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PREFACE 

The pollution of thc aquatic environmcmt by sediments, nutrients, 
and pesticides is one of the unfavorable impacts of agricultural activity. 
These kinds of pollution are very complex phenomena in themselves but 
become even more complicated because they are very often interrelated 
and all are based on rather complex hydrological and hydrogeological 
processes. It is obvious that the systems approach is the best tool for 
assessing pollution from agricultural land (non-point-source pollution) and 
for quantifying its changes under various alternative agricultural manage- 
ment practices. 

A large, qualified group of experts is now tackling this problem in 
the United States under the U.S. Department of Agriculture, Science, and 
Education Administration-Agricultural Research. The ultimate goal of 
this group is t o  develop a system of mathematical models dealing with 
non-point-source pollution at the field level. This corresponds to one of 
the objectives of the IIASA task on "Environmental Problems of Agricul- 
ture" [1] . 

Dr. Walter Knisel, a coordinater of this US group, was invited by 
IIASA t o  participate in the planning workshop held at IIASA June 27-30, 
1978. Later he was nominated by USDA-SEA-AR to liaise between 
USDA-SEA-AR and IIASA. The following paper was presented and dis- 
cussed at the aforementioned workshop and reflects the US basis for 
our cooperation. 

Gennady Golubev 
Task Leader 





SUMMARY 

Thc approach of thc US working group t o  thc dcvc:lopmc:nt of a hic:r- 
archy of mathematical modcls dealing with non-point-sourcc: pollution at 
the field level is described. The objective of the group is to usc this 
system of models for assessing non-point-source pollution, quantifying 
responses from alternative management practices, and evaluating thc bcst 
ones. Each model should be simple, but physically based. The following 
phenomena are described consecutively, with discussions of approaches 
to their modeling: surface and subsurface flow, deep percolation, erosion, 
sediment transport, and dissolved and adsorbed chemical output due to  
use of fertilizers and pesticides. The system is not considered to bc an cncl 
in itself, but a first step towards the development of user-oriented compre- 
hensive models. 
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A System o f  Models f o r  Eva lua t ing  Non-Point-Source 
Pollution--An Overview 

INTRODUCTION 

The U.S. Department o f  Ag r i cu l t u re ,  Sc ience and Educat ion 
Admin is t ra t ion- -Agr icu l tu ra l  Research (USDA-SEA-AR) has  begun a 
n a t i o n a l  r esea rch  p r o j e c t  t o  develop systems f o r  eva lua t i ng  non- 
po int -source p o l l u t i o n .  Emphasis is  being p laced on f i e l d - s c a l e  
systems, s i n c e  management p r a c t i c e s  w i l l  be designed and evalu- 
a t e d  on a farm b a s i s .  Longer-term e f f o r t s  a r e  being organized 
t o  cons ide r  watersheds and bas ins .  Approximately 5 0  s c i e n t i s t s  
a r e  p a r t i c i p a t i n g  i n  t h e  o v e r a l l  p r o j e c t .  I n  1978,  s ta te -o f -  
t h e - a r t  models a r e  being assembled and t e s t e d  f o r  a p p l i c a b i l i t y .  
Th is  overview d e s c r i b e s  t h e  c u r r e n t  y e a r ' s  e f f o r t s  and p r e s e n t s  
some o f  t h e  problems and approaches t h a t  must be considered i n  
t h e  system development. 

The p r i n c i p a l  o b j e c t i v e  of  t h e  p r o j e c t  is t o  develop a h i e r -  
a rchy  of  mathematical  models f o r  use a t  a  f i e l d  l e v e l  t o  ( 1 )  
a s s e s s  non-point-source p o l l u t i o n ,  (2 )  q u a n t i f y  responses  from 
a l t e r n a t i v e  management p r a c t i c e s ,  and ( 3 )  eva lua te  b e s t  manage- 
ment p r a c t i c e s .  E i t he r  e x i s t i n g  models o r  some mod i f i ca t i ons  
thereo f  w i l l  be assembled f o r  agency use. The models must be 
s imple,  p h y s i c a l l y  based, and capab le  of s imu la t i ng  s u r f a c e  and 
subsur face  f low, deep p e r c o l a t i o n ,  e r o s i o n ,  sediment t r a n s p o r t ,  
and d i sso l ved  and adsorbed chemical  ou tpu t  from f i e l d s  under d i f -  
f e r e n t  management p r a c t i c e s .  The system i s  shown schemat ica l l y  
i n  F igu re  1 .  P r e c i p i t a t i o n ,  r a d i a t i o n ,  and temperature a r e  t h e  
d r i v i n g  f o r c e s  of  t h e  watershed system, t o g e t h e r  w i t h  man's  manage- 
ment of t h e  system through land use ,  c u l t u r a l  p r a c t i c e s ,  and t h e  
use of chemicals .  Output from t h e  system inc ludes  s u r f a c e  runo f f ,  
which r e s u l t s  i n  e ros ion  and sediment t r a n s p o r t  and t h e  assoc ia ted  
d i s s o l v e d  and adsorbed chemicals.  Some i n f i l t r a t e d  water  may 
become subsur face  f low and/or p e r c o l a t i o n ,  both of  which may c a r r y  
d i sso l ved  chemicals .  Evapot ransp i ra t ion  i s  shown a s  an ou tpu t  
s i n c e  it a f f e c t s  t h e  uptake of chemicals  by t h e  p l a n t s .  

