=
tralizacibn. 41

f) = Adicibn de &cido sulfrico.~

Este método se usa para neutralizar pequeiios voldmenes de aguas




residuales, debido al alto costc de este reactivo. Como desven=-
taja se seflala ademds, la dificultad y peligro en su wanejoe.
Las reacciones tipicas de neutralizacifn de la acidez, que se
efectdan en los procesos descritos en el capftulo anterior son

las siguientes:
Ca CO; + Hy SO, —>Ca 50, + Hy0 + CO, (2)
Ca(OH), + H, SO, —Ca 50, + 2H,0 (3

Na(0H) + H, SO, — Na, SO, + 2H,0 (4)

U
Nay CO; + H, S0, —+Na, S0, + H,0 + CO, (5)

Las reacciones t{picas de neutralizacién de la alcalinidad

80N
CO, + Hy O —= Hy COy (&)
Hy CO5 + 2 Na OH —»2 Na, GOz (7
Hy CO5 + 2 Na, COj —Hzt~> 2 Na H COy (8)

3o= Digefio de lechos de caliza
Al proceder al disefio de una instalacidén de neutralizacidn
mediante e%‘yso de piledra caliza, se debe determinar experi=-

mentalmente la profundidad del lecho, en funcidn de las carag

teri{sticas del influente y del reactante. Los experimentos ce

O
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efectian en columnas de filtracién de 4 a 6 in, de didmetro,
dispuestas comc se muestra en la figura 1l

a < Ila caliza triturada (1 a 2 in de didmetro), previa=-
nente lavada, se coloca en sendas columnas para te-
ner profundidades de lecho de 1, 2 ¥y 3 ft.

b < Se alimenta agua residual a las columnas en la forma
ascendente o0 descendente, segin se piense hacer en =
la realidad. El gasto por unidad de seccidn recta

(carga 5uperficial), se varia egtre 50 y 1000 gal/
hora/ft (0,030 a 0,60 1l/min/m

€C = Se mide el pH del efluente de cada columna hasta =
que este se estabilice.

d -~ Despufs de cada prueba se remueve la caliza de cada
columna, y se registra el peso utilizado.

Los resultados del experimento perﬁiten dibujar una grifica
que representa el valor del pH efluente en funcidn de la car
ga superficial y la profundidad del lecho. Esta gréfica (fi-
gura 2), constituye el principal elemento de disedo, el cual

puede realizarse como sigue:

0\

& = Para el pH deseado en el efluente, se determinf,
usando la griafica de disefio, las cargas superficia-

les que corresponden a cada profundidad de lecho.

A

b = Se calcula el Airea necesaria de lecho de neutraliza-
cién, en funcidn del gasto real, para cada carga su
perficial determinada en el paso anterior (area igual
a gasto entre carga superficial)



¢ = Se calcula el volumen requerido de caliza para cada -
profundidad}de lecho.

d - Se determina el gasto por unidad de volumen de caliza,
para cada una de las profundidades consideradas.

@ = La profindided 8ptima se determina graficando los gas-
tos por unidad de volumen de caliza, contrg las pro-
fundidades correspondientes; el maximo gasto unitario
corresponde a la profundidad éptima (figura 3)

f = Se grafica el volumen o peso de caliza requerido por
cada 1000 gal. de agua residual contra el pH del ==
efluente, para la profundidad éptima. Esta grifica -
(figura 4) puede usarse para determinar las cantida-
des de calcita requeridas para obtener diversos valpg
res de pH en el efluente, diferentes al originalmente
deseado.

Ejemplo:
Los desechos 1f{quidos de cierta industria tienen una concen-
tracibn 0,10 N de H, SO,. Si el gasto por tratar es de --
50 gal/min, y el pH final debe ser de 6,0, determinar a) la
profundidad més econdmica del filtro, ) los vollmenes de ca=-
liza que debe de temer el lecho, si el pH finasl es 6.0

a - La figura 2 corresponde a las condiciomes del proble-
ma y a lechos de calcita magnésica calcinada. Entrando esn ==

ZR

las ordenadas con pH 6, en las abscisas se leen las cargas =

superficiales correspondientes a 0.5 ft, 1 ft, 3 ft, etc. de

O



profundidad de lecho. Estos resultados aparecen en la columna
2 de la tabla l. El drea de lechokfespectiva, columna 3, se
obtiens dividiendo el gasto (0,50 gal/min = 3000 gal/hr), en
tre la carga superficial (3000/65 = 46; 3008/3000/250 = 12,
etec)o
El vclumen de caliza, columna 4, se obtiene multiplicendo el
drea de lecho por la profundidad (46 x ,%'e5 = 23, 12 x 1 = 12,
etc),
El gasto por volumen unitario, columna 5, es el gasto (3000 gal/
hr) entre el volumen de caliza (3000/23 = 130, etc)e.
Graficando las pro}undidades contra los gastos por volumen =
unitario, se obtiene la curva de la figura %, donde se obser-
va que la profundidad Sptima es 3 fto

b = Considerando un lecho de 3 ft de profumdidad, en la fi-
gura 2 se leen los valores carga superficial correspondientes
a pH 5, 6, 7g4atco Tales valores aparecen en la columna 2 de

la tabla 2

Las cargas superficlales divididags por la profundidad del le-

¢ho (3 £t), resultan en los gastos por volumen unitario de ca-
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liza, columna 3, (3000/3 = 1000, etc).
Los volimenes de lecho de caliza, por cada 1000 galones por
hora de desechos tratados, columna 4, se obtiene multipli-
cando los inversos de la columna 3, por 1000.
¢) Como la concentracidn 4cids de los desechos es O,1 N
y el gasto es 3000 gal/hr., el peso de &cido neutralizado sg

ré:

3000 £21 x 0.1 N x {48 x, =50 x3.785 2y x ZhIT

= 2950 P~
S1 se supone que la calizausada tiene una reactividad del 60%
el consumo de caliza serd

4 1 1b
2950 x -5-% x goig- = 5000 12—

& = Disedo de sistemas de neutralizacién a base de lechada de

cale

Para determinar las propiedades neutralizantes de la cal que
A

86 vVaya &a usar en un proceso, se realizan pruebas de labora-

torio que consisten en:
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TABIA 1

Célculo del gasto por volumen unitario de reactante
en -lechos de caliza

Profun-

carga BU= dres Volumen de Gasto. por volu
didad perficia% reg, caliza - men unitario
a4 __gal/hr-ft £ fE3 gal/hr-£3
@ N ) (3 (4) (5)
05 . 65 .. 46 . 235 " 130
1 250 12 12 250
2 1040 . 2.9 5.8 520
3 1800 1.67 5.0 600
&4 2100 . l.42. 507 525

!
;

" DABIA 2

Clculo del volumen necesario de caliza por 1000 galones de
. agua residual tratada

carga supe®_ gasto por vo Volumen. de ca—

ﬁ- ficial . , lumen unita= = liza por 1000 gal/wv.
P ‘gql/h;-ft rio 3 de desechos
: gal/hr-1t £42
a- - - @ (3) Y
5 3000 (1000 . 3400
6 1850 617 1.63
v 1500 ° =00 © 2,00,
8 1220 407 2.46
9 860 . 287 3,50

t




a.:

Tomar una muestra de
ceso, Y preparar una
permita ser maneJjada
que pueda disgponerse

la cal que se vaya g usar en el pro-
suspensibn con concentracién tal que
convenientemente por el equipo de =
en la instalacién real.

Agregar pequefics incrementos medidos de suspensién a 500
ml de muestra de agug residual, agitar, y medir el pH =~
después de cadg dosificacibén, hasta que el pH de estabi-
lice. Registrar el pH de estabilizacidén, y proseguir agre-
gando suspensién de c&l hasta que se alcance pH 10

Con los resultados del experimento se puede dibujar una

curva similar a la que aparece en la figura 5, graficando los

miligramos de cal por litro de muestra,gastados para obtener

un cierto pH, contra los valores de pH respectivos.

Para determinar el tiempo en que se completa la reaccidn:

La

Se usa la grafica obtenida anteriormente, para deter=-
ninar la cantidad de cal que debe agregarse g una =
muestra de 500 ml para obtener el pH deseado.

La cantidad de cal asi determinada se
muestra, se agita continuamente, y se
en que se estabiliza el pH. Este dato
tiempo de mezclado necesario.

potencia requerida en el mezclador se

siguiente férmula:

donds:

P

o B Y

A
potencia, ft-=1b/sec.

coeficiente de mezclado
pesc unitario de la mezcla
velocidad angular, repe8e.

didmetro del impelente, ft.

agrega a la ==
mide el tiempo
representa el -

calcula con la

(9
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Ejemplo:

El gasto de desechos l{quidos de una cierta instalacién
industrial es de © 1/sec. Medliante pruebas de laboratorio =
se encontraron los resultados mostrados en la figura 6.
Se desea neutralizar los desechos hasta alcanzar pH 7; de-

terminar: a) la cantidad de cal consumida, b) el volumen =

del tanque de reaccibn, si el tiempo de contacto es de 5 min,

y ¢) la potencia necesaria en el impelente del mezclador.

(K = 0,45 D = 2.5 t; @ & 69.5 3{%3; n = & rps.

a) En la figura 6 se les que para pH 7 se requieren 2250

mg de cal para tratar un 1 de agua residual, por tanto, pa-

ra tratar 6 1l/sec. se requeririn:

1 ng K 86 400 sec X
6 soc ¥ 2250 T xhzszggggn x iia = 1166 E%E
' )

b) El1 volumen del tanque de mezclado se obtiene multiplican

do el gasto por el tiempo ds mezclado:

1% 60 sec
6 soc X S min x ~ia_ = 1800 1lt.

c¢) La potencia en el impelente del mezclador se obtiene =-

aplicando lagf6rmula 9.

2 5
O.4 3 3 sec 1b 1l ft sec HP
Y (6952 (4)7(2.5) e £t7 sec’ 550 zt-lb

P L= 9075 Hc Pe

s




Valor del pH
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FIG. 1o Columnas de neutralizacién con piedra caliza.
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FIG. 2. Relacidn entrs el pH' y la carga superfirial aplicada.
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pH =7

41 pH:=35

Valor del pH

0 1000 2000

mg de cal/litro de agua residual

FIGe 50 Curva de neutralizacién.
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FUENTES Y EFECTOS DE LA CONTAMINACION DEL AGUA.

: . IMPORTANGIA DEL TRATAMIERTO. o (P
( Por: lngeniero Edmundo lzurieta

Oficina Sanitaria Panamerlcana
... Zona 11,

INTRODUCCION

De todos los problemas ecolégicos del hombre mo
derno, los que m&s deberian preocuparnos son los relacio
nados con la explosién demogré&fica, urbanizacién e indus
trializacién., La adaptaéién del hombre al fenbémeno eco
‘16gico no es siemple, ya que se plantean dificiles proble
mas que requieren una profunda investigapién, la misma que
requerird una actualizacién para adaptarla a la dinémica

de la evolucién social y tecnolégica,

E1 control sanitario del ambiente en el que Vivi
mos es muy importante, las condiciones insalubres han pro
ducido més muertes y enfermedades que cualquier otro fac
tor, Por fortuna, la Ingenierfa Sanitaria y las disciplinas
actuales disponen, hoy en dia, de técnicas suficientes para
sanear cua]quler tspo de- ambiente habitado por el hombre.
La ao]ncaCIén de esos conocimientos es practicamente ili
mitada, debiendo plantearse como meta a ser alcanzada por
todas las comunidadés no sélo como un objetivo sanitario

sino como una caracteristica de civilizacién,

La comparacién de las condiciones presentes y futu

Oy

ras en las que vive y vivirad el hombre sirve de marco de

L .
oaewmoooo . DL
< Rt S AL .

referencia para calificar la calidad del ambiente en el que

vivimos, - P R R Ay
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La contaminacion podria descibirse, en terminos
generales, como la alteracibén desfavorables del medio que

nos rodea, ocasionando problemas que tienden a gobernar,







la dinfimica de la salud, de la cconomia y de los cuarug
teres sociales del ser humano. La magnitud y complej£
dad deo los problemas representan un desafio a todos-los

elementos .constitutivos de la socicdad. .
El mejoramiento de la calidad del ambiente re

quiere frecuentes innovaciones técnicas, as{ como también

mucha imaginacibdbn para llevar a cabo efectivos programas

de control. Adem&s, es indispensable la comprensidn Y

apoyo de ‘la comunidad para poder interrelacionar la ca
lidad del medio que se desea con.el costo de las accio

nes.

Los desperdicios o residuos producto de la vida
Wrbangd, doméstica, social, agrficola, recreativa ¢ industri
al, qué no son adecuadamente dispuestos ocaéfonaq altera
ciones fi{sicas, quimicas y biolbgicas eﬂ las caracteristi
cas dec¢l aire, agua, suclo y la creaclbn de problemas que de
terioran los recursos materlales Y naturales. Poco .8Cc cOo
noce do las implicacxones a largo plazo que significan ex
poner al hombre a bajas concentraciones de sustancias tb

xicas, en lo que respecta a aspectos fisiolbgicos Yy sxco

lb6gicos. BEstos y otros factores como el uso adecuado de 1la
tierra, crecimiento industrial acelerado inducen al pronto

establecimiento de programas adecuadamente administrados.

n i /
Tanto economistas, urbanistas y sanitaristas que

N - ’ - cot - -
tratan con el desarrollo social y econbmico, expresan su

preocupacibn sobre el crecimiento demogréafico y 1la distribu

cibn de la poblacibn. ' La urbanizacibdm es un fenbOmeno real

que tiene caracteres de mayor o menor alarma, dependiendo

del pais.




A purtir do los costudics demogeLficos so podrd
cstimar ¢on forma cualitativa .y cuantitativa loov problcmas
amviontales que pucden deriavarse del incrcmontg ?o lao
concentraciones wrbanag con determinadas redibncu del pals.
Serd accesurio gvaluar con cafras ol significado que ten
drin o¢sas grandes concentraciones humanas en las alterg

ciones que s¢ pProduxzcan tanto ea el aire como ¢n @l agua

Y suelo.

s Ao

EL estudio y conirol de la contaminacibdn requieren,
de una acecibn conjunta o mancomunada eatre todas las Ins
titucioncs Oficiales y a los diferentes niveles. Serd
indispensable planear las actividades en tal forma que nos
permita la preparacidbdbn de programas, adiestramiento del
personal y blsqueda de métodos para financiar, diseilar ¥y

operar las facilidades o0 medios de tratamiento. C)

Por otro lado, serd nocesario establecexr normas
sobre la calidad del medio ambiente: aire, agua y suelo;pa
ra lo cual es indispeusable disponer de informacibn cien
tifica adecuada que nos pormita definir los 'limites de
"calidad, iategrar 1o0s estudios individualizados para po
der relacioanar los efectos existentes entre el medio y

el hombre. _ o

Seria, asimismo, necesario definir la calidad del

medio que se des2a tener para determinar el costo de las .

medidas preventivas y de control,

i1 . CONTAMINACION DEL AGUA

Son innumerables los ejemplos que pueden citarse <}

para ilustrar cdmo el hombre ha usado y abusado de las



aguas auperELCLaleb, chgndo serias condxcxones muchas

v

egces sin el conoc;mlento de las autoridades intereaudas.
Por fortuna, la intervencibn de ciertas personas de visiobn
na 1mp;d1do que la sxtua016n empeore y.se produzca un

grave deterloro de ese xmportante ‘recurso natural.

) Los pasos acelerados que se estin dando en los
paiaes de la Amérlca para lograr su pronto desarrollo esté
estlmulando vivamente la crcacibn de nuevas industrias,
sean éstas grandes, medianas 0 pequeﬁas. Esta actividad
aCOmpanada de la ilusién que sxgnlﬁca figurar en la lista

de pafs€s que esthn industrializéndose,.hace,ignorar que

se desenvolvimiento debe ir acompaifiado’'de un profundo

estudio sobre las posibles condiciones del medio,creado con

el nuevo establecimiento industrial.

Aire, agua ysuelo deberfn ser motivo de investi
gacibn para concretar las nuevas sxtuu01ones que se crean.
La ubacacibdn de la 1ndustr1a no sblo es 1mportante para sa
tisfacer los requerimientos Sanltarlos, sino para lograr
economfas en el desplazamiento dé la fuerza laboral, deberé
tomarse en consideracibn'el futuro inmediato y mediato de
la-industria para predec1r los aspectos sociales y eco

nbmicos der1Vados de su 1oca11Za016n.

Por pequeila que sea una industria, en su proceso,
se requiere- la disposicibdn de desechos gasceosos, liqui
dos y. sblidos. Estos resfiduos significén la adicibn de
nuevos elementos al medio que modlflcan su composmcxén,
creando situaciones adversas Yy perjudlclales para el am
biente fabrll y para elspe tiene el hombre de las ciu

dadeea




La urbanizacidn, ese fenbmeno real que viven todos
los pueblos, ‘producto de la atraccidn que siente el hombre
por la ciudad, sea para satisfacer sus necesidades econf
micas buscando trabajo remuncerativo o para satisfacer sus
necesidades sicolbgicas y sociales,—esté generando, 8i no
se la efectlia en forma ordenada y planeada, la creacidn
de condiciones ambientales que'fienden a degradar la cali
dad del medio. Resfiduos liquidos y s0lidos tienden a dis
ponerse alsuelo o al agua, sin prever las implicaciones

que eso acarrea si no se emplea la tecnologia adecuada.

La contaminaci6n del agua, aparte de producir si

tuaciones inadecuadas para que el hombre pueda usar ese reg

curso en la satisfaccibén de sus necesidades domésticas, agri

colas o industriales, esti originando una perturbacidn del
medio en el que se desarrolla la comunidad o vida acubtica.
Esa alteracidn puede ocasianar que ciertas especies proli
feren y otras tiendan a desaparecer. Por ejemplo, las
cspecies de protozoarios que se alimentan de bacterias
pueden aumentar cuando la carga bacteriana esalta. Méas
aGn, la contaminacibén ocasiona el desarrollo de ciertas es
.pecies que pueden soportar o tolerar la perturbacibn o
desequilibrio creado, tomando ventaja de las nuevas condi
ciones. Al mismo tiempo, aquellas especies que no puedan

tolerar el nuevo régimen ecolbgico originado, tienden a

reducirse.,

La contaminacibn puede ocasionarse principalmente
por la presencia de sb0lidos en suspensibn, substancias tb
Xicas, cargas orgénicas Yy el calor.

Los sbdlidos en suspensibn producen la reduccidbn de

le penetracibn de la luz en el agua. La luz es importante

O



en el proceso de Potosintesis que gorta oxfigeno y 8uULS
tituye al que es reducido por la respiracibn de los anima
les acufticos. Se ha comprobado que la fotosintesis es

m&s ;importante. que la turbulencia para obtener la reoxi

.genacibn del ecosistema acultico.

Siendo el oxfgeno disuelto un elemento indispen
sable para lograr la estabilizacibn de la materia organi

cadispuesta en el agua, lo 1l6gico ser& establecer con

d%ciones de equilibrio entre aquel y la demanda bioquimi
Ca’del oxfgeno. Bea rélacibn nos da la pauta sobre la
claae Yy grado de tratamiento que.requlere un residuo li
quido doméatico e industrial,

En los anexos N°I y N° 2se presentan los prindpa
les origenes de. los contaminantes del. agua (vivienda, in .

dustria, agrlcultura y minerfa) y su caracterizacibn.

No siempre la contaminacibn del agﬁa se debe uni
camente a la carga orghnica, hay substancias quimicas
que producen alteraciones en el medio acultico, entre
las principales tenemos: plaguicidas, herbicidas, fungi

cidas; fertilizantes que act@an a través del nitrbgeno

y f6sforo como nutrientes produciendo fenbmenos de eutro

ficacibn, detergéentes y metales pesados.

Los plaguicidas constituyen un grupo muy variado

de substancias tales como insecticidas, rodenticidas,

molusquicidas, herbicidas, fungicidas. Su uso es muy

variado-y en forma poco técnica, sin ajustarse a las es

" pecificaciones que existen para cada uno de ellos. BEn 1la

agricultura se emplean blsicamente para la proteccibdn de

las siembras (herbicidas para elarroz, mafz y caiia de azGcar;



.

fungicidas para las patatas e insecticidas para una gran
variedad de &rboles); en los programas dc salud pGblica
para el control o erradicacidn de ciertos vectores res

ponsables de la transmisibn de enfermedades (paludismo,

chagas y otras) o constituir molestias sanitarias.

Dada la enorme variedad de plaguicidas existentes
se los clasifica en dos grupos "A" y "B", al primero per
tenecen los organoclorados y organofosforados y al segun
do principalmente ciertos herbicidas. Todos ellos son tb
Xicos en mayor o menor grado, dependiendo de la concentra
cidn. Se han logrado éstablecer normas sobre los niveles
de concentracidn tanto en el'agua de consumo doméstico,
alimentos Yy como en el agua donde hay vida acubtica produc
tiva. |

.
Para 1las aguas superficiales que se emplean como

fuente de abastecimiento se han fijado algunos criterios:

PLAGUICIDAS CONCENTRACION
‘ | | (mg/1)

Aldrfn ) 2 0.017

Clordano , : v 0.003

DDT 0.042

Dieldrina 0.017

Linaano 0.056

\

El uso de plaguicidas, principalente en la agri
cultura, determina que p9or escurrimiento del agua se pro
duzcan concentraciones en lagos, estuarios, costas, etc. ;
hecho que reviste caracteres de toxicidad para una serie

de’ especies acublticas como ostras, camarones jbdbvenes y

O
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miento del agua. Por el hecho de producir grandes can
tidades de espuma dificultan el tratamiento de las Aguae
negras; ademfs, son substancias de compleja chpoeicibn
molecular diffcil de ser degradable por medio de las baC
terias. Los detergentes comunmente empleados se les co
noce como del tipo ABS (alkylben zene-sulfonate). Sus
concentraciones en las aguas superficiales que se emplean

como fuentes de abastecimiento doméstico se limita a

0.5 mg/1.

Estados Unidos e Inglaterra estén realizando gran
des esfuerzos para reemplazar los detergentes anibnicos
por otros compuestos con menor contenido de fosfatos como

el LAS, atn m&s, se ha determinado que el mejor substi
tuto serf el acido nitrilo-triacetato (NTA). BEste com

puesto es 70 por ciento degradable por los procedimientos

biolbgicos empleados en el tratamiento de.aguas negras Yy
las experiencias en animales revelan que no tienen efegc
tos genéticos oevidencia de toxicidad.
)
Suecia, recientemente,did a conocer haber produ
cido un detergente que contiene 15 por ciento de citrato

de sodio y es 100 por ciento biodegradable.

Existen otros elementos que alteran considerable

mente la calidad.del agua y por ello ocasionan. 8u conta

minacidn, estos son los metales pesados, que en altas con ~
centraciones hacen indeseable al agua para el consumo do

méstico o matan la vida acufitica.

Entre los elementos t6Xicos que Zjuegan un papel

importante tememos el mercurio (Hg), plomo (Pb), niquel
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' ‘”(Ni)) cadmmo (Cd) y arsénico (As). J

“ 3, . .

Exis'té una relacibn -entre.el contenido de .cadmio

<

y la durcza en los sistémas-'de dbastecimiento de agua,con

las enfermedades card;ovaaculwres.

"’* B 0 .
T [ L " ER
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Por otra parte, metales”como z;nch(Zn),\magnesio

. b3
DL R -

2

(Mg), hlerro (Fe), cobre\(Cu),"en concentraciones dos
o'tres vedes mayores a los: normalee -pueden producizr .da
flos que se hacen prebentea solamente después dqﬁprplqg_

gados periodos,

b as Ve 1
' o .

Respecto al mércurio -debemos recordar. que por
efecto de la luz® solar Hay feéacciones. de fotosintesis.con
- la presencia de la materia orghnica (plankton), que de
C> - sempeila un papel catalizador thrnhsformqqlog bompuoaﬁge
inorgénicos de mércuPid en methyl-mercurio. que ee absor

* N » 3 > /
bido ponr los 'peces, creando intoxicaciones.en las per

sonas que los emplean como’ alimento. . \

. -

i
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En relacibén con el arsénico son muy conocidos los
efectos que producen laaaltas concentra01ones de ese
elemento en el agua de consumo. Las ‘mormas éstablecen
limites no mayores a 0.05 mg/l. Hay ofrd“hecho importante
respecto. a este elemento y cons;ste en que hay varios

detergentes de uso doméstlco que contienen aréénico en

(SN

*_Cantldades .Var:.ables° Un hecho ev;dente const;tuye "“los

o

rleegos de,contamlnaC16n a través de 1los residucs que°que

B "‘) k] ] ¢
- et ) h M RIS N - .
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dan en rl,aqupq llayaa"da_. | ) .
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En el anexo N°3 se ha sintetizado los riesgos

C) blOlbglCOS y quimicos a 1os que estﬁ expueeto el hombre
como consecuencla de ciertos contaminantes presentes en

el agua; asimismo,se ha -indicado las fuentes  de procedenc;a

de los principales.

Y
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Bl manejo de los residuos liquidos quc son dis
puestos en los cursos de agua, para que no sean dafiinos
al hombre y no produzcan degradacibn del ambiente, supone
la ejeducibn de una serie de actividades que'podrian re
sumirse asi{: anadlisis de los residuos, reconocimiento
de las corrientes, control de las plantas industriales
(modificacibn del proceso y reduccibn de los residuos y
desperdicios), educacibn, cumplimiento de las disposi
ciones, tratamiento preliminar, control de los residuos

liquidos, construccibén y mantenimiento.

A los contaminantes se les clasifica en: causan
tes de enfermedades, conservativos ¥y no conservativos.
En estos tres grupos existen ocho categorias generalesi

- agentes infecciosos

- residuos que demandan oxigeno

-'nutrieﬂtes de plantas B

- compuestos quimicos orgénicos

- compuestos inorganicos y minerales

- sedimentos
- materiales radioactivos

- calor /

Entre los prirleros se incluyen aquellos que se
refieren a la salud piblica. Los conservativos son esta
bles y no se degradan por los procesos biolbgicos norma
les, como por ejemplo los compuestos inorghnicos, es el
caso de los cloruros que pueden ser diluidos pero no redu
cidos encantidad. Los contaminantes no conservativos en
el sistema acuftico natural cambian sus caracteristicas
debido a las fuerzas fisicas, quimicas y biolbgicas. Bl

residuo liquido (agua.negra) es un desecho orgénico alta

O
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. mente inestable y pucde convertirse en bibxido de carbono,

materiales inorglnicos y substancias celulares. .

La contaminacibn de las corrientes ﬁigne cfecto
sobre la vida acultica. fl tratamiento generalmente no
es completo después de la estabilizacibn de la materia
por el procesb biclbgico, o después de que el residuo
liquido haya recorrido los primeros kilbmetros en la corrien
te de agua. Bl tratamiento sera completo solamente cuando
Ya no se encuentren trazas de los materiales de desecho,

en cantidades que puedan ser objetables a 1lo0s usuarios del

aguea,

Al estudiar los cambios de una corriente de agua,
por efecto de las descargas de materiales degradables, se
tiene un nuevo sistema ecoldgico que debe adaptarse a las

nuevas condiciones. Se produce primero una zona de degra

dacidbn, seguida de una zona de descomposicibn y luego una

de recuperacibdn, en cada una de esas condiciones cambian

el nGmero y tipos de especies aculticas . Los nutrientes
disponibles proveen de alimentacidn a ciertos microorganis
mos, creando una demanda de oxigeno. Los microorganismos
que metabolizan los alimentos Yy se reproducen bajo condi
ciones acrébicas requieren de la presencias de oxigeno ga
seoso disuelto; por tanto, mientras mis abundante sea el
alimento los organismos requeren mhs oxigeno disuelto. En
caso contrario, si el alimento disminuye las necesidades

de oxigeno también disminuyen. Al producirse 1la reareacibn

se restablece la concentracién de oxigeno en la corrien

L te, Anexo N° 4.

La bioquimica del tratamiento aerbdbico y anaerd

bico puede verse en el Anexo N°g .
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Existen numerosos procesos para el tratamicnto de

los residuos liquidos, para su scleccibn serd necesario con

siderar las caracterf{sticas del desecho y el grado de tra

tamiento requerido.

que tienen

En cl anexo N° g se indica la secuencia

los diferentes procesos de tratamiento:

pretratamiento :

tratamiento
tratamiento
tratamiento
tratamiento
disposicibn
disposicibn

.

primario

seccundario

terciario ' .
de lodos

de lodoq

de los liquidos tratados

’



V. RESUMEN

La contaminacidn atmosférica tiene un profundo
impacto en la salud y en la agricultura; por efecto dec la
corrosibn produce dafiose profundos en muebles, automdviles,
estructuras methlicas; afecta la limpicza de casas y cdifica
ciones; ocasiona la devaluacibdn de mercancias, decterioro de
la ropa (el alquitr&n disuelve l1la fibra sintética); por lo
mismo, hay un marcado desperdicio de agua, jabdn y detergen

tes.

Sc podria medir monctariamente el impacto econbmico
de la contominacidén del aire, sin incluir los gastos debidos
a muertes vy repavaciéh de enfermos, en la suma de 30 dol./

persona/afioc,

Tenemos optimismo que una chimenea sea simbolo
de.progreso pero no de una indeseable contaminacibn. En
los programas de desarrollo debe siempre asociarse progre

§0 ¢cOon salud.

En 10 que respecta a la contaminacibn del agua ¥y
del suelo ya se ha mencionado la.trascendencia que tiene s8u
control y prevencidbn en la salud, agricultura, industria,
pesca, recreacibdn, estética, etc. Resulta verdaderamente
complejo valorar su impacto econbmico, ya que estara vin
culado a la magnitud del dafio que ocesione la contaminaciOn
y.al grado de degradacibdn que se produzca de ese recurso na

.

tural.

Es dificil establecer con precisibn y en forma
apriori los limites de la calidad del ambiente. FPara en
tender mejor el por qué, imaginemos que los habitantes de
una ciudad toman un vaso de agua conteniendo elertas subs

tancias tb6xica. ¢Qué ocurxiri?, ¢ algunas personas morirén,
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otras cnfermarfin . lcve o gravemente, y otras no resultarén

afectadas. La cantidad de substancias que se administre

permanentemente a las personas sin afectar su salud, cong
’

tituirl el denominado "indice permisible".

e

’

La lucha contra la contaminacibn, sca ésta del
aire, agua Yy éuelo, requerirfi una accibn mancomunada y
coordinada entre todas las ingituciones pGblicas y privadas.
Hay varios pasos previos que dar, pudiendo citar entrc los
principales: reglamentacibn, fijacibn de criterios claros
para definir la calidad del ambiente que se desea obtener
para esa forma determinar 1los parédmetros, adiestramiento
de persqnal tanto en el nivel normativo'como en el pplicg

tivo, para poner en marcha las medidns'péeventiVas y correc

tivas.

O



CONTAMINACION DcL AGUA

ANEXO NO 1

ORICENES D= LA CONTAMINACIOM

)

Aguas negras ¢ residuos liquidos municipales.

1
.

Residios ligquidos industriales: efluentes de las industrias de manufac
tura o procesamiento de productos de consuma (biolégicos, quimicos,
mecales psqudos). .

Residuos liquidaos termales: termoeléctricas y refrigeracién de la in
dustria,

Residuos agricolas: erosidn de la tierra de cultivo, disclucidn y
arrastre ds sustancias quimicas agricolas (biocidas y residuos anima
les. ). . ‘

Limo proveniente de: erosidén natural de la tierra, tala de bosques,
urbanizaciones, minerfia.

Petrdleo y otras substancias: lugares de praducc16n transporte y dis
tribucibn.

Residuos da minas: resultantes del proceso,

{

CLASES DE CONTAMINANTES

]

Domésticaos

Industriales

Materia orgdnica (oxigenacién para estabilizarla)

° pDemanda de oxigeno; demanda qufmica de oxfgeno (DRO) y demanda bio
quimica de oxfgeno (DBQ).

°© (Oxigeno disueifo: oD

Substancias Quimicas

¢ pesticidas, herbiﬁidas, fungicidas

°© fertilizantes: nutrientes como N y P praducen eutroficacién
© Detergentes

° Metales peéados: Hg=Cu—~Pb-Ni--Cd-Zn

° Fotosintesis del mercurio:

-~ U

Hg+luz+plaﬁrton -3 Mathyl mercurio

" catalizador compusstc absorbe




PARTNCIPALES CONTAMINANTES DEL AGUA Y SU CARACTERIZACION

ANEXD N° o

VIVIENDAS  commem—m——a aguas negras o domésticas

(hombre) ¢ . ,

"+ Lodos hdmedos: 10 litros/persona/dfa

\Vi Sélidos secos: 80 Kg/persona/afio
CIUDADES  somene "éguas municipalss

materia orgénica: 200-500 mg/1 de DBO

° Compuestos orgdnicos: Carbohidratos, proteinas, amino dcidos, édcidos
grasos, esteres, Jjabones, dsetergentes aniénicos.

°© Compuestos inorgénicos: sodio, potasio, calcio, magnesio, manganeso,
cloruros, nitritos, nitratos, bicarbonateos, sulfatos y fosfatos.

°© Pardsitos, microorganismos y virus,

TINDUSTRTIAS = aguas residuales
¢ \Nateria prima, productos: intermedios, derivados y finales,
@ Detergentes, solventes, cianuros, metales pesados, blanqueadores,

colorantes, &cidos: orgénicos y minerales, sustancias nitrogenadas,
grasas, sales, agentes de curtiembre,; sulfuros, amoniaco.

AGRICULTURA == residuos agricolas y ganaderos

9 Residuos de animales.

¢ Material orgénico: DBO es S5 vecas mayor a la producida por al Rombre.

!

°© Material ds erosidn.
° Sales inorgénicas y minerales diversos (irrigacién).
° Plaguicidas. '

° Nutrientes de plantas (fertilizantes).

© Pardsitos, microorganismos y virus.



EFECTOS DE ALGUNOS CONTAMINANTES DEL AGUA EN LA SALUD

‘

ANEXO N° 3

RTESGOS BTIOLOGTICOS

Microorganismos patogénicos: cédlera, disentorfa bacilar, fiebras
tifoidea y paratifoidca, gastroontoritis, diarreas infantiles, pa
rdlisis infantil, hepatitis infecciosa.

Parasitosis: amibiasis, ascariasis, triguinosis, esquistosomiasis.

Enfermedades producidas por vectores quas se desarrollan sn sl agua.

RIESGOS QUIMICOS

Nitratos y nitritos: metahemoglobinemia. No se produce cuando es
menor de 45 mg/1.

Fluoruros: fluorosis y ostiofluorosis.

Arsénico: Presencia pusde ser natural, industrial o de los plaguici
das., Limite permisible en el agua potable 0.05 mg/1. Aguas con
concentraciones de 0.6~0.8 mg/1 en la América Latina ocasiona into
xicacibn endémita (acumulativo). ' Pie negro (black foot), céncer.

Selenio: el contenido de las aguas naturales 50300 g/litro. En

las plantas de tratamiento se lo elimina, como el arsénico, con
precipitacidn quimica y adsorcidn.

Mercurio: Contenido de las aguas naturales 0.01n:0.3;/g/1., en el
agua del mar 0.14g/1., en la atmdsfera de las dreas industriales
1.0,¢ g/1. Origen: minas; industrias de la pulpa y papel, pléstico,
electrénica, agricultura y empleo combustibles fésiles. Limite
permisible en sl agua potable 0.00%1 mg/1. Toxicidad.

Ploma: Contenido en las aguas naturales 0.01 ~ 0.03 mg/1. Origen:

tuber{as de plomo, pldsticos, combustibles, industria de baterias,

~Se acumula'en peces y mariscos. Limite permisible 0.1 mg/1

Cacdmio: Contenido en las aguas naturales 14/g/1, pero pueden
ascender a 10//g/1. Origina en la industria, prosente en los sedi
mentos de tratamiento (contaminacién del arroz en Japén, 1970).
Toxicidad y posiblcmente efectos cardiovasculares. Limite pormi
sible en el a.p. 0.01 mg/1.

Dursza del agua: la dureza baja desl agué de consumo esté ssociada



ANEXO NOowy

con la mayor prevalencia de enfermedades cardiovasculares, hiper
tensidn, etc. .

@ Plaguicidas organo clorados: origen en la agricultura e industria.,
Compuestos de baja solubilidad, persistentes y pasrmanecen sin cam
bio por muchos afos. Ocasionan toxicidad aguda en concentraciones de
S A g/l y menos, de ahf que se adopte 1/100 como factor de aplicacidn.

En Estados Unidos las concentraciones madias varfan de 0.2 ~ 28 nango
gramos y en Gran Bretafa 1.6 ~ 64.6.

® Plaguicirlas organofosforados: (diacinén, malatién, paratidn, clor
tién, diptercx): Se hidrolizan mds facilmente, persisten menos do un
aro, se degradan m&s facilmonte, son mis agresivos en invierno, pro
ducan mayor toxicidad a la fauna marina.

® Hidrocarburos aromdticos polinuclecares: (HAP) En cl ambienta so on
cuentra el benzopireno. Tiene caracteres cancerigenos. Aguas sub
terrdnegas 0.001-0.010 4/ g/1, lagos 0.010 NO.OZS,L/g/l, aguas alta
mente contaminadas » 0,100 4fg/l.

° Detergentes anidnicos: (ABS): causa espuma e interfiers con auto
purificacién y tratamiento. Los de la cadena Lineal son més biods

gradables., Conc. dssesable 0.2 mg/l.
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OEGRADACION DE LA MATERIA ORGANICA

ANEXQ N° §

.. . C02 H20 NO3 S04

NV

C'//:;;;/lfi:::\‘s

e o m oo e e el ATERTA ORGANICA [= == oom o o o com oo oo ot o s e e ot s

PRODUCTOS
FINALES

AEROBICO

Vv

ANAERQOBICO

CONS + H2

CO2 H20 H2S CH4 -NH3

H20 + HNO2
" (NITRITO)

HNO3 +
(NITRATG)

+ CH3 = CO - COCH
(ACIDO PIRUVICO)

CH3 - CHOH - COOH
(ACIDO LACTICO)

O
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SECUENCTA EN EL TOATAUMIENTO DY LOS5 RESIDUDS LIOUIOGCS

ANZXO N° ¢
Protratami onto
1.a RcJillas
7.0 Cesaranador
1.¢ Homogoneizacidn y almacena
miento,

1.d Separacibn de aceites y grasas

Primario

2.a Necutralizecién (Q)

2.b Adicién subst. quimicas y
floculacién (Q).

2.c Flotacién (F)

2.d Sedimentacién (F)

Secundario

3.a Lodos activados (SQD)

3.b Lagunas anaerdbicas (S0D)

3.c Filtros rociadores (S0D)

3.d lLagunas aeradas (S0D)

3.e Lagunas ds estabilizacién (50D)

3.f Sedimentacién (RSS) a

Terciario

4.a Coagulacién y cedimentacién
4.b Filtracidn

4.c Adsorcién (carbén)

4.d Intercambic idnico

\

5.

.‘6.-

7.

Tratamicnto de los lodos

Digestidn

Filtracidn al vacio
Centrifugacidn

Lochos da secado o lagung
mientao,

Disposicidn de los lodos

&.a
6.b
6.c

Incineracién
Ralleno del terreno
Disposicién en gl mar

Disposicién de los liquicos tratados

Cuerpos receptores de agua
Transporte y descarga con
trolados

Disposicién en el mar
Disposicién superficial en ia
tierra (recarga de las aguas
subterrdneas)

Inyaccidn en pozos profundos
Evaporacidn a incineracidn

@ = quimico

F a Fisico

§00= substancias org:di
nicas disualtas

ASSe romocifn de sdli
dos suspsndidos
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INTRODUCTION--ENVIRON MENTAL GUIDELINES

Dr. Eamest F. Gloyna, P.E.(l)
Dr. Davis L. Ford, P.E. (2)

Industrial wastewaters have a significant impact on the available water
resources. The interrelated factors involving types of pollutants, source of
poliution and impact of these constituents on water resources presents a complex
problem. Expert knowledge is needed to understand the many industrial proces:ses,
options available for producing the required treatment and impact of r~siduals
derived from treatment on the environment.

This paper discusses classification and characterization of industrial
wastewaters, treatment technology and constituent removals, relationship between
physical and biological environments, and role of environmental base line evalua-
tions. )

To the water resources planner, the answer to the above question becomes
one of using sophisticated technology to solve a most complex problem. This
evzaluation involves an understanding of the industry, the waste constituents, the

treatment options, the ultimate disposal limitations, the environmental base line

as a societal monitor and the role of conceptual planning in residuals management.

Categorization of Iindustrial Wastewaters

The Standard Industrial Classification system (SIC) has been used in the
United States for many years as a system for delineating industries according to
product. Although such a system has many advantages for estimating industrial
growth, statistical accounting, and economic assessment, it is severely limited
when applied to industrial effluent classification. This is attributable to the
many nonclassifiable factors which influence the quality of industrial

effluents, such as plant age, feedstock, influent water quality, process

1
Dean, College of Engineering and Joe J. King Professor of Engineering, The
University of Texas at Austin, Austin, Texas 78712

2
Senior Vice President, Engineering Science Inc. . 3109 Interregional, Austin,
Texas 78722
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characteristics, climatological conditions, operational practice, and water use
patterns. In recognition of these factors, thé U. S. Congress has listed a min-
imum number of industrial categories in recently enacted legislation which serves
as the basis for effluent classification, quality limitations, and permit enfor-
cement (1). These categories, which transcend many SIC numbers, are listed in
Table 1. -

Once an industrial categorization system is established, then the logical
sequence of predicting industrial effluent loads to a defined body of water
would involve:

(a) estimating raw waste ]oads generated in the present and future

\ manufacture of product;

(b) predicting the portion of this load that can be removed using

démonstrated treatment technology; and

(c) projecting the 1mp1ementat10n schedule for applying this demon-

strated techno]ogy '

Raw waste loads, as a_practica] matter, are usually estimated from histor-
jcal charactefization_data of the total effluent discharged from many production
components within an integrated industria] plant. If it were possible to obtain
such information from singular product1on units, the wastewater prof11es could
be developed on a “building b1ock“ or cumulative approach for complex systems.
However, there are many factors such .as water recycle and reuse, changes in
water quality when mixed with other sources, and water use not directly associ-

. ated with production which prevent this form of developing raw waste loads.

Classification of Raw Waste Loads

The impact of raw waste loads may be depicted in terms of various potential
impacts; namely, oxygen depletion, eutrophication, toxicity, and general nui-
sance. It is recognized that many constituents commonly found in industrial
effluents transcend this classification system.

Oxygen Depletion Potential: Certain inorganic compounds and many organic
compounds commoniy found in industrial wastewaters exert an oxygen demand in
water. This demand can be either chemical or biological and it can be measured
in terms of: :

(a) biochemical oxygen demand (5 day or hltimate--BODs, BODu);

(b) Chemical oxygen demand (COD);

——— S A —— ke i




Table 1. Classification for Industrial Effluents

Pulp and paper mills

Paperboard, builders paper
_and board mills

Meat product and rendering processing
Dairy product processing
Grain mills

Canned and preserved fruits and
vegetables processing

Canned and preserved seafood
processing

Sugar processing

Textile mills

Cement manufacturing

Feedlots

Electroplating

Organic chemicals manufacturing

Inorganic chemicals manufacturing

Plastic and synthetic materials
manufacturing

Soap and detergent manufacturing
Fertilizer manufacturing
Petroleum refining

Iron and steel manufacturing
Nonferrous metals manufacturing
Phosphate manufacturing

Steam electric powerplants
Ferroalloy manufacturing

Leather tanning and finishing
Glass and asbestos manufacturing
Rubber processing

Timber products processing
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(c) total oxygen demand (TOD);
(d) Total organic carbon (TOC); and
(e) immediate oxygen demand (I0D).
Oxygen demand using one of these .parameters is convenient for indirectly estima-
ting the envireonmental and water use effects of a particular industrial waste-
water. It may'be difficult to relate the oxygen demand of an industrial waste-
water to the dissolved oxygen pattern of a receiving water. Many industrial
effluents exhibit high COD, TOC or TOD, but very low BOD values. Such character-
istics indicate the presence of a high concentration of organic materials, but
wastes which are not oxidized biochemically under the test conditions. The
BODS/COD ratio is indicative of the organic fraction subject to biological de-
gradation and -oxygen utilization, and typical values for industrial effluents
are tabulated in Table 2. It should be noted.that neither ;he BOD5 nor COD
reflect the total oxidation potential of ammonia. Nitrification can signifi-
cantly reduce the dissolved oxygen.
Dissolved oxygen depletion is not only a function of the quantity of
oxygen-demanding material present in the water but also depends on:
(a) natural reaeration due to the transport of oxygen from the
atmosphere across the air-water interface;
(b) mixing and dispersion of the oxygen-demanding materials in
the water column; and
(c) oxygen production by the physiological activities of photo-
synthetic plants, principally phytoplankton.
Thus, the physical and biological properties of the receiving waters are equally
as important as the oxygen demand of a wastewater effluent when estimating
the impact of the effluent on the dissolved oxygen concentfation in the receiv-
ing water. |
The primary purpose for establishing dissolved oxygen criteria for receiv-
ing waters is to protect aquatic organisms. Secondarily, low dissolved oxygen
concentrations can cause nuisance conditions and may endanger terrestrial wild-
1ife by permitting the growth of anaerobic, pathogenic microorganisms in bottom
sediments (2)., _
The dissolved oxygen criterion commonly used for fresh surface waters
is .based on the needs of native fish populations and associated aquatic life.
It is reasonable to assume that the requirements for fish would serve the re-
mainder of the aquatic community since a fish population would not remain in
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laole 2. BODg/COD Ratios for Selected Chemical Groups

Chemical Group

Yinyl Chloride

BODS/COD
Aliphatics T
Methanol . 1.00
Ethanol’ 0.75
Ethylene glycol 0.32
Isopropanol 0.08
Maleic acid |, 0.80.
Acetone 0.39
Methyl ethyl ketone 0.82
Ethyl acetate 0.80
Oxalic acid 0.89
- Aromatics
' Toluene 0.61
Benzaldehyde 0.82
Benxoic acid 0.74
Hydroquinone 0.55
0-Cresol 0.74
- Nitrodenous Organics
Monoethanolamine 0.65
Acrylonitrile 0.01
Aniline 0.61
Refractory
Tertiary - butanol 0.01
Diethylene glycol 0.14
Pyridine 1.00
Wastewater
Acrylonitrile 0.19
Ammonia 0.06
Ammonia 0.55
Ammonia +.Utilities 0.37
Butadiene-Styrene 0.05
Chlorine-Soda 0.03
Cumene 0.12
EDC-Direct 0.49
EDC-Oxyhydrochlorination 0.64
Ethylene oxide 0.35
Olefins 0.25
Polystyrene 0.44
Polyvinylchloride 0.10
Propylene oxide "0.45
Propylene glycol 0.48
Propylene tetramer ©0.34
Sewage 0.37
Synthetic rubber 0.51
. Urea. 0.79
0.04



an area devoid of an adequate food supply. Much more information is available for
fresh water fishes and organisms than for estuarine and marine organisms. How-
ever, sufficient data are available to establish preliminary critera for the
latter groups.

A dissolvad oxygen (D.0.) concentration greater than 5.0 mg/1 provides a
suitable environment for a diversified warm water biota, including game fish.
Natural D.O. variabi]it} due to the biological and physical characteristics of
a particular body of water may require that the established criterion permit
deviations below this value of as much as 1.0 mg/1 of D.0 under extreme low
flow and temperature conditions. ‘

' Becausé of the natural variability inherent in estuarine environments,
estuarine organisms have adapted themselves to a wider range of dissolved oxy-
gen gohcentrations than most fresh water organisms. Thus, a dissolved oxygen
criterion of 4.0 mg/1 minimum, with provision for short term variations of as
much as 1.0 mg/1, is generally promulgated for estuarine waters (2).

