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ABSTRACT

BEGOVICH, C. L., and R. J. LUXMOORE. 1979. Some sensitivity
studies of chemical transport simulated in models of the
soil-plant-litter system. ORNL/TM-6791. Oak Ridge
National Laboratory, Oak Ridge, Tennessee. 106 pp.

Fifteen parameters in a set of five coupled models describing
carbon, water, and chemical dynamics in the soil-plant-litter system
were varied in a sensitivity analysis of model response. Results are
presented for chemical distribution in the components of soil, plants,
and litter along with selected responses of biomass, internal chemical
transport (xylem and phloem pathways), and chemical uptake. Response
and sensitivity coefficients are presented for up to 102 model outputs
in an appendix.

Two soil properties (chemical distribution coefficient and
chemical solubility) and three plant properties (leaf chemical
permeability, cuticle thickness, and root chemical conductivity) had

the greatest influence on chemical transport in the soil-plant-Tlitter

system under the conditions examined. Pollutant gas uptake (502)

increased with change in plant properties that increased plant growth.
Heavy metal dynamics in litter responded to plant properties (phloem
resistance, respiration characteristics) which induced changes in the
chemical cycling to the litter system. Some of the SO2 and heavy
metal responses were not expected but became apparent through the

modeling analysis.
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INTRODUCTION

Understanding of the chemical, physical, and physiological
processes involved in chemical transport in terrestrial ecosystems can
be aided with simulation models based on these processes. The
complexity of process interactions within plants and the litter system,
however, may require that the phenomenological behavior of chemical
transport be modeled with empirically derived functions. Nevertheless,
the continuing aim of process modeling is to represent the principles
of chemistry, physics, and physiology. One attempt at modeling the
carbon, water, and chemical fluxes and pools in the soil-plant-litter
system was made in the development of the Unified Transport Model (Baes
et al. 1976). Five models were developed, coupled together, and
executed with hourly resolution of photosynthesis, translocation,
respiration, transpiration, solute and water uptake, litter
decomposition, and chemical mineralization. These models have been
applied to heavy metal movement and SO2 uptake in the vicinity of a
lead mining and smelting complex (Munro et al. 1976; Luxmoore and
Begovich, submitted). The sensitivity of the model output to changes
in input parameters is critical information in model applications since
it defines the precision with which input data should be obtained for a
given precision of output results. Sensitivity analysis also serves to
identify important parameters and important functions (from the model's
viewpoint) that may aid in evaluation of real world phenomena.

Evaluation of the environmental hazard from chemical releases into

terrestrial ecosystems often needs to be made by regulatory agencies
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without full information about the nature of the chemical-
environmental-biological interactions. Modeling can aid in the
evaluation process at both qualitative and quantitative levels of
resolution. This study was conducted as an aid in evaluation of
chemical transport in the soil-plant-litter system by providing
sensitivity information about model parameters, seeking the
identification of critical steps in chemical transport, and determining
the outcomes of chemical transport in which water, carbon, and
chemicals are represented as coupled components. A description of the

models and the coupling between them is given below.
OVERVIEW OF MODELS

The component models involved in this evaluation are the
Terrestrial Ecosystem Hydrology Model (TEHM) (Huff et al. 1977), the
soil chemical exchange model (SCEHM) (Begovich and Jackson 1975), a
model of forest stand biomass (CERES) (Dixon et al. 1976, 1978a,b), and
models for investigating solute uptake and incorporation into the
vegetation and litter (DRYADS and DIFMAS) (Luxmoore et al. 1976a,
1978). Each of the above reports gives the details of these models, so
only a brief description with an emphasis on their interrelationships
is given below. The combined set of models seeks to represent the
major flow processes in the soil-plant-litter system (Fig. 1).

Infiltration, exchange, and movement of heavy metal contaminants
are considered in the soil chemistry model. The contaminants are
dissolved into infiltrating water according to a solubility constant.

Contaminant movement through the soil profile is governed by soil water
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Fig. 1. Solute transport processes in the soil-plant-litter system and
the associated models used to represent carbon, water, and
chemical dynamics.
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flow (Fig. 2), and the equilibrium between the amount on the soil
exchange and the soil solution concentration is determined by a Kd
relationship.

Carbon dynamics of plants and litter are modeled by CERES. Net
photosynthesis is modeled by a 002 gradient/resistance equation;
similarly, carbon translocation is governed by the gradient of sugar
substrate between plant parts divided by a phloem resistance. Plant
respiration and mortality rates reduce biomass. The growth of plant
tissues (leaf, stem, root, fruit) is determined by tissue water
potentials and the amounts of sugar substrate available to the tissues
bounded by maximum attainable biomass input values (Fig. 3). A litter
compartment model with temperature dependent decomposition is also
included in CERES.

Incorporation of heavy metal contaminants into the plant and
litter is modeled in DRYADS and DIFMAS. Leaf uptake of solutes is
governed by solute gradients across the leaf surface together with a
cuticle permeability input value. Uptake by the root system is by mass
flow and diffusion according to the equations given by Baldwin et al.
(1973). The solutes in the plant move along a concentration gradient
in phloem or as mass flow in the xylem transpiration stream. Chemical
losses from the plant system are determined by the rate of mortality of
tissues (Fig. 4).

The interrelationships of these models with PROSPER, the
soil-plant-atmosphere-water model contained in TEHM (Fig. 5) show that
each model interfaces with at least two of the other models. Moisture
relations are simulated in PROSPER, which depend upon the leaf and root

parameters of the plants calculated in CERES. The soil water flow
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and exchange of the contaminants are calculated in SCEHM, which depend
on the water movement (PROSPER), root uptake (DIFMAS), and leaf uptake
(DRYADS). The CERES model is used to predict plant growth, which in
turn depends on resistances and water potentials (PROSPER) and any
growth or mortality effects of nutrients or contaminants (DRYADS).
Finally, the simulation of chemical dynamics in the DRYADS and DIFMAS
models depend upon the plant size and growth (CERES) and the soil
concentrations (SCEHM) of contaminants. Each of the models also depend
directly or indirectly on climatic data which are established by the

TEHM model. The basic timing and bookkeeping are conducted in TEHM.
SENSITIVITY ANALYSIS METHODS

Large computational models, useful for decision making, are
difficult to evaluate because of their complex nature (Gass 1977).
Sensitivity analysis is a valuable technique for evaluating the effects
of model data parameters on the model results. The uncertainties in
the data are used to estimate the uncertainty in the model prediction
(Miller 1974). The purpose of the sensitivity analysis is to determine
the parameters that produce the largest differences in the models'
results. With this knowledge of the parameters, a user can determine
which inputs require estimation to the highest degree of accuracy. In
addition, given the models' assumptions, the results can be related
back to the real world situation that the model represents to draw
conclusions about the relative importance of the properties of the

systems.
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The difficulties in performing the sensitivity analysis lie in
selecting the data parameters, estimating their uncertainties, and
evaluating the differences in the model results. Several previous
sensitivity analyses [the TEHM model (Luxmoore et al. 1976b),
sensitivity analysis of different parameters affecting plant nutrient
uptake (Baldwin 1976) and sensitivity analysis done as part of model
validation (Miller et al. 1976)] provided guidelines for this
analysis. The selection of the parameters and their ranges was based
upon previous experience with the models and upon realistic evaluation
of parameter values for a range of environmental conditions. The
comparisons of model responses were complex because of the quantity of
the output and their time dependence. The details of the analysis
follow.

The parameters selected for investigation (Table 1) represent a
range of soil and plant properties that may influence chemical
transport. The table identifies the primary model, the standard value,
and the range of values of the input parameters varied in the
analysis. The soil, vegetation, litter, and climatic data used in the
Crooked Creek Watershed simulation of lead and zinc transport (Munro et
al. 1976) were chosen as the standard set of input values. Each
parameter was varied around this standard, and the results were related
back to this standard set of results. The output parameter list used
in the analysis (Table 2) is extensive and provides many points at
which the model sensitivity may be evaluated.

The method for testing the parameters consisted of running the
model over a three-month period (May-July) with one particular value

varied in the standard set of input. No data were recorded for the
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Table 1. Standard parameter values and tested values for sensitive analyses

Variable
name Standard values Tested values?

SOIL AND CHEMICAL PARAMETERS (SCEHM)

500, 600 lead 2500, 3000
Distribution coefficient (m1/g) KD 100, 125
for upper and lower soil layers
1000, 1000
10, 10 zinc 100, 100
1, 1
Solubility (ug/ml) SP 3 lead 300, 30 lead
. 2 zinc 200, 20 zinc
Diffusion coefficient (cm?/sec) DL 10-5 10-7, 10-3, 10-1
LITTER PARAMETER (CERES)
Decomposition rate constant DMAX 3.5 x 10-4 (fruit)
(geg-L+hr-1) 5.0 x 1075 (leaf)  x 10*!
1.8 x 104 (stem)  x 10-1
1.2 x 10-4 (root)

PLANT PARAMETERS (CERES)

Phloem resistances (hr)

Leaf to stem LSPHLO 20 100, 1
Stem to root SRPHLO 30 100, 1
Stem to fruit SFPHLO 500 1000, 100
Respiration rates (geg-l-hr-1)
Root RRESTD 1.8 x 104 x 101, x 10-1
Stem SRESTD 1.9 x 10-4 x 101, x 10-1
Leaf LRESTD 1.8 x 10-4 x 101, x 10-1
Fruit FRESTD 1 x 10-4 x 101, x 10-1
Leaf area to weight ration (cml/g)  ARI 100 200, 50
Water potential effects (bars) EI 4 2, 6
Root radius (cm) R 0.05 5, 0.5, 0.005
Maximum leaf storage (g/m2) L MAX 420 210, 42
Ambient COp concentration (m1/m1) co2x 3.2 x 10-4 x2, x3, x4
PLANT UPTAKE PARAMETERS (DRYADS)
Leaf cuticle permeabflity (cm/sec)  PERM 10-11 %8:%0,1?6?13
Cuticle thickness (cm) FILM 10-4 10-2, 10-5, 10-6
Root solute conductivity (cm/sec)  CONDUC 10-8 1076, 10-10, 10-12
External SO, concentration (ml1/ml)  GASEX 2 x 10-8 2 x 10-7, 2 x 10-9

3The standard value was multiplied by the given number as indicated by x.



(Iva/Zesii/90) QOIHIA ¥EVA - GVET 40 d¥VLAN 100H
(AVA/ANYT Zeel/50) AOXYHZA LESITNAS - dVET 40 divido lood
(BH/ANVT ZesB/90) ONIZ dC LHOASKYHL WE1XX WEIS OL 1008
(UH/O0RYT Zewl/90)B0JT0S 40 LHOASNVEL HETIX JYET OL WALS
(EH/ARYT ZseR/50) AVET 4C LUOASNVHEI WATIX VAT O1l WALS
(4R/7ANYT Zsoll/50) ORIZ 40 ROIIVDOTISKYEL RIOTHA IINEd OL REIS
(HR/GNYT Z+sW/90}804°10S 40 HOIIVOOTISAVEL RIAOTIRA 1008 OL WALS
(ER/QNYT ZeaW/90) AVET 40 NOILVDOISHVEL WIOTHA JOOE OL RALS
(ZH/QRVT Z esl/90) DNIZ 30 NOIIVOOISNVEL WIOIHd RIS OL AVET
(IVG/Zesli/50) STAVIT X€ AVI AL ONIZ

(¥A/Z=e8/50) SEAVET HOBJA QIROVIT DRIZ

(XN¥Q/72VET TexlD/90) AV LD Z0S

(iVa/Zeeli/90) BIILIT 100 OL INANI ONIZ

(IVG/Z+«N/950) WEILIT 1INEZ O IOANI BOJIOS

(iva/Z »»W/50) WALII1T II0EJ O JOANI AVA1

(I¥A/Z«eR/50) WILLIT WELS Ol LDANI ODRIZ

(A¥Q/Z«+R/90) BILLIT 4V¥T1 OL INANI BOJTINS

(IVQ/Zwsl/50) BILLIT JVET OL LOANI aAva1

(A¥A /Z «sB/90) 8ALILT1 1008 WOHJ NOILVZITVEANIN ONIZ
(AVQ/ZesN/90) HEI1IT 1IN8Z NOBJ ROIIVZITVYHANIN 3OATINS
(Iva/Z+eli/50) WALLIT 1X08d ROBA ROIIVIITVHININ qQvi1
(ANQ /T sl /90) BALILTT WALS WOHJ ROLLVZITVEANIRN DNIZ
(A¥Q/ZweW/50) BAILIT AVAT HOHJ NOIIVZ TIVHENIN HOJTIOS
(A¥Q/ZeB/50) HWILLIT IVAT HOWI ROXIVIITVEININ avdl
(Zaeli/90) WATLX JOOW NI LRILNOD JNIZ

(GNVT Zeek/90) RATAX WILS NI LHALEOD ENJINS

(QNYT Z+#k/90) ®RIAX RA1S RI IRIINOD AVa1l

(ARVT Za#eR/50) RITIX VAT NI INILROD ONIZ

{GNYT ZeeB/90) BILITT 1OOE NI HDIINS

(GNYT Teek/90) BIILIIT JOOE NI AVAT

(ANYT Zsel/50) BWIILIT LINEA NI DNIZ

(GNYT Z+=l/90) BETLLIT NEIS NI 80JT0S

(ANYT Zeali/90) BALIIT WIIS NI AVET

(5/90) NOIIVHEIRIDONOD DHIZ QOORLYVEH 1L0OH

(9/90) KOILVEINIONOD BOJI0S 10OE

(9/50) KOIIVBINIONOD AVYET i00W

(9/98) NOILVWINZONOD DA XZ CGOORLEVEAH WALS

(9/50) KOILVEIRIONOD HOJTINS WALS

(9/90) NOIIVEIREONOD I¥3A1T WILS

(9/90) ROILVELRIONCD OMIZ 1INEd

(9/950) ROILVEINIOROD BOAIOS dVET

(5/50) ROIIVEAINIOROD AVET dvi1l

(IW/IH) 1SVId0BOTHD ZTOD

(BH/QNYT ZweW/D) ROIIVDOISHVEL BYO0NS HAIS OL JVE1

(81 /ARVT ZssH/9) EOILIVEIASAE KiILS

(4H/7AAVT ZssW/9) AOILVEIASEE JVET

(GRYT Zesll/9) SSYHOIH HEALS

NYT Z=eR/9) SSYRDIA IVE1

231i¥1 TI0S WD 0€-S1 RI (9/90) JHIZ F1dVI ORVHOXI

43IVT TIOS WD €-0 NI (9/9n) ONIZ I1EVZONVAIXE

WILIVT TI0S WD SL-£ NI (9/90) avdT 118Yd ONVHOXT

12

(I¥G/ANVT Tweli/90) AOIUIA ILHOITANS - DMIZ 40 FIVIAN LOOE
(SH/QAVT Z#aR/950) HOJTOS 30 JHOASHYEL RATAX RIIS OL LOOE
(AH/QNYT Z»#W/50)QV37T 40 1BOASMYAL HATAX WIIS O1 1OOE
WR/AAVT Z#ali/90)0012 0 lYOASAVEI WATLXY Jvd1 Ol WILS
HE/QRVT T+eR/90)304°10S 30 HOINDOTISAVEL WIOTAI IINEL OL WALS
(HH/ARYT TesR/50) AVAT 40 HOILVOOISNVEl WIOTHd 1INEZ O1 WALS
(BI/QAYT Z»sW/90) DAIZ 30 NOIIYDOTISAYHL WHOTHA 1O00H OL WELS
(8H/QAYT Z#+58/90) 80dT0S 40 ROILYDIOTISAVAL WIOTHd WIIS OL 4v3T
(ER/ARYT Z#»4M/90) AVET 40 EKOILVDOISRYHEL WIOTHE RIIS O dVi1
(1Ya/ZesR/90) SZAVIT Xd FWVIL0 QVEIT

(VT /ZeeR/50) SAAVET ADHA QAROVET avil

(IVQ/Tesi/50) BAILIXT LCOE O lOdAI BO4TIOS

(X¥0Q/Z»sl/50) BIILIT LOOH OL INANI A¥1T

(AVQ/Tesl /Hn) WILLIIT 1INGd OL INANTY DHIZ

(IVG/Z¢¢B/90) BILIIT RILS OL INARI BNITOS

(IVQ/T »»l/90) EHILIT WIALS O 104RI AVIT

(I¥Q/Z#sW/90) ETILXT 2¥ET O INARY ORI2Z

(I¥G/Z4eH/90) UHAILIT IOOH WOBA ROILVZIIVAIRIR H041AS
(IVQ/Zasl/90) BILIIT JOOM WOHJ NOILVZIIVEINIR QVIT
(IVa/Z»eH/90) E2I1IT LINHA WORJ NOIIVZITVEIRIN ORIZ
(AVQ/Zeali/90) BALLIT WALS WOBJ RCILVZIIVEANIN HOIIOS
(AVa/Z»e0/50) HHLIIIT] WIS WOHd ROIIVZIIVEEANINW QVi1
(AVA/Z#si/90) BITIIT d¥3T WOBJd ROIIVZITVEARIN ONIZ
(Zwal/90) HATIXX JOCE NI INIINOD HOAI0S

(Zesl/90) WITIX LCOH NI INEINOD QVIT

(VYT ZTexl/90) RITIX WILS NI LMILEOD INIZ

(GAVT ZewW/50) RATAX JVET HI INKIIROD BOIIOS

(QEVT ZeeR/90) KETXX ZVET NI I NIINOD QVIT

(ANYT Zes®/50) HEILIT 1008 KI ONIZ

(R YT ZesK/90) WILLIT LINHA NI BO4TOS

(GRYT Zsak/90) BIILIT LINEE NI QVIT

(ARYT ZesR/90) ¥3AIL11 RAIS NI ONIZ

(£/90) ROILVELRIONROD ¥NJINS GOOMBIAVAH LOOY

(9/950) NOILVHLINIOROD QGVIT AOOAINYIH looy

(9/50) ROIIVHINGONOD DR1Z 1004

(/950) NOILVEINIONOD BOJIINS TOOMISYIH WIlS

(5/90) ROILVUIRIDOROD AVIT GOOMIAVAH RILS

(9/90) ROIIVEINEONOD OR1Z NALS

(9/950) ROXIVEIRIONOD BAJINS LINMA

' (9/950) ROTIVEINIONOCO GViIT LlINE

(9/90) NOYIVEINADNOD ORIZ dV31

(@B/7dVAT TeeWD/Z0D ) SISIHINASOLOHI

(@H/GRVT TseR/9) NOILVDOISRVHL HYODS IINEd Ol WIS
(dH/QRYT ZseW/D) ROIILVDOTISEVEL EVONS 10O Ol RALS
(4H/ARYT Z#«R/9) ROILVE 1d4SEd lIOE d

(§4H/QRYT Z#eH/9) ROIIVEIASTH 10DW

(ARYT ZasH/9) SSVYROIE lINHJ

(QRYT ZeaW) SSYNOIE 10OH

HAXVT TIOS RD SL-€ NI (9/90) DKIZ I TEVIONVHOXE

BEIVT 1I0S WD O0E-Si NI (9/950) QVd1 TTAVIONVHOXA

BIAVT TIOS WZ E-0 NI (9/90) avaT I1QVEONVHOXS

ORNL/TM-6791

Apn31s sLy3} uL paUspLSUOd sa|qetueA 3ndino |3poy

‘¢ °1qel



13 ORNL/TM-6791

initial two-month period of the simulations to allow the model to
stabilize. Daily values were output for the entire month of July, and
hourly values were recorded for a period of eight days (16th-24th)
during July for sensitivity and statistical analysis.

Two indices of variation were computed for each response over time
for all sensitivity runs. The first, termed a relative output
coefficient (r), measures the output response with respect to the

standard response and has similarities with the x2 statistical test.

2
T a(k) -e
AL R N i I ,
J i=1 ®ij
where
eij = response of the j-th output parameter for i-th time step
in the standard run,
ag;) = response of the j-th output parameter for the i-th time
step in sensitivity run k,
T = total number of time steps, and
Kk
r; ) = relative output coefficient for the j-th output parameter

in the k-th sensitivity run.
The relative output coefficient is a measure of deviance of one
output parameter between any sensitivity run and the standard run. A

(k)

small variation in rj indicates little relationship between the
parameters varied in sensitivity run k and output parameter j. The
second index relates the change in output to the change in input and is

called a sensitivity coefficient.
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S.(k)= { Ch -ei.
J =1 Y%k -V
where
Vk = value of input parameter that was varied for the k-th
sensitivity run,
v = value of parameter used in the standard run, and
Sj(k) = sensitivity coefficient for k-th sensitivity run and the

j-th parameter.

The sensitivity coefficient relates the variation in output
parameter j to the variation of the input parameter from the standard.
Since the output parameters are a function of the input parameters,
Sj(k) can be viewed as a measure of the slope of that function.
However, because the variation in input parameters was sometimes large,
the estimation as a slope is not reliable. The varijation of input
parameters was chosen to represent realistic values. Tables of these
coefficients for each variation of input parameters are in the Appendix.

The effect of changing each of the parameters on the system being
modeled is 1nvestigated~by plotting the heavy metal contaminant
concentration for each of the components: plants, litter, and soil.
Let T = total heavy metal content in the entire system and Tp, Te,
and TS represent the total heavy metal content in plants, litter, and

soil. The fraction of chemical in a component is.

-

=
Fosr o
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where i can be p, 1, or s for the plant, litter, or soil component.
The value of Fi can be calculated for each change in a parameter to
investigate the effects on chemical distribution for each variation.
The distribution within each component is also examined by considering
subcomponents of plant, Titter, and soil. The subcomponents of the
plant are root, stem, leaf, and fruit; for the litter they include the
storage and mineral subcompartments; and for soil there are the three
soil layers (0-3, 3-15, and 15-90 cm in depth). The fraction of the

chemical content in each subcomponent is

H

fj=%
where fj is the fraction in subcomponent j, tj is the content of
heavy metal in subcomponent j, and Ti is the content in corresponding
component i. For example, the fraction of chemical in the subcomponent
roots is the content in the root system divided by the content in the
whole plant. A1l fractions, Fi and fj, are represented in one plot
for the variation in an input parameter. In Fig. 6 the subgraph (on
left, entitled "overall fraction") displays the values of Fi for the
four values (increasing from left to right) of Kd investigated. The
length of the bars represents the fraction. The combined lengths for
the three components is 1.0 for each Kd value.

In the example, the largest fraction of lead, is in the litter.
The fraction of lead in the plant decreasés for increasing Kd; the
soil has increased its proportion. The other subgraphs (on right)

represent the fraction of lead in each subcomponent. The labels to the
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Fig. 6. Relative lead distribution in plant, litter, and soil
?omgonents with change in lead distribution coefficient
KD).
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right describe the subcomponent division; the distance between
successive markers at each Kd value is the subcomponent fraction.
Note that the uppermost and lowermost subcomponents (e.g., fruits and
roots for the plant component) have chemical fractions represented by
the distance from the 1 and 0 boundary Tines (not shown) to the nearest
graph Tline respectively. Table 3 gives the values represented in the
plot as a guide to interpretation of the figure. Tabulated data will
not be presented for later figures. Figure 7 shows results for zinc
distribution in components and subcomponents as influenced by change in
Kd. The interpretation of this figure is the same as described for
Fig. 6.

Referring again to the example plot (Fig. 6), the roots contain
the greatest fraction of lead within the plant for the lowest Kd
value, but the Teaves contain the greatest proportion at the highest
Kd level. The stems and fruits contain a very small fraction of the
lead. The proportion between stored and mineralized lead in the litter
remains unchanged for varying Kd. The proportion in the soil layer
shows only a small change in the proportion of exchanged lead in the
second layer (3-15 cm) for the smallest Kd value.