HYDROLOGIC COMPONENT 

The hydro log ic  component must be capab le  of r ep resen t i ng  a 
wide range of cond i t i ons  ac ross  t h e  Land Resource Areas (LRA) o f  
t h e  na t i on .  The va r i ous  f low regimes a r e  shown i n  F igu re  2. The 
schemat ic  shows r e l a t i v e  magnitudes of r a i n f a l l ,  snow, evapotran-  
s p i r a t i o n ,  s u r f a c e  runo f f ,  subsur face  f low, and deep p e r c o l a t i o n  
f o r  s e l e c t e d  reg iohs  of t h e  United S t a t e s .  Although t h e  width 
of b a r s  f o r  each component i s  s c a l e d  t o  i n d i c a t e  maqnitude, t h e  
f i g u r e  i s  somewhat gene ra l i zed  t o  r e p r e s e n t  t h e  v a r i e d  cond i t i ons  
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Figure 1. Flow chart of system for evaluating non-point-source pollution. 
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t h a t  models must hand le .  A lso,  t h e  v a r i o u s  h y d r o l o g i c  components 
i n d i c a t e  t h e  r e l a t i v e  p o t e n t i a l  f o r  e r o s i o n ,  d i s s o l v e d  c h e m i c a l s ,  
and adsorbed  chemica ls .  For example,  t h e  p o t e n t i a l  f o r  d i s s o l v e d  
chemica ls  i n  t h e  s u b s u r f a c e  f low is g r e a t e r  i n  t h e  S o u t h e a s t  
C o a s t a l  P l a i n  t h a n  i n  t h e  South C e n t r a l  Uni ted S t a t e s  because 
t h e  s u b s u r f a c e  component i s  l a r g e r ,  even though r a i n f a l l  amounts 
a r e  n o t  v a s t l y  d i f f e r e n t .  

Models f o r  e v a l u a t i n g  non-po in t -source p o l l u t i o n  must be  ca -  
p a b l e  o f  d i f f e r e n t i a t i n g  between such c o n s e r v a t i o n  p r a c t i c e s  a s  
c o n t o u r  t i l l a g e ,  s t r i p  c ropp ing ,  inpoundment-type t e r r a c e s ,  and 
n o - t i l l  c ropp ing  systems.  T h i s  i s  o b v i o u s l y  n o t  a n  a l l - i n c l u s i v e  
l i s t ,  b u t  t o  some e x t e n t  it i n d i c a t e s  t h e  impor tance o f  such 
p r a c t i c e s ,  p a r t i c u l a r l y  a s  t h e y  a f f e c t  e r o s i o n  p o t e n t i a l ,  p l a n t  
n u t r i e n t  r u n o f f ,  and t h e  wide r a n g e  of  p e s t i c i d e s  t h a t  might  be  
used.  For  example,  n o - t i l l  c o r n  is  recommended i n  many p a r t s  o f  
t h e  Uni ted S t a t e s ,  e s p e c i a l l y  because  of  i t s  lower  energy  r e q u i r e -  
ment. Such p r a c t i c e s  may have c o n f l i c t i n g  consequences.  I n  
t h e  C o r n b e l t ,  n o - t i l l  p l a n t i n g  i s  commonly done i n  p rev ious -  
c r o p  r e s i d u e s .  T h i s  o f t e n  r e s u l t s  i n  heavy i n s e c t  c a r r y o v e r ,  and 
a wide range  o f  i n s e c t i c i d e s  may b e  needed f o r  adequa te  c o n t r o l .  
The c r o p  r e s i d u e  r e d u c e s  r a i n d r o p  impact  and s p l a s h  e r o s i o n .  
However, dense  r e s i d u e  w i l l  a l s o  reduce  e v a p o r a t i o n  from t h e  s o i l  
s u r f a c e  and ,  depending upon t h e  tempora l  d i s t r i b u t i o n  o f  r a i n f a l l ,  
s u r f a c e  r u n o f f  may be  g r e a t e r  t h a n  from c o n v e n t i o n a l  t i l l a g e .  I n  
t h e  S o u t h e a s t ,  n o - t i l l  c o r n  i s  o f t e n  p l a n t e d  i n  f e s c u e  g r a s s  
sod k i l l e d  w i t h  a h e r b i c i d e  such a s  p a r a q u a t ,  which i n c r e a s e s  t h e  
p o l l u t i o n  p o t e n t i a l  from t h e  h e r b i c i d e .  