Eutrophication Potential: The proliferation of aquatic plant life in waters
which receive effluents from municipalities and many industries is commonly |
attributed to the enrichment of waters by the addition of nitrogen and phos-
phorus. Eutrophication, the term used to describe this phenomenon, is a com-
plex brcéess and often chemical compounds other than nitrogen and phosphorus
are significant factors in promoting it; specifically, trace metals and carbon
dioxide. Severe éutrophication represents an unstable aquatic ecosystem exhib-
iting extreme diurnal fluctuations in D.0., pH, and alkalinity. These conditions
can result in fish kills due to oxygen depletion or toxicity, visually displeas-
ing algal growth, and taste and odor problems in receiving waters. In addition,
algae-laden fresh water supplies are-not suitable for municipal and industrial
uses without exfens1Ve and costly treatment.

The main precursors to eutrophication have been attributed to inorganic
phosphorus and nitratés (3). However, more complex forms of inorganic phosphorus
as well as o?gaqic phosphorus can stimulate aquatic plant life. Similarly,
nitrogen derived from ammonia and subsequent fixation of gaseous nitrogen by
algae can enhance eutrophication. This diversity of nutrient utilization, com-
bined with comp]ek interactions between nutrients and various physical, chem-
{cal, and biological variables clouds the establishment of any definitive
threshold concentration responsible for eutréphication. This makes it difficult
to establish specific nitrogen and phosphorus limitations for industrial effluents.

-




Toxicity Potential: The term toxicity may include the effects of pH, dis-
solved oxygen depletion, hfgh salt concentrations, elevated temperature, soluble
metals, and a host of other physical-chemical-biological interactions. : <:>

Toxicity is directly related to the dosage of the chemical taken into an
organism. The mode of intake is not important. In water, the toxic effects: of
a cémpound can best be described in terms of a concentration threshold; the con-
centration above which some type of physiological damage will occur to the organ-
ism or its progeny. :

It is useful to distinguish between classes of toxic action., A classifica-
tion is usually based on the rate of toxic action of the toxic compound, the
duration of the symptoms, and the rate of intake of the compound. Acute tox-
jcity is characterized by the onset of negative physiological effects, frequently
resulting in death shortly after exposure. Chronic toxicity is manifested by
the appearance of negative physiological effects after extended periods of ex-
posure to sub-acute chemical dosages. Typical chronic toxicity manifestations
include: mortality, malignancies, inability to reproduce, and genetically mu-
tated progeny. The purpose of toxicity criteria is to eliminate compounds with
this potential from both the aquatic environment and from any potential uses' of
the water involving human or animal consumption.

Relatively few of the many compounds found in industrial wastewaters wh1ch ﬁi)
are potentially toxic to aquatic life have been sufficiently studied to allow an
accurate definition of their maximum allowable concentrations. Numerical cri-
teria have been established for some common chemical constituents discharged in
industrial wastewaters. However, toxicity bioassays, in which indigenous
aquatic organisms are exposed to known concentrations of the wastewater to be
discharged in order to observe deleterious physiological effects, are the only
means for establishing the toxicity of other less common or unknown substances.
Unfortunately, toxicity bioassays measure only acute toxicity and chronic toxic
effects of the tested effluent may remain unknown. The chronic toxicity of cer-
tain compounds, .notably the heavy metals and radioactive compounds, are suffi-
ciently understood so that criteria have been established for these materials.

Ammonia-nitrogen, which exists either as free ammonia or an ammonium fon
in water, exhibits several important effects in the aquatic eavironment 1in a:
toxicological sense. The class of toxic act{on of ammonia-nitrogen involves
acute rather than chronic toxicity.

In most aquatic systems, the biological conversion of ammonia to nitrate
1s relatively rap?dD so ammonia concentrations will tend to decrease with time <:>



of exposure. Evidence indicates that ammonia or ammonium concentrations greater
than 1.0 mg/1 adversly affect many aquatic populations, the exact lethal concen-
tration being a function of the pH and the D.0. of the water. Ammonia-nitrogen
concentrations Tower than 1.0 mg/1 should be safe for most aquatic populations
although some phytoplankton species may be affected at concentrations of 0.5
mg/1 (4).

Heavy metals found in many industrial effluents exhibit both acute and
chronic toxic effects in aquatic and terrestrial ecosystems. Thus, public health
effects are equally as important as environmental impacts when criteria are set
for the various metals found in effluents and natural waters. An important pro-
perty of heavy metals is that many organisms, both aquatic and terrestrial, tend
to accumulate certain metals in various organs of the body until toxic conditions
inevitably result. 1In fact, a lower food chain organism may show 1ittle or no
toxic effect from a~particu1ar metal while the predators of this organism may,
upon eating large quantities of the contaminated organism, demonstrate chronic
or acute toxicity. The biological properties of heavy metals and their extreme
toxicity are such that stringent criteria for their concentration in receiving
waters must be established to avold adverse consequences to public health and the
environment resulting from excessive discharges of these materials. The criter-
ion for each metal is based on suitability of the water for human consumption
and is a function of its toxicity, its persistence in toxic form, and its tend-
ency to accumulate in the food chain. The criteria for the heavy metals in
drinking -water as referenced to a background concentration in sea water is given
in Table 3 (3,4,5).

Table 3. Receiving Water Quality Criteria and Natural Qater
Quality for Selected Heavy Metals

Natural Concentration

. Criterion in Sea Water
Element (mg/1) (mg/1)
Mercury 0.005 0.0001
Chromium (hexavalent) 0.05 0.00004
Lead - 0.05 0.00002
Copper ' 1.0 0.001
Zinc 5.0 | 0.002
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To eliminate the possibility of acute toxic effects resulting from the
discharge of a wastewater effluent into a receiving water, a toxicity bioassay
is generally recommended. The bioassay consists of placing the most sensitive
native organisms of the proposed receiving waters in varouis dilutions of the -
wastewater and the receiving waters and observing any toxic effects which occur
in the sample population during a specified time period. Common time periods
used are 40 and $6 hours and the biocassay results are usually defined in terms
of a median tolerance iimit (TLm) for the organisms being evaluated. The LI
is that concentration or dilution of the toxic waste or compound which sults
in 50 percent mortality in the test organism sample during the specified time
period. This TLm is applied to the wastewater using an application factor
which is some fraction of the TLm and is designed to account for the persis-
tence or cumulative effect of the toxic compounds. Non-persistent compounds, .
those that degrade rapidly under natural conditions, generally have an applica-
tion factor of 1/10 while for more persistent or toxic compounds, an applica- -
tion factor of 1/20 to 1/100 is used. :

General Nuisance Potential: Many constituents found in industrial waste-
waters have nuisance potential. Phenolic compounds are particularly common to
many industrial effluents and impart a taste to drinking water, even in minute
concentrations. Floating materials such as oils, grease, and chemical sur-
factants have an adverse affect both in terms of aesthetics and atmospheric
reaeration.

0ils have a wide range of effects on water resources. Extremely small
.quantities of o0il can cover large surface areas. 0il slicks are visible at con-
centrations as low as ore litre of oil per hectare. Free o0ils and o0il emulsions
may interfere with the respiration of aquatic organisms. Many oils contain sol-
uble fractions which are toxic to aquatic life and other fractions may impart
taste and odors to the flesh of fish. 0ils can also produce displeasing sludges
on beaches and may destroy benthic biota. Due to the chemical complexity of
chemicals féequent]y called oils, it is difficult to establish numerical criteria.
Current practice for fresh, estuarine, and marine receiving waters is to prohibit
discharge of oils and greases which:

~ (&) result in a visible film or sheen;

{b) 1s detectable by odor; . ;
(¢c) cause a "tainting" of the flesh of edible fish or macro-
fnvertebrates;

(d) form an oil sludge depusit on beaches or bottom sediments; and
(e) become effective toxicants to aquatic organisms.
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Color and turbidity are undesirable properties of some waste effluents.
Color and turbidity diminish light penetration in natural waters, _
and also affect the domestic and industrial reuse of water. This removal process
often adds undue expense to water treatment costs.

Settleabie and suspended solids, both organic and inorganic substances, are
frequently associated with industrial wastes. The settleable and suspended
material in a water or wastewater sample is generally estimated on the basis
of thé‘fqlldwing parameters; total suspended solids (TSS), volatile suspendéd
solids (VSS), and settleable matter, all measured in mg/1. The inorgar c solids
consist of sands, silts, clays, inorganic precipitates, and dusts while the or-
ganic fraction may be extremely heterogeneous with regard to its chemical con-
tent. Factors affecting the settleability of suspended solids include the
turbulence in the receiving waters, chemical or physical agglomeration of the
particles, and the relative density of the particles in relation to the water.

Settleable solids may adversely affect the aquatic biota by covering the
bottom with a blanket of material that destroys the benthic biota or spawning
areas of fish. Organic bottom deposits may deplete benthic dissolved oxygen
and produce hydrogen sulfide, methane, carbon dioxide, or other noxious gases.
Some settleable solids can cause damage by direct mechanical action, such as:
c]ogging‘of the fish gilis.’ Suspehded solids increase the turbidity‘bf‘the re-
ceiv{ng_waters and may reduce photosynthatic activity by reducin§~the dépth~of
sunlight penetration in the water column. Suspended matter‘may also clog the
gills of fish and can increase the cost of treating the receiving waters for
municipal and industrial uses. Suspended solids also serve as a vehicle for
transporting sorbed toxic materials and pathogenic microorganisms. i

‘Dissolved inorganic ijons in industrial effluents are difficult to categbr=
ize but usualﬁy dissolved solids present a problem when the level is significantly
different than the receiving water. In fresh waters, for example, a draméticl
increase in dissolved solids can upset the osmotic balance of the indigenous
aquatic organisms as well as reduce the use for drinking purposes. The effect
is less severe when estuarine waters are involved as estuarine organisms are .
generally adapted to wiae fluctuations in dissolved jon content due to.natural
salinity variation. ’

%
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Treatment Technology .
Raw waste loads in most cases can not be completely eliminated, and treat-
ment of the wastewater becomes necessary. Treatment technology is dynamic, and
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processes for improved constituent removal are being develgped. The efficacy

of selected processes for reducing industrial effluent constituents to desired
levels, however, must usually be estabished by pilot plant or laboratory testing <:>
procedures (6).

The treatment of wastewaters discharged from industries encompasses the re-
moval of diverse pollutants, with most attention historically focused on organic
removal (7,8). Recently, however, removal of eutrophying and potentially toxic
substances has been emphasized by polluticn control and regulatory agencies. '

It is recognized that as environmental stresses become more acute, the
concepts of pollution control will by necessity become more sophisticated.

Table 4 presents a classification and application of necessary treatment.
processes. A commonly accepted treatment classification is as follows:

a. in-plant d. secondary
b. primary e. tertiary
c. intermediate . . quaternary

A general listing of these processes and their applicability of removing the -
industrial waste loads is presented in Table 4. A removal profile of these con-
stituents is shown in Fig. 1. Removal efficiencies depend on waste character-
istics, adequacy of design, operational effectiveness, and environmental condi-
tions.

Prediction of treatment plant effluent characteristics can be estimated on (:>
the adequacy of the following: ‘

a. in-plant surveys e. plant design

b. waste characterization f. construction inspection
c. laboratory treatability studies g. maintenance and operation
d. pilot plant studies ’

Table 5 provides estimates of possible constituent residuals. It is these con-
centrations that must be evaluated for their impact on receiving waters, proper-
1y considering dispersion patterns and receiving water quality. It is on this
basis that associated costs to reduce the industrial waste loads can be predic-
ted and the results integrated into a cost-effective/benefit format for making
decisions in water quality management.

Relationship Between Physical and Biological Environments
Efficient and acceptable use of natural water systems for the disposal

of residual wastewaters requires knowledge of the processes by which the con-
taminants are mixed and dispersed throughoutlthe receiving waters. Of the mény
factors which influence the quality of receiving waters, mixing and dispersion
are ameng the most important. These factors effect the ecology of the waters,

11



Tap?e 4. Classification and Application of Treatment Processes

ZONTAHINAfiTS IN-PLANT PRIMARY INTERMEDIATE SECONDARY TERTIARY QUATERXARY
1l Segregation . AP1 Separator Air Flotation
Concentration Tilted Frame Mechanical |
Housekeeping Separator Flotation -
. ‘ tedia
‘ Filtration
Soluble COD Housekeeping Chemical Activated Media Reverse
. Precipitation Sludge Filtration Osmosis
Flotation or Aerated Carbon
N Gravity Lagoon Adsorption
Separation Chemical
Equalization Oxidation
Haste Waste
Stabilization Stabilization
) Ponds Ponds
Hardness Segregation Chemical Ion
Precipi- Exchange
tation
Other TDS Segregation Icn
’ Exchange
Reverse
O Oszcsis
) P Electro-
.Gialysis
Ammonia-nitrogen Substitution Trickling _Activated Denitrifi-  Ion
- Segregation Filter Sludge . cation Exchange
Steam Stripping
Phosphorus Segregation Activated Chemical
¢ Substitution . Sludge Precipi=
- Aerated . tation
3 Lagoon .
Heavy Metals Housekeeping Ponding Chamical " lon
: Substitution Precipi- E:change
Segregation tation
. . Chamical
' Oxidation
Neodia .
' ' Filtration .
Sulfides Segregation Chemical
Steam Stripping Oxidation
Cyanides Alkaline Ircineration
. ; . Chlorination .
Electro-
Dialysis
12
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Constituent

Range for

Selected Industrial
Raw Waste Loads
(total effluent)

!

o

Table 5.‘ Generalized Levels\of Constituent Residuals

Secondary
Effiuent

Tertiary
Effluent

Quaternary
Effluent

@

General Remarks

CoD

§00-700 mg/1

1

100-200 mg/1

P

50-200 mg/1

<100 mg/1

Exact COD residuals vary with
gomplexity of industry & design
contact times 1n the Act.S. and
Carbon Treatment Plants.

BOD

250-350 mg/1

20-50 mg/1

5-20 mg/1

<5 mg/1

BOD residual- depends on BOD/COD -
ratio which characterizes rela-
tive biodegradability of waste-
water,

Phenols

10-100 mg/1

<1 mg/1

<1 mg/1

<1 mg/1

Fhenols{ics) are generally amena-
ble to biological and sorption
removal. :

Heavy Metals

5-100 mg/1

1-50 mg/1

1

<l mg/1

<1 mg/1

Heavy metals concentrated to some
extent in biological sludge and
removed with sludye wastage. Chem~
ical precipitation at high pH level
effective for reducing most metal-
lic_ion to less than 1 pom.

SS

50-200 mg/1

20-50 mg/1

<10 mg/1

<10 mg/1

“Primary effluent solids depend on

design and operation of oil removal
units. Act.S. effluent solids
depend on effectiveness of secon-

"dary clarifier. Low effluent solids

characterize carbon column effluent,

TDS

1500-3000 mg/1

1500-3000 mg/1

1500-3000 mg/1

<300 mg/1

TDS is essentially unchanged
through all three treatment systems.

NH3-H

© 15-150 mg/1

5-100 mg/1

“1-5 mg/1

<1 mg/1

Exact concentration depends on
pre-stripping facilities, nitro-
gen content of raw materials cor-
rosfon additive practice and
biological nitrification.

P

1-10 mg/1

<1-7 mg/!

<1 mg/1

<] mg/!

Only removal attributed Lo bio-
logical synthesis.

Cyanides

1-200 mg/1

~.05 mg/}

© Swymple cyanides can be reduced

to less than 50 ppb with proper
treatment and process app!ication.




and the net result is reflected in the benefits which may be expressed in terms
of the economic value derived from the waters. The biological, ecclogical and
economic analyses can be considered only as partially complete until integrated (:)
with mixing and transport characteristics of the receiving waters.

The mixing process in any body of water is three-dimensional; vertical,
lateral and longitudinal. By assuming complete mixing in the vertical and
lateral dimensions, estimates of longitudinal concentration variations can be
constructed (9). The complexity of the model and potential for errors may be illus-
trated by examining the physical processes external to an estuary:

(a) tidal action at the estuary mouth;

(b) fresh water inflow;

(¢} radiation balance; and

(d) meteorological conditions.
These processes are of importance in developing the velocity fields and turbu-
lence in the estuary.

However, using adequate data and simplified one-dimensional models it is
possible to predict incremental changes at various distances from a point of
discharge (10). Such results are shown in Fig. 2.

Role of Environmental Baselines

The impact of industrial discharges on receiving waters represents a
high degree of uncertainty until baseline information is developed. Sampling
stations should be established at predefined locations around the discharge
,.points, and water qulaity, sediment, and species diversity numbers obtained
at sufficient frequency to establish statistically reliabie baseline environ-
mental information. The sampiing chronology should take into account the fac-
tors of parametric variation, hydrodynamic and hydrographic factors, and seasonal
influence. Both in situ and laboratory analyses are required.

A typical schedule of analysis for a baseline study being conducted in an
estuary which will receive a large volume of treated petrochemical wastewater
1s shown {in Table 6 (11). Background information must be determined as per this
schedule before and after the effluent is discharged to the estuary. These
data will provide the necessary information to accurately evaluate the response
of the existing aquatic ecosystem and receiving water quality to the propesed
discharge. :

15
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Table 6. Schedule of Analyses for Baseline Study

Y o S T

Constituent . T <+ 7 Type of Sample Frequency Analytic Method
Receiving Water
pH? px W DR¥
Dissolved Oxygen (DO) P W " DR
Temperature P W DR
Conductivity P W DR
Transparency (Secchi) S W DR
‘Satinity P W CN
Density P W CN
Biochemical Oxygen
Demand (BOD) D M LA
 Chemical Oxygen
Demand (COD) c M LA -
Total Organic Carbon (TOC) D M LA
Kjeldahl Nitrogen D M LA
Ammonia Nitrogen‘(NH3) D M LA |
Nitrite Nitrogen (N02) D Mo LA
Nitrate Nitrogen (NO3) D M LA
Reactive Phosphate (P0,) D M LA
Phenols D M LA
Mercury D M LA .
Phytoplankton D M LA
Coliforms (total and fecal) D M LA
{
Sediments
Classification D Q FA
Chemical Oxygen -
Demand (COD? D Q LA
Hekane Extractable
Materials o Q LA
Hexava]ent Chrom1um C - Q LA
Mercury ¢ Q LA
Lead - C Q LA
Particle Size
D1stribuolon D Q LA
CyanIde ' C Q LA
D1ssolved Sulfide - C Q LA
Kjeldahl Nitrogen C Q LA
Benthic Organisms - D Q LA -
*P - Profile at 1.0 meter intervals witn in situ equipment.
D - Discrete grab sample for laboratory analysis
S - Single, in situ, analysis
C - Composite of du dup11cate grab samples with laboratory analysis
W - Weekly . ‘ :
M - Monthly . - .
Q - \

Quarterly ) ¢
DR- Direct reading instrument

CN- By calculation :

LA- Laboratory analysis ' : (:>
FA- Field analysis '

i,
)
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INTRODUCTION--EXAMPLE
ST CONTROL OF REFINERY AND PETROCHEMICAL =
WASTEWATERS AND RESIDUALS <)

Earnest F. Gloyna, P, E. )
Davis L. Foxd, P. E. ‘3)

P 2

" This paper considers a spectzum of factors which reflect on the control of
wastewaters and rxesiduals derived from the refining and processing of crude petro-
leum and.petrochemicals. The. source of waste, analyses of wastewater and .resid-
uals management, typical wastewater characteristics and treatment of wastewaters

are discussed. Emphasis is directed to those treatment units which are capable
of removing oil.

Experimental and field data are provided describing process waste sources,
boiler and cooling tower blowdowns, rzunoff from combined process and storm sewer
systems, and ballast water. Oil zemoval through the use of gravity separators,
dissolved air flotation, coagulation and precipitation and coalescers are

stressed. Brief discussion is presented on the topic of soluble organics removal
by biological action.

The control of wastewaters will depend on a thorough understanding of all
industrial processes contributing to the waste stream, options available for pro-
ducing the required treatment and £inally the impact of residuals derived from
. the total treatment process on the environment.

1 Presented at the Fixst International Symposium on the Techniques of Liquid-
Liquid Separations, October 10-11, 1974, Lamar University, Beaumont, Texas.

Dean, College of Engineering and Joe J. King Professor of Engineering, The:
University of Texas at Austin, Austin, Texas 78712.

2

3 Vice President, Enginecering Science, Incorporated, Austin, Texas 78722.
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Terminology and Taxrget Dates

’ . “rminoleogy to de=
In the USA, govermmental agencies are using a new set of te.
. ] ) . crncerned
fine industrzal?processes and waste sources. Today, industry must be

S ew
with best pgactiwal technology (BPT), best available technology (BAT) and ne
e

source standards as defined in the Environmental Protection Agency's (ZDA) stan=-
dards effluent guidelines. The latter represent levels of wastewater treatment

which industry will be required to implement by specifié dates, Table 1.

The applicable Standard Industrial Classification (SIC) numbers related to

the ¢topics under discussion include:

SIC 2911 Petroleum Refining }
SIC 2815 Cyclic Intermediates, Dyes, Organic Pigments, and Crudes
SIC 2818 Organic Chemicals 7 ‘ ‘
SIC 2819 Inorganic Chemicals Derived from Petroleum
SIC 2821 Plastic Materials and Resins
<:> 'The detail of each SIC.is illustrated by listing the twelve processes which de~
fine SIC 2911: ’ o ‘

1. Storage and Transportation 7. Solvent Extracticn or Refining
. 2. Crude Desalting 8, Hydrotreating | 4

3. Fractionation 9, Grease Manufacturing

4. Cracking 10. Asphalt Production

5. Hydrocarbon Rebuilding 11. Product Finishing

6. Hydrocarbon Rearrangement 12. Auxiliary Activities

These products:- include kerosene, gasoline, distillate fuel, residual fuel oil,
and a host of miscellaneous products. This list grows as petrochemicals are
added to the list.

Source of Wastes

(:) The present and future levels of wastewaters and residuals depend on tre
sources and management of these inputs. Figure 1 depicts the six general sources
as process streams, utility wastes, sewage, contaminated storm water, ballast

water and miscellaneous discharges.




Table 1. EPA Target Dates O O
TYPE OF LEVEL OF DATE BY WHOM ENFORCEMENT ,
SOURCE TECHNOLOGY FFFECTIVE ESTABLISHED . MECHANISM SCOPE ’ -
Water - NOT a "source"” ‘Not level of " July Permits Al)l surface waters,
Quality rivers, streams, technology- 1983 States (except those specifically
Standards lakes=-all water which State | approved by EPA for
surface waters provides for programs | less stringent
- recreation in & EPA for non-point | classifications)"
on water sources .
Best Industry . Level I July EPA Permits Add~on treatment
Practicable major feedlots average of 1977 technology-includes
Technology (existing) the best process changes
technology
curxently
available
Best Industry Level II July EPA Pernmits Add-on treatment
Available major feedlots very best 1983 taechnology-greater
Technology (existing) economically ' | emphasis on production
Achievable changes
technoloqy
New Industry Level III May EPA Permits Add-on, 1in process
Source major feedlots very best 1974 controls, plant -
Standards (constructed technology to design, raw materials,
after May 1974) be contructed ~all aspects~
Pretreatment Industries intro- Not a precise July 1976 No permitse -Unlimited-
Effluent ducing wastes level of existing EPA -monitoring- any unit process
Standards into publicly technology plants controls needed to
owned treatment ~generalized May Munici- prevent excess of
works unit processes 1974 palities pollutants intoc
New plants treatment plant
Toxic All sources Not a level January EPA Permits -Unlimited-
Effluent of technolegy 1975 any changes needed
Standards -whatever is to prohibit/limit
needed to get toxics
out toxics
Secondary Publicly owned Average of July 1877 Permits Add-on tightening
Treatment treatment well-xrun oxisting EPA process control
(Public treat-)plants (con- wastae treat- July
ment plants) gtructed by ment plants 1978
July 1974) using secondary plants
treatment constructed States
prior to 6/30/74
Best All publicly Average of July EPA Permits Construction of new
Practicable. owned best advanced 1983 treatment systems
Waste Control {treatment treatnent and additional
Technoloqgy planto systems process controlo

[{Public treat-
ment planta)




| NORMAL PROCESS OPERATIONS B

O PRIMARY POLLUTANTS: Dissolved Organics, ~
- Qi & Cmcese o

- T:‘/‘
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pr=enae

ganic Macmoa’gamsmsg Nutrients

B

COMBINED
EFFLUENT

_'CONTAMINATED STORM RUNOFF_ »

PRIMARY POLLUTANTS: Dassglvgd Om@mcso
‘ Qil & Greoss

BALLAST WATER BLOWDOWN Al
B

(AS APPLICABLE) 4
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FIG. 1. GENEML SOURCES of WASTES.




Analvsis of Wastewater and Residuals Management

Treatment and solids disposal is usually required because there is no such
thing as zero discharge. However, process designs, waste treatment and all other
industrial dacision-making processes must relate reuse and recycling with efflu-
ent levels and cost. Hopefully, some of the money required to treat the resid-
ual wastes can be derived from credits obtained through better engineering of the
production facilities, i.e., reduction of the waste load through the use of more

efficient production units.

The effectiveness of handling refinery and petrochemical wastewaters usually

depends on the efficient utilization of several treatment processes:

Primary Treatment - Gravity Separation

Intermediate Treatment - Neutralization
Dissolved Air Flotation Chemical Coagulation-Sedimentation
Filtration

Final Treatment (Biological/Physical/Chemical) =

, Activated Sludge Cooling Tower Oxidation
Aerated Lagoons Filtration
Trickling Filters Carxrbon Adsorption
Waste Stabilization Ponds Reverse Osmosis

The problem is to delineate costs for meeting various levels of environmental

' quality. Costs will reflect such considerations as:

(a) production variables;

(b) 1liquid residual reduction and its impact on secondary residuals
production, energy requirement, and land requirement for sludge
disposal;

(c) effects of air quality controls on llquzd residuals;

(d) effect of residuals modification measures on consumptive use of
water; §

(e) wvariability in residuals generation and performance of treatment
plant; and

(£) effect of rainfall on probability of achieving zero discharge.

O
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. Figure 2 shows an example where reducing variability in discharge require
increased cost. 1In this case, lagoon and/or spray irrigation systsms are
examples, which are sensitive to both temperature and precipitation. Although
the generalized cost increases greatly, this curve represents only one of many
variables in ré%iduals generaticn and residuals discharge.

) The response of an individual industrial plant to effluent controls may be
illustrated by én analysis of a 150,000 barrels per day petroleun refinery (1),
Table 2 depicts the sizes of process units and magnitudes of product ocutput..
?able 3 illustrxates the residuals generated with treatment limited to oil-watex
separators and sour-water scrubbers, As shown in Fig. 3, discharges of BOD sul-
fide, phenols, and ammonia decrease rapidly over the range of charges from 1 cent
to 7 cents per pound, which xepresents reduction of 70% of BOD, 82% of phenol,
48% ammonia and 74% sulfide. As the BOD reduction increases to about 95% the
charge increases to about 25 cents. For this example, the cost of reducing BOD

by 75% is about $0.002 per barrel of crude processed cr about 0.045% of daily
cost. / \

‘tyrical Wastewater Charxacterxistics

Once an industrial categorization system is established, then the lecgical

sequence of predicting industrial gffluent loads to the treatment facility and
environment are:

(a) estimating waste loads generated in the present and future
manufacture of product; . A

(b) predicting the portion of this load thét‘can be removed using
demonstrated treatment technolog&;‘and

(c) projecting the implementation schedule for applying this
demonstrated technology.

Raw waste loads, as a‘précticgl matter, are usually estimated £rom histor-
ical chafacterizéﬁion data of ‘the total effluent discharged from many production
components within an integrated industrial plant.l If it were possible to obtain
such iaformation from singular production units, the wastewater profiles could be
developad on a "building block® or cumulative approach for complex systems. How-
ever, thexre are many factors such as water recycle and reuse, changes in water-

Fusiiry when mixed with other sources, and water use not directly associated with
production which. prevent precise predictions of raw waste loads. .. - - o
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<:> ’ Table 2. Process Units and Product Outputs,
. 150,000/ Barrels Per Day Petroleum Refinery
PROCESS UNITS (Barrels ' PRODUCT COUTPUTS
per barrel of crude charged) (Quantity per day)
Products sold
Desalting 1.00 . 6
Refinery gas . 2.944x10 1lbs..
Atmospheric Distillation 1.00 Kerosene/diesel oil 15,760 barrels
. Distillate fuel oil 17,400 barrels
Coking .133 Low sulfur 8,880 B .
Medium sulfur 8,230 B
Hydrotreating 0139 High sulfur 290 B
) Polymer 2/ 660 barrels
Refoxming 2139 Premium gasolinegy 35,100 barrels
) Regular gasoline 51,150 barrels
Catalytic cracking - 4866 "Residual fuel oil 3,000 -barrels
" Straight run gasoline
Alkylation 2076 sold as petrochemical -
: feed 16,360 barrels
Sweetening 2393 Recovered sulfur 40.0 long tons
<:> Products used internally
Hydrogen (burned): o 100,250 1lbs.
Sweet coke (buzned) 1,180,000 1bs.
Sour coke (burned) 260,000 1lbs.
Coke burned in catalyst
.. regenexation 1,540,000 lbs.

l/Crude charged: 111,000 barrels East Texas {low sulfur)
39,000 barrels Arabian Mix (high sulfur)
Total ~ 150,000 barrels per day

2/ Octane > 100; tetrxaethyl lead content < 2,5 cc/gal.
f

. 3/ Octane > 94; tetraethyl lead content < 2.5 cc/!gal°
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Table 3. Residuals Generation per Barrel in a 150,000
Barrels per day Petyroleum Refinery '

RESIDUAL - ‘GENERATION (Lbs. per barrel)
Gaseous
" particulates ' 0.423
S0. 1.42¢9
S 2 . )
Liquid
BOD, - ' 0.060
0il™ . - 0.047
Phenols : 0.032
Ammonia 0.021
© Sulfide 0.003
7 Heat, 10 Btu 0.300
Assumptions: )
Cost of water withdrawals: .
y Cooling, $.015/1000 gal, <:>

Desalter, $.025/1000 gal,
Process steam, §.15/1000 gal.

. Cost of purchased fresh heat:
, 0.5% Sulfur, $.477/10% Btu
e 1.0% Sulfur, $.593/10. Btu
2.0% Sulfur; $ 9661/10 Btu

Price of Recovered Sulfur: $20/long ton

\
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PERCENTAGE REDUCTION OF DISCHARGES
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The impact of raw waste loads on the environment may be depicted in terms 'of

various potential impacts; namely, oxygen depletion, eutrophication, toxicity,
and general nuisance., Characterization of wastes for treatment plant design

u;ually requires a detailed analysis of the following:

(a) Flow; {£} Toxicity iheavy-metals, cynides,
(b) Solids (SS, TDS, VSS); phenols) ;'

{c) Nutrients (N, NH3, P); (g) Additional physical-chemical

(d) pH; characteristics; and

(e} Biodegradability and oxygen (h) Rate relationships for treat-
requirements (BODS, BODu, ment facilities design.
COD, TOC);

Process Sources: An estimate of the amount of wastewater derived from a
plant might be obtained by comparisons with other installations (2) or relating
the quantity and quality of pollutant produced by a unit process to production
units. For example, the American Petroleum Institute Refinery Effluent Profile
(3) has tabulated process flow in terms of production units for the five refin-
ery classifications, Table 4, ' .

Table 4. Wastewater Discharge as a Function of Crude Throughput
. )

Gal. Effluent/bbl

Refinery No. Refineries . Crude Throughput
Classification Reporting - Max. Min. Avg.
A i5 . 4%9.8 0.4 57.5
B 70 '1658.6 2.1 116.3
C 20 1399.9 17.6 18l1.0
-D 18 . 759.4 14.8 143.4
E 32.8 410.1

4 :1700.2

The organic content can be expressed in terms of biochemical oxygen demand
(BOD) , chemical oxygen demand (COD), or some other form of carbon source and
oxygen demand. It is estimated that 90% of the BOD is derived from eight pro-

cess units. The source and range of BOD levels are: naptha treater (3,000-

4,000 mg/l); MEK stripper (3,000 mg/l); furfural stripper (2,200 mg/l); lube dis-

tillation unit, atm. (1,100 mg/l); crude desalter (500 mg/l); sour condensates

- {60 mg/1l); lube hydrotrxeater (300 mg/l); and lube vacuum, distill. (300 mg/l).

3
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<:> Similarly, the COD load as derived from seven process unlts may have the
following characteristics: delayed coker (6,000 mg/l}; FCCU (6,000 mg/l); crude
wnit (2,000 mg/l}; paraxylene (1,200 mg/l); styrene (1,000 mg/1); plat-
former Udex (800 mg/l); and alkylation (500 mg/l). The oil, as the COD is large-
ly derived from kerosene and diesel hydrotreating (about 50%). The FCCU and
crude units may contribute 20% to 30% each, while the delayed coker, unsaturated
gas plant, ultrafiner and untraformer and others contribute less than 5% each of
the total contribution. Wastewater characteristics associated with'some petxro--
chemical products are listed in Table 5. Typical spent caustic and acid waste
streams in petzoleum refineries are given in Tables 6 and 7, respectively. The
type of wastes derived from primary conversion and refining processes are depicted
in Table 8.

Boiler Sources: It has been recommended that the water within steam druns

(for pressures botween 300 to 750 psig) not exceed dissolved solids levels of:
3,500 to 2,000 mg/l, suspended solids levels of 300 to 100 mg/l, and alkalinity
<:> (as Cacoé) levels of 700 to 400 mg/l. Typical analysis of boiler blowdown waste- .

waters and residuals is shown in Table 9 (5).

!

Cooling Towers: Most of the wastewater of the utility blowdown and fre-

quentiy‘a sizable portion of the combined plant flow will be derived from cool=-

" ing towérs.' All of the utility blowdown streams contain organic materials,
although the pollutants may eﬁist at low concentrations (6). In addition to the
incoming dissolved salts, the cooling tower blowdown will contain sulfuric acid, -
inorgaqic chromate salts (300 to 2gooo mg/l)}, inorganic and organic phosphates
and polypﬁosphates (2 to 30 mg/1), organic chromates (5 to 20 mg/l Croéand 5 to
20 mg/l organics), chlorinated phenols (300 to 400 mg/l), chlorine or bromine,
and quaternary ammonia copper complexes (200 mg/l). See Table 10,

™ TYant Water: Ballast water quality can be expected to vary considerably.
1.t of a ballast water survey from two refineries are shown in Table
il (~)y. Uurrally the underflow £rom a ballast holding tank must be.given further

to. o, : S .




wast cwater Characteristics a

ssociated With Some Chemical Products (3)

Tabl: 9.
Flow BOD . CcoD Othar
Materlal . {aat/ton) - {mg/1) tmg/L) Characterlistics
Primary Petroch(‘mlcalsv
Ethylenc $0- 1,500 100- 1,000 $00- 3,000  phenol, pH, ofl
Propylene 100- 2,000 100~ 1,000 S00- 3,000 phenol, pH
Primary Intcrmcdiates ‘
Toluene -+ 300- 3,000 300~ 2,800 2,000- 5,000
Xylene 200- 3,000. $00- 4,000 3,060 8.000
Ammonia 300- 3,000 25- 100 s0- 250 oll, . nitrogen
Mecthanol 300~ 3,060 300- 1,000 500~ 2,000 oll -
Ethanol 306- 4,600 $300- 3,000 1,000- 4,000 oil, sollds
Buthanol 200- 2,060 500+ 4,000 1,000~ 8,000 heavy metals
Ethyl benzeno 300- 3,000 500~ 3,000 1,000~ 7,600 heavy metals
Chicrinate hydrocarbons $0- 3,000 §0- 150 106~ 500 pH, oil, solids
condary Inter Inte
Phenotl, cumens 809~ 2;500 2,260-100,000 2,000-35,000 shenol, colids
Acetone $60- 13,500 8,000~ 5,000 2,000-10,060
Glycerin, glycols 2.,000- $,000 500~ 3,500 1,000=- 7,000
Urea §00- 2,000 $0- 300 100~ SEO
Acetic enhydride 1,690~ 6,000 3069~ $,000 $60- 8,000 pR
Terephtalic acld £,000- 3,000 . 1,000~ 3,000 2,000~ 4,000 keavy metals .
Acrylstes 1,0600- 3,000 $00- 5,000 2,000-15,060 gollds, eolor, cyanido
Acrilonitrile 1,000- 20,000 200- 700 $50- 1,560 color, cyanide, pH
Butadlene * 100~ . 2,000 25 200 100- 460 oll, solids
Styrene $,000- 10,000 300- 3,000 §,000- 6,000 -
Vinyl chlorlda 10- 200 200~ 2,000 $00- 5,060
Primary Polymers
Polyethylena 400- 3,600 200~ 4,000 gollds
Polypropylene 400- 1,600 200- 4,000
Polystyrene $00- 1,000 §,000- 3,660 cgoltds
Polyvinyl chlorlde ‘1,500- 3,000 s0- 500 1,000~ 2,000
Cellulose acotate 10~ 200 $009- 2,000 1,000~ 5,000
Butyl rubber 2,000- 6,000 .630- 2,000 2,500~ 5,000
Dyes end Pigmentg $0,000-250,000 200- 46 $00- 2,000  heavy melals, color,
‘ - solids, pH
Miccellancoug O:qanics
Isocyanate $,000- 16,000 §,000- 2,800 4,000~ 8,0C0 niirogen
Phenyl glycine §,000- 0,000 1,000~ 2,500 4,000- 8,000 phenot
Parcthion 3.,000- 8,000 1,500~ 3,500 3,000~ 6,000 solids, pH
Tributyl phosphate 1,000- ‘4.000 500~ 2,000 ' 1,000~ 2,000 phosphorus

O
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Table 6. Typical Spent Caustic Stream Charactexistics {(4)

Benzene Ortho-
Sulfona=- phenyl- )

) tion phenol ' Alkylate Polymer=
Characteristics Scrubbing Washing Washing ization
Alkalinity (mg/1) 33,800 , 18,400 46,250 209,330
BOD (mg/1) 53,600 18,400 256 8,440
COD (mg/1) 112,000 67,600 3,230 50,350 -
H2S, (mg/1) - - - -
pH ’ T 13.2 9-12 12.8 12.7
Phenols {(mg/l) 8.3 5,500 50 22.2
NaOH (wt %) 1. 0.2-0.5 - -
Na2804 (wt %) 1.5-2.5 - - -
sulfates (mg/l) 3,760 2,440 - -
Sulfides (mg/l} - - 2 3,060
Sulfites (mg/l) 7,100 4,720 - -
Total Solids (mg/1) 90, 300 40,800 - -

Table 7. Typical Acid Waste Characteristics (4)

and Refining Processes (4)

Acid Wash~ Acid Wash- Sulfite Wash
Acid Wash- Phenol Still Orthophenyl- Lig. OP-phenol
Characteristic Alkvlation Bottoms phenol Distillation
Acidity (mg/l) 1,105-12,325 - 24,120 675
BOD (mg/l) 31 20,800 - 13,600 105,000
COD (mg/l) 1,251 248,000 23,400 689,000
Dissolved - 340,500 81,300 176,800
Solids (mg/l) —
0il (mg/1} 131.5 - - -
pH 0.6-1.9 1.0 1.1 3.8
) Phenols (mg/l1) - 3,800 1,500 16,400
Sulfate (mg/l1) - c- 54,700 -
Sulfite (mg/l) - 34,800 2,920 74,000
Total Solids - 403,200 81,600 176,900
mg/1)
Table .8. Typical Process Waste Characteristics of Primary Conversion

Sour Condensates

Crude Catalytic  Naphtha:. £rom Distillation,

Characteristic Desalting Cracking Cracking Cracking, etc.
Ammonia (mg/l) 80 - - 135-6,550
BOD (mg/l) 60-610 230-440 - 500~-1,000
COD (mg/l) 124-470 500-2,800 53-180 500-2, 000
0il (mg/l) 20-516 200-2, 600 160 100-1,000
pH (mg/1) 7.2-9.1 - - 4.5-9.5
Phenols (mg/l) 10-25 20-26 6-10 100-1,000
Salt (as Nacl) 0.4-25 - - -

(wt %) :
sulfides (mg/l) 0-13 - - 390-8,250 (H;S)

TN S
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! Table 9. . Typical Boiler Blowdown

15

Analyses
- Number of Standard
Parameter Analysis Mean Deviation )

* pH } 22 12 0.34
y Total Suspended Solids (mg/l) 22 . 40 . 24
>Volatile Suspended (mg/l) 22 25 16
Settleable Matter (mg/l1) 22 19 23
Immediate Oxygen Demand (mg/l) 13 12 8
'Biochemical Oxygen Demandg (mg/l) 7 61 27

~ Chemical Oxygen Demand (mg/1l) a2 201 70
-0il and Grease (mg/l) 22 14 5

" Temperature (°C) 22 174 8
“Chromium (mg/l) 3 0.8 0.3
“Phenols (mg/l) 19 0.1 0.2
Pluorides {(mg/1) 15 7 9
‘Total Residue (mg/l1) 8 4950 300
-Ammonia (mg/l) 10 3 2
Oxygen Demand Index (mg/l1) 9 . 69 46

«

§ ovvey

Table 10. Analysis of Cooling Tower Blowdown (24 hr., Composits)

-
~

Parameter

7
. pH

Total Suspended Solids (mg/1)

Volatile Suspended Solids (mg/l)

Biochemical Oxygen Demands (mg/1)

Chemical Oxygen Demand (mg/l1)

Oil and Grease (mg/l)

Temperature (°C) (Grab Samples)

Sulfides (mg/l) (Grab Samples)

Chromium (mg/1) . :

TKN (mg/1) .

Total Phosphate (mg/l)

Total Dissolved Solids (mg/1)

Dissolved Organic Carbon (mg/1)

Standard
Mean Deviation
7.3 0.3
e 34 -
26 . -
33 35
140 ) 98
7 ’ 3
27 . 3
0 0
12 ‘ -
12 s 18
5 o 0.2
7,630 2,430
60 . 59

R



Table 1ll. Ballast Water Characteristics

. High Value Iow Value Mean
{mg/1) (mg/1) {(mq/1)
Refinery No. 1: .

coD - 472 207 342
BOD5 389 23 168
0il 148 ° 44
Chlorides 18,500 14,200 5,900

Refinery No. 2: )
CCD 1,600 1,173 1,456
0il 280 147 183

The quantity,of'ballast water required during calm weather is about 1.5
barrels (63 gallons) per ton of tanker deadweight displacement, but the actual
amount may vary greatly. Since only the most modern tankers have separate bal-
last holds, thexre is little clean ballast.

Furthermore, the unloading operationé are extremely varied. Deballasting

_at port, by necessity, is rapid.

Other Discharges: Additional contributors to the overall waste load are:

‘storm waters, sanitary wastes, tank cleaning, product spills, off-specification .
product dumps, equipment malfunction, turnarxounds, and cleaning operations. The

storm waters' can be a very significant contributor to the waste load.

For storm water analyses it is necessary to know the probable-volume which
will be collected, quality characteristics and the peak flows (7). ‘Storm water
studies at large refinery and petrochemical facilities throughout the Unifed
States have indicated a general relationship between runoff volumes and contam=- "
ination. This relationship is depicted in Fig. 4. 'During the course of a given
storm, one rpnoff reaches a peak flow commensurate with the concentration time of
the installation; Following this peak, if no furtheér rainfall occurs, a slow de-
cline in flow is experienced as stored rainfall drains off. For large instal-
latioﬂs, this period of declinihg flow can last several days. The removal of
contaminant mass, however, appears to be a much more rapid process. Peak contam-
inant loadings generélly occur near the peak flow and die off father quickly to a

consistent base level. Additionally, the analysis of numerous storm flow versus

I
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‘contamination relations has ihdicated that between- 60 and 80 percent of the con~

taminant mass is washed out duxing a one-hour period centered about the time of
peak flow.

Treatment of Westewaters

Each refirery-petrochemical facility produces its own unique waste, but there

are some generalities that can be developed. Pretreatment is usually required to

equalizé the load, remove sdspended solids and free oil, and possibly remove sol-

" uble orgdnics (8)\ Secondary treatment usually lnvolves biological treatment in

conjunctlon ‘with some form of physical—chemlcal treatment to polish the effluent
and zeduge the volume of residual solids.

Equalization: While equalization does not normally reduce the concentration
of pollutants; most waste trggtmeﬂp_p:ocesses depend on a relatively high degree
of uniformity in load. AThe size and mixing features depend on waste character=
istics, plant schedu;e, and cfyclic\fluctuations° Xf sufficient flow and quality
information can be obtained from a wastewater survey, a rational basis for design-

ing the equalization féciliﬁy can be developed. One approach is the use of the
following equation (29): : -

2 - ) -QE- —9-7E
X (e + At) Ct[l exp ( = 1] + X, [exp ( v)]

where:

t = Time increment chosen for the numerical step-by-step calculation
Ct = input‘concentration averaged over At

xt = basin concentration before addition of the increment of flow at

concentration of Ct

x(; + At) = basin concentration after addition of increment cf flow-
Q= volumetrlc flow rate

“;_

v = ba51n volume
t = time, varies between zero and At in the equation.

The expression need only be evaluated at ¢ = At.

! t
y ¢

Using this model, the concentration of pollutant in a mixed equalization
basin or the effluent can be calculated. This assumes that the critical pollu~

tant in the industrial discharge was measured at time intervals of sufficient




frequency to accurately define the variation. The standard‘deviation of the
equalized concentration will decrease with increasing basin retention time. The <j@
relationship then can be used for selecting the retention time which corresponds B
to the maximum fluctuation that can be tolerated in the biological system. As
shown in Fig. 5, the standard deviation for COD loading without equalization for

& petrochemical wastewater discharge is approximately 8,000 lb/day. Usingfa resi-

dence time of two days, the standard deviation is reduced by 50% (9).

0il Removal: 0il separation is usually accomplished by gravity separators,
dissolved gas flotation (DAF) and coalescers. 1In some cases, it may be necessary
to use emulsion breakers and other chemical aids. The importance in controlling
the o0il concentrations is shown in Table 12 (9,10). Activated carbon beds and
biological systems are particularly sensitive to the problem-of free oil.

Table l12. Acceptable Levels of 0il in Treatment Units

Treatment ‘ Application
Process (ppm)
Gravity API > 150 =
CPI > 50
TPI > 73 O
DAF Full or Partial Pressurization 200 to 90 -

Chemical Treatment Recycle Flow 200 to 15
Chemical Treatment Multicell,

Eductor 200 to 10

Coalescers Granular Media 150 to 80
Granular Media with Chemicals 130 to 5 -
Vacuum Precoat Filtration, £
Chemicals 100 to 5

Biological Treatment ' 100 to O

Activated Carbons 5t 0

*0il contents > 80 prm are considered to be free oil

2
0il contents < 80 ppm are considered to be emulsified or soluble

Gravity Separators: Gravity separation using API separators is basic to
treatment of oily wastes. Typical oil removal efficiencies from refinery wastes

may range from 50 to 90%. See Table 13. Generally the two most significant

factors which influence separation of free oil from water are flow rate and
influent oil concentration. The impact of surges of flow through an API separ-

ator is shown in Fig. 6. A similar pattern exists for surges of oil.
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Table 13. Gravity Separation of 0il

0il. Ccntent 0il COoD ‘ss
Influent Effluent Remdved Removed Pamoved
(ng/1) (mg/1) (%) Type (%) {3)
300 40 87 Parallel Plate - - >
220 49 78 API 45\ -
108 20 82 Circular - -
108 50 54 Circular 16 -
98 44 55 API - -
100 40 00 API - -
42 20 52 API - -
2,000 746 63 API 22 33
1,250 170 87 aPI - 58

1,400 270 81 APL - 35

Dissolved Air Flotation (DAF): Special oil removal units are usually re-

quired following API separators or final clarifiers. DAF units are frequently
capable of meeting these needs. Table 14 provides a listing of oil removal effi-

ciencles that have been reported. In this table all cases, with one exception,

-+ were operated with chemical addition. The design flow rate ranged between 1.5 to

3.0 gpm per ftz, and ail units used pressurized iecycle systems.