The data are also plotted by the variation of one response over
time for different input parameters. Daily (Fig. 8) and hourly
(Fig. 9) responses are plotted versus time for variations in the
parameter investigated. Although the amount of data is too extensive
for all of the output to be examined in this manner, some individual
plots can give insight into the overall responses indicated by the

relative output and sensitivity coefficients.
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Table 3. Chemical fractions for components (F) and subcomponents (f)
of the soil-plant-Titter system as influenced by change in
chemical distribution coefficient

Chemical distribution coefficient (ml/q)

5 10 500 2500
Component (F)
Plant 0.07 0.02 0.01 0.01
Litter 0.92 0.92 0.91 0.92
Soil 0.01 0.06 0.08 0.07
Subcomponent (f)
Leaf 0.10 0.41 0.76 0.94
Stem 0.85 0.00 0.00 0.00
Fruit 0.00 0.00 0.00 0.00
Root 0.05 0.59 0.24 0.06
Litter storage 0.85 0.85 0.85 0.85
Litter minerals 0.15 0.15 0.15 0.15
Soil 0-3 cm 0.96 0.99 0.99 1.00
Soil 3-15 cm 0.04 0.01 0.01 0.00

Soil 15-90 cm 0.00 0.00 0.00 0.00
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ZINC KD
FRACTION OF ZINC IN MODEL COMPARTMENTS
OVERALL
FRACTION
. E MNTS - . FRUITS
b_—G\\u LENVES
e
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o LITTER
]
o.sJ STORAGE
mﬂjl I ‘ l MINERALIZED
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0~ SOIL
0-3 CN
J ‘ l ! ‘ 3-15 CM
0.0 2‘55_““‘~ir~7 o o 15-30 CM
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Fig. 7. Relative zinc distribution in plant, litter, and soil compart-
ments with change in zinc distribution coefficients (KD).
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RESULTS

Soil and Chemical Parameters

Distribution Coefficient, K4

The distribution coefficient is the ratio of the amount of
contaminant exchanged onto the soil surface per unit soil mass to the
amount of contaminant in the soil water per unit soil solution.
Increasing this ratio increased the amount on the soil exchange,
reduced the soil solution concentration, and thus reduced the total
plant uptake (Figs. 6 and 7). A large variation of the fraction of
contaminant in the plant parts was also found. The relative
contaminant fraction in the leaves increased along with a decrease in
both the root and stem contaminant fraction as the Kd increased
(Figs. 6 and 7). The mineralized contaminant decreased with increase
in zinc Kd, whereas there was little change with increase in Tlead
Ky

Root uptake of lead increased for both the sunlight (Fig. 8a) and
dark (Fig. 8b) periods with decrease in Kd, especially after heavy
rain which occurred on July 16. The day time uptake was about 20 times
greater than the nocturnal uptake. Zinc root uptake followed a similar
pattern.

Hourly plots of phloem (Fig. 9a) and xylem (Fig. 9b) translocation
of zinc show greater transport with Tower Kd and that phloem
translocation can remain at high rates at night. Both transports vary
indirectly with Kd' The most sensitive outputs include the chemical
content in litter and roots and in the plant xylem transport pathway

(Appendix).
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Solubility (SP)

The amount of heavy metal contaminant which dissolves in the
infiltrating soil water depends on the chemical solubility (SP) and
this usually changes for different chemical compounds. The fraction of
both lead and zinc in the soil increased with increasing solubility,
causing the fraction in the litter to decrease (Figs. 10 and 11). The
fraction in each of the separate soil layers and in the biomass was
basically unchanged. The overall fraction of lead in the plant
increased slightly because of increased root uptake. The fraction of
zinc in the plant did not vary, due to the plant having attained near
maximum concentrations in each of its tissues. The increase in the
litter mineralized fraction resulted from the decrease in total litter
content and a mineralization rate proportional to litter decomposition
that is independent of solubility. As for the distribution
coefficient, the most sensitive outputs to change in SP include the
chemical content in litter compartments and in the plant tissue xylem

(Appendix).

Diffusion Coefficient (DL)

The diffusion coefficient of the heavy metals is used in
determining root uptake. Diffusive uptake increases for increasing
values of 3a/(DL)b where o is the root absorbing power, a is the root
radius, DL is the diffusion coefficient, and b is the buffer power
(Baldwin et al. 1973). Thus, as DL increases, diffusive uptake

decreases. Mass flow uptake is dependent on the transpiration rate, and
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FRACTION OF LEAD IN MODEL COMPARTMENTS
OVERALL
FRACTION
Lo s PLANTS, o FRUITS
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Fig. 10. Relative lead distribution in plant, litter, and soil components
with change in lead solubility (SP).
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FRACTION OF ZINC IN MODEL COMPARTMENTS
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Fig. 11. Relative zinc distribution in plant, litter, and soil components
with change in zinc solubility (SP).
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the combined mass flow and diffusive uptake will be reduced with
increase in diffusion coefficient. These results were shown by Baldwin
et al. in their sensitivity analysis of model parameters. In this
study, the overall fraction of contaminant in the plant decreased for
increasing diffusion coefficient for lead (Fig. 12), but was unchanged
for zinc (Fig. 13) because the vegetation was at maximum internal zinc
concentration. This explained the differing rates of chemical uptake
for zinc and lead. Hourly plots of root uptake during the day show
greater rates for lead with decrease in DL (Fig. 14a) whereas zinc
uptake was a reverse response (Fig. 14b). However, maximum root uptake
for zinc occured at the lowest value of DL (Fig. 13). Zinc content in
litter and plant xylem tissues showed the greatest sensitivity to
change in DL (Appendix). The most sensitive response for lead was in

the lead concentration of roots.

Litter Parameter

Decomposition Rate Constant (DMAX)

The rate of material decomposed in each of the litter compartments
is a function of temperature and input values for the decomposition
rate constant. Chemical mineralization from litter is proportional to
the decomposition rate. Thus, an increase of the rate constant
increased the amount of lead and zinc mineralization (Fig. 15 and 16).
There was no change in overall chemical content in litter. The litter
mineralization of chemical was the most sensitive output response

(Appendix).
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ig. 12. Relative lead distribution in plant, litter, and

soil components with change in diffusion
coefficient of lead (DL).
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Fig. 13. Relative zinc distribution in plant, Tlitter,

and soil components

with change in diffusion coefficient of zinc (DL).
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Fig. 14. Influence of chemical diffusion coefficient (DL) on root uptake
of chemical during the sunlight period: (a) lead, (b) zinc.
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Fig. 15. Relative lead distribution in plant, litter, and soil components
with change in litter decomposition rate constant (DMAX).
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Fig. 16. Relative zinc distribution in plant, litter, and soil
components with change in litter decomposition rate
constant (DMAX).
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Internal Plant Parameters

Phloem resistances (LSPHLO, SRPHLO, SFPHLO)

The rate of transport of sugar substrate between plant
compartments is proportional to the substrate gradient and a phloem
resistance factor (Dixon et al. 1976). Leaf-to-stem (LSPHLO),
stem-to-root (SRPHLO), and stem-to-fruit (SFPHLO) resistances are all
used in the CERES model. Increase in the leaf-to-stem phloem
resistance reduced total growth and changed the relative biomass
distribution of the plant. At higher resistances, there was greater
leaf growth and lower stem growth (Fig. 17). The differences in
biomass resulted in corresponding changes in contaminant uptake
(Fig. 18). Lower resistance caused greater phloem chemical movement
which is indicated by the higher sulfur content in roots supplied from
leaf uptake (Fig. 19) and also in the hourly plot of zinc translocation
rate (Fig. 20).

Increase in the stem-to-root phloem resistance slightly reduced
total growth and changed the relative biomass distribution (Fig. 21).
Although total contaminant uptake was highest at the lowest resistance
there were changes in the relative uptake via leaves and roots. At
high resistance, there was greater relative root uptake. Rather high
leaf uptake (due to high standard value of PERM) and reduced transport
to other plant components at high phloem resistance caused leaf
concentration to be high. Mortality of these leaves increased the
litter contaminant level and the rate of zinc mineralization
(Fig. 22). Thus, a stem-root plant property influenced chemical

dynamics in Tlitter.
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LSPHLO
RELATIVE BIOMASS FRUITS
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TOTAL (G/Mhoe2) 1944.90 1673.95 1367.73

Fig. 17. Relative biomass distribution of plant components with change in
leaf -to~stem phloem resistance (LSPHLO).
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Fig.

19. Relative sulfur distribution in plant components with change in
leaf -to-stem phloem resistance (LSPHLO).
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Fig. 20. Influence of stem-to-root phloem resistance (SRPHLO) on zinc
translocation in stem-to-root phloem.
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TOTAL (G/Mx»2) 1676.58 1673.95 1671. 42

Fig. 21. Relative biomass distribution of plant components with change
in stem-to-root phloem resistance (SRPHLO).
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Fig. 22. Relative zinc distribution in plant, litter, and soil components
with change in stem-to-root phloem resistance (SRPHLO).
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The phloem translocation of chemicals was directly influenced by
change in phloem resistance and this was shown in the output responses
(Appendix). Sulfur dioxide gas uptake was influenced by LSPHLO. The
zinc content in the root litter was very sensitive to both LSPHLO and
SRPHLO.

The stem-to-fruit resistance had the smallest effect on plant

growth and contaminant uptake and there were no noticeable differences.

Standard Respiration Rates (RRESTD, SRESTD, LRESTD, FRESTD)

The respiration rates determine the loss of sugar substrates from
the plant parts. The total respiration of each plant compartment was
doubled for each 10°C rise in temperature (Q10 = 2.0). Input values
for standard tissue respiration rates at given temperatures were used
for the Q10 functions. Total biomass decreased with increase in the
standard root respiration rate and the relative proportion of roots
decreased (Fig. 23).

The root contaminant uptake increased as the root biomass
increased for decreased standard root respiration rate (Fig. 24a,b).
At the two lower standard respiration rate values, zinc uptake became
limited by the plant capacity for more chemical and the plant
compartments approached maximum chemical content. Lead uptake did not
approach maximum capacity and the roots showed a preferential retention
of lead for the highest standard respiration rate case. The large
proportion of lead in leaves was due to leaf uptake.

Zinc uptake definitely decreases with greater stem respiration
rates (Fig. 25) whereas there is 1ittle change for lead. Because of

the decrease in stem biomass, a greater fraction of the zinc stays in
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RRESTD
RELATIVE BIOMASS FRUITS
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TOTAL (G/Mux2) 1701.97 1673.95 1488.96

Fig. 23. Relative biomass distribution of plant éomponents with change
in standard root respiration rate (RRESTD).
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Fig. 25. Relative zinc distribution in plant, litter, and soil components
with change in standard stem respiration rate (SRESTD).
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the roots and leaves. The mortality of leaves with high contaminant
levels increases the litter contaminant mineralization (Fig. 25).

Both leaf and fruit respiration rates caused little change in the
overall fraction of contaminant in the plant. There was a small
decrease in amount of zinc in the plant for higher leaf respiration
rates. The difference in respiration rates influenced a large number
of plant and chemical output responses. The most significant response
to the RRESTD, SRESTD, LRESTD, and FRESTD factors were root lead
concentration, zinc content in leaf xylem, SO2 uptake, and fruit zinc
concentration respectively (Appendix). Changes in stem-to-root
trans]ocation'of zinc was induced by changes in biomass at the
different respiration rate of roots (Fig. 26). Stem-to-root sugar
translocation was highest for the largest standard stem respiration
rate (Fig. 27). The chemical transport showed complex interaction
effects during the July 16-18th period (Fig. 27) in response to

rainfall.

Leaf Area to Weight Ratio (ARI)

The leaf area index is given by the product of leaf biomass and
ARI. Therefore, the rates of net photosynthesis and transpiration are
directly affected by varying ARI. Total plant growth increased with
increase in ARI and there were changes in the proportion of plant parts
(Fig. 28). This in turn affected the concentration of the contaminants
in the plant tissues. Relative lead and zinc concentrations in the
plant were affected differently (Fig. 29a,b). A ratio value of 50 is
representative of thickened sun leaves, 100 is representative of mesit

sun Tleaves, and a value of 200 is representative of mesic shade leaves.
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Fig. 26. Influence of standard root respiration rate (RRESTD) on zinc
transport in stem-to-root phloem.



45

ORNL/TM-6791

ORNL-DWG. 78-12310R

SRESTD

0.14
A

0.t2

A

0.10
I

'y

A

STEM TO ROOT SUGAR TRANSLOCATION (G/Mx»2 LAND/HR)

S

° LEGEN
o-1.9E -4

9 a~-1.9E -3

a +-1.9€ -5

g8

o L v T ¥

16 17 18 19 20 21 22 b4 ] 24
DAYS IN JULY

Fig.

27. Influence of standard stem respiration rate (
translocation in stem-to-root phloem.

SRESTD) on sugar
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ARI
RELATIVE BIOMASS FRUITS

1.0 4 =g —8- —

LEAVES
0.8 4 \/
0.6

STEMS
0.4 4
N \/_______J

ROOTS
8.0

S5.00m10' 1.00%10" 2.00n10"

TOTAL (G/Mhen2) 968. 94 1673.95 2011.00

Fig. 28. Relative biomass distribution of plant components with change
in leaf area weight ratio (ARI).
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Sulfur dioxide uptake, leaf sulfur concentration, zinc uptake by
leaves, and leaf lead concentration were some of the most responsive

outputs from the models (Appendix).

Water Potential Effects

A growth coefficient is used to simulate water stress effects on
tissue (leaf, stem, root) growth. The coefficient is the value of an
exponential function with a range from 0 to 1 which represents no
growth or unaffected growth respectively. Input water potential values
determining the sensitivity function include an initial potential at
which tissue growth is reduced, the potential where tissue growth is
reduced by one-half, and the potential where no further growth occurs
(Dixon et al. 1976). Incremental values are added to each of these
potentials in this test of water stress effects on overall plant growth
such that the greater the input value the less growth is affected by
the water potential stress. Thus, total productivity was higher
(Fig. 30) with reduced sensitivity to water effects. Stem growth was
proportionally increased for decreased sensitivity, whereas the
fraction of roots was not changed. Water potential influenced leaf
growth more readily than other tissues and SO2 uptake was the most
sensitive output response. Stem biomass and chemical content in xylem

tissues were also greatly influenced (Appendix).

Root Radius (R)

The average root radius is used to determine root density and is a

factor in the mass flow and diffusive uptake of soil contaminants. The

direct effect of root radius on uptake is difficult to determine
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Fig. 30. Relative biomass distribution of plant components with change
in water potential effects.
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since many of the factors in the uptake equations are dependent on R.
For zinc, uptake during the sunlight period is increased with increased
root radius (Fig. 31). The root uptake for lead during sunlight
periods, however, varies in exactly the opposite way (Fig. 32); there
is more lead uptake for the decreased root radius. These responses
depend on the interaction of the supply from the soil and plant demand
which becomes low for zinc as the plant approaches maximum zinc
content. The proportional contaminant distribution in the plant,
litter, and soil components (Fig. 33a,b) shows relatively little change
with change in root radius. The most sensitive output responses to
change in root radius were the chemical content in Tlitter and the

mineralization rates of chemical in the litter (Appendix).

Maximum Leaf Storage (L MAX)

Each plant compartment has an upper limit to its storage value and
the tissue growth rate is proportional to the difference between the
current storage and maximum storage. The leaf maximum storage was
reduced to test the sensitivity on overall plant response.

A reduction in total biomass as L MAX decreases (Fig. 34) is
associated with a greater proportion of the biomass being located in
the roots and stems. Lead uptake into the stem and root compartments
changes reciprocally with change in L MAX (Fig. 35a). The main lead
uptake is primarily through the leaves, whereas root uptake accounts
for the smaller lead content in the roots. At the lower biomass levels
with Tower L MAX values, the leaf lead content approaches the maximum

capacity and greater translocation to stems occurs (Fig. 35a). The
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Fig

. 31. Influence of root radius (R) on root uptake of zinc during the
sunlight period.
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Fig. 32. Influence of root radius (R) on root uptake of
lead during the sunlight period.
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Fig. 34. Relative biomass distribution of plant components with change
in maximum leaf storage (L MAX).
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effect on concentration of zinc (Fig. 35b) in the plant parallels the
biomass change. An increase in the amount of zinc mineralized in the
litter is partly due to a decrease of zinc uptake by foliar
absorption. Again, SO2 uptake was the most significant model
response to change in maximum leaf storage, and the zinc content of

root litter was also very responsive (Appendix).
Plant Boundary and Atmosphere Parameters

Leaf Cuticle Permeability (PERM)

The rate of solute uptake across the leaf surface is dependent
upon the solute concentration gradient, leaf cuticle thickness, and the
leaf cuticle permeability. The permeability factor is one of the most
sensitive parameters tested, especially in relation to contaminant
movement.

The change in leaf uptake causes a change in the amount deposited
on the Titter surface. The increase in the overall fraction of
contaminant in plants is accompanied by an overall decrease in the
amount in the litter (Figs. 36a,b). Zinc has a higher solubility than
lead and this is shown in the reduced litter zinc content and greater
soil content.

Leaf uptake of zinc with increasing permeability (Fig. 37a)
contrasts with a corresponding decrease in root uptake of zinc
(Fig. 37b). Both the lead and zinc leached from leaves were greatly
influenced by change in PERM. Chemical transport within the vegetation
and chemical accumulation in litter responded to the changes in leaf

permeability (Appendix).
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Cuticle Thickness (FILM)

The solute uptake from the leaf surface is inversely proportional
to leaf cuticle thickness. Therefore, the relationships depicting the
fraction of contaminant in each of the compartments (Fig. 38) are
almost completely opposite of Fig. 36. At high cuticle thicknesses,
leaf uptake is diminished and all the lead is in the root system
(Fig. 38a). Significant increases in zinc litter mineralization occur
at the Tow cuticle thickness values (Fig. 38b). The lead content of
stem xylem, lead leached from leaves, and lead xylem transport from
stem to leaf were highly influenced by change in cuticle thickness
(Appendix). The responses of zinc transport in the plant were
suppressed since the plant had almost saturated its zinc uptake

capacity (Fig. 38b).

Root Solute Conductivity (CONDUC)

The plant solute uptake depends on the plant tissue capacity for
additional solutes and the root solute conductivity. With increase in
root solute conductivity, the overall fraction of contaminant in the
plant increased (Figs. 39 and 40). The amount of zinc uptake through
leaves increased with reduced root conductivity, causing greater
accumulation in the leaf compartment. Alternatively, when zinc uptake
by roots was large, leaf uptake was reduced, allowing more contaminant
to reach the litter surface which increased the amount mineralized.
The model is very sensitive to the conductivity parameter. The zinc
and lTead content in the litter and the heavy metal mineralization rate

were the most responsive outputs to change in root conductivity
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ORNL-DWG, 78-12319

CONDUC
FRACTION OF LEAD IN MODEL COMPARTMENTS
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ig. 39. Relative lead distribution in plant, litter, and soil components

with change in root chemical conductivity (CONDUC).



ORNL/TM-6791 62

ORNL-DWG, 78-12320

CONDUC
FRACTION OF ZINC IN MODEL COMPARTMENTS
OVERALL
FRACT1ON
o BLANTS o E
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0.5 //—_4 sTEMS
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i e
0.0 B e -0 15-90 cM
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Fig. 40. Relative zinc distribution in plant, litter, and
soil components with change in root chemical
conductivity (CONDUC).
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(Appendix). The root lead concentration was the most responsive plant

property.

External Gas Concentration (GASEX)

The diffusive uptake of pollutant gases (SO2 in this case) is
calculated by determining the gas concentration differences between the
leaf and the atmosphere. There was greater SO2 uptake and greater
sulfur translocation from leaves to stems with an increase in SO2
concentration (Fig. 41). The leaf compartment was the dominant sulfur
sink for the conditions examined. The SO2 uptake and sulfur dynamics
in the vegetation were very responsive to change in external 502

concentration (Appendix).

CO2 Concentration in Ambient Air (C02X)

In the plant growth model, net photosynthesis depends on the CO2
gradient from the chloroplast to the ambient air (Dixon et al. 1976).
Increasing the ambient CO2 concentration affects the photosynthesis
and causes an increase in plant growth (Fig. 42). The greatest
proportion of the increase is divided between the roots and stems. As
a result, a slight increase in the overall fraction of zinc in the
plants was obtained (Fig. 43). Chemical uptake and transport was
influenced by change in atmospheric CO2 concentration. The uptake of
302 and zinc were the most responsive model outputs. Stem biomass

was also significantly influenced (Appendix).
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ORNL-DWG. 78-12321

GASEX
FRACTION OF SULFUR IN MODEL COMPARTMENTS

OVERALL
FRACTION FRUITS
PLANTS
1.0 ! - 8
0.8
0.5
LEAVES
0.4
0.2
STEMS
0.0 o— M ROOTS

2.00%10" 2.00%10" 2.00x10”

Fig. 41. Relative sulfur distribution in plant components with change in
atmospheric SO» concentration (GASEX).
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ORNL-DWG, 78-12316

co2Xx
RELATIVE BIOMASS FrUITS
1.0 « [ — - o
LERVES
0.8
B/___,___e & -a
0.8 <
STENS
0.2
— —)
o 9——/4
ROOTS
0.0
3.20%10" 6.40%10" 9.60»10" 1.28m10°
T0TAL (G/Tbe2) 1673.9§ 2031.70 2081_50 2083.80

Fig. 42. Relative biomass distribution of plant components with change
in atmospheric CO» concentration (C02X).
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ORNL-DWG. 78-12317

CO2X
FRACTION OF ZINC IN MODEL COMPARTMENTS
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Fig. 43. Relative zinc distribution in plant, litter, and soil
components with change in atmospheric CO»> (CO2X).
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DISCUSSION

A subjective summary of parameter effects on the model output
(Table 4) identifies five of the fifteen parameters as highly sensitive
factors in the model behavior. These are the chemical distribution
coefficient in soil (KD) the chemical solubility (SP), the leaf
permeability to chemical (PERM), leaf cuticle thickness (FILM), and the
root conductivity to chemical (CONDUC). The KD, SP, and FILM terms can
be fairly readily measured; however, this is not the case for the plant
characteristics that determine the rate of chemical uptake at its leaf
and root boundaries (PERM, CONDUC). Estimates of these characteristics
can be obtained by tuning the models to results from experimental
uptake studies (Luxmoore and Begovich, submitted).

Two parameters (DL, R) showed surprising results by generating
opposite responses for zinc (soluble, mobile) and lead (less soluble,
less mobile) movement within the plant. This was related to the
standard parameter values that caused the plant to rapidly take up zinc
and approach its maximum zinc content. In contrast, the plant demand
for lead remains high for the three-month simulation period.

A consistent pattern obtained in the model output was an increase
in litter mineralization in response to factors that increased the
chemical content in the plant leaf tissue. These include the phloem
resistance (LSPHLO, SRPHLO), standard tissue respiration rate (SRESTD),
maximum leaf weight (L MAX), leaf permeability (PERM), leaf cuticle
thickness (FILM), and root conductivity (CONDUC). Chemical dynamics in

the litter system also showed responses to the chemical distribution
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Table 4. Subjective evaluation of parameter effects on total chemical level and
distribution in soil, Titter, and plant components

Total chemical level Chemical distribution

Increase Soil Litter Plant Soil Litter Plant
in

parameter Pb Zn Pb In Pb Zn Pb In Pb In Pb In
KD + ++ 0 - - - ++ 0 4 ++
SP H+ O H e o+ 0 0 0 e 4+ 0
DL + + 0 0 - - 0 0 0] ++ + ++
DMAX 0 0 0 0 0 0 0 0 + + 0 0
PHLO 0 0 0 0 - 0 0 0 ++ + +
RESTD 0 0 0 o0 0 0 0 0 0+ +
ARI 0 - 0 0 0 + 0 + 0 0 + +
EI 0 - 0 0 0 + 0 + 0 0 + +
R 0 0 0 0 0 0 0 0 0 + + 0
LMAX 0 - 0 - 0 ++ 0 + 0 ++ + ++
PERM 0 + -- -- +++ 0 0 0 + +H+ 0
FILM 0 -  H+  H -- 0 0 0 + o+ 0
CONDUC - - 0 0 ++ 0 0 0 +++ +++ ++
GASEX 0 0 0 0 0 0 0 0 0 0
€o2X 0 - 0 0 + 0 0 0 + +

Qualitative ranking

+++  large increase
fair increase
small increase
no change
small decrease
fair decrease

- Tlarge decrease

RS
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coefficient (KD), chemical solubility (SP), chemical diffusion
coefficient (DL), litter decomposition characteristics (DMAX), and root
radius (R) as shown by the response and sensitivity coefficients
(Appendix). Some of the indirect relationships would not have been
expected but become apparent through modeling methods. The study also
suggests that monitoring of litter systems (chemical content, chemical
mineralization) can provide one method for detection of plant response
to chemical perturbation.

