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GENERAL PROBLEM IDENTIFICATION FRAMEWORK

| L
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Chemical Nature of
Input Water
Loads Body

Water Quality
Criteria &
Standards

wr

L

Rapid Evaluation of
Potential Chemical

TABLE 3- 4

Some Haximum Allowazble Concentrations in Fish
. ("Action Limits™)

© - (U.S. Food and Drug Admin., 1978) SRS

Maximum Concentration in Fish

Chemical . ] (Edible portien), ppm(l)

aldrin/dieldrin 3
DOT aand metababolite§ [¢]
Endrin ]
Heptachlor/heptachlor cpoxide - . .3_”‘ s
Kepone 3v
Metcury 0
| Mirex ) ] [
Polychlorinated biphenyls (PCB's) -

Y R - - -]
P = A o0 f

Toxaphenc

Reevaluation

Contamination
No *Potential”
"Significant”™ [ t | Problem
Problem
¥ 1
Periodic Detailed

Evaluation of
Problem

i T
( )ppm = one patr chemical per willion parts wet welght of fish =

ug/g(w); glw) = gm wet weight

2
( )2.0 ppm subsequently adopted by USFDA



Two Complementary Approaches to
Analyzing Impact of Chemical Discharges

Chemical |
Specific
Approach

Whole
Effluent and
In-Stream
Toxicity
~.Approach

N

Analyze individual chemicals

r Analyze whole mixture using
a toxicity end point

J

-Gl

C

Chemical Specific

Advantages:

Disadvantages:

Toxicity Approach

Advantages:

Disadvantages:

Treatability data available

Fate can be modeled and predicted

Bioaccumulation can be measured
and analyzed

Which compound is toxic in mixture?

Expensive to measure many chemicals

Interactions not accounted for.

Aggregate toxicity measured

Limit one parameter-toxicity

Interactions between chemicals
-measured.

Treatability data lacking

Fate of toxicity not clear

Propertics of specific chemicals for
public health (bioaccumulation,
carcinogenicity) not assessed.

1-62



Where is chem ound?

Water Column:

Sediment;

Food Web:

~ Atmosphere:

Free dissolved form
Sorbed to suspended particulates
(Sorbed to colloids, DOC)

Sorbed to sediment solids
Free dissolved form in interstitial water
(Sorbed to DOC)

In musclé, organs, lipid of fish and other
aquatic organisms

Gaseous phase
Sorbed to particulates
Dissolved in precipitation

- 63

TOXICS ANALYSIS - RIVERS AND STREAMS

A. SIGNIFICANCE OF SUSPENDED SOLIDS
1. DYNAMIC BEHAVIOR
2. DEPOSITIONAL ZONES VARIABLE IN SPACE

3. PERIODS OF NET EROSION
4. SIMPLIFICATIONS POSSIBLE BUT MAY NEED

SEDIMENT TRANSPORT MODEL

B. REVIEW OF GENERAL STREAM QUALITY RESPONSE
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. CHEMICAL CONCENTRATION OR TOXICITY UNIT

POINT SOURCE

TRIBUTARY POINT SOURCE

No. 1 INPUT No.2
T I |
1 | ! -
[ i
_ _
F
_ /_zozmbmm DUE
: TO POINT SOURC
Chemical No 2
Concentration
C . (:
[m /%) K
TRIBUTARY .
DILUTION r\_ _ q
4 —>
| x, ¥
! A _
_
(¢t
K
Chemical / / i
Concentration , q 3
C .
[(m/L3]
/'l,
_ _ x,t*
0
| _ A C
_ Kr#
Chemical K
Concentration q
C
[m7L%]
>
Distonce Downstream(x)

or ..
Time of Travel (t )



C. SUSPENDED SOLIDS EQUATIONS FOR CASE WHERE EROSION OCCURS IN

DOWNSTREAM DIRECTION®:
@ STEADY STATE
m, = m,(0) exp(-
WATER COLUMN (with constant flow) ' +1((v3m;5f)[(;:[?xl;‘)1 )(}-izv,H,u)x)]

0 = -udm/dx -v/Hm, +v/Hm,

. THE SOLIDS PROFILE THEN BUILDS UP TO AN
STATIONARY SEDIMENT EQUILIBRIUM VALUE OF SOLIDS GIVEN BY

0 =vm, - vm, - v,m, m, () = v,m,/v,
For the equilibrium solids estimated from the profile and m, and

v, known, the resuspension velocity can be estimated.