Table 14. DAF 0il Removal Pexrformance

Influent oil Effluent oil Removal Chemicals¥® Configuration
(mg/1) (ng/1) (%)
1930 (90%)™® 128 (°20%) - 93 Yes Circular
w#* 580 (50%) 68 (50%) 88 Yes Circular
*% 105 (90%) 26 (90%) 78 | Yes Rectangular
68 (50%) . 15 (50%) 75 Yes Rectangular
170 ' 52 70 . " No Circular
125 - 30. 2 71 . Yes Circular
100 -7 10 20 : Yes Circular
133 .15 89 Yes - Circular
94 .13 86 Yes Circular
638 -+ 60 o1 Yes Rectangular
153 o 25 . 83 . Yes Rectangular
75 < 13 82 Yes Rectangular
6l 15 : 75 Yes Rectangular
360 45 87 Yes Rectanqular

* Parenthesis denotes probability of occurrence
¢ Alum most common, 100-130 mg/l
Polyelectrolyte, 1-5 mg/l occasionally added
The results of a detailed study, involving a rectangular DAF unit operated

in series with an API separator, is given in Fig.'7. The o0il concentration in
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the influent to the separator was 1,020 mg/1 (50% probability) and 2,150 mg/1
(90%) . The DAF reduced the total oil from 68 mg/l to 15 mg/1l for 50% probability
and from 105 mg/l to 26 .mg/l for the 90% probability level.

Figure 8 shows the relationship betwsen the influent and effluent oil con-
cegtratioq ix = DAF unit. The oil removal efficiencies vary from 60% to 95%.

The mgjor factors in oil remgval are oil concentration and form of the oil.

>

Table 15 provides a qualitative comparison between three pressurized and

one induced DAF systems.

Each type has some advantages and disadvantages. In

all cases, if a significant amount of the oil is in the emulsified form, chem=
icals will have to be added to insure acceptable DAF performances.

Table 15.

Cocmparison of DAF Processes (11,12}

Process

Advantages

Disadvantages

I . PRESSURIZED SYSTEMS

(a) Full Stream

(b) Partial
Stream

{¢) Recycle
Stream

I INDUCED

More gas/hr dissolved,
& improved separation.

Lower power required
as compared to full'
stream pressurization

!
Need not pump influent
solids; possible to
optimize floc forma-
tion; influent oil not
emulsified; and employs
simpler control,

Lower capital cost; -
smaller space require-
ments;

efficient in removin&

oil and SS; and '

can use multicells in
series .

Influent must be
pumped; emulsifi-
cation will occur;
and high power
requivements.

Less gas/hr. dis-
solved; influent
must be pumped;
and can emulsify
oil in influent.

Requires largexr
flotation cell

h%gher corrected
power requiremants;

need strict hydrau-
lic control;

less flexibility in
chemical addition
flocculation; and

3 to 7 times morxe
volume of £lecat
skimmings.,
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Coagulation and Precipitation: This process is effective in reducing nutri-
C::) ent concentrations such as phosphates, in precipitating heavy metals as metallic
‘ hydroxides, and in removing water soluble materials such as alkyl-Aryl sulfonates

by forming insoluhle precipitates.

Soluable ofganic removals by lime pretreatment are illustrated in Table 16.

Table 16. Sciuble Organic Removals by Lime Pretreatment®

"~ Results BOD5 oD TOC
Mean filtered infl. (mg/l) 168 464 201
Mean filtered effl. (mg/l) 131 408 155
Mean removal {(mg/l) 37 56 45
Mean remowval (%) 24 13 23

# All data from f£iltered samples

These wastes were derived from a proposed regional tréatment system containing
-effluents f£rom chemical plants and peﬁrolaum refineries. The mean overall BOD5
and soluble removals respectively, were 37% and 24%.

Figure 9 depiéts‘a case involving an integrated refinery and petrochemcial
facility where air flotation on a bench scale was unsuécessful. However, it was
found that a flocculant suspension could be.developed”at a pH above 8.0.° A/lime
éosage of 350 mg/l was required.

Massive lime addition did present a potential problem in that the available
natural alkalinity was insufficient to precipitate ali of the calcium and the
unstable effluent interfered with subsequent treatment steps. Concern over the
fate of these excess calcium lons together with anticipated problems in control=-
ling the pH of the mixed liquor prompted the addition'of soda ash. Drastic pH
.reductions to below four had occurred during bench-scale biological treatability
séudies. This low PH problem iz a fairly common occuf;énce when treating some
refinery wastes, It was hoped that ths soda ash would precipitate the excess
calcium ions, enhance the settleability of the floc, and buffer the Siological
process against detrimqntal PH changes. It waSLfound that the natural biological

' reduction in pH from an influent of 8.5 to a\mean‘of 7.0 shifted the carbonate-
(:} bicarbonate balance and reduced the carbonate ions available for calcium carbonate
precipitation to approximately one~twenty £ifth of that entering the aeration
basin. The result b-ing that the primary effluent was rendered more stable by
biological treatment éxd soda ash addi‘’ion was not required for this purpose.
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Drastic pH shifts did not occur in the pilot unit and soda ash proved to be un-
necessary as a buffer. Furthermore, cost analysis indicated that a weighting
agent could be applied more effectively in the form of powdered limestone.

The primery ¢larifier was oberated for approximately two months at ovérglow
rates ranginé{between 400 to 1,100 gpd/ftz. The pilot unit cculd be operated

either as a raactor clarifier or in the conventicnal centerfeed configuration.

. Actual performance can best be characterized by extended periods of high
efficiency punctuated by periodic gross discharges of oily sludge.. Each failure
could be traced to abnormally high influent oil concentrations. Normally, the
influent oil remained less thén 200 mg/l but on occasion jumped to over 700 mg/l
which in turm triggered a clarification failure. This problem was eventually
overcome by operating the unit at an overflow rate of approximately 600 gpd/ft2

and adding massive quantities of weighting agent when influent oil levels rose
significantly.

( After the appropriate operational techniques had been perfected, effluent”
oll and suspended solids concentration could be maintained consistently below.
50 mg/l. Removals of COD in the primary treatment unit are shown in Fig. 9.
Approximately 40 percént of the influent loading, or a tetal of 1,700 mg/l of
COD was removed. Oil and grease removal ranged from 100 to 5,000 mg/l with a =
mean of approximately 500 mg/l.

Considering the characteristics of the waste streams, it is believed that
lime coagulation followed by sedimentation offered the only workable alterhative
for effective o0il ahd suspended solids removal. Furthermore, this technique pro-
vided the added attraction of taking advantage of co-precipitation to assist in
the removal of significant quantities of dissolved organics.

Coaiescers} Coaiescers are useful in breaking some types of oil emulsions,
and may be classified as plate, fibréus media and loose media. Plate coalescers
emgloy gravity separation and parallel plates to improve separation. Fibrous
media units have a fixed filter element such as fiber glass. Loose media coalese-

cers usually use some type of multigrade sand or other filtering media.




The cil removal efficiency is related to two major factors:

(a) variations in type of oil, degree of emulsion, droplet sizes, <:j3

and suspended solids; and

(b) fluctuations in flow rates, influent oil concentrations and

equipment upsets.

The advantages of coalescers are the compactness of the units and flexible
operation. Some disadvantagss include problems with solids, stabilized ¢ .1 emul=-
sions and suspended solids which may reduce the efficiencies that are no better
than gravity separation. However, some have reported up to 95% removal of oils
at design flow rates. The amount of input oil, Table 12, is limited to &bout
150 ppm. | '

Secondary and Tertlary Treatment: Bilological processes for removing sclu-
ble organics from wastewaters is well documented, and considerable experiegce im
being accumulated in physical=-chemical techniques for polishing the final efflu-
ents (13,14). Table 17 swmarizes typical experience derived from eight refin-
ery and petrochemical plants in which activated sludge and activated carbon treat-
ment were tried. Each waste stream has its own peculiar characteristics and any
process seguence can be determined only after a thorough investigation using
continuous flow pilot systems. Temperature and biotoxicity are of particular
importance to blological systems. Cooling might be required during the summer
months. Biotoxicity may be controlled by proper use of equalization basins and
reducing excessive levels of known biotoxicants such as chromates, sulfides,

ammonia, free oil, etc.

The design organic load for most activated sludge systems ranges from 0.10
lbs BODs/day/lb MLSS (extended aeration) to as high as 0.8 = 1.0 lbs BODS/dBy/lb
MLSS. Higher loadings can be imposed, but generally at the expense of poorer

efficiency and higher organic levels in the treated effluent.

0il and grease are of paramount importance when designing activated sludge

systems for wastewaters sguch as those dlscharged from petroleum refinery and

petrochemical installations. Hexane extractables adversely affect a biological

QO
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Table 17. Effluent Quality £rom Activated Cacxbon and Activated Sludge Units

Ceonstituent Mean Value Range
Primary Efflucnt

Total

Counbined

Carbon Activated Sludge-

Effluent

Carkon ELflucnt

‘ Al N
Remaxka®

COD 500-700 mg/1
BOD, 250-350 mg/1
Phenols mg/1l 10-100 mg/}
pH 8.5-9.5
ss 50~200 mg/1
TDS 1500-3000 mg/1
NH_-N 15-150 mg/L

3 e
P 1-16 mg/1

100-200 mg/1
40-100 wg/1

<1 mg/1

7-8.5

<20 mg/l'

1500-3000 mg/1

10-140 mg/1

1-10 mg/1

30-100 mg/1

5-30 mg/1

<1 mg/l

7-8.5

<20 mg/l

1500-3000 mg/1

2-100 mg/1

<1~-7 mg/1

Exact COD residuals vary with ccmplex-
ity of refinexy & design contact times
in the Act.S. & Carbon Treatment Plants

BOD residual depends on EOD/COD ratie
which characterizes relative biode-
gradability of wastewater.

Phenols{ics) are.generally amenable

to biological and sorption removal.

pH drop in Act.S. systems attributed

to biological production of CO. and
intexrmediate acidgs. pH change“in
caxrbon columns depends on preferential
absorption of acidic and basic organics.

Primary effluent solids depend on de-
sign and operaticn of oil removal units.
Act.S. effluent solids{depend on effec-
tiveness of secondary clarifier. Low
effluvent solids characterize carbon
column effluent.

TDS is essentially unchanged through
all thrge treatment systems,

Exact concentration depends on pre=-
stripping facilities, nitrogen con~
tent of crude charge,- corrosion addi-
tive practice and biolcgical nitri-
fication.

Only :removal attributed to biological
synthesis. B

-




system as the concentration in the mixad liquor approaches 50 to 75 mg/l. A
recent study conducted for the Environmental Protection Agency indicated that an
activated sludge system will perform satisfactorily with a continuous loading of
hexane extractables of 0.1 lbs/lb MLSS. It is recommended that the influent to
the biological system should contain less than 75 mg/l hexane extraétables and
preferably less than 50 mg/l. The most significant problem related to oils in
bioclogical systems seems to be attributable to lowering of the floc density to a
level where the sludge settling properties are destroyed.

Summary :

The spectrum of wastewater derived from refinery and petrochemical plants
may range from innocuous, readily biodegradable organics to highly toxic metallic
complexes. Each combination of process units, operational procedures and flows
desexrves its own unique solution which satisfies tha technical, econcmical and

even local institutional constraints.

The modern waste treatment system may include: improved in-plant control and
treatment units; storm water collection system; gravity-type oil separator; equal-
ization basin; gravity-type clarifiers; dissolved air flotation system; secondary
biological treatment; biological and chemical sludge disposal systems; and physi-
cal-chemical polishing units to remove excess suspended solids, oil, color,
organics, metals, and toxic or other unwanted residuals. Each treatment process
has its limitations.

P
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in-plant transport of solid waste materials. Significant poliutants wi.d

fesult from bot Jye peciing, serting, slicir 2, ete., washing and ¢ i
of cans and plant clean up. The range of waste quantities from these .
operations are summarized in Table l. {(FWPCA, 1967). ‘ Q\l

. The distribution of water use i1n cannery operation is sumni.arized
in Table 2,

Typical canning wastes characteristics are summarized in
Table 3. ‘ )

The average waste characteristics from frozen food preparation
are 0.62, 0.63, and 0,50 lbs BOD, SS. and TDS/case respectively-with
a daily wastewater volume of 125 gal,

Typical survey data of a peach canning operation showing the flow,
and solids produced per case of No, 303 cans is given in Table 4. Table 5
shows the probability data of the same data,

Figure 1 shows an example of waste sources from a corn cannery,
The BOD load is derived irom washing, cutting, reels and blanching,

The EPA, Doc. 440/1-74-027-a, March 1974 provides considerable
information on apple products (except caustic peeled and dehydrated
products), citrus products (except pectin and pharmaceutical products), and .
frozen and dehydrated products. These products are classified S.1. C, 2033, @
2034, and 2037, Tables o, 7 and 8, - - sectively, provide data on water - )

usage and waste characterization in e apple, citrus and potato processing
industries.

The average BOD and flows for various apple, citrus and potato
products, respectively, is shown in Tables 9, 10 and 11,

The waste loadings for BOD and SS from 12 plants represcnting the
apple processing industry range in size from 3, 700 to 43,100 kilourams /hour
(4.1 to 47.5 tons per hour). The water usage of these plants variced from
1190 Iaters per thousand kilograms (285 gallons per ton) to 14, 800 1 /kkg
(3550 G/T) with an average flow of 3,660 | /kkg (875 G/T). The plant using
14, 800 1 /kkg (3550 G/T) was far removed from the other with the next
closest one using 6,050 1/kkg (1450 galions per ton). The BOD ranged from
1.4 to 10.1 kilograms per thousand kilograms (2.8 to 20.2 lbs per ton) and
again the high water user had the highest BOD. The average BOD for the
12 plants was 5,0 kg/kka (10,0 lb/ton). Suspended solids ranged from 0,15
to 1,05 kg/kkg (0.3 to 2.1 ib/ton) with the averave being 0.5 ku/kka (1,0
Ib/ton).,
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Table 1, ‘Daily Waste Quantities from Unit Processes

Process Wasteload, Ib/day/case Wastcwater Volume -
l BOD SS TDS
Washing 0.050-0,3 0.05 -0.4 300- 1,500 08.6G- 25.0
Belt Conveyor 0.003-0,00} 0.01 -0,02 30- 100 01.0- 05,0
Sorting, Pitting 0.005-0. 06 0.015-0,070 100- 500 01.0- 0.75
Slicing, ctc, .
Blanching and/or 0.1 -0.4 0.10 -0, 4 2,000- 4,000 06.0- 25,0
Pceling
Exhausting of cans 0 -0.015 0 -0.015 0 - 200 0 - 02.5
Processing 0.005-0, 06 0.005-0, 0450 40- 1,200 01,0- 05.0
Cooling of Cans 0.005-0, 06 0.005-0,0300 300- 1, 000 06.0- 30.0
Plant Cleanup 0,032-0.12 0.030-0.15 230- 1,000 06.0- 20.0
Box Washing 0.01 -0,025 _0.015-0, 04 200- 500 02,0- 05.0
TOTAL 0.26 -1.05 w23 -1,17 3,200-10, 000 31,0-125,0
AVERAGE 0.7 U, 8 7.500 075.0

Table 2.

Water Reuse

Gross Water Usec

Range Average
Opec ration (%) (%)
Raw Production Preparation 25-55 34
(including pecling)

Syrup and Brine . 2-10 6
Stcam and Sterilization 10-20 14
Cooling 6-60 35
Clean-up | 5-25 8
‘ 1- 6 3

Other




Table 3, Typical Canning Wastes
Waste
Volume 5-Day BOD Suspended Solids
Product (gal/case) (mg/1) (lb/case) (mg/1) (Ib/case)

Apples 29- 46 1,680- 5,530 0.64-1, 31 300- 600 0.10-0,20
Apricots 65- 91 200- 1,020 0.15-0.56 200~ 400 0.14-0,25
Cherries 14- 46 700- 2,100 0.16-0.50 200- 600 0.05-0,14
Cranberries 11- 23 500- 2,250 0.10-0.21 100- 250 0.02-0,05
Pincapples 74 26 0,002 -- --
Pcaches 51- 69 1,200- 2,800 0.69-1,20 450- 750 0.24-0, 34
Asparagus 80 16~ 100 0.01-0.07 30~ 180 0.02-0,12
Beans, Baked 40 925~ 1,440 0.31-0.48 225 0,07
Beans, Green/Wax 30- 51 160- 600 0.15-0,67 60- 150 0.02-0, 04
Beans, Kidney 20- 23 1,0 n- 2,500 0.19-0. 45 140 0.02
Beans, Lima, Dried 20- 33 1, 74r- 2,880 0.30-0.60 160- 600 0.05-0,10
Beans, I.ima, Fresh 57-294 190- 450 0.21-0,47 420 0,.20-1,02
Pecets 31- 80 1,580~ 7,600 1.00-2.00 740-2, 220 0.50-1,00
Carrots’ 36 520- 3,030 0.11-0,67 1,830 0.40
Corn, Crcam Style 28- 33 620- 2,900 0.17-0.66 300- 675 0.07-0,17
Corn, Whole Kernel 29- 80 1,120~ 6, 300 0.74-1.50 300-4, 000 0.20-0,95
Mushrooms - 76- 850 4.77-53, 38 50~ 240 3.14-15, 07
Peas 16- 86 380- 4,700 0.27-0,63 270- 400 0.06-0,20
Potatoes, Sweet 90 1,500- 5,600 1.10-4,40 400-2, 500 0.31-1,495
Potatoes, Whitce - 200~ 2,900 -- 990-1, 180 --
Pumpkin 23- 57 1,500- 6,880 0,72-1,31 785-1,960 0. 38
Saucrkraut 3- 20 1,400- 6,300 0.10-0. 30 60- 630 0.01-0,10
Spinach 180 280~ 730 0.42-1,11 90- 580 0.1:4-0,K8
Squash 23 4, 000-11, 000 0.76-2.09 3, 000 0.57
Tomatoces 3-114 0.11-0,17 140-2, 000 0,006-0, 13

180- 4,000
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Table 4. Waste Loadings From Peach Canning Operations
Total | Suspended
Flow Cases- Solids | Solids . TS SS TS 2 SS
(gals) (#303) | gal/case| (mg/1)] (mg/1) |1b/1000gal|1b/1000 gal|{ @b/case)x10 j(db/case)x10
119,280] 3,500 | 34.1 1750 60 14, 595 0.5 49,77 17.05
78, 120{ 1, 700 46.0 2045 120 17.055 1.0 78,45 46, 00
99,7201 2, 381 41.9 - - - - - -
143,560} 1,940 74.0 - - - - - -
45, 840¢ 8, 150 5.6 2905 155 . 24,228 1. 29 13,57 6. 67
74,2801 1,460 50.9 2330 450 19.432 3.75 98.91 190. 87
85, 800} 2,200 39.0 - - - - - -
69, 840} 1,485 47.0 2010 25 16,763 0.21 78.78 9. 87
54, 600{ 1,045 52.2 1585 150 13.219 1. 25 69,00 65, 25
58,580 796 73.6 12065 250 17,222 2.08 126,75 153,09
89, 520! 1, 655 54,1 1895 335 15, 804 2.79 85,50 150. 94
124,560( 4,460 27.9 - - - - - -
171, 840} 4, 940 34.8 1430 250 11.926 2.08 41,50 72.38
170,520{4, 860 | 35,1 | 1435 165 10,468 1,38 43,76 48, 44
153, 600{ 4,970 30.9 2005 305 b, 722 2.54 51,67 78.48
125,400} 4,810 26.1 2175 240 18.139 2.0 47.34 52,20
176G, 280 4, 200 40.5 - - - - - -
168, 600( 5,030 33.5 2010 75 16.763 0.63 56.15 21.10
140, 040| 4, 900 28.6 1660 95 13. 844 0.79 39,59 22.59
156,120{ 4,900 31.9 1975 125 16.471 1.04 52.54 33,17
139,()80 5,370 26,0 1895 425 15. 804 3.54 41,09 92,04
131,040( 4, 860 27.0 - - - - - -
157,560{ 4, 580 34.4 1665 90 13.886 0.75 47.717 25, 80
77,520} 1, 840 42.1 1915 130 15,971 1.08 67.23 45,47
146, 400} 5, 100 28.7 2015 345 16, 805 2.88 48,23 82, 65
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Table 5. Probability Data From Peach Canning Operations

J Pl{-%?babi'hty gal/case Probability TS, S»
Rank gal/case = Rank (lbs/case)xlO-2 (1bs/ca ;se‘x10.~3 m
n+l ! n+l
1 5.6 1.92 - 1 13.57 6.67 2.5
A 26,0 5,77 2 39.59 9. 87 7.5
3 26. 1 9..62 3 41.09 17,05 12.5
4 27.0 13.46 4 41,50 21.10 17.5
5, 27.9 1730 5 43.76 122,59 22.5
6 28.6 21,15 6 47.34 25. 80 27.5
7" 28.7 25,00 7 47.77 33.17 32.5
8 30. 9 28. 85 8 48,23 45,47 37.5
9 31.9 32.69 9 49,77 46,00 2.5
10 33.5 36, 54 10 51, 67 48,44 47.5
11 34,1 40, 38 11 52.54 52.20 52.5
12 - 34,4 44,23 12 56,15 65.25 - 57.5
13 34.8 48.08 1> 67.23 72.38 v2.5
14 35. 1 51.92 14 69,00 78.48 67,5
15 39.0 55,77 - 15 78.45° 82,65 72.5
16 40.5 ~ 59,61 16 78.78 92,04 77.5
17 "41.9 63,46 17 85,50 150. 94 82.5
18 42,1 67,31 18 98.91 153.09 87.5
19 46.0 71,15 lg =19 126.75 190. 87 92.5
20 - 47.0 75.00 ‘
21 50.9 78. 85
2z © 52,2 82. 69
23 . 54.°1 86,54
24 73.6 90.38
n= 25 74,ro 94, 26
N 7 "

. W iy



Corn

Washing

Cutting

Flow BOD. COD  SS§

- % % D %
18.0 36. 0 28.0 33.0
22.0 24,0 36. 0 45 0
23.0 14,0 120 4.0
37.0 25.0 24,0 13.0
115 2.8 5,2 1.4
gal Jdb- 1b b
case case case

.case¢

Blanch
Cool

Holding

|

ProXucts

Figure 1., Potential P‘&olluti,on Sources - Corn Cannery
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- " Table 6, Water Usage and Waste Characterization in Apple Processing

5;;,

1

Procens Step ~1/kkg G/T
Washing 142 34
Peeling

Mechanical 104 25
Sflicing 638 158
Deaeration " 71 17
Cocking 267 64
Cooling (1) 58 14
Transport ceem '58 14
Clean-up 1,558 372

(1) 95% recirculated

Water Usage

'

kg/kkg

0.09

0.16
2.49
2.21
0.14
0.02
0.02

1.90

0.31
4.97
4.42
0.27
0.03
0.03.
3.80

. Suspended Sollide

keg/kkg
0.9013

. 0.015

0.182
0.12
0.05
0.005
0.005
0.3n
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Table 7, Watcr Usage.and Waste Characterization in Citrus Processing

(1) 907 recirculated

(Z)Z%;coohwg tower blowdown

‘ : Water Huupe BObS Suspended Solids
Process Steps 1/kkg (C/T) ke /kke (lbltl kgfkug b/ Ty
Fruit Cleaning 303 ( 73) 0.08  (0.16) 0.04 (0.07)
Extracting 389 { 93) 0.40 (0.79) 0.27 (0.54)
Pasteurizing/Homogenizing 62 ( 15) 0 (¢ 0) 0 ( 0
Cooling (1)

Juice Products 221 { 53) 0.03 (0.05) 0.02 (0.03)
Segments 0.01 (0.02) 0.01 (0.02)

Juice Condensing 400 { 96° 0.06 (0.12) 0.02 (0.03)

Barometric Condensing (2) ‘ ’ ]
Juice Products 50 { 12) 0.07  (0.13) 0.09 (0.17)
Waste Heat Evaporator 71 ( 17) 0.15 (0.29) 0.09 (0.18)

Peeled Fruit Vashing 129 ( 31) 0.04 (0.07) 0.01" (0.01)
Caustic Treatment 1 (0.3) 0.01 {0.02) 0.01 (0.01)
Centrifuging. 144 ( 35) 3.07 (6.14) 0.51 (1.02)
Container Washing 75 { 18) 0 0 ( 0)
Waste Heat Evaporator ‘ ’ '

Condensate . 334 { -80) 0.33- - (0.66) 0.11 (0.22)

Waste Heat Evaporator

Scrubber Effl. 351 ( 84) 0.22 (0.43) 0.08 (0.15)

011 Leam Residue From C

Scparator 126 ( 30) 0.16 (0.32) 0.25 (0.49)
Boiler Blowdown 60 ( 14) 0.01 (0.02) 0.01 (0.02)

Regeneration Brine 13 ( 3) 0O ( 0) 0 ( 0

Cleanup
Juice Products 705 {169) 0,16  (0.32) 0.16 (0.31)
Segments 371 ( 89) 0.36 (0.72) 0.07 -(0.13)
Peel Products 484 (116). 0.07 (0.14) 0.11 (0.22)
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Table 8, Water Usage and Waste Characterization in Potato Processing

Water Usage BOD5 Suspended Solids

Process Steps 1/kkg G/T kg/kkg 1b/T kg/kkg 1b/T
Washing 1,102 264 0.676 1.35 1.383 2,76
Peeling

Dry Caustic 1,448 347 7.325 14,62 9.569 19.1

Wet Caustic 3,000 719 20.245 40,41 28.662 57.2

Steam 2,391 573 15.215 30.37 13.427 26.8
Trimming 793 190 0.777 1.55 0.26 0.52
Siicing

Dehydrated 764 183 0.296 0.59 0.701 1.4

Frozen 1,519 364 2,630 5.25 1,303 2.6
Blanching

Dehydrated - - 175 42 - 0.701 1.40 0.601 1.2
+ Frozen 1,043 250 5.461 10.9 2,104 4.2
Cooling 668 160 1.172 2,34 - -
Cooking T 448 - 117 1.192 2.38 - -
Dewatering 513 123 0.471 0.94 0.351 0.70
Fryer Scrubber 417 100 - - - -
Fryer Belt Spray 417 100 - - -
Refrigeration 1,602 384 - - - -
Transport Water 292 70 0.261 0.52 - -
Cleanup 951 228 2.725 5.44 - -




Table 9, Average (Range) of BOD and Flow For

Various Apple Product Styles

= FLOW BOD

NUMBER 1/kkg . gal/T kg/kkg 1b/T )

PRODUCT STYLE PLANTS  AVERAGE(RANGE) 'AVERAGE(RANGE)  AVERAGE(RANGE) AVERAGE(RANGE)
Juice Only 3 2880(1880-3540 )  690(450- 850) 2.05(1.6- 2.55) 4.1( 3.2- 5.1)
Sauce Only 3 3400(1380-6050) . 815(330-1450)  5.35(3.4- 7.5 ) 10.7( 6.8-15.0)
Sauce & Juice 3 1690(1190-14800)  405(285-3550) 6.85(5.8- 8.5 ) 13.7(11.6-17.0)
Apple Products 9 3920(1190-14800)  940(285-3550) 6.0 (1.4-10.1 ) 12.0( 2.8-20.2)

(except Juice Only)

All Apple
~ = - - -Products - .12

Slices with
Apple Products 3

3660 (1190-14800). -

6635(1790-14800)

- B75(285-3550)

1595 (430-3550)

5.0 (1.4-10.1) 10.0(2.8-20.2)

5.85(1.4-10.1) 11.7(2.8-20.2)
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itk srwneesess Tablet 100 ~Average (Range) of-BODrand“Flow-For Various:Citrus>Product Styles . - ot sassmeig =

FLOW BOD
NUMBER 1/kkg gal/T kg/kkg 1b/T
PRODUCT STYLE PLANTS AVERAGE (RANGE) AVERAGE (RARGE) AVERAGE (RANGE) AVERAGE (RANGE)
Segments Only 2 7455(6346-10570) 1790(1040-2535) 3.5 (2.65-4,35) 7.0(5.3- 8.7)
Citrus Products
without Segments 19 10160( 710-24950) 2440( 170-5980) 3.15(0.45-8.5 ) 6.3(0.9-17.0)
Citrus Products .
with Segments 6 10850(4380-19180) 2600(1050-4600) 3.3 (1.4 -5.6 ) 6.6(2.8-11.2)
Citrus -Products
without 011l 5 7570(4340-10570) 1820(1040-2535) 3.35(1.45-5.6 ) 6.7(2.9-11.2)
Citrus Products ’ \ : '
with 011 22 10690( 710-24950) 2560( 170-5280) 3.2 (0.45-8.5 ) 6.4(0.9-17.0)
— Citrus Products *
w without Feed 9 757Q(1630-2495C) 1820( 390-5980) 3.15(0.7 =6.4 ) 6.3(1.4~12.8)
Citrus Products
with Feed 18 11380( 710~24740) 2730( 170-5930) 3.25(0.45-8.5 ) 6.5(0.9-17.0)

Al1 Products -

10110( "710-24950)

2425(¢ 170-5980) -

3.2 (0.45-8.5 )

6.4(009-1?_00)

Table 11. Average (Range) of BOD and Flow For Various Potato Product Styles

: FLOW BOD
NUMBER 1/kkg gal/T kg/kkg ib/T
PRODUCT STYLE PLANTS AVERAGE (RANGE) AVERAGE (RANGE) AVERAGE (RANGE) AVERAGE (RANGE)
Frozen Products 13 11320(4090-15510) 2710¢( 990-3720) 22,9 (4.45-36.95) 45.8( 8.9-73.9)

.11005( 70757'15.2) 22.1(15.5‘:30.4)

Dehydrated Products 7 8770(6530-12010) 2100(1565-2880)

Frozen & Dehydrated

Productn 3 27.7(27.3-27.9)

2220(1530-3070) 13,8(13,65-13.,95)

9260(6380-12800)

10270(4090-15510) 2460( 980-3720) 18.1 (4.45-36.95) 36.2( 8»2;73.9)

O U

All Potato Products 23




) The BOD average ranged from 2,05 kg/kkg (4.1 1b/ton) for juice to
6.85 kg/kkg (13.7 1b/ton) for. the sauce and juice group. The BCD averazes
for all the groups compared favorably to the BOD of 5.0 kg/kku (16,0 1b/ton)
for all apple products with the exception of the ‘plants producmg juice. The
flow averages ranged from 1690 to 6,635 1/kkg (405 to 1595 G/T) wath the
average for ail apple products being 3, 660 1/kkg (875 G/T).

Waste waters from citrus processing plants contain organ.c carbon
and matter in suspended and dissolved form. The quantity of {resh water
intake to plants ranges between 710 and 24, 950 liters per thousand kilograms
(170 and 5, 980 gallons per ton) of raw material, Fresh water usc is highly
contingent upon in-plant conservation practices and reuse techniques and
averages approximately 10,110 1/kkg (2425 G/T) of citrus processed. The
nature and arncunts of these water reuscs as influenced by in-plant controls

and operational practices have a substantial effect on resulting waste water
quantities and characteristics.

About two-thirds of the total solids in citrus juices are sugars and the
same may be said of the waste water. Because 'of this citrus wastes are
highly putrescible, Citrus wastes contain pectitc substances which interfere
with settling of the suspended solids, Primary clarification of citrus waste
water is not as effective as with most other wastes, Citrus waste water con-
tains a small amount of the essential oil that occurs mostly in the fruit peel,
This oil is bacteriostatic but usually does not interfere with treatment
procedures unless it accumulates in an anaerobic siudge digester, Citrus
wastes are deficient in nitrogen and phosphorus compounds; treatment by
b‘io‘logical procedures may be accelerated by adding these nutrients., Citrus

waste water usually is somewhat acid because of-the citric acid it contains,

However, alkaline materials usedin c:caning the equipment and lye-bath water
from sectionizing operations tend to make the waste water alkaline. and at
times very strongly so. ' '

The veolume of citrus waste water fluctuates through the harvesting
season, <The production of frozen orange concentrate is a continuous operation,
running. twenty-four (24) hours per day until it becomes necessary to clean
the 'cquipment. On the other hand, the other prbcessinyg operations are mostly
a one or two shift operation daily, and may shutdown completely on weekends
or holidays, déepending on fruit supply and market demand. The volume of
waste water -changes markedly when the production run is over and clean-up
operations begin. . !

L

The changes in strength, volumec, and pH'are such that biological
treatment of the waste is rendered difficult unless {luctuations are leveled
out, This is accomplished by a surge tank with 'suitable mixing facilities
placed ahead of the treatment plant or with treatment plant design to handle
these fluctuations, X
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In a survey of 23 plants ranging in size from 180 to 1630 kkz (200 to
1800 tons). the POD ranged from 4.45 to 36.95 kg/kkg (8.9 to 73, * it /tox)
with an average of 18.1 kg/kkg (36.2 Ilb/ton). Suspended solids ranged from
3.8 to 45.5 kg/kkg (7.6 to 91.0 lb/ton) with an average of 15,9 kg/kkg ’

(31,8 Ib/ton),

Water usage ranged from 4090 to 15,510 1/kkg (980 to 3720 G/T)

with an average of 10,270 1/kkg (2460 G/T),

Case History

1., Spray Irrigation

(a)

Description -- The Paris, Texas plant of Campbell Soup

Company, whose building complex extends over an area of
22 acres, produces a complete line of heat processed soups,
plus beans and spaghetti type products. Waste water from
the processing areas is collected by two drainage systems.
One, containing the grease from the cooking areas, 1s first
routed through a gravity grease separator at the waste
screening building before it joins the second waste stream
from the vegetable trimmming area, Together the merged
streams pass through revolving drum type 10-mesh screens
to remove large pieces of vegetable matter which are then
conveyed to a storage hopper for later removal as animal
feed. The wastewater falls into a 100,000 gallon surge tank
from where it is pumped at high pressure to the spray
irrigation field.

Pumping is accomplisied by five 75 HP vertical turbines -
each capable of 1000 gpm at 200 feet TDH. The selection of
vertical turbines over horizontal centrifugal pumps is the
result of cost considerations over a long period of time.
While these pumps are more expensive at the outset, the
cost of mounting, the efficiency of operation, the accessibility
for maintenance, and their reliability makes them a less
expensive pump in the long run. A liquid level system con-
trols the starting of each pump so that each is energized in
turn as the water rises in the surge tank. Tied electrically
to the starting circuit of each pump is a timing device which
controls the operation ofj pneumatically controlled valves ’
in the field, which in turn activate the sprinkiers. Each |
sprinkler line is assigned a position in an operating grouﬁ
and each operating group is balanced to the discharge rate
of the pump. In general, all lines discharge the same
quantity of water on a per-acre basis so that the rate of
application is adjusted by the duration of the sprinkling
time. A switching arrangement has been provided so that
the groups of lines operating from a given pump may be
rotated from time to time. ‘
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@ For example, assume that pump "A'" is operating Group II

) sprinklers., When the water rises in the pit, Pump "E' cones
on, energizing Group V sprinklers. In the meantime, Group il
finishes its allotted time and turns off, but Pump "A'" con-
tinues to operate and Group III sprinklers come on automatica.ly.
When Pump "B'" has lowered the liquid level in the surge tank,
it turns off and Group V sprinklers are shut down, The system
continues to recycle as long as there is flow from the factory.

Periodic samples secured at the outfall of the system
indicated a consistent reduction in BOD of 99 percent with

most samples indicating a BOD of 3 to 6 ppm.

(b) Key Design Parameters

(1) Length of Slope -- The Paris system was designed on the
basis that the downhill slope should be between 200 and
300 feet., Basically, the downslope} area requirement is
50 feeE beyond the perimeter bf the 'sprinklers.

(2)Degreé of SlO}L -~ The pitch of 510pes in Paris ranges

from Jess than one percent to more than twelve percent,
» The mvebtxoanon led to the conclusion that a flat slope’
”~O encouraged puddling and subsequently anaerobic

conditions, while the retention time on a steep slope

was insufficient for complete degradation at normal

application rates. This established a design criterion

of no more than six percent but not less than two percent

for any slope. '

(3)Hydraulic Loading ~- In Paris, the design was based
upon an application rate of .25" per day in winter and
. 50' per day in summer based upon an estimated wetted
area coverage of approximately 75 percent. As it turned
out, the actual wetted area was considerably less than
the estimate, but the disposal capacity per wetted acre
was much greater. The greater hydraulic load capacity
combined with more efficient land utilization results in
a more compact system requiring less acreage. The
application to wetted watershed in the test areas was
normally 0,6" per day or 3.0" for a five-day week.
During the summer of 1968 the duration of the sprinkling
cycle was increased from 6 to 8 holurs per day, while
hay harvest was in progress.

\U’YKQ (4)Hay Harvest -- Reed Canary Grass will yield a larue
quantity of exceptionally high quality hay which according

to nutritional analysis approximates the value of first
i I .
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CANNED & PERSERVED FISH AND
SEAFOODS PROCESSING INDUSTRY

E. F. Gloyna

Fish and shellfish industry is an integral part of the food processing
industry. "The industry world-wide uses some of the oldest and newest
technologies. Harvesting techniques employ; netting, trapping, dredging,
and live fishing. Fishing vessels either take their catches directly
to the processor or ice down the catch for later delivery. MWastes from.
butchering and evisceration are usually dry captured, or screened from
the wastewater, and processed as a fishery by product. Unless the seafood
is prepared for the fresh market, most catches of sea food receive some
form of precooking or blanching which facilitates removal of skin, bone,
shell, gills, and other wastes. The fish is prepared in its final form
by picking or cleaning to separate the edible portions. Bacterial growth
is arrested at temperatures below -9 °C. Preservation by canning at '
about 115 °C for 30 to 90 minutes, depending on can size.

Typical fisheries processing plants in the USA include: catfish,
blue crab, shrimp and tuna. The following data (figures and tables) are
derived from EPA Draft Document, “"Development Document for Effluent’
Limitations Guidelines and Standards of Performance for the Canned and
Preserved Fish and Seafoods Processing Industry".

Catfish

About 45% of the whole catfish is waste but about 45% of the ren-
dered offal is protein, Table 1.

Table 1. Proximate Analysis of Raw Catfish

0ffal ( ,1970)

Constituent Level
Moisture 58.6%
Crude fat 25.5%
Ash 3.1%»
Crude protein 12.8%

©



'Z:) Table 2 shows the waste characteristics from typical catfishing process-
ing plants.

Table 2. Catfish Processing Wastewater Characteristics
(Malkey and Sargent, 1972)

Level ’
1
Parameter 18300§i§£ %gogrfgz% kkgE%E%Eﬁét'l gg%é?gé_%%%'l
Flow 7570 (2000) 135 (3912)
BOD 3.6 (8.0) 7.83 (15.65)
CoD 4.9 (10.8) 10.57 (21.12)
1TSS 2.3 (5.1) 5.00 (9.98)
TVSS' 2.0 (4.5) 4,40 (8.80)
Grease and 0il 0.8 (1.7) 1.67 (3.33)




A typical flow diagram for a catfish processing facility is

given in Fig. 1.

Fig. 1.

Catfish Process
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Blue Crab

. The major part of the blue crab is not edible. The waste consist
of body juices, shell and entrails. The loss may be as high as 86% of
the crab weight. About 35% of the total loss may be lost in cooking.
Because much of the waste is exoskeleton the protein concentration of
these wastes are low as compared visceral fish wastes.

About 35% of the live weight of the crab is lost in the steam
cooking process. These condensates from the crab cookers exhibit BOD's
of 12,000 to 14,000 mg/1. Plant clean up waters may have organic
strenghts of 1,400 mg/1. Also, in canning, additives such as EDTA,
Alum, Citric Acid and other organic acids are used in small amounts.

The blue crab handling process is shown in Fig. 2. A typical

mechanized plant utilizes the mechanical picker 5 to 10 hours per week
or more. ‘

Fig. 2 Mechanized Blue Crab Process
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‘ _ The major portion of the Alaskan (King Crab) is wasted in procesﬁiﬁg;
 About 80% is wasted. The waste in primarily protein, chitin and calcium .
carbonate, Table 3. '

Table 3. Typical Crab Meat Composition

Composition
Species : Source Protein Chitin CaC0;
‘ (%) (%) (%)
king crab picking line 22.7 42.5 34.8
tanner crab leg and claw shelling 10.7 31.4 57.9
tanner crab Body butchering and

shelling 21.2 30.0 48.8

A study by Oregon State University (Soderquist, et al., 1972a) con-
ducted in 1970 and 1971, characterized the wastewaters from the processing
of several fuits and vegetab]es in terms of organic load. The study found
that green bean processing generates about 3.5 kg COD/kkg (7 1bs/ton) of
raw product, whereas royal ann cherry processing generates 14 kg/kkg
(28 ]bs/ton), and red beets, 37.5 kg/kkg (75 1bs/ton). The Dungeness crab
plants surveyed, by comparison, produced 11.0 kg/kkg (22.0 1bs/ton) of raw
product processed. This, surprisingly, was lower than all but on of the
fruit and vegetable commodities mentioned above.

This comparison is made all the more interesting when viewed in the
light of water usage. Whereas, the range of water usage for the fruits
and vegetables mentioned above was 3.75 to 12.07 cu m/kkg (900 to 2900
gallons per ton), water use in the Dungeness crab processing industry was.
about 15.0 to 21.2 cu m/kkg (3600 to 5100 gallons per ton) .
Shrimp

The process for canned or frozen shrimp is fairly uniform throughout:
the United States (see Figure 3). On the Tower Pacific Coast, shrimp are"
brought to the processing plant frequently (1-2 days). Very seldom are
the shrimp held at sea more than a few days. After netting, the shrimp
are brought onto the deck of the ship and the majority of the larger
fish and debris is removed at that time. The shrimp are then stored
whole in the hold of the boat. These shrimp are laid in a two to three
inch mat with about an inch or more of ice put properly, spoilage will
occur quite rapidly. Although trash fish are removed from the catch
prior to returning to port, approximately one percent of the delivered
load still consists of trash fish and debris, and must be manually sepa- -
rated at the processing plant.

In the Gulf of Mexico and South Atlantic fishery, the boats normally
do not bring their catch directly to the processing plant. They commonly
dock at central locations (buying stations) and unload their catch into +
waiting trucks. The shrimp are then iced down and hauled to the process-
ing plant. Unlike other areas, the Gulf and South Atlantic shrimp fish-
ery dehead a significant portion of the catch at sea. This is done to
minimize degradation of the product and permits extension fishing trips.
Also, the breaded shrimp industry pays a higher price for deheaded shrimp



due to certain types of machinery that can only handle this type of pro-
duct. In a_few instances, heads-on shrimp are brought to the unloading
point where“they are deheaded prior to being loaded onto the truck, for
transport to the processing plants. In the llew England area, the shrimp
are delivered fresh daily to the processing plant, heads on. At the ‘plant

dock -they ‘are inspected and foreign material is removed then they are
we1ghed and *ced ,

F1g 3. Gulf and. East Coast Shrimp Canning Process’
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\lastes Generated

Jensen (1965) estimated that 78 to 85 percent of the shrimp is wasted
in mechanical peeling. Using a value of 80 percent, the quantity of shrimp
waste generated in Alaska in 1971 was calculated to be 4500 kkg (5000 tons).

Vilbrandt and Abernathy (1930) mentioned that the shrimp heads comprised
43 to 45 percent of the whole raw shrimp. Thus, the estimated total shrimp
waste would be reduced to approximately 77,000 kkg (85,000 tons) if all the
catch in the Gulf and South Atlantic states were beheaded at sea.

The wastes consists of about 25% protein, 50% chitin and 25% calcium
carbonate.

Tuna

The four main tuna species of interest to the tuna processors are the
yellow fin (Neothunus macropterus), blue fin (Thunnus thynnus), skipjack
(Katsuwonus pelamis), and Albacore (Thunnus germo). These species are
divided into the white meat variety, exclusively Albacore, of which there
is a limited catch, and the 1light meat varieties of blue fin, yellow fin and
skipjack, the latter two of which comprise the majority of the tuna canned
in the United States. White meat tuna is considered the “premium" product
of the industry, because of its characteristically white color, firm tex-

ture and delicate flavor as compared with the darker, fuller flavored 1light
meat.

Harvesting with pole and line has given way in the past 20 years to the
use of the purse seiner, which permits the catching of a large volume of
fish in about one-fourth the time. (Altacore are primarily harvested with
pole and line because they don't school,. After locating a school of tuna,
the fish are encircled with a large net which is then drawn closed at the -
bottom. The fish are subsequently crowded together and dipped out of the
enclosure into the hold of the boat. Fish harvested locally, i.e., near
the processor, are held in refrigerated cargo holds or wells in the ship. ~

The processing of tuna is divided into several unit processes, speci-.
fically; receiving, thawing, butchering, precook, cleaning, canning, re-
torting, and finally, labeling and casing. Product flow, wastewater flow,
pet food production, and waste utilization is shown schematically in Figure 4.