Sulfur dioxide uptake from a chronic atmospheric concentration
(2 x 10'8 ml/m1) was found to be very responsive to change in several
plant properties (Appendix). Reduced leaf-to-stem phloem resistance
(LSPHLO), reduced stem-to-root phloem resistance (SRPHLO), reduced leaf
respiration (LRESTD), increased leaf area weight ratio (ARI), reduced
water stress sensitivity (El), increased leaf storage (L MAX), and
increased atmospheric CO2 (C02X) resulted in an increased SO2
uptake by the vegetation. These effects were all the result of an
increased sink for sulfur by increased growth associated with the
change in the parameter value.

Much information is contained in the Appendix and has not been
commented on; nevertheless, the output can be used as a reference to

examine any model responses of interest.



ORNL/TM-6791 70
REFERENCES

Baes, C. F., C. L. Begovich, W. M. Culkowski, K. R. Dixon, D. E. Fields,
J. T. Holdeman, D. D. Huff, D. R. Jackson, N. M. Larson, R. J.
Luxmoore, J. K. Munro, M. R. Patterson, R. J. Raridon, M. Reeves,
0. C. Stein, J. L. Stolzy, and T. C. Tucker. 1976. The unified
transport model. pp. 13-62. 1IN R. I. Van Hook and W. D. Shults
(eds.), Ecology and Analysis of Trace Contaminants Prdgress Report
October 1974-December 1975. ORNL/NSF/EATC-22. 0Oak Ridge National
Laboratory, Oak Ridge, Tennessee. 200 pp.

Baldwin, J. P. 1976. Competition for plant nutrients in soil, a
theoretical approach. J. Agric. Sci. 87:341-356.

Baldwin, J. P., P. H. Nye, and P. B. Tinker. 1973. Uptake of solutes
by multiple root systems from soil. III. A model for calculating
the solute uptake by a randomly dispersed root system developing
in a finite volume of soil. Plant Soil 38:621-635.

Begovich, C. L., and D. R. Jackson. 1975. Documentation and
application of SCEHM. A model for soil chemical exchange of heavy
metals. ORNL/NSF/EATC-16. Oak Ridge National Laboratory, Oak
Ridge, Tennessee. 67 pp.

Dixon, K. R., R. J. Luxmoore, and C. L. Begovich. 1976. CERES - A
model of forest stand biomass dynamics for predicting trace
contaminant, nutrient, and water effects. ORNL/NSF/EATC-25. Oak

Ridge National Laboratory, Oak Ridge, Tennessee. 102 pp.



71 ORNL/TM-6791

Dixon, K. R., R. J. Luxmoore, and C. L. Begovich. 1978a. CERES - A
model of forest stand biomass dynamics for predicting trace
contaminant, nutrient and water effects. I. Model description.
Ecol. Model. 5:17-38.

Dixon, K. R., R. J. Luxmoore, and C. L. Begovich. 1978b. CERES - A
mode1 of forest stand biomass dynamics for predicting trace
contaminant, nutrient and water effects. II. Model application.
Ecol. Model. 5:93-114.

Gass, S. I. 1977. Evaluation of complex models. Computers and
Operations Research 4:27-35

Huff, D. D., R. J. Luxmoore, J. B. Mankin, and C. L. Begovich. 1977.
TEHM: A Terrestrial Ecosystem Hydrology Model.
ORNL/NSF/EATC-27. Oak Ridge National Laboratory, Oak Ridge,
Tennessee. 152 pp.

Luxmoore, R. J., and C. L. Begovich. Simulated heavy metal fluxes
in tree microcosms and a deciduous forest. Ecol. Model.
(submitted).

Luxmoore, R. J., C. L. Begovich, and K. R. Dixon. 1976a. DRYADS and
DIFMAS: FORTRAN models for investigating solute uptake and
incorporation into vegetation and litter. ORNL/NSF/EATC-26. OQak
Ridge National Laboratory, Oak Ridge, Tennessee. 133 pp.

Luxmoore, R. J., C. L. Begovich, and K. R. Dixon. 1978. Modelling
solute uptake and incorporation into vegetation and litter. Ecol.

Model. 5:137-171.



ORNL/TM-6791 72

Luxmoore, R. J., Janice L. Stolzy, and J. T. Holdeman. 1976b. Some
sensitivity analyses of an hourly soil-plant-water relations model.
ORNL/TM-5343. 0Oak Ridge National Laboratory, Oak Ridge, Tennessee.
59 pp.

Miller, D. R. 1974. Sensitivity analysis and validation of simulation
models. J. Theor. Biol. 48:345-360.

Miller, D. R., G. Butler, and L. Bramall. 1976. Validation of
ecological system models. J. Environ. Manage. 4:383-401.

Munro, J. K., R. J. Luxmoore, C. L. Begovich, K. R. Dixon, A. P. Watson,
M. R. Patterson, and D. R. Jackson. 1976. Application of the
unified transport model to the movement of Pb, Cd, Zn, Cu, and S
through the Crooked Creek Watershed. ORNL/NSF/EATC-28. O0Oak Ridge

National Laboratory, Oak Ridge, Tennessee. 92 pp.



73 ORNL/TM-6791

APPENDIX

The relative output coefficient and sensitivity coefficient
described in the Sensitivity Analysis Methods Section are listed for
each input parameter investigated in the following tables. The

2-h‘ke coefficient since it

relative output coefficient is aXx
measures the departure of each output response from the "expected"
response of the standard run. Large values imply large variation from
the standard output. The sensitivity coefficient can be viewed as a
measure of rate of change or slope; however, the coefficient can be
very misleading as a slope when considering the possibly large order of
magnitude in the difference in input. A large coefficient indicates a
large deviation from the standard run results for the difference in
input values. All coefficients have been averaged over time. The

outputs have been arranged in approximate order of decreasing response

and sensitivity.
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APPENDIX (continued)

PODEL : SCEHR PARARETER : XD, DISTRIBUTICN COEPPICIENT
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BCCT LEAT CONCENTRATION {0G/G)

STER TO LEAF XYLEN TRANSPCRY OP LEPL(UG/N*%2 LAND/HR)
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N.66SE-01
0.212e-03
0.79zE-C2
0.227¢¥-02
0.2672-0:
0.8562-Cn
-0.111e-C2
0.910k-00
-0.5828-Ct
0.8292-Ct
0.8012-05
0. 109e-Cu
0.209€-04
0.391e-Cu
0.1278-04
0.92ep-C*
0. 12%F-0¢
0.129¥-0¢
0.49232-1:
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APPENDIX (continued)

FOCEL : SCEHR PARAMETER : SP, SOIUBILITY OF LEAD

STANDARL VALUE = 3.0 (UG/AL)
QUTPUT RESPONSES

INPOT
YALOPS:

LFAD TN ROCT LITTER (UG/MN**Z LANWL)

LEM IN LEFAF LITTER (UG/N*%2 LAND)

LEAT IN PRUIT LITTER (UG/N®¢2 LAND)

LEAD MINERALYIZATION FECH FOCT LITTEE (UG/N**2/DAY)

LEMC IN STEM LITTER (UG/M**Z LANL)

1EAD CONTENT IN LEAF XYLEN {(UG/M®*2 LAND)

1PAF LEAL CONCENTRATICN (98G/G)

TEAM MINEFALIZATION FBOS LEAF LITTEE (UG/N**2/DAY)
EXCHANGEABLE LEAD (UG/G) IN 0-3 CM SOTL LAYER

LEAF TO STE® PHLOENM TEANSLOCATICN OF LEAD{TIG/M®*2 LAND/HR)
RCCT LEAL CONCENTRATICN {U0G/G)

TEAD NINPRALIZATION FRONM FRUIT LITTER (UG/M**2/DAY)
STEM LEAL CONCENTRATICN (9G/G)

PRUIT LEAD CONCENTRATION (DC/G)

LEAD WINERALIZATION FROM STEM LITTER (UG/M**2/DAY)

LEAD INPUT TO ROOT LITTER (TG/M®*2/DATY)

FCCT TC STEM XYLEM TRANSPCRT OF LEML(UG/N**2 LAND/AR)
LEAL CONTENT IN BOOT XYLEN {OG/Me%2)

LEAD CONTENT IN STEM XYLER (UG/M*¢2 LAWD)

LEAD INPUT TO LEAP LITTER {(0G/M**2/[AY)

LEMD INPOT TO STEM LITTER (UG/M**2/DAY)

STEM TO ROOT PHLOEM TRANSLOCATICN OF LEAD(NG/N**2 LAND/KR)
STEM TO LEAF IYLEM TRAMSECRT OF LFAL(UG/M**2 LANT/HR)
FOCT UPTAKE OF LEAD - SUNWIYGHT PERICD (UG/M**2 LAND/DAY)
STEM TO ERUIT PHLOEM TRANSLCCATION OF LFAD(UG/M**2 LAND/HR)
FCCT HFARTROOD LEAD CONCENTEARTICN (DG/G)

LEAD LEACHED PRON LEAVES (UCG/A**2/ILMY)

FCCT UPTAKE OF LEAD - DARK FERIOL (UG/M**2/DAY)

STEM HEAFTWOOD LEAD CCNCENTEFATION (DG/G)

LEAD INPOT TO FRUIT LITTEF (UG/N*%2/DAY

BXCHMNGEABLE LEAD (UG/G) IN 3-15 CM SOIT LAYER
EXYCHANGEARLE LEAD (UG/G) IN 15-30 CM SOTL LAYER
FXCHANGFABLE LEAD (UG/6) IN 30-90 CM SCIL LAYER

RELATIYE OUTEUT COEFPICIENTS

30.0

0.120e
0.t1162
0.388E
0. 134E
0.1€9¢
0.2Me
0.5838
0.3782
0.509r
0.20%®
0.245EF
0.23te
0.22u%
0.132E
0.184E
0.565E
0.350¢e
0.239e
0.192E
0.1068
728,
u8.7
238,
200,
47.6
51.6
4t.2
43.4
27.8
15.5
2,17

0.S94E-
0.122E-

PODEL : SCEHM PARANETER : SP, SOLUBTLITY OF ZINC

STANDART VALDE = 2.0 (UG/Al)
OUTPOT RESPONSES

INFUT
VALOERS:

ZISC IN FOCT LITTER (DG/M%*2 LAND)

ZIKC IN STEN LITTER (UG/M**2 LAND)

2ZINC NINERALIZATION PROM ROCT LITTER (UG/N**2/DAY)

ZT¥C CONTERT IN LEAF XYLES (UG/M*%2 LAND)

ZIWC IN PRUIT LITTER (UG/M*%2 LAND)

TIM IN LEAF LITTBR (UG/M%*2 LAND)

2IKC CCNTENT IN STEM IYLER (0UG/M**2 LAND)

PRUIT ZI¥C CONCENTBATION (UG/G)

ZIC CONTENT IN ROOT XYLENM (UG/M**2)

2I%C MINERALIZATION PROB STEM LYTTER (UG/M**2/DAY)

2IWC MINERALIZATION FBRCH FRUIT LITTER (7G/N**2/CAY)

LEAY TO STEN PHLOEM TRANSLOCATION OF ZINC(UG/%**2 LAND/HR)
ZINC LEACHED FROM LEAVES (UG/M**2/CAY

EXCHANGEABLF ZIBC (UG/G) IN 0-3 CM SOIL LAYFR

STEN TO PFROUIT PHLOEM TBANSLCCATION OF ZINC{UG/N**2 LAND/HR)
STEN TO ROOT PHLOEN TRANSLOCATION OF ZINC(UG/N**2 LAND/HR)
RCCT TO STFM IYLEM TRANSECRT OF ZINC(DG/®**2 LAND/HR)
2INC NINPRALIZATION FROM LEA? LITTEF (UG/M**2/DAY)

STEM TO LEAF XYLEN TRANSPCRT OP ZINC(UG/M**2 LAND/HR)
LEZAP ZINC CONCENTRATION (0G/G

ROCT OPTAKE OF ZINC - SUNLIGHT PERIOD (UG/M*%2 LAND/DAY)
EXCHANGEABLE ZINC (UG/G) IN 3-15 CM SOIL LAYER

STEM ZINC CONCENTRATION (UG/G)

BOCT ZINC CONCENTRATION (UG/G)

STEM HEARTWOOD ZINC CONCENTRATION (0G/G)

FCCT KEARTWOOD ZINC COBCERTEATION (UG/G)

ZIKC INPUT TG LBAP LITTER (UG/M**2/CLAY)

BCCT UPTAKE OF 2INC - DARK FERIOD (UG/B**2/DAY)

ZINC INPUT T0 STEM LITTER {UG/N$*2/LAY

ZIKC INPUT TO PRUIT LITTEF (UG/M**2/DAY)

ZIFC INPUT TO ROOT LITTER (UG/N¥*2/CAY)

EXCAANGEABLE ZINC (0G/G) IN 15-30 CH SOIL LAYER
EXCHANGFABLE ZINC (UG/G) IN 30-90 ¥ SOIL LAYER

09
[4:]
07
(X
()
c6
0¢
0s
05
05
¢5
0S
05
cs
©s
o4
cu
cu
ou
~y

o4
14

RELATIVE OOTP

20.0

0.599¢
0.719E
0.7018
0.458BE
0.4328
o.u21E
0.662¢

0.9898~
0.€33E-
0.523E-
0.506E~

07
05
0s
05
cs
s
o6
ce

01
ct
01
01

0.4S1E-01

0.168E~

01

0.246E-02

0.3362-~

1

300.0

0.452e CA
0.1952 08
3.52
0.3832 06
3.38
0.1552 06
0.4362 05
0.332r 05
0.18R8E 05
0.1312 05
0.873F 04
0.299r-01
0.9352 04
0.5492 08
0.4172-01
0. 1858 04
0.112¢ 04
635,
572.
796.
298.
-496.
Tu.9
104,
28,13
%W, 9
24 .6
18.3
10.9
6.51
0.687
0.183E-04

UT COEFPPICIENTS

200.0

0.599E 07
0.718E 05
0.7012 05
0.458¢ 05
0.433E 05
0.4212 0S5
0.662E 04
0.1162 ON

0.9868-01
0.633E-01
0.523e-01
0.5052-01
0.453e-01
C.1688-01
0.2462-C2
0.336E-11

ORNL/TM-6791

SENSITIVITY CCEPPICIENTS

30.0

-0.149E 06

-0.1402 05
0.214

-0.161F 0%
0.25¢€
4.83

6.09
0.2762-02
0.468
0.272
0.349¢E-02

1.32
0.3292-01
0.5728-01

0.3378-03
0.110E-01
0.843E-03
0.7382-02
0.527e-03
0.321¥-03
0.3742-03
0.2072-07
0.1918-15

300.0

~0.8052 04
-0.1212 04
0.191E~-04
-17.9
0.458E-04
0.1352
1.22
-3.89
0.267
0.9928-02

€.1698-02
0.266E-02
0.318E-03
0.2212-01
0.862E-03
0.948E-04
0.108E-03
0.464E-02
0.233E-04
0.540E-03
0.593e-04
0.037E-03
0.3002-04
0.189E-04
0. 189E-04
C.105e-08

SENSITIVITY COERFPICIENTS

20.0

-0.109¢ 05
0.263
-127.

6.88
0.894
8.75
1.05
2.48
-1.77
0.305E-02

0.6242-02
0.2748-01
0,2338-01
0.160

-0.6472-02
0.2108-01
0.6728~02
0.890F-02
0.3438-01
0.121

-0.1382-01
0.1368-02
0.1408-01

-0.7352-02
0.8842-03
0.1242-02
0.1762-02

-0.3338-03
0.2108-02
0.5072-03
0.413E-02
0.4598-05
0.256¥-13

200.0

-991.
0.2382-01
~11.6
0.626
0.4492-01

0. 186E~01
-0.%88E-01
0.1912-02
0.611E-03
0.8122-03
0.3128-02
C.110B-01
~-0.125e-02
0.1288-03
0.1278-02
~0.668E-03
0.4382-04
0.1132-03
0.1608-03
«0.3028-04
0.1908-03
0.4622-04
0.3762-03
0.4178-06
0.2332-14
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APPENDIX (continued)

SODEL : DXPJAS PARRSEEYTER : DL, DIFFUSION COBPPICIRNT

STASDARD VALOE = 1.0%3-5 {CR2/SEC)
O0TPOT RISPONSES

Irey
VALUES:

TINC 1§ ROOT LITYER (UG/E**2 LAWD)

TINC OPTAKE BT LEAVES (§G/N®*2/DAT)

TIPC CORTENY IS LEAF XYLEN (0G/H®*2 LAND}

31K CONTREY IV STEBE XIILEN (UG/R**2 LAFD}

2IIC CONTREY 1IN ROOY LILES (0G/N**2)

ALIZATION FROS ROCT LITTRR (UG/N*%2/DAY)
SLOCATION OF ZINC(BDG/A**2 LAND/NN
ORY OF SINC(UG/N**2 LAND/AN)

6/G)

T OF ZINC({UG/W**2 LAND/ER)

LEAD INPST TO ROOY LITTER (UG/NS®2/DAT)

STEN TO BOOT PHLOBE TRANSLOCATION OF XINC(UG/M$2 LAND/NN)
ROOT 3ISC CONCEFTRATION (0G/6)

STER IINC COBCEFPRATION (0G/6)

3007 TO STEE IYLES TRABSPOAT OF LIAD(0G/RW®*2 LAND/ED)

SIXC ISPET TO ROOT LITTRR (0G/E**2/TAT)

3IBC IN LEAP LITTRR (UG/N%%2 L

2IX LEACEED PAOS LEAYEZS (06/M
LEAD CONTEST IB S0OT XYLER (0G/Bee2)
LEAF SI8C CONCRUTRATION
LEAD IF LEAP LITPRR (W6/
#00T OPTAKE OF LRAD - SUNLIGET PERIOD (0G/A®e2 LAND/DAY)
STEN TO BOOT PNLOEN TRAWSLOCATION OP LEAD(UG/B*2 LAND/EN)
LEAD IF ROOT LITYER (WG/E%%2 LAND)

STEN 7O LEAP XYLEM TRANSPORT OF LEAD(UG/H®*2 LAND/EN)

SINC ISPUT TO SYER LITYER (0G/N**2/0AY)

N0CT CPTAKE OF 3INC - SUOLIGET PERIOD (UG/H**2 LAND/DAY)
nocnml OF TINC(UG/N®%2 LASD/NR)

ROOT UPTAKR OF LBAD - DARK PRRIOD (DG/RO*2/DAT)
LEAD CONTENT IB ST2m XTLEN (0G/Ae*2 LAND)

2007 NEARTROOD S1BC CORCENTEATION (06/C)

SINC IN FROIT LITTRR (UG/E®®2 LABD)

SINC IEPOT 7O FRUIT LITTES (96/8%¢2/DAY)

SIC T9PET TO LEAP LITTRR (DG/H®®2/DAT)
EXICEANGEADLE LEAD (V6/G) IN 0-3 CN SOTL LAYER

' 4 llﬂll (UG/Re*2/DAT)
P LITTED (UG/B**2/DAT)

{96/6)
K PERIOD (0G/N®%2/DAY)

SICEANGEABLE SINC (8G/6) IN )-15 CA SOIL LAYRR
LEAD HXIDERALISATION 2208 2007 LITTER (0G/H®*2/DAY)
SI8C AXIVERALISATION PROR PROIT LITYER (0G/N**2/DAT}
1BAD INPUY TO STRA LITTER (UC/Me*2/DAT)

SINC AINEBRALISATION FRON STRN LITTRR (DG/B%%2/DAY)
LBAP LEAD CDKIHIARIOI (0s/6)

BICRARGE B LB
LEAD CONTRET Il

G}
IXCHANGRABLE TIKC (9G,9) IE 15-10 CB SOIL LATER
LEAD 1N STER LITPER (0G/B*#2 LAND)
LEAD INPET TO LEAF LITTRR (0G/E*92/DAT)
LEAD AINERALIZATION PRON PROIT LITTER (0G/N#2/DAT}
LEAD RIWEBALIZATION PNOS STRE LITTER (UG/E®®2/DAY)
T LEAD (UG/6) IN 15-30 CE SoIL LAYER
30-90 CB SOTL LAYER

/R L]
SS (G/N**2 LAND)
STEE SIOBASS (G/8%%2 LAND)
BOOT SEARTEOOD SOULPOR COBCERTRATION {0G/G)
STEM SULYUR CONCRFTRATION (0G/G)
ROCT SULPUR COSCESTRATIOF (0G/G)
lll! SOLPUR COBCRETRATION (0G/C)
NRARTOOD SULPRR CONCENTRATION (0G/G)
llﬂll‘lllll LBAD (II‘/G) !I 30-90 CH SOIL LATER
ROCT TO STEN IYLBN T '? OF SULFOR (UG/N*42 LAND/NR)

LEAP TO STER SUGAR T
merT SPIRATION (6,
LEAP RESPIRATION (G/N**2 LAND/NR)

SULFOR INPOT TO ROOT LITTER (DG/He42/DAT)

ROOT RESPIRATION {G/R®*2 LAND/BR)

STER 70 ROOT SUGAR THRANSLOCATION (G/A**2 LAND/ER)
STEN TO PRUIT SEGAD TRARSLOCATIOR (G/B®¢2 LAWND/ER)
STM TO PRUIT PELOEA TRANSLOCATION OP SULPUR(0G/
STPA TO LBAF ITLES TRAPSPORY OF SOLPUR (0G/N®+2 L.
STEE 70 ROOT PELO ¥SLOCATION OF STLPOR (0G/|

SOLPWR CONTEFT ‘IN BOOT ITLER (0G/N**2)
SULFOR CONTERT IP LEA? IYLER (DG/R*%*2 LARD)
SOLPUR IF PRUIT LIHII (UG/I”I lllﬂ

(08

SULPOR NIFERALIZATION FPRONM PRUIT LITPER (UG/A
SULPUR EIUERAALISATION FROE STYEB LITTER (UG/N*e2/DAY)
LEAD UPTAKE 3T LEAVES (DG/R**2/DAT)

SOLPUR WINERALISATION FROA LEAP LITYER (UG/A**2/DAT}
3007 RIOAASS (G/B**2 LiND)

*2 LAWD/AR
D/A %)

2 LAWD/EDY
LEAP TO STES PNLORE #SLOCATION OF SULPUR (DG/B%2 LARD/NR)

BALATIVE OVTPUT CORPPICIRNTS

1.08-07

15.3

0s
(1]
os
on

0.1273 08
0.3288 06
0.1078 08
0.2738 08
0. 199 08

0.2333-01
0.2628-03
0.8028-02

0.3698-06

0.0
0.3312-07
0.2933-08
0.5828-08
0.2332-12
0.0
0.0

0000000000000 000000000000000000C0000000

P OOOOOPOOROO00ODOOER000000000E0OOO0OHBO0D

1.0x-03

15.3

05
o

0.7

0.6943-01
t.10
1.36
t.20
1.37

0.262

0.1818-01
70

578~01

.9138-08
0.1808-02
9.6638-02
0.2938-01
0.5212-02
¢.3098-02

0. 189R-01
0.2473-03
0.2612-02
0

0. 3M6R-05
0.2272-0%
0.3692-06

0.320m-08
0.8228-13

0000000000 OC00000000CO0R000000C0R0A0RA00

C0D0O0000000000000000000000000000B00000C00G0

1.0%-01

0. 1848 07
0.2368 05

0.7653-03
0.2553-01
0. 2|0l-02
0.9

0.
0.9113-03
0.6203-03
0.3982-03
0.1072-03
0.2878~08
0. 188200
0.3392-05
0.160%3-06
0.3591-07
0.227R-12
0.0

0000000000000 00000000000000A00C0N00C00300

0000000000000 O0000POO0000000000000000300

SERSITIVITY CORPPICIRNTS

1.03-07

a7
o8
[1]
.1

-0.5413-03
~-0.1168-07
0

©00D0000000000000000000P0000OdOPD000IR08000

00000000 0E00000R0000N0000000G0000030G00000

SO2PIPPPIPI2T

0
0.
2
o
0
0
0
o
[}
[}
[
0
0
[
[
[
0
[
[
o
[
0
[}
[
0
0
[
[}
[
0
0
0.
o
0,
0
[}
0
[2
0
Q
0
[
o