The most s i g n i f i c a n t  p o t e n t i a l  f o r  non -po in t - sou rce~po l l u t i on  
i n  t h e  Uni ted S t a t e s  is i n  t h e  i n t e n s i v e l y  farmed a r e a s  o f  t h e  
S o u t h e a s t ,  Midwest, and G r e a t  P l a i n s .  There a r e  a l s o  p o l l u -  
t i o n  problems i n  t h e  r a n g e l a n d s  o f  t h e  Western Uni ted S t a t e s .  
Sediment i s  t h e  b i g g e s t  p o l l u t a n t  b u t  p l a n t  n u t r i e n t s  and h e r b i -  
c i d e s  a l s o  c a u s e  concern.  Range management p r a c t i c e s  must be  con- 
s i d e r e d  i n  t h e  systems t o  e s t i m a t e  non-point-source p o l l u t i o n .  

Two methods a r e  b e i n g  e v a l u a t e d  f o r  p r e d i c t i n g  r u n o f f  from 
f i e l d  a r e a s .  One is t h e  USDA S o i l  Conserva t ion  S e r v i c e  (SCS) 
c u r v e  number sys tem [2 ]  a s  adap ted  by Wi l l iams and LaSeur [ 3 ] .  
The sys tem r e l a t e s  runo f f  t o  t o t a l  s to rm r a i n f a l l  w i t h  a f a m i l y  
o f  c u r v e s  dependent  upon h y d r o l o g i c  s o i l  g roup ,  a n t e c e d e n t  s o i l  
m o i s t u r e ,  l a n d  u s e ,  and p r a c t i c e .  F i g u r e  3 shows t h e  r a i n f a l l /  
r u n o f f  r e l a t i o n s h i p .  The i n s e t  d iagram shows t h e  r e l a t i o n s h i p  
between t h e  i n i t i a l  a b s t r a c t i o n  o f  r a i n f a l l  and t h e  i n f i l t r a t i o n  
c u r v e  super imposed on t h e  r a i n f a l l  h is togram.  The i n s e t  f i g u r e  
i s  m e r e l y  f o r  d e f i n i t i o n .  I t  d o e s  n o t  i n d i c a t e  t h a t  s t o r m  dura-  
t i o n  o r  i n t e n s i t y  i s  used i n  d e t e r m i n i n g  r u n o f f  volume. I n i t i a l  
a b s t r a c t i o n  is c o n s i d e r e d  a s  a c o n s t a n t  p r o p o r t i o n  o f  t o t a l  s o i l  
w a t e r  s t o r a g e  i r r e s p e c t i v e  o f  d u r a t i o n  and i n t e n s i t y  o f  r a i n f a l l .  
The c u r v e  number method is  s imp le  t o  app ly .  

The second method is  an a l t e r n a t i v e  approach deve loped by 
Smith [41. The c o n c e p t ,  shown i n  F i g u r e  4 ,  c o n s i d e r s  t h e  i n i t i a l  





TIME 

Figure Schematic representation of runoff model using infiltration approach. 

Source: [4] 

abstraction of rainfall based on soil water deficit and rainfall 
intensity. In Figure 4, r is rainfall rate, f is infiltration 
rate, t is time, P is total rainfall, FD is infiltration to time 

of ponding, F' is infiltration after time of ponding, and F is 
total rainfall infiltrated during the storm. When rainfall in- 
tensity exceeds the infiltration rate of the soil, runoff begins. 
Runoff is determined as the accumulation of rainfall excess, i.e., 
intensity greater than the hydraulic conductivity. By using 
breakpoint rainfall data, Smith's model responds to different 
storm intensities and durations. 

Runoff volumes are estimated by the two models, but hydro- 
graphs are not being generated in this initial effort. Peak rate 
values of runoff are needed for the erosion/sedimentation compo- 
nent, as will be discussed later. A method is being developed 
to estimate peak rate from 15-minute excess rainfall intensity. 
Conservation practices will affect peak rates more than runoff 
volume. For example, a terrace system on a field will produce 
a significantly lower peak rate than an unterraced field. If the 
runoff volume is the same, this will result in different runoff 
durations and,,ultimately, different hydrograph shapes. 