The tuna are precooked to favilitate the removal of edible from inedible
portions. The pre-cook process involves 3 main steps: 1) the steam cooking
of the fish, 2) removal of the steam condensate or "stickwater," and
3) the cooling of the fish prior to cleaning.

o part of the tuna which enters the processing plant is regarded as
waste by the industry.
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Waste Characterization
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. Various summaries are provided depicting the raw waste loodings and ,
' average flows. Table 4,5,6, respectively provides process summaries for :
- catfish, mechanized blue crab, shrimp and tuna processing. K
. - 5
: Table 4. Catfish Process Summary (5 plants) <
h . Coefficient of -
. Standard Variration ¢
Parameter - Mean Deviation (¢ of mean) Range
s E 1 ;
flow Rate, cu m/day 109 93 39 42 - 153
(mgd) (0.029) (0.011) 39 (0.011- 0.0
2
Flow Ratio, 1l/kkg 19,000 7,000 32 12,000 * = 29,000
(gal/ton) (4600) {1700) 32 (2900 - 6900)
Settleable Solids, ml/l 0.6 0.4 59 0.3 - 1.2
Settleable Solids Ratio, l/kkg 10.6 10.2 96 1.6 = 27.6
o : 3 ,
Screened Solids, mg/l 305 179.8 - 59 117.9 -~ 476.6
Screened Solids Ratio, kg/kkg 6.7 3.4 50 3.5 - 10.2
14 N
- Suspended Solids, mg/l 445 204 ) 46 274 = - 756
Suspended Solids Ratio, kg/kkg 8.3 4.2 51 3.3 - 12.9
4
" 5 day BOD, mg/l 511 152 30 212 - 1006
5 day BOD Ratio, kg/kkg , 8.3 5.3 63 5.0 - 16.2
20 day BOD, mg/l - - - - -
20 day BOD Ratio, kg/kkg - - - -- - -
cop, mg/l | 891 432 48 496 . - 1600
COD Ratio, kg/kkg 15.5 6.1 ‘ 40 10.2 - 25.7
£
Grease and 0il, mg/1 257 121 47 114 - 448
Grease and 01l Ratio, kg/kkg 4.5 2.0 44 2.9 =~ 7.2
Jrganic Nitrogen, mg/l 32.7 12.3 3s 20,7 = 63.8
Organic Nitrogen Ratio, kg/kkg 0.5 0.2 3 0.3: =~ 0.8
, T g :
Ammonia-N, mg/l 0.8 0.4 52 0.5. - 1.4
Ammonia-N Rdtio, kg/kkg 0.01 0.007 53 0.0% - 0.0
5
pH 6.4 0.6 9 5.8 - 7.0

! day = 8 hrs

2 weight of raw product

3 based on three observations
4 basedé on four observations

¢ laboratory pH

— 2 Y N ARe

A
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Table 5. Mechanized Blue Crab Process Summary

(2 plants)
Zarameter Mean Range
. 1
Flow Rate, cu m/day 178 Tt T - 279
T {mgd) (0.047) (0.620. - 0.073)
2

Flow Ratio, 1/kkg 36,900 29,060 - 44,900

{gal/ton} (8860) {6960 - 10760)
Settleable Solids, ml/l 2.5 <.4 - 2.6
Settleable Solids Ratio, 1l/kkg 92 ) - 107
Screened Solids, mg/l -- -- -
Screened Sclids Ratio, kg/kko - - -
Suspended Solids, mg/l 331 39¢ - 496
Suspended Solids Ratio, kg/kkg 11.7 1.5 - 22.3
5 day BOD, mg/l 650 L4960 - 796
5 day BOD Ratio, kg/kkg 22.7 22.3 - 23.0
20 day BOD, mg/1l - - - -
20 day BOD Ratio, kg/kke -- - --

0 )

cop, mg/l 1040 644 - 1450
COD Ratio. kg/kkg 34 29 - 42
Grease and 011, mg/1 156 147 - 154
Grease and 01l Ratio, kg/kkg 5.6 4.3 - 6.9
Organic- Nitrogen, mg/l 107 61 - 153
Organic Nitrogen Ratio, kg/kkg 3.6 2.7 474
Ammonia-N, mg/l . 5.8 3.5 =~ 8.3
Ammonia=-N Ratio, kg/kkg 0.2 G.16 =~ 0,24
pH3 7.0 6.8 - 7.2

1 day = 8 hrs
2 weight of raw product
]l laboratory pH
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; Table 6. Gulf Shrimp Canning Process Summary e (:)
(4 plants)
Coefficient of
7 Standard Variation
Parameter L Mean' Deviation (Y of rean; Range

( Y .
Flow Kate, cu m/day 788 927 12 695 - 903

- (mgd) (0.208) (0.0245) 12 (C.184 - €.239)

. . 2 - ‘
Flow Ratpo, 1./kkg 4€,900 9800 2 33,c00 - 57,000

‘r (gcal/ton) . (11,000) {2350) 21 (7900 - 14,00C)

Settleable Solids, ml/1 13.9 5.3 3g 5.4 - * 31
Settleable Soliuds Ratio, 1l/kkg 52 470 S0 184 - 978
screened_Solids, mg/1 - . - - - -
Screened, Solids Ratio, kg/kkg -~ -~ ) -—- ) - - --
Suspended Sclids, mg/l ' 802 459 57 483 - 110¢
Suspended Solads Ratio, kg/kkg 27.7 15.2 40 15.9 - st.1

v 3 A
5 day BODL, ma’l 1081 21¢€ 20 1008 - 1432
5 day BOD Ratic, ky/kkg . 46 - - - 43 - el
20 day BOD, mg/l -- : - - -- - -
20 day BOD Ratio, kg/kkg - - - - -
cop, mg/1 2256 A53 28 197> - 26%E <:>
COD Ratio, kg/kkg 109 2 18 Re - 122
Grease and 011, mg/l Y| 169 €€ 148 - 7¢9
Grease and Oil Ratio, kg/kkg 11.0 9.8 38 . 5.4 - 36.4
Orgaric Mitrogen, mg,’l 196 62 32 3y - 292
vrganic Nztrogcn Ratic, kg’kkg 7.6 7., 102 - i.9 - 3
Ammonia-i, mg/l - 12 5.4 46 7 - 14
Armmonia-! Ratio, kg/kkg . 0.51 0.12 24 06.22 - .47

4 .

[ €.7 - -- 6.5 - 7.0

day'=‘8 hrs

weight ¢f raw proauct
based on one plant
laboratory plt
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r Table 7. Tuna Process Summary (9 ple-::

(¢}
(4]

- Coeff.z_ar=<
Stancard Varzazion

s -

I'arameter Mean Deviation (% of near ﬁange
: .
tlow. Rate, cu m/day 3n60 3370 1.2 246 - 11,700
. {mad) (0.808) - -- (0.065 =~ 3.1)
2
Flow Ratio, 1l/kkg 18,290 9023 &F 5570 - 33,000
5 (galston) (4386) - - {1336 - 7914)
Settleable Solids, ml/1 2.1 1.8 134 6.2 - 5.9
Settleable Solids Ratio, l/kkg 29.0 15.5 £z 6.9 - 50.1
Screened Sollds? mg/l4 63.5 -- - -- - L --
Screcned Solids Ratio, kg/kkg 1.3 - ;-7 - - -
Suspended Soliids, mg/l 670 763.7 ic: 357 T - 1769
Suspcnded Solids Ratio, kq/kkg 10.1 4.5 43 3.8 - S 17.3
5 day BOD, mg/1 939 ’ 692 w3 421 - 2510
5 day BOD Ratio, kq/kkg 13.0 4.1 il . 6.8 - 19.9
20 day BOD, mg/1l - -- - -— -- - --
20 day BOD Ratio, kq/kkg - - - - - e
CGD, mg/l 2210 933.9 42 1310 - 3940
CED Ratio, kg/kkg 35.¢ 15.3 =7 14.1 - 63.8
C—;’gease and 011, mg/1 . 364 207 - 130 = 589
. Crecase and O1l Ratio, kg/kkg 5.78. 3.40 gz 3.20 - 13.18
Organic Nitrogen, mg/l 56.5 ° 25.10 . 44 30 - 93.5
Oraganic Nitrogen Ratio, kg/kkg 1.22 0.049 4 ' 0.7 - 2.17
Ammonia-N, mg/l 6.9 o 4.27 €. 2.2 - 13.5
Ammonia-N Rét;g, kg/kkg 0.119 0.072 [ 0.02 - 0.23
lﬂls; < - 6.7 0.408 3 6.2 - T2
1 d;y = 8 hrs ’ R nine plants
. weight of raw product : -
3 dry weight -
4 two samples L . :
S laboratory pH - i . . .

[
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Control and Treatment Technology

Treatment control involves: minimizing use of water, recovery of
dissolved protein and recovery of solid portions.

Protein Recovery: Several techniques are available for reclaiming
protein from the portions of the products now being wasted. The protein
can be recovered in the wet form and made into high quality frozen items or
it can be recovered as a meal or flour, ranging from tasteless-odorless
fish flour to fish meal for animal feed.

1. Conventional Reduction Processes

The conventional reduction process for converting whole fish or fish
waste to fish meal for animal feed has been used for many years.

Since the batch process does not remove any oil from the fish, the
process makes a rather undesirable product from oily fish. In this case
the continuous or semi-continuous equipment should be used whereby the

cooked fish is pressed to remove some of the oil. This approximately doubles
the cost of a small plant.

Another drawback to a conventional meal plant is the odor caused by
the drier. In areas where large processing plants are located, the odor
problem has never been solved. Scrubbing has been the most sucessful tech-
nique, but is expensive. Air from the drier is frequently introduced into
the furnace supplying heat to the dryer, where the temperature is approxi- <:>
mately 760°C (1400°F), thus partially burning the malodorous materials left
in the process air. This air is then exhausted but where there are many
reduction plants the cumulative effect, even under the best control condi-
tions, is quite obnoxious.

Of the catagories currently under consideration, only large tuna plants,
such as those in Terminal Island, California and Puerto Rico have sufficient
waste material to justify continuous meal plants with the required odor con-
trol and stickwater processing facilities (Figure 5) where operating costs
can be as low as $66 to $88 per kkg ($60 to $80 per ton) since the smali
batch plants do not press the cooked fish to remove 01l and the resulting
product has an extremely high oil content. The o0il content is the limiting
factor in adding fish meal to an animal feed ration. The 1imit for conven-
tional fish meal is 15% of the ration. llore oily meals must be restricted

to a lower level because the oil flavor is carried over into the flesh of
the animal.
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Figure 5.
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2. Aqueous Extraction

The only way that protein'waste can be processed into a high grade
flour for human consumption is to remove the 0il from the product, thus
preventing the development of rancid flavor and odor. A recent development
has involved changing from an organic solvent to salt water or brine
(Chu, 1974). The first phase of this process can be carried out in small
as well as large processing plants with no highly skilled plant operators
required. In order to be practical for commercialization, this process
should be capable of handling any portion of fish scrap as well as whole

“industrial fish. This would make the process applicable to low grade:
.fertilizer products, high grade animal feed and fish protein concentrate
for human consumption. The process should also require only the low’
cost facilities avalilble to small companies. It should, furthermore,
not require highly trained operating personnel and should not produce
a waste that will contribute to the pollution problem.

Figure 6 shows the general brine-acid process used for treating the

,fish waste or raw fish which is presently being sutdied on a piiot plant-
‘scale. The material is ground and homogenized in various concentrations .
-of water or brine and hydrochloric acid. The sodium chloride tends to 3
decrease the solubility of various constituents and the acid minimizes f
-the protein solubility. After varying incubation times the material is
then centrifuged so that the lipid and water fractions separate from the

solid residue. For animal feed this solid sresidue can then be dried

and ground to the necessary particle size. Further washing and extract-

ing is necessary if it is to be used for human consumption.

Figure 6. Brine Acid Extraction Process
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3. Enzymatic Hydrolysis Process

) The use of enzymes to hydrolyze fish protein has been reported

by several laboratories. Tryptic digestive enzymes, pepsin hydrolysis,
papain, and many other enzymatic processes have been tried in an effort
to: produce @ highly functional protein concentrate. In general, pepsin
digestion with continuous pH control at 2.0 has proven to be one of the
best procedures for producing a high quality bacteria-free product
(Tarky and Pigott, 1973). .

The basic -procedure consists of adding pepsin to a homogenized
fish waste substrate to which equal volumes of water have been added.
The pH is lowered to 2.0 with hydrochloric acid and the mixture is
then continuously stirred at 37°C (99°F). In general, this procedure
yields about 12 percent product based on the raw material. The product
has essentially no fat content and, when spray dried, is a highly functional:
powder which is low in only tryptophan. However, when added to vegetable ":
proteins having sufficient tryptophan, the total protein is extremely
high in quality. The material is cheaper to produce than milk [current
estimate, 40 to 55 cents/kg (18 to 25 cents/1b)] and equal or better
in protein value when added as a supplement. The process flow sheet is
shown in Figure 7.

Figure 7. Enzymatic Hydrolysis of Solid Wastes
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4. Protein Precipitation from Effluent Streams

Laboratory work has shown protein to be recoverable almost stoichio-
metrically by precipitation with sodium hexametaphosphate. The protein-
phospate complex is highly nutritional and can be used as a high grade
animal supplement.

5. MWaste Treatment Techniques

Little of the technology which could be available to the seafood
processing industry has been demonstrated at the operational level.

Most of the processors have little if any significant wastewater treat-
ment at the plant,

A1l of the subcategories produce large volumes of solids. Fish and
shellfish solids in the waste streams have commercial value as by-products
oniy if they can be collected prior to significant decomposition, economi-
caliy transported to the subsequent processing iocation, and marketed.

The importance of capturing such solids in dry form, in order to retard
biochemical degradation, has been recognized by the processors and dis-
cussed in an earlier part of this section. Many end-of-pipe systems
generate further waste solids ranging from dry ash to putrescible sludges®
containing 98 to 99.5 percent water.

Screening is practiced, in varying degrees, throughout the crab,
shrimp, catfish, and tuna industries for solids recovery, where such solids
have marketable value, and to prevent waste solids from entering receiv-
ing waters or municipal sewers. Vibratory screens are more commonly used
in the seafood industry for processing cperations rather than wastewater
treatment. Tangential screens are finding increasing acceptance because
of their inherent simplicity, reliability and effectiveness.

Disposal and wastewater treatment methods are not well established.
Incineration of seafood solid wastes has not been tried in the catfish,
crab, shrimp, or tuna industries. Where allowed and where land is availa-
ble, private landfills may be a practical method of ultimate disposal.
Deep sea disposal of fish wastes can be a means of recycling nutrients to
the ocean. This method of disposal does not subject the marine environ-
ment to the potential hazards of toxicity and pathogens associated with
the dumping of human sewage sludges, municipal refuse and many industrial
wastes. The disposal of seafood wastes in deep water or in areas subject
to strong tidal flushing can be a practical and possibly beneficial
method of ultimate disposal. In some locations, the entire waste flow
could be ground and pumped to a dispersal site in deep water without ad--
verse effects. The U. S. Congress recognized the unique status of seafood
wastes when, in 1972, they specifically exempted fish and shellfish pro-
cessing wastes from the blanket moratorium on ocean dumping contained in the
so-called "Ocean Dumping Act".

Wastewater treatment technology to treat practically any effluent
to any degree of purity is available. The cost-effectiveness of a speci-
fic technology depends in part on the contaminants to be removed, the
level of removal required, the scale of the operation, and (importantly).
on Jocal factors, including site availability and climate. Because these
factors vary widely among individual plants in the catfish, crab, shrimp,
and tuna industries, it is difficulty to attempt to identify a technology
which may prove superior to ali others, within an industrial subcategory.
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METAL FINISHING WASTES AND
METAL PROCESSING WASTE TREAT MENT

E. F. Gloyna
Wastes from plants manufacturing finished metal products may contain
significant amounts of oil, other organic constituents and a variety of inorganic

materials. Frequently the metals are relatively toxic to aquatic organisms.

Treatment Plant Design for any particular waste problem is based on the
following considerations: .

1. Volume of waste - including variations in flow.
2. Load of contaminants - including variation in concent{ations.
3. Physical and chemical characteristics of the waste.
4. Regulatory agency requirements.
5. Factory layout and its effect on ease of collection of wastes.
6. Separation of industrial wastes from storm or cooling waters
and from domestic sewage.
7. Dilutioﬁ available from plant process and cooling waters
following treatment and from receiving stream.
8. Possibility of pretreatment at source.
9. Wastes that can neutralize each other.
10. Cost and availability of chemicals.
11. Recoverable products for reuse.
,12 . Space available for tréatment' plant facilities.
13. Land requirements for sludge disposal.
14, Availability of equipment that can be used or modified for use.
15, Ventilation.
16. Maintenance costs.
17. - Operating costs.

Selection of Batch or Continuous Treatment

Metal-finishing industry wastes may be treated on a continuous flow
basis or collected in tanks and treated by batch operation. The selection of
the method to be used in any plant requires consideration of the volumes of
wastes to be handled, strength of the waste, type of treatment, and quality
of the waste effluent desired as well as area restrictions within the plant.

1
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; Cyanide Plating Waste Treatment

. Cyamde compounds are widely used in the metal finishing induystry
Tin the preparanon of plating baths. Cyanide is commonly used in the preparation
of zlnc, copper, cadmium, gold, silver, bronze, and brass plating solutlons,
and often as a cleaning solution 1mmed1ate1y prior to a plating process. A small
quantity of this highly toxic solution will be dregged out of the plating-bath as
each part is removed and rinsed prior to the next plating operation. The rifse
water will also contain cyamde ... The problem is to safely dispose of cyamde
w1thout creating a water. pollutlon hazara

Under acidic conditions cyanide will hydrolyze to form the toxic HCN.
The proportion of HCN present ‘will depend on the hydrogen ion concentration
according to the relationship: 2 .

cn” Ky 7.2x10710 o
HON = EF T o at2sc

lagooning of cyanide waste will reduce the cyanide to ammonium formate and
Asulmic acid

J .

HCN + 2H20= HCOONH4
Aecrobic biclogical treatment processes can oxidize cyanide providing the
concentration is below toxic limits and the system has been acclimated. The
toxic effects of cyanide on various forms of biological life are summarized in
Table 1.

Table 1 “ ’

Toxic Effects of Cyanide -
Subject Toxic Concentration Remarks .
1. Sunfish 0.18 Conc. killing 50% of fish in 24 hrs
2. Daphinia 1.8 Conc. immobilizing 50% of
organisms in 48 hrs )
" 3. BOD 0.04 95% recovery
0.4 60% recovery
4, Sludge Digestion 25 No adverse effect in 24 days
3 ppm initial retarding effect for
6 days '
S0 10% reduction in gas productgon

Collection: Sewers should be constructed so that only cyanide wastes

o

are discharged to the treatment system. Treatment for other plating room chemicals

are not usually compatible with the methods used for the destruction of cyanide
wastes. Where large quantities of cyanide are used, it is usually necessary to

4
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install separate sewers for dilute and concentrated cyanide wastes. A dual
collection system will permit concentrated wastes to be collected and pumped
at a controlled rate to the cyanide treatment system.

If separate collection system is not employed, the capacity of the-
chemical feed system will probably be exceeded during periods of siug charges.
Treatment: Cyanide wastes can be destroyed by oxidation processes to
form carbon dioxide and nitrogen. Among the most widely recognized oxidation
methods employed are (1) biological; (2) electrolytic; (3) incineration;
(4) radiation; and (5) chemical.

Biological treatment--Cyanides can be destroyed in combinat: .n
with domestic sewage through such biological means as the activated sludge or
trickling filter processes. Sewage provides the required nutrients for the process,
and a biological culture will be produced capable of approximately S$9 per cent
cyanide removal.

However, this process cannot tolerate the discharge of slug dosages of
concentrated cyanides.. Also, the biological population must receive necessary
nutrients for growth as provided by domestic sewage. If sewage\is not
available, the required nutrients must be artificially added to sustain the biolo-
gical population.

1. Electrolytic destruction: . This method of ¢yanide destruction
requires long periods of time--2 to 7 days--to reduce cyanide to a 1-ppm level.
The anode used in this process can be copper, stainless steel or carbon steel.
However, a current density from 30 to 80 amps/ft* must be maintained. The
cathode employed can be made of carbon steel. Optimum operating temperature
for this destruction process is approximately 200 F (33 C).

f

2. Incineration: Waste cyanide can be blended with an 011 mixture
and incmerated at approximately 2500 F.

3. Radiation: Cyanide solutions can be decomposed by radiation
processes. Cyanide can be decompc¢ sed to within 90-95 per cent completion
without excessive radiation dosages. However, to obtain further decomposition
markedly higher radiation dosages are required. A solution contammg,?. grams
per liter of a zinc cyanide-sodium cyanide complex requires 83.6 x 10° rads
for 95 per cent decomposition.

4. Chemical: The alkaline chlorination oxidation process is the most
widely used process for the destruction of cyanide. The oxidation of cyanide
by ‘chlorination occurs by two separate and major chemical reactions. In the
first stage cyanide is oxidized to cyanate; in the second stage cyanate is

S




omdxzed to cyanate. and mtrogem The first stage of the oxidation can be
illustrated by the followmg equatlons , S ' O

. 12012<+‘2NaCN —_— ZCNCI + 2NaCl
"2CNCl + ‘4”Naof1'———a— 2Nac‘No',+ 2NaCl + 2H,0 £
The .Lll'st reactxon is 1nstantaneous and occurs at all pH levels while the ’
second is one of hydroly51s which converts cyanogen chloride to cyanate -
and is dependent upon pH. The hydrolysis reaction will not go to completxon
at pH levels of less than 7.5, but the hydrolysis rate will increase as the pH
increases. At a pH of 9.0 the reaction will be completed in approximr ely.
3.minutes. It is important that the hydroly51s of cyanogen chloride to cyanate
. be completed as rapidly as p0531b1e since cyanogen chloride is both volatlle
and toxic. -

The second major stage of chemical destruction is the oxidation of .
the cyanate obtained.in the first stage to carbon dioxide and nitrogen.

3C12 + 4HZO + 2NaCNO —

3Cl2 + (NH ) CO + Na CO3

3 + Na2C03 —_— - O

ZNaHCO3 + N2 + 6NaCl + SHZO

3Cl, + 6NaOH + (NH,),CO

. These reactions require an excess of chlorine and caustic. The rate
of the reaction will increase as the pH of the solution decreases. v

Because a.pH level greater than 9.0 is required for the first stage
oxidation (of cyanide to cyanate), and a pH of approximately 8.5 is requred
for the second stage oxidation of the cyanate, it is convenient to perform the
oxldation in two separate processes. The prime difficulty in using a single
chlorination step process is' that a compromise pH condition must be selected
and there will be a tendency to have both stages of the oxidation occurring
simultaneously. , 2

When solution pH is too low, there will be a tendency for carbon
dioxide and nitrogen gases to be formed in the presence of cyanogen chlorlde,
due to the incomplete hydrolysis to cyanate. Nitrogen gas will be swept out of
solution, carrying cyanogen chloride with it, and creating a hazaraous condition
in the immediate work, area.
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If solution pH is too high, the oxidation of the cyanate will require

excessively long detention periods and may never go to completicn.

The alkaline chlorination process lends itself conveniently to automatic
control. A system can be installed to maintain the required pil level conditions
by controlling the addition of caustic. An ORP (Oxidation Reduction Potential)
system can be used to control the addition of chlorine. With a properly designed
and operated plant it is possible to maintain about a 10-ppm excess chlorine

residual in the final effluent.

Treatment System: The configuration and size of a treatment system
will, of course, be dictated by local conditions. Figure 1 shows a schematic
diagram for a typical batch type treatment process; Fig. 2 shows a flow-through

type treatment process.

Even though Fig. 1 shows only one treatment tank in the batch type
system, a well designed treatment plant will normally contain three tanks.
One tank will be filling, the second tank treating influent contaminants,
and the third tank discharging. A treatment plant designed in this manner
allows maximum flexibility for nearly all situations which could arise.

The treatment plant should also provide for a means for the effluent to be
discharged into a solids removal system. Final effluent of the treatment plant

will normally contain toxic heavy metals employed in the plating processes

which normally must be removed to comply with state and local regulations.

Exa}nple of Alkaline Chlorination Process:

1. Chemic’al Reactions: Alkaline Chlorination Process
a. CN~ oxidized to CN*:
CN + Cl—+ CNCl + c1
26 71 61.5

b. Formation of Cyanate
H 8.5

CNCl + 2NaOH B2—222 Nz CNO + H.O + NaCl

30 min. y
61.5 80 65

c. Oxidation of Cyanate
— 2Na CNO + 3Cl, + 4NaOH — 6NaCl + ZCO2
130 213 160
d. Oxidation of Fe++
2re™ + ClL——>2r¢ T+ 2017

2
111.2 71

+2H20
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e. Precipitation of Iron

Fe' ' + 3NaOH ————3Fe (Om) , + 3Na'®

55.6 120 106.6

i. Precipitation of Cu
Cu™" + 2NaOH ——— Cu(OH),, + 2Na"
63.5 80 97.5

Calc. Solubility of Cu(OH)2 & Fe (OH)3.

a. Cu(OH)2 Ph=8.5

0

ksp =5.6x 10720 = [Cu++] . [OH']2

log k= -19.25

pH=8.5 pOH=5.5=-log [OH ]
log [OH] = -5.5

log [Cu++] = -2 log [OH ] + log ksp
= -2 (-5.5) + (-19.25)

log [Cu’ '] =11.00 - 19.25 = -8.25
log [Cu''1=0.75 -9
[Cu™™] = 5.6x 107 HReS

5.6 x 107° moles . 63.54g . 1000 mg
1 " mole g

Solubility = 3.5 x 10™% 29 @ pH 8.5

Solubility =

Very Insoluble
b. Fe (OB) 3
38

kK =4x10 pk = 37.4
sp sp

log ksp = Log [Fe+++] + 3 log [OH ]
log [Fe™" 7] = 3(5.5) - 37.4 = 20.9
log [Fe*™ = 0.10 - 21

(Fe™ %] = 1.26 x 1072} —”ﬁlﬁs—

1.26 x 102} moles 55.6¢ 1000 g

Solubility = 1 mole mg
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Solubility = 7 x 1077 29 @pH8.5

Very Insoluble

3.  Chemicals Required Flow = 15 =3t 00min 10hr_,, ., gel Q
. 3 min hr , day day .
Chlorine o
Ind. Waste

CN :1mg CN requires 7.35 mg Cl )

2 ‘Trmt., p. 132

20 mg CN_ 7.35mg Cl, _ 147 mg Cly
1 mg CN 1 of Flow

+
Fe+ : 2 moles ZF‘e++ requires lmole Cl2

10mg Fe'' 35.5mgCly _ 6.5mgCl

1 55.6 mg Fe++ 1 of Flow
. _154mg 0.0144 MGal 8.34 Ib. _
Daily Dose 1 day MGal—mg/l 181b. Cl2
; " Available
Chlorine 25 Cl2
Sodium Hydroxide
CN : 1 mole CN_ requires 2 Moles NaOH
20 mg CN_ 2(40) mg NaOH _ 62 mg NaOH
1 26 mg CN~ 1 of Flow O
+++ +++ _ B
Fe. :1 MoleFe requires 3 Moles NaOH
10 mg Fe+++ 3(40) mg NaOH _ 22 mg NaOH N
1 55.6 mg Fe™" " 1 of Flow
++ ++ ,
Cu : 1 Mole Cu ' requires 2 Moles NaOH
8 mg Cu''  2(40) mg NaOH _ 10 mg NaOH
1 63.5mg Cu™+ 1 of Flow
_ (62 +22 +10) mg 0.0144 MGal 8.34 1b
Daily Dose 1 Day MGal-mg/1
Daily Dose = 11 Ib. of NaOH (100%) }
4, Sludge Produced ‘
Weigh; t
’ Fe(OH) .: 10 mg Fe 106.6 mg Fe(OI—I)3 0.0144 MGal 8.34 Ih. -
3 1 55,6 mg Fet™" Day .MGal-mg/1

2.3 Lb./Day (Dry l/\_{gt)

. 8 mgCu 97.5 mg Cu (OH) 0.0177 MGal 8.34 _
Cu(OH)Z - 1 63.5 mg CuTTz Day MGal-mg/1 ~
1.5 Lb./Day (Dry Wgt.) O
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Volpme

Assume sludge concentrates to 1%

on bottom of tank. .
3.8 Ib. Solids 100 Lb. Sludge
Day . 1 Ib. Sclids

Daily accumulation =

380 Lb Sludge
Day

Assume sludge unit wgt. = 8.34 1b./Gal
; - o0V Lb/lay . -
Daily Volume = 380 Lb/Day . 46 Gal./Day

8.34 Lb/Gal
S. System Components
a. Treatment Tank . -
(1)  Volume = 14,400 %ﬁ’——;yx 1 Day = 14,400 Gal.
14,400 Gal 3
=l =
Volume 7.48 Gal/GF 1920 Ft

Set water depth = 10°' Surface Area = 192 Pt2

-For square tank ~ Side length = 16
USE 2 Treatment Tanks, each 16' x 16" x 10
(2) Mixing, Assume 0.5 HP/1000 Gal. required
HP Required = 14.4 10° Gal x 0.5 HP/10° Gal = 7.2HP
ﬁSE 1 - 7.5 HP Mixer in each Tank

Chromium Treatment by Reduction and Precipitation

Reduction and precipitation is a process whereby a soluble metallic
ion is reduced through an oxidation-reduction reaction and then precipitated
by conversion to an insoluble metallic hydroxide. The process finds principal
application in the treatment of plating wastes containing chromium salts.

Chromium is found in wastes from metal plating and finishing operations.
It is present in rinse waters irom chromic acid baths and in spent baths from
electroplating and anodizing processes. These baths are made up of CrO3 and
H2804 or NajCr30; - 2H,0 and HySO,4. They have a pH of 0.5 and a Cr +6
concentration of 20,000 ppm (approx.). The acidity in chrome waste waters is
proportional to the chromium concentration.

The reducing agents commonly used are ferrous sulfate, sodium
metabisulfite or sulfur dioxide. h

-




- Ferrous sulfate and sodium metabisulfite may be dry or solution fed
while. SO is diffused- into the system directly from gas cylinders. Since the- .
reductlon of chromium is most effective at acidic pH values a reducing agent
with acidic properties is desirable. When ferrous sulfate is used as the

reducing agent, the Fet' is oxidized to Fe ™% while in the case of metabisulfite

or sulfur dioxide the negative radical so;,is converted to SOZ,

Ferrous ion reacts with hexavalent chromium in an oxidation reduction
reaction, reducing the chromium to a trivalent state and oxidizing the ferrous
ion to the ferric state. This reaction occurs rapidly at pH levels less than 3.0.
The acidic propertles of ferrous sulfate are low at hlgh dilution so that acid
must be added for pH adjustment. The use of ferrous sulfate as a reducing
agent has the disadvantage that a contaminating sludge of Fe(OH) ., is formed
on the addition of an alkali. In order to obtain a complete reaction, an.
excess dosage of two and one half times the theoretical addition of ferrous
sulfate must be made. The reactions are:

2 Cro l-HO H,Cr.,O

3 277277

2 HZCJrO4 + FeSO4 + GHZSO4 = Cr2(804)3 + 31“e2(SO4)3 + 8HZO\ (1)

Na 2Cr207 + 61'-‘eSO4 + 7H SO4 Crz (804)3 + 3Fe2(SO4)3 + 7HZO + NaZSO

CrZ(SO4)3 + SCa(OH)2 = ZCr(OH)3 + 3CaSO4 (3)

1=‘e2(SO‘1)3 + 3Ca(OH)2 = ZPe(OH)3 + 3C3aSO4 (4)
. The oxidation-reduction which occurs is:

6Fe’ " =6Fe’ " + 6e

= 44

_Cr207 + 6§ = 2Cr + 7H20
! The theoretical ﬁuantities 'of chemical required are:

1 ppm Cr req;.xires \ . 16.03 pypm 1—"eSO4 . 7H20

6.01 ppm H SO
9.48 ppm - 9&% lime

The quantity of slucige produéed in the reaction is:

1 ppm.FeSO4 . ZH,ZO produces , 0.38 ppm Fe(OH)
Lime l 84 ppm CaSOy
Cr " “1.98 ppm Cr(OH)

13
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Sulfur Dioxide and Metabisulfite

Reduction of chromium can be accomplished using either sodium meta-
bisulfite or SO49 . In either case reduction is accomplished by the H2803
produced in the reaction.

The H2803 ionizes according to the reaction:
-2_ (#) (H8037)

H,S0,

1.72 x 10 (5)

above pH 4.0 only 1% of sulfite is present as HZSO3 and the reaction is very
slow.,

When Metabisulfite is used the salt hydrolyzes to sodium bisulfite:

NazSzO5 + HzO = ZNaH803 (6)

which in turn dissociates:

Na@ + HSO, + H,0= H,80, + NaOH (7)
This reaction requires acid to neutralize the NaOH formed during the reaction.
The reaction is highly dependent on both pH and temperature. Due to the
dependency of ionization of H, SO, on pH excess SO, is required. At pH
levels below 2.0 the reaction 1s practically instantaneous at close to the
theoretical requirements. Depending on the pH of the reaction, the basicity
of the chrome salt produced will vary. At pH values less than 2. 0, CrZ(SO4)
is formed; at pH 3 - 4 Cr (OH) (SO 3 is formed; at pH > 6.5 Cr(OH)
formed. At close to theorehca? requxroments the reaction time has been
reported as follows:

Time for 99% completion .

min. pH
0.1

1
0.5 1
5.0 . 2,
30.0, 3
66.0 ' 4.0
. 200.0 5.0

The reaction with SO, is: »

2

2H20r04 + 3H2803 = CrZ(SO4)3 + SHZO (8)

v
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and the réaction with bisulfite:
§

". s

2H20r04 + 3NaHSO3 + 3HZSO4 = (3':‘2(804)3 + 3NaHSO4 + SHZO 9

In both cases the precipitation reaction is the same as equation (3). The
theoretical quantity of chemicals required is:

1 ppm Cr requires:
2.81 ppm Nazs2
1.52 ppm HZSO4
2.38 ppm lime (90%)
J " 1.85 ppm SO2

At pH levels > 3, when a basic chrome sulfate is produced, the quantities of
lime fequired for subsequent neutralization are reduced.
&

O5 (97 .5%)

At pH 8.0 - 9.0 Cr(OH) 3 is virtually insoluble. Experimental investi-
f_:;ations have shown that the sludge produced will compact to 1-2% by weight.
1 -

- Since dissolved oxygen is usually present in rinse waters, an excess’
of SO2 must be added to account for the oxidation of the 803 to SO 4

H.SO. +1/2 0

2503 g = H,S0

. 4

¢ '
’ An excess dosage of 35 ppm SO2 will usually be sufficient for reaction
with dissolved oxygen present.

Acid Reguirements +6

The acid requirements for the reduction of Cr ~ depend upon the acidity
of the original waste, the pH of the reduction reaction, and the type of reducing
agent used (e.g. SOy produces an acid while metabisulfite does not) . Since it
is difficult, if not impossible, to predict these requirements, it is usually
necessary to titrate a sample to the desired pH end point with standardized acid.

: An ingeneous system has been developed by Lancy in which the
reduction and precipitation process is integrated into the plating lime. In this
process the first tank at the end of the plating lime continuously received SO
such that an excess is maintained at all times. The contents of the unit is
continuously recirculated through a storage reservoir. The second tank
recirculates through a lime mixing tank in which the reduced chrome is
precipitated. The precipitate is removed through a diatomite filter and the
clarified liquid recirculated through the second treatment tank. A third tank
containing a clear water rinse is provided to rinse any residues from the
plated. parts. This process is schematically‘shown in Figure 3.

15



FIG.3. LANCY INTEGRATED SYSTEM.
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Figure 4 shows processes Wh.lCh are apphcable to mixed chromlum

and cyanide rinse waters.

Mixed Rinse Waters

(Containing chromium, cyanide, nickel, copper, zinc, etc.)

Neutralization
of Acid

l

Precipitation of
Chromium as
Barium Chromate

Complexation of
Cyanide with-
Fe S’O4

!

Solids-Liquids

v
Acidification

v
Reduction of
Chromium with
FeSO 4

v

Complexation of

Cyanide with

Additional FeSO

if Necessary

Separation
\%
P Solids-Liquids ,
h Separat\ion h
Disposal Disposal Dis‘;gosal
of Liquid of Solids of Liquid

Reduction
of Chromi.m

with SO

\[ 2
Neutralization
Precipitation
of Metals

with Lime or
Alkali

!

Partial
Destruction
of Cyanide
with
Sodium
Hypochlorite

/
Disposal
of Liquid:

FIG. 4. PROCESSES APPLICABLE TO MIXED
CHROMIUM AND CYANIDE RINSE WATERS

-
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Q In some cases it is easier to remove metal ions, including chromium,

through the use of special ion exchange media.

425

Figure § shows a flow diagram.

Chromium Rinse Waters, Mixed Rinse Waters
(Chromium, nickel, copper, cyanide, etc.)

Periodic
Regeneration
with Sulfuric
Acid

Periodic

() Regeneration -==-=--=--
with Sodium
Hydroxide

Cation Exck)Langer
Selectively Adsorbs

Metals (Nickel, copper,

trivalent chromium, iro
aluminum, etc.)

\Z
Anion Exchanger

7 Adsorbs Hexavalent --
Chromium, Sulfate,
Chlorides, Phosphates
etc.

To Reuse as
Rinse Water

FIG. 5.
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‘A typical cation-anion exchange calculation \is/as follows:

1. Cation Exchange

. . e = equiv. _ 1 - eq.
Operating Capacity = 1.5 1 1.5 (28.3 or ) =42 GF
Regenerant - 5% HZSO4, Dosage = 12 1B/Ft3 ) :
Operation: )

. _ 960 min 3.781
Cations Removed = (75 gpm) ¢ day ) ¢ gal ).

mg Cu meqg. mg Ni meg RPEE -
A0 G3.5amg ¥ 87 1. 58.7mg Nt ‘103 meg '

80 equivalents per day
Note that 80 eq. is only 10% of the 800 eq. cation capacity

required for the daily .HZCrO recovéry. Therefore the

4
recovery operation dictates the capacity of the cation
exchanger. Design cat. ex. for 880 equiv./day with

once dally regeneration.

_ 880 eq. Ft3  _ 3
Bed. Vol. ~day 12 og. - 21 Ft
Gheck Flow Rate: 23=ii- = 3.6 GPM/GF OK

Set Depth = 30" (Diam. Calc. same an Anion Ex.)
USE 2 Beds, 30" Deep x 2.5 ft. Diam.

Regeneration:

_ 3 Ib _ 100%
Daily dose of Hzg)l; = (21 Ft") (1? F_t3 = 252 1bh. (HZSO4)
Regen. Tank Vol. 252 L = 582 Gal.

, =0.05 *(1.0383)8.34
Regen. Time @ 1.0 GPM/CF = 10 min.

Rinse Vol. @ 120 Gal/CF = (21 CF (120) = 2500 Gal.

Rinse Rate 1.5 GPM/GF . Time = %%%%%/Q&EP = 80 min.
2. Anion Exchange i
Operating Capacity - 3.8 Lb.CrO3 per Ft3
Regenerant - 10% NaOH, Dosage 4.8 Ib NaOH/Pt3
Operation:‘
75 mg/1 as Cr = 75 -@lszﬂ@ = 144 8% as cro,

19




60 mar
Daily CrO, Input = 144 r_n_lg (75 gpm) d:”":l‘)
8.34 _86.5 Ib ;
: 1070 o 86.5 b
For daily regeneration: _ Bed Vol. = mF

. 75gpm _ ‘ m
Check Flow Rat_e. 54 GT 3.3 Tt

Set resin depth = 30 in. )
23 Ft.3 2

Surface area =m =9,2 It )
2

Try 2 Beds, Ea. with 4.6 Ft =7
4 1 1
D=(= 4.6)% =(5.9)° = 2.43 Ft.
USE 2 Beds, 30" Deep x 2.5 Ft. Diam.

Regeneration:
3 b NaOH

100 Ib,

) =

Daily Dose of NaOH = (23 Ft") (4.8 Te3

(100% NaOH)
100 Ib 10 Ib Brine @Gal. Brine

Regenerant Tank Vol. =

. Regenerant Tank Vol. = 104 Gallons
’ ) GeM _ 11.5 CF
CF 1.0
Rinse Volume = (23 CF) (100%‘?l = 2300 Gal.
Chromic Acid Recovery: Re-cycle 7‘0% of acid regenerants

_i“{egeneration Time @ 1.0

to cation ex.
100 Lb NaOH 453 g
40 g/eq. ' 1b

Cation Exchg. Equiv. Reg'd = 0.7

Case History

1. Steel-Mill cold finishing facility. Figure 6 shows the facilities

and Figure 7 illustrates.the waste treatment facilities. Tables 2 and 3
respectively provide the oil and chemical usage, and the amount of
contaminated wastewater flow. Table 4 shows the design criteria.

20
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TABLEZ -0IL AlSD CHEMICAL USAGE

Unit
Continuous pickler
Acid

Coating oil
Cold reduction milis

Rolling oils
Cleaning lines

Cleaner
Tinning Lines

Cleaner

Acid

Chromates
Galvanizing lines

Cleaners

Acid

Chromates

Miscellaneous oils and lubricants

Dosage
{ib per ton)

40 to 70
1.5t0 3.0

3to6

TABLE 3-CONTAMINATED WASTEWATER FLOWS AND DUMPS

Pickling line

Pickle hquor

Rinse water
Cold reduction mill
Cleaning line
Tinrung line’
Gaivanizing line
Miscellaneous shops R

Pickling acids
Acad

. .Ferrousiron. . . .

Rolling solutions
o

Cleaning solutions
Caustic ’
PO, -
Qils

Chromate solutions
Cr¢6

Continudus flows (gpm)

30 to 100
150 to 350
300 to 10,000 -
100 t0 300
300 to 1500
200 to 600
to 2000

Schedula dumps {g/wk)
5000 to 15,000
210 &%

-3 to-10%

10,000 t0-30,000
210 8%

- 5000 to 30,000 g/wk/line

3%
0.5%

1.0%

1000 to 15,000 g/wk/bath
1to 12%

TABLE 4-TREATMENT FACILITIES DESIGN CRITERIA

Unit
O1l dump equahzation tank

Acid-chromate rinse mixing tank

Waste acid storage tank
Precoat fiiters .
Deep wellinjection rate
Prirnary separators

Equalization basins
Mixing basins
Fiocculator-ciarifier
Flocculation
Settling
Studge storage
Oul skimmings tank
O1l storage
Scparation zone

Criterla

10 to 30 mun
lto3 hr
12to 48 hr

up to 1 wk {oil)
up to 1 day {skimmings)
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2, Non Ferrous Metals, mining and smelting industry

CASE HISTORY, NO NFERROUS METALS, MINING & SMELTING INDUSTRY
Process Waste Water Treatment at Bunker Hill Company

G. M. Baker*and A. H. Larson**

August 1973

ABSTRACT

At the Bunker Hill Company mining and metallurgical complex in
Northern Idaho all metallurgical waste waters that cannot be recycled
without treatment are combined with milling effluent and acid mine
drainage in one large impoundment pond. The overflow from this pond
is currently discharged directly into the South Fork Coeur d'Alene River.
A new treatment plant utilizing a lime neutralization process is being
installed to treat this discharge in order to minimize discharge of dissolved
heavy metals. A bench-scale pilot plant was opercted to provide an ex=
perimental basis for establishing treatment effectiveness. Based on these
tests, o full scale plant was designed and is now under construction.
Capital and operating costs for this plant have been projected.

* G. M. Baker is Director of Environmental Control Activities
and Manager of Plant Engineering, The Bunker Hill Company,
Kellogg, ldaho

** A, H. Larson is Manager of Research and Development, The

Bunker Hill Company, Kellogg, Idaho

-

This paper was presented ot the American Mining Congress,
1973 Mining Convention, September 9 - 12, Denver, Colorado

-
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INTRODUCTION

{: The Bunker Hill Company is a wholly-owned subsidiary of Gulf Resources and
Chemical Compony, Houston, Texas. All of the Bunker Hill Company's"aperations are
located in the Coeur d'Alene Mining District of Northern Idaho, approximately 75 miles
south of the Canadian border. The Coeur d'Alene mining district embraces an area 23
miles long by 9 miles wide, and produces approximately 47% of the nation's silver, 11%
of its lead, and 8% of its zinc.

The Bunker Hill Company mining operations are performed at three majc sub-
surface mines. Also included is a large metallurgical complex for smelting and refining
primary lead and zinc metals. Related by-products, including silver, gold, copper,
cadmium and antimony are recovered from processed concentrates. Three sulfuric acid
plants are operated to recover sulfur dioxide from the smelting processes.

In addition to the mining and metallurgical operations, Bunker Hill, in a joint
venture with Stauffer Chemical Company, produces phosphoric acid and ammonium phos-
phate fertilizers at Kellogg.

'l

SOURCES AND NATURE OF WASTE WATER
- T =

quuxd effluents are discharged from the Bunker rhll Mine ond all of the surface
plants, with the exception of the lead smelter, into a 160 acre central impoundment pond
for separation and retention of suspended solids. The clarified effluent is presently de-
canted from this area into the South Fork Coeur d'Alene River. The sources and nature of
waste water influents and effluents from the central impoundment pond are shown in Table I,

At the Zinc Plant and Phosphoric Acid Plant operations, facilities have been in-
stalled to recycle a mo]ori?y of the water discharged from cooling processes. The remainder
of the effluent, which is from metallurgical processing and air pollution control equipment,
is not amenable to recycle without treatment, it is transported along with siurried gypsum
from the phosphoric acid plant in a one-mile long 12 inch diometer PVC pipeline and-dis-
charged into the Central Impoundment Pond for clarification. This combined discharge is
low in pH. It contains dissolved zine, cadmium, mercury, Fluoride, suﬂfcfe, phosphote, and
includes gypsum as a suspended solid, .

Mine drainage is the major volume of waste water. [t is acidic in nature and
originates from surface and ground waters which seep into the extensive workings of the
mine. Combination of air and water along with complex bacterial action in contact with
pyrite, creates sulfuric acid lowering the pH of the water and dissolving heavy metals fiom
mineralized areas. The dissolved metals are then carried to the surface in mine drainage
water. As noted in Table |, this waste stream contains dissoived iron, lead, zinc, sulfate,
and considerable suspended solids.




TABLE i, Characteristics of Weste Weter {nfluents and
- Central impoundment Pond Effluent (CiP)

Influent Effluent
Dissolved "t Phosphoric Bunker Hill . CIP
Elements Zinc Plant Acid Plant Mine Mill fng/L)
Fo - - - X - 20 - 30
Pb ST - X X 2-8
Zn X - X X 90 - 170
Cd X - - - 0.5-0.9
Hg X - - - . 0.003-0.02
F - X - - 190 - 250
PO - %, - - 1 90-120 I
.o ) {
S04 X - X - 1200 - 1500}
) l
pH - Low Low Low High 2:5-3.0 1}
Suspended 28,000 6000 =1 130,000 0-40 |
Solids (mg/L) ! 13,000 .
X = present in significant concentrations
- = npot present in significant concentrations

At the mill, waste products from wet grinding and flotation operations crelcyclonad
before discharge into the impoundment pond and the czarse fraction is pumped back into the
mine to refill mined-out areas. During this "sand-fill operation”, fines drain into the mine
drainage system from underground cycloning systems and from the arecs being filled with sand
slurry. These fines return to the surface as suspended solids contained in the acid mine drain-
age. The mill effluent is characteristically high in pH ‘containing dissolved zinc cmd fead,
and suspended solids, I

. 2

The central impoundment pond is equipped with a decant for discharging clarified
overflow from the center of the pond. The overflow is low in suspended soiids but contains
the dissolved elements shown in Table I. The concentrations of dissolved heavy metals musf
be reduced to meet currently ‘proposed State and Federal requirements, Q
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CONSIDERATIONS FOR SELECTION OF A TREATMENT SYSTEM

* in the selection of a system for waste water treatment there were four inter=
related requirements: acceptable effluent quality, minimum sludge production,- maximum
system reliability, and acceptable copital and operating costs. On the basis of previous
experience at Bunker Hill and a state-of-the-art technology study by Envirotech Systems,
Incorporated* with acid mine water and other heavy-metal-containing waste waters, lime
treatment. was selected as the only practical system for meeting these criteria,

The initial investigations using lime neutralization were conducted on individual
waste water discharges from the Zinc Plant and Mine. These investigations assumed treat-
ment of the discharges at their sources. Although lime additions to pH 9.0 to 10.5 produced
treated effluents which would meet the proposed regulations for dissolved heavy metals, the
volume of low-density sludge presented impossible storage and disposal problems.

Laboratory tests using lime neutralization of Zinc Plant waste water produced a
sludge containing 6% solids by weight (77,000 pounds per day of dry solids). Comparable
tests with the Mine effluent produced a sludge containing 0.4%solids by weight (29,000
pounds per day dry solids). The total volume of sludge produced from the two systems rep-
resented ‘1135 acre-feet per year; 160 from fhe Zinc Plant waste wcfer and 975 from the

-Amd Mme drcmdg Cor

* -Chemical analyses of the sludges indicated ﬂﬂof Zinc Plant sludge was predommr'nfly
calcium sulfate (due to'the high sulfate concentration of the waste water) and zinc hydroxide,
while the Mine sludge was predominantly hydroxldes of zinc and iron. .

In order to reduce the sludge volume, three simultaneous approaches were used:

1. Reduction of the sulfate concentration by recycling within the Zinc Plant,

2.. Combination of the remaining Zinc Plant effluent with the Mine drainage to
reduce sulfate concentration to a level where precipitation of calcium sulfate
would not occur during lime neutralization, and

3. Utilization of a thickener underflow sludge recycle system whereby the sludge
‘concentration can be incteased by including recycled underfiow solids with

incoming plant feed,**

The potential sludge volume reduction mcorporahng the approaches listed above
is shown in Table 2.