00000000 O00000000R000000000083000000000000

1.0E-01

-0.9313 06
-0.1178 05
0.3268 08
5,1022 08

676.
~0.9128 O
56,9

-0.8983-01
-0. 6458 0%
0.232

-0 8073-01%
0.6778-02
-0.2062-01
-35.5

0. 1308-02

0.6533-03
0.706x-03
0.5153-03
-0.1732-03
0. 3483-0)
0.3558-02
0.7158-05
0.3158-0%
-0.1348-06
258-11

0000000008008 0000000000000003000300000000

1]
[
0
[
0
[]
0
9
0
[
0
L]
o
[
0
Q
4
[
]
[
]
o
0
0
o
0
[
[
0
0
0
0
[
0
]
]
°
0
[
0
0
L]
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APPENDIX (continued)

HODEL : CERRS
STANDARD FVALUE = 3.5B-4 (G/G)

OUTPUT RESPONSES

INPUT
VALUES:

ZINC IN FRUIT LITTER (UG/M®*2 LAND)

ZIBC INPUT TO PRUIT LITTER (UG/Me*2/DAY}

ZIN AINERAALIZATION PROM PROIT LITTBR (UG/N**2/DAY}
LEAD MINERALIZATION PROM FRUIT LITTER (UG/A®*2/DAT)
LEAD IN PRUIT LITTER (UG/MN**2 LAND)

SOLPUR MINERALIZATION PHOM PROUIT LITTER (UG/M*®2/DAY)
SOLPUR INPUT TO PRUIT LITTER (DG/N®*2/DRY)

LEAD INPUT TO PRUIT LITTER (UG/M**2/DAY)

SULFUR IN FRUIT LITTER {(UG/M#*2 LAND)

BODEL : CERBS
STAMDARD YALOUE = 5.0E-5 (G/G)

QUTPUT RESPONSES

INPUT
VALURS:

LEAD MINERALIZATION PROM LEAP LITTER (UG/M¢*2/DAY)
LEAD IN LEAP LITTER (UG/N**2 LAND)

2I9C AINBRALIZATION PROA LEAP LITTER (UG/NM**2/DAY)
ZINC IN LEAF LITTER (UG/A%*2 LAND)

SULPOR INPUT TC LSAF LITTEB (UG/N*®2/DAY)

SUILPUR NINESALIZATION FROM LEAFP LITTER (UG/N%%2/DAY)
ZINC INPOT TO LEAY LITTEB (UG/M®*2/DAT)

SOLPUR IN LEAP LITTBEK {(UG/M**2 LAND)

LEAD INPUT TO LEAF LITTER (UG/RM*$2/LAY)

BODEL : CERES
STANDARD VALOE = 1.8E-4 (G/G)

QUTPUT BESPONSES

INPUT
VALUES:

ZINC MINERALIZATION PROM STEN LITTER (UG/Me®*2/DAY)
LEAD MINEBALIZATION PkOM STEN LITTER (UG/M®*2/DAY)
ZINC INPUT TO STEM LITTER (UG/M**2/CAY)

ZINC IN STEAR LITTER (UG/N**2 LAND)

LEAD 1IN STEM LITTEW (UG/M**2 LAND)

SCLPUR INPUT TO STEM LITTER (UG/N%*2/DAY)

LEAD INPUT TO STEA LITTER (UG/A*%2/DAY)

SOLPUR NINEBALIZATION FRON STEN LITTER (DG/N%¢2/DAY)
SULPOR IM STEM LITTER (UG/M®*2 LAND)

BODEL : CE@BES
STINCARD YALUE = 1.3E-4 (G/G}

OUTPUT RESPONSES

INPOT
VALOES:

LEAD MINEEALIZATION PROM ROCT LITTER (UG/N**2/DAY)
LEAD IN ROOT LITTER (UG/MN**2 LARD)
ZINC MINEBRALIZATION PROM ROCT LITTER (UG/M*%2/DAY)
2I¥C IN ROCT LITTER (UG/M**2 LAND)
LEAD INPUT TO ROOT LITTER (UG/B®*2/DAY)

¥C INPUT TO ROOT LITTER (UG/M#**2/DAY)
SULPUR MINERALIZATION FROM ROOT LITTER (UG/M**2/DAY)
SULFUR INPUT TO ROOT LITTEB (UG/M**2/DAY)
SULPOR IM ROOT LITTER (UG/M#%2 LAND)

PABAMETER : FDR, DECONPOSITION MAXINUN FOR PROITS

RBLATIVE OUTPUT COEPPICIENTS

3.58-5 3.5e-3
0.624 0.2118-02
0.496 0.7052-03
0.300 0. 196E-01
0.628E-02 0.1398-03
0.725E-03 0.308E-05
0.206E-03 0.204E-05
0.0 0.388E-04
0.0 0.8112-05
0.579E-09 0.17%E-06

PABRAMETER : LDN, DECOSPOSITION MAXINUM PFOR LEAVES

RELATIVE OUTPUT COEPFICIENTS

5.0E-6 5.0B-4
0.377¢ 07 0.3138 05
0.959E 05 741,
527. 4.62
5.46 0.413E-01
0.0 0.487
0.405 0.4022-02
0.7338-04 0.235e-02
0.143E-06 0.173E-02
0.0 0. 1BUE-04

PARABETER : SDM, DECOMPOSITION MAXINUM FOR STENS

RELATIVE QUTPOT COEFPICIENTS

1.8E-5 1.8E-3
0.382 0.43BE-02
0.3332-01 0.5038-03
0.1562-05 0.176E-01
0.516E-02 0.119E-02
0.195E-02 0.141E-04
0.0 0.1602-02
0.0 0.431E-03
0.4362-04 0.432E-06
0.451E-10 0.5032-07

PARAMETER : RDW, DECOARPOSITION MAXINUM POR ROOTS

RBLATIVE OOTPUT COEPFICIENTS

1.3E-5 1.38-3
0.692E 08 0.109e 07
0.5402 07 0.747% 05
0.353e 07 0.578E 0S5
0.3uue 06 0.479E 04
0.0 0.113E-01
0.0 0.9368-02
0.173E-02 0.171E-04
0.0 0.8692-013
0.384E-09 0.215e-05

ORNL/TM-6791

SENSITIVITY CORFFICIENTS

3.5E-5 3.5E-3
113, 0.658
98. 4 0.368
-8.75 -0.224
-0.106 -0.1582-02
0.272 0.126E-02
=-0.2342-02 -0.233E-04
0.0 0.130E-01
0.0 -0.1998-02
0.125E-04 0.634E-04

SENSITIVITY COBPPICIENTS

5.0E-6 5.0B-4
-0.273e 09 -0.249E 07
-0.7642 09 -0.667E 07
-0.393E 05 -367.
-0.5442 05 -437.
0.0 0.1202 04
-32.3 -0.,322
1.5 15.6
0.7178-01 4.90
0.0 0.788

SENSITIVITY COEPFICIENTS

1.8E-5 1.88-3
~9.10 -0.975E-01
-0.907 -0.1112-01
0.199 13.8
9.84 0.517
2.02 0.1712-01
0.0 0.992
0.0 =-0.190
-0.9648-03 -0.960E-05
0.239E-05 0.283E-04

SENSITIVITY COEPFICIENTS

1.3E-5 1.3E-3
~0.2678 10 -0.335E 08
0.710B 10 0.B30E 08
-0.139% 09 -0.178E 07
0.390E 09 0.458E 07
0.0 3s5. 8
0.0 48,0
-0.528E-01 =-0.5252-03
0.0 0.730
0.8272-04 0.196E-02
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APPENDIX (continued)

4CDEL : CERES PARANETER : LSPALO, LEA? TO STEN PHLOBH RESISTABCE

STANDARD YALUE = 20.0 (H®)
QOTPOT RESPONSES

I%POT
YALDES:

ZIN I BOCT LITTER (UG/M®®2 LAND)

S02 UPTAKE (UG/CH®®2 LEAP/DAT)

LEAP TO STEA PULOEE TRANSLOCATION OF SULPOX (0G/W®®2 LAND/HR)
LEA? 1O STE4 PHLOEH TRANSLOCATION OF IINC(DG/8%%2 LAND/HR)
ZISC COWYENT IS LEAF ITLEN (UG/E®*2 LAND)

STIN SULPOR CONCENTRATION (0G/G)

LEAP TO STEA PHLOEE TEANSLOCATION OF LEAD(UG/Ne*2 LAND/HR)
IINC CONTENT IN STEM EYLEN (UG/¥e®2 LAND)

PROIT ZINC CONCENTRATION (0G/G)

STER TO ROOT PHLOES TRANSLOCATIO¥ OP SULPUR (UG/B®®2 LAND/ER)
ST TO ROOT PHLOEE TRANSLOCATION OF LEAD (UG/We®2 LAND/HE)
TINC CONTENT IN ROOT IYLES (UG/NS#2)

80CT TO STEN XYLEN TRAMSPCRT OF ZINC{UG/N®®2 LABD/ER)

STEE BIOAASS (G/A®%2 LAND)

STEM LEAD CONCENTRATION (UG/G)

PRUIT SULPUR COMCEZNTRATION (0G/G)

LEAF SULPUR CONCENTRATION (UG/G)

BOCT SULFUR CONCENTRATION (UG/G)

TINC AINERALIZATION PROE ROCT LITTER (UG/N®®2/DAY)

STER TO LEA? ITLES TRANSPORT OF ZINC(0G/#¢42 LAND/HR)
SULPOR CONTENT IN LEA? XTLEN (UG/N®®2 LAND)

BOCT TO SYER XTLEA TRANSPORT OF SULPUR(0G/N®®2 LAWD/AR)
L2AP BIONASS (G/H®®2 LAND)

STEM TO ROOT PHLOEN TRANSLOCATION OF ZINC{UG/N®*2 LAND/AR)
SULFOR INPOT TO STEH LITTER (DG/N®$2/DAY)

ROCT BIOBASS (G/N®®2 LAND)

LEA? TO STEN SUGAR TRANSLOCATION (G/N%#2 LAND/ER)

STIA TO PRUIT PHLOEM TRANSLOCATION OP SULPOR(0UG/Ne®2 LAND/NR
PROIT LEAD COMCEBTRATION (UG/G)

SOLPUR IWPUT TO ROOT LITTER (UG/N®#2/DAT)

STEN TO FROIT PHLOES TRAWSLOCATION OF ZINC(DG/M®®2 LAND/AR}
PRUIT BIOHASS (G/E®®2 LAND)

200T LEAD COMCEWTRATION {UG/G)

STEN TO ROOT SUGAR TRANSLOCATION (G/M®®2 LAWD/HR)

SULPUR CONTENT 1N ROOT IYLEW (UG/H®$2)

LEAD CONTENT I¥ LEA? IYLEN (UG/We®2 LAND)

TINC IN LEAP LITTER (UG/H®*2 LAERD)

LEAD INPOT TO STEN LITTER (UG/N®$2/DAT)

LEAF LEAD CONCEKTRATION (UG/G)

STER TO LEA? XJLEM TRANSPORT OF SULPUR(UG/N®®2 LAND/HR)
SOLPOR COMTBNT IN STES XYLEE (UG/N®®2 LAWD)

SULPUR INPOT TO LEAF LITTER (UG/N®®2/DAY)

IINC LEACHED PRON LEAVES (UG/M®®2/DAY)

LEAD IN STEN LITTER (UG/N®®2 LAND)

STEM TO PRUIT PHLOBH TRANSLCCATION OF LEAD(OG/A®®2 LAND/BR)
STEN HEARTWOOD SOLPUR CONCENTRATION (UG/G)

LEA? ZINC CONCENTRATION (0G/G)

SOLFUR INPUT TO PRULIT LITTER (0G/8®*2/DAY)

LEAD CONTENT 1N STEN KYLEM (UG/R®®2 LAND)

LEAD CONTENT IN ROOT XTLEE (UG/N®*2)

STEN TO FRUIT SUGAE TWANSLOCATION (G/Ne*2 LAWD/HR)

TINC INPUT TO ROOT LITTER {(UG/M#$2/DAY)

STE® ZINC CONCENTRATION {UG/G)

LEAD INPOT TO ROOT LITTER (DG/R**2/DAY)

L2AD IN PROIT LITTER (UG/Me®2 LAND)

STEN RESPIRATION (G/N%*#2 LAND/RE)

STEA HEARTROOU LEAD COMCENWTHATION (UG/G)

BOCT TO STEM XYLEM TRANSPORT OF LEAG(UG/N®*2 LAND/HR)

ROCT ZINC COMNCENTRATION (UG/G)

R0CT KEARTWOOD SULFUR CONCENTBATION (0G/G)

LEMD INPUT TO FRUIT LITTER (UG/N®#2/DAY)

SINC INPUT TO STEM LITTER (UG/NS®2/DAT)

I INPUT TO LEAF LITTER (UG/N®*2/DAT)

ZINC IN PROIT LITTEE (UG/Me®2 LAND)

SULFOR IN ROOT LITTER (UG/N%®2 LAND)

ZINC INPGT TO PRUIT LITTER (UG/M®¥2/DAY|

STEN TO LEA? XILEA TRANSPORT OF LEAD(UG/N®*2 LAND/HR)

LESD INPUT TO LEAP LITTER (UG/N®*2/DAY)

LEAD NINERALIZATION PEON STEN LITTER (UG/NS®2/DAT)

PA0IT RESPIRATION (G/N¥®2 LAND/HR)

SULPOR IN LBAP LITTER (UG/N®#%2 LAND)

ROCT RESPIRATION (G/#%%2 LAND/HR)

EXCHARGEABLE ZINC (UG/G) IN 0-3 CA SOIL LATER

ZINC IN STEM LITTER (UG/H®®2 LAND)

LEAP RESPINATION (G/N%®2 LAND/HE)

LEAD HINERALIZATION FRON PRUIT LITTER (0G/N®2/DAY)

2INC NI LIZATION FROA LEA? LITTEN (UG/H®$2/DAT)

SULPUR I¥ PROIT LITTER (UG/Re*2 LAKD)

ROCT HEARTWOOD ZINC CONCEWTSATION (UG/G)

STER HEARTWOOD ZINC CONCBNTRATION (0G/G)

80CT HEARTVOOD LEAD CONCENTEATION (0G/G)

BICHANGEABLE LEAD {UG/G) 1IN 0-3 CW SOIL LATER

LEAD LEACHED PROA LEAVES (UG/R®®2/DAY)

SULPOR IN STEA LITTER (UG/A®®2 LAND}

FUCTOSTNTHESIS (G CO2/CA®%2 LEAP/HR}

EXCHANGEABLE ZINC (UG/G) IM 3-15 CW SOIL LATER

€02 CHLORGPLAST (ML/AL)

SULPOR NINERALIZATION PRGN 200T LITTER (UG/N®#2/DAT)

TINC SINERALIZATION PROM PROIT LITTER (UG/H®92/DATY)

LIZATION PROA PRUIT LITTER (UG/He#2/DAT)
SOLPOR AINERALIZATION FEOM LEAP LITTER (UG/A®®2/DAY)
EXCHANGEABLE LBAD (US/G) IN 3-15 CA SOIL LAYER
SULFUR WINERALIZATION PROM STEM LITTER (UG/N®®2/DAT)
RXCHANGEABLE ZINC (UG/G) IN 15-30 CB SOIL LATZR
EXCHANGEABLE LBAD (UG/G) IN 15-30 CAM SOIL LAYER
EXCHARGEABLE ZINC (UG/G) I¥ 30-90 C8 SOIL LAYER
LEAD IN ROOT LITTER (UG/MS€2 LAND)

LEAD IN LEAP LITTEE (UG/¥%*2 LAKD)

LEAD MINERALIZATION PROM LEAP LITTER (UG/Ne*2/DAT)
SXCRANGEABLE LEAD (UG/G) IN 30-90 CM SOIL LAYER
LEAD MINERALIZATION PROA ROCT LITTEE (0G/A®#2/DAT)

1.00
0.2798 06

18.0
0.3592 08
0.332x 06
0.3538-01
0.23se 08
0. 1742 08
0.1322 O%

3.57

12.8

378.

2.82

671,

879,

19.0

1.713

51.3
-609.
0.928

38.0

62,3
0.808

1.72
0.481

38.5

15.1

18.7

9.13
0.408
0.903%-01
0.137

8.30
9.9212-01
0.2282-01

11.8

16.2
0.352B-01
0.260E-01
0.2408-01

5.62
0.2508-01
0.3912-02

0.633
0.634E-02

0.3558-02
0.2908-02
0.668
0.159
0,121
0.1438-02

0.6798-02
0.9878-02
0.3498-02
0.3152-03
0.2402-04
0.2178-02
0.3098-02
0.2648-02
0.126R-08
0.8388-03
0.988EB-04
0.15 05
0.9638-08
0,.138E-03
0.3198-06
0,250E-08
0.301E-07
0.164B-12

ATIVE OUTPOT CORPPICIENTS

100.00

8. 76
0. 1842 06
0.1238 06
0.2382 05
0.1708
0.932e
0.843E

77.5
0.2082-01

0.6
56.7
51.8
82.2
25.2
3.27
18.6
13.7
10.7
4.67
9.50
8.74
7.72
5.91

0.113

0.978E-01
0.3758-01
0.484E8-01
0.6458-01
0.5938-01
0.5808-04
0.4962-01
0.2638-01
0.1868-01
0.1368-01
0.1022-01
0.1198-01
0.1112-01
0.4842-02
0,364B-02
0.3758-02
0.5162-02
0.1578-02
0.5802-03
0.5708-03
0.2142-03
0.171E-03
0.152E-03
0.1298-04
0, 160E-07
0.7262-13

SENSITIVITY CORFPPICIENTS

1.00
0.1562 08

0.183
0.178
-10.8
0.717E-01
0.6158-02
.48
~-5.00
0.8618-02
0.8342-08
6.41
0.650
9.25
0.8382-02
0.3518-01
~5.69
0.5822-02

0.5848-01
0.2058-02

0.8368-02
0.1068-02
0.7908-02
0.5908-01
~0.230
0.2702-02
0.8928-03
~0.3948-02
0.8t

0.550B-08
-0.274E-04
-0.2982-03
0.1728-03
0.199E-01
~0.855E-01%
~0.1992-01
0.1358-08
0.2268-02
0.9638-05
-0.6452-03
-0.146E-01

0.7263-03
0.3148-05
0.8732-03
-0.908E-0N8
-0.3588-03
0.8430-06
0.1028-08
~0.5712-03
0.531E-08
-0.4312-02
0.161E-03
-0.308E-04
0.2388-06
0.8068-03
0.2998-06
-0.9342-04
0.1122-03
-0.211-03
0.9858-03
0.3328-05
0.5298-07
0,9068-06
0.57BE-0%
-0,2838-05
0.2768-07
0.6598-05
0.1058-05
0.3322-08
-0.1172-05
0.0228~05
0.7032-09
0.880E-06
0.676E-09
0.576p-14

100.00

-1.18
=-0.781

0.191E-01

0.1018-02

28-01

-0.1358-01
~0.169
0.2258-02
~0.696
-0.3368-01
0.9758-02
0.697
0.8188-02
0.1192-02
0.12 01
0.5098-02
0.474K-02
0.8588-01
~0.118
0.1838-02
0.306E-02
~0.3152-01
~-0.1858-02
0.156%-02
0.759E-01%
0.1912-0)
0.483E-03
-0.8908-01
~0.1828~02
0.4078-03
0.6318-04
0.265E-03
-0.1608-01
0.2558-03
0.1288-03
0.7518-03
0.1272-03
0.1672-01
-0.1528-01
-0.1058-01

~0.1982-03
=-0.1628-01
0.396E-08
0.342E-04
0.157E-02
~0.1758-02
0.3322-03
0. 187E-08
0.3828-03
~0.1178-08
~0.1718-02
0.8642-05
0.7362-05
-0.230%-03
0.362B-08
-0.6818-03
0.6538-08
-0.4198-04
0.129E-05
~-0.5328-05
0.1368-05
0.1862-03
0.N85B-08
=-0.5928-08
0.6058-03
~0.8858-05
0.2692-06
0.3088-06
0.163E-08
-0.8378-06
0.1338-06
0.2068-05
0.7128-06
0.1532-07
-0.8172-06
0.1128-05
0.3642-08
0.723E-07
0. 118E-09
0.8638-15
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HCDEL : CBRES PARANETER : SRPHLO, STER TO ROOT PELOEN RESISTANCE
STAUDARD VALUE = 30.0 (H®)

OUTPUT RESPONSES RBLATIVE OUTPOUT CORPFICIENTS SENSITIVITY COEFPICIENTS
1.00 100.00 1.00 100.00

IINC IN BOOT LITTBk (0G/8%®2 LAND) 0.182R 06 0.0 822. 0.0
STIM TO BOOT PHLOBS TRANSLOCATION OF ZINC(0G/8¢®2 LAND/HE) 187, -0.1928 05 0.5812-01 0.3608-03

STEA TO ROOT PHLOBM TR, LOCATION OF SULPUR (UG/#e®2 LAND/HR) 10.4 0.5158 0% 0.2698-02 0.2398-01

LEAF TO STES PHLOEM T LOCATION OF ZINC(UG/N®%2 LAND/HE) 87, 497, ~0.4898-01 - S0B-01
SIBC CONTENT 1 LEA? XYLEN (0G/H®®2 LAWD) 204, 0.118% ON =-1.23 .17
$02 OPTAKE (UG/CH®&2 LEAP/DAY) 78.5 0.122R 0N -21.4
IIMC CONTENT IN ROOT XYLEN (UG/N®#*2) 198, 639, -0.255
2I8C CONTBNT IN STER XYLER (0G/N®82 LAND) 138, 572. ~0.865
ROCT BIOWNASS (G/A®®2 LAND) 37.9 579. 1.1
STEA TO S00T PHLOEA TRASSLOCATION OF LEAD{UG/8¢®2 LAND/HR) 0.879%-01 -597. 0.8098-03
ROCT SOLPUR COBCEWTRATION (U0G/G) 1.89 558, 0,2232-01
BOCT TO STEM XILES TRANSPORT OF SULPUR(UG/H®®2 LAND/HR) 1.3 452, 0 3578-03 0.2702-02
TINC MINEBRALIZATION PEOA HOCTY LITTER (UG/N®®2/DAT) ade, 0.0 .09 .