A considerable number of research watersheds in 8 Land Re- 
source Regions (LRR) and 13 LRAs of the United States have been 
selected for the initial testing of the systems developed to 
determine their accuracy and applicability. (One LRR may contain 
between 3 and 22 LRAs.) The watershed locations are shown in 



Figure 5. Hydrologic data are available on all watersheds, but 
sediment data are available for about two thirds only, and chem- 
ical data for about one third of the watersheds. The testing of 
the model for wide-scale applicability with these limited data is 
minimal, but more extensive testing is planned. 

The two hydrologic models are being statistically evaluated 
for the selected watersheds to determine which model's behavior 
conforms more closely to observed runoff in the different LRAs. 
The testing also will provide an indication of the expected ac- 
curacy of estimates. 

Evapotranspiration is estimated by the Leaf Area Index (LAI) 
method [5]. Evapotranspiration controls soil moisture, which in 
turn affects the transformation of chemicals in the soil and their 
uptake by plants. The hydrologic component also contains a snow- 
melt routine given by Stewart et al. 161. The hydrologic compo- 
nent is structured such that the evapotranspiration and snowmelt 
routines can be replaced as improvements are developed. 
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Figure 5 .  Land Resourct: Region map ol' thv Llnitt:d Statc:s showing locations 
of research watersheds st:lc*ctc-d for 1nodc:l tcsting. 



EROSION/SEDIMENTATION COMPONENT 

P r i n c i p l e s  o f  t h e  e ros ion /sed imenta t ion  component a r e  shown 
i n  F i gu re  6 [ 7 ] .  Raindrop impact de taches  s o i l  p a r t i c l e s ,  and 
t h e  over land  f low c a r r i e s  them i n t o  some concen t ra ted  f low. Con- 
c e n t r a t i o n  of runo f f  may r e s u l t  i n  r i l l i n g .  With cont inued de- 
velopment of r i l ls ,  t h e  sed iment  l oad  may exceed t h e  t r a n s p o r t  
c a p a c i t y  o f  t h e  wa te r  and sett le,  o r ,  i f  t h e  t r a n s p o r t  c a p a c i t y  
i s  g r e a t e r  than  t h e  sediment  load ,  g u l l y i n g  may occur .  

TRANSPORT BY THIN 

SPLASH 

DETACHMENT BY INTENSE 
HYDRODYNAYIC FORCES 

DETACHMENT 
TRLNSPORT 
RILL FLOW 

DETACHMENT AND TRANSPORT a BY CHANNEL FLOW 

Figure 6. Schematic representation of erosion and sediment transport processes. 

Source: [ 7 ] .  

The Un iversa l  S o i l  Loss Equat ion (USLE) was developed t o  
p r e d i c t  average  annua l  s o i l  l o s s  f o r  d i f f e r e n t  s o i l s ,  c l i m a t e ,  
s l o p e ,  cover ,  and p r a c t i c e s  [8]. The well-known USLE i s  expressed  
a s  : 

A = RKLSCP ( 1 )  

where A is  average  annual  s o i l  l o s s ,  R is r a i n f a l l  energy ,  K i s  
t h e  s o i l  e r o d i b i l i t y ,  L is s l o p e  l e n g t h ,  S i s  s l o p e  p e r c e n t ,  C 
i s  cove r ,  and P is t h e  management p r a c t i c e .  The USLE was n o t  
developed t o  p r e d i c t  s to rm e r o s i o n ,  which is  necessary  f o r  pre-  
d i c t i n g  chemica l  t r a n s p o r t .  However, it c o n t a i n s  t e r m s  t h a t  con- 
s i d e r  management p r a c t i c e s ,  which a r e  e s s e n t i a l  f o r  t h e  systems 



b e i n g  deve loped.  F o s t e r  e t  a l .  [9]  and Wi l l i ams  [ l o ]  have modi- 
f i e d  t h e  USLE f o r  a p p l i c a t i o n  on a  s to rm e v e n t  b a s i s .  F o s t e r ' s  
m o d i f i c a t i o n  is  g i v e n  a s  

where E  is  s to rm e r o s i o n ;  Q i s  runo f f  volume; q  i s  peak r a t e  o f  
r u n o f f ;  a ,  b ,  and c a r e  c o e f f i c i e n t s ;  and t h e  o t h e r  t e r m s  a r e  
t h e  same a s  i n  Equat ion ( 1 ) .  F o s t e r ' s  m o d i f i c a t i o n  c o n t a i n s  t h e  
r a i n f a l l  detachment  p o t e n t i a l ,  aR, and a  t r a n s p o r t  p o t e n t i a l ,  
bQqC. Wi l l i ams '  m o d i f i c a t i o n  i s  e x p r e s s e d  a s  

b  E  = a  (Qq) KLSCP ( 3 )  

where a  and b  a r e  c o e f f i c i e n t s  and t h e  rema in ing  t e r m s  a r e  t h e  
same a s  above. I n  Equat ion ( 3 ) ,  t h e  detachment and t r a n s p o r t  
c a p a c i t y  i s  e x p r e s s e d  by t h e  p r o d u c t  o f  r u n o f f  volume and peak 
runo f f  r a t e .  These two m o d i f i c a t i o n s  a r e  be ing  a s s e s s e d  a g a i n s t  
wa te rshed  d a t a  t o  de te rm ine  t h e i r  r e l a t i v e  accuracy .  