* Envirotech Systems, Inc., Menlo Park, Californic, was retained as a consultant duriné
the initial investigation period. :

** J. Smith l1l, "The Advantage of a Crowd for Acid Wcsfe Liquors", paper presented af
the 1972 AlME Annual Meeting in San Francisco.

e o e m e ae




TABLE 2. Comporison of Sludges from Individuolly Treated Zinc Plant
! and Mine Effluents and Treatment of Combined Effluents

Zinc Plant ‘Mine Combination -
Sulfate, ppm . 4500 (est) |- 1000 ~ 1200 1200 ~ 1500
: Thickener Underfiow Solids,

pounds per day . 77,000 ‘ 29,000 35,000 1
Solids, % by Weight 6 0.4~ ' -8 4
- j
Sludge Volume, - - ‘
acre fi/year 160 975 55 !
' 4
* Suspended solids in unfrected water are not included. z

On the basis of this projected combination advantage, a combined Zinc-Mine
effluent treatment plant was considered mandatory since the problem of dlsposmg of the
volume of sludge generated by individual treatment was of major concern in the mountainous
terrain of the Kellogg area. While developingthis rationcle and considering the location of

. other effluent sources and previous installations, it became apparent that this combined plant
should include treatment for all the waste water presently being discharged from the central
~impoundment pond. The advantages of such an overall approach are as follows:

1. The total sludge volume will be minimized,

2, The central impoundment pond will serve as a clarifier for the removal of high
concentrations of suspended solids prior to lime treatment, thus removing a
heavy burden from the treatment plant - especially important when utilizing
a sohds recycle system,

3. The high pH Mill effluent will help neutraiize acid Mine drainage,

4, . A central plart is more economical than several individual plants from both
capital and operating standpoints,

: 5. The central impoundment pond will provide surge holding capacity during
treatment plant upsets or bieckdowns, thereby protecting the quohtv of the

river course at all times,

6. Processing focnlmes for possible future recovery of metals from wcsfe sludge
will be centralized.
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EVALUATION OF A LIME-TREATMENT SYSTEM

The dissolved metal constituents of major concern in the central impoundment
pond effiuent are zinc, iron, lead, cadmium, and mercury. The major dissolved non-
metal constituents ore sulfate, phosphate, and fluoride. The results of beaker-scale lime
treaiment of one somple of this effluent water are shown in Figure 1. With the exception
of sulfcte, all the dissolved constituents showed increased precipitation with increased
pH levels up to @ pH of 9 to 10, It should be mentioned, however, that lead cbove a pH
of 9 and zinc above a pH of 10.5 exhibited omphoteric behavior; hence, these precipitated
metals re-dissolved. Lime requirements to change the pH are shown in Figure 2. Over a
period of time with different samples the Ca(OH), consumption varied from 0.8 to 1.7 mg/L

to reach a pH of ‘10,

in order to evoluate the lime treatment system a bench-scale pilot plant (miniplant)
of the proposed system was set up and operated. This bench-scale circuit is shown schemat-
ically in Figure 3. Since iron is present in the waste water mainly as ferrous iron, it was
decided that oxidation to ferric iron by aeration would be necessary to achieve more complete
precipitation of iron and better sludge densification, Typical ranges of results obtained by
operation of the bench-scale pilot plant ot feed rotes-of 10 = 15 gph and'siudge recycle rates
of 10 to 40 ore shown in Table 3:. These tests as well as laboratory tests by Envirotech Systems,
Inc. on the effect of sludge recycle proved general applicability of the proposed system for

" Bunker Hill's use. “Although these tests included the. waste water from the Phosphoric Acid

Plant, it was decided that this plant waste water should be removed from the inflow to the
ceniral {reatment p(cmt ond handled separately by a closed loop recycle system developed by
the Stauffer Chémical Company. In addition to reducirig fluoride emissions, this closed loop
system was more economical. The. 160 acre impoundment pond has, therefore, been diked-off
into two areas with one area of 43 acres serving as a settling-cooling basin for recycled water
to be returned to the Phosphoric Acid Plant process.

' Time was not available to operate a large scale pilot plant nor was additional verif-
ication considered fandatory. Bunker Hill, therefore, ‘decided to proceed with consfruchon
of the full scaie operational plant,

28

RTINS

N




%ABLE "3 Bench Scclc Pilot Plant Results :
: ~Dissolved Element - Thickener Overflow Thickener Underf:-low*
' (ppm) (Wi, %)
< - . . -
tre cd 0 0.04-- 0,06 0.1 !
i R e ] 0.02 - 0.13 - 0.1 s
el e L Fe 0.05 - 0.6 3 -6 :
s -+ tHg - 0.001 - 0,004 -
% D © 0.3 = 0.6 0.2 -03 °
Zn 0.05 - 0.6. 8 - 14
; " CaO 700 - 900 17 - 23
- 504/5 500 - 700 1 -2 ¢ ;
PO/P 0.1 - 1.3 1-2
F .25 - 35 7 i
: , . 7
% Suspended Solids 15-70ppm (5 =15 JTU) -
: pH 9.7 - 10.5 -

* Underﬂow sludge voried from 2 - 8% solids by weight

oy, -

7
H

p

1.

DESCRIPTION OF OPERATIONAL TREATMENT PLANT

: " Treotment fccnlmes are divided into two parts:
. facnhhes

Centrgl Treatment Plant

]
P N T . Y

fhe Central Treatment Plant and Offsite
The Central Treatment Plant is shown schematically in Figure 4. .

o
-~

2

The Central Treatment Plant consists of lime neutralizction, ceration, floccula=
tion, sedimentation, thickener underflow solids recycle, and acidificatidn. A 200
ton lime storage bin and 8000 Ib/hr lime slaker unit will provide lime slurry for
This slurry will be combined with thickener underflow ina 15,000
gallon mixing tank. The deconted effluent from the Central Impoundmert Pond
will be combined with the output of the mixing tank in a 60' x 50' x ]O'Eneutrcl-

neutralization.

ization-aeration

basin and controlled at o pH of

10. The overflow from this

basin will be conditioned in @ 32* x 32' x 11* flocculation tank. Chemu.cl floc-

cuionts will be u

sed as required.

29

LT I R ¢ I



, The flow from the flocculation basin will enter a 236 ft, diameter thickener for
O s " solids settling and clarification. The majority of the thickener underflow will
be recycled through the mixing tank to increase the density of the sludge. The
sludge bleed from the thickner will be blended with the Mill tailings and dis-
tributed around the perimeter of the Central Impoundment Pond.

The clarified thickener overflow will be acidified with sulfuric acid os it flows
to the Mill water supply reservoir. The Mill will recycle part of this water for
process requirements, The excess treated effluent will be discharged info the

»  South Fork Coeur d'Alene River.

2, Offsite Facilities

Offsite facilities include recycle within the Zinc Plant to reduce sulfate dis-
charge and a pipeline for transporting Zinc Plant effluent to the Central Impound-
ment Pond.

As part of these facilities, the Phosphoric Acid Plant effluent recycle system is
included and will utilize a 43 acre portion of the Central Impoundment Pond for
seitling and cooling. After setfhng and cooling, the effluent will be recycled
directly back to the Phosphoric Acid Plant. Required make-up water will be
supohed from the Lead Smelter water recycle system. The Lead Smelter effluent

_ O _owill normclly be recycled within the Smelter. Provisions will be incorporated to

discharge all or any por'non of this Lead Sme!fer effluent fo the Ceniral Impound-
ment-Pond for treatment in the Central Treatment Plant during periods of process:
upset within the Lead Smelter. \

Projected Capital.and Operating costs for the treatment system are shown in Table 4.

The Central Treatment Plant being constructed is shown diagrammatically in Figure 5.
Construction is now about '60% complete with startup scheduled to begin in late 1973,
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TABLE 4,

Projected Capital and Operating Costs

" Copital Costs:

Central Treatment Plant: ‘ $ 550,000
(6000 gpm Design Flow)

*Offsite Facilities Costs: , 730,000
(including pipelines to impounding

oreas, deccnts, and various plant

effluent recycle systems)

Total Capital Cosis: $1,280,000

Annual Operating Costs:

Direct Operating Cost: $ 592,000
(ot Design Flow)

Indirect Operating Cost: : 110,000 °

(including depreciation,
taxes, and insurance) ! I

Total Annual Operating Costs: $ 703,000 -

* Not included is $995,000 spent previousiy for water treatment
facilities which were necessary for the proper operation of this
facility. S
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'STEEL MAKING

E. F, G(lc;yna-

Reference is made to Developme}xt Document for Effluent Limitations

Guidelines and New Source Performance Standards for the Steel Making Industry,

EPA—440}’1-74—024—a,’ June 1974,

For the purpose of establishing efZluent guidelines and standaxds
of performance for the raw steel making operations of the iron

and steel lndustry, the industry was divided into subcategorics
as followss :

I By-Prcduct Coke Subcategory
i1  Beehive Coke Subcategory
III sSintering Subcategory .

v Blast Furnace (Iron)'Subcategory

\Y Blast Furnace (Ferromanganese) Subcategcory

VI Baswc Oxygen -Furnace ({Semiwvet Air-Pollution
control Methods) Sukcategory

VII Basic Oxycen rurnace (Wef Alr DOllhulOﬁ
Control Methieds) SLbcategocy

VIII. Open Hearth Furnéce,Sub“ategorj

IX" Electric Arc Furnace (Semiwe* Air Pollution
Control HMethods) Sukcategor;

) X Electric Arc Furnace (Wet Air Pollution
. Control Methods) Subcategoxy

’ XX Vacuum Degassing Sukcategory

5 XII Continuous Casting Subcategory

The selection of these subcategories was based upen distirct
differences 1in type of products produced, production processes,
raw materials used, waste waters generated and control and
treatment technologies employed. . Subsequent waste

characterizations of individual plants substantiated the validity
. 0f this subcategorization.




: : !
The effluent 1limitations guidelines. for the iron and steel

industry ropresenting the effluént quality obtainable by existing
point sources through the application of the best practicable

control technology currently available (BPCTCA or Level I} for
each industry subcategory, are as follows:

I.. By-Product Coke Subcategory

L] 3

) BPCTCA Effluent Limitations
Units: kg pollutant per kkg of product -
or: 1b pollutant per 1,000 1b of product

- PRI
‘l"} .

T a0 ] Maximum Average of :
Tl R : Maximum for. any Daily Values for any:
L.t oo Lowh US . 0. .One Day Period - Period of 30 |,
Pollutant Parametexr Shall Not Exceed Consecutive Days
Cyanide © 0.0657 - - ©.0.0219
Phenol § 0.0045 0.0015
Ammonia 0.2736 0.0912
0il & Grease "0.0327 C.0109
Suspended Solids 0.1095 0.0365

)o): - 6. 0 to 9. o

II. Beehive Coke Subcategory:

BP»TCA Effluent Limitations
Units: kg pollutant per kkg of product‘

or: 1lb pollutant per 1,000 1lb of product
.- Maximum Average of
Maximum for any Daily Values for any
' , One..Day Period. - " - pPeriocd of 30
- Pollutant Parameter Shall Not Exceed Consecutive Days
- cyanide
Phenol V
Ammonia ot No discharge of"
Sulfide 4 © " process waste water
0il & Grease pollutants to 2
Suspended Solids ’ navigable waters - ' - -

pH ) )

o

PR



B oaslie .

Mg
117, Sintering Subcategory

BPCTCA Effiuent Limitations
Units: kg pollutant per kkg of product
or: 1b pollutant per 1,000 1lb of product

Maximum Average of

Maximum for any Daily Valiues for any
: One Day Period Period of 30
Pollutant Parameter Shall Not Exceed Consecutive Days
Suspended Solids 0.,0312 6.0104
0il & Grease 0.0063 €.0021
ol 6.0 to 9.0

IV. Blast Furnace (Iron) Subcategory

BPCTCA Effluent Limitations
Units: kg pollutant per kkg of product

or: 1l1lb poliutant per 1,000 1b of product
. i r
? i Maximum Bverage of
Maximam for any. Daily Values for any
One Day Period Period of 30
Pollutant Parametex Shall Mot Exceed Consecutive Davs
Suspended Solids 10.0780 0.0260
Cyanide e 0.0234 . r.0078
Phenol 0.0063 v.0621%
Ammonia 0.1953 0.0851%.

pH , : " 6.0 to 9.0

V. Blast Furnace (Ferromanganesey) Subéategory

BPCTCA_Effluent Limitations
Units: kg pollutant per kkg of product
or: 1lb pollutant;per 1,000 1b of. product

a ) ‘ | ) Maximum Average of

Maximum for any =~ Daily Values for any
" , One Day Period . Period of 30
Polliutant Parametex Shall Not Exceegd Consccutive Davs
Suspended Solids 0.3129 0. 1043
Cyanide, G.u689 , 0.1563
Phenol 0.0624 , 0.0208
Ammonia 1.5636 0.5212

pR \ 6.0 o 9.0

vy
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VI. Basic Oxygen Furnace (Semiwet Air Pollution -
Control Methods) Subcategory

N

Pt

. BPCTCA foluent leltatlons
- T Units:. kg pollutant per kkg of product‘
or:-elb polrucant per 1,000 lb of product ¥

Max1num Average of

Maximum for any Daily Values for any
‘ One Day Period - - Period of 30
PoJlutant Parameter Shall Not Exceed - Consecutive Days’
Suspended Solids . No discharge of
. process waste-water .. -
pH . pollutants to navigable waters

VIii. - Basxc Oxygen Furnace (Wet Air Pollutlon
Control metbods) Subcategory

BPCTCA Effluent leltations
Units: kg pollutant per kkg of product
or: 1lb pollutant per 1,000 1b of product

2
-

Maximum Average, of

faximum for any Daily Values for any
) One Day Period Period of. 30 -
Pollutant Parameter Shall Nect Exceed Consecutive_Days
Suspended Solids 0.0312 - : 0.01704 :
PH ‘ 6.0 to 9.0

-
-

«
<

VIII. Open Hearth Furnace Subcategory

. BECTCA Effluent leltatlons o
Units: kg pollutant per kkg of product
or: 1b pollutant perh1,000 lb of product

e

Maximum Average of

Maximum for‘any Daily Values for any
- One: Day Period Period of 30
Pollutant Parametex hall Not" Exceed Consecutive Davs
8uspended SOlldS 0.0312 v 0.0104

»

pH ; . { ; 6.0 to 9.0



IX. Electric Arc Furnace (Semiwet Air Pollution
: Control Methods) Subcategory
BPCTCA FEffluent Limitations
Units: kg pollutant per kkg of product
or: 1lb pollutant per 1,000 1b of product
‘ Maximum Average of
Maximum for any Daily Values for any
One Day Period Period of 30
Pollutant Parametex Shall Not Exceed Consecutive_Days
Suspended solids No discharge of
' process waste water .
pollutants to navigable waters
pPH
X Electric Azxc Furnace {(Wet Air Polluticn
Control Methods) Subcategory
BPCTCA _Efflvent Limitations
Units: kg polliutant per kkg of product
or:s 1lb pollutant per 1,000 1lb of product
! Maximum Rverage of
Mazximum £o0r any! Daily values foxr any
One Day Period Periocd of 30
Pollutant Parametex Shall Not Exceed Consecutiva Davs
Suspended Solids 0.0312 x €.0104
pH

XI. Vacuum Degassing Subcategory

6.0 to 2.0

BPCTCA Effluent Limitations

Units: kg pollutant per kkg of oroduct
or: 1b pollutant per 1,000 1b of product

Maximum Average of

Maximum for any Daily Values for any
‘ One Day Period Period of 30
“Pollutant Parameter Shall Not Exceed Consecutive Davs
Suspended Solids 0.0156 | 0.0052
pH Co 6.0 to 9.0

RO




XII. Continuous Casting Subcategory

BCPTCA Effluent Limitations - = “°
Units: kg pollutant .per kkg of product:
or: 1b pollutant per 1,000 lb of product

Maximum Average of

¥aximum for any - Daily values for any
: One Day Period Period of 30
Pollutant Parametexr shall Not Exceed  __Consecutive Davs
Suspended Solids 0.0780 0.0260
Oil & Grease 0.0234 €.C078 {
pH ‘ \ 6.0 to 9.0

3
3

The effluent guidelines representing the effluent quality
obtainable by existing point socurces through the application of
the best available technology economically achievable (BATEA or
Level II) for each industry subcategory' are as follows:

I. By-Product Coke Subcategory

BATEA Effluent Limitations
Units: kg pollutant per kkg of product

or: 1b pollutant per 1,000 1lb of product
| Maximum . Average, of

Maximum for any Daily Values for any
One Day Period Period of 30

Pollutant Parametex Shall Not E:xceed Consecutive Days

*Cyanide (&) - 0.0003 0.0001

Phenol ; 0.0006 0.0002

Ammonia | 0.0126 0.0042

Sulfide ' * 0.0003 . . 0.0001

Oil & Grease 0.0126 i 0.0042

Suspended solids 0.0312 0.0104

pH i 6.0 to 9.0

L N ¥ Y N



II. Beehlve Coke Subcategory

" BATEA Ef‘luent Limitations
Units: kg pollutant per kkg of product
. or: 1b pollutant per 1,000 1b of product

Maximum Average of.

Maximum for any Daily Values for any
One Day Period Pericd of 30
Pollutant Parametexr Shall No Exceed consecutive Davs
#Cyanide (&)
Phenol
Ammonia ‘No discharge of
Sulfide . process waste water .
Oil & Grease pollutants o navigable waters -
Suspended Solids
pH

*Cyanide (A): Cyanide amenable to chlcrlnatlon. Reference
ASTM D 2036-72.

IIT. Slnterlng Subcategory
. ! ' BATEA Effluenu Limitations

Units: kg polliutant per kkg of product

or: 1b poliutant per 1,000 1b of product

Maximum. Avérace of

Maximum for any Daily Values for any
One Day Period Period cf 30
Polliutant Parémeter Shall Not Exceed Consecutive Davs
Suspended Solxds 0.0156 0.0052
Oil & Grease - 0.0063 " g 0.002%
sulfide - ; 0.00018 : 0.00006
Fluoride 0.0126" E C.0042

pH , " 6.0 0 9.0
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IV. Blast Furnace (Iron) Sukcategory ’ C)
BATEA Effluent Limitations R

Units: kg pollutant per kkg of product .
or: 1b pollptapt\peL 1,000 1b of product

o . ‘ ) Maximum Average of
Maximum for any Daily values for any

. i L One Day Pericd Period of 3G
Pollutant Parameter: Shall Not Exceed Consecutive Davs
Suspended Solids 0.0390 0.0130
*Cyanide (A) - - ‘ 0.000¢ - C.00013
Phenol 0.0008 ) .00026
Ammonia 0.0156 0.0052
Sulfide 0.0005 0.00016
Fluoride - 0.0312 0.01C4
pH ' S 6.0 to 9.6 :

#*Cyanide (A): Cyanldes amenable to chlorination. Reference f
ASTM D 2036-=72. ; [ )

V. ~ Blast Furnace (Ferromanganese) Subcategory

; _ BATEA Effluent Limitations O
Units: kg pollutant per kkg of product
or: 1lb pollutant per 1,000 lb of product

Maximum Average of

Maximum for any Daily values for any
One Day Period Period of 30

Polliutant Parameter Shall Not Exceed Consecutive Days_

- Suspended Solids 0;0780 . 0.0206

*Cyanide (&) - . 0.0008 . 0.00026 -

Phenol 0.0016 0.00052

Ammonia \ 0.0312 ’ 0.0104

Sulfide : 0.0009 0.0003

Manganese . 0.0156 0.0052

pH Lo : 6.0 to 9.0

#Cyanide (ﬁ): éyénides amenable to chlorination. Reference -

(5
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VI. Basic Oxygen Furnace (Semiwet Air Pollution
Centrol Methods) Subcategory

BATEA Effluent Limitations
Units: kg pollutant per kkg of product
.or: lb pollutant per 1,000 ib of product

- Maximum Average of

Maximum for any Daily Vvalues for any
One Day Period ‘Period of 30 )
Pollutant Parameter Shall Not Exceed Consecutive Days
Suspended Solids No discharge of
Fluoride process waste water
pH pcllutants to navigable watexs

VIZI. Basic Okygen Furnace (Wet Air Pollution
Control Methods) Subcategory

BATEA Effluent;Limitations
. . Units: kg pollutan% per kkg of product
~ ~ " '"or: 1b pollutant per 1,000 1lb of product

P

" lMaximum Average of

. Maximum £or any Daily Valués for any
o One Day Period Period of 30 -
Pollutant Parameter =~ .Shall Not Excced  Consecutive Days'
Suspended Solids 0.0156 , 0.0052
Fluoride 0.0126 ‘ 0.C042
PH ‘ 6.0 €0 9.0




VIII. Open Hearth Furnace Subcategory '

. - BATEA Effluent Limitations
. Units: kg pollutant per kkg of product
or: 1lb pollptant per\i,OOO 1b of . product

. Maximum Average of
Maximum for any ~-Daily values for any

One Day ‘Periocd Period of 30
‘Pollutant Parameter Shall Not Exceed consecutive Days
' Ssuspended 8011ds 0 0156 . - 0.0052
Fluoride s 0.0126 | 0.0042 :
Nitrate (as NO3) 0.0282 0.0094 .
Zinc - 0.0030 .0.0010 i
pH b [ , 6.0 to 9.0

IX. Electric Arc Furnace (Semiwet Air Pollution '
. Control Methods)~8upcategory—*

BATEA Effluent Limitations
Units: kg polilutant per kkg of product
or: 1b pollutant per 1,000 1lb of product

Maximum Average of

Maximum for any Daily Values for any
. . One Day Period Period of 30 °
Pollutant Parameter Shall Not Exceed Consecutive Davs
Suspended Solids , No discharge of )
Zinc process waste water

Fluoride pollutants to navigable waters
PH o

X. Electric Arc Furnace (Wet Air ‘Poliution
Control Methods) Subcategory
BATEA EffYuent_ Limitations
Units: kg pollutant per kkg of product
or: 1b pollutant per 1,000 1lb of product

) .
f Maximum Average of

) Maximum for any Daily Values for-any
! : One Day Periocd: Period of 30
Pollutant Parameter Shall Not Exceed Cconsecutive Days
Suspended Sollds : 0.0156 F : 0.0052
Fluoride 0.0126 ’ C.0042 -
Zinc 0.0030 0.0010
pH 6.0 to 9.0

10 ‘



XI. Vacuum Degassing Subcategory

BATEA Effluent Limitations
Units: Kkg pollutant per kkg of product
or: 1b pollutant per 1,000 1b of product

: Maximum Average of
Maximum for any Daily Vaiues for any

One Day Period Period of 30
Polliutant Parametexr Shall Not Exceed Consecutive Davs
Suspended Solids 0.0078 0.0026
Zinc _ 0.0015 0.0005
Manganase 0.0015 0.0005
Lead 0.,00015 0.00005
Nitrate (as NO3) 6.0141 0.C0u7
pH 6.0 to 9.0

XZI. Continuous Casting Subcategory

BATEA Effluent‘Limitations
Units: kg poilutant per kkg of product
or: 1b pollutant per 1,000 1lb of product

Maximum Average oOf
Maximum for any  Daily Values for any

A One Day Period Period of 30
Pollutant Parametex Shall Not Bxceed __ Consecutive Davs
Suspended Solids 0.0156 L 0.0052
0il & Grease 0.0156 0.0052

pH 6.0 to 9.0

| ,
The effluent guidelines representing the effluent qualicy
attainable by new souxces (NSPS or Level III) through the
application of the best available demonstrated control
technology, {BADCT processes, operating methods or other
alternatives for each industry sub-category are as follows:
Same as BATEA for all cauegorles except that the nitrate

llmltatlons on the open hearth and vacuum degassing subcategories
shall not apply. :

r i
'

[

'
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In this process dirt, salt, blood, manure, anrl

nonfibrous proteins are removed from the hides. O’\
There is considerable variation in the quantity of such , ’
waste material, depending on the time of year and the

source of the hides. ‘

Depending on the type of leather produced, additional _
washes (rinses) may also occur at several other points
in the tanning. process, including after liming and
dehairing, after bating, after tanning, and prior to

and following coloring.

Unhairing -- Hair is removed by chemical loosening
followed. by either machine pulling or chemically dis-
solving the hair., Machine removal is practiced where
it is desired to recover the hair. The dissolving process -
is referred to as "pulping' or "burning. " '

For either type of unhairing, 'the hides are placed in

vats (with or without paddles), drums, or hide processors

with a lime slurry to which 'sharpeners such as sodium

sulfide and sodium sulfhydrate-are added. 'When the’

hair is to be saved, the strength of‘the solution and the

time in contact with the hide is limited to that necessary

to loosen the hair sufficiently for mechanical pulling. §O
If the hair is to be pulped, stronger solutions and/or

longer time cycles - re used and the hair may be totally

dissolved. ' '

Sometimes hides are relimed to make the hide swell for
easier splitting, In a save hair operation, flesh and
hair removal is sometimes followed by a ''scudding'’
step' to ensure removal of hair roots and fine hairs.

The li‘f'ning and unhairing process is one of the principal
contributors to the waste effluent, 1In a save -hair opera-
tion with good recovery of hair, the contribution to the
effluent is substantially lower than in the pulp hair
operation, '

] r 2 ~.

2, Tanhouse i T

(a)

- 1 i

Bating - - Bating is the firstistep in preparing the
stock for the tanning process., It may be done in
either vats (with or without paddles), drums, or

. i
i . '
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hide processors. The hides are placed in the processing
equipment which contains a solution of ammnonium saits
and enzymes. The purpose of this operation 1s to:

1) De-lime skins

2) Reduce swelling

3) Peptize fibers

4) Remove protein degradation products

(b) Pickling -~ The pickling follows the bating step and is
normally done in the same equipment. A brine and acid
solution is used to bring the hides to an acid condition
in preparation for subsequent tanning sub-process, In
addition to conditioning the hide for receiving the tanning
agent, it prevents precipitation of'chromium salts.

( - N

Pickling is always done before the chrome tanning process
and may be done before vegetable tanning. -

(c) Tanning -- Nearly-all cattlehides in this country are
either chrome or vegetable tanned; very little is tanned
with alum or other tanning materials, '

Vegetable tanning is the oldér process, and is performed
in a solution containing plant extracts such as vegetable
tannins. This method is usually used for the heavy
leathers such as sole leather, mechanical leathers, and
saddle leathers. Shoe upper leathers and other lighter
leathers are usually chrome tanned by immersion in a

bath containing proprietary mixtures of basic chromium
sulfate, : '

Vegetable tanning is usually done in vats, principally
due to longer process times, while chrome tanning takes
place in drums or hide processors,

!

;
In some cases, depending on typelof leather being
produced, hides are tanned in the tanhouse and later
retanned as a part of the retan, color. fatliquor process.
Where different tanning agents are used in the initial '
and retan-steps, it is referred to as combination tanning.

Waste effluents from the tanning process are substantial,
Recycle of vegetable tan solutionsiis becoming more com-
mon in the industry; that which cannot be recycled may

¢ hl I’

6 : '




be used for retanning or evaporated and recovered.
Recycle and recovery of’chromeianning solutinns
is also practiced at a few locations:

. (d) Splitting -- The tanned hide is split to produce a

: grainside piece of essentially constant thickness and
a flesh side layer. The flesh side layer or split can

L be processed separately or sold to split tanners,

3. Retan, Color, Fatliguor

(a) Retan -- Ketanning is done to inipart different
characteristics in the finished leather; using chrome,
vegetable, or synthetic tanning agents.

. .

(b) Bleaching -- Bleaching hides with sodium bicarbonate
and sulfuric acid after tanning is commonly practiced
in the sole leather industry. ‘

(c}) Coloring -- Coloring (is done in the same drums as
retanning, and may be done either'before or after
fatliquoring. !

(d) Fatliquoring -- This operation adds oils replacing the
natural oils lost in the beamhouse and tanhouse processes
and to make the leather pliable.

Liquid wastes fr..n the retan, color, and fatliquor
process may be high volume-low strength compared
with the other processes, e

4, Finishing | o .
P i i
Finishing operations such as drying, wet-in coating, staking
or tacking, and plating which follow the wet processes pro-
videionly minor contributions to the liquid waste primarily
from cleanup of the paster drying plates and from paint
spray booth water baths, -

Trimmings are disposed as solid wastée, and dust collected
may be disposed in either wet or dry form.
! ) ' ,
‘Sheepskin Tannery Processes:, In this process, like pigskin tanning,
there i5 no beamhouse process and degreasiny isi required. The threc
major processes are: (l) tanhouse; (2) retan, color, and fatliquor; and
(3) finishing. 1 '




2.

Tanhouse _

(a)

(b)

(c)

(d)

Receiving -- Skins are salted, cured, and tied 1n
bundles. of one dozen skins. These skias have had
the wool removed at the packer or wool pullery and
processed to the pickled condition. The wool pulling
repreéents a beamhouse process.

Skins tanned with the wool intact are referred to as
shearlings. Tanning of these skins does not involve
a beamhouse process,

Pickled skins have been preserved for shipment and
storage by immersion in a solution of brine and acid.
Shearling skins are cured in a salt brine only. Excess
solution is drained prior to bundling.

Storage ~-- Pickled skins held for extended periods
should be kept below 30°C (86°F) to avoid deterioration.

Fleshing -~ Fleshings and trimmings are normally
collected and disposed of as a solid waste.

Degreasing -- Grease is recovered as a by-product
from those skins-which have had the wool removed.
When'solvent degreasing is used, the solvent is

‘recovered and reusc-!,

Skins with the wool on (shearlings) require substantially
more water in the washing (scouring) operations and
grease recovery is not normally practiced.

There is a waste effluent from this process and a

small amount of vapor, including solvent exhausted

to the atmosphere. i )

(e) Tanning -- Sheepskins may be either chrome or

(f)

vegetable tanned, although the majority are chrome
tanned.

Refleshing -- In some cases, there is a refleshing
operation following tanning, ‘which produces a small
amount of solid waste,

Color and Fatliquor !

(a)

Coloring -~ Skins to be colored are immersed in a dye
solution in drums, Generally, synthetic dyes are used.
, <

8
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Some bleaching may be done prior to coloring
of shearlings, ) :

(b) .Fatliquoring -- This operation is performed in the
same drum used for coloring. Skins are immersed
in a solution containing various oils to replace the

. natural oils of the skin lost in the tanning process.

i

3. Finishing

Thi's- is an essentially dry process, and the only liquid
waste contributed is from cleanup operations.

Solid wastes from the finishing operation include trimmings
and skivings. Dust from the sanding and buffing operations
may be collected dry and disposed of as a solid waste or
wet and carried into the waste water system.

Pigskin Tannery Processes: In this operation there is essentially
no beamhouse process, Hair is removed at the packing house. The tanhouse,

color and fatliquor and finishing processes ate generally similar to those
mentioned previously. K

Waste Constituents

Wastes in tanneries are derived from the following:

4

Hair Lime - ‘ Sugars

- Hide scraps  Soluble protein Starches
Flesh Sulfides - l Qils, fats
Blood Amines Detergents :
Manure Chromium salts Acids ‘
Dirt Tannin " Dyes
Salt Soda ash Solvents

' N
i

THe BOD contribution from a typical 'cattlehide tannery may be as
follows: ‘ I '

Spak ' 20%

Unhair 52%

Re-lime 2%

De-lime and Bate 13%

Pickle 47,

Chrome Tan ' 6% 3
i Color and Fathquor 2% ’



Figure, 4 shows potential pollution sources in terms of BOD, flow
and SS; The beamhouse produces the largest load. However, the waste-
water flow for various production units is highly variable, Fig. 5.

I
\1/ Flow BOD S8
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- Beam 33.4 18, 3 20,8
E?J.use ' Qi
Unhair
AV 38,0 87.0 750
12 \ﬁ/
.
Bating
- ’ 120 9.1, 0.7
/ ‘taickling
Tan
, 5.4 - -
House é ,
S v
Chrome
Tanning
6.2 9,0 2.5
1 \g/
Finishing .
Avd . 4.8 1,5 . . 0.1
g 950, 0 8, & 2i, 0
v g2l I B
1001b 100lb 100ib

i a A TdrmbmmfFrial PPl itrde mam Conon cem on o Lo o




5
@,

WASTEWATER FLOW (GAL/LB OF MIDE)
W

© =40.07

=40.C6

WASTEWATER FLOW (CU M/KG OF HIDE)

-£0.05
~0.C%

~40.03

WASTEW@TER FLOW

S.
TANNERY PRODUCTION
FOR CATEGORY 1

FIGURE 5

—— 0

j0.0I

Typical characterization of waste from a hide curing operation is

as shown in Table 1.

> ) " Table 1.

L
TARKERY PRODUCTION (1000 LB HIDE/®0)

.20.0°L i

Hide Curing

N

3000 3555

— e ——— ——— i T — - —— S —— ——— Y GTE G G — G — — A — — — — — — — — U — —r — — — —— — o—

Waste Characteristics
BODS
COD
Total éolids‘
suspended Solids

-0il and Greése

7 WaterIUse, /kg
: {gal/lk)

Concentration  kg/1,000 kg Hide
{mg/1) (1b/1,000 1b Wide}

15,610 3.9
29,610 7.4
280,500 70.1

10, 400 2.6
40,200 10.0°

/ 0.24

R (0.03)

B ST
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Wastewater Treatment

The following unit processes appear necessary to meet the present
water, pollution control:standards.

1. Equalization

2. Primary sedimenta’cion

3. Carbonation and sedimentation
4. Addition of municipal sewage

5. Activated sludge treatment

6. Sludge dewatering by centrifuge

7. Effluent-chlorination

8 N

. Equalization, carbonation with flue gasses, and sedimentation are

desirable., Equalization is an important unit process for minimizing
‘variations in.discharge flows and waste strength, Based on the quantity

and quality of the tannery discharge, .a minimum of -4 hours is probablv
requlred e 1

Prirriafy sedimentation basiné designed with @an overflow rate of
32.9 cu m¥day/sq m (700 gpd/sq ft) should produce a:sludge with 8 percent
solids. Heavy duty sludge removal equipment Wwill be requn'ed due to the
volume and density of the sludoe produced.
: . '

Pilot tests indicate that carbonation after equalization provides a
rapid absorption of carbon dioxide (CO2)'gas. A contact time of 20 minutes
was sufficient for flue gas -carbonation. The resulting calcium carbonate
prec1p1tate is expected to aid in the removal of other suspended solids by
sedimentation prmr to secondary treatment.

L ¢

A volumetric loading of about 9731kg BOD 5./day/1, 000 cu m (60 ib
BODS5/day/1, 000 cu ft) for the aeration basin with aeration capacity of
123 kw (165 hp) is proposed for combined treatment. Tests indicate foaming
may be an operational problem. The fullscale design should include pro-
visions for surface sprays and chemical addition,

The biological floc produced in th'e pilot aeration basin was found to
be very light and settled with difficulty. "An overflow rate not to exceed
23.5 cum/day/sq/m (500 gpd/sq ft) is proposed for secondary sedimentation.
Upon resettling of the waste secondary sludge in the primary clarifier, a

mixture resulted which dewatered readily on drying beds. Since large
1




volumes of sludge are produced, excessive amounts of land would be required
for drying beds, Sludee 15, thercfore, proposed to be dewatererd 1n a solid
bowl centrifuge with the resulting cake containing 20 to 30 percent solids
hauled to a sanitary landfiil.

A two-stage biological treatment plant, 1,514 cu m/day (0.4 mgd), *
receiving combined municipal and tannery sewerage has been used success-
fully (Nemerow), The treatment system consisted of the following processes:

1. Primary sedimentation
2. Roughing filter

3. Activated sludge

4, Secondary sedimentation

Tr.e primary sedimentation unit with overflows between 15.5 and
23.0 cu nm/sday/sa m (330 and G990 gpassg f£t) produced remncvail
efficiencies of U8 percent for BOD5 and 24 percent for suspended
solids. Comparable values with polymers were 75 percent and 39
DErcent, respectively (24). The organic 1lcad on the f£filter
ranged from 1,135 tc 3,242 kg BOD5/Gays/1,000 cu m (70 +o 200 1b
BOD5/day/1,C00 cu f£t) with BODS removals of 37 and 30 percent,
respectively (20). The activated sludge wunit produceé <the
nighest organic removal efficiency (85 percent) at food to active
mass (F/M) ratio of C.2. The mixed 1liquor suspended solids
‘{MLSS) concentrations in the parallel basins were maintained at
2,00C-3,5CC mgrs1l. Flotation thick-:ers without polymers were
‘lozaed at 5.9 to 17.1 kg/sq m/hr (1.2 to 3.5 1lb/sqg ft/hr) and
consastently produced sludge concentrations of 5 percent. Total
system BEODS removals ranged between 8¢ to 90 percent.

.In  aeneral, combined treatment 1is wviable if proper design
consaderazions assessing tne effects of tannery waste waters are
considered, ’

The present U. S. Guidelines utilize the best practical effluent

limitations, Table 2 and best available effluent limitations, Table 3.
{ t
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' Table 2. Best Practicable Effluent Limitations

Maximum Thirty Day Average
(July 1, 1977)

SUBCATEGORY
PARAMETER (1) kg/1000 kg hide (1b/1600 1b hide)

} 1l 2 3 4 ) 6
B:}Dé ] . 4.0 486 3-8 106 408 2.8
TOTAL. CHROIATUM 0.10  0.12 0.05 0.10 0.06 0.10
OIL & GREASE 0.75 0.90 0.75 0.25 0.50 0.35
TSS 5.0 58 4.8 2.0 6.0 3.4

(1) For all subcategories pH should renge betwesn 6.0 and 9.0 at any tima.

Table 3. Best Available Efflucat Limitations

(July 1, 1983)

SULEATLOORY
PARAMETER (1) kg/l000 kg ifaiﬂ@ {1B71000 v ma—’:e)
| 1 2 3 3 5 5 .
80DS 1,0 2,60 1,30 0.50 2.60 9.7
ROTAL CEROMIUM 0,05 0.06 0.05 . 0,02 .06 0.03
0IL & GREASE 0,53 0,63 0.50° 0,86 0.03 ©.34
SUL7IDE 0,005 0,066 0.005 0,002 '8.008 0.003
TS 1,5 1,8 1.4 0.6 1.8 343
2% 0,37 0,32 9.25  0.30 .31  ©.34

9.0 8¢ aay g_i..g@ o

VY

/\°}\

For sl subesatepovies Hest Prehable imu.huz {4BR) ef
Feesl Coliferus should met eseced 400 coumes pev l@@ al

14

(1Y Por 513 subestegeries pH ghouid E@ag@ beeween 8.0 and




L1

Table.4. Chemical Characteristics of Alum Tanning Process, Wasggs at . a
The Caldwell Lace Leather Company*

Bate
Washing Lime and S/fle"'
. . . um Spent
: --- and . Pit Lime_ | Delime Tanning Dye
Parameter Soaking Discharge Washout Washout Liquor Solt)lfion
Conductivity, 13,800 . 27,000 . 2,600 4,400 60,000 -
micromhos/cm - - - - - -
pH ‘ 7.2 12.1 1.1 8.8 3.3 3.4
: 6.8-7.4 11.9-12.3 10.9-11.3 8.7-8.9 3.2-3.6 -
Phenolphthalein ‘
Alkalinity, - 4,980 180 160 -
mg/l as Ca CO3 - 3,810-6,150 | 130-225 | 130-190 -
Total Alkalinity, 215 6,240 280 460 - -

- mg/i as CaCO3 140-295 4,970-7,5C0 335-430 430-480 - -
Mineral Acidity, - - - - 13,400 9,600
mg/l as CaCO3 e 7 T ST Y - - 9,000-20, 200 -
Total Acidity, 25 - = - 22,100 17,200
mg/! as CaCOj 0-40 - - - 20,000-27,400 -
Chlorides, mg/! 5,100 11,980 580 940 | 33,160 25,480
as Cl 2,590-8,250 | 8,350-15,600 530-630 710-1180 24300-38700 25250-25700
Total Hardness, 210 6,480 280 540 - -
mg/| as. CaCQO3 - - - - -

_ *Values tobulated are averages with range undemeath

! y
o
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. Beécuse of the dlfﬁcuity of determining the final quantity or the precise
elcct of the dye waste on the treated final effluent, an agreement was

reached with the state pollution control authorities whereby color removal
facilities would not be initially installed so long as they can be added
later if found to be necessary. This has not been found necessary.

Screening and Equalization - Screening of the waste is mandatory to remove
hair, flesh particles, and bits of leather from the waste stream. Prelimin-
ary studiés were conducted using a vibrating screen, but during construction,
a sloping slotted screen was substituted. This type of screen hed just

appeared on the market and was especially recommended for applications -
such as this.

Equalization Basin = Because of the variations in waste flow and character=-
istics and the necessity of operating the brological process on weekends

when the plant is not in operation,”some f?rpe of equalization basin was
necessar'y # ' |
' « . ¢

: ~ For an dverage weekly flow of cpprox:mcﬂely 160,000 gellons it was pro-

posed to feed the waste to the treatment plant as follows:

Weekdcys' ~ 1500 gallons per hour from 7 am to 5 pm
750 gallonsper hour from 5 pm fo 7 om
. B {

* Weekends = 750 : -ilons’per hotr B v
i % ' A 1
This pumping schedule results in a daily design flow of 25,500 galions per

day for weekdays and a weekly flow of 163,500 gallons. Design of sedi-

mentation basins and other facilities with short detention times was based on
the daytime flowrate of 1500 gallans per hour or 25 gallons per minute.

The~avemge weekday flowrate of 25,500 gallons per day is 17.7 gcllons per
minute b

!
& .1' !

. !F an equahzchow basin of 50, 000 gc“ons or less had been consfrucfed, it

would heve been necessary o schedule the pumping rates to the treatment
Units so that the basin was essentially empty on Monday morning. This
would have resulted in unequelized, undiluted waste being pumped
dnrecfiy to the treatment units on Mcndcy morning. To prevent this, &
basin of 62,500 gallons capacity was prov:ded so that a buffer volume of
12, 000 to 15,000 gallons of wasfe remains in the tank at the start of
opcrchons on Monday morning.

A 10- h mechanical mixer is mounted on ‘beams above the tank, and has
turbine blcdes located near the bdttom of the tenk. An air compressor pro=
vides dbout 10 cfm of air, released below the turbine blades, to preveni‘
anaerobic conditions. ' i
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Primary Clarifier - A surface locding of 635 gallons per day per square foot
- and a detention of 1.5 hours was provided for the primary clarifier ctithe.

deosign flow of 1500 gallons per hour. A conical hopper bottom with ic
60-degree siope provides for storage and some compaction of sludge.?

. A chamber was provided on the. outside of the tank to provide a two-minute

reaction time with the coagulant aid prior fo entering the settling basin.

Acration Basin - The repori recommended a Icading of about 0.70 pounds
COD per day per pound of mixed liquor volatile suspended solids. A basin
with capacity of one day's average flow of 25,500 gallons was provided.

The design load is 3,000 pounds of COD per week, and 50% of this load
was assumed fo be removed in the primary clarifier, thus leaving 1,500
pounds of COD to reach the biological process. At the proposed trectment
rates the plant will handle 25,500 gallons per day for five ddys, or a
daily flow of 15.6% of the weekly flow. Thus, the design daily COD load
to the biological process was 234 pounds ahd the maximum doy of 36; 000
gallons would provnde 330 pounds of cob.

0
The design for the maximum day COD required 330/.70 = 472 pounds. of
MLVSS. At the average day flow, i'he Ioc;'dmg weuld be 0.50 pounds 'of -
COD per day per pound of MLVSS.! In a basin of 25,500 galions capdcity
this would result in a MLVSS concentration of 2, 220 mg/l and ¢ total

MLSS cdncentration of 3,470 mg/1} which is the approximate concentra-
tion at whlch the pilot tests were run. ‘

Oxygenation is provided b+ : 5-hp mechanical surface aerctor. Cclculc-
tions indicated that @ 3~-up unit would have been sufficient, but o 5-hp

urit was provided to give a slight margin of safety.
[l 8 4

Fmol Cldrufter - A circular cenfer-—feed cfcnfner with a 45-degree conical

bortom was provided following the cerohon basin. The surface locding at

- the dessgn fiow of 1500 gallons per "hour is,453 gal/day-sq fi, and the

defention time is two hours. Settled sludge is pumped contmu0usly from

fhe pomf of the cone. . ; .
i

Sl'udge Concentration and Storage 'Iicmk 'i'he laboratory data showed that
cﬂ'er one hour of settling the sludge volume is about 25 percent of the
ongmcl cnd that after 14 hours of s]eﬂlmghfhe volume of sludge is reduced
to about one~half of the one-hour volume On the basis of 25,500 gallons
ﬂow per day, this would result in a 3 190 gallons of primary sludge per day.
Woste octivated sludge was projected at about 1,000 gallons per day at

] percenf solids concentration.. Thqs, tnetexpecfed solids volume wc\s
4,190 gallons per day. A circular tank with a conical bottom was con-

sfructed to provide 12,570 gallons of sludge storage, or about three doys
produchon

|
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. This capacity wos considered to be conservative, since this sludge volume
""was based on the total flow from the plant, whereas the sludge voiume

measurements were made on the composite alum tanning process waste
alone, Additional storage fime in the sludge storage basin was expected
to result in“an increase in the solids concentration and, thus, in o lesser
quantity of sludge to be hauled away.

Piping was provided from the sludge stcrage tank to the suction of the raw

waste pumps and an alternate pump discharge line was provided for. filling
the tank truck.

Lime Waste Storage - Lime waste is discharged from the beam house vats
every ofher work day, making four days one week and three days the next
week. The volume of the solution added to the vats is approximately
2,200 gallons. it is desirable to distribute this flow somewhat evenly into

t‘ne equalization basin, so @ new 2500-gallon si‘orage tank for this purpose
was prov:ded -

Nutrient Requirements = The laboratory. studues found that the industrial
waste does not contain sufficient phocnhorus £ support the bioclogical life

~in the system. -The phosphorus required is one pound per 100 pounds of

BOD applied to the serondary system. The average weekly BOD load is
916 pounds, so 9.16 pounds of phospherus per week would be required.

/

i ) 1 3 .
The most economical scurce of phosphorus is Tri‘ple Super Phosphate ferii~
lizer which contains 42 percent P90z and costs approximately $5.00 per
100 pounds. :About 50 pount' . =f Triple Super Phosphate is required per
week so, tenipounds of rhe 1ertilizer was originally added to the qualiza-
tion basin each working day of the week.

"
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COAGULATION AND PRECIPATION IN THE

: 1
REMOVAL OF ORGANICS FROM INDUSTRIAL WASTEWATER

-

Earnest F, Gloyna, .P.E. 2

Jim M. Eller, P.E.>

INTRODUCTION

Pretreatment is usually required to remove suspended matter,
but the remcval of soluble organics during pretreatment should
not be overlooked. The objective of this paper is to establish
the importance of lime pretreatment for removal cf organics.
Specificaily, case histories are provideﬁ to illustrate the role
of pretreafment.for the removal of (a) ihsoluble hydrocarbons,

(b) soluble and inscluble hydrocarbons plus inorganic particulatcs
(c) soluble hydrocarbons and co-precipitated hydrocarbons, and

(@) organic particulates and precipitated inorganics. The.écope
of this paper is to iﬁclude discussion on: (&) neutralization,

(b) coagulation, {(c) ilocculation,vand (d) gravity separation.