STEN BIOAASS (G/N*®2 LAND) 17.3 280. -0.709 -1.19
OCT TO STEM XYLEM TRANSPCRT OF ZINC{UG/N®*®2 LAND/HR) 5$9.2 113, 0.637E-01 0.253E-01%
SULPUR INPUT TO RQOOT LITTER (UG/R®®2/DAY) 0.385 168, 0.6212-03 0.537E-02
ROCT LEAD COMCENTRATION (0G/G) 19.3 ALL} -0.156 ~0. 180
STEM TO LEAP XYLEN TEANSPORT OF TINC(UG/A®*2 LAND/HR) 17.2 79.8 -0.2322-01 -0.1212-02
STEM TO ROOT SUGAR TRANSLOCATION (G/N®®2 LAWD/RR) 4,33 62.3 0.1222-02 0.1532-02
LEAY SULPOR COMCENTRATION (0G/G) 3.59 58.7 ~0.359 -0.618
PROUIT ZINC COMCESTAATION (0G/G) 3.4 58.6 0.5398-01 0.5472-01
ZINC LN LEAP LITTER (DG/8%®2 LAND) 47.3 0.1562-01 0.218 . -0.2218-02
SDLPOR CONTENT IN ROOT IYLEM (DG/N®42) 0.316 42,0 0.5182-03 0.2468-02
STEN TO LEA? XYLES TRANSPORT OF SULPUR{UG/A®®2 LAWD/HR) 0.787E-01 3.0 0.216E-0% 0.1858-03
LEAD IN LEA? LITTER (UG/M®®2 LAND) 0.0 3.4 0.0 -5.99
STER SULPUR COMCEMTRATION (0G/G) 0.8822-02 12.1 ~0.7012-03 -0.1252-01
LINC INPUT TO ROOT LITTER (UG/E®$2/DAY) 0.783 1.3 0.1988-01 0.305E-01
PRUIT BIOAASS (G/N®%2 LAND) 0.758 8.90 -0.8938-02 -0.1282~-01
LEAD INPOT TO ROOT LITTER (UG/R$%2/0AT) 0.607 B.76 ~0.1288-01 -0.201E-01
LEAF BIONASS (G/H®®2 LAND) 0.369 7.5% ~0.4008-01 -0,8398-01%
STEN TO PRUIT PHLOEM TRANSLOCATION OF ZIWC (UG/A®®2 LAND/AR) -2.15 9.78 -0.8128-013 0.2892-03
TRUIT SULPUR CONCENTRATION (0G/G) 0.167 5.99 0.2598-02 0.6u9E-02
LEAD CONTENT IN ROOT XYLEN (OG/N$#2) 0.4788-01 5.35 -0.2202-03 0.5428-03
LEAP ZINC CONCENTRATION (UG/G) 0.182 4.56 -0.1238-01 -0.2938-01
BOCT TO STEN XYLEN TRANSPORT OF LEAD(UG/N®¢2 LAND/HR) 0.829 3.35 -0.4758-01 =-0.390E-03
SULPOR CONTENT IN STEM ITLER (UG/N®%2 L1¥D) 0.1268-01 3.27 0.237-04 0.1582~0)
ZINC LEACHED FROB LEAVES (UG/N®®2/DAY) 0.338E-01 2.53 -0.8238-04 -0.1832-02
LEAP LEAD CONCENTRATION (DG/G} 0.897E-01 1.91 0.9908-02 0.1878-01
SOLFPUR INPUT TO LEAP LITTER (UG/N*®2/DAY) 0. 100 1.66 -0.839E-02 ~-0.1428-01
LEAP TO STEM PHLOEA TRAMNSLOCATION OF SULPOUR {UG/N®®2 LAND/HR) 0.8822-01 1.56 -0.1362-02 ~0.2378-02
200T TINC CONCENTRATION (UG/G) 0.196 1.20 -0.170B-01 -0.193E-01
PROIT LEAD CONCENTRATION (UG/G) 0.347E-01 1.32 0.4108-03 0.105E-02
SDLPOUR CONTENT IN LEA? XYLEN (UG/N®%2 LAND) 0.903E-01 1.22 -0 6598-02 =-0.102E-01
ROOT HEARTWOOD SULFUR CONCEBNTRATION (UG/G) 0.202E-02 1.20 0.856E-05 0.3898-08
STEM LEAD CONCENTRATION (UG/G) 0.3132-02 0.575 0.1608-03 =0.9188-0)
STER ZINC COMCEMNTRATION {(UG/G) 0.271R-01 ¢.538 -0.2568-02 -0.5392-02
SULPOR TN ROOT LITTER (UG/N6®2 LAND} 0.1148-02 0.502 0.1848-05 0.160E-04
STEN RESPIRATION (G/N®62 LAND/HR) 0,2702-01 0.437 0.1708-03 ~-0.2858-03
ZINC INPUT TO STRA LITTER (0DG/8®*2/DAY) 0.218E-01 0.395 .8498-03 ~0.1528-02
S0LPOR INPUT TO STEM LITTER (UG/N®82/DAY) 0.251E-02 0.u18 - 695E-04 -0.3712~03
LEAD RINEGALIZATION FROA LEAP LITTER (UG/N#82/DAT) 0.6612-01 0.171 ~0.1228-01 ~0.1662-01
ROCT RESPIRATION (G/H®®2 LAND/HE) 0.1262-01 0.203 0.3602-04 0.601E-08
STEM TO LEAP XIYLEN TRANSPORT OP LEAD{UG/R®**2 LAND/HR) 0.3912-01 0.177 ~0.2582-04 -0.226E-00
LBAP TO STEM SUGAR TRANSLCCATION {(G/A%%2 LAND/HE) 0.218E-01 0.173 0.262E-03 0.2672-03
ZIMC IN PRUIT LITTER (UG/M®®2 LAWD) 0.7572-02 0.165 0.3772-048 . ~0.2608-03
IIBC [NPUT TO PRULT LITTER (UG/H®*2/DAT) 0.5938-02 0.138 -0.1178-03 -0.2332-03
LBAD AINERALIZATION PROM ROCT LITTER (UG/A®%2/DAY) 0.0 0. 182 0.0 0.8612-01
STEN TO PRUILT SUGAR TRABSLOCATION (G/R®*2 LAND/AR) 0.1528-01 0.111 -0.1782-08 =0.2062-08
2INC INPUT TO LEAY LITTER (DG/N®®2/DAY) 0.3442-02 0.9982-01 -0,2868-03 -0.686R-03
BOCT HEABTWOOD LEAD CONCENTBATIOR ({UG/G} 0.4818-02 0,6548-01 -0.9928-08 ~0.152E-03
ZIWC MINERALIZATION PROM LEAF LITTER (UG/R*42/DAT) 0.3778-01 0.715E-0% 0.8278-03 -0.7938-05
LEAD COWTENT IN STEA XYLEA (UG/N®®2 LAWD) 0.7288-02 0.256E-01 ~0.2598-04 -0.,200E-08
LEAD IWPUT TO STEM LITTER (UG/N®%2/DAY) 0.2478-05 0.2968-01 0.84018-07 ~0.3658-08
LRAD IN STEW LITTER (UG/R®*2 LiND) 0.1548-08 0.2742-01 -0.1018-05 -0.178B-04
ZIPC IN STEN LITTEE (UG/R*®2 LAWD) 0.819E-02 0.1422-01 0.438R-08 ~0.412B~08
BXCHANGEABLE LEAD (UG/G) IR 0-3 CH SOIL LATER 0.3u7E-02 0.174E-01 0.6348-03 0.106E-02
STEA HEARTWOOD ZINC CONCENTEATION (D6/G) 0. 182E-02 0.1608-01 -0.3668-04 ~0.513E-04
ROCT HEARTWOOD ZINC CONCENTFATION (0G/G) 0.1198-02 0.1558-01 0.7568-04 0.109e-03
EXCHANGEABLER 2INC (UG/G) IN 0-3 CA SOIL LAYER 0.6202-03 0.112B-01 0.#858-08 0.267E-03
STEN HEARTWOOD SULPUR CORCEBNTEATION (0G/G) 0.735R-04 0.110%-01 ~0.1918-05 ~0.9732-05
PROIT RBSPIRATION (G/N®®2 LAND/HR) 0.749E-03 0.9802-02 -0.146E-05 -0.2148-05
LEAF TO STEN PHLORA TEANSLOCATION OF LEAD{UG/N*®2 LAND/HR) 0.1658-02 0.8002-02 0,2358-08 0.2182-04
L2AD CONTBNT IN LEAP XYLEA (UG/H®*2 LAND} 0.5958-03 0.860B-02 0.9518-04 0.1558-03
SOLFPOR IN LEAF LITTER (UG/N®®2 LAND) 0.351E-03 0.5812-02 -0.3348-04 -0.582E-08%
EXCRANGEABLE 2INC (UG/G) IN 3-15 CA SOIL LAYER 0.2278-03 0.4998-02 0.1178-08 0.2232-08
SULPUR SINERALIZATION FRON BROOT LITTER (UG/N®¢2/DAY) 0.1018-04 0.4812-02 0.163R-07 0.1812-06
STIN TO PRUIT PHLOEM TRANSLCCATION OP LEAD(DG/N®®2 LAND/HR) 0.508E-03 0.2208-02 -0.8508-06 ~0.692B-06
ZINC NINERALIZATION PROM FRUIT LITTRZR (UG/8%42/DAY) 0.429E-08 0.2892-02 0.6708-06 ~-0.3578-05
STIN TO FROIT PHLOEM TRAWSLOCATION OF SULPUR (UG/E®®2 LAFD/AR 0.126B-03 0.152e-02 ~0.2152-05 0.3292-06
STRE HEARTWOOD LEAD CONCENTBATION (UG/G) 0.9972-07 0.1058-02 0.1678-07 -0.1258-05
LEAD MINERALIZATION PRON STRB LITTER (0G/A®*2/DAY) 0.1712-06 0.3192-03 -0.1132-07 -0.205E-06
RICAAWGEABLE LEAD (UG/G) IN 3-15 CA SOIL LAYER 0.1148-08 0.2058-03 0.7988-06 0. 1418~05
SINC MINERALIZATION FROM STEM LITTER (UG/R®*2/DAY) 0.2038-08 0. 1848-03 0.1912-06 ~0.%09B-06
LEAF RESPIRATION (G/B%®2 LAND/HE) 0.222B-04 0.890R-08 ~0.8268-06 «0.123E-05
LEAD LEACHED PRON LEAVES (DG/M®®2/DAY) 0.389E-05 0,866E-04 0.2818-06 0.8712-06
LEAD INPUT TO LEAZ LITTER (UG/N*®2/DAY) 0.1882-08 0.5228-08 ~0.122E-04 =-0.1028-04
SULPUR INPOT TO PRULT LITTER (UG/Re®2/DAY) 0. 100E-0% 0.4858-08 ~0.7142-06 -0.6868-06
EXCHANGEABLE ZINC (UG/G) IN 15-30 CB SOIL LAYER 0.1818-05 0.360E-08 0.7782-07 0. 1842-06
LEAD INPOT TO PRULT LITTER (UG/A®®2/DAY) 0.781B-06 0. 3388-08 0.6052-07 0.1798-06
LEAD IN PRUIT LITTBR (UG/N®®2 LAWD) 0.5468-06 0.258E-04 0.7902-07 0.2298-06
SULPOR NINERALIZATION FAON LEAP LITTRR (UG/A®¢2/DAY) 0.8558-06 0.133R-04 =0.7182-07 =0.1178-06
€02 CHLOROPLAST (AL/HL) 0.1282-05 0.1018-08 -0.3772-07 -0.461E-07
SULPOR IN STEN LITTER (UG/N®®2 LAED) 0.8058-07 0.111E-04 -0.2008-08 =0.975E-08
PHCTOSYNTHESIS (G CO2/CH®®2 LEAP/HR) 0.0867E-06 0.886E-05 0.117E-07 0.1558-07
LEAD AINEZRALIZATION FEOM PRUIT LITTER (UG/M®®2/DAY) 0.1292-07 0.315R-06 0.1608-08 0.3342-08
SULPUR IN FRUIT LITTER (0UG/8%®2 LAND) 0.411E-07 0.1798-06 =0.3322-08 -0.2a78-08
SOLPOR MINERALIZATION FPRON STER LITTER (UG/M®%2/DAY) 0.1098-08 0. 148E-06 -0.269%-10 =-0.1308-09
EXCHANGEABLE LEAD (UG/G) IE 15-30 CM SOIL LAYER 0.1712-08 0.3802-07 0.1052-09 0.1958-09
SULPOR WINERALIZATION FRON PRUIT LITTER (UG/I“Z/DI!) 0.5228-09 0.2762-08 -0.3998-10 ~0.3808-10
EXCHANGEABLE ZINC (UG/G) IN 30-90 CN SOIL LAY 0.857E- 14 0.225E-12 0.8578-15 0.182E~18

EXCHANGEABLE LEAD (UG/G) I¥ 30-90 CA SOIL LA!!I 0.0 0.0 0.0 0.0
LETAD 1IN ROOT LITTEE (UG/N®®2 LAND) 0.0 0.0 0.0 0.0
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APPENDIX (continued)

ODEL : CERES PARANETER : SPPHLO, STEA TO FRUIT PHLOEN RESISTANCE

]
STANDARD VALUE = 500.0 (HR)
QUTPUT RRSPONSES

InPUY
VALOES:

PRUIT BIOHASS {G/i 2 LaAWD

PRUIT TIBC COBCENTRATION (U6/C

LEAP TO STEN PHLOEK TRABSLOCATION OF LINC(DG/W*®2 LAND/ER)
TIBC CONTENT IN LEA? XYLEN (0G/H®®2 LAND)

STER TO PRUIT PHLOES TRANSLOCATION OP IllC(nG/l.‘Z LAND/HR|
218 Ccon T IN STEN KXYLEN (UG/M®®2 LAND)

STES TO PRUIT PHLOEA TRANSLOCATION OF SWLPUI(UG/I.‘Z LAND/BR
PRUIT SULPUR CONCENTRATION (0G/G)

302 DPTAKE (UG/CH®¢2 LEAP/DAY

STER TO PRUIT SUGAR TRANSLOCATION (G/Ne¢2 LASD/HR!

TIBC CONTENT I¥ RQOT IYLEN (DOG/N®*2)

3IKC I ROIT LITTER (UG/N®%2 LABD)

2I8C IBPUT TO PRUIT LITTER (UG/A®®2/DAY)

STEN TO ROOT PHLOEA TRANSLOCATION OF ZINC(UG/RS®2 LAND/HE)
STER TO LEAY XYLRS TRANSPORT OF ZINC(UG/N®®2 LAPD/HR

80CT TO STEH IYLEM TRANSPORT OF ZINC(UG/H®®2 LAND/HR)

STEN BIOMASS (G/86®2 LAND

PRUIT LEAD CONCENTRATION (UG/G)

STES TC FRUIT PHLOEM TAARSLCCATION OF LEAD(0UG/8%¢2 LAWD/MR)
SOLPUR INPUT TO FPRUIT LITTER (UG/N®®2/DAY)

FRUIT BESPIRATION (G/N®®2 LAND/HR)

SIBC LEACHED PRON LEAVES (UG/H%%2/DAY)

LEAP SULPDR CONCENTRATION (UG/G)

LEAD IN FRUIT LITTER (DG/R®®2 LAND)

ROOT BIOMASS (G/H®®2 LAND)

LBAD INPOT TO PRUIT LITTER (0G/N8¢2/DAY

TINC SINERALIZATION PROB PAUIT LITTER (DG/2%¢2/DAT)

LEAP IINC CONCENTRATION (0G/G)

ROOT LEAD COMCENTRATION (UG/G)

LEAP BIOMASS (G/88®2 LAND

STEN TO ROOT SUGAR TRANSLOCATION (G/N%¢2 LABD/HR)

LEAF LEAD CONCRNTRATION (DG/G)

STEM TINC CONCENTRATION (UG/G)

SOLFUR COWTENT IN LEA? XIYLEE (UG/N®®2 LAND)

SULFOR INPUT TO LEAF LITTER (UG/N®92/DAY)

LEAP TO STER PNLOEB TRANSLOCATION OF SULPUR(UG/N®*2 LASD/NE)
SULFOR IN FPRUIT LITTER (0G/H®®2 LAWD)

R00T ZINC COMCENTRATION (0G/G)

ZINC INPOT TO ROOT LITTER (OG/E®®2/DAY)

LEAD AINERALIZATION FROA PRUIT LITTER (UG/N®%2/DAY)

STEM RESPIRATION (G/Hwe2 LAND/HE)

STIN TO BOOT PHLOEN TRANSLOCATION OF SULPUR (UG/N%$2 LAND/AR)
LEAP TO STEA SUGAR TRANSLOCATION (G/N®*2 LAND/HR)

BOCT TO STEN XYLEN TRANSPORT OF LEAD(UG/N®®2 LAND/AR)

TINC INPUT TO STEM LITTER (UG/E®®*2/DAY)

STHA SULPUR COMCENTRATION (UG/G)

LEAD INPUT TO ROOT LITTER (UG/H®%2/DAY

ZINC INPOT TO LEAP? LITTER (UG/N®®2/DAY)

2IBC IF LEA? LITTER (UG/N®®2 LAND)

ROCT SOLFOR CONCENTRATION (06G/G)

SULPOR IPPUT TO STENM LITTER {UG/H®®2/DAY)

STER TO LEAF XYLEM TRANSPORT OF LBAD(DG/N®®2 LAND/RR)

STES LEAD CONCENTRATION (UG/G)

BOCT HEARTROOD ZINC CONCENTEBATION (UG/G)

20CT 70 STEM XYLEN TRANSPORT OF SOLPUB({UG/M®®2 LAND/HR)
SULFOR INPUT TO ROOT LITTER (UG/H®®2/DAY)

EXCHANGEABLE ZINC (UG/G) 1IN 0-3 CM SOIL LATER

igzgngﬂ'zﬂf ild“ﬁrrl“!!oﬂ?{“:ﬂz}nn(uc/uuz LAND/ER)

0T STLES

CT RESPIRATION
LEAD CONTEET IN LEAP ITLER (0G/N®®2 LAND)
STEN HEARTWOOD TINC CONCENTRATION (UG/G)
LTINC IN STEA LITTRR (UG/X®*2 LAND)
SULPUR NINERALIZATION PRON FRUIT LITTER (UG/A®®2/DAY)
SULPOR IN LEA? LITTER (UG/E®®2 LAND)
LEAP TO STEN PHLOEN TRANSLOCATION OF LEAD(DG/We#2 LAND/ER)
LEAD CONTENT IN STEM XYLEM (UG/N®*2 LAKD)
EXCHANGEABLE ZINC (UG/G) IN 3-15 CN SOIL LAYER
STER BEARTNOOD SULFUE COBCENTRATION (UG/G)
LEAP RESPIRATION (G/H®®2 LAND/HE)
LEAD INPUT TO STEN LITTER (UG/N®A2/DAY)
SULPOR CONTENT IN STES XYLEN (UG/5®*2 LAND)
ROCT HEZARTWOOD LEAD CONCENTGATION (UG/G)
LEAD IN STEM LITTER (UG/N®®2 LAWD)
STER TO LEAP ITLEN TRANSPORT OF SULFUR(DG/E#$2 LARD/AR)
RGOT HEARTNOOD SULPUR CONCERTRATION (UG/G)
EXCHANGEABLE LEAD (UG/G) IN 3-15 CH SOIL LAYER
2INC AINERALIZATION FROA STEN LITTER (UG/A®*2/DAY)
SOLPUR I ROOT LITTER (UG/N®®2 LAND)
LEAD LEACEED PROS LEAVES (UG/A®€2/DAY)
€02 CHLOROPLAST (AL/BL}
STEN HEABTWOOD LEAD CONCEWTRATION (UG/G)
PROTOSTUTHBSIS (G COZ/CH®®2 LEAP/HR)
EXCHANGEABLEZ ZIMC (UG/G) IN 15-30 CH SOIL LATER
SULPUR NINZERALIZATION FROS LEA? LITTER (0G/R®%2/DAT)
LEAD WINERALIZATION PKON STEM LITTER (UG/A*e2/DAY)
SOLFUR IN STEN LITTER (UG/N®®2 LAND)
SULPUR BINERALIZATION PROM RCOT LITTER (0G/R®*2/DAY)
SOLPOR MINBRALIZATION PROM STEM LITTER (UG/H®®2/DAY)
EXCHANGEABLE LEAD (0G/G) IN 15-30 CA SOIL LAYER
RICHANGEABLE ZINC (UG/G) IN 30-90 CH SOIL LAYER
LEAD IN ROOT LITTER (UG/R®®2 LAND)
ZINC IN BOOT LITTRR (UG/M®®2 LAND)
LEAD INPOT TO LEAP LITTER (UG/B#%2/DAY)
EXCHANGEABLE LEAD {UG/G) IN 0-3 CH SOIL LATRE
SINC MINERALIZATION PRON ROCT LITTER (GG/A®*2/DAY)
LEAD NIWERALIZATION PRCA LEA? LITTER (UG/A®*2/DAY)
BICKANGEABLE LEAD (UG/G) IN 30-90 CNW SOIL LAYER
SINC AISERALIZATION YROA LEAP LITTER (UG/A®*2/DAY)
LEAD MIWZRALIZATION PROS ROCT LITTER {(UG/N®%2/DATY)
LEAD IN LEAP LITTER (UG/N®¢2 LAND)

100,00

9.20
80.1
86.8
16.0
~7.00
T7.48
0.336
2.80
0.112
0.167
1.08
0.217
0.192
2,80
2.58
0.560
0.2758-01
0.303
0. 180E-01Y
0.105E-01
0.974E-02
0.8772-01
0.6132-02
0.2502-02
0.1762-01
0.1178-02
0.3078-02
0.686E-02
0.238-02
0.2812-02
0.3218-03
0.1078-03
0.276e-02
0.1062-08
0.433E-03
0.383E-03
0.570E-04
0.407p-03
0, 198E-02
0.4308-08
0.2502-03
0.1372-03
0.732E-08
0.798E-04
0.164%-03
0.562E-08
Q. 1658-04
0.2358-03
0.8072-03
0.606E-08
0.500E-05
0.1222-04
0.297E-048
0.489E-08
0.836B2-05
0 JlJ! 05

0 igli =3

0.5388-05
0.3008-05
0.6348-06
0.108e-08
0.688E-05
0.4362-06
0.1388-07
0.207B-06
0.2582-06
0.9412-07
0.8562-07
0.3598-06
0.3312-06
0.430E-07
0.0

0.159K-07
0.4302-08
0.881E-07
0.1538-07
0.850E-08
0.9478-08
0.1062-07
0.272e-08
0.248E-09
0.594E-09
0.226-11

Poo000090CO0

R

RN - XXX

RELATIYR OUTPOT CORPPICIBETS

1000.00

533,
296,
3.7
.6
-39.6
20.%
21.5
8.10
9.91
9.58
6.8
6.08
5.58
2.21
2.33
1.80
1.50
1.12
1.16
0.667
0.568
0.378
a. 81
0,161
0.123
0.756E-01
0.6362-01
0.3792-01
0.357x-01
0.2022-01
0.1752-01
0. 1802-01
0.3522-02
0.6208-02
0.4648-02
0.3772-02
0.3618-02
0.3022-02
0.1158-02
0.2772-02
0.2368-02
0.225e-02
0.1088-02
0.1598-02
0.1312-02
0.1382-02
0.9442-03
0.5132-03
0.1928-03
0.3068-03
0.2592-03
0,2378-03
0.1968-03
0.1088~-03
0.188E-03
0.1122-03
0.1152-03
R LA
0.607E-04
0.5792-04
0.5262-04
0.4 14E-08
0.8022-04
0,255E-04
0.205e-08

0. 122K~ 14
0.0

ocvooocooo

ocoooocceocoo

SENSITIVITY COEFPICIBNTS

100.00

0.2278-02
0.2573-01
-0.1258-02
-0.2678-01
-0.790E-08
=0.1915-01
0.877E-05
0.7108-03
-0.8068-02
0.84378-05
~0.5558-02
0.5232-08
0.482E-04
~-0.5332-03
~-0.9078-03

0.868R-08
0.8698-06
0.1698-05
0.3813-06

-0.8068-08
<0.7378-06

0.8078-05
~0.6458-08
-0.806E-06
-0.1068-04
~0.289E-05
.9192-08
~0.1618-08
~0.266E-04

0.6945-08
-0.5608-06
-0.3288-06

0.6388-06

0.2278-06
~-0.2518-05
-0.8068-06

0.887E-06
~0.3568-05
-0.1612-04%
=-0.7908-06
~0.171E-06

0.2618-07

0.5658-06
-0.5652-06
-0, 1963-07
-0 101!—06

i

-0. 195!~07
0.1690-06
-0.9682~07
-0.5898-07
0.1028-09
=0.1148-06
~0.1838-07
0.1088-07
0.8068~09
=-0.363E-08
-0.2608-08
-0.3233-08
=-0.226E-08
0.0

~0.484B-08
0.4832-09
-0.7668-09

-0.396%-09
-0.1948-09
0.0
-0.1302-09
-0.323E-09
0.4178-10
0.1052-09
-0.2678-09
-0.508%8-10
~0.5658-11
~0.708B-11
-0.5908-13
0.0

cococo0eeOo0OO

R

R LT X-X-X)

