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AUTUMN COURSE IN MATHEMATICAL ECOLOGY
ROBERT V. THOMANN

OUTLINE OF LECTURES

I. ENVIRONMENTAL WATER QUALITY AND ASSESSMENT

INTRODUCTION

BASIC MANAGEMENT ISSUES

NEED FOR PREDICTIVE FRAMEWORKS
GENERAL STRUCTURE OF WATER QUALITY MODELS
WATER QUALITY PROBLEM APPLICATIONS

WATER BORNE DISEASE ORGANISMS

CHEMICALS

DISSOLVED OXYGEN

NUTRIENTS
EXAMPLE CASE STUDIES

II. FATE AND EFFECTS OF TOXICANTS IN AQUATIC ECOSYSTEMS

INTRODUCTION: UNIQUENESS OF TOXICS IN AQUATIC ECOSYSTEMS
MODELS FOR PHYSICO-CHEMICAL TRANSPORT AND KINETICS
MODELS FOR BIOACCUMULATION
APPLICATION TO:

ORGANIC CHEMICALS (PCBs, PAHs)

METALS
EXAMPLE CASE STUDIES



.S3ASIIAYNS ISNOJSTH, 30NA3A -
AdO4d

d31VM 40 YOIAVHIE 40 ONIANVLSHIANN =

SNVH90Yd TOHLNOD
INIIHLNN 40 STNODLNO ALITVND ¥3IVM A3103dX3 -
savoi

LINIIRHLAN LNdNIi 40 SNOILONAAY 319ISV34 JO FONVH -
SNOILOIG3dd JAILVIIINVNO =

+«¢N3190dd

JHL OL ONILNGINLINOD | WY HONW MOH. ‘a3iviNo3yd -
SNOILNGIMLNOD LNdNI 40 ONIINVY “HOLVINOIE —-

JANIT190dd. GIAITOYId J04 F19ISNOdIH
SI OHM 40 SISONSVIA FAILVLIINVNO =

SINIJNIFHINDIY LNJWIOVNVIN
1VdIONIdd dd4H1




NOILVOILLIT =

1VIOI43INTg SV
N33S NVHOOUd TOMLNOD V NO¥d ISNOJSIY

"IVINIWNOYIANT JAILYOSN NIISTHOANN =

SL1I43N39 TVLNIWNONIANT
NI SONVHO ON HLIM S319170d TOMLNOD
A1LSOD 40 INIWIDHOANT AINNILNOD =

ALITVNO TVANIWNONIANI
NI INIJWIAOHANI ININDISENS ON dO 3N

HLIM INJWNOYIANT 3HL OL SLNdNI ONIONA3Y =

SUIOVNVIN TVLNIWNOMIANT
40 S¥V34., ¥Nno4



TVILNISST THOW ATONISYIHONI ALIGIATHO OIILNIIOS -
SNOILISOd

% SNOILLVIIHdYTLNI ONIAYVA Ol 103rdns
SAVMTV SNOIIVIND3Y 40 INFWIDHO-NS =

SLNANI INJIHLNN GIHSHIV 2 QIHSHILVM "D -
, av3duds3adim

ANV LNVOIJINOIS JHON iV SNOISIO3d
40 SNOIIVOITdNT ADIMOd ANV JINONOO4 =

+SN3IddVH IVHM
33S. ANV V0T INIIMLNAN 30NA3Y OL IN3I0144NS LON -

XT1dWOD FHON iV SNOILSAN

ST3AON HO4 FTVNOILLVA




LEVELS OF TREATMENT
OF
MUNICIPAL AND INDUSTRIAL
WASTE

1. Screens, Removal of Solids (Floatables)
"Preliminary"

2. Primary Treatment
Solids Removal - Settling
Organic Matter Removal - 30%

3. Secondary Treatment
Primary & Biological Treatment

4. Advanced Treatment
Nutrient Removal
Additional Organic Matter Removal

Cost §

—
0 Pr. Sec. Ad. 106

% Removal
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LOCAL SCALE: O to 1-5 km.

Outfall
7 M i 7 et

REGIONAL SCALE: 1-5 to 10 - 50 km.

llnput _ l il'l_’ributcnry llnpul

BASIN SCALE : > 50 km.

Fig. 3-1: SPACE SCALES FROM LOCAL TO BASIN WIDE THAT MAY HAVE TO BE
CONSIDERED IN TOXIC SUBSTANCES EVALUATIONS
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Principle: For single source,
maximum concentration in
river occurs at outfall.