The design ©f industrial wastéwater treatment plants,>'
usually entails. three major efforts: (a) a detailed wastewater
characterization; (b) evaluation of appropriate treatment pro-
cesses; .and (c):designing an efficient facility that may be oper-
ated easily and:one in thch expansion and process changes can be
méde with minimum difficulty. As lnduatrlal operations continue
to grow. in, canlexlty it is necessary to evaluate a greater

5
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ébféb‘percent of the organic load on the existing treatment Zfacil-
ities. & wastewater characterization survey aindicated that
segregatlon and 'separate treatment of the more concentrated waste
streams would provide an efficient and econonrcally attractlve
means to enhance the overall wastewater treatment program. How-
ever, it was also recognized that the characteristics of the
sclected streams would preclude effective secondary treatment
%ithout appropriate pretreatment. The pH varied from 2 to 10,
but usually the mean was close to 6, due to in-plant neutraliza-
ﬁion units. The COD ranged between 1,000 mg/1 and 24,000 mg/l.
écr two major streams, the means of the COD were 4,000 mg/1l and
5 500 mg/1l; means of the BOD. were 1,700 mg/l and 2,600 mg/l with
a range f£rom 400 mg/1 to 8,000 mg/l; ‘the means of the TSS values
were 450 mg/1 and 700 mg/l with a range of 40 mg/l to 5,000 mg/1.
vaiouély, effective pretreatment was;impérativé for successful
application of secondary biological ﬁreatmcnt. Concern centered
dbout not only the fluctuating pH, bit aldo the periodic high! Cj’
solids and organic loadings. 1In fact, theése inordinate waste-

Qater characteristics, dictated that "the proéosed‘treatment'sys-

tem be proven and-refined by the construction and operation of

a pilot unit. Primary treatment consisted of individual equal-
ization, pH adjustment and sedimentation.! The pH was adjusted

éo 8.5 - 10.5 with the use of lime. Co-precipitation was quite
évident upon mixing of the two streams, and this process was ‘en-
hanced by pH adjustment. " ; )

; The third case, a Viscose Rayon;Plant, produced both acid

and alkaline waste streams.  The alkalineiwastes had a pH gen-

erally in excess ©of lO and contained: relatlvely high. concentra-
tions of organics. The acid waste stream; characterlstlcally ex-
%ibited a pH of less than 4, BOD5 concentration of less thaculoo
mg/l, zinc levels ranging from 15 to' 20 mg/l, and low suspen-

éed solids. - Upon mixincg these two streams, co-precipitation.
occurred which resulted in the removal ofj significant quantities 3
of dissolved organics. Bench-scale freatability studies J.nd;cated‘gCﬁ

¢
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that th@ co-precipitation phenomena could be enhanced and zinc

remoga* accomplished by lime coagulation/sedimentation pre-

tteatment.

CASE I =-- COMBINED REGIONAL TREATMENT

Bench-scale tests were performed on samples gathered from nine
potential participants, and piloti~plant design was then predic-
ted or. the results of these efforts. Detailed waste character-
izatjon studies indicated that the integrated waste stream would
re‘yuire neutralization prior to hiioclcgical treatment, but rather
V.nimpressive results from chemical coagulation/sedimentation
pretreatment was observed. However, for two of the waste streams,
as much as 50 percent of the COD 'could be remdved following
neu.rallzatlon, alum coagulatlow flocculation, and clarification.
Since these wastes contained only small quantities of suspanded
solids in their raw state, the «rganic removals evidently re-
sulted from the precipitation of! soluble constituents. Economics

dictated the use of lime for ne{[uurcllzatlon°

. The completed pilot used Mn these studies is shown in Fig. 1,
and the process is 111ustrated)1n Fig. 2. Wastewater from the
various part1c1pants was tranaported to: the unit by tank truck
and stored in two 71,000 galbun wood stave tanks. Another :wooden
tank of 31mllar'51ze was used for equalization.

The system 1ncorporated/prov1810n54;or Lwo stage neu;ral;za~
tion, however, it soon becm%é apparent that a stable pH could be
maintained: by adding lime sji.urry to only the first rapid mix unit.
About 350 mg/l of hydrated ﬁlme was required to maintain an efflu-
ent pH of 7.5. : The generéﬁﬁon of a stringy floc could be obser-
ved in' therrapid mix basi?! . 6 :

Effluent from the nel)rallzut;on tanks was pumped to the
primary clarifier shown in }Flg 3.7 Thls clarifier was ten feet
in diameter. It was hopedfthat lime addition would produce a

heavy siudge and enhanc§ hiigher overflow rates. Unfortunately,
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solids carry-over occurred whenever the reactor turbine was used.
Attempts to improve operation by varying the speed of the floc-
culator turbine and by adding various polyelectrolytes proved
unsuccessful and the unit was used during the remainder of the
test program as a normal centerfeed clarifier.

Dye studies were performed to investigate the possibility
that the turbine was inducing turbulence into the settling zone.
However, a study of the hydraulic characteristics indicated that
the performance of the reactor clarifier was attributed to the
basic nature of the suspension rather than the equipment.

Bench~-scale testing conducted concurrently with pilot-plant
operations indicated that flocculation significantly improved the
settling characteristics of the neutralized wastewater. Since
the turbine, when ‘operated at low spéed, gerved as a flocculator,
itz use should have enhanced clerifier performance. Conversely,
the high concentration of suspended organilc solids caused the:
neutralized waste to behave as a floctulant auspensioﬁ‘where zone
gettling velocity 'decreased with increasing seolids concentration
after an optimum was reached at app-oximately 2,000 mg/l. Evi-
dently any positive value obtained from the turbine as a floccu-
lator wae overcome by its internal recycle function which served

to maintain aahigher than optimum siurry concentration in the
settling zone. - . i g
The results achieved by lime pretreatment are illustrated
in Fig. 4 where influent and effluent BODg are presénted in tlerms
of percent ocdcurrence. Overall BODSﬁremoval averaged 37 percent.
The fact that much of the soluble organicy were removed is evi-
denced by analyses of filtered samplas which showed that approx-
imately __ - percent of the BOD, removied could not be attributed

‘to influent suspended solids. Organic removals in terms of COD
and TOC are shown;in Table 2. , L

i
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| . ' : 4




e e &5 P s e e mn e e )
PRSTET e 2 AT A e W e Yoy ™ I TR e T e TETT I T

600;-

500

BODg (mg /1)
D
)
=

Gl
O
O
=

200r

~ 100« —-

O 0502 51 2 5 16 20 3040806070 80 S0 ©6 98 99 996999 9999
PERCENT EQUAL OR LESS THAN NO.

Fi6.4.EEFECTIVNESS. OF. PRIMARY TREATMENT. FOR PROPOSED..REGIONAL...
TREATMENT PLANT . | i

o e 0



Table 2. Soluble Organic Removals by Lime Pretreatment?

Results | BOD. COD TOC
Mean Filtered
influent (mg/1) 168 464 201
Mean filtered ‘
effluent (mg/l1l) 131 408 155
Mean removal 37 .56 46
(mg/1)
Mean removal 24 ‘ 13 23

(%)

*All data from filtered samples
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CASE, II = INTEGRATED REFINERY/PLTROCHEMICAL INSTALLATION

a

oY o1dl

Two waste streams were selected for the integrated refiﬁery/
petrcchemical study. Pretreatment was obvicusly requifed as
iﬁfluent oil and suspended solids concentrations were occasiénally
more than an order of magnitude above the accepted limits for suc-
cessful biological treatment. Neutralization was also a necéssity

as the influent pH ranged between 2.0 and 10.0 with a mean of 6.0."

It was also recognized that pretreatment would provide the addl-
tional benefit of removing a portion of the soluble organic ;oad—
ing since co-precipitation occurred when the pH of the cdmmi?gled
waste streams was increased. 5

) Air flotation on a bench-scale was uhsuccessful and grayity
s;paratlon of o0ils and solids from the neutralized waste was; only
marginally successful. However, it was found that a settleable
faocculant suspension could be developed at a pH above 8.0. On
Ebis basis, a pilot plant was designed and constructed to test
and refine treatment alternatives. The pilot unit incorporated
facilities simildr to those descrihed for: the regional system,
%;e., equalization, rapid mixing with chemical addition, primary
clarification, and secondary biologital treatment. Chemical:
éddition provided for pH adjustment, floc formation and incféased

»

-

éettling velocities. A L
> The pilot unit was equipped so that either lime ox cauétic
éight be added fdr pH control. Moreover, facilities were avall—
éblé for adding a soda ash solution! Feeding equipment foréadd-
ing polyelectrolytes was provided and eventually facilities were
ﬁrovided tocradd powdered limestone slurry. The latter was ésed
as a weighting agent. k ¢ y
Both caustic and lime were tested for pH control, but as'
ant1c1pated the lime proved to be more effective. The llﬂeﬁnou
gnly cost one-fifth as much as the c¢austic per equivalent
weight of base, but it materially enhanced settling of the‘gloc.
%ydrated lime was used as the primary source of base throughout

il



the progzﬁm, Dosage ranged from 250 to 300 mg/l to obtain pH
levels of 8.0 tc 11.0. An operating pH c¢f ahout 8.5 provided
optimum floc formation and settling., & lime dosage of 350 mg/l
was reguired. Massive lim2 addition did present a potential prob-
lem in that the available natural alkalinicy was insufficient to
precipitate all of the calcium and the unstable effluent inter-

ferred with subszeguent treatment steps. )

Concern over the fate of theso excess calcium ions together
with anticipated problems in controlling the o

-

of the mixed
liquor prompted the addition of soda ash. Drastic pH reducticas

(3]

6]

<
to below four had occurred during the bench-scale biological
treatability studies. This low pH problem is a

1)

fairly cormen
occurrence whea treating some refinery wastes. T

[ 5]

was hoped’
that the soda ach'would precinitate the ekcess calcium ions,:
enhance the settiéability of the fice, and buffer the biolcgical
procezs against detrimental pH changes. It was found that the
natural biclogical reduction in pH from an influent of 8.3 to

]

mean of 7.0 shifted the carbonate-bicarbonate balance and reduced
the carbonate ions available for caleium carbonate precipitation
to approximately one=-twenty £ifth of that entering the aeration
basin. The result being that the primary effluent was rendered
more stable by biological treatment and soda ash addition wag
not reguired for this purpocce. Drastic pH shifte did not oc
in the pilot unit and soda ash proved to0 be unnecessary as &
buffer. Furthermore, cost analysis indicated that a weighting
agent could be applied more effectively in the form of powdered
limestone. s * '

™

u

()
K

The primary clarifer was operated for approximately two .
months at overflow rates ranging bketween 400 to 1,100 gpd/ft%.
The pilot unit could be operated either as a reactor clarifier
or in the ccnventional centerfeed copnfiguration. Similar to.the
regional treatment system, the flocculant suspension responded
favorably to turbine flccculation but the' internal recyle had a

~
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detrimental effect on performance. In both cases, a true floccula-
tor clarifier would have been the optimum equipment selectionf

. Actual performance can best be characterized by extended
periods of high efficiency punctuated by periodic gross dis-
charges of oily sludge. Each failupxe could be traced to abnor-
mally high influent oil concentrations. Normally, the influent
oil remained less than 200 mg/1 but on occasion jumped to over
700 mg/1l which in turn trlggered a clarlficatlon failure. This
problem was eventually overcome by operating the unit at an over-
flow rate of approximately 600 gpd/ft2 and adding massive quan-
tities of weighting agent when influent oil levels rose signifi-
cantly.

After tpe appropriate operational techniques had been per-
fected, effluent o0il and suspended solids concentration could be
maintained consistantly below 50 mg/l. Removals of COD in the
primary treatment unit are shown in Fig. 5. Approximately 40.
percent of the influent loading, or a total of 1,700 mg/l of COD
was removed. '0il &nd grease removal fanged from 100 to 5,000
mg/l with a mean of approximately 5.0°'mg/l} ‘

. Considering the characteristics &f thé waste streams, it'is
believed that' limei coagulation followed by' sedimentation offered
, the only workable alternative for effectlve oil and suspended:
solids removal. Furthermore, this techniqgue provided the added
attraction of taking advantage of co-precipitation to assist in
the removal of significant guantites 6f dissolved organics.

g : } :
1 CASE III = VISCOSE RAYON PLANT

h 1 A .
The third case for application of limé in che primary treat-
ment unit involved a synthetic fibers:plant. Although the instal-
laéion also included a polyester facility, most of the signif%cant
waéte streams! were generated in the cturseiof viscose rayon pro-
duétion, ‘ t
. | | £ «
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, These wastes streams can generally be catagorized as either
alkaline or acid. The alkaline waste streaws are produced while
disolving cellulose to form viscose. Zellulcse is made solublé
in carbon disulfide under alkaline conditions and wastes are
generated through the separation of unusable hemicellulose or

by normal process spills and losses. Thiese wastes have a pH
ranging from 10 to 11, a BOD, of approximately 300 mg/l, a COCD
of about 450 mg/l and contain negligiblie guantities of zinc or
other heavy metals. In the next procuss step, the dissolved
cellulose, (viscose) is precipitated and polymerized by extrusion
or spinning in an acid bath. Zinc is added to the sulfuric;acid
bath to enhance the toughness of the rayon fiber. '

The wastes generated during the' acid process characteris-
tically exhibited a pH of less than 4, a BOD5 of lesg than 100
mg/1l, and zinc concentrations ranging from 15 to 20 mg/l. When
combined, the two streams had a mean flow rate of approximately
7 MGD with peak flows of up to 9 MGD. ; 4

The reaction which takes place upon mixing the two waste
streams is essentlially the same as ‘hat used in the productiocn
of rayon, i.e., the acid waste precipitates and polymerizes a
portion of the soluble cellulose remaining in the alkaline Waste
stream. Some¢ previous treatment schemes tock advantage of this
phenomena by mixing the two streams prior: to sedimentation in
large earthen ponds. Unfortunately, variations in the character-
stics of the alkaline waste coupled with difficulties in maintain-
ing good scttling in the ponds resulied in inefficient organic
removals and did nothing to reduce effluent zinc concentratibn.

The proposed treatment system took advange of the natural
CO‘pIGClpltathR of organics but optimized it to achieve maxlmum
removalg° The first step in design involved a detailed waste-
water survey to insure that all contaminated wastes were collected
and routed to the new treatment site. Bench-scale treatability
studies were then performed to develop design criteria with:the
Specific objectives of essentially complete zinc remeval and. max-
;mum organic precipitation.

r B 1
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The bench-scale test revealed that once the solable cellu-
lose hag come in contact with an acid enviroament agghprecipi;ated
it remained insoluble even at an elevated pH. Furthermore, the
additicn of lime to the commingled waste not only removed ziné;
but also coagulated the precipitated cellulose. As shown in Fig.
6, effluent concentrations of approx;mateiy 0.5 mg/l zinc could
be achieved at a pH of less than 9.0. The effectiveness of lime
coagulation in organic removal is illustrated in Fig. 7. On the
average, 300 hg/l of lime were required to obtain a design pH
of 8.5 with maximum peak dosages of up to 750 mg/l. It is anti-
cipated that lime coagulation/sedimentation will reduce the
organics by 65 to 70 percent and achieve 95 percent or better
zinc removal. Sl : ‘ ' t

The proposed treatment facilities consist of alkaline egqual-
ization, premix anhd rapid mix basins, chemical storage and feed
facilities, 'and a flocculator clarifier. tCellulose precipitation
will take place in the premix basin upon tommingling of th2 two
waste streams. Lime will be added in the rapid mix basin.

The bench-scale studies indicated that the lime floc gettled
well and settling was enhanced by ¢entle £locculation, but the
floc was susceptable to shear. To compensate for this problem,
mixing will 'be accomplished with low~speed, large-diamzter tur-
bines. The tendency for floc destruction: will be reduced by
using a low-speed screw pump to liftli the Wwastewater to the
flocculator ‘clarifier. The clarifer'willlprovide approximately
15 minutes gf low intensity)floécuiaﬁion and will operate at' a
mean overflow rate of 900 gpd/ftz. p 3

Although lime was selected as the primary chemical for pH
adjustment, ia backup system was provided (to feed caustic. The
system was instrumented for automatic addiiion of sulfuric
acid to theipremix basin for precipitatiqn of dissolved organics
in the casei!of temporary suspension;of waste acid releases. -
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SUMMARY

Three case histories have been presented to illustrate the
potential of lime coagulation/sedimentation for industrial waste=-
water pretreatment. 1In each case, lime pretreatment served not
only to adjust pH and reduce contaminant concentrations to a
level suitable for secondary biological treatment, but also re-
moved significant quantities of dissolved organics. These re-
movals of dissolved organics are of particular significance be-
cause the precipitated constituents are generally large mole-
cules or polyermized entities and these arc generally difficult
to degrade biologically.

, Lime pretreatment represents a viable process alternative
which should be considered in many cases. Therefore, in many
treatability investigations the scope of the study should be:

broadened to include evaluation of coagulation/sedimentation’

pretreatment
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Model of a cation exchanger, showing negatively charged axchange
sites on the skeleton holding sodium ions like grapes on a vine.
Figure 1




T ON EACHANGE IS NOT NEW The process was studied
i Dby agncultural chemists more than a hundred
years ago  They found that certain types of soil contain-
ing sihca and aluminum compounds had the ability of
exchanging ions with those in water. These soils, called
zeolites, were adapted for use in softening water in the
early 1000°s. The technology has grown rapidly. Today,
jon exchange plays a fundamental role in industrial water

engineering

Concepts and Terms
The conventional ion exchange materials used in

water conditioning can be visualized as skeleton-like
structures having many attached “exchange sites” (Figure
1Y The skeleton is insoluble in water but is electrically
charged. holding ions of opposite charge at the exchange
sites

Fxchanee materials with negatively charged skeletons
are referred to as cation exchangers since they attract
positive ions: anion exchangers are positively charged
and consequently, attract anions. The porous structure
of ion exchange materials permits water to permeate the
particle. affording good contact with the exchange sites.

If calcium ions, or cations of other species than
<odium <hould approach a cation exchanger particle
caturated with sodium ions. some of them mav be cap-
tured by the exchanger. This would release sodium ions
previouch held at the exchange sites on the skeleton. An
enuilibrium is soon established between the distribution
of these spe~ies on the exchanger and in the water sur-
rounding the exchanger.

T aboratory studies of such equilibria show that an
ion exchancer has a preference or “selectivity” for one
species over another. This selectivity depends on jonic
charge molecular weight, and solution concentration,
(Figure 2) For example, a cation exchanger holds cal-
cium ions more firmly than sodium ions when immersed
in a weak solution, such as a typical natural water. For
this reacon. if a cation exchanger is originally saturated
with sodium ions, it can be used to soften water. taking
calcium out of the water and releasing sodium in
evchange,

Fortunately. the selectivity between these species is
reversed at high concentrations, so that a strong solution
of brine can readily displace calcium from the exchange
sites. “regenerating” the exchanger by returning sodium
ions to their orizinal positions on the exchanger skeleton.

The Measure of Exchange Capacity

lon exchance materials in aqueous systems contain
a large proportion of water. We might consider the ion
exchange particle containing water to be a tiny vessel
holding a salt solution The number of ion exchange
sitez in a unit volume, which is a measure of the “ex-
chanee capacity” of the ion exchange material, can be
expressed in the same terms the chemist uses in defining
the strength of a salt solution The chemist speaks of
these solutions in terms of their “normality.” *“One
normal solution™ contains one equivalent weight of salt
dissolved in a liter of solution. The ion exchange tech-
nologist speaks of the capacity of an ion exchanger in
terms of “milliequivalents of exchange sites per milliliter
of resin beads in a graduate.” (Which is mathematically
identical to equivalents per liter or normality). The
normality of typical styrene.-base cation exchangers is

———— f e e i h e - e e s e

Cation Exchanger Anion Exchanger

{sulfonic acid type) (guaternary type)

Barium lodide
Strontium Nitrate
Calcium .
o " Bisulfate
5 Copper e
i b Chioride
£ Zinc &
2 @
ol . a Bicarbonate
> Magnesium o !
£ . g
8 Titanium 8 Hydroxide
® e
g Potassi 2 :
3 um a Fluoride
Ammonia
Bisilicate
Sodium
Hydrogen
B reree P!
Figure 2 — Selectivity of exchangers

close to 2.0; that of typical strongly basic anion ex-
changers is about 1.3.

The long tradition in water chemistry of expressing
hardness in “grains per gallon,” has saddled ion exchange
with a jargon all its own. One of the unfortunate results
has been the evpression of ion exchange capacity in
“kilograins per cubic foot,” (Kgr./cu. ft.). The factor
for converting normality to kilograins per cubic foot is
approximately 22 Most commercial styrene-type cation
exchangers have a total capacity close to 40 Kgr./cu. ft.
The strongly basic anion resins have capacities in the

range of 28-30 Ker./cu. ft.

lon Exchange Ratorials
The earliest ion evchange materials were either

natural or synthetic zeolites — minerals produced from
mixtures of aluminum salts and silicates. When these
materials were converted to the sodium form bv treat.
ment with brine, they were capable of softenine water
quite effectively. However, capacity was low. and the
mineral tended to dissolve. increasing the silica content
of the finished water. Research in the late 1930’
developed plastic materials (resins) which could be
converted to ion exchangers by chemical processing.
These resins greatly expanded the applications of ion
exchange leading to such modern processes as deminerali-
zation — processes unattainable with the zeohte-type
materials.

As an example of an ion exchanger fabricated of
plastic materials, Figure 3 illustrates the construction of
a cation exchanger built of two organic molecules,
styrene and divinyl benzene. When a group of styrene
molecules are treated under proper conditions of tem-
perature and pressure, they will line up in a long chain,
called a “polymer.”

The styrene polymer would be tco water-soluble after
ion exchange sites have been added and not rigid enough
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The production of a stable, rugged plastic by cross-linking polymer chains




Waoter Conditioning Processes

There are many ways to use cation exchangers, anion
exchangers, or combimations of both, using different
chemicals for their regeneration, to produce a variety of
water treating processes (Figure 4). The simplest of
these processes, serving as an excellent example of how
jon exchange works. is water soflening using only a
cation exchanger. regenerated with brine.

\nother important ion exchange process using cation
exchangers 1s operated with acid regeneration. This
makes 1t possible to remove sodium from raw water as
well as calcium and magnesium This is the only chemi-
cal treatment process which can remove sodium from
water solutions economically.

The most significant process using anion exchange
resins employs the strongly basic type exchanger regen-
erated with caustic soda for complete removal of all
anions from water If the water being treated has first
been passed through an acid-regenerated cation ex-
changer, the finished water is essentially mineral-free.
So little dissolved matter remains in this water that it
may have an electrical resistance of over 1,000,000 ohms
per cubic centimeter. as compared to a range of 1,000 -
5.000 for many natural water supplies.

Another important anion exchange process uses
strongly basic resin regenerated with salt. Resin so
treated is able to remove alkalinity from water for such
uses as make-up to boilers or to cooling tower systems.
Softening Operations

The water softening process is typical of almost all
ion exchange processes; it is a “batchwise” operation. A
vessel containing a bed of resin, usually about 30" deep,
serves as a water softener. As hard water percolates
downward through the resin, the ion exchange beads are
continually bombarded by the calcium and magnesium
ions, which gradually replace the sodium on the resin
skeleton (Figure 3).

The bed of ion exchange material is somewhat like a
storage battery. It can continue to supply sodium ions
only until its charge is exhausted. Then it must be
regenerated This is done by washing the resin bed with
a relativelv strong solution of ordinary sailt. Excess
salt is rinsed out, and the softener is then ready for
another cvcle of operation. There are various other
steps in the regeneration process designed to improve
performance and produce acceptable efficiency. Since
the resin acts as a filter, an important step is an upflow
wash to rid the bed of debris accumulated during the
treating process.

Figure 6 illustrates the various stages of softener
operation. The first panel shows the tomposition of the
ion exchange bed at the completion of its softening duty
— at “exhaustion ™ The upper layers have a high hard.
ness content and very little sodium-form resin remains
even at the bottom. In the second panel backwashing has
redistributed the ionic matter through the bed, so that
there is substantially the same composition at each bed
level. In the third panel, brine has converted the upper
layers completely to the sodium form, since all of the
brine used for regeneration passes downwardly and the
amount contacting the top few inches is enormously
zreater than is needed for regeneration, The contaminants
from the upper layers are pushed downward, and at the
end of the brine regeneration there is still hardness in

Typical Sottaning - Cation Eachongo (Sodium Cyclo)
Colclum Removal

FLT Co** -
Co*t + —_— + 2Na*

Regenerotion By NaCl

Do-Cationizing Wator — Cotion Eachange (Hydrogen Cyclo)
Sodwum Removo!

"t No*
Not + + H*
—_—

Regeneration By Hp50,4

- Amon tnch (Hydroxiude Cycla) Followng 0"
Chioride Removol

HZ0
Regenerotion By NoOH
Doalhalizsation — Anion Euchange (Chloride Cycla)
Bicarbonote Removal
HCO3~ + ci-
Regenerction By NaCi
Figure 4 -— Examples ot ION e.chunge processe:

@ Catcum 1ons
. (*) Sodwm rons

Calcium IONS in a hard water are captured by the
cation exchanger, releasing ""soft’” sodium IONS.
Figure 5




— CH- CH = CH-cH, -

(Large excess)

—CH CH, —
(swaeees V8 MATQ:X)

-CH‘EH — CH-CH, —

STROMG ACID O H,0
~ g0 1’

EXCUANGER N
PREPARATION




O 4 cHso-CcHe

CHLOROMETHYL
CROSS-LIAJKED BYHER

POLYMER

TERTIARY
AMANO GROUP

—CH-cH, ~

alLehg
—3ra
o7 2mch, + CHSOH
cuid
e#
N (C”&)g
TRIBAETHYL AMINE
-ngcllx -
STRONG
BASE
fé‘]&, RESIA
CM‘?“ M?’CHB

)
C Hs\\‘\~ QUATERNARY

APMRAONIUM GROUP




CH ==
CHg CH=CH,
CH.L:C + A OREANIC
D_ : PEROXIDE
Cé.-O DVH CATALYST
OH / -
METHACRYLIC CH=CH,
ACID
g"ﬂs C;HB ?HB
- Q - ""d“- - ez i - -
¢ L ? cl, cg&% CH, <':

COOH’® coon’ Coo H’
WEAK ACID O
EXCHANGERS

i
— Y, ~ CH=-




RULE-OF-THUMB BEHAVIOR FOR ION EXCHANGE RESINS

1. EXCHANGE POTENTIAL « CHARGE

+3 +4

Na+ < Ca"'+ <Al "< Th

2. EXCHANGE POTENTIAL « ATOMIC WEIGHT

Li+ < Na+ < K+ < Rb+ < Cs+

++ ++ ++ ++
Mg <Ca <8r < Ba

3. HIGH ION CONCENTRATIONS REDUCE

OR REVERSE THE EFFECT OF CHARGE

4. HIGH TEMPERATURE REDUCES THE EFFECT

OF ATOMIC NUMBER



5. EXCHANGE POTENTIALS MAY BE APPROXIMATED

BY THEIR ACTIVITY COEFFICIENTS
6. EXCHANGE POTENTIAL FOR H+ AND OH
VARIES WITH RESIN FUNCTIONALITY

e.g. STRONG ACID AND BASE RESINS REQUIRE

AN EXCESS DURING REGENERATION

O

7. ORGANIC IONS AND ANIONIC METALLIC

(

' COMPLEXES HAVE VERY HIGH EXCHANGE

POTENTIALS




HIGH CAPACITY ~ 4.5 meq/g ~ 2.0 meq/ml

RAPID EXCHANGE RATE

"SPLITS NEUTRAL SALTS" IN H-FORM

+ +

T H + NatT+clT = &Rrso-HY + u'+c1

3

' VERY DURABLE - OPERATION POSSIBLE AT HIGH AND LOW
pH AND SALT CONCENTRATION

DOES NOT HAVE A HIGH SPECIFICITY FOR DIFFERENT IONS

REQUIRES MORE THAN THE STOICHIOMETRIC AMOUNT OF
ACID FOR COMPLETE REGENERATION IN THE H-FORM

PROPERTIES OF STRONG-ACID EXCHANGE RESINS




O

(O

RAPID EXCHANGE RATE

REMOVES ANIONS AT ALL pH'S AND ION CONCENTRATIONS

REVERSE DEIONIZATION ; SB —> SA
MONOBED DEIONIZATION ; SB + WA

MORE UNSTABLE THAN STRONG ACID RESINS

POSSIBILITY OF ORGANIC FOULING - AVOID BY ENLARGED
PORE SIZES

CAPACITY ~ 3.5meq/g ~ 1.3 meq/ml

PROPERTIES OF STRONG BASE EXCHANGE RESINS




WEAKLY ACIDIC - WILL NOT REMOVE CATIONS AT
NEUTRAL pH, REQUIRES pH 9 TO 10

VERY EFFICIENTLY REGENERATED WITH ACID

USUALLY NOT USED FOR WATER SOFTENING - HIGH
AFFINITY FOR Ca’' OVER Na‘t

SLOW EXCHANGE RATES

USES: MOSTLY IN OPTIMIZED DEMINERALIZATION
PROCESSES

CAPACITY ~ 10 meq/g ~ 4 meq/ml

I D E IN



|ON_EXCHANGE EQUILIBRIUM

USE SELECTIVITY COEFFICIEMTS

J N~ + HR = NaR + Ky

)Js\ C L2 YA o ; |
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g_s thre_émi. ON RESIN
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PERCENT PERCENT CAPACITY

DIVINYL BENZENE MOISTURE | meq/g meq/ml
4.0 62.6  4.81 1.27
8.5 48.6 4.79 1.87
10.0 43.1 5.07 2.30
12.5 40.8 5.12 2.47
15.0 35.4 4.81 2.65

CAPACITY AND POROSITY OF ION EXCHANGE RESINS AS A
FUNCTION OF DIVINYL BENZENE CONTENT
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TYPICAL SOFTENING EXCHANGER DESIGN PARAMETERS

CAPACITY, Kgr/cu ft 18-20 20-22 24-26 28-30 32-34
SALT REQ'D., lb/cu ft 4 5 6 10 18
FLOW RATES - up to 5 gpm/cu ft
BED DEPTH - 30-48 inches
FREEBOARD - 50 percent bed depth
SUPPORTING BED - 6 inches low flow, up to 18 inches high flow
BACKWASH RATE - 5-6 gpm/sq ft for about 50 percent expansion at 65°F.
BRINE CONCENTRATION - about 10 wt percent Diluted from:

$0% maximum solution, heat and mix

30% by passing through a salt bed

REGENERANT FLOW RATE - 0.25-1.0 gpm/cu ft for 40-60 minutes in brining and rinsing

RINSE REQUIREMENTS - 20-35 gal/cu ft
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ION EXCHANGE *

Introduction

Ion exchange is an exchange adsorption process in whicn rons
associated with the solid adsorbent are exchanged for ions in solution.
The phenomenon of ion exchange occurs in many natural solids, such
as, soils,humus cellulose, wool, protein, carbon, aluminum oxide,
lignin, and living cells. Synthetic ion exchange resins also exhibit
ion exchange capabilities.

The ion exchange process can be employed to remove undesirable
anions and cations from wastewaters. Generally, hydroxyl ions are
exchanged for the anions removed from sclution while hydrogen or
scodium lons are replaced by the cations which are taken up by the ex-

change solid.

A synthetic ion~-exchange resin generally consists of a network
of hydrocarbe:i molecules which contain soluble ionic functional groups.
The overall insclubility and toughness of a synthetic resin are the result
of the three~-dimensional matrix form by the crosslinked hydrocarbon
molecules. This crosslinking establishes the internal pore structure
of the resin. The pore size must be large enough to permit the fic
movement of the exchanging ions which must diffuse into and out of
the resin for exchange to take place. By proper selection of the degree
of crosslinking in a resin, ions larger than the predetermined size may

be excluded from reaction.

The behavior of the resin is determined to a large extent by the
nature of the ionic groups associated with the hydrocarbon molecules.
The exchange capacity of the resin is controlled by the total number of
ionic functional groups per unit weight of resin, T he type of icnic
group affects the ion selectivity and ion~exchange equilibria. Anion
exchangers primarily contain such fur}ctional groups as the strong-
base quaternary ammonium group (- N -1 , the weak-base amino groups
(- NH3 +, = NHz 7). On the other hand the cation exchangers primarily
contain such funictional groups as the strong-acid sulfonic group (- SO; -)
and the weak-acid carboxylic group (- COO -).

}

*Joseph F. Malina, Jr.
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Kinetics

The rates at which ions are exchanged by porous synthetic resins
are controlled by transport forces which cause intraparticle diffusion
rather than by chemical forces. However, mathematical formulations of
exchange kinetics have not been successful. In general, the principles
of diffusion processes apply to the kinetics of ion exchange.

Consider an exchange reaction proceeding toward equilibrium.
In order for an exchange to occur, ion (A) in solution must travel
through the bulk of the solution, through the stagnate film surrounding
the resin, and through the pore spaces of the resin particle. Similarly,
_exchanging ion (B) must undergo the reverse process. In the usual
operation, rate of flow of the solution phase is sufficient to effectively
carry ions up to and away from the film layer. The rate of exchange,
therefore, depends upon ion diffusion rates through the film and within
the particle. The two rates are seldom equal and one or the other is
rate limiting. The rate of diffusion through the resin is proportional
to the concentration of fixed charges and the effective particle-diffusion
coefficient of the ions (the latter decreases with greater crosslinking),
and is inversely proportional to the volume of the particle. However,
the rate of diffusion through the film is proportional to the solution
concentration and the effective film~diffusion coefficient of the ions, and

is inversely proportional to film thickness.

The exchange reaction i{s stoichiometric, and since electroneutra-
lity must always be maintained, the reaction can proceed no faster than the
transport of the slowest ion. In reactions involving the exchange of two
or more ions from solution phase, it is possible for the exchanger to
temporarily overshoot equilibrium with respect to one of the competing
ions. The exchanging ion with the greatest rate of movement in solution
initially displaces the ions of the resin, only to be replaced later with
a more strongly preferred, but more slowly diffusing, ion.

III. Ion Exchange Reactions
1

The four fundamental types of synthetic, ion exchange undergo

similar reactions which are analagous to common acids and bases.
major difference, however, is that the resins are insoluble and actually
remove constitreats from solution by forming resin salts. Typical

reactions are shown below. Note that R represents the non-mobile part

of the ion exchange resin. i

Strongly Acidic Cation Exchangers~-analogous to sulfuric acid
RSO3H +NaOH = RSO3Na . +H20
RSO3H +NaCl = RSO3Na +HC1
2RSO3Na+CaCly — (RSO3);Ca +2NaCl

'

The

|
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‘Weakly Acidic Cation Exchange Resin~-analogous to acetic acid

RCOyH  +NaOH &> RCO;Na +H,0
2RCONa  1CaCly == (RCOp);Ca  +2NaCl

Strongly Basic Anion Exchange Resin--analogous to sodium hydroxide
RNR?,OH +HCl == RNR3Cl +Hy0
RNR30H +NaCl ¥= RNR3Cl +NaOH
2RNRGCl  +H,504 == (RNR3)2804 +2HCI

Weakly Basic Anion Zxchange Resin-~analogous to ammonium hydroxide
RNHjy +HCl &= RNH,C
or
RNH3OH +HCl &= RNH,Cl +H, 0
ZRNH3Cl  +Hp50,; 7= (RNHyj9S04 +2HCI

When all the ions at the exchange sites in the resin have been
substantially replaced by the ions from solution, the resin may be
regenerated and the exchange capacity restored. Regenerants are
usually used at a 1IN concentration or percentagewise in solutions of
about 2 tc 10 percent by weight. Table 1 lists some of the regenerants

that may be used with each of the different types of ion exchange resins.

TABLE 1
Ion
Exchange fonic -
Resin Form Regenerant
Strong Acid
Cation H+ HCI or HZSQ4
Na+ NaCi
Weak Acid
Cation H+ HC] or HZSO4
Na+ NaQOH
Strong Base
Anion OH- NaQOH
Cl- NacCl or HClL
SOy= NapSQ, or HySOy4
Weak Base
Anion Free NaOH or NH4OH or
Base Na,COg3
Cl- HCl

SO4= H2504

ey e - -
TSR, Y e e s s

R T e e

LR > et s A 1)




339

IV, Selection of Ion Exchange Resin

An ion exchange resin should be chosen based on (a) required
functionality, (b) proper porosity or degree of crosslinkage, and
(c) particle size. Generally sulfonic acid cation exchange resins and
quaternary ammonium anion exchange resins can be used for the removal
of almost all ionic species. The porosity of a resin decreases as the
degree of crosslinking increases. For general application, medium
porosity resins are used for low molecular weight ionic species, and
high porosity resins are usually reserved for high molecular weight
species. The degree of crosslinkage also affects the selectivity
pattern for various cations and anions. The particle size of resin most
frequently used in separation of anions and cations from nonionic
. species ranges between 16 and 50 mesh.

V. Ion Exchange Selectivity

Some empirical rules which could be used as a guide in understanding
the relative selectivity patterns are presented bBelow. These relationships
cannot be interpreted strictly for all cases. '

f { . \

1. At low aqueous concentrations ‘and ordinary temperatures,
the extent of exchange or the exchange potential increases
with increasing valence of the iexchanging ion.

[ |
(Na+ € Ca++ < Al+++) '+

2. At low aqueous concentrations ; ordinary temperatures,
and constant valence, the exchange potential increases
with increasing atomic number,

' (L1 €Na <K; Mg <Ca <Sr <Ba;
: F <Cl <Br <I)
b i

3. At high!concentrations, the differenceés in exchange potentials
of ions of different valence diminishand, in some cases, the
ion of lower valence has the higher exchange potential.
i » (Na+ vs Ca++) : o
K] ' i I

4, The exchange potentials of various ions may be approxi-
mated from their activity coefficient-~the higher the activity
coefficient the greater the potential.
. . * W

S. The exchange potential of the hydrogen ion or the hydroxyl
ion depends upon the strength of the acid or base formed
between the functional group and the hydrogen or hydroxyl
ton. The stronger the acid or base formed, the lower is the
potential.
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6. As the degree of crosslinking or the fixed i1on conc:entration
of any lon exchanger is lowered, the exchange equulibrium
or selectivity coefficient approaches unity.

TABLE 2

Relative Selectivity Coefficients of Sulfonic

Cation Exchange Resins

% Divinylbenzene (crosslink)

Cation 4 8 10
Li 1.00 . 1.00 1.00
H 1.30 | 1.26 1.45
Na 1,49 © 1.88 2,23
NHy 1.75 2.22 3.07
K 2.09 2.63 4.1
Cs 2.37 2.91 415
Ag 4.00 7.36 19.4

TABLE 3

Relative Selectivity Coefficients of Quaternary

Ammonium Anion Exchange Resins

Anion \Coe fficient
F 0.09
OH 0.09

Cl 1.0

Br ?.B
N03 3.8

I . 8.7
Cl0O4 ' 10.0
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VI. Applications

One of the first practical applications of ion exchange materials was
in the field of water softening, and their application in this field is among
their major use today. The basic principles of ion exchange for softening
of water have not changed, but the exchange materials have been vastly
improved. At the present time styrene base cation resins with sulfonic
acid functional groups are the most widely used exchange materials for water
softening. This type of resin has high capacity, excellent stability,
and no adverse selectivity for ions normally associated with natural
waters.

Nearly all cation exchangers used in practical water and waste
treatment operations are strongly acidic, that is, they contain strongly
ionized groups and are thus capable of exchanging all cations. Two
general types of anion exchangers are employed, however; strong basic
anion resins are capable of exchanging all anions including such weakly
ionized materials as silica and carbon dioxide, while weakly basic
resins will exchange only strongly lonized anions such as chlorides and
sulfates., . '

For water softening, as for most practical ion exchange process
operations, columnar operation is employed. The installation is similar
to that for a pressure sand filter. The exchanger {s most commonly in
the sodium form i(nitially, that is, it contains the sodium ion as the
exchangeable ion. As raw water comes in contact with the resin the
cations in the water are replaced with the non-hardness sodium ion.
Eventually the majority of the sodium ions are displaced by other cations
from solution and the resin becomes inefficient as an exchanger. The
exchanger must then be removed from service, backwashed to loosen the
bed and remove dccumulated dirt, and regenerated to the sodium form by
passing a concentrated solution of sodium chldride through the bed.
After rinsing to remove excess regenerant solution, the bed is again
ready for service. 4

)

In order to obtain reasonable and practical rates of soft water pro-
duction, applied feed rates, usually in the range from 2 to 8 gallons per
minute per cubic foot of resin, are In excess of those which would per-
mit equilibrium contact between resin and solution. This condition,
however, is operationally favorable in that the resin is subjected to a
continuously high concentration of exchanging ions, thus forcing the
resin to more rapid and complete utilization of capacity. The result
is that the most active exchange occurs within a particular longitudinal
zone of the bed, The active zone moves progressively down the column
as the reaction proceeds. On the influent side of the reaction zone, the
resin has attained equilibrium with the feed and the released ions of the
exchanger flowthrough the lower part of the bed without further change.
In the upstream portion of the zone the resin is very nearly exhausted.
However, in its relative position within the reaction zone it is subjected

a
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to the highest concentration of exchanging ions, and is thus yet capable
of participating in the exchange reaction. The middle portion of the
zone contains a relatively large quantity of unspent resin and also a
relatively high concentration of exchanging ions remaining in solution
phase. In this portion of the bed, the exchange reaction 1s most rapid.
Near the downstream edge of the reaction zone, the solution contains

a low concentration of ions to be removed, but also in this area the
resin is highest in exchangeable counter ions. Below the zone of
exchange, the resin is essentially in the sodium form and the passing
solution contains only sodium ions. As the forward edge of the zone reaches
the bottom of the column, hardness ions appear.in the effluent., When
their concentration becomes unacceptably high, the exchanger must be
regenerated.

The design of an ion exchange unit requires knowledge of the
capacity of the resin bed and of the efficiency of the process. The
"theoretical" capacity of a resin is the number of {onic groups (equi-
valent number of exchangeable ions) contained 'per unit weight or unit
volume of resin. This capacity is generally expressed as equivalents
per gram dry hydrogen-form resin, but may also be expressed as kilo=-
grains CaCO3/ft3 resin bed, pounds CaCO3/ft3 resin bed, etc. In
practice, however, an exchanger is generally operated at a level con- .
siderably below its theoretical capacity.’ The softening exchange
reactions,

2RNa* + Ca*? —> R,Ca*? + 2Na*

and 2RNa® + Mg+2 = R,Mg*2 + 2Na*
are equilibrium reactions, and an impractically large quantity of
regenerant would be required to drive the reactions completely to the
left. Although increasing the quantity of salt per unit volume of resin
in regeneration increases the operational capacity of the exchanger, the
resulting bed capacity is not directly proportional to the increase in
regenerant required. In other words, doubling the quantity of salt in-
creases the bed capacity but by less than a factor of two. The degree
of theoretical capacity attained in an operatior is termed the "degree
of column utilization"; the ratio of the ‘operating to the theoretical
exchanger capacity. The term "efficiency" is used to designate the
degree of utilization of the regenerant. Column efficiency is the ratio
of the operating exchange capacity of a unit to the exchange that
theoretically could be derived from a spéecific weight of applied regen-
erant. In this term it is important to note that the "theoretical capacity"”
of the exchanger is not a factor. Efficiéncy refers only to the output
of an exchanger relative to the input of regenerant, on an equivalent basis.
The characteristics of an exchanger, therefore, are such that higher
efficiencies are.achieved with lower levels of regeneration. However,
low bed capacities also result at low regeneration levels. In practice. some
efficiency is generally sacrificed to obtain a reasonable column utilization.
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storage. Since the maximum concentration of CrO3 which can be passed
through some resins to avoid deterioration is 14 - 16 oz/gal as CrOj the
bath may require dilution and the recovered solution may require make-up
to strength.

The rinse waters are first passed through a cation exchanger to remove
metal ions. The effluent from this unit is passed through an anion
exchanger to remove chromate and to obtain demineralized makeup water.
It is desirable to pass the rinse water through the cation unit first to
avold precipitation of metal hydroxides on the exchange resin. The anion
exchanger is regenerated with sodium hydroxide resulting in a mixture of
Na,CrO4 and NaOH in the spent regenerant, This i{s then passed through
the cation exchanger to recover H CrO4 which is returned to the plating
bath. The recovered chromic acid from the spent regenerant will average
4 - 6 % concentration. The spent regenerant from the cation exchanger
will require neutralization and possibly precipitation of metallic ions
prior to discharge to the sewer. Since mdst of the metal ions are eluted
in the first 70% of the regenerant volume, neutralization requirements
can be reduced by reusing the last portion of thé acid regenerant for the
subsequent regeneration. In like manner the last portion of the caustic
regeneration can be used for neutralization of the spent cation regenerant.

In cation units, the regeneration requiremehts are higher than those
employed in water purification because of the competition with the H*
present in the waste solution. For water'reuse, 4 - 5 lbs HZSO4/ft3 may
be required 'for regeneration while for recovery of HZCrO4 as high as 25 lbs
HZSO4/ft3 may be required to reduce leakage of sodium ions.

1

Modes of Operation | ;

Complete demineralization operations generally involve a cation
exchanger followed by a weakly basic anion exc¢hanger. If the cation
resin is on the hydrogen-ion cycle and the anion resin on the hydroxide-
ion cycle, the series exchangers successively convert salt impurities
into acids and then into water, and remove all ionic materials except
carbon dioxide and silica.

If it is desired to remove carbon dioxide, a degasifier, decarbonation
tank, or vacuum deaerator may be installed following the anion exchanger.
If both carbon dioxide and silica are objectionable, the decarbonation unit
preceeds the highly basic anion exchanger in the flow sequence. The
reason for this arrangement is the highlyibasic resins will remove carbon
dioxide, as well as silica, and it is generally less expensive to save
the capacity of the resin by removing carbon dioxide in advance. The
power required for a degasification unit is relatively inexpensive com-
pared to costs of resin regeneration.

Mixed-resin exchangers use a cation resin which is intimately mixed
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with a highly basic anion resin. A conventional two-stage exchanger will
accomplish 90-99% total dissolved solids reduction; however, a mixed
bed exchanger will remove all but a fraction of a percent of the ionic im-
purities. Mixed-bed exchangers must of course be separated for regen-
eration. This poses no serious problems since resins of such respective
densities as will result in separation upon backwashing may be selected.
It is of course necessary to remix the resins after regeneration. This is

generally accomplished by blowing air through the expanded bed while
drawing it down.

In most instances in which two~stage operation is employed it is
advantageous to use a four-bed system with two two=stage units in series.
Such an arrangement allows operation of the first two units to a higher
solids endpoint, yielding more complete removal at lower costs,

In addition to the arrangements previously cited, various combinations
of units for specific purposes are possible. For example, an installation
may include a ‘series arrangement of a cation resin, a degasifier, a weakly
basic anion resin, and a strongly basic anilon resin. In such an installa-
tion, the weakly basic anion resin, which i{s relativzly inexpensive to
regenerate, absorbs the major anion lead, thus preventing the capacity of
the strongly basic resin. Also, units may be devised in which counter-
current operation may be practiced if desirable. !

- ; | i

VIII. Equipment and Operation Details

Because strong acid and alkali solution are used for exchanger regen-
eration, it is essential that all tanks and internal parts be of resistant
materials or be lined or coated with resistant materials. Large units are
usually lined with phenolic or vinyl chloride type materials. These coatings
are generally.about 0.01 inches in thickness for the plastic materials and
about 0.2 inches for hard rubber. , ‘

! . }

It is important for good operation that flow through an exchanger be
uniformly distributed. In general, exchangers are vertical and constructed
with provisions for leveling adjustments, and the:flow is from top to
bottom to avoid channeling and uneven distributign. Depths of exchangers
usually range from a minimum of two feet to a maximum of about six feet.
Depending upon resin type, 50 to 100 percent of packed column height is
provided for expansion during backwashing.