1000.00

0.1388-01
-0.5232-01
-0.2992-03
-0.7268-02
-0.5478-03
-0.1002-01
0.5608~06
0.1022-02
-0.116
0.265E-08
0.2088-02
0.2208-03
0.2058-03
0.2328-03
0.5378-03
0.7298-03
-0.1212-01
0.1308-03
0.3012-05
0.1082-08
0.2322-05
-0.691E-04
-0, 885802
0.2598-05
-0.1982-02
0.1218-05
0.2548-05
-0.284g-03
0.3612-03
~0.516E-03
-0.4828-05
9.181R-03
6.2588-08
-0.6262-08
-0.8838-08
1508-08
.585E-07
0.710E-04
-0.2208-04
0.4858-07
-0.2062-05
~-0.2258-05
0.4358-05
0.1175-05
-0.1188-04
-0.1482-08
0.129E-04
-0.8772-05
-0.6452-05
-0.2198-05
-0. 1272-05
0, 1152-06
0.2192-05
-0,110R-05
-0.2088-06
-0.6108-06
~0.3878-05

0. 106E-06
0.176E-05
~0.800E-06
~0.3058-06
0.652E-09
~0.392E-06
0.4178-08
0.6098-07
0.9818-07
-0.3802-07
-0.1352-07
-0.3958-07
-0. 1852-07
-0.6858-08
~0.1942~07
0.2238-08
-0.503E-08
0,555¢-08
-0.3358-08
~0.192%-08
0.8002-08
-0.4908~09
-0.1108-08
0. 1358-09
0.4718-09
~0.8132-09
-0.2338-09
-0.3408-10
-0.1362-10
-0.8588-12
0.9%638-12
0. 18 12-16
0.0

cooo0000D
Ce e e e e
cocoooocooo
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STANDARD VALOR =
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APPENDIX (continued)

PARANETER : LRESTD, STAWDARD RESPIRATION RATE FOR LEAVES

1.82-8 (G/G/HR)

OUTPUT RESPORSES

502 OPTAKR (UG/CNe®2 LEAF/DAY)

2INC CoB

BT IN STES XYILES (UG/Ne®2 LAND)

II5C CONTRET LN LBAF XYLBN (UG/Me$2 LAND)
LEAP BIOBASS (G/N®82 LAND)

STIA BIOWASS (G/N®®2 LABD)

LEAP LEAD CONCENTRATION (UG/G)

LEAF SOLPUR CONCENTRATION (0G/G)

LBA? TO STBH PHLORN TRANSLOCATION OF IINC(UG/Me®2 LARD/HR)

SIS CONTRNT IN ROOT XYLBA (UG/Ne®2)

30CT TO ST

IYLEN TRABSPORT OF IINC(UG/R®%2 LAND/AR)

PRUIT RINC CONCENTRATIOR (0G/G

)
STEIN TO LEAZ XYLZE TRARSPORT OF TIRC(UG/N*®2 LAND/HR)

LEAP RESPIDATION (G/8962 LARD/BHR)

STEN TO BOOT PHLORE TRANSLOCATION OF RINC({UG/8%¢2 LAND/HR)
LEAP TO STEN PELORS TRANSLOCATIOR OF SULPUR (0G/R%®2 LAND/HR)

SULPUR CONTRNT IN

LEAP TO STEX SOGAR TRANSLOCATION (G/HN®42 LAWD/HR)

LEA? XYLER (DG/R662 LAND)

ROOT LEAD CONCENTRATION (UG/G)

ROCT BIOMASS (G/M

STIR TO PRUIT PHLOES TRAWSLOCATION OF ZINC (UG/H®*2 LAED/HR)

$2 LAND)

LEAD CONTENT IN LEAF XITLEN (UG/N®®2 LAND)
STEN LEAD COBCENTRATION (DG/G)

FROIT LEAD CONCENTRATION (UG/G)

PRUIT DIONASS (G/H®$2 LAND)

LEAP TO STRE PHLORA TRANSLOCATION OF LEAD(UG/N®%2 LAND/ER)
STIR TO ROOT SUGAR TRAESLOCATION (G/N®®2 LANWD/HR)

ST TO R00T PALORE THANSLOCATION OF LEAD(UG/H®$2 LAWD/HR)
STEN TO BOOT PHLOBE TRANSLOCATIOW OF SOULPUR (UG/N®$2 LAND/MR)

LEAP LINC COBCENTRATION (0G/G)
STI8 RESPIRATION (G/8%2 LABD/HR)
STEE SULPUR CONCENTRATION (0G/G)
STEN LINC CONCRNTRATION (0G/G)
FAOIT SULFUR CONCENTRATION (0G/G)

30CT 7O STEN XYLEH TRANSPORT OF LEAD(UG/N®®2 LAND/HR)

BICEANGEABLE IINC

300T TO STRN XYLEN TRANSPORT OF SULFUR(UG/N®%2 LAND/KR)

{UG/G) IN 0-3 CH SOIL LAYER

BROCT SULFOR CONCENTRATION (0G/G)

STIN TO PROIT SUGAR TRAMSLOCATION (G/N®®2 LAWD/ER)

B00T ZINC CONCENTRATION (UG/G)

EICHANGEABLE IINC

STEN TO FRUIT PHLOEM TRANSLOCATION OF SULPUR (UG/N®®2 LAND/HR
STES TO LEA? IYLEN TRANSPORT OF LEAD(UG/H®®2 LAND/RB)

(06/6) IN 3-15 C¥ SOIL LAYER

B0CT BEARTROOD LEAD CONCENTEATION (UG/G)

SULPUR CON

.1 e ]

ROOT IYLEA (UG/N#%2)

R00T RAEARTVOOD ZINC CONCEBETIATION (0G/G)
LEAD CONTENT IN ROOT XYLEE (0G/Ne®2)
STIR REARTEOOD L1INC COBCENTEATION (UG/G)

STIN TO LEAP XYLRH TRANSPORT OF SOLFUR(DG/N®#2 LAND/HR)

LEAD CONTENT 1IN STEE XYLER (UG/N®¢2 LAND)

ERCHANGRABLE LEAD
FRAOIT RESPIRATION

STEE TO FRUIT PHLOEE TRANSLCCATION OF LEAD(UG/M®%2 LAND/HR

{U6/G) IN 0-3 CA SOIL LAYER
(G/m%®2 LARD/BR)

B0OT RBSPIRATION (G/N*%2 LAND/HR)

EXCHANGEABLE LEAD

SULPUR CONTENT IN

{UG/6) I¥ 3-15 CN SOIL LAYER

0D SULFOR CONCENTRATION (UG/G)

STEA XYLER (DG/N®®2 LAND)

€0Z CHLOROPLAST (ML/HL)
STEN ARARTROOD LEAD CONCEBTRATION (DG/G)

PHOTOSINTARSIS (G
EICHANGEABLE XINC
RICHAPGEABLE LEAD
BICEARGEABLE IINC
BEXCBANGEABLE LEAD

COZ/CH®%2 LEAP/ER)

(V6/6) IN 15-30 CH SOIL LAYER
(UG/G) IN 15-30 CN SOIL LAYER
(U6/6) IN 30-90 CH SOIL LAYER
(06/6) IN 30-90 CB SOIL LAYER

1.8e-5

0.745E 06
0,.2028 0&
0.231E 04
0.1798 08
0.1298 04
0.1288 08
798.
560.
623.
296.
286.
272,
289,
-138.
100.
56.6
58.6
29.0
25.1
-22.6
20.5
13.0
1.8
10.2
7.56
6.78
=-3.37
3.24
2.1
2.10
1.92
1.57
1.15
1.07
0.505
0.875
0.4850

0.152

0.916E-01
0.7282-01
0.7182-01
0.8182-01
0.3202-01
0.2618-01
0.1782-01
0.111E-01
0.1078-01
0.813E-02
0.6628-02
0.568E-02
0.486R-02
0.460E-02
0.3832-02
0.2738-02
0.2518-02
0.195E-05
0.1768-10

BELATIYE OUTPOT COEPPICIBNTS

1.88-3

725.
258.0
32.5
3.39
15.0
0.719
16.0
184,
14.3
.88
3.13
1.32
5.85
1.91
0.810
0.358
0.939g-01
0.906E-01
0.667
0.261
0.2938-02
0,.2838-01
0.316E-01
0.275
0.1692-03
0.8562-01
-0.4868-04
0.1292-01

0.582E-02
0. 1482-01
0.5202-03
0.882E-03
0.153E~02
0.424p-03
0.6118-03
0.4352-03
0.330E-03
0.7578-03
0.6378-04
0.8788-04
0.25802-08
0.301E-03
0.3738-05
0.2388-03
0.8552-05
0.u78E-04
0.130E-04
0.1842-00
0.126E-08%
0.9148-05
0.3208-05
0.298E-08
0.168E-13

0.0

ORNL/TM-6791

SBNSITIVI?Y CORPFICIENTS

1.82-5

0.8058
0.2878
-0.10828
0.9068
0.1088
~0,3208
0.597
0.2798
0.265%
0.1828
0.7538
~0.1088
-0.136E
0.308%8
0.8278
0.3058
0,2508
0.294E
0.8908
-621.
-0.688E
-0,188E
-0.1308
0.5588

09
06
05
06
07
06
06
s
06
05
o8
05
oe
o8
08
0s
o8
05

os

on
(L]

-0.6398-03
-0.695p-08

0.0

1.88-3

0.7788 06
0.296% 08
0.5298 04
0.22SE 0%
0.119E 05
~-888,
0.1338 05
263,
125,
-311.
-0.104E 08
-187.
-20.9
63.8
52.8
237,
6.89
-112,
0.153E 08
-6.28
-3.58
-8.78
-7.01

95. 4
-0.6898-01

2.82
0.135e-01
1.67
21.9
2.80
6.17
1.99
-15.0
~0.782
-13.5
0.108
1.95
0.186
-71.7

-0 8878-01
0.498
0.395

0.165E-01
-0.1868-02
0.836E-01
=-0.1222-01
0.2762-01
0.9608-02
0.202E-02
-0.591E-02
~-0.686E-03
-0.1858-02
-0.247E-0S
-0.213E-10
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APPENDIX (continued)

B0DEL : CERES PARANETER : SRESTD, STANDARD REBSPIRATION RATE POR STEES

STANDARD YALUE = 1.9E-4 (G/G/HR)
OUTPUT RESPOMSES

1wpoT
VALDES:

LINC COBTENT IM LEAF IYLEN (UG/N®¢2 LAND)
STEM BIOBASS (G/N®%2 LAND)
LEAF TO STEM PHLOEB TRANSLOCATION OF ZINC(UG/R*%2 LAND/BE)
ZIPC CONTENT IN STEM XYLEN (0G/N**2 LAND)
TINC CONTENT IN ROOT IYLER (0G/N*s2)
STEM TO LEAP? XYLEN TRANSPORT OF ZINC(UG/A**2 LAWD/HR)
S02 UPTAKE (UG/CN$*2 LEAP/DAY.
§0CT YO STEN XYLEA TRANSPORT OF ZINC(UG/N¢*2 LAND/HR)
FROIT ZINC CONCENTRATION {UG/G)
STEM TO ROOT PHLOEN TRAMNSLOCATION OF ZINC (UG/N**2 LAND/HR)
STEN SULFOUR CONCERMNTRATION (U6/G)
LEAY SOLFUR COMCBNTRATION (UG/G
WOCT BIOBMASS (G/N%¢2 LAND)
ZINC LEACHED PRON LEAYES (UG/N®*2/DAY)
STEN RESPIRATION (G/M®**2 LAND/HR)
PRUIT BIOMASS (G/M®*2 LAND)
STEN LEAD CONCENTRATION (UG/G)
ROCT LEAD CONCENTRATION (UG/G)
PRUIT SULFPOR CONCENTRATION (UG/G)
STIA TO ROOT SUGAR TRANSLOCATION (G/N®%2 LAND/HR)
LEAF BIOAASS (G/A**2 LAND)
LEAP ZINC COMCENTBATION (UG/G)
LEAP TO STEM PHLOEN TRANSLOCATION OF SULPUR (UG/A*%2 LAND/HR)
PRUIT LEAD CONCENTRATION (UG/G
SULFUR COMTEBT IS LEAP IYLER (UG/N®$2 LAND)
STEA TO LEAF XYLEA TRANSPORT OF LEAD(UG/N**2 LAND/RR)
STEA TO PRUIT PHLOEA TRANSLCCATION OF ZINC{UG/N*s2 LAND/HR)
STEB ZINC CONCENTRATION (UG/G)
LEAY LEAD CONCENTRATION (UG/G)
LEAF TO STEN SUGAE TRANSLOCATION (G/R*#2 LAND/HR)
ROCT TO STES XYLES TRANSPORT OF LEAD(UG/M®*2 LAND/HR)
STEM TO FPRUIT SUGAR TRANSLOCATION (G/M*s2 LAND/HR)
EXCHANGEABLE ZINC {UG/G) IW (-3 CM SOIL LAYER
CT ZINC CONCEMTRATION (DG/G)
STEM TO LEAF XYLEN TRANSPORT OF SOLFUR(OG/M®*%2 LAWD/HA
STES TO ROOT PHLOEN TRANSLOCATION OF LEAD(UG/M**2 LAND/HR)
STER HEARTWOOD ZINC COMCENTEATIOR (UG/G)
STER TO ROOT PHLOEM TRANSLOCATION OF SULPUR{UG/N**2 LAND/HR)
LEAD CONTRNT IN ROOT XYLEA (UG/Bee2
PRUIT RESPIRATION (G/N%*2 LAND/RR)
ROQT RESPIRATION (G/B®*2 LAND/HR)
ROOT HEARTROOD ZINC CONCENTEATION (UG/G)
EXCHANGEABLE ZINC (0G/G) IN 3-15 CH SOIL LAYER
BOCT SULFOR CONCENTRATION (UG/G)
800T TO STEM XYLES TRANSPORT OF SULFUR(UG/N®*2 LAND/HE)
LEBAD CONTENT IN STEN XYLER (UG/N®#2 LANXD)
LEAD CONTEST IN LEAF XYLER (UG/M*%2 LAND)
STES TO PRUIT PHLOER TRANSLOCATION OF SOLPUR(UG/M®¢2 LAND/HR
EXCHANGEABLE LEAD (UG/G) IN 0-3 C8 SOIL LAYER
SOLFUR CONTENT IN ROOT XYLEM (UG/A%s2)
SOLPUR CONTENT IN STEM XYLEM (OG/A®*2 LAND)
LEAF TO STEM PHLOEB TRANSLOCATION OF LEAD (DG/M**2 LAND/HB)
ROCT HEARTWOOD LEAD CONCEWTFATION (UG/G)
STEN HEART®OOD SULFUR CONCENTRATION (UG/G)
STEM TO PBOUIT PHLOEM TRANSLCCATION OF LEAD(UG/N#%2 LAND/HR)
LEAF RESPIRATION (G/B*%2 LAND/HB)
STEN HEARTWOOD LEAD CONCENTRATION (UG/G)
LEAD LEACHED FRON LEAVES (UG/N%*2/DAY
ROCT HEARTWOOD SULFUR CONCENTRATIOK (0G/G)
EXCAABGEABLE LEAD (UG/G) IN 3-15 CH SOIL LAYER
€02 CHLOROPLAST (ML/aL)
PRCTOSYNTHESIS (G CO2/CH®%2 LEAP/HR)
EXCHANGEABLE ZINC (UG/G) IN 15-30 CHM SOIL LAYER
BXCHANGEABLE LEAD (UG/G) IN 15-30 CR SOIL LAYER
EICHANGEABLE ZINKC (0G/G} IN 30-90 CM SOIL LAYER
EXCHANGEABLE LEAD (UG/G) IW 30-30 CHM SOIL LAYER

RELATIVE OUTPUT CORPPICIENTS

1.98-5

0.293E 05
0.1258 05
0.126B 05
0.8212 08
0.227E 08
0.2392 04
423,
985.
272,
-831,
380.
7.93
48.0
178,
117,
19.6
53.0
17.0
29.9
8.80
2.15
7.07
0.222
3.78
0.169
8,75
-11.5
3.4
0.533
0.901
0.839
0.562
1.45
0.783
1.18
-0.1188~01
0.361
0.767E-02
0.5478-01
0.207E-01
0.158E-01
0.990E-02
0.1798-01
0.146E-01
0.1098-01
0.541E-02
0.345e-02
0.4318-03
0.247E-02
0.267E-03
0.5282-02
0.355B-03
0.3568-03
0.3652-04
0.93ue-08
0.117E-03
0.1122-04
0.2032-08
0.6202-05
0.589E-05
0.3928-04
0.298E-04
0.263E-04
0.219E-08
0.4922-13
0.0

1.92-3

140,

33.0
5.06
15.2

0.767E-01
0.621E-0%
0.436E-01
0.340E-01
0.7558-02
0.948E-02
0.933e-02
0.1038-01
0,120E-01
0.9882-02
0.685E-02
0.7492-02
0.1352-03
0. 153E-02
0. 1322-02
0.1182-02
0.676E-03
0. 1602-03
0.222e-03
0.183e-03
0.1762-03
0.978E-00
0.635E-04
0.562E-08
0.438E-04
0.401E-07
0.2632-12
c.0

SENSITIVITY COEPFICIENTS

1.9E-5

-0.850E
0.3262
-0.817E
0.79a8
0.7728
-0.382p
0.6008
0.5302
-0.1222
0.689E
-0.285e
0.894np
0.122e
-0.307¢
-0.191E
0.759E
-0.358E
-0,234%

0.228

06
07
0s
06
06
05
07
0S
06
oa
05
05
06
08
04
os
[ 1]
05
o

05
05
os

(1]
os

04
o8

-0.6582-01

0.646

-0.528E-01
~0.936E-01

0.362E-01
-0.879E-01

0.3812-01
=0.1162-01
-0.893e-01

-0.202E~-

1]

-0.338E-09

0.0

1.92-3

-0.3132
0.0622
-0.1682
~0.9252
0.219E
~769.
-0.2392
Q.1622
~0.2162
~392.
-60.6
0.517e

0.225
1.18
7.81

-1.20
1.09

-0.389
-0.524

-8.45

0,348
18.9

1.30
-0, 2248~

0.259
=0.202
0.127

~-0.170E~-

0.795¢8-
~-0,235E-
~0.281E-

05
05
o8
1)
05

06

13
05

05
0s

0s
L)

04

01

01
01
01
01

0.1928-01

-0.38 18-
0.479E-
-0.159E-

01
02
02

-0.6892-02
-0.866E-05

-0.8092-

0.0

10
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APPENDIX (continued)

MODEL : CBRES PARABETED : PRESTD, STAWDARD RESPIRATION RATE FOA@ PROITS
STANDARD VALUR = 1.0E-4 (G/G/mB)
OUTPUT RESPONSES RELATIVE OUTPOT CORFFICIBNTS
19907
TALORS: 1.0B-5 1.0BE-3
FROIT LINC COBCRNTRATION (UG/G) 0.302r O% 18.7
FAUIY SOLPOR CORCRETEATION (D06/GC) 63.5 0.399
IT BIOHASS (G/i 28.9 1.28
PROIT LBAD COBCENTRATZION (06/6) 7.75 0. 462E-01
2I3C CONTENT IN LEAF XILRN (UG/Ee®2 LARND) 3.9% 0.203
STEIS TO PROIT PELOEE TRANSLCCATION OF RINC{UC/N®®2 LAND/HR) L2 0.255
ZINC CONTENT IN STEN XIYLEN (UG/N6®2 LANDY 2.33 0.107
LEAP TO STEM PHLOEN TEANSLOCATION OF ZINC(DG/N®®2 LAND/HR) 1.92 0.218
FRUIT BESPIRATION (G/E®®2 LAND/BR) 1.00 0.6932-01
I8C CONYRET IN ROOT ITLER (UG/H®®2) 0.607 0.8088-01
STEN TO LEAP XTLEN TAANSPORT OF ZIBC(UG/N®®2 LAND/HR) 0.809 0.8188-01
STIN TO ROOY PHLORE TAASSLOCATION OF SINC(UG/Me®2 LAND/HE) 0.622 0.2182-01
BOOT TO STES IYLEN TRANSPORY OF ZINC{UG/Be®2 LAND/ER) 0.495 0.376B-01
STIH IIBC CORCENTRATION (06/G) 0.2672-02 0.3552-03
LEAF ZINC COMCENTRATION (0G/G) 0.2188-02 0.2132-03
00T STIBC CONCERNTRATION (UG/G) 0.5912-03 0.0
EXCHANGBABLE LIBC (0G/6) IW 0-3 CR SOIL LAYRR 0.6758-08 0.1692-08
STER SULPUR CONCRNTRATION (0G/G) 0.5622-08 0.0
BOOT BEBARTS00D IINC CONCENTIATION (0G/G) . 0.7358-05
STEN ERARTROOD ZINC CONCEBWTRATIOR (0G/G) 0,1652-05 0.7418-06
RICEADGEABLE ZINC (UG/6) IN 3-15 CA SOIL LAYER 0,2358-05 .
STIR TO PRUIT SUGAR TRABSLOCATION (G/A®®2 LAND/HR) 0. 1098-05 0.1208-06
STEA 7O ROOT SUGAR T SLOCATION (G/A®®2 LAND/HB) 0. 145E-06 0.0
BOCY TO STEM XYLER TRANSPORT OF LBAD(UG/N®¢2 LAND/HR) 0.239g-09 0.1178-06
LEIAD COWTBNT IN ROOT XYLER (UG/H6»2) 0.1172-06 0.0
STEN TO LEAF IYLRR TRANSPORY OP SOLPOR(0G/N**2 LABD/HAR)} 0.308%-07 0.0
LEAD CONTENT IN STEM IYLEM (UG/R®®2 LABD} 0.2388-07 0.0
STEN TO LEAP XTLEA TRANSPORY OF LEAD(UG/N®®2 LAND/RHR) 0.1638-07 0.0
EXCEANGRADLE IIBC (UG/G) IN 15-30 CH SOIL LATER 0.925E-08 0.0
PHLORE TRANSLOCATION OF LEAD(DG/E®¢2 LAND/EN) -0.2128-08 -0.4288-03
SIBC (UG/G) IM 30-90 CH SOIL LATYER 0. 394E-16 0.0
LEA? BIOBASS (G/u%%2 LAND) 0.0 0.0
STEIE BIONASS (G/Re®2 LAND) 0.0 0.0
BICHANGBABLE LEAD (UG/€) IN 0-3 CA SOIL LAYER 0.0 0.0
BXCHANGEADLE LEAD (UG/G) IN 3-15 CR SOIL LAYER 0.0 0.0
LEM LBAD COMCENTRATION (UG/G) 0.0 0.0
LEAF SULFOR Cf BTRATION (UG/G) 0.0 0.0
STEN LEAD CONCENTRATION (UG/GC) 0.0 0.0
STEE EEARTROOD LEAD CONCENTBATION {UG/G) 0.0 0.0
BICHANGEABLE LBAD (UG/G) IN 30-90 CB SOIL LAYER 0.0 0.0
BXCEAUGEABLE LEAD (UG/G) IN 15-30 CH SOIL LAYER 0.0 0.0
0.0 0.0
BOCT SULPOR CONCRNTRATION (06/G) 0.0 0.0
ROCT LEAD CONC. ATION (06/G) 0.0 0.0
STEN HBARTNOOD SULPUR CONCEBNIRATION (0G/6) 0.0 0.0
BOCT TO STEAR XYLEN THANSPORT OF SULPUR{UG/N®%2 LAKD/AR) 0.0 0.0
LRAD CONTENT IN LEAP XYLEN (UG/85¢22 LAWD) 0.0 0.0
LEAP TO STEH SUGAR TRADSLOCATION (G/Me#®2 LAND/HR) 0.0 0.0
STIA RRSPIRATION (C/H%®2 LARD/HR) 0.0 0.0
LBAP RESPIRATION (G/B®®2 LABD/HE) 0.0 0.0
ROOT RESPIRATION (G/H%%2 LAND/HR) 0.0 0.0
€02 CHLOROPLASY (ML/AL) 0.0 0.0
FACTOSYNTRESIS (G CO2/CH®®2 LEAFP/HR) 0.0 0.0
STEN TO FRUIT PHULOES TRAWSLOCATION OP SULPOR(UG/H4%2 LAND/HR 0.0 0.0
STEN TO PRUIT PHLOEM TRANSLCCATION OF LEAD(UG/N®#2 LAND/HR)} 0.0 0.0
STEA TO ROOT PHLOEM TRANSLOCATION OF SULPOR (UG/8e#®2 LAND/RR) 0.0 0.0
13AF T0 SJIEA PHLOBA SLOCATION OF SULPUR (UG/M%®2 LAND/HR) 0.0 0.0
LEAF TO STEA PHLOEE TRANSLOCATION OF LEAD(UG/M®®2 LAWD/HR) 0.0 0.0
302 OPTAKE (UG/CHO®2 LEAF/DAT) 0.0 0.0
SULPUR CORTENT 1IN ROOT XYLEN (UG/8%@2) 0.0 0.0
SULPUR CONTEST IN STEM IYLEE {(0G/Mee2 LAND) 0.0 0.0
SULPOR CORTENT IS LEAF XYLEE (UG/A®%2 LAND) 0.0 0.0
BOCT BIOMASS (G/NM%¢2 LAND} 0.0 0.0