Qe Ce= W

Qu € mjf Qx

- Concentration after complete mixing:

Qucu * Qece

Q
= ¢ (1-¢)+c b

C..—_

where:
b - Q, __ Effluent Flow
Q Total River Flow
Forc, = 0: c = W
Q

| ~-67
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Then allowable discharge:

(W)allow = C, Q ~ Cqug-

where ¢, = water quality standard
= Risk Level

Allowable effluent concentration:
(c, =0

(Cc)allow = Cr/ d)

Questions:

1)  What c, should be used?
2)  What river flow should be used?

|-68



Fig. 3-2: DISTANCE TO 95 % REDUCTION OF MAXIMUM CONCENTRATION AT

LOG. DISTANCE ( Km) TO 9% % REDUCTION OF MAX. CONCENTRATION
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Fig. 3-4: MASS BALANCE AT OUTFALL

Qe .Ceo

Fig. 3-6: EFFECT OF DILUTION ON IN-STREAM WATER QUALITY STANDARD AND
RESULTING RELATIVE RISK. CARBON TETRACHLORIDE AS EXAMPLE,
SEE TABLE 2-1 AND 2-2 FOR CRITERION.

4000 ]
: Ronge of {Ce Jglow. fOr
Qe = 0.01Q = 4-400ug/%
400 i
‘ EFF. FLOW = RIVER FLOW
LOG. l
ALLOWABLE 40 —
EFFLUENT
CONCENTRATION
Ce (allow. )
( pg Carbon tet./1)
{ Upper Bound )
DECREASING
RISK
04
v
0.04 ]
0.Q01 o, 0.1 1.0

RATIO EFF. FLOW/ RIVER FLOW = &
INCREASING DILUTION ° l-T70




Fig. 3-7: ILLUSTRATION OF POSSIBLE DOWNSTREAM FATE OF
CHEMICALS OR TOXICITY

WATER SUPPLY
WITH DRAWAL
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CHEMICAL CONCENTRATION OR TOXICITY umY

Fig. 3-8 : SCHEMATIC OF IMPACT OF INCREASING TURBIDITY.ON ADDITIONAL
DOWNSTREAM POINT SOURCE INPUT '

TRIBUTARY POINT SOURCE

POINT SOURCE.
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THE WATER BORNE DISEASE ISSUE

I. Background

1. Problem: In Latin America:
gastroenteritis and diarrheal diseases =
200,000 deaths/yr or risk of almost 1/1000
cholera: 500,000 1ll, 5000 deaths

Water Uses: Water Supply
Shellfish & Fish
Water Contact Recreation

2. Inputs:
Raw Sewage
Point Municipal, w/wo chlorination
Tributary Runoff

3. Water Quality Responses:
Steady State
Storm Related Transients



Indicator Bacteria, Pathogens & Viruses

Indicator Bacteria
Total Coliform
Fecal Coliform K = 1-3/day

Fecal Streptococci

Pathogens
Cholerae - cholera
Salmonellae - typhoid
Shigella - dysentery
Viruses
Enteroviruses - polio
K = 0.1-0.3/day
Reoviruses
. - Hepatitis

Pathogenic Protozoan
Giardia lambia
Entamoeba Hystolytica



[II. KINETIC COMPONENTS FOR
BACTERIA MODEL

1. Mortality & I.osses Gains
Sunlight Aftergrowth
Temperature Sediment
Salinity Resuspension
Settling
Predation
Chlorination
Toxics

2. Let K = net decay rate of bacteria
(Mortality & Losses - Gains)

= Kg, + Kg + Kg,
where

Kg, = base death rate = f(T, sal.)

Ky = death rate due to sunlight

Ky, = net loss (gain) due to settling
(resuspension) and/or after growth



3. Order of K, for Total/Fecal Coliform Bacteria:

0.5-3.5/day Freshwater, 20°C
2-7/day Sea water, 20°C

T, ( Time to 90% mortality ):
0.7-4.6 Days Freshwater
0.3-1.0 Days Sea water

4. Effect of Sunlight:

English Studies ( Gameson & Gould, 1974 )

% Freq of
Occurrence
of
Decay Rate Ky Toq
() ( 1/day ) ( hours )
5 80 0.7
50 18 3.1

95 9 6.1



5. Two Model Levels

A.

Simple First Order Loss Rate
(function of temperature)

dey

= Inputs + Transport

- Kz (T) ¢y
K, = f(T,sal, I, v,) averaged over depth
where

K, - [[0.8+0.006(% seawater) |
o 1.0772]
I (t
D

+
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THE DISSOLVED OXYGEN PROBLEM
BASIC COMPONENTS:

REAERATION PHOTO.
RESP.