I n  e s t i m a t i n g  average  annua l  e r o s i o n ,  a s  w i t h  t h e  USLE, t h e  
sys tem i s  c o n s i d e r a b l y  smoothed. However, a  number of  prob lems 
must be c o n s i d e r e d  when e s t i m a t i n g  s to rm e r o s i o n ,  p a r t i c u l a r l y  
i n  r e l a t i o n  t o  adsorbed  chemica ls .  For  example,  e q u i v a l e n t  s l o p e  
l e n g t h  and s t e e p n e s s  f o r  complex s l o p e s  is  s u f f i c i e n t  f o r  est i -  
mat ing annua l  e r o s i o n ,  b u t  e r o s i o n / d e p o s i t i o n  i s  i m p o r t a n t  on a  
s t o r m  e v e n t  b a s i s  f o r  e s t i m a t i n g  chemica l  t r a n s p o r t .  S lope  shape 
h a s  a  pronounced e f f e c t ,  a s  shown i n  F i g u r e  7 .  R e l a t i v e  sed iment  
y i e l d s  f o r  t h e  v a r i o u s  s l o p e  s h a p e s  i n d i c a t e  t h e  compounding 
n a t u r e  o f  complex s l o p e s .  Sediment y i e l d  f o r  a  concave s l o p e  
d e c r e a s e s  f o r  s l o p e  l e n g t h s  g r e a t e r  t h a n  a b o u t  80 m because  o f  
d e p o s i t i o n  i n  t h e  f l a t t e r  p o r t i o n s ,  a s  shown i n  t h e  upper  p a r t  
o f  F i g u r e  7 .  These e f f e c t s  must be  c o n s i d e r e d  i n  t h e  e r o s i o n /  
s e d i m e n t a t i o n  model. 

I n t e r t e r r a c e  e r o s i o n ,  w i t h  d e p o s i t i o n  i n  t h e  t e r r a c e  c h a n n e l ,  
i s  a n o t h e r  problem t h a t  must be t r e a t e d  w i t h  t h e  eros ion/sed imen-  
t a t i o n  model. T e r r a c e s  e f f e c t i v e l y  c o n t r o l  e r o s i o n  by b r e a k i n g  
t h e  s l o p e  l e n g t h .  There is  e r o s i o n  between t h e  t e r r a c e s ,  and 
v a r y i n g  amounts o f  m a t e r i a l  a r e  d e p o s i t e d  from t h e  channe l  f low,  
depending upon p a r t i c l e  s i z e ,  t e r r a c e  g r a d i e n t ,  and f l ow r e t a r d a -  
t i o n  o f  t h e  channe l  c o v e r .  A s i m i l a r  problem t h a t  needs eva lua -  
t i o n  i s  t h e  f u r t h e r  t r a n s p o r t  o f  sed iment  i n t o  and th rough  t h e  
g r a s s e d  t e r r a c e  o u t l e t .  Grassed  waterways a r e  somet imes recom- 
mended f o r  s t a b i l i z i n g  c o n c e n t r a t e d  w a t e r c o u r s e s  i n  F i e l d s  where 
n a t u r a l  o v e r l a n d  d r a i n a g e  i s  a  problem. Sediment d e p o s i t i o n  i n  
t h e  g r a s s e d  waterway must be  t r e a t e d  w i t h  t h e  e r o s i o n  model. 
Not o n l y  is t h e r e  concern  abou t  t h e  d e p o s i t i o n  o f  sed iment  i n  
t r a n s i t ,  b u t  c o n s i d e r a t i o n  must be  g i v e n  t o  g r a s s e d  waterway 
main tenance,  over f l ow,  and meander ing.  
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Figure 7. Relation between slope shape and sediment yield for overland flow. 

After: [ l l ]  

Gul ly  e r o s i o n  and head-cut m igra t ion  r e q u i r e  s p e c i a l  t r e a t -  
ment. G u l l i e s  a r e  o f t e n  t h e  c r i t i c a l  source of sediment,  bo th  
i n  c rop land  and i n  rangeland where abandoned o r  r e t i r e d  c rop land  
has  been p lan ted  w i th  g r a s s .  Eroded m a t e r i a l  from t h e  g u l l i e s  
i s  t h e  p r i n c i p a l  p o l l u t a n t ,  s i nce  p l a n t  n u t r i e n t s  and p e s t i c i d e s  
a r e  no t  gene ra l l y  app l i ed .  For t h e  purpose of e s t i m a t i n g  non- 
po int -source p o l l u t i o n  some type  of sediment "account ing"  may be 
necessary  t o  d i s t i n g u i s h  between sources .  I n  shor t - term f i e l d -  
s c a l e  modeling, a t t e n t i o n  i s  n o t  be ing  given t o  g u l l i e s ,  bu t  
they  must be inc luded i n  longer-term more comprehensive models. 