ORNL/TM-6791

SBUSITIVITY COBFPRICIBETS

1.0%-5

-0.1048
-0.1658

0.1802
-0.197E

-0.186

07
05
05
1)
oS

05
os

05
os
os
o8

~-0.2842-01
0.5798-02
0,5798-05
0.3582-01
-0.5798-03
0.3942-02
0.5858-03

398E-0)3

~0.1868-03
=-0.350B-11

0.0

0000000000000 0PDO0R0000000a0

et e s e e At e s e s s,

00000 OCC000R00000C000000D00000000

1.08-3

-0.6218 04
-132.
380.
-15.3
0. 119 08
13.7
753,
.6
~0.852
509.
85.0
19.8
S8, 2
3.58
3,50
0.0
-0.358
0.0
0.358E-01
0.3588-02

0.0
-0.387E-03

0.0

0.579E-03
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APPENDIX (continued)

BODEL : CERBS PARANETER : RBRESTD, STANDARD RESPIRATION RATE FOR ROOTS

STANDARD VALUE = 1.8E-4 (G/G/RR)
OUTPUT RESPONSES

INpPOTY
VALDES:

R0CT LEAD CONCRETRATION (0G/G)

3IBC CONTENT IN ROOT XYLER (UG/M#¢2)

ZIBC CONTENT IN LEA? XYLER (UG/M®¢2 LAND)

TIDC CONTENT 1IN STEN IYLEE (0G/Ne®2 LAND)

MOOT TO STEX XITLES TRANSPORT OF LEAD(UG/N®*2 LAND/ER)
ROOT BIOBASS (G/N®**2 LAND)

200T TO STEA KILEN TRANSPORT OF IINC(UG/N®**2 LAND/WR)

ST TO LEAP IYLEE TRANSPORT OF ZINC(UG/H®*2 LARD/HR)
LEAF TO STEH PHLORN TRANSLOCATION OF ZIWNC(UG/N®*2 LAND/HR)
$02 DPTAKE (UG/CH®*2 LEAP/DAY)

PRUIT ZINC COBCBETRATION (UG/G)

ROOT TINC CONCENTRATION (0G/G)

STEN TO LEAP XYLRN TRANSPORT OF LEAD(UG/H®¢2 LAND/ER)
LEAD CONTRET I3 ROOT KILEA (UG/H%s2)

STIN TO BOOYT PHLORS TRANSLOCATION OF ZINC(UG/N*$2 LAND/RR)
ROQT RESPIRATION (G/8%%2 LAND/HR)

SI38 TO PRUIT PMLOEN TRANSLCCATION OP ZIRC({UG/M%%2 LAWD/HR)
STEA TO ROOT PELOEN TRANSLOCATION OF LEAD(UG/N®$2 LAND/HR)
LEAD CONTEFT IN STRE XYLEBR (UG/N*%2 LAWD)

LEAP TO STEM PHLOEE TRANSLOCATION OF LEAD(UG/N*¢2 LAWD/ER)
STEM LEAD CONCENTRATION (UG/G)

LEAP ZINC COBCENTRATION (UG/G)

BOCT SULPUR COMNCBNTRATION (0G/G)

BOOT TO STYER XYLEA TRANSPORT OF SULPUR(UG/N*%2 LAND/ER
STEE IINC COBCENTRATION (UG/G)

STEM TO PRUIT PHLORE TRANSLCCATION OF LEAD(UG/H*%2 LAND/HR)
BOOT BEARTEOOD LEAD CONCERTRATION (UG/G)

PRUIT LEAD CONCENTRATION (0G/G)

BICHANGEABLE LEAD (UG/G) XN 0-3 CH SOIL LAYER

LEA? SULPUR CONCENTRATION (UG/G)

BICHANGEABLE ZINC (UG/G) IN 0-3 CH SOIL LAYER

STER BIOBASS (G/N**2 LAND)

R00T HEARTROOD ZINC COMNCENTSATION (06/G)

STEM TO LEAF XYLEN TRANSPORT OF SULFUR(UG/R®**2 LAND/HR)
LBAP BIONASS (G/B**2 LAND)

LEAP TO STEE PHLOEM TEANSLOCATION OF SULPUR (UG/Ne*2 LAND/HR)
SOLFOR CONTENT LM LEAZ IYLEA (0G/E®*2 LAND)

STAS HEARTWOOD ZINC CONCENTRATION (UG/G)

STPA TO BOOT SUGAR TRANSLOCATION (G/M*®2 LAND/AR)

LEAF LEAD CONCENTRATION (UG/G)

SULPOR CONTENT IN STEM XYLEA (0G/m®**2 LAND)

LEZAD COMTENT IN LEBAF XYLEE (UG/N$*2 LAND)

PROIT BIOBASS (G/N**2 LAND)

LEAP TO STEE SOGAR TRANSLOCATION (G/R**2 LAND/HE)

STER TO ROOT PHLOEE TRANSLOCATION OF SULPUR (UG/N®$2 LAND/HE)
PRUIT SOLPUR CONCENTRATION (0G/G)

ST SULPUR CONCENTBATION (UG/G)

EXCHAWGEABLE ZINC (UG/G) IN 3-15 CA SOIL LAYER
BICHANGEABLE LEAD (DG/6) IN 3-15 CA SOIL LAYER

STIA RESPIRATION (G/N*%2 LAND/HR)

STEA HEARTWOOD LEAD CONCEWTBRATION (UG/G)

STEA TO FROIT PHLOEA TRANSLOCATION OP SULPUR{UG/N®*2 LAWD/AR
SDLPUR COFTENT 1IN ROOT XYLBE (UG/B**2

STEA TO PRUIT SUGAR TRANSLOCATION (G/M**2 LAND/HB)
BXCHANGEABLE IINC (UG/G) IN 15-30 CM SOIL LAYER

LEAP RESPIRATION (G/H**2 LAND/HE)

PRUIT RESPIRATION (G/M**2 LAND/HR)

STEA HRARTWOOD SULFUR CONCENTRATION (UG/G)

€02 CHLOROPLAST (ML/ML}

PBOTOSYNTHESIS (G CO2/CH**2 LEAP/RE)

RXCHARGEABLE LEAD (06/G) I¥ 15-30 CAa SOIL LAYER
BXCAANGEABLE ZINC (UG/G) IN 30-90 CH SOIL LAYER
BXCHANGEAPLE LBAD (UG/G) IN 30-90 CH SOIL LAYER

RELATIVE OUTPUT CORPPICIBNTS

1.8e-5

0.1122 05
0.429% 08
0.3592 0%
0.373r 04
0.281E OM
0.283% 08
0.213¢ 08
0,.1402 08
589,
287,
201.
186,
164,
161,
126,
53.1
30.5
-27.7
27.7
3.51%
3.45
2.65
2.9
2.69
2,45
1.68

0.9992-01
0.546B-01
0.449e-01
0.3398-01
0.3078-01
0.2922-01
0.247B-01
0.830E-02
0.3788-02
0.5308-02
0.1772-02
0.4138-0)
0.7178~03
0.1202-02
0.7698-03
0.303R-03
0.834E-03
0.1172-03
0.8758-08
0.4308-08
0.145E-04
0.9732-05
0.2832-05
0.212B-05
0.613E-06
0,3552-06
0.255E-07
0.8858-13
0.0

1.82-3

19.7
102.
253,
106.

0.880E-01

0.371E-01

0.848E-01
20.6
2.57
t1.08
-0.335

0.1178-02
0.1378-02
0.558
0.1508-01
0.1258-01
0.189
0.3798-03
0.788E-02
0.930B-03
0.7242-02
0.5648-02
0.2272-02
0.372p-01
0.4168-02
G.7a82-03
0.0
0.84852-03
0.5468-03
0.9898-03
0.109E-01

0.0
0.1152-03
0.2778-08
0.1718-02
0.100E-03
0.108E-03
0.1278-02
0.9292-03
0.1558- 04
0.459%-05
0.2892-03
0.2512-06
0.3782-05
0.8228-06
0.2932-04
0.9478-07
0.2582-06
0.1678-05
0.180E-06
0.4818-07
0.8778-08
0.1738-09
0.1218-18
0.0

SEFSITIVITY COEPPICIENTS

1.8E-5

-0.684E 06
0.1158 07
0.763R 06
0.105% 07

0.2538 08

-0.120E8 0%
-0.916E 04

-102.
- 108,
18.0
0,198
9.16
~21.9
3.59
1.17
-1.67
-0.307
-0.1952-01

=~0.1578-01

~0.5388-01
0.2732-02
0.84732-03
0.7158-04
0.876R~09
0.0

1.8E-3

-0.26882 08
0.983% 08
~0.218E 05
~0.1058 05
=-7.25
0.1382 05
683,
-151.
-917.
-0.4382 05
~0.380% 08
-151,
~0.852
-4.28
~362.
~9.28
12.2

~0.1292-01
-2.21
-1.12
21.9
~99.6
-10.2
518,
2.81
-0.376E-01
0.0
~0.736
~2.19
«0.516
-1.06
0.0
~0.8062-01
=-0.201
6.97
=-0.203
-0.6438-01
-3.88
~-3,58
0.3568-01
0.8923-02
0.161
-0.7372-03
-0.1628-02
=0.3948-02
0.136R-01
0.2332-03
0.6838-03
0.1208-02
~0.6172-03
0.3228-08
~0.1092-08
0.5582~-06
0.558E-11
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APPENDIX (continued)

BODEL : CERES FABAMZTER : ARI, LEAF AREA WEZIGAT RATIO

STABDARD VALOE = 100.0 (C82/6)
OUTPUT REZSPONSPS

INPUT
VALUES:

$02 UPTARE (UG/CH*2 LEAP/DAT)

L2IP SULPOR CONCENTRATION {0G/G)

TINC CPTAKE BY LEAVES (UG/N®92/DAY)

LEAP LEAL COBCENTRATION (UG/G)

SOI1POR CONTENT IN LEAZ XYLER (0G/N®+2 LAND)

LEA? TO STEW PHLOER TRANSLOCATION OF SULPOR (UG/N*e2 LAND/HE)
1T1C CONTERT IN STER XYLEN (UG/8*62 LAND)

ZINC CONTENT IN ROOT KYLRA (UG/Mee2)

2IXC CONTENT I¥ LEAF XTLER (0G/N®$2 LAXND)

STEA BIONASS (G/H®*2 LAWD}

LEA? BIONASS (G/M*%2 LAND)

#RUIT ZINC CONCENTRATION (0G/G)

NOCT TO STEN XTLEA TRANSPCAT OF ZINC{UG/M**¢2 LAND/BR)
STEN TO LEAP XTLEW TAANSPCET OF ZINC(UG/M$%2 LAND/NR)
SOLPER INPUT TO LEAP LITTER (UG/R®$2/DAT)

TO STEA PHLOEN TRANSLOCATION OF ZINC(UG/R*$2 LAND/HE)
NCCT LEAT CORCEFTRATION (UG/G)

POCT BIOHASS :{G/R*%2 LAND)

STEN TO FOOT PHLOEW TRAMSLOCATION OF ZINC(UG/H®+2 LAND/RR)
STER SOLPUE CONCENTRATION (UG/G)

ZINC IN BOOT LITTER (UG/N**2 LAND)

LEAD CONTEWT IN LEAP XTLER (0G/Re*2 LAND}

PRUIT BIONASS (G/N%#2 LANE)

STEN TO PROTIT PHLOEN TRANSLCCATION OP ZINC(NG/N*#%2 LARD/HR)
STPA TC BOOT PHLOEE TRANSLOCATION OF SULPUA (DG/N®*2 LAND/HE)
IEAP TO STER PHLOER TRANSLOCATION OF LEAD{OG/R®%2 LAND/RB)
S1IM TO BOOT PHLOEM TAANSIOCATION OF LEAD(UG/N®*2 LAND/HE)
LEAD INPUT TO HOOT LITTER (UG/N*%2/CAT)

STEN ZINC CONCE¥THATION {UG/G)

RCCT ZINC CONCENTRATION {0G/G)

LEMP TO STEN SUGAR TRANSLOCATION (G/N*%2 LAWD/HE)

STIR LEAT CONCEWTRATION {1G/G)

ZIBC INPOT TO HOOT LITTER (UG/We*2/IAT)

STEM TC ROOT SUGAR TRANSLOCATION (G/N**2 LAND/HR)

FOCT SOLPOR CONCENTRATION (0G/G)

PSUIT SULPUR COBCENTRATION {0G/G)

FROIT LEAD CONCRNTRATION (DG/G)

SOIPUR INPOT TO STEN LITTER (UG/H®*2/DAT)

$OCT TO STEW XYLEM TRANSECRT OF SULFOR(UG/N*%2 LAND/HR)
SULFOR INPOT TO ROOT LITTPR (UG/N*#2/DAY)

STEN 70 PRUIT PHLOEM TRABSLCCATION OF SOLPOR (UG/H®¢2 LAND/HR
SUIPDR CONTENT XN ROOT XYLEN (UG/N®92)

ZINC IWPUT 1O STEM LITTER (UG/M**2/fAY)

FOCT UPTAKE OF LEAD - SUNLICAT PERIOD (UG/N*%2 LAND/DAY)
2T¥C TNPOT TO LEA? LITTER (UG/N®®2/TAT)

LEAY 2INC CONCENTAATION (0G/G)

BOCT TO STEM XYLEN TRANSPCRT OF LEAL(DG/N®*2 LAND/RR)
STIN RESPIBATION (G/N®®2 LANT/AR)

SOLPOR IN LEAP LITTER (UG/M#e2 LAND)

ZINC LYACHED PHON LEAVES (DG/N#%2/DAY)

2IC AINEBALIZATION PRON ROCT LITTER (UG/N®*2/DAT)

STEW TO FPROTT SUGAR TFANSIOCATION (G/N*2 LAND/HR)

§OCT UPTAKE OF ZINC - SONLIGAT PERIOD (DG/M+$2 LAKD/DAT)
EXCHANGEABLE ZINC (DG/G) IN 3-15 CH SOTL LATER
EXCHANGEABLE ZINC (UG/G) IN 0-3 CN SOIL LATFR

$I5C IN PROIT LITTER (UG/M**2 LAWD)

ZIKC INPUT TO PROIT LITTER (UG/N®*2,DAT)

LEZAY RESPIBDATION (G/H**2 LAKL/BEF)

BOCT HEARTWOOD LINC CONCENTEATION (0G/G)

ROCT HEARTVOOD LRAD CONCENTFATION (NG/G)

LEAD UPTAKE BY LEAVES (OG/N#92/CAY)

STEN HEARTNOOD SULPUR CONCENTRATION (0G/G)

STIN TO LEA? XTLER TRANSPORT OF SULPUR(DG/N**2 LAND/HR)
SULPOR CONTENT IN STEM ITLER (UG/N#92 LANL)

SUIPCR IWPOT TO PRUIT LITTEE (UG/R**2/DAY)

STEM TO LEAY XYLEE TRANSPORT OF LEAD(UG/N*+2 LAND/RR)
ROCT UPTAKEZ OF LEAD - DARK FERIOL {UG/M®$2/DAY)

LEAD INPOT 1O STEN LITTER (UG/N*42/TAYT)

ZIKC TN STEN LITTER (0G/M*®2 LAND)

1EAD CONTENT IN 200T XYLEN (OG/N®*2}

STIN HEARTWOOD TINC CCHCEWTFATION (UG/G)

FROIT BESPIRATION (G/N®*2 LAND/HR)

EICHANGEABL? LEAD (U6/G) IN 0-3 CN SOIL LAYER

STIB TO PROIT PHLOEN TBAWSLCCATION OF LEAD(DG/M®*2 LAND/ER)
POCT UPTAKE OF ZINC - DABXK ERRIOD (DG/R*2/DAT)

BCCT RESPIRATION (G/N82 LANL/AR)

2IBC IN LEA? LITTRR (UG/R**Z LAND)

POCT HEARTHOOD SULPOR COMCENTEATION (UG/G)

1EAD LEACHEC PRON LEAVES (0C/Me+2/0AT)

EXCNANGEABLE LEAD (UG/G) IB J-15 CH SOIL LAYER

1EAD CONTENT 1N STEN XYLER (OG/Re2 LAND)

PICBANGEABLE ZINC (DG/G) IN 15-30 CN SOIL LAYER

SOULPOR I¥ ROOT LITTER (0G/N*%2 LAWD)

TINC AINESALIZATICN PRON PROIT LITTER (0G/Re*2/0AT)
LEAD INPUT TO PBUIT LITTER (UG/N®*2/DAT) '

STIN HEARTWOOD LEAD COBCERTFATION (0G/G)

SOLPUR MIWEEALIZATION PROM LEAP LITTER (UG/M®*2/EAT)
1EAD IN PROIT LITTER (DG/A*92 LAND)

€C3 CHLONOPLAST (ML/BL)

2I5C WINERALIZATION FPRON STIA LITTER {UG/N**2/DAT}

122D TNPUT TO LEIAP LITTRR (0G/N*e2/DAT)

SULPOR IN PNUIT LITTER (UG/Pee2 LAND)

IHCTOSYNTARSIS (G CO2/CH®%2 LEAP/HB)

LEAD IN STER LITTRR (UG/N®*2 LARD)

SUIPOR IN STEM LITTER (UG/N%*2 LAND)

SO[PUR SINERALIZATION FEOA £OOT LITTER (DG/N®$2/0AY)
215C ATWERALIZATION PECN LEAP LITTER (UG/N%%2/DAY)

LI3D AINERALIZATION PRON PRUIT LITTER (0G/N*+2/DAY)
SOLPUR NINERALIZATION ZRCN PEUIT LITTER (DG/B**2/DAY)
EICHANGEADLY LEAD (0G/6) I® 15-30 CH SOIL LATPR

SOLFUR MINEZRALIZATION PRON STEM LITTER (0G/We2/CAT)
LEAD NINERALIZATION PROR STEN LITTER (0G/Me2/DAT)
EXCHANGEABLY 3IK (UG/G) IN 30-90 CR SOTL LAYER
EXCHANGEABLE LEAD (UG/G) IN 30-90 CH SOIL LATER

LEAD BINEWALIZATION FRON LEA? LITTER (NG/N®*2/DAT}

LEAC TR v LITIER (UG/N%%2 LAND)

L2AD RINERALIZATIOS FROR ROCT LITTER (UG/M$+2/DAY)

LEAD IN ROOT LITTER (DG/M**Z LAND}

»
~

RBLATIVE OOTPUT CORFFICIENTS

50.0

0.205%
0.660E
0.2672
7.77
0.976¢
0.8438

07
0s
o4

1]
oa

os
o4
on

on

04

1.
0.890E-01

0.612
.59

0, 4788~
0. 1798-01

0. 7942~

01
03

0.1938-02

0.1C8E~
0,6298-

01
03

0.1078-02

0.523

2
0,2358-03
0.3652~

0
02

0.151E-02
0,8838-C3
0.1328-02
0.8762-03

0.2638-

o8

0,6848-05

0. 8198~

(1]

B.1018-05
0,1892-04
0.4198-0%

0.4858-

hh}

200.0

0.4372
0.9992

0.605

3.83

07
os
05
05

os
(1]
o8
[-1]
(2]
(23
o
os

SENSITIVITY CORPPICIENTS

50.0

~0.221¢ 08
-29.5
~6,32
0,.5208-01
-1.30

<0.283
0.877

~0.806
1,56
=-5.36

-0.26%

1.17

-0.5328-01

0.123e-01

=~0.9718-02
-0.7852-02

0.1392-05
-0.2081-04

0.8132-02
0,3092-01%
0,7408-03

0.2878-02
~0.5588-01
~-0.2288-02
-0.9832-02
-0.1531-01
2-02
=02
-0, =03
-0.2088-02
-0.4802-03
-0.2128-02
-0,6932-02

0.4933-03
-0.1158-02
-0.2872-02

0.1738-02

-0.1788-03
-0.4293-02

0. 18 03

0.5872-02
-0.1392-02
-0.1382-02
=0.693r-05
-0.1122-02
-0.2772-03

.
-0.3232-03
0.2498-0

3
-0.2752-03

-0.4778-03
0.9199-06
-0.2601-03
~0.9540-08
0,581%-03
~0.2103-08
0.1582-05%
0.7858-05
0.2732-08
0,9088-06
-0.6888-05
-0.1308-04
0, 1242-05
0.2372-05
-0.4722-05
0.1561-05
~0,7098-06
-0,343B-05
=0.603E-08
=0.6038-06
0.2012-06
0.3252-05
~0.1892-06

0.1892-08
-0.2062-08
0.3272-07
0.1192-13

ovooca
cocooo

200.0

-0.1628 08
-5,75
e.88
1.91
-0.128

-0.3328-01

=0.1752-01

19.0
0.6378-01
-0.872E-02
+0.1018-02
-0.,107R-02
0.3998-02
0.168%-03
-0.6458-01

-0, 124

-0.126
-0.6148-02
0.7852-02
-0.5002-01
~-0.5208-03
-0.1272-02
-0.9328-02
0,3968-02
~0.473R-03
-0.1522-03
-0.2438-03
~0.666E-08
~0.207E-03
-0.571E-02
-0.%128-02

2! 2
0.5062-03
0.7068-02
-0.5282-013
-0.5052-03
-0,2528-03
~0.1038-02
-0.0912-01
~0.681E-01
-0.122-0%
-0.9568-05
=0.115E-04
=0.127B-04
=-0.2778-04
~0,2562-03

0.1218-03
-0,936E-04
-0.1778-03
-0.1558-03
~0.1578-0%

0.3398-02

0.7178-05

0.4538-08
~0.8012-05
-0.100E-02
«0.1792-05

0.1288-0%

0.218R-04
.