-?/So cam S)wu" 5\(#—"—' above eq,s.‘

FOR A DEPOSITIONAL RIVER ENVIRONMENT AND NO
FLOW DILUTION

udm,/dx = - (v,/H,) m,(x) . . (s /nwx)
WHERE e = bt (-9)
- enharnment §loag 300
= enha "
v, = (VY IV AV,) wheve @ STy Flox Jashds
AND THE SOLUTION FOR THIS CASE IS c Vam
. Va M

m, = m,(0) exp(-(v,/Hu)x)

! O'Connor, D.J., 1988. Models of sorptive toxic substances in freshwater systems. I. Basic
equations. ASCE, J Env. Eng. Div., 114(3):507 - 532,

15,



D. TOXICS MODEL - RIVERS AND STREAMS
PROCESSES:

SEDIMENT DIFFUSIVE EXCHANGE
AIR - WATER EXCHANGE |
LOSS OF CHEMICAL FROM SYSTEM
SETTLING FLUX OF CHEMICAL
RESUSPENSION FLUX OF CHEMICAL
NET BURIAL OF CHEMICAL

me STEADY STATE MASS BALANCE EQUATIONS:
Vg mp '

b)

A - x = 0 »
x ~-Distance Downstream

m (e} NET ZERQ NET
WATER SETTLING SOLIDS LOSS Input
COL. SUS.” SOLIDS. / . !
™,

I
—
! WATER COLUMN
uder/dx = KJ/H (f,e/9, - f,c;,)  Sediment diffusive exchange

XV

C) -Kpeq Loss {photolysis,biodegrad.)

+k/H,(c/H, - f,cp) Air/water exchange

BED SEDIMENT -
" WATER CoL / EROSION -v/H,(f,,cy) Settling
SUS. SOLIDS :
tv/H(f,cp) Resuspension

m,

(5

7.



STATIONARY SEDIMENT

0 = - K/H,(fpcr/9, - f51)
Knen
v /H(f,¢)
v /H,(f,,¢r,)
-v/H,(£,¢r)

Sediment diffusive exchange
Loss (photolysis,biodegrad.)
Settling

Resuspension

Net Deposition

SOLUTION:

Total concentration in Water Column

&y = (W/Q) expl-(vy/H,)(x/u)]

Sediment Particulate Concentration
r,= (8f,/m,) cy,(x)

= (8f,/m,) (W/Q) exp[-(v,/H,)(x/u)]
Note: The shape of the profile in the downstream direction is the

same for the water column concentration and the sediment
particulate concentration.

4 In Water Col. conc. up/L

Slope=v/Hu

4 In Sediment conc. ug/g

\S[o{%u

0 Dist. -x

v




THEREFORE, THE CHEMICAL CONCENTRATION IN THE
ORGANISM IS

v=Nc¢,

= N f (Wy/Q) expl{-(vi/H,)(x/w)]

AGAIN, THE DOWNSTREAM PROFILE FOR THE
ORGANISM CHEMICAL CONCENTRATION IS THE SAME
AS FOR THE WATER COLUMN AND SEDIMENT.

4 In Water Col conc, ng/L

\Tu

& In Sediment conc. ug/g

Slope=v/Hu
0 Dist, -x
4 In Organism Chemical conc. ug/g

Slope=v/Hu
0 Dist. - x

RELATIONSHIP OF AQUATIC ORGANISM
CONCENTRATION TO DISSOLVED CHEMICAL
CONCENTRATION IN RIVERS

ASSUME: ORGANISM DOES NOT MIGRATE
SIGNIFICANT DISTANCE IN RIVER OR ORGANISM IS IN
CAGE POSITIONED AT VARIOUS LOCATIONS

DOWNSTREAM
B B B —
I Biomonitor (Fish, shelfish)
Input

DEFINE v = chemical concentration in organism (ug/g(wet))

N = Bioaccumulation Factor (BAF)

= v/c, = ratio of chemical in organism to dissolved
chemical in water

DISSOLVED CHEMICAL IS GIVEN FROM PREVIOUS
SOLUTION FOR TOTAL CHEMICAL, i.c.,

Ca = £y cp(x)

EY 27



PCB CONCENTRATION IN F,

PCB CONCENTRATION IN SEDIMENT

{ug/g, wet weight)

(ug/q. dry weight)
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CAGED MUSSEL COPPER CONC

H9/g{w)

@ 45DAYS EXPOSURE

100
Q=16 16CFS
WIDTH221000 ft
o ¥, ~:0.0184/km
¥, ~0.22m/d
10}
o
1 + ] ¢ ¢
~-20 0 20 40 60

Varilation of Coppgr

Concentration inCaged Museels, Quadrula

80 km

quadrula,Muskingum R.Sept1973,Data from Foster and Batee(1078)
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Figure 2. Spatial distribution of water column PCB concentration
of Hudson River and Estuary (upper River, 1977-1983, estuary,

1977-1979) Compiled from data of USGS, Poughkeepsie intake,
NYC 208 study.

Caddisfly Larvae
Insecta: Trichoptera
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Figure 12. Longitudinal distribution of caddisfty larvae total
PCB congentration in site region. Data from NYS DEC. Line is
equation resulting from a distributed sediment source of PCE.
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