Sediment p a r t i c l e  s i z e  i s  impor tant  i n  adsorbed chemical  
t r a n s p o r t .  Even i f  a  r e l a t i v e l y  l a r g e  amount of m a t e r i a l  were 
eroded from a f i e l d ,  i f  most of t h e  part.ic1e.s were si l t-  and 
sand-gra in-s ized,  t h e  p o t e n t i a l  f o r  adsorbed chemical  t r a n s p o r t  
would be low. Conversely,  i f  most o f  t h e  eroded m a t e r i a l  were 
c l ay -s i zed ,  t h e  p o t e n t i a l  chemical  movement would be r e l a t i v e l y  
h igh.  An e q u a l l y  impor tant  cons ide ra t i on  i s  aggregate  t r a n s p o r t .  
Aggregates a r e  made up of  i nd i v i dua l  s o i l  p a r t i c l e s ,  bu t  do no t  
move o r  s e t t l e  a s  equ i va len t  s i ng le -g ra in  p a r t i c l e s .  Th is  is a 
problem f o r  two reasons:  sample c o l l e c t i o n ,  and sample p rocess ing  
i n  l a b o r a t o r i e s .  Only t o t a l  load  samplers and/or bedload samplers 
can inc lude  aggregates  i n  t h e  sample. Pump samplers and i n t e g r a t -  
ing  samplers g e n e r a l l y  do no t  have i n t a k e s  l a r g e  enough t o  c o l l e c t  



aggregates. Even when samples containing aggregates are collected, 
the normal laboratory procedure completely destroys the aggre- 
gates, and particle-size analysis reflects only the single-grain 
material that makes up the aggregates. The potential for adsorbed 
chemical transport is relatively high for aggregates. Particle- 
size routing routines are being incorporated into the erosion 
model. Relative success in particle-size routing in river basins 
has been attained by Li et al. [ 1 2 ] .  However, the smoothing ef- 
fect of basin scale may be a simpler process to model than that 
of field-scale areas. Particle-size distributions for four Corn- 
belt soils are shown in Figure 8. The relative importance of the 
sediment for chemical transport can be seen be the relative per- 
centages of clay for each soil. 

Figure 8. Sediment particle-sizr distribution for four soils in Iowa 
(courtesy of J .M .  Laflen. USDA-SEA-AR. Ames. Iowa). 

CHEMICAL COMPONENT 

Chemical transport is highly complicated because larqe num- 
bers of different compounds which have different degradation 
characteristics, adsorption characteristics, solution components, 
methods of application, mechanism of transport, volatilization, 
and frequency of application are used. The nitroqen and phosphorus 
cycles in agriculture are very complex 1 6 1 .  The continuous nitri- 
fication/denitrification process constantly changes the form of 
nitrogen. Nitrogen leaves the field in surface runoff with or- 
ganic matter. Also, if subsurface flow and percolation are signi- 
ficant, considerable amounts of nitrate can be leached. Most of 
the nitrogen input is in the form of commercial fertilizers and 



animal waste,  bu t  n a t u r a l  i npu t  from r a i n f a l l  may be s i g n i f i c a n t  
and must be cons idered  i n  eva lua t i ng  non-point-source p o l l u t i o n .  
The l a r g e s t  p o r t i o n  of n i t r ogen  i s  taken  up by p l a n t s  and removed 
from t h e  f i e l d  by ha rves t ,  o r  p a r t i a l l y  removed by h a r v e s t  and 
p a r t i a l l y  r e tu rned  t o  t h e  s o i l  a s  c rop  res idue .  Accounting f o r  
t h e  va r i ous  forms and compartments i s  impor tant  i n  s imu la t i on  
of  n i t r ogen  l o s s .  The p resen t  modeling e f f o r t s  w i l l  a t tempt  t o  
s i m p l i f y  t h e  n i t r ogen  cyc le .  Uptake by p l a n t s  w i l l  be r e l a t e d  
t o  evapo t ransp i ra t i on .  M ine ra l i za t i on  w i l l  be approximated by 
an exponen t i a l  f unc t i on  of  t ime,  s o i l  wa ter ,  and temperature.  
Accounting procedures w i l l  be used t o  e s t i m a t e  n i t r a t e  a v a i l a b l e  
i n  t h e  r o o t  zone, and p e r c o l a t i o n  es t imated  i n  t h e  hydrology com- 
ponent w i l l  be used t o  es t ima te  n i t r a t e  leached.  Nitrogen l o s t  
from a  f i e l d  i n  s u r f a c e  runof f  w i l l  be es t imated  a s  a  product  of 
t h e  so lub le  n i t r ogen  and an e x t r a c t i o n  c o e f f i c i e n t .  Also, an 
account ing w i l l  be necessary  t o  e s t i m a t e  t h e  n i t r ogen  t ransm i t t ed  
t o  t h e  s o i l  p r o f i l e  by i n f i l t r a t i o n .  