«0.6678-05
0.282E-05
0.3162-05
-0.1388-05
0.3258-05
=0.1078-05
-0.852E-06
~0.1462-03
-0.6882-07
0.8638-07
0.2722-0%
-0,1228-07
~0.630E-08
0.5668-05
0.3993-07
=0.7678-09
0,48135-08
=0, 1628-09
0.254E-07
0.8432-13
0,9358-16

ORNL/TM-6791
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APPENDIX (continued)

BODEL =
STAPDARD uuu = & (BARS)

OUTPUT RESPONSES

meroY
VALUES:

302 OPTARE /DAT)
LEAF SOLPOR CONCEETRATION (UG/6)
STIN BIONASS (G/N*%2 LAND|
SINC COFTRNT IN LRAP ITLEN (UG/He*2 LAWD)
IIBC CONTENT IB STES KYLEN (UG/N®#2 LASD]
$INC COBTENT I¥ ROOT ITLER (¥G/He¢2)
LZA? TO STRN PELOXE TAASSLOCATIOR OF $INC(UG/H®®2 LASD/ER
30CT TO STEN ITLEA TRANSPORT OF SINC(UG/NS+2 LAWD,
STIN 70 LEAP ITLER TRANSPORT OF JINC(UG/R®*2 LARD/ER)
PRIIT TIBC CONCBUTRATION (06/%)
LEAP BIOEASS (G/E®®2 LAND)
SOLPOR INPOT TO LEAP LITTER (0G/N®*2/DAY)
SGLPUR CONTENT IN LEAP XTLEN (0G/N®®2 LABD)
LEA? TO STRE PELORE TRASSLOCATION OF SULPOR (UG/Nes2 LAND/ER
§0CT BIDEASS {(G/E%®2 LAND
PRAIT BIOSASS (G/8e%2 LARD
LEAF LEAD COBCRATAATION (96/6)
SYI8 70 PRUIT PULORA TRANSLCCATION OF ZINC{OG/E**2 LAND/ER)
LEAD CORCEETRATION (96/G)
20 ROOT PELORE TRANSLOCATION OF TINC(0G/N*%2 LAND/ER)
IN BOOT LITTER (UG/N%*2 LAND)
SWLPOR CONCRUTRATION (06/G)
AR TRABSLOCATION (G/E%e2 LAND/BR)

SINC CONCENTRATION (UG/G)
70 00T PMLOEE TRAESLOCATION OF SULPOR(UG/M*s2 LAND/NR
INPUT TO STREM LITTER (0G/R*+2/DAT
LEAD CONCBNTAATION (D6/G
RESPIRATION (G/N®+2 LAND/ER)
INPST TO ROOT LITTRA (UG/H442/DAY
PROIT LEAD CORCENTEATION (06/G
LEAP TO STRE S TRANSLOCATION (G/B**2 LAND/AE)
2007 SULFUR CONCERNTRATION (UG/G)
SIC LEACEED PROR LEAVES (UG/B#2/DAT)
PKEIZ SOLPOR COMCENTRATION (UG/f
SNLPUM INPUT TO STEB LITTEN (0G/Re*2/DAY)
BCOT TO STEM IXLEA TRANSPORT OF LEAD(UG/E®%2 LAND/ER)
LEAD INPUT TO BOOT LITTRR (0G/E®%2/DAY
SOLPER INPUT TO R00T LITTER (0G/E*2/DAY)
SOLPUA IR LEA? LITTER (UG/E92 LAND)
BRICEANGEABLE S1BC (0UG/6) IN 0-3 CH SOIL LAYER
STE TO IT SUGAR TRANSLOCATION (G/N®*2 LAND/WER)
BOOT TINC CONCERBTRATION (0G/G)
sT88 TO ROOT A TRANSLOCATION OF LEAD(UG/R®+2 LAND/ER)
STIA TINC CONCENTRATION (06/6)
SINC IN STES LITTER (0G/8%¢2 LAND)
STES TO PACIT PULOEE TRANSLOCATION OF SULPOR{UG/Nee2 LAND/ER
ROOT HEARTFOOD 3INC CONCESTBATION (0G/G
TIC 1IN PROIT LITERA (UG/N®92 LARD)
20CT 70 STE® XTLER TRANSPORT OF SULTOR(DG/R*+2 LAND/ER)
LEAD COSTENT 1N LBAZ IYLEN (0G/H*%2 LAND)
SOULPUR CONTRERT IS ROOT ITLEM (UG/Rmes2)
BATION (0G/G)
(06/H#92/DAT)
SPORT OP LEAD(UG/N*#*2 LAWD/RE)
SIXK INPOY TO LBAF LITTER (UG/R#*2/DAY
1007 -lnlr'oon LEAD CONCENTRATION (06/G)
I8AD INPUT TO STZE LITTRR (0G/B**2/DAY)
LE ZINC (UG/G) I¥ 3-15 CB SOIL LATER
LEAD COETENT IS ROOT XYLEA (DG/He®2)
STEM EEASTSOOD SULFUR CONCENTRATION (0G/G)
FRNIT RESPIRATION (G/E9%2 LAND/HW)

PINATION (G/N%*2 LAND/RR
SULPOR IFPOT YO PROIY LITYER (DG/Me%2/DAT)
LEA? TO STES PELOBE TRABSLOCATION OF LEAD{UG/8e%2 LAND/EN
LRAD CONTENT IF STEN XYLER (9G/E¢92 LAND)
BXCNANGEABLE LEAD {U6/6) IR 0-3 CB SOIL LaTZR
B00? HEARTEOOD SULPOR CONCERTRATION (DG/G
SULFOR CONTENT I¥ STEN XTLEB (UG/E®Z LAND)
SINC IN LEAP LITTER (U6,
SIBC HINERALIZATION
LEAF RESPIRAZION (G/| /88)
ST TO LEAP ITLER TRANSPORT OF SOLFDR(UG/A%e2 LARD/SR}
LINC MINBRALIZATION PRON STEE LITTER (0G/R*92/DAT)
STEN NEARTEOOD LEAD COMCERETEATION (UG/G)
BICEANGRASLE LEAD (9G/G) I¥ 3-15 CH SOIL LATER
LEAD LEACHED PRON LEAVES (0G/R®*2/DAT)
suLruR BALISATION PROA LEAF LITTER (UG/Ne#2/DAT)
SOLPGR ID ROOT LITTER (0G/N¢*2 LAND)
LEAD INPUT TO FPRUIT LITTER (0G/R®¢2/DAT)
L2AD IF PRUIT LITEER (UG/H®®2 LAND|
LEAD 1IN STEN LITTER (0G/8%42 LAED)
LEAD INPW? TO LEAZ LITTER (0G/H**2/DAY)
RXICHANGEABLE SINC (UG/G) IN 15-30 CA SOIL LAYER
SYRE TO FRUIT PELOEE TAAUSLOCATION OF LEAD(UG/A*%2 LAND/MR
SULPUR IN PBUIT LITTER (UG/N4%2 LAWD)
€02 CHLOROPLAST (ML/ML)

OTOSTNTHRSIS (G CO2/CH**2 LEAR/ER)
1INC WIFERALIZATIOR PROS LEAF LITTER
SULPUR IN STRN LITTRR (UG/N®e2 LAND)

SULPER NINERALIZATION FEOR RCOT LITTER (UG/N9#2/DAY

LEAD WINBNALISATION PRON PROIY LITTER (UG/Mee2/DAT)

LEAD BINERALIZATION FEOM STEE LITTER (DG/8¢+2/DAY
RALAZATIO B PRUIT LITTER (0G/Ne*2/DAT)

(0G/N%62/DAY)

(UG/M**2/DAY)

STEN LITTER (DG/E*e2/DAY)
BICHANGRANLE LEAD (UG/G) IR 15-30 CN SOIL LATER
SXCEANGEABLE SINC (UG/AG) IN 30-90 CE SOIL LATER
(UG/nee2/DAT)
ZISC MIFRRALISATION FPROM ROCT LITTER (DG/N®®2/DAY)
LEAD NIBRDALITATIONS PEON LEAP LITTER (0G/N®*2/DAY|
L3SD ID LEAP LITTER (UG/5%42 LAND)

BXICEANGEABLE LEAD (U6/G) IN 30-90 CB SOIL LATER
LEAD IS ROOT LITTER (UG/N*#2 LAND)

INCO021 sroP o

TRR : WATER POTRNTIAL EFFECTS

RBLATIVE OUTPUT CORFPFICIRNTS

2.0

0,236% 05
0.439% 08
0.1322 08

0.8138-01
0.3638-02
0, 4498-01
0.3728-01
0.3232-01
0.2498-01
0.2318-01
¢.2182-01
0.1692-01
0. 1288-01
0.9278-03
0.5898-02
0,3332-02
0.3398-02
0.2888-02
0.6108-03
0.2278-02
0.628R-08
0.1578-02
0. 1898-02
0.1628-02
0.9262-03
0.4358-03
0.7248-03
0.7458-03
0.6592-03
0.5208-03
0.3908-03
0.3252-03
0.2712-03
0.2718-03
0.538K-08
0.1242-08
0. 1858-08
0.0

©.2592-08
0.812%8-05
0.5768-05
0.3828-05
0.727x-06
0,3773-06
0.3108-06
0.179%-11

8.0

0.1992 05

0.1163-01
0,2863-01
0.363

0.5558-02
0. 168E-01

0.5128-02
0.3968-02
0,2583- 01
0.1608-02

o. 100!-03
0.243%-03
0.1682-03
0.2008-03
0.7502-02
0.3792-03
0.1918-02
0,4132-04

0.288E-03
0.2313-02
0.8822-08
0.199E-02
0.471R-03
0.3908-08
0.1008-03

0.3908-08
0.1578-00
0,7332-08
0.582E~-08
0. 186E-08
0.5228-04
0.302%-0%
0.1558-0%
0.138%-05
0,3952-04
0.277%-08
0.3482-04
0.303E-06
0. 140806
0. SlSI-Oi
[

SEUSITIVITY CORPPICIRNTS

2.0
0.543K 08
-1

-89.2
1.3
-3.62

-12.1
-0.782
0.508
0.480£x-02
1,43
-0.117
16.1
-0.253
~0.1318-01
0.271
-0.1838-01
-0. 128
0.5808-01
-0.1928-01
-0.408
808-01
. 1788-01
-0,302E-01
~0.8668-02
0.8873-02
-0.1572-01
0.5458-02
=-0.458%-01
~0,8102-02
-0.1458-01
0.9088-01
-0.8522-03

-0.4972-02
-0.118%-02
-0.1398-01
=0.7498-02
-0. 2-02

0.2908-02
=0.4618-02
-0.4768-02
-0.6288-02

0.5363-03

0 ?

-0.6052-03
-0.366%-03
-0.2701~03
0.3262-03
=0,5488-02
-0.7208-0%
-0.148%-03
~0.80848-02
=0.1170-03
-0.3152-04
0.1318-04
-0.5175-04
0.5628-08
0.1028-03
0.3708-08
«0.3038-08
~0.2138-04
0.2822-08
0.3573-04
0.7298-08
~0.1478-02
0.1303-08
0.9318-05
-0.1772-05
=0.8491-06
0.6478-06

-0.5193-06
-0.2113-06

~0.2358 04
-13.6
-12.0

1.09
0.3038-01
~0.357
0,3%42-01
0.0

0, 1108-01
-0.3012-02
0.2228-01
a1%-02
778-02
-0 2992-02
0.1793-02
-0.3788-01

=0.7108-01
580B-03
- 170802
0.1528-01
0.894 L]
=0.202|
0,236%3-08
0.9682-02
~0.3722-03
-0.1362-03
~0.6378-03
-02

-0. -03
0. |1Jl-01

0. 165802
0. 188E-08
-0.1018-0%
~0.7568-03

0.600R-05
0.206R-08
~0.2763-08
0.4668-03
-0.2792-04
0,3068-02
-0.4002-05
=0.207!
=0.968!
0.830E-05
-0,1268-03

0 !
0.6948-05
=-0.1792-03

-0 MIE-06
-0.9113-06

0.3852-06
-0,565R-08
~-0,2823-07
=0.1392-07

0.7608-07

0 306x-08
0.2952-13
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APPENDIX (continued)

FODEL : CERES FARANETER : R, ROOT AADIUS
STANDARD VALUR = 0.05 {(CW)
OUTPUT RESPONSES BELATIYE OUTPOT COEPPICIENTS SENSIIIVITY CORPPICIENTS

I¥POT

VALUES: 0.005 0.5 5.0 0,005 0.5 5.0
LEAD IN LEAP LITTER (UC/8%¢2 LARD) 0.1102 10 C.259E 09 0.989E 07 -0.820R 08  0.398E 07 -0.6932 05
LEAD T8 ROOT LITTER (UG/M®*2 LARD) 0.101E 09 0.2372 08 0.8678 06 0.806% 08 -0.391E 07 0.6808% ¢%
TINC IW LEBAP LITT (0C/Re*2 LAND) 0.148% 08 0.128¢E 06 0.1328 08 -0.112E 06 0. 1042 04 -9.63
LEAD HINESALIZATION PROM LEAP LITTES (U0G/R**2/DAY) 0, 3552 07 C.8392 06 0.307E 05 -0.2658 06 0.129% 05 228,
LEAD MINERALIZATION FRON ROCT LITTED (OG/R®*2/DAY} 0.108% 07 C.2552 06 0.9338 0% 0.868E 06 ~0.421X 05 132,
2TTBC IF ROOT LITTRR (UG/R**2 LAWD) 0.387¢ On 80.5 0.1538 06 ©0.110B 06 -0.115E 08 ~0.4N2F 04
ZIBC RINERALIZATION PROS LEAP LITTER (UG/N®*2/DAY) 0.5202 05 450, .59 -390, 3.63 -0.3338-01
ZINC UPTAKE BY LEAYES (UG/N**2/DAY} 0.8648 08 C.8202 08 0.5192 08 -0.908F 04 -106.
TIBC CONTENT IN¥ LEAP XIYLER (UG/N®*2 LAND) 0. 1592 08 0.13a2 04 0.1172 08 ©. 2038 06 12,0
$IBC CONTRET IN STEN XILEN {UG/Bes2 LARD} 0. 1252 04 207, 0.1602 O& 6.01
LEAP TO STEM PHLOEN TRANSLOCATION OP ZINC{UG/N**2 LARD/RE) 918, 51.0 106. 0.2632-01
SOCT TO STEN XYLEN TRANSPORT OF ZIRC(UG/A**2 LARD/AR) 732, 33.7 =189, 0.383
313C CONTENT IN ROOT ITLER (DG/R%s2) 616, 92.3 -973. -1.62
PHOIT 2TNC CONCENTRATION (06/G) 357, 87.0 (11 2.0%
Z18C AINERALIZATION FRON ROCT LITTER (OG/N**2/DAT) 5.0 363, 0.1202 O ~27.3
STEM TO LEAP ITLEE TEANSPCRT OF TINC{UG/N**2 LAND/HR) 150. 21.0 -25.7 0.195
BCCT LEAL COWCEFTRATION (UG/6G) 130, 3.2 268, 1.18
STIM TO ROOT PELOEM TRANSIOCATION OF ZINC{OG/M**2 LAND/HE) 3.9 10.9 18.9 0.731E-C1
LEAD IWPDT TC ROOT LITTRA (0G/3 /TAT) 27.5 5.50 $5.5 0.22%
STER TO PROIT PHLOEA TEANSLCCATION OF ZIRC(UG/M®®2 LARD/HR} 20.7 1.32 -84.2) -0,4998-02
LENP ZINC CONCENTRATION (UG/G} 10.1 2.10 68,1 0.238
STER ZINC COBCENTEATION (0G/G) 8. 86 0.158 26.1 0.84632-01
BROCT TO STEN XIYLREK TRANSPCRT OF LEAC(UG/N®¢2 LAWD/RE) 2.65 1.76 0.551 =-0. 505]-01 0. 39.!-01
ZINC LEACHED PRON LEAVES (UG/M32/DAT) 2,62 1.38 2.28 =-0.220
STEN TO R00T PHLOEEM TRANSLOCATION OF LEAD(UG/R*s2 LAND/RE)} =3.16 ~0.628E-01 ~-0,265B-01 0. 22”‘02
BCCT OPTAKE OF IEAD - SUWLIGAT PZRICD (UG/%%®2 LAND/DAY) 1.85 1.26 .10 ~-0.368
RCCT UPTAKE OF ZINC - SUNLICRT PERIOD (UG/M**2 LAND/DAY) 2.49 0.8288-01¢ -5.55 0.890
LEAD IW STEN LITTER (UG/K**2 LAWD) 1.59 0,309E-01 -0.317 0.1548-01
LEZAD CONTENT IK ROOT IYLEM (UG/Me*2) - 0.269 0.,374B-01 0.372 =~0,3828-01 -0.6692~03
ROCT UPTAKE OF ZINC - DARK EIRIOL (O9G/M*s2/DAY) 0. 146 0,191 =0.230 0.200%-0Y -0.2392-02
BCCT HEARTWNOOD LZAD CONCENTFATION (0G/G) 0. 224 0.1292-01 0.436 =0.3942-01 0.83%2-03
STEN TO LEAP IYLEN TRANSFCRT OF LEAL(UG/N®*2 LAND/RAR) 0. 165 0.101 0.384E-01 -~0.316E-02 0,238E-0)
ZINC INPOT TO STRN LITTER (0G/R*e2/CAY) 0.197 0.368E-02 1.5% -0.125 0.1822-C2
FOCT UPTAKE QP LEAD - DARK FIRIOD (0G/H%*2/DAY) 0. 113 €.9212-01 0.742E-01  0.228 ~0.2058-01
LEAD IB PRUIT LITTER (0G/M**2 LAND) 0.212 C.4982-01 0.1792-02 -0.301E-01 0.1862-02
ZINC IWPOT TO LEAP LITTEN (0G/Re*2/IAY) 0. 149 .08 0.1762-01 ~0.110 0. 370]-02
RCCT 21NC COMCE. TION {D6/€) 0.878E-01 c.6802-01 0.1118-01 0.218 -0.391r-02
ROCT REARTROOD IIMC CORCENTRATION (UG/G) 0.6028-01 C.480B-01  0.863B-01 ~0.3882-01 ~0.3092-02
2INC IS PRUIT LITTER (UG/M#%2 LAND) 0.801E~01 0.6242-01  0.9232-02 -0,2338-01 -0.502p-03
EXCHANGEABLE LEAD (UG/G) IN 0-3 CH SOIL LAYER 0.520e-01 0.4592-01 0.132E-01 ~0.1191-01
EXCHANGEABLE ZINC (UG/G) 1IN 0-3 CM SOTL LAYER 0.6072-01 0.8812~-01 0.179E-02 =0.2812-02
2I5C INPUT TO PRUIT LITTES (UG/N%*2/DAY) 0.582E-01 C.u112-01 0,1128-02 0.2892-03
LEAD CONTENT LN STRA IYLEM (UG/Ne%2 LAND) 0.2352-01 0.1982-01 0. 1582-01 ~0,2828-02 0,2131-03
EXCHANGEABLE ZINC (UG/G) IN 3-1S CA SOIL LATER 0.263E-02  0.200E-02  0.5322-01 0.2188~02 -0.106E2-02
ZIBC IN STEM LITTER (UG/N®*2 LAND) 0.1762-01 0.309e-01t 0.9132-02 -0.940E-02 -0.3722-03
LEAD WINERALIZATION FROB STI® LITTER (UG/N®%2/DAY) 0.4282-01 0.1018-01 0.3708-03 -0.3708-02 0.1608-03 ~0.3132-0%
STEN REABTWOOD ZINC CONCENTEATION (UG/G) 0.2682-01 0.1962-01 0.382B-03 0.990E-01 -0.886R-02 0.102E-0)
2INC INPOT TO ROOT LITTER (UG/N*%2/IAY) 0. 1352-01 0.1302-01 0.1892-01% 1.51 ~0.188 =0.1452-01
STIN LEAD CONCESTRATION (UG/G) 0.5992-02 0.4872-02 0.2912-02 0,135 ~-0.1232-01 0.8812-03
TEAF TO STEN PHLORA TRANSLOCATION OF LEAD(UG/R**2 LAND/AR) 0.5322-02 0.4592-02 0.260R-02 ~-0.260E-01 0.2398-02 -0.1792-C3
IZAP LEAD COWCESTRATION (06,6) 0.0 0.0 0.9438-02 0.0 0.0 0.6522-02
LEAD AYNERALIZATION FRON FROIT LITTER (QG/R®%2/DAY) 0,55u42-02 €.1308-02 0.4722-08 -0,60882-03 -0.5772-06
PROIT LEAD CONCENTRATION (06/G) 0.2662-02 C.2022-02 0.1222-02 0.6528-01 0.3982-03
STER TO PROIT PHLOEM TRANSLCCATION OF LEAD(UG/M®%2 LARD/HR) 0.1742-02 0.1472-02 0.1012-02 0.9822-03 ~-0.901E-04 0.7042-05
TINC AINERALIZATION PRCH FROIT LITTER (0G/N*%2/DAY) 0.158E-02 0.1232-02 0.7058-08 0.4338-02 -0.3828-03
TIBC WINBRALIZATION FROM STEN LITTER {UG/N®*2/DAY) 0.1568E-03 C.3852-03 0.3792-08 0.6683-03 -0.9828-04
BXCHANGEABLY LEAD (UG/G) IN 3-15 CAM SOIL LAYER 0.6102-04 0.5182-04 0.8188%-03 -0.1192-02 0.1108-03
L¥AD TNPUT T0O STEE LITTER {(UG/M**2/TAY} 0.9408-04 0.791R-0M 0,3722-08 0.3062-02 ~0.2022-03
LEMD CONTENT IN LRAP XTLEN (CG/B®*2 LAND) 0.638E-04 0.€382-08 0.2778~08 0.1668-01 ~0.1662-02
EXCAANGEABLE ZINC (DG/G) IN 15-30 CM SOIL LAYER 0.8172-05 0.6072-05 0.983 s -0,106B-03 0.9158-05
L¥AD INPUT TO PRUIT LITTEF (UG/N®*2/DAY} 0.289e-05 €.200E-05 0.1618-05 0.8128-04 ~0.738E-05
STEM HEARTWOOD LEBAD CCECENTEATION (DG/G) 0.1192-05 €.107e-05 0.8742-06 0.616E-04 -0.581E-05
EXCBANGEABLE LEAD (UG/G) IM 15-30 CM SOIL LAYER 0.7012-09 0.4532-09 0.816E-08 -0.801E-07 0.330E-08 ~-0.88¢P-09
FICAANRGRABLE 2INC (0G/G) IN 30-90 CM SOTL LAYER 0. 1632-13 C.1172-13 0.7892-13 -0,.724B-12 0,6168-13 -0.1320-13
STl BIOAASS (G/#%%2 LAND) 0.0 Q. . 0.0

LEMF BIOMASS (G/M®*2 LAND)

PRUIT BIOMASS (G/M**%2 LANL}

£T28 HEARTWOOD SULFUR CONCENTRATIOR (UG/G)

BXCHANGEABLE LEAD (BG/G) IN 30-90 CM SOIL LAYER

§0CT SULPOR CONCENTRATION (UG/G)

STER SOLPOR CON RATIOP (0G/G)

PROIT SULFUR CONCENTRATION (0G/G)

LEAP SOLPOR CONCENTRATION (0G/G)

RCCT HEARTWOOD SULPUR CONCERTRATION (0G/G)

FOCT TO STEM IYLEN TRANSPORT OF SULFOR(UG/R**2 LAND/RR)
SULPUR IN LEAZ LITTER (UG/A**2 LAWD)

SOULPUR IN STER LITTER (UG/B**2 LAWD)

STEN RESPIRATION (G/N%$2 LAND/HR)

LEA? TO STZM SUGAR TRANSLCCATION (G/H®*2 LAND/NB)

PRCIT RESPIRATION (G/H®¢2 LASD/MR)

LEAP RESPIRATION (G/M%*2 LAWC/AR)

SOLFUR INPUT TO ROOT LITTER {UG/M**2/DAT)

CCT RESFIRATION (G/ LANC/NR)

STIA TO ROOT SUGAE TR LCCATION (G/M**2 LAND/HR)

STEN TO FRUIT SOGAR TEANSLOCATION (G/N**2 LAWD/HR)

STEN TO FROIT PHLOEN TRANSLCCATION CP SULPOR(DG/A®%2 LAND/HE
STIM TO LEAP ITLER THAWSPCRY OP SULFUR{DG/N**2 LARD/RR}
STI8 TO ROOT PHLOER TRANSLOCATIONW OF SULPU® (UG/M%*2 LAKD/HR)
LEAP TO STEN PHLOEM TRAUSLOCATICN CF SOLPOR (OG/N®*2 LAND/RR)
€02 CHLONOPLAST {AL/ML)

FHCTOS THTBESIS (G CO2/CH®*2 LEAZ/RY)
SOLIPUR INPUT TQ FPRUIT LITIEF (UG/ 2/0AT)

SOIPOUR INPOT TO STEM LITTER (UG/N**2/DAT)

SULPUR CONTENT IB ROOT XYLEN {DG/RN*e2)

SC: UPTAKE (0G/CH*%2 LEAF/DAY)

SOIPUR CONTENT