DISSOLVED

OXIDATION OXYGEN

OXY.DEM

OXYGEN
DEMAND

T SEDIMENT

MASS BALANCE FOR DISSOLVED OXYGEN CONCENTRATION
(¢) OVER A CONTROL VOLUME (V):

V de/dt = - OXIDATION OF BOD CARBON & NITROGEN
- SEDIMENT OXYGEN DEMAND
+ REAERATION
+ PHOTSYNTHESIS - RESPIRATION

+/- TRANSPORT & DISPERSION



BIOCHEMICAL OXYGEN DEMAND

THE OXYGEN EQUIVALENT OF THE ORGANIC CARBON
CAPABLE OF UTILIZING OXYGEN FOR OXIDATION OF

ORGANIC CARBON TO CO,

MEASUREMENT: UPTAKE OF DO BY WATER SAMPLE IN BOD
BOTTLE

?
ULTIMATE BOD = Lo
02 CONSUMED =y
REMAINING ORGANIC MATTER
=L
INCUBATION TR{E -t (days)
BOD BOTTLE EQUATION:

di/dt=-K,L; SOLN: L=L_exp (-K,t)
y=L,-L

THEREFORE: y =L (1 - exp(-K, 1))

USUALLY MESURE y, = 5 - day BOD



BOD OXIDATION IN RIVERS & STREAMS

RIVER BOD (mg/.) LABORATORY BOD (mg/L)
f t
—» -
¢ DISTANCE DOWNSTREAM - x 0 INCUBATION TIME -t (days)
FLOW ——pp
A B C
RIVER
BOD LOAD = W (kg/d)

U = RIVER VELOCITY (kmv/d)
K_=RIVER BOD LOSS RATE (1/day)

UdLl/idx= -KL
L = (L ).exp(-Kx/U)

WHERE
(Loda = HLQ)p T (LoQ)el(Qp, + Q)



SIMPLIFIED DISSOLVED OXYGEN MODEL FOR RIVERS
@ STEADY STATE:

Udc/dx =K, (c,-¢)-K,Lx)+P-r-SOD
CONSIDERING ONLY BOD (= L(x))

U dc/dx =K, (¢, - ¢) - K, L, exp(-K x/U)

DEINE D = DO DEFICIT =¢, - ¢

THEN SOLUTION IS:

K _ - —
D= Kd(l_:cl)zA{e Kex/U _ @ Kax/U} + D.e Kax/U
a r



PLOT OF DO PROFILE -
& EXAMPLE

DO deficit, O, mg/t

e Tine of ravel, +*
’G
.
50 - \::\
-~ ~
‘g 20 \\\ K, = 0.8/day
= ~
g8 °r H
-~
g <k ~
& ~
2k \'\\.
-
| i 1 A L r~ 1 !
10 9 [ | ? [ ) 3 4 3

th TKN, my/t
o
T
L J
/
, /
N

~

L J
] 1 [ DT g i Sy G R )
] [} 1 [} ] t t

[V 2 4 6 B
8
B S|
__.___.-o—""
- 6 .”’__.— - -
4 -
4 - .
. -
8 R
2 —
o I | 1 1 1 1 1 1
ho M ] T s 5 4 )

River miles from confluence of Rosnohke River

1-78



MULTIPLE INPUT CASE

| ""I'l ' ® @ —c
! !
|w. 2

Due to W,

CBOD o NBOD, mg/t

Due 1o W, Due to W,

DO, my/t

x b —

Oueto W, + W,

00, my/t

| S S

-

b-T9
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ALGAL CELL STOICHIOMETRY

GLOBAL MEAN: "REDFIELD RATIOS" (Redfield et al, 1966)
ALGAL BIOMASS COMPOSITION: C,0H,50,,N, P

(CH2O)1 Dé(NHZJ) 1 6(H3 P04)

STOICHIOMETRY USING "REDFIELD"
RATIOS

C/N C/p N/p

mole |Weight |mole |Weight|mole [Weight
Basis |Basis |Basis |Basis |Basis |Basis

6.63 5.68 106 4] 16 7.22

[C: 12 g/mole; N: 14 g/mole; P: 31g/mole

BUT NOTE THAT AGAL STOICHIOMETRY VARIES AS FUNCTION OF
AVAILABLE NUTRIENT:

e.g. CHESAPEAKE BAY (Cerco and Cole, 1994): C/N: 4.5-6 C/p:30-75
N/p:5-15

CARBON/CHLOROPHYLL: 30 - 140
For C/CHLOR =50; C/N =5 & C/p =50

THEN N/p = 10; AND N/CHLOR =10 & p/CHLOR = 1
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