Phosphorus i s  t r anspo r ted  p r i m a r i l y  a s  m a t e r i a l  adsorbed on 
s o i l  p a r t i c l e s  i n  e ros ion  and sediment t r a n s p o r t .  Solub le phos- 
phorus i n  runo f f  is  es t ima ted  by an e x t r a c t i o n  c o e f f i c i e n t .  Con- 
s i d e r a b l e  amounts o f  or thophosphate phosphorus have been observed 
i n  watersheds w i t h  h igh concen t ra t i ons  of  d a i r y  an imals  [ 1 3 ] .  
I n  some i n s t a n c e s ,  t h i s  may approach point -source p o l l u t i o n .  

The complex n u t r i e n t  c y c l e s  must be s i m p l i f i e d  t o  p rov ide  
workable models t h a t  u s e r s  w i l l  accep t .  A s i m p l i f i e d  n u t r i e n t  
p o l l u t i o n  f lowchar t  i s  shown i n  F igure  9. The va r i ous  segments 
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w i l l  r e q u i r e  e s t i m a t e s  o f  p a r t i t i o n i n g  c o e f f i c i e n t s  and enr ichment 
r a t i o s .  Severa l  d i f f i c u l t i e s  a r i s e  i n  model v e r i f i c a t i o n .  For  
example, some resea rch  l o c a t i o n s  ana lyze  runof f  water  samples f o r  
n i t r a t e  on ly ;  o t h e r s  look a t  t o t a l  n i t r ogen ;  s o i l  n i t r ogen  concen- 
t r a t i o n s  a r e  n o t  determined. Such fragmented in fo rmat ion  makes 
it d i f f i c u l t  t o  o b t a i n  s u f f i c i e n t  t o t a l  d a t a  f o r  t e s t i n g  model 
concepts.  

Non-point-source p o l l u t i o n  from p e s t i c i d e s  i s  very  complex 
because t h e r e  a r e  thousands o f  d i f f e r e n t  chemical  compounds used 
and thousands of  fo rmu la t ions .  Each compound has a  d i f f e r e n t  
h a l f - l i f e ,  p e r s i s t e n c e  i n  s o i l ,  chemical  t ypes ,  and mode o f  t r a n s -  
p o r t .  S tewar t  e t  a l .  c l a s s i f i e d  he rb i c i des  i n t o  t h i r t e e n  d i f f e r -  
e n t  chemical  t ypes ,  and i n s e c t i c i d e s  and m i t i c i d e s  i n t o  seven 
[151. However, t h e  chemical  t ype  does no t  determine t h e  p r i n c i -  
p a l  means o f  t r a n s p o r t ,  i . e . ,  s o i l  o r  water  f r a c t i o n ,  and thus  
t h e  p a r t i t i o n i n g  c o e f f i c i e n t s  a r e  d i f f e r e n t  f o r  each p e s t i c i d e .  
F igu re  10 sugges ts  some o f  t h e  problems encountered and c o e f f i -  
c i e n t s  needed i n  modeling p e s t i c i d e  t r a n s p o r t .  

The method of a p p l i c a t i o n  i s  a l s o  an impor tant  cons ide ra t i on .  
P e s t i c i d e s  may be app l i ed  a s  spray  on ba re  s o i l  o r  on a  c rop  can- 
opy. When app l i ed  t o  t h e  canopy, some f r a c t i o n  of  t h e  p e s t i c i d e  
i s  i n t e r c e p t e d  by t h e  f o l i a g e  o r  by r e s i d u e  on t h e  s o i l  s u r f a c e ,  
and some f r a c t i o n  reaches  t h e  s o i l  su r face .  The degradat ion  of  
t h e  chemical  on t h e  s o i l  w i l l  be d i f f e r e n t  from t h a t  on t h e  fo- 
l i a g e .  When it r a i n s ,  a  po r t i on  of  t h e  f o l i a r  m a t e r i a l  w i l l  be 
washed o f f  t h e  p l a n t s  on to  t h e  s o i l ,  which changes t h e  concentra-  
t i o n  a t  t h e  s o i l  s u r f a c e  when runo f f  begins.  Some p e s t i c i d e s  
a r e  incorpora ted  i n t o  a  f i n i t e  dep th  of  s o i l  w i t h  va r i ous  equip- 
ment, r e s u l t i n g  i n  d i f f e r e n t  mixing cond i t i ons .  Incorpora ted  
p e s t i c i d e s  a r e  n o t  photodegraded, bu t  high so i l -water  con ten t  
and h igh s u r f a c e  tempera tu res  may r e s u l t  i n  l a r g e  v o l a t i l i z a t i o n  
l o s s e s .  Chemicals app l i ed  by spray  a r e  s u b j e c t  t o  d r i f t  and 
v o l a t i l i z a t i o n ,  e s p e c i a l l y  i f  app l ied  from a i r c r a f t ,  and t h a t  
p o r t i o n  reach ing  t h e  t a r g e t  is  d i f f i c u l t  t o  es t ima te .  