Exchangers are normally operated under pressure, and pressure losses
generally approximate a few pounds per square inch, of which the bed con-
tributes in the neighborhood of one or two feet head loss. For highly
turbid waters or wastes it {s often desirable to pretreat by coagulation
or filtration so as to minimize head loss through the exchanger itself.
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Design criteria for ion exchange systems are summarized

in Table 4.
TABLE 4

Design Criteria for Ion Exchange Systems
Minimum bed depth 24-30" 60-70 cm
Treatment flow rate 2-5 gpm/ft3 3.5-9.0 liter/sec-m°
Regeneration 0.5-1.5 gpm/fl:3 1-3 liter/sec-m3
Reuse water volume 30-150 gas/ft3  3500-17,000 liter/m3
Rinse flow rate 6 gpm/ft2 4 liter/sec-m?
Backwash flow rate (anion unit) ‘13 gpm‘/ft2 2 liter/sec-m2
Backwash flow rate (cation unit) 6 gpm/ft2 4 liter/sec-m? )
Backwash time 15 minutes
Regenerant concentration (HZSO4) 12 -5%
Regenerant concentration {NaCl) 10-20%
Regenerant concentration (NaOH) 4%
Treatment flow rate 5gpm/ft2

IX. Economic Considerations

', M |

There iis a considerable literature on the economics of ion exchange
for different types of applications, and Smith has presented a rather
good bibliography on this literature. The principal operating cost factor
is regeneration and regenerants, and this varies with raw water quality
and operating arrangement.

\ .

Exchangers employing highly basic resins, which are regenerated
with sodium hydroxide, involve higher operating costs than those em-
ploying weakly basic resins. Additionally, regeneration of the former
is a less efficient process than that for the weakly basic resins. For
weak-base exchangers, costs usually are in the neighborhood of one
cent per thousand gallons per grain per gallon',l depending on the raw
water quality. '
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The cost of ion exchange equipment will vary with the total
volume of exchange resin required as well as on the number of units
which will be used to house the resin. Cost data developed by the
Rohm and Haas Company indicate that the cost per single ion exchange
column of a given volume (V) may be calculated from the following
equations:

Cost ($ US) 1208 VO°55 (acid & alkaline resistant)
0.55 .
Cost ($ US) 906 V (salt resistant)
where: V = cubic feet of resin required per unit.

These eguations are applicable for volumes of resin per unit of one to

one thousand cubic feet (.028 to 28 m3). These estimated costs include

|
the cost of the ion exchange unit, the co'st of automatic controls, and

: . ' s i 1. .
the installation costs. These costs are summarized for various volumes
t ,

of resin in Table 5.
!

TABLE 5

Equipment Costs For Ion Exchange

Rubber-lined Steel, not
Acid Resistant Acid Resistant
Volume of 0.55 0.55
Resin (V) 0.55 1208V ‘ 906 V'’
Cu. Feet 1V "' ($us) ' ! ($_US)
1 1.00 1,208 906
10 . 3.55 4,290 3,220
350 8.60 10,400 7,790
100 12.60 15,220 11,420
750 38,10 46,000 ; 1 34,500

1000 44.70 54,500 40,500
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Although the equations are applicable, only up to a volume of 1000
cubic feet (28 m3) ; larger units may be designed, but special con-
struction considerations are required. Therefore, the standard costs
cannot be used.

The cost of resin is at times included as part of the equipment
costs and at other times as part of the operating costs Typical resin
costs are about $20 US per cubic foot ($706 US for m 3) for cation ex-
change resins while the cost of anion exchange resins is approximately
$60 US per cubic foot ($2118 US per m3).

Experimental Procedure

It is frequently necessary to operate a laboratory ion exchange
column to develop the necessary design criteria for the removal of ions
from complex industrial wastes. A suggested, procedure is outlined
below. | '

1. Rinse the column for 10 minutes at a flow rate of 50 ml/min
vyith deionized water.

: i ,
2. Adjust flow rate to column to 50 m' min of solution con-
taining the waste to be treated.

‘. i !
3. Measure initial volume of solution to be treated.

4, Start treatment cycle. Develop the breakthrough curve
' until the ion concentration reaches the maximum
effluent limit,
i ! )
5. Back wash to 25% bed expansipn for 5-10 minutes.
| (Use distilled water for backwash operation).

6. Regenerate at a flow rate of 6 rhl/min using the con-
centration and volume recommended for the resin.
Collect spent regenerant and measure the recovered ions.

1

7. Rinse column with distilled water.

By making several runs it should be possible to develop a relationship
between resin utilization and regenerant efficiency and to select the
optimum operating level for the system.

O
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XI. Eicaniplie

A general plating plant operates 16 hours/day, 5 days/week.
The total discharge of rmse waters has the following characteris-

tics:
Copper 22‘ mg/l as Cu
Zinc 10 mg/l'as 2n
Nickel 15 mg/1 as. Nt
Chromilum/‘ ‘ 130 mg/l as CrO3

The rate of flow is 50 gpm and inplant separation is not feasible.
Design an exchanger system to include water and chromium re-

covery. The operating characteristics of the cation exchanger :
are as follows:

Cation Exchanger

Regenerant - =~ -~ HpS804

Dosage 1bs/ft3 12 !

Concentration . 5% . S et
., Flow rate 0.5 gpm/xt3

A Operating Capacity = 1.5 eq/l
o |
Anion Exchanger N

Regenerant .~ NaOH. '
! Dosage 1bs/ft3 4.8
: Co Concentration 10% ]
PR . . .. Operating Capacity 3:»,8 lbs: Cr03/ft3 .
A, Cation Exchanger |

The cations removed i‘nclude:

J Zn = .Ik(i)mg./l“‘='w9.3‘06 meq/1"
Cu = 22mg/l = 0.693 meq/1!
. Ni = .15mg/1 = 0.511 meq/ln ’ -
Total 1510memﬂ A

1.51 meq/1 (10"3)(50 gal/min)(3 785 liter/gal)(GO min/hr)
(16 hr/day). .= 274 eq/qay

!

A N

oo
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At an operating capacity of 1.5 eq/l the volume of resin required for
regeneration every 2 days is

274 eq/day (2 days)
1.5 eq/1 (28.3 1/£t3)

Use a diameter - = 2,0 ft
Total depth = 4.1 f{t.

= 12.9 cubic feet

n

For flexibility in operation use.2 units which are 2 ft. in diameter and 36
inches deep to allow for 50% bed expansion.

B. Regeneration of Cation Exchanger

Regeneration is accomplished by using §% H2804 at a rate
of 12 1b/ft3. The required Hy504 is :

12 1b/£t3 (12.9 £3) = 155 lbs

Volume of HyS0, storage tank is
- )
0.05 (1.038) 8.34

155 1b ( = 358 gal

Rinse requirements are
. K i
| 120 gal/ft3 (12.9 £t3) = 1550 gal
The waste resulting from regeneration of the cation exchanger con-
tains metal sulfates and some free sulfuric acid and must be neutral-

ized to precipitate the metals prigr to disposal.

C. Anion Exchanger

b
The CrO3 in the effluent of the cation exchanger is removed
fron3 the rinse water on the anionic resin and replaced by OH™.

The weight of CrO, in the waste is 130 mg/1 (50)(60)(16)
(8.34 x 1076) = 52 Ib/day. '

At an operating capacity of 3.8 lb CrO3/ft3 the required volume for
daily regeneration 52 _ 13.7 f£t3

3.8

Use a diameter of = 2.0 ft, [
Required depth of resin = 4,35 ft, )

o )i
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For flexibility in operation use 2 units which are 2 feet in diameter
and 36 inches deep to allow for approximately 50% bed expansion.

D. Regeneration of Anion Exchanger

Regeneration is accomplished by using 10% NaOH at a rate .
of 4.8 1b/ft°. The NaOH required is: =~ =~

4.81b/83 (13.7 &%) = 65.81b°
The volume of the NaOH storége ta_nk;ié'r

L \
65.8 (0T10)(1.15) 8. 32’

Rinse requirements are

= 68.8 gal

13.7 £t3 (100 gal/ft3) = 1370 gal.

E. Recovery of Chromic Acid -

The spent regenerant from the anion exchanger contains
NaZCrO and NaOH. Chromic acid may be recovered by passing
the sper?t regenerant through a hydrogen cation exchanger.

|

The sodium in the spent is: \

i
65.8 1b NaOH (454 gm/1b)(eq/40 gm) = 745 eq

If the cation exchange is regenerated 'once daily, the
volume of cation resin with an operating capacity of 1.5 eq/l is
745 eq g
(1.5 eq/1)(28.3) -

3
l

=17.6 ft

Use a diameter = 2.0 ft
The required depth is 5.6 ft.
t !
Therefore, for flexibility of operation use 2 units which are 2.0 ft in
diameter and 50 inches deep to allow for 50% bed expansion.

F. Regeneration of Cation Exchanger Used for Chromic Acid Recovery

Regenerant used is 5% H_SO, at a rate of 12 lb/fta, The re~-
. , 2 4
quired HZSO4 is:
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12 1b/6° (17.6 £t9) = 210.5 1b

Volume of HZSO4 storage tank is

1
0.05 (1.038)8.34

Rinse water requirements are

210.5 ¢( ) =490 gal.

120 gal/ft3 (17.6 ft3) = 2105 gal.
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NOTES ON EQUALIZATION*

The diurnal variability of flow entering wastewater treatment facili-
ties has important ramifications in the design and operation of both conven-
tional and advanced waste treatment plants. Conventicnal treatment plants
are necessarily designed hydraulically to handle peak flows. Savings in
capital investment would be realized if one could plan for peak daily rather
than peak hourly flow. This point is especially significant in the case of
either small or combined systems.

The operation of existing plants is affected by variable flow. Plants
capable of handling daily average flow may be overloaded with respect to
hourly flows. Plants are typically designed on the basis of this daily average,
and as such do not meet the demands of the incoming waste. Temporary over-
loading has a deleterious impact on treatment efficlency and hence on receiving
waters. For instance, the efficiency of a biological unit in secondary plants
can be severely impaired by shock hydraulic loads. This is well established

in a number of existing plants where by-passes are incorporated around the
biological units.

Many advanced waste treatment schemes are adversely affected by
the flow variation. For example, the solids-contact process utilized for chemi-
cal precipitation of solids and phosphorus removal, is extremely sensitive to
a variable flow. A constant feed of chemicals would improve the efficiency of
precipitation and coagulation processes. Carbon adsorption is more effective
if hydraulic loadings are more uniform. With diurnal flow variation, design

and operation are rendered more costly, and some advanced treatment methods
become infeasible.

The central assumption underlying this session is that a potential
solution to these problems is equalization of wastewater flows and/or concen-
tration. Flow or concentration is said to be equalized if it is more or less con-
stant with time. Thus, in its simplest form, equalization is often conceived
to be attainable by use of a properly designed holding tank, from which waste-
water {s pumped to the treatment facilities at a constant rate. The actual situa-~
tion is complicated by the variation in flow from day-to-day. This operational
problem may be overcome by appropriate flow adjustment. A predictive model
for flow forecasting provides the best basis for adjustment. Failsafe design

of the facility is also advisable (i.e. provision for low level and high level
conditions) . '

Waste Generation Survey

1. Most important aspect of entire plant design

*By Michael J. Humenick, Jr.



Requirements
a) Flow and concentration as a function of time
b) Length of record should be statistically adequate

Data analysis
a) Statistical analysis. Plot a percent of time less than.

b) Periodicity of flow and concentration. In phase, out of phase,
or random fluctuations.

Design Decision

a) Flow equalization?

b) Concentration equalization?

c) Flow and concentration equalization?

Design Methods

A. Flow equalization

1'

Example: Small industrial waste problem
a) Waste generation - Figure

b) Mass Diagram - Figure

c) Physical Design - Figure

Example calculation for volume:

From the Mass Diagram, minimum volume required below and above

mid-day level is 13,000 and 11,000 gallons, respectively.
shape 15x15 feet = 225 sq ft. Working depth = 24,000 gal/ 225 sq ft x 7.48 = 14 ft.

Add 2 feet for minimum level and 2 feet for the distance from maximum
level to the safety overflow. Total depth = 18 feet.

2 L]
pal wastewater.

Example: Combined equalization and tertiary treatment of munici-

a) Use variable level equalization basin

b) Develop activated sludge with floating aerators.

c) Provide supplemental mixing to avoid solids deposition.
d) Basin is sized by Mass Diagram method as above.

Concentration Equalization, Flow relatively Constant.

A. Process to be modeled: Completely mixed tank. Deviation from com-
plete mixing yields poorer equalization. Thus, calculations based upon complete

mixing are optimistic.

] B

g _L
! i ; Fa T

¢, Ve, Cz

Choose a rectangular



i
B. Applicable Mass Balance:

Assumptions: Flows in and out are equal and constant (F =F),
volume V, is constant, concentration of component C is conservatwe ax%d
addative, and that the equalization basin is completely mixed.

Mass balance equation:

rate of accumulation = rate in - rate out
- 1
vV dc, _ FI' Ql, _Fz c, (1)
dt
or " ‘ - ’ ~ .
t dC2 _ C - CZ' where T’=l = const. (1a)
LN \:‘ ;dt. : F
To solve ‘Equation 1, various methods ‘may be used depending on the accuraéy
T ’*\ needed, the type of expression descrtbing C . and the avallablhty of computer
. Q -use. Several methods:follow.. 7
1. Analytical Expression for C., . Periodic, repeating functions such
' as sine or sawtooth functions may be represented by mathematical
expressions and allow exact solution of Equation 1. It is instruc-
tive to examine a simple case.
L Let “C~1 : C + kCl sin wt which i{s"an expresslon for C where
?'Cl“ is the mean value of C and C2 kC being the m1n1mum and maxtmum devxanon
‘from (-3- v W= 2rr/T where T period for one cycle of the sine function, and t = time.
- Solution of the dtfferential equatlon with boundary condittons C2 C- at
=0 which then yields: , . 5
C, _1+kTw e't/"t + k sin(wt-y) (2)
—_ 2 . ' 2 2,1/2
- (1 +22wd) @+ /
C
1
where -1 l 1
y=tan " w¥
Q i )
\9 After the transient portion of Equétion 2 has died out (t becomes large), a

regular output continues with C laggtng behtnd C . andhaving

‘amplitude
kC/(1+‘t )l/zthus, .




c, = 51 + kEl sin (wt-y) (3)
(1 +"&’2w2)1/2
and
C2 , max = 51 1+ k/(1 +?:2 2)1/2] (4)

Attached figures show the results of the above relationships for various values
of, k, and T.

2. Finite Difference Solutions Suitable for Desk Calculation.

If rather wide increments of time (say 10 minutes) are considered
as having the influent concentration remaining constant at some average value, the
solution of Reynolds, et al.(1) may be used. The equation to be solved is:

c, =c, - [ _e ey c, - e VX (s)
t+At t t
where:. )

C = basin concentration after addition of the increment of flow Q
2

t+At at concentration C1

t

C = {nput concentration averaged over At.

I

The solution simply involves a numberical evaluation of the integrated
form of the differential equation, Equation 5, of the differential material balance
for the system using actual data. The attached Figure illustrates the results of the
above method for selected values of Y.

Another method utilizing statistical analysis of data was developed by

Danckwerts and Sellers (2). The method is particularly useful if input concentration,
Cl . fluctuates rapidly and randomly. The equation to be determined by graphical

cg = 1 5 enr/t' R() * dr (6)
2 ¥ J,
01 |

integration is:

where
= the variance in output concentration O

2
%

2 —
9

the variance in input concentration
R{r)

the autocorrelation coefficient defined as:



e

O

R() = (G -C) + (C -Cp .
2 |

%

where the numerator is the average value taken over all values of t. To calculate
R(r) as a function of r, the following method is useful. )

a) Tabulate the Zflues of (C. - C.) at uniform intervals of time, At. Let
us call these values 1°99" etc., numbered in the order in which they occur.

b) Find the differences, D or (J; - é:;) ,

1’ of (Jl - e;rz) , the difference of D

and so on. Square each difference and add giving & D,

2

¢) Find the sum, Sl' of (Ji +g§ ); the sum, S

each sum and add the squares, giving T S .

2" of(Jz +J;), etc. Square

d) Then, 2

R = £8 - 5D (7)

ESZ + EDZ

r being equal, in this case to At.

e) Find the sums (J +J ) (@f + J), etc., and the differences
1 3 2 4
(Jl - ar3), (Jz -@(4) , etc. Repeat the above process for r = 2At.

f) Repeat for other values of r.

When R(r) has been found for a sufficient range of r, Equation 6 can be integrated
graphically or otherwise to give the ratio of the stand_atr/d deviations for any assigned
value of . The range of r must be such that R(r) * e ?becomes much less than
unity for the largest value of r. Use of the method has been illustrated by Wallace
(3), and the results of one such calculation are attached.

3. Computer Calculations. Actual past data may be used to evaluate the
effectiveness of.various detention petiods. .Equation 1 is converted to finite dif-
ferences:

AC2 = 1 [C1 - C2 ] At (8)
tat T t t :
The computer is programmed to calculate C:2 for a given time increment, At. Past

records are used as input for Cl' Concentration, C
culated by:

2 , at other times are simply cal-




c2 = C, + AC ‘ (9)
t+At “t t

where ACZ is obtained from the solution of Equation 8. Iteration is performed

by the computer and the output concentration is calculated as a function of time
for any input and detention period, E .

It should be emphasized that simple solution of Equation 8 can be

improved (error in the estimate of AC.) by several computer subroutines such as
the Runga -~ Kutta method or Euler's formulas.

Equalization of Flow and Concentration

If both flow and concentrations are to be equalized, the practical solution
becomes rather involved because of the complexities of calculation. However, with
the use of modern electronic computers, the problem is greatly simplified. Because
level continues to vary within the equalization basin, volume changes as a function
of changing influent rates. Thus the mass balance on the conservative material
requires that this factor be accounted for.

In the real case, influent will not usually follow a regular, analytical .
expression, and exact solutions to the output concentration as a function of time
would rarely be found. An answer to the problem is possible through the use of
many, finite difference calculations of the mass balance equations. An outline
follows.

1. From the record of past waste characteristics, size the equalization
basin based upon the Mass Diagram method discussed previously. Several other
basin volumes may be evaluated if outlet concentrations are calculated to be un-
acceptable.

2. Three equations are now used to calculate the outlet concentration
C,. They are: ’ ;

2
\Y4 =V + [F, = F ] at (10)
AL t 1 Lisat ,
ac, = [(Flcl)t LI (11)
t+AL -2 1t -2 2t
v v
t t
= <+ ’
and C2 C2 ACZ (12)

t+At t t+at — O



M E

Iterative calculations are performed on Equation 11 with new values of
V'determined from Equation 10 for each iteration. Again better estimates of AC
are obtained with the use of subroutlnes destgned to mlnimtze the calculatlon
error in C2 . N\ : o

t+at e L

Large Scale Plant Results of: Eguallzatlon ' e

o~ {

The attached Flgures show the results of a study (one of the very few)
by LaGrega and Keenan (4) .

*5'5
i

: i
T~ .
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TABLE 5
COMPARISON OF MEAN VALUES OF PRIMARY EFFLUEN'f'
PHASE I VERSUS PHASE 2

-VARIABLE PHASE | PHASE 2 95% CONFIDENCE INTERVAL
Mean  Std.Dev. Mean  Std.Dev. t W Lower (u 1-42) _Upper_
Biochemical Oxygen Demand* 209.6 113.2 184.9 325 1.00 34 -23.6 73.1
Biochemical Oxygen Demand (f)* 105.0 646  93.1 154 0.71 26 -20.7 44.5
Chemical Oxygen Demand 355.7 179.7 3375 90.3 0.54 71 47.3 83.7
Chemical Oxygen Demand (f) 226.9 111.2 214.7 41.2 0.52 71 -28.5 48.9
Total Organic Carbon 120.5 59.5 97.3 16.7 2.25 71 3.0 43.4
__Total Organic Carbon (f) . . - 82.8 38.2 - 66.4 124 2.45 71 33 295
Suspended Solids 1054 58.8 68.0 12.3 3.63 69 172 576
" Volatile Suspended Solids 926 492 605 128 369 69 150 49.2
Data from diurnal sampling program. t - Student’s t - statistic
values weighted with flow. v - Degrees of freedom
f - Analyses performed on
® Regressed values omitted. filtered aliquots



TABLE 6
EFFECT ON PRIMARY TREATMENT
COEFFICIENT OF VARIATION FOR PRIMARY EFFLUENT

VARIABLE ' DIURNAL DAILY
Phase | Phase 2 Phase | Phase 2

Biochemical Oxygen Demand® 540 17.5 35.6 32.7
Biochexr;ical Oxygen Der;land (H)* © 61.5 | 16.5 45.4 40.6
Chemical Oxygen Demand ‘ | 50.5 26.7 29.3 25.1
Chemical Oxygen Demand (f) 49.4 19.1 28.2 39.0
Total Organic Carbon ) 493 17.2. 241 211
Total Organic Carbon (f) 46.0 |  18.6 25.9 48.2
Suspénded Solids | 592,  118.1 441 19.0
Volatile Suspended Splids 60.6 \ | 21.1 39.6 19.6

Y ) i Iy .

-

Coefficient of variation = (mean -+ standard deviation) x 100

* Regressed values omitted.







Exaumple Problem

Given the followiﬁg information, design an activated sludge system that will

yield:

1. ' An average effluent soluble BOD. = 15 mg/l
2. A maximum effluent soluble BODS = 25 mg/l

3. An average effluent suspended solids = 30 mg/l at 85 percent vola-

tile content

Kinetic Parameters

1.

Activated sludge reaction rate based on Bons[
k = 13.11/day at 20°C

Sludge synthesis coefficient
a = 0.55 kg VSS/kg BOD removed

Sludge auto-oxidation coefficient
b = 0.20 kg VSS/day/kg MLVSS

Oxygen Utilization Coefficient ' . S
a' = 0.40 kg 0,/kg BOD removed o

Endogenous oxygen utilization rate
b' = 0.28 kg Oz/day/kg MLVSS

Temperature‘Coefficient
] = 1.03 for BOD reaction rate correction SR
= 1,028 for oxygen transfer efficiency correction’ for:vrchanical
surface aeration ‘
Manufacturer's Rated Oxygen:transfer. efficiency

NO 1.45 kg Ozlhp-hr o \‘—; ‘

n

(3.2 1b 0,/hp-hr)

Oxygen transfer coefficient
a = 0.75

. .
. \
. . -
;
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9. Saturation Coeffigient
B = 0.98
Design Conditioms
1. Total wastewater flow
Q = 18,925 m3/day (5 mgd)
2. Iufluent waste temperature
Summer T, = 40°C (104°F)
Winter T, = 38.9°C (102°F)
3. Average extreme ambient temperatures
Summer Ta = 29.4°C (85°F)
Winter T = = 10.6°C (51°F)
4., Wastewater total BOD5
Influent So = 690 mg/l
5. Wastewater suspended solids
Influent Xo = < 10 mg/l
6. Influent Nitrogen
Total Kjeldahl N = 50 mg/l
7. Influent Phosphorus
Total P = 20 mg/l
Design of Aeration Basin Based on Winter Conditions
1. Calculate Kilograms BOD to be Removed per day (average) o
. /4_//‘ T) "."_L’//"ﬁ;
S_ = (690 - 15) (18.925) (bag~15) (F N6V ) 80" o
g & o
= 12,774 kg BOD/day 2 u’) /J— 702 '}3/0’0\‘7
2. Estimate Horsepower Requirements
hp = (12,774 kg BOD/day)/(20.4 kg BOD removed/hp-day)
- y I
. A 9 s /oy 2y
= 626 hp 29, J 472 A0l AU
SETE DO T pewoven [ e
3. Compute Vinter Temperature of Aeration Basin ! [

(T;-T,) (1 K-cal/kg~°"C)(Q) (T,-T,) (1134 K-cal/hp-hr-°C) (np)

(38.9-1 ) (1) (787,980) = (T _-10.6) (1134) (626)
— - - -] : ]
(3-35(7 - /0J> (')(j /’:’ (?7:’ >3|7&>J = C—:}..-— -

b s ﬁ .‘
s

-

-y . /
s -~ i
~ ; il r/c FARr s
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.
P,

4.

- . 5

O )

6.

mg/l.
of 30 ng/l.

T = 25.4° .. L . .0
w . .

Therefore, use. TT = 126°C

I e

Correct Reactiqn Rate Coefficient EB winter Conditions

T-20 . ,

Kp = kyyf ‘

26-20

(13111), (1.03)

A S
|

15.65 day'-1 N

* K T

. Compute ‘Detention Time in Basin Based Upon BOD Removal and Sludge Settle-—

ablllty for BOD Removal e \ st

s_ -'-(s s J ‘/kx s, ,

690 (690-15)/(15 65) (3000) (15)

n

t

= 0. 66 days

= 15.8 hr

Assume optimum F/M for sludge settléébiiigiﬁié 0.6}(5ee~?igure 6) -

t o= 5, QO/X, (N e

- - I

= (690) (24) /(3000) (o 6)

= 9.2 hr - Use 15 8 hr

te

Compute F/M for Design Detention T1me

Since BOD removal controls, use t = 15.8 hr

F/M

(690)(24)/(3000)(15.8)

0.35 .

Assume this F/M will generate a de51f;bie effiuen£ susbended solids of 28
This value is less than.the design average- effluent suspended solids value
Figure 6 presents’ the type of correlatlon needed to make this design

assumption. . T

7.

Compute Basin Volume

vV = Qt
(18,925) (0.66) me> (0 &")

12,491 w0 (3.3 mil gal)

17




8.

9.

10.

11'

12,

18

S|
Compute Biodegradable Portion of MLVSS <f>
2
] aSr + va -4J<;Sr + bXV) - 4va(O.77 aSr)
x 2b X
v
= 0.5
where:
3 (/ )~ h;)‘ pig 8 3Lk
as_ = (0.55)(18,925) (690-15)/1000 (O'SQ(W”’/G D)0 15) i EY
= 7026 kg/day /5’) _}.5} '
O ey hoin 34l
bX, = (0.2)(12,491)(3000)/1000 012 (23 [0§) 3992 ™y Fr 3 7
= 7495 kg/day /6,373
Tors fueaT
Compute Maximum Allowable -Effiuent Total BOD

Knowing maximum allowable effluent soluble BOD is 25 mg/l

kS, = S_(5,-5.)/Xt
s 2~ 25 s, = (15.65)(25)(3000)(0.66)
s, = 890 mg/1

]

Equalization requirements should be designed accordingly

Compute Summer Averapge Operating Temperature

(Ti_Tw)(l K-cal/kg-°C) (Q) (Tw-Ta)(1134 K~cal/hp-hr-°C) (hp)

(40—Tw)(l)(787,980) (Tw-29.4)(1134)(626)

- o
Tw 34°C
Compute Summer BODg Reaction Rate Coefficient, K
Summer Temperature = 34°C
T _ T-20
K = kzoe

= (13.11) (1.03)34720

= 19.81/mg~-day

Compute Summer Efflueunt BOD based on Maximum Influent BODR_A

- 2,
se = s0 /(oo + kxvt)



- ' 19°

= (890)2/[890 + (19.8) (3000) (0.66) ]

Q) .

Compute Oxygen and Horsepower Based on Summer Conditions and Maximum Influent
BOD5 from Equalization

i
20 mg/1 TP

l. Compute Oxygen Requirements -

a

2

kg 02/day ‘\/ R

K
f -
“ 4
//

” ,\- 5- i%>y(;/7”“ T
- (0.4) (890-20) (18, 925)/1000 + (0 8)(0 5)(3000)(
.<L<'/‘7 - :/\,;

7L 071 ,U/J.AC

(o} [4
| 08¢ 15/,
Compute Actual Oxygen Transfer Efficiency, N

U

\.-

v
1 LA )

. ﬂ
r

it

6586 + 5246

1t

493 kg/hr

Using conventional transfer rates of low speed aerators,

Assume No = 1.45 kg 02/hp-hr (3 7 b ’L/r r C ,

T-20

‘ . N No[‘gcs-cL)/CZO] 8.

-
IRy )

1.45[(0.98) (7.2) - (2.0)/9.1](1, 028)3"“20

@

(0. 75)

,
]

0.88 Lg o] /hp—hr

Compute Horsepower Requirements'

hp kg 0 /day required/N (24)

LG \qOﬁ/;,

]

11,832/(0.88) (24)

/n

= 560 hp .. checks with assumed hp level 'H

Power Level Check

PL = hp/V -

560/12 491

. Compute Excess Sludge Production Based on Summer Condltions and Average Influent

BOD5

1. Compute Summer Effluent Soluble BODg Based on Average Influent Total BOD

Q

o S =

2
o so /so + k Xt

) 1/7 . 4 l""":.) ¥ix
933‘} \J~,J i

03B K Jote

4.8 hp/1000 u ' AL AT

LI

-

— £

,491) /1000




2. Compute Exvi g Sludge Production

AX
v

=

20
(690)2/(630) + (19.8)(3000) (0. 66)

12 ng/l

Xo + aSr - bx X i fe , .: 3ﬁ7;> 3‘31_

Al;l‘( '7/ ’:',-"Jlx"_\_'u'zn\?'b/ 2 ")‘)/ i
)
0 + (0. 5))(690~1?)(18 925)/1000 -~ (0.2) (0.5) (3000) (12,491) /1000

..l_,‘r',"
-~ "

- (30) (18, ézs)/lboom 85) 158D = g — HOET
6230 % /'(1‘@,/,

\

s

0 + 7057 - 3747 - 483

2827 kg/day

At 83 percog volatile

8X

=

=it

Compute Nutrien.

i . .
1. Compute Wi: ¢oy Nutrient Requirements

AX
v

Nitrogen:

Requirements Based on Average BOD5 Removal

2827/0.85

3325 kg/day A P

?
-— f/ ~ _‘,_,/
;

A

!-ll

Nrequired -

inf

Therefore,

M

X + aS - be - X

' '
’ ,' vy LA .
’7.'(“'\‘ )"( A I" ~ e TP \'J 4

7’

~

N N e - . -
ape o~ —_— N e /1,\,‘"‘,,\ ".' . , —
1ol

-~ -

g

0 + (O 55)(690—15)(18 925)/1000 - (0.2)(0.5) (3000) (12, 491)/1000

.
/__,.‘:‘L'

- (30)(18 925) /1000 (0. 85) A Bl = d2T T~ 5l
7026 - 3747 - 483 L0 5//‘}

2796 kg/day ‘

0.123 x4X /0.77 + [0.07(0.77-x)/0.77] bX,

(0123) (0.5)(2796) /0.77 + [0.07(0.77-0.5)/0.77] 2796
223 + 69

292 kg/day required

(50) (1.8,925) /1000

946 kg/day

~itrogen addition is not required. Will have 634 kg/day (35 mg/l)

nitrogen leavin,

activated sludge system.

%



<:> Phosphorus: T T I L S VIR TR S S TE S
/.

P = 0.026 xAxv/0.7l:+:£p;0;§0.Z7éx)/03?73fdxdlwY:g“y_jgpgwfg 2L

B S (01026) (0.5)(27196) /0177 + [0.01(0.77:0.5) /0.771 2796 1,
= 47 + 10 ’ ‘ . 'HW\I + i
= 57 kg/ddy .required o »

P

it

ing = (20)(18,925) /1000 et

= 379 kg/day

Therefore, phosphorus addition is notirequifgg.ﬂ,

2. Compute Summer Nutrient Requirements

'

aX, = 2827 kg/day : T

: g . . . . . . . P
~.. -, Nitrogenm:., .. . .. ¢ e L - AR

I’

N =;10.123(0.5)cggzz)Jo.zz;+3[0.07(0;7#;0.5)/o:77]¢2827D~§JA)»

(:> . o =::295.kgfday.; . <
. Noof =A¢946<kg/d§y

Therefore, nitrogen.addition is not required.

!

Phosphorus:. . ., ot

P = /0.026(0.5)(2827)/0.77 + [0.01(0.77-0.5)/0,27] 2827

- . = 58 kgMay oo o o T
Do B O T AN SN S SRS P LT e :
Therefore, phosphorus addition is not required., . "+ =% t:7r 77 “5or o

Compute Summer and Winter Sludge-Age ..:- ... (-~ W0 bl o
1. Summer Sludge Age. RS S P

e _”\” '».'. ThL
G = —_— = 0.;5'@8}75 10 CJ“‘”L/.S A

2. Winter Sludge Age

0
(7]
[}
5
<
1}
o
b,
0
K
0
Y
5
o
<
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pesign Final Clarifier for Maximum Operating MLVSS <i>

1. Compute Overflow Rate for MLSS of 3500 mg/l

For a MLSS level of 3500 mg/l, assume the zone settling velocity, ZSV, is
1.04 m/hr (3.4 ft/hr) from a correlation such as that presented in Figure 4.

O.R. = (1.04 w/hr)(0.7)(24) 7o

3 2 jovol e /iﬂééift
= 17.5 m”/day/m™ . J.fny

v
2. Compute Area for Clarification

A

fi

Q/OR

18,925 m3/day/l7.5 m3/day/m2

1081 m2

3. .Compute Sludge Recycle Rate, r

Assume a desired sludge concentration of 12,800 mg/l from the final clarifier.

R(12,800) /1000 + EXCESS SLUDGE + EFFLUENT SOLIDS = (Q+R)(3500)/1000
R(12.8 - 3.5) = 66,238 - 3325 - 507 O
9.3 R = 62,346

R = 6703 m3/day

100 (R/Q) 35.4 percent

§.
.

Compute Area for Thickening

Choose design solids flux rate for a desired undegflow concentration of
12,800 mg/1l. Assume solids flux rate equals 73.2 kg/m“/day from a correlation
such as that presented in Figure 5. 93,1 & . o

A i

A = (Q+ R)(MLSS max)/(solids flux)(1000) O A SO

(18,925 + 6703) (3500)/(73.2) (1000)

1225 m2

Since area for thickening is greater than area for clarification, thickening con-~
trols. Therefore, use area of 1225 w*.

5. Compute Clarifier Diameter

ad” Q;Q

A= =
d = (1225/0.785)%/2

40 m



)

Final Effluent Quality

\

From a correlation such as that presented in Figure 7, assume 0.4 mg BOD/

mg VSS for a sludge age of 0.5 days.
Average effluent suspended solids
Average effluent VSS
Total effluent suspended solids
Total effluent VSS
BOD content of VSS

Total effluent BOD average

Total eifluent BOD maximum

It should be noted that the maximum BOD considers thaé the maximum soluble BOD
and the maximum effluent suspended solids will occur at the same time which is

unlikely.

"

30 mg/1

25.5 mg/l

50 mg/l

42.5 mg/l

0.4 mg BOD/mg VSS
15 + 0.4 (25.5)
25 mg/l

25 + 0.4 (42.5)

42 mg/l

Summary Process Design Table

Activated Sludge
F/M (kg BOD/day/kg MLVSS)
Detention Time (days)
Rasin Volume (m3)
:Depth (m)
MLVSS (mg/1)
MLSS (mg/l) @ 85 percent volatile
Oxygen Requirements (kg/day)
Power Requirements (hp)
Power Level (hp/1000 m3)
Basin Temperature

Sumper, Tw

Winter, T
W

= 0.35
- 0.66
= 12,491
= 3.66

= 3000
= 3500

= 11,832
= 560

= 44.8

= 35.5°C

= 25.5°C

23




Oxygen Transfer, N (kg 0,/hp-hr)
Nutrient Requirements
Nitrogen (kg/day)
Phosphorus (kg/day)
Secondary Clarifier
Overflow Rate (m3/day/m2)
Surface Area (mz)
Diameter (m)
Water Depth Above Cone (mf
Excess Secondary Sludge (kg/day)
Volatile Content (%)
Underflow Concentration (%)
Underflow Quantity (m3/day)
Recycle Ratio (%)

Recycle Flow (m3/day)

24

0.88

O

292

57

17.5
1081
40
4.27
3325
85
1.28
261

35.4 O

6703

»
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DEMANDA O"U\’ll(‘ DIE OXIGENO (D.O.0.)

1.1 QGeneralidades.

ista prueba se¢ usa exiensamente para detcrminar 1a
capacidad de polucion del agua negra y, sobie todo, de los de-
scchos industriales, Se basa en el hecho de que practicamente
todos los compucstos orginicos sc oxidan para prodacic GOy v
HsO  pox la accion de ox1dam05 fuertes, bajo condiciones aci -
das,

Desde luego csta reaccitn no depende de que los --
conmpuesios sean asimilavles mo}éf; camente o nd, Por cjeaaplo
la glucosa y la lignina se oxida comwletamente. Por lo k(mLo -

los valores de la DQO son en gcnpfal maycies que los de la -
D.B.O.

La prueba de la D.Q.0. no diferencia enire la mat
ria oxidable bioldgicamente y la matevia orgédnica incric, ni es
tablecce la rapidez coan que el material bioldgicamontc activo es

estabilizado bajo condiciones que existen cen la naluraicza

[.a prucha det D’)O sc efectGa sblo en 3 ks, o me-
nos comparada con 5 dias que regquiere la D.B.O. -

1.2 Acentes Oxidanies.
O

Permanganatc de potasio - da resultados menores que -
D.B.O. (5 dias).

Suliato Cérico,

- Iodato de potasio,

Dicromato de Potasio.

Esie Gltimo cs of mids efrcdvo cn la oxidacidon de o -
inaieria organica, l.a soluciOn ticne que ser altamenie acida vy
cstar a clevada temperatora phra que la oxidacion sca comple-

0. Deben usarsce &,on(f—nua(lcne de veilajo pava ovitar pérdiia

dC materia orginica volatil,

Algunos compuestos otrgdnicos, entre ellos, el dcido acé
tico y los acidos gwasos, se oxidan por el dicromato sdlo en
presencia de un cataiizador {tolies G0 plala).

~







\ 2.

lLos compucstos aromdticos y la piridina no sc oxidan
cn minguna circunstancia,

1.3 Quimica dc la oxidacién por cl dicromato de potasio,

l.a rcaccion de oxidacion se efcctiia como siguc:
(CHO) + (Cry05) = + HF 2(Cr)3T + COgy + 1150
Sc usa dicromaio de grado analitico, sccado a L03°C.

Se recomicnda una normalidad 0,25 N para Ja solucion
de dicromato, Como una solucion 0.25 N dec oxigeno ¢s cquiva-

lente a 0.25 x 8§ pr = 2 gt = 2 mgr de oxigeno, 1 ml. de
la solucidn 1t 1t ml

0.25 N dc dicromato representard 2 mgr. de oxige
no.

J.4 Proceso estdndar para encontrar la DQO por el mctodo del
dicromato de potasio.
1.4.1 Procecso cn general.

La determinacion de la D.Q.0. sc¢ hacc agragau
do a la mucstra dicromato en cxccso, Una cierta cantidad cs con
sumida por la matecia oxidable presente en Ja mucsiva, peginanc
ciendo un exceso en solucion. il exceso se derermina usando un
agente reductor, normalmente ion ferrvoso (Fet+). l.a diferencia -
entre el dicromato agregado y el remancnte c¢s el dicromato con-
sumido., l.a reaccidn que tiene lugar es como siguc:.

. — - + -
6Fett . (Cro07) = , L4t gred T 205 711,0
Como fuente de joncs IFe'™ se usa sullato ferroso de aino
nio (SFA). Como las solucioncs dc Fett se osidan ficilmente, c©s
tas soluciones se deben estandarizar cada vez que se usen, lo --
que se pucde haccr con solucidn de dicromato 0,25 N,

Indicador, - Para detecrminar ¢l momento cn que la oxidacion de
l[a matcria orginica termina, se¢ usa Fervorn (1,10 fepantirolina mo

nohidratada). Il cambio do color es del vevde awel al cafe cucio.

1.4,2 T.amitaciones,

Sc pucde cuantificar la porcion cavbonosa de los com
pucstos de nitrégeno, pexo no hay rcduccion cn el dicromato por amo-
niaco del desecho o por el liberado de materias prowéicas (excepto en
presencia de cloruros).

-
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J.

lLos commucstos de cadoena abjierta se oxidan mis -
facilmeute si sc agregn sulfato de plata, pero los cloruvoes, Thoriros
o ioduvos reaccicunan con &l para produciy precipitados que se oxidan
sOlo paircialimente,

los catalizadoices (sulfato de Ag) no ayudan a o ox:
Tever

dacion dc los hidvocarburos aromaticos, pero si a la de los alcoholes
y dcidos de cadena abicrta,

Lu presencia de amonia~o, aminas 0 de matcia ni-
trogenada, se pueden presentar ciclicamente durante ¢l proceso Cl o
CI a través de Ja formacion de cloraminas, 131 proceso dura por va-
rias horas de digestion, si no hay caializador.

Como a bajas ND.Q.0. la prescencia de cloruvos afcc
ta méas los resultados, ¢l método se puede aplicar a 1.Q.0. mayores
quc 50 p.p.m. Para aguas con D.Q.0. menores & 25 p.p. m. los re -
sultados pueden indicar solo un ordzan de magnitud,

1.4.3. Intericrencia por cloruros,

Cuando no sc usa sulfato de Ag como catalizador, -
los clotruros prescntes se¢oxidan por el dicromato, de manera que se
debe aplicat una correccidn, Sc determina el contenido ac cloturos -
en una muestra separada y se deduce el consuimo de oxigeno del resul
tado obtenido: -

1 g Cl cquivalena 0.23 g  oxigeno
It (35.5) T (8.0)

En efecto:

35.5 Cl =8 .+ 101 = 8 = 0,23 Ox.-

I T g5E

Cuando se usc catalizador no se pucde aplicar la co
rreccidn, desde luego.

1.4.4 Muesireo y almacenamiento,

SEexasle inateria inestible, lac inuosiras o0 aohoe -
CadMina v inmediatamente, Siotienen sohidos scdihineniabies debon sev
homogencizadas cuidadosamente. 1Debe procu ravse evitar pequeios vo
limencs de muestra (Jo que sucederia si la D.0Q.0. ¢s alia); en este -
caso se haran diluciones en matraces aforados y se realizaca la pruce
ba c¢n Ja dilucion que d¢ mcjores resultados con el método como se verd

mas adclance,

1.4.5 Proccso on deialle.,
1.4.5.1 Anaratos.




Matraz esfCrico con cuclio cemeriiado, (20/149),
cap. 300 ml), y refrigerante de Priedrichs,

1.4.5,2 l__:x_u__uvm

i Sol. valorada de 1\ZCJ O-, 0.z50N.

Cantidad nccesaria de la sal:

3+ : . .

Como (CT2 07) = - 2Cr , hay un cambio de valcncia de G.

K=-239.102x2=78. 204
Cr-51.926x2=103.992

0-16.000x7= 112,000
s PoM,

it
\C
Hes
El
G\‘

Sol. IN = 294,196 = 49.1 gr . 0.25N=12,259 ¢or

.—-._-..7

6 It I

El dicromato sc seca a 103°C durante 2 hus, y
luego sc diluye a 1000 ml.

2- Acido sulilivico concentrado.
3- Sol. valovada dc Fe (Nily) o (SO4) 2 61—»}20, 0.25 N. (SFA).

Preparacion,
a) 98 gr. suliato ferroso amoniacal se disuelven ciu agua des
tilada. n
b) Se agregan 20 ml de 11,50, cmwnuado
c) Scenlria yscdiluyca 1000 c.cC.

Ista solucidén sc dehe titular cl dia que se vaya a urilizar,

Tiwlacion, -~ A 25 ml de solucion valorada de bicromato diluida a -
7250 ml. se lc aglegan 20 ml de L;/SQA y sc deja enfriar.

Sc titula con sulfaro feiroso amonjac 11 usando 2 o 3 gotas dc IFerroin

cOmo ndicador,

Novialidad = ml KQ(‘FPO-] x 0,25 _ Vire

s Verde a caie, -

inl lc,(NHl) o(S04)y

1.4.5.3 Pasos.

1o.-50 ml inucsira o parie alicuota diluida a 50 ml, -




20, - 25 mi, sol, val, dicromato,

30.- 75 mll. 115504 conc, - Verter cujdadosamente y inczelando,
do.- Sc fija el condensador y sc somcie a reflujo por 2 hs,

oua destiiada,

o

S0, - Sc deja enfriav y se lava con 25 ml. de a

60.- Sc pasa el contenido a un matraz Erlenmeyer de 500 1al,
70, - Se lava ¢l matraz esfCrico 4 0 5 veees con agua destilada,

vertiendo cada vez en el Erlenmeyer, y sc diluye en éste
a 350 ml,

§o. - Sc deja cufriar a la temperatura ambicente,
90.- Se titula con SFFA, agircegando 3 gotas de Fervoin. -

1.4.5.4. Testigo.

Sce hacen las mismas opcraciones con 5O ml, de -
agua destilada,

1.4.5.5 Catalizador.

Cuando sc¢ use catalizador, se agrega directamente
a la mezcla, antes del reflujo, 1 gr. de Ag,SO,.

1.4.5.6 Calculo v deduccién de la formuls utilizada,

L.a [6rmula es:

(&)

D.Q.0. =(a-h)cx 8000 - d, en que
it ml muesira

me;

a=ml Fe(Nl-l4)2(SO4)2 usados para el testigo.

m" " " 1B}

b = la mucstra.

¢ = novmalidad dcl FC(NIL})?(SO‘}) 2.

d 7 Cod receion por cloruos = g it de G - x4, 23,
Deduccion de la formuala: -

Sabemos que ¢l peso de una substancic A expresada como B estd dada
por:

v

PA/B=PA/A  PLELB.

o, Ay,

o, e
vy

N
~
N



PA/B = peso de A como B, gr,:
PA/A = peso de A como A, .gr.,: .

P12, = pcso de un: cqu1valemc - g.;r"mo g, -
: ‘. " 4 » ity
Ademas, el numero de cquwmcntcs— gramo que reacs
cionan es: R I _ " ‘

PO ' I

‘I\A VA NB \’o ‘ ' a0 (2, en que

N= normalidad (de ‘A 6B), No. dc P, 1.

V= volumen (de A o B), It -

Por lo tanto el peso de A como A cxprcsado cn gramo
es:
) J 7 A .
PA/A = NaVA p g, .
A .
cl-cual sustituido en (1), conduce a:

l-’/\/B = NAVA_ PEA P.:E.’,L); = Nx’z\,:‘& Ap”iE:;B’ .
} <
Si llamamos Kp/B = a la concentracidn c;é\ A expresada como B en -
gr , tendrémos _ T o

T '

Pasm = Kasp = NaVA p g
VM ' VM

donde \M €s el volumen de la muestea, en lt.

Por lo tanto, la concentracidén en mgr  sera
1t \

KA/B = NpAVA P.E.; x 1000

e donde Vi vy Vi denen fas mismas anidades, W6 ml poc eieinplo,

En nuestro caso tendremos, de acuerdo con ¢l esquema:




a-b = difcrencia entre los volumences de sulfato ferroso amomacal concuinido
cn el testigo y la mucstra.

a-b = contenido veal de matevia orgénica en la muestira,

a-b= cantidad recal dc dicromato consumida por la materia organica de Ja -
nucstra,

a-b = cantidad de sulfato ferroso amoniacal consumido cn la titalac,6n,

a-b= cantidad dc oxigeno que representa el contenido real de matceria orgl -
nica en la muestra.

Considerando las dos Gltimas expresiones y la formula (4), sc iva
ta de expresar la cantidad de suliato ferroso amoniacal (A) COmMO OXyECno
(B). Por tanto :

I\’A/B:D.Q.O.; C

D.Q.0. =Ny (a-b) 8000

VM
Como la correccidn por clovuros, 1D, es sustractiva, y hacicudo -
C =NA , la expresién queda en la forma presentada en los Métodos Estan -
dar :
D.Q.0. = (a-b)x 8000 _ 4 -
VM

O
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LAND DISPOSAL OF SLUDGE*

Disgosal of wastewater sludges on land is practiced in many areas. In some cases
the land serves as a dumping ground for sludges, while in other instances the sludge is
applied to and mixed with the soil as a fertilizer or soil conditioner. The organic matter
as well as the inorganic nutrient in sludge is beneficial to the soil. Common dumping
grounds for liquid and dewatered sludges include abandoned mines, quarries and lagoons
and sanitary landfills.

The application of liquid sludges to the land results in a number of benefits. The
sludge need not be dewatered. The savings gained by eliminating the conditioning and
dewatering of the sludges should be compared to the additional cost for transporting the
water associated with the sludge. However this water is a source of irrigation water
for the soil. An additional advantage is an increase in the removal of nutrients (itrogen
and phosphorus)from the wastewater during treatment. These nutrients which are
associated withithe sludges are released when the sludge is processed and the nutrients
are returned to the treatment plant. Some of the reported data indicate that 100 percent
of the nitrogen and about 4 percent of the phosph'orus in the sludge are released during
wet oxidation of the sludge. Some of the reported data for application of digested sludges
to land are summarized in Table I.

Liquid sludges have also been used to develop and improve low grade soils such
as dredged sand. The sludges are most commonly transported by truck although in

some cases pipélines have been used.

TABLE I
LAND APPLICATION OF DIGESTED SLUDGE

Type of Sludge Solids Content Approximate Loading Reference

(percent) ' * (Kg/Ha-~-year)
Digested primary and
activated sludges ' 4.0 " ’ 5600 (2)
Digested Primary sludge 6.5 ' 22,400 to (4)

224,000

*Joseph F. Malina, Jr.

Digested Primary sludge 4.1 6720 () l
|
|
|

|



TABLE I (cont)

Type of Sludge Solids Content Approximate Loading Reference
(percent) (Kg/Ha-year)

Digested primary and
activated sludges - 4500 (5)

Digested primary and
activated sludges 6.0 136, 600 (4)

The liquid sludge should be applied at such a rate so that there is no possibility of
pollution of ground water or streams.

A variety of crops have been grown in soils on which sludge was applied. The growth
characteristics and crop yields compared favorably with the crops grown in soils which
received the equivalent amount of chemical fertilizer. Sludge is not generally applied to
crops which are intended for human consumption m the xi‘aw form.

The cost of land disposal was compared with various sludge treatment processes
used by the Metropolitan Sanitary District of Greater Chicago, These data are summarized

in Table II. The estimated cost for land disposal will be the basis for the comparison.

TABLE I
COST COMPARISON
Method ' ' Relative Cost

Digestion and liquid application to ‘ per kg
land (distance to site 80 km) | 1.0
Drying and Sale as Fertilizer ' ‘ 3.0
Digestion and Lagooning 3.26

Wet Oxidation 3.33
Dewatering and Incineration ' 3.8

The relative costs of sludge disposal by various methods were evaluated by Riddell
and Cormack (1966).' These costs were based on distance to disposal site for various
populations. The methods of sludge disposal which were considered are listed below.

1. Application of liquid sludge on the land by tank truck includes thickening
and digestion. Hauling the sludge by tank truck was used for the city of
10, 000 people and transportation by pipelines was used for larger populations.

2. Dewatered sludge to landfill includes thickening, digestion vacuum filtration
and trucking to the disposal site.
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3. Incineration and ash disposal in a landfill includes thickening, digestior. vacuum
filtration, incineration, and trucking the ash to the disposal site.

4, Fertlizer production includes thickening, digestion, vacuum filtration, heat
drying, and sale at U.S. $5. 00 per ton.

The following sludge characteristics and design values were used:

1. Percapitasolids coniribution = 0. 2 1b/day.

2. Volatile content of raw sludge = 75 percent.

3. Thickener loading = 15 lb/sq ft /day.

4. Solids concentration after thickening = 5 percent.

5. Digestion time = 15 days.

6. Reduction of volatiles in digestion = 50 percent.

7. Digested sludge suspended solids concentration = 3.5 percent.
8. Conditicning chemical requirement = 15 percent.

9. Filter Yield = 3 1b/sq ft/hr.

10. Filter cake moisture = 75 percent.
11. Dried sludge moisture = 6 percent.

Spreading of liquid sludge on land is the most economical method of disposing of sludge
equivalent to that prcdu‘ced by a city of 100, 000 péople or less when disposal sites are
available within 25 miles. For dispesal of siudge equivalent to that produced by a city of
a million people. the limiting distance is extended to 90lmi1es. For small installations,
dewatering of sludge prior to disposal is necessary for economical operation when the
disposal site is over about 30 miles from the treatment plant. Incineration and fertilizer

production are feasible only in very large installations, and then only when the disposal

t
i) '

site is over about 100 miles away.
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ULTRAHIGH RATE FILTRATION OF MUNICIPAL WASTEWATER
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Introduction

Filtration with sand or other granular media has been used for the removal of
suspended solids from wastewater in tertiary treatment systems following biolog-
ical processes or chemical coagulation and sedimentation. However, the use

Q of ultrahigh rate in-depth multilayered filtration also has great potential for
application to the treatment of raw wastewater. Investigations by Tchobanoglous
(1) on multilayer filtration indicated that with the proper selection of material
and loading conditions the entire depth of the filter can be employed in the fil-
tration process, thus effecting a more efficient use of the filter. Frank (2) and
Donovan (3) have demonstrated the feasibility of using high rate in-depth dual
media filtration for the efficient removal of suspended solids at concentrations
normally encountered 1n municipal wastewater.

The removal of suspended or colloidal material from water by filtration 1s
accomplished by one of a number of mechanisms which may be generally classi-
fied as straining or transport-attachment. The multiplicity of filtration studies
and the variety of conditions specific to each study have addressed the large
number of potential filtration mechanisms (4,5,6,7,8,9). However, the physi-
cal and chemical complexities of the filtration process have defied for years the
effective theoretical characterization. Numerous mathematical models have
been developed to describe filter performance under controlled laboratory condi-
tions, but none of these models are applicable to the design of filters.

The highly unpredictable nature of municipal wastewater complicates the devel-
opment of a valid design model further. The direct adaptation of water filtration
models was impossible. However, the models do present the relative signifi-

Q cance of the numerous variables and provide a starting point for the design of a
filter.

59
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The objective of this paper is the evaluation of a multilayered filtration system
for the 1n-depth removal of suspended solids from untreated municipal waste=-

water at ultrahigh flow rates., Pilot-scale multimedia filters were operated using
municipal wastewater.

Filtration System

A schematic diagram of the filtration system is presented in Figure 1. The head
loss in the filters was monitored by means of manometers connected to the fil-
ters. The filter design embodied two important considerations: a) the determi-
nation of reasonable flow conditions which would permit simple sampling tech-
niques; and b) the versatility necessary to cope with unpredictable operations
conditions. The columns were constructed of 1/8-inch steel plate bent into a
channel resulting in a cross-sectional area of 0.1 square feet. The sides of
the channel were flared at the open face to permit fastening of a 1/2-inch trans-
parent plexiglas face plate which was held in place by C clamps and sealed by
a 1/8-inch rubber gasket material coated with silicone lubricant. The top and
bottom of the channel were also flared to permit attachment of the removable
cover plate and the flow dispersing chamber. The medium in the dispersing
chamber consisted of: a) a 3/4-inch pipe inlet deflected by a 1.5-inch diameter
cone; b) a 3-inch layer of marbles; c) a 1-inch layer of 1/4-inch gravel; d) a
l1-inch layer of 1/8-inch gravel; e) a 2-inch layer of 2 mm garnet. Sample taps
consisting of 1/8-inch nipples were secured in the rear wall with epoxy at a
spacing of 1.0-inch on center. Serum caps covered the ports, and permitted
the use of No. 18 sampling needles to monitor the chamber pressure. The fil-
ters were operated at flow rates of 10, 20, and 30 gallons per minute per square
feet (gpm/sq ft). A detailed discussion of the experimental equipment and the
characterization of the filter media are presented elsewhere (10).

’ SCREEN
SIPHON
RAW SEWAGE
CHANNEL

CONSTANT LEVEL OVERFLOW

STORAGE TANK
——a

foal [

MULTI LAYERED
# FILTERS

P
PUMP ‘ & é
-——b‘
PREFILTER STORAGE
TANK J FLOW CONTROLLERS

FIG. 1
Flow Diagram for Wastewater Filtration
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The characteristics of the filter media used are presented in Table 1, and the
three filter designs are summarized 1n Table 2. The nonuniformity coefficient
was defined as the ratio of the 60 percentile size seive to the ten percentile

size.

TABLE 1

Characteristics of Filter Media

Mean
Diameter

Material Sphericity (MM) Specific Gravity
PVC Pellets 0.50 4.4 1.20
Anthracite Coal 0.73 1.85 1.68
Silica Sand 0.96 0.77 2.65
Garnet Sand 0.78 0.49 4.08

TABLE 2
Filter Design
Depth Non-Uniformity

Media {inches) Coefficient
PVC 8 1.07 1.07: 1.07
Coal 5 1.07 1.15 . 1.45
Sand 3 1.07 1.22 ‘ 1.39
Garnet 2 1.13 1.13  1.13
Media Inter-mixing None Intermediate Intense

The experimental work was performed at the Govalle Wastewater Treaiment
Plant in Austin, Texas. The wastewater used in these studies was passed
through bar screens, degritted and skimmed for grease removal. The underflow
sludge collected in the skimming tank was returned into the primary eff'uernt
channel from which the supply to be filtered was drawn. A screen box con-
structed of wood and standard 14 x 18 mesh window screen was placed vnithin
the channel.

A prefilter was used in order to prolong the length of the runs of the multilayered
filters. The prefilter was designed based on the requirement of supply to taree
filters at @ maximum loading of 30 gpm/sq ft. The prefilter was constructed
from 3/8-inch plexiglas with dimensions of 30 inches high by 5-5/8 inches’
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square. The calculated inside cross-sectional area was 0.22 square feet. Four
spray nozzles located approximately eight inches above the medium were used
for surface wash. Provision for air wash also was included. The underdrain
system consisted of a 3/4-inch pipe with perforations in the horizontal plane
placed 1n four inches of one to one and one-half inch stones covered by two
inches of 1/8 inch gravel. The medium used in the prefilter consisted of one
foot of four by five mesh PVC pellets. The inlet at the top of the filter was pro-
vided with a three~inch diameter disc located approximately one inch below the
entrance port to distribute the influent. A pressure gage and a pressure relief
system were built into the prefilter.

Experimental Results

The equipment was designed specifically for this study and was constructed and
hydraulically tested 1n the laboratory before location at the treatment plant. The
mean BOD and suspended solids concentration in the wastewater during these
studies were 150 mg/1 and 155 mg/1, respectively. The volatile content of the
suspended solids was 86.5 percent. Experimental determinations included the
essential variables with emphasis placed on trubidity and suspended solids.

The relationship between total head loss and time for the multilayered filters is
presented in Figure 2(a) for flow rates of 10, 20, and 30 gpm/sqg ft. These
linear results indicate in-depth removal of suspended solids and no surface mat
was observed.

The in-depth removal potential of PVC pellets was evaluated in more detalil to
determine the headloss in the filter and the penetration of suspended solids
into the medium. A typical incremental headloss with depth curve for increas-

ing time is illustrated in Figure 2(b). These curves are similar to those observed

in water filtration, however the time scale is only 60 minutes for filtration of
wastewater compared to 60 hours commonly encountered for water treatment.

The total removal of suspended solids throughout the depth of the filter nor the
internal removal function could be determined from the headloss curves. There-
fore, the prefilter efficiency, the dependence on varying influent concentrations
and removal efficiency with depth were evaluated. The results of loading the
filter at 40 gpm/sq ft under a wide variety of influent suspended solids concen-
trations are presented in Figure 3. The data indicate that as the influent con-
centration increases, the efficiency of removal increases. The depth-efficiency
relationship for the filtration of wastewater is illustrated in Figure 4. These
curves simulate the mathematical functions developed for water filtration.

Three multimedia filters described above were operated in parallel at an average
influent suspended solids concentration of 150 mg/l. The effects of hydraulic
loading and degree of media intermixing are illustrated in Figure 5. These data
indicate that the non-intermixing filter was more efficient in suspendec solids
removal. The filter efficiencies at a 30 gpm/sq ft loading were 63.5 percent
for non-intermixing, 56 percent for intermediate intermixing, and 58.5 for
intense intermixing. The data indicate a decrease of efficiency with 1ncrease
in loading; however, the rate of decrease is relatively small. A three-iold

O
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Efficiency-Depth-Time Relationship for Raw Sewage Filtration
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increase 1n loading resulted in decreases of only seven percent from 70.5 per-
cent to 63.5 percent. The depth headloss relationship is presented in Figure 6.
These data indicate that the headloss in the non-intermixed filter was less than
in the other filters. The headloss curves for the non-intermixed filter are pre-
sented in Figure 7 and illustrate the rapid headloss buildup under average sus-
pended solids loading conditions. A nine foot headloss developed after 20
minutes at 30 gpm/sq ft. This observation obviates the need for a pressure
filter system, if this type of treatment were to be used in a full-scale system.

Once the filter had reached the terminal headloss, a backwash was necessary.
The filter was cleaned rapidly and a two-minute backwash was sufficient. How-
ever, after backwashing, large flocculent material accumulated on the surface
of the filter. This material was too large to be removed hydraulically and

would present a significant problem in full-scale operation. A four-foot depth
of water overlaid the filter at the beginning of the backwash cycle resulting in

a substantial dilution of the sludge. The average maximum solids concentra-
tion in the sludge ranged between 1,000 and 4,000 mg/l.

In backwashing the PVC prefilter the surface spray resulted in destruction of the
large floc that previously had been a problem after backwashing, and the air

wash resulted in an unexpected benefit. If the water level in prefilter were Q
dropped to a point that provided an air gap between the filter surface and the

outlet, and the air wash was operated for 30 seconds, most of the entrapped
suspended solids moved above the surface of the filter medium and within five
minutes settled into a sludge blanket containing three to five percent solids.
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FIG., 7
Total Headloss for Multilayered Filtration of Wastewater

A device similar to the Patterson siphon used in many European water filtration
plants could remove the sludge directly to the sludge handling facilities, and

eliminate the need for thickening. After removal of the sludge, the filter was

backwashed to an expansion of about 50 percent to remove the residual solids

entrapped in the filter. Chlorination of the backwash water was included pri-
marily to eliminate the growth of microorganisms within the filter.

Design Model

The various theoretically valid mathematical models did not provide a suitable
design relationship. Therefore, the filter design models must be based on an
empirical relationship.

Sakthivadivel (11) showed the validity of the hydraulic radius theory relating
the hydraulic conductivity as a function of porosity. The relationship of head-
loss and the volume of solids removed was independent of the concentration of
suspended solids as well as the hydraulic rate. This phenomenon appeared to
be applicable to wastewater filtration.

Q
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The experimental data observed for the prefilter corroborate this relationship and
are presented in Figure 8. The slope of the headloss buildup with solids removed
is constant regardless of loading; however, there is a difference 1n the extrapo-
lated intercept. The equation which describes this function is:

in which

HL = headloss (ft)

E = efficiency

C = influent suspended solids concentration {(pounds/gal)
Q hydraulic loading (gpm/sq ft)

increment of time

[N
~r
i

The calculated constraints for these equations are presented in Table 3 and
illustrate the mathematical uniformity of slope under the various influent condi-
tions. These constants increased significantly at extremely low influent sus-
pended solids concentration, for example 50 mg/l. However, at higher than
average influent concentrations, for example 180 mg/l, the exponent constant
decreased.

The efficiency of the filter varied exponentially with time in the same manner as
the headloss function:

E= .:-zebt (2)

The constants of this function also varied with the depth of medium. The varia-
tion of constants for various depth of a PVC filter is presented in Table 4.

20}~
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FIG. 8
Suspended Solids Removal
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TABLE 3 r
Constants of Empirical Equation: HL = aeb“ EQCdt
Q{gpm/sq ft) C (mg/1) a b
10 158 1.16 3.20
20 95 1.87 3.23
20 180 1.11 3.02
30 166 1.36 3.20
TABLE 4 '
+ bt

Constants for Empirical Equation E = ae

Filter
Depth ' .
(inches) a b
6 0.85 -2.72
12 0.61 . -1.27
18 0.46 -0.46

Note: Constants for filtration time in hours.

The effects of depth and time on the suspended solids removal efficiency for

PVC under constant conditions are presented in Figure 9 . These data indicate
that in a filter of sufficient depth operating under relatively constant influent
conditions, the efficiency is independent of time and the equation can be approx-
imated as:

HL = ae bEcqt

(3)
The above equation can also be written for the multilayer filter, but with the
constants a and b chosen for the entire filter as a unit. This approach was
shown Lo be empirically valid and is illustrated in igure 10. The constants
determined graphically for this [unclion resulted in:

1.90 IEQCdt

HL = 3.25¢ (4)

The design of a filter of this type must include several conditions and constraints:
a) each layer of the multilayered filter should be sufficiently deep to keep from
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early breakthrough to the immediately lower layer; b) the filtration system should
have the capacity to withstand the maximum suspended solids and hydraulic
loadings; the design flows in the operation of this filtration process must be the
maximum hourly or maximum three to four hour flow; ¢) the rate of headloss build-
up combined with the maximum pumping capacity must not be exceeded by the
time requirements of the backwash. For example, if the rate of headloss buildup
is 100 ft/hr with maximum pump capacity of 100 feet and a typical backwash
down time of 15 minutes, five filters would be required with one constantly being
backwashed. Therefore, the time of run is confined to one hour, which aiso
would mean that the design conditions would have to be for the maximum hourly
flow and/or suspended solids loading.

Using the constants developed for the case investigated, the required design
parameters are calculated by estimating the most serious conditions expected.
As an example assume:

HL = 4.0e!"% EQCH
Maximum SS = 450 mg/1

Hydraulic Loading = 30 gpm/sq ft
Efficiency = 70 percent

Pump Capacity = 100 psi (231 feet)
Therefore:

231 4.061.2(0.70) (6.75 lb/hr sq ft)t
4,05 = 1.2 (0.70) (6.75)t

t = 0,71 hr or 42 min.

The area needed for the filtration facility must include the loading and backwash
requirements. The area required is based on the flowrate divided by the loading,
and the backwash requirement is included as a percentage of this calculated
loading area. Therefore, the requirement for a 14-minute backwash cycle is:

14/42 = 0.33
Therefore, 33 percent additional area 1s required to maintain constant backwash
of the system. In a four filter treatment plant, one filter would be being back-

washed continuously.

Process Potential

The multilayered filter can remove from 60 to 65 percent of the influent suspended
solids and provides the same degree of treatment as primary clarification. It
should also be noted that the results of this study are for a moderately weak
wastewater, However, the data indicate that the efficiency of filtration increased
with increased suspended solids concentration. The multimedia filter would
require considerably less land than a primary clarifier. For example, a clarifier
designed to operate at 1.0 gpm/sq ft (1440 gal/day-sq ft) would require from 10
to 30 times as much land as multimedia filters, depending on the hydraulic load-
ing.

O

Q
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O The land value purposely was not included in evaluating the economics to
illusirate the competitiveness of the process. A comparison of the costof a 20
MGD facility is presented in Table 5. The capital cost 1s $192,000 for filtra=-
tion and greater than $207,000 for primary sedimentation.

The results of the studies on backwashing indicate that an air wash coupled
with a very low rate hydraulic wash for a short period would remove most of the
entrapped material in the form of a sludge blanket containing two to five percent
solids.

Conclusions

{1} A new concept in municipal wastewater treatment 1s introduced which pro-
vided a design model for the ultrahigh rate in-depth multilayered filtration of
unireated municipal wastewater.

(2) The use of PVC pellets as a fourth medium overlaying coal, sand and garnet
1in the multimedia filter was the major contribution to the success of the process,
The large grain size was responsible for prevention of surface mat formation
which made the process unfeasible.

Q TABLE 5

Cost Comparison of Primary Sedimentation with Multilayered Filtration

Primary Sedimentation

Capitol Cost
$207,000 (12)
315,000 (13)

Filtration
Disc Screen 15,000
Tanks and Controls 65,000
Media 17,000
Piping 80,000
Pumps, Motor and Base
5@ $3,000 15,000

$192,000

@

Note: Design for 20 MGD facility 1970 ENR Construction Cost Index
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(3) The suspended solids removal efficiency at the ultrahigh loading rate of 30 Q
gpm/sq ft ranged between 60 and 65 percent, and the efficiency increased as the
influent concentration increased.

(4) A non-intermixed media filter was more efficient in the removal of suspended
solids and rate of headloss increase than a moderately and intensely intermixed
media.

(5) A backwash technique that produces a two to four percent sludge was pos-
sible using an air backwash followed by a short settling period. After sludge
removal, the normal backwash with surface wash was employed.

(6) An empirical relationship for filter design was developed, which can be
applied after observing the total headloss and filter efficiency with time.

(7) The cost of the filtration process is economically competitive with primary
clarification, exc.uding the cost of land. A conservative estimate of the dif-
ference of land requirements for a 20 MGD facility would be 12,000 square feet
for clarification and 400 square feet for filtration, representing a savings of
approxXximately 97 percent.
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OXYG¥ I RIGUIREMENTS (Oxygen Uptake Rate)

The oxvgen uptake rate at the selected sludge age can be caicuicur-
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ecuivalent of the solids degraded per day,.
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PRE AND POST TREATMENT OF BIOLOGICAL EFFLULNTS*

TERTIARY TREATMENT - processes employed following seconcary treatment

for the removal of non-biodegradables (refractory organics), dissolved
salts, nutrients (nitrogen and phosphorus) and microorganisms (bacteria
and viruses)

POLLUTANTS

Refractory Organics - ABS, aromatics, chlorinated hydrocarbons, etc.
Dissolved salts - Sulfates, chlorides, hardness, etc.

Nitrogen and Phosphorus - NH_, NO_, organic nitrogen, ortho, and poly-

3 3
phosphates
Microorganisms - pathogenic bacteria, cysts and viruses
The characteristics of some secondary sewage effluents are shown in Table 1.
Typical requirements for a reclaimable water are shown in Table 2. The

average increase in constituents by one reuse of water is shown in Table 3.

TREATMENT PROCESSES
A, NITROGEN REMOVAL

1. Ammonia Stripping

. N
+ - 4 +
NH ——— NH + H
4 3 .
At high pH the equilibrium shifts to right and the NH,_ is liberated as

3

a gas; at pH 8.0, 8% of Nas NH,; at pH 11.0, 98% as NH, (77°F) .

3
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TABLE 1
CHARACTERISTICS OF SECONDARY SEWAGE EFFLUENTS

Location

Constituent Stevenage, G.B.l 1’-\marillo2 Tahoe3 Haddenfield4
Total solids, mg/] 728 557 520
Suspended Solids, mg/1 15 11
BOD 9 10
COD, mg/1 63 120 90
Surface Active Matter, mg/l 2.5 1.8 2.0
Organic Carbon, mg/1 20 '
Phosphate (as P), mg/1l 9.6 3.0 9.2 10.5
Nitrogen (as N}, mg/1 43.9 22.3 31.0 21
Sulfate, mg/1 85 78
Chloride, mg/1 69 83 45
Color 50 |
pH 7.6 7.7 7.8
Hardness, mg/1 CaC03 249 250 98
Alkalinity, mg/1 CaCO3 334 160

1
Eden, G. E. et al, Chem. and Ind. p. 1517, 1966 (Br.)

2
Treatment of Sewage Plant Effluent for Industrial Reuse, Eimco Corporation, 1966.

Culp, G. and Slechta, A., Final Report, USPHS Dem. Grant 86-01

4
Downing, D, G. et al, Desal Process, AIChE, May 1367.

w
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TABLE 2
DESIRED QUALITY OF RECLAIMABLE WATER AT WINDHOEK, S.W. AFRICA*

Constituent Conc. mg/l
NH3-.N 5
NO3-N ’ 10
Total N 20
PO4 1
P.V. filtered S
P.V. total . 10
BOD5 filtered 5
BOD, total 10
Ss . 50
TDS 600

* Cillie et al




Constituent

TABLE 31

AVERAGE USE INCREMENTS FOR 22 U.S. CITIES

Avg. increase, mg/l

Na
Ca
Mg
NH4
Cl
SO4
HCO
NO
SiO
PO
TDS
BOD

COD

66
18
6
15
74
28
106
10
15
24
320
16

87

1Neal, J. H., Advanced Waste Treatment by Distillation, AWTR-7
|
U.S.P.H.S. Report 999-Wp-9, 1964.
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Kuhn (1) showed 92% NH3 removal from sewage effluent with a pH of

11.0 and an air rate of 374Om3/m3~(500'ft3/ga1) ina 2.13 1t
tower packed with Rashig riﬁgs at 12 .21~vliter.s/m2 (a. SGPM/ftZ)'

loading. Prather (2) showed 95% removal of NH, from refinery

waste (initial N = 100 mg/1) at 3600m3/m3‘ (480 ft3/ga1) and
pH> 9.0. Culp and Slechta (3) obtained 98% removal of ammonia

(initial cone = 26 mg/l) at a-pH of 10.8.. The detention time was
0.5 minutes and the air rate SGZm?’/m? )(750;Aft3/gal). The

estimated, cost of nitrogen removal by air stripping is $5. 54/1’000m3

($21/MG) for 93% removal and $8.45/1000m3 ($32/M@G) using lime.
If phosphate removal is combined \wi\th ammonia stripping, the
cost is reduced. by $D.95/\1000m3 ($3.60/MG).
2. Nitrogen Removal by Ion Exchange

2NH, + Na,R===(NH,)R + 2Na®

Preferential adsorption shows

catt < Mgt NHZ\; kKt < Nat
so that all Ca*" and Mg** will also be reﬂxoved. Poor economics
for high hardness waters. Estimated’costsﬁ are $ll;éO/lO’OOfn3
($44‘.$O/MG) (mostly regenerant). Economics would require re-

generant reuse. ‘

PHOSPHATE REMOVAL

Removal with lime; 400 mg/1 (as CaO)‘ and a pH of 11.6 reduced

phosphorus (as PO4) from 21.5 mg/1 to 1.0 mg/1. 1.0-1.3 mg/l

of polyelectroiyte was also used in a separation bed. (Culp and Slec!ﬂ;q);

' I

»

e S
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350 mg/] lime at pH 11 eifected complete removal of phosphates and
partial demineralization due to the removal of temporary hardness.
NH , was reduced (see (a) ), and removal or organic nitrogen and

4

suspended solids also occurred. Complete bacterial removal was
observed (Cillie, et al).
Removal with alum (300 mg/1); residual less than 0.2 mg/1 (Parkhurst).
Wuhrmann removed phosphorus by precipitation with ferric chloride
(FeCla) and lime. Fe' Tt dosages ranged from 20 - 30 mg/1 with lime
dosages governed by the alkalinity of the water to raise the pH to
8.0'- 8.3. The lime dosage averaged 1.5:1 of the alkalinity (i.e.
200mg/1 alkalinity requires 300-~350 mg/1 lime). In one series of
experiments phosphorus (as P) was reduced from 3 mg/1 to 0.3 mg/1
with 10 mg/1 Fe and 110 mg/1 lime.
NUTRIENT REMOVAL IN STABILIZATION PONDS

Stabilization ponds have been used for nutrient removal by
algae. The problems associated wi‘th this process are the seasonal in-
stability of algal removal of nutrients and the difficulty of separating
algae from the treated wastewater: Cillie obtained 63% removal of total
nitrogen from a Bio filter effluent after 14 days in a pond to which 10 per-
cent settled sewage was added (to aid denitrification). The algae was

separated by flotation with alum. ' Parkhurst showed 50 percent reduction

in total nitrogen in a stabilization pondtreating settled sewage with a
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retention period of 60 days. Ninety percent algal removal and substantially
complete removal of phosphate was effected by flotation or sedimentation

with alum.

CHEMICAL COAGULATION OF SECONDARY EFFLUENTS

Chemical coagulation is employed for the initial treatment of
secondary effluents. Coagulation is accomplished using alum and a
polyelectrolyte or lime. If the effluent is from a post oxidation pond, alum
(100-250 mg/1) will effectively flocculate the, al‘gae and other solids
in the effluent. Separation is accomplished by flotation or sedimen-
tation. Stander reports considerably superior results with flotation.

Lime treatment of a biological treatment effluent will yield phosphate

I
[ i

removal at high pH vaitues which can be\ follo;/ved by air stripping of
ammonia. Results reported from three sources are summarized in
Talsle 4.

A nc'wv process developed by the Microfloc Corporation adds
alum and a polyelectrolyte and applies the coagulated mixture directly
to a separation bed. The separation bed is made up of several materials
of differing specific gravity and particle size resulting in a graded filter
media from coarse to fine. The effluent is ap‘plied at a rate of 203.5 liters/
min/m2 (5 gpm/ftz) and backwashed at a rate “of 610.5 liters/min/m2

(15 gpm/ftz). ' § ‘




TABLE 4

CHEMICAL COAGULATION OF SEWAGE EFFLUENT

Characteristic

BOD
cOD
SAA
TOC

TDS

*permanganate value

Stevenagel

inf

3
41

OI

11
8

1.

66
74

7
10

.8

eff

1
25
0.7
10
1.5
0.8
99
77
7.4
3

Windhoek2
inf eff
30 1
12* 1
8 4
10 Nil
35 15
108 220
8.5 8.

0

1Coagulation with alum, 40 mg/1; Eden, G. E., et al.

Lancaster3
" inf eff
25 4
170 55
2.5 1.5
13 0.1
13 5.3
- 85 220
8.5 6.6
70 14
585 610

306

Tahoe4

inf

20-40
80-160
1.1-2.9

8-10

2Oxidation pond effluent; 220 mg/l alum, followed by lime and chlorine;
Cillie, G. G., et al., Adv. in Wat. Poll. Res., p. 1 (1966).

[ ‘
3Coagulation of oxidation pond effluent with 300 mg/l alum followed by
dissolved air flotation; Parkhurst, J. D., Adv. in Wat. Poll. Res., Vol. 2,

p. 27 (1966).

4
Culp, G.

eff

<1
30-60
1.1-2.9
10-18
< 0.3
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ACTIVATED CARBON ADSORPTION

Residual refractory organics after coagulation are removed by
adsorption with activated carbon. Carbon treatment may in some cases
use powdered carbon‘added prior to coagulation although the economics
of this treatment are not favorable. Cgontinu:‘ous carbon columns or counter
flow fluidized beds are the most common systems used. Flow rates
average203.5-325.6 liters/min/m2 (5-8 gpm/ftz) with column depths
up to 4.27 m (14 ft). Data from the Tahoe studies showed maximum
adsorption of 0.5 kg (0.5 1bs)/COD/kg (Ib) carbon and 0.03 kg (1bs) ABS/
kg (lb) carbon. Thermal regeneration of the:carbon is accomplished
at 1600—18000F in a steam atmosphere where the adsorbed organics
are volatilized. A carbon loss of 5-9% with each regeneration is esti-
mated. 'The process effluent should have a:BOD < 1.0 mg/l1 and a
COD < 15 mg/] for domestic sewage. The present estimated costs of

this treatment is based on regeneration of 71.7 kg carbon/1000 m3

(600 lbs carbdn/MG) at $0.044/kg ($0.02/ib) or $3.17/1000 m3

($12.00/MG)! Power and labor will fesult in a costrof about $3 .96/1000m3

($15/MG). Total construction costs are estimated at $625,000 for a
9450 m3/day {2.5 mgd) plant to $1,860,000 for a 37, 90Gm‘3‘/day(10MGD)
plant. (This includes the total tertiary treatment system.)

'Stand%r in South Atfrica has reported that ammonia can be removéd

I, .
by chlorination to monochloramine prior to applying the effluent to a coke

1
i

column.
|

i
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ION EXCHANGE

Ion exchange can be employed for the partial demineralization
of pretreated sewage effluent. Sanks and Kaufman employed a strong
acid resin and a weak base resin with CO2 removal between the cycles.
An exchange efficiency on the cation unit of 93% at a regeneration level

of 2 kg H so4/1oo liters (1.25 lbs sto4/ cu. ft.) [ 5% acid] was ob-

2
tained with regenerant recovery. The overall efficiency (including
regenerant makeup and reuse water) was 84% with 20-25% leakage.
The anion unit was regenerated with 1.61 kg NH3/100 liteés (1 1b NH3/
cu. ft.) [ 2%] , and resulted in 86% exchange efficiency with 35%
leakage. Reuse water requirements ranged from 1.475-2.14 m3/m3
(11-16 gal/ft3) . Spent regenerant was 3.3% of the water treated.

'Studies have also been c.onduct'ed ﬁsing weakly basic phenolic
resins for reversible sorption of ABS and other organics.

To minimize resin fouling and degeneration pretreatment by coagu-
lation, sand f{iltration and carbon adéorptidn are necessary.

'The recently developed Desal process uses weakly basic anion
exchancje structures that form a bicarbonate salt with solutions of
carbon dioxide and also have a favorable chloride-bicarbonate selectivity
coefficient. Two flow sheets have been propesed as shown in Figure 1.

In the first, the effluent is passed throug}fthe anion exchange unit, ex-

changing the anions for bicarbonate:
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(R—NH)HCO3 + NaCl ———3> (R-NH)C! + NaHCO3

The second unit contains a weak acid cation exchange resin. In this unit,
the bicarbonate salts are converted to carbonic acid.

R-COOH + NaHCO3 ——>> RCOO-Na + CO2 + HZO

The third unit also contains the weak basic anion unit in the free base

form in which the CO2 1S absorbed:

R-N + COz + HZO ——> (R-NH)HCO,,
(9]

After exhaustion, the first unit is regenerated back to the free base form

with ammonia, caustic, or lime.

(R-NH)C1 + NH, ———>= (R-N) + NH,Cl

3 4
The cation unit is regenerated with sulfuric acid:
2RCOONa +H,50, ———> 2RCOOH + Na, 50,

Since the third unit is already in the bicarbonate form, the flow pattern
is reversed for the next cycle.
An alternate operation replaces the third unit with a degasifier for

Cl2 removal and provides for injection of CO2 to the feed stream of the

first unit.

-

The flow sheets for two water renovation processes are shown
in Figures 2 and 3. The South West African Process (Stander) treats

|

Bio filter effluent followed by maturation ponds to municipal water

supply. The El Paso Products plant treats municipal sewage effluent
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after activated sludge for industrial process water and cooling water.

A general flow sheet for water renovation is shown in Figure 4.

ECONOMICS

Sewage effluent treatment by coagulation, sand and carbon
filtration for 9450 m3/day (2.5 mgd) has geen reported to cost $625,000
to construct and $38/1000 m3 ($0.144/1000 gal) to operate, including
labor, amortization over 20 years at 3% interest. {Roderick and Culp).
Treatment of sewage effluent (activated sludge) at El Paso Products
including lime and alum coagulation, filtration through anthracite
and cation exchange and chlorination is éstimated $95/1000 m3
(50.36/1000 gal) for 18,950 m3/day (5 mgd) [(‘not including amorti-
zation ] . Sanks and Kaufman have estimated ion exchange to remove
350 mg/1 of dissolved solids at $50 and-$39.60/1000m3 ($0.19 and
$0.15/1000 gal) for a 3790 m°/day (1 mgd) and a 37,900 m>/day
(10 mgd) plant, respectively. The costs include amortization but not
operating labor. Chlorination can be expected to range from $2.64/

10()0'm3 ($0.01/1000 gal) to $1.58/1000 m3 ($0.006/1000 gal) for a

3790 ms/daiy (1 mgd) and 37,900 m3/day' (10 mgd), respectively.

{
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TERTIARY TREATMENT OF SECONDARY INDUSTRIAL EFFLUENTS
BY ACTIVATED CARBON

The increasing water needs for industrial and municipal use combinea with
the growing demand for more aesthetic waters for recreational purposes have made
the reduction of organic pollutants imposed upon our natural waters a mattier of
national concern. The rapidly increasing number of pollution sources zlong our
waterways has moved regulatory bodies to place more stringent restrictions on
the qualities of wastewater discharges returned to the natural system. These
restrictions and the rising cost of industrial water have caused an emphasis to
be placed on the development of wastewater treatment systems producing a high
quality effiuent. /

Many studies have been directed to a solution to this problem. Ter.iary
treatment of biologically treated wastewater is being considered as a practical
solution Adsorption of biologically resistant materials from secondary effluents Q
is being investigated and of the adsorbent materials thus far evaluated, activaied
carbon has shown the most promise in this application.

Activated carbon is a general term applied to carbonaceous material witn
certain adsorptive and catalytic properties. Activated carbon is generali.y manu-
factured from raw materials such as wood, coal, lignite, sugar, vegetation,
petroleum hydrocarbons, and other organic materials. These raw materials are
cnarred 1n the presence of catalytic agents such as magnesium chloride cor zinc
chloride, then activated by treatment with oxidizing gases, which dissipate the
more readily oxidizible portions of the char. The resulting carbon is hichly porous
containing internal surface areas as great as 2500 square meters per giam  Vari-
ations in the raw material, temperatures, additives and procedures usec , resuit
in activated carbons with widely diverse adsorptive properties (1)-

The treatment of water and wastewaters followed two basic schemes Some

applications include the addition of powdered activated carbon to raw water with

O
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subsequent separation of the:‘:caijo:n byx coagqlgation ,ar}d sej:tl:i\ngh‘ 5 ’Ijhe:pargsage
of raw water through a bed of activated qarbo_r} in a downward direction or in a
countercurrent fashion has also been applied.
The batch mixing scheme which has been primgrily,used in municipal
water treatment for removal of tastes and 'or\d_ors . has the advantage of allowing
a very small activated carbon particle to be used, which results in high adsorp-
tion rates and allows a closer control of the effluent quality. The practice is not
favored among pprocess engineers due to the required separation and the diificulty g
of regeneration, which are necessary at the present time fqr economical operations.
The use of granular activated carbon columns.is 'g%her‘a‘lly considered t> be
the most practical s‘cher‘ne fpyr treatment of industrial wastewaters for the {oilowing
reasons; the relati\\/e‘e‘é.se of separation of the spent carbon for regeneratioa and
ttle abil;ty to treat water in spite of large changes in,cpncentrclltion without seri-
ously affecting the eff'l{ugnj: qgalityg However, many problems such as excessive
res;du(al o;g{anics , e;«;ess@ye,\head losses, corr(‘)s‘ion"oﬂf plant f_aqilitvi,es and accumu-
latip_nh hof dissol{ye\dy so‘l\idg‘ in equipmer}t must be effectivgly:cpuntere@.

N}‘W“nile continuous co'lumnygpqrat,ign is considered more practical than batch
mixing opergtions‘, i‘m’provement of separation techniquesmay make powdercd ..
activated carbon treatment more desirable...The adsorptive characteristics of a
steady statie ad'sorben}c-;‘:}ds,orbat]e\:E system are affected by many factors. . They may
be classified into three general categories: ; ‘ sy

(1) Environmental factors,

(2) Characteristics of the adsorbent, and . R

(3) Characteristics of the adsorbate. \ , .

While the combined effects of these factors is difficult to predict,, the follow:-.
ing tendencies have been observed:

An increase in the rate of adsorption generally occurs with: ,

(1) An increase in adsorbate concentration,

(2) A decrease in particle size, , S

(3) A smaller size adsorbate molecule, and




(4) An increase in the surface area of the adsorbent.

An increase in the adsorptive capacity of the adsorbent in a system occurs
with:

(1) A decrease in pH of the adsorbate,

(2) An increase in adsorbate concentration, and

(3) An increase in surface area of the adsorbent.

Experimental Procedures

The removal of many biologically resistant materials such as the pesticides
and surface active agents may be estimated quite readily by established procedures
When one compound is of primary concern these procedures may be directly
applicable to estimate the concentration of the compound., However, the presence
of several compounds of comparable concentrations seriously limits the use of
direct measurement techniques. Any estimate of the concentration of biologically
resistant materials using the biochemical oxygen demand (BOD) would obviously
have little meaning. The chemical oxygen demand (COD) is also seriously limited
in this application. Total organic carbon (TOC) offers a reasonable estimate of
the organic concentrations in biologically itreated wastewaters and is used as the
organic parameter in this study. The TOC is estimated utilizing a Beckman Total
Carbon Analyzer. The sensitivity of this instrument is p 0.5 mg/1l with a precision
ol i’S%.

Laboratory evaluation of activated carbon treatment of biologically treaied
industrial wastewaters is seriously limited when secondary treatment units are
not yet in operation. The volume of treated wastewater supplied from bench-
scale treatment units is not sufficient to permit a complete evaluation of the
effectiveness of continuous treatment using an activated carbon column. When
evaluation is required under these conditions and no similar treated wastewater

is available, the investigator must rely on batch mixing tests for preliminary
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TABLE 1
WASTE CHARACTERISTICS

WASTE , COD mg/1 TOC mg/1

REFINERY WASTE 86 23
NO. 1

REFINERY WASTE 40 16
NO. 2°

PETROCHEMICAL - - 07 - 33
‘WASTE




TABLE 2

ACTIVATED CARBON CHARACTERISTICS

CARBON RAW MATERIAL MESH
A PETROLEUM HYDROCARBONS 18x40
B ANTHRACITE COAL 12x30
C LIGNITE 12x20
C LIGNITE 4x12

D wWOOD 8xl2




feasability information. TR

Effluents from laborato;’y and plant-scale activated sludge reactors weres- "
filtered through Whatman Number 42 filter paper to remove the suspended materials
prior to testing The COD and the TOC cor{centration of ‘each waste is listed.in:-
Table 1

The commercially available activated carbons tested were soaked in distilled
water for 24 hours, rinsed three times in distilled water and.dried tQ;a,cdrnstant 2
’weight at 103OC., A portion of each carbon was pulverized with a mortar and pestlle‘
and passed through a 270 mesh sieve which corresponds to a size‘opénin‘g‘o;f
0.053 mm. The original mesh size and-the raw material-are listed in Table 2.

Other investigators have reported that the particle size has little effécl, on.
the equilibrium adsorption. (2) (3) The agitation time required for a system to
reach equilibrium has been reported to be from 5 minutes to several weeks for
powdered carbon and from a week to 5 months for granular carbon. (2) (4) (5)
- These times were reported fc?r‘v‘aribus pure c¢onipound solutions andfdf-’se"condary
effluents. It appears that determination of the time reéuired‘fof complete”
equilibrium to be achieved is limited by the accuracy of the‘tésts for sdlute-
concentrations. The data observed for a system involving 2-4 dichlorophenol
and pulverized activated carbon indicates that adsbfptibn is‘éssentially -complete
in less than 30 minutes. Tests on the biologically treated industrial wastewarter
yielded similar results as shown in Figure 1 Pulvéfizéd écti'vra;c_ed ‘c'arbén was uéed
in the majority of the tests, but several tests were conducted using‘ granular
activated carbons.

Various pulverized activated carbon doséges were added to 500 ml flaj‘:.s
containing 250 ml of a wastewater sample. Each flask was agitated for a period

of two hours by means of a Burrel shaker. The activated carbon was removed by

£




iiltration and thefiltrate analyzed for residuai organic carbon. The systems
containing granular carbon were agitated for periods up to 320 hours.

Carbon coiumn tests were conducted using 2, 4 dichlorophenol solutions
in the column system shown in Figure 2. Concentration time profiles from

each column were recorded.

Results and Discussion

The analysis of steady state adsorption data may take several forms. The
most common form is the adsorption isotherm. Among the equations applied to

equilibrium adsorption data are the Langmuir equation:

X bC
X=_m
1 +DbC O
X = number of moles of solute adsorbed per gram of carbon at concentration C
X = number of moles required to form a monolayer on the carbon surface
C = concentration at equilibrium
b = constant

and the Brunauer, Emmet, Teller (B.E.T.) Model:

s X _ AC
X (CS-C) + 1 + A(-1) C/CS

where
Cs= saturation concentration of the solute
A = constant
These equations may be deduced from either kinetic considerations or the

thermodynamics of adsorption. The Langmuir equation is valid for single iavyer
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molecule adsorption, while the B.E.T. Model reflects apparent multi-layer
adsorption. (6)-.

The familiar Freundlich isotherm is of empirical origin, .but has, since oeen
derived by assuming a logrithmic distribution of adsorption sites, a treatment

valid only when there is no appreciable interaction between adsorbed molecules,

(7).

= equilibrium concentration

= 1b adsorbate adsorbed
m 1b /(:arbon

A,n= constants \

The adsorption of organio solutes by aotivated carbon“ ma;/ be considered to
occur in three oonsecutive stebs: | ‘ | o

(1) transport of the ‘solute to the exterior surface o'f the adsorbent,

(2) dxffusmn of the solute into the pores of the adsorbent and

(3) adsorption of the solute on the interior surfaces of the adsorbent (6),

The rate of adsorption from wastewaters will be controlled b; one of tnase
steps. It has been reported by several investigators that the second step appears
to be the contr olllng factor. (4) (8). .

It has also been reported that the rate is related to the fractlonal satutatlon
of the adsorbent. (2) (5). Since the adsorptlon capacu:y 1s dependent on the
concentratlon of the solute it is apparent that the concentratlon of the sotawce

-

generally has a dominant influence on the adsorptive characterlstlcs of a :,toady;J

[ R Ve

state adsorption system.

i o e
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Since a mathematical representation of the adsorptlon characterlstlcs for
unknown mixed solutes present in biologically treated industrial wastewazers
is difficuli, if not impossible, the analysis of the data was approached from a

practical point of view.




The data observed during the long-term batch tests indicates that commercially
available activated carbon can adsorb up to 85% of the biologically resistant
organlc material present in treated indusirial effluents Two carbons, from the same
source, but of different particle size, were tested. While the smaller mesh size
exhibited & higher rate of adsorption in the early stages of the tests, the removal
aiter 320 hours of contact time was essentially the same for both sampiles oi
carbon. The bulk of the adsorption was observed to have taken place in each
system tested after 100 hours contact time. The effects of initial concentrations
of dichlorophenol solutions on the adsorption rate are illustrated in Figures 3 and 4.

A typical plot of the data from batch equilibrium tests using a system composed
of industrial effluent and pulverized activated carbon is shown in Figure 5. The
linear iogarithmic relationship between adsorptive capacity and concentration
indicates that the Freundlich isotherm defines the adsorpiion phenomenon in this
system.

Isotherm data of this type may be used to compare the relative suitability of
various types of activated carbon for use in the treatment of individual wasie-
waters to remove refractory organic material, It may also be used to estimere the
carbon requirements. Assuming the adsorptive capacity to be the x/m value,
corresponding an initial concentration which will be exceeded by 80 = 30 % cf the
time, and agjusting for regeneration efficiency; the carbon regeneration rate or the
overall carbon dosage may be estimated. (Table 3)

Another application of the isotherm data has been proposed by Allen et ..,

(8) which .acorporates the Freundlich isotherm intoan equation predicting an

act.vated carbon column performance:

lu Ci/cf =—Tqu Wlny

n
c vp
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TABLE 3 ‘ '
- ISOTHERM, DATA = )
CARBON  WASTE C mg/. -0 K. . X/MC,  LOW, C
TOC 1/n  mg/100 mg mg/100 mg mg/1
A REFINERY 23 1.06 2.1 59 ~lgr
Waste #1.
B 23. 2,41 10.015 26 .04
c " 23. 0.94 . 0.l6. 45, - 5.
D 23 1.16+ . .-030- .~ 1l4.. - 316 -
A REFINERY. 16 1.80 0.10, 16 - 5.6
WASTE #2 o o
5 16 1.55  0.70 18 4-6
" 16 2.49  0.04 38 4.2
D " 16 '1.39 0.35 15 4.4
A PETRO- 33 0.98 0.08 27 11
CHEMICAL
WASTE
B n 33 3.05 7x10
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Where A and n are the constants from the Freundlich equation concen-
tration and c 1s the local liquid concentration.

Concentration - time profiles were calculated for an activated carbon
column removing dichlorophenol from solution. A comparison of the calculated

and experimental values are shown in Figure 6.

Summary

Activated carbon treatment of secondary industrial effluents will remove up
to 85% of the refractory organic material expressed as TOC. TOC proved to be
a suitable parameter for determining the organic removal characteristics of
activated carbon treatment. The Freundlich isotherm was used successfully
to describe the adsorptlon processin initial screening studies and has a suitable
application in the prediction of carbon column effluent profiles in conjunction with O

the equation proposed by other investigators.
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