The p a r t i t i o n i n g  of  chemicals  i n t o  d i sso l ved  and adsorbed 
p o r t i o n s  i s  a l s o  a  problem i n  modeling. I n  t h e  e a r l i e r  d i s c u s s i o n  
of  e ros ion /sed imenta t ion ,  it was mentioned t h a t  sediment p a r t i c l e  
s i z e  i s  impor tan t .  P a r t i c l e  s i z e  t e l l s  on l y  p a r t  o f  t h e  s t o r y ;  
mineralogy o f  t h e  c l a y  f r a c t i o n  must a l s o  be known t o  e s t i m a t e  
chemical  adsorp t ion .  S o i l  s u r f a c e  cond i t i on  a t  t h e  t ime of  chemi- 
c a l  a p p l i c a t i o n  and r a i n f a l l  is  very s i g n i f i c a n t  i n  movement o f  t h e  
chemicals  i n t o  t h e  s o i l  p r o f i l e  and i n  es t ima t i ng  chemical  con- 
c e n t r a t i o n  i n  t h e  s o i l  a t  t h e  a c t i v e  water /e ros ion  i n t e r f a c e .  
Bulk d e n s i t y  v a r i e s  w i t h  s o i l  t ype  and w i t h  water  con ten t  f o r  
t h e  same s o i l .  T i l l a g e  changes bulk  d e n s i t y  r a d i c a l l y  and sud- 
den ly .  I t  i s  v i r t u a l l y  impossib le  t o  i d e n t i f y  and a c c u r a t e l y  
d e s c r i b e  a l l  t h e  cond i t i ons  and parameters a f f e c t i n g  chemical  
t r a n s p o r t .  The processes  must be s imp l i f i ed  cons iderab ly  t o  
ach ieve  a  use fu l  model f o r  chemical  t r a n s p o r t .  



Figure 10. Flow chart for e~timating pesticide runoff as storm totals or average 
storm concentrations. 

Source: [I61 . 
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FUTURE CONSIDERATIONS 

The systems be ing developed f o r  e v a l u a t i n g  non-point-source 
p o l l u t i o n  a r e  n o t  t o  be  cons idered  a s  an end i n  themselves,  b u t  
r a t h e r  a s  a f i r s t  s t e p  towards t h e  development o f  user -o r ien ted  
comprehensive m d e l s .  Data a r e  n o t  s u f f i c i e n t  f o r  t e s t i n g  a l l  
f a c e t s  o f  t h e  models,  e s p e c i a l l y  f o r  t h e  chemica ls .  The i n i t i a l  
models w i l l  h e l p  i d e n t i f y  a r e a s  i n  which r e s e a r c h  i s  needed, and 
some wel l -p lanned d a t a  c o l l e c t i o n  programs must be developed t o  
adequa te l y  test  model concep ts .  These i n i t i a l  e f f o r t s  p rov ide  
a common f o c a l  p o i n t  f o r  a sound wate r  ( q u a n t i t y  and q u a l i t y )  
management program and f o r  r e s o u r c e  conse rva t i on .  

Fu tu re  e f f o r t s  w i l l  c o n s i d e r  more comprehensive models f o r  
f i e l d - s i z e  a r e a s  and w i l l  g i ve  more a t t e n t i o n  t o  wa te rsheds  and 
b a s i n s .  The more comprehensive f i e l d - s c a l e  models may be e n t i r e l y  
d i f f e r e n t  from, o r  may be  improvements o f ,  t h e  i n i t i a l  models ,  
depending upon l e v e l s  o f  technology and development a t  t h e  t i m e .  
Comprehensiveness w i l l  n o t  be  measured by numbers o f  v a r i a b l e s  
o r  complex i ty .  S i m p l i c i t y  and u s e r  accep tance  w i l l  con t i nue  t o  
be  t h e  c r i t e r i a  f o r  m d e l  improvements and re f inement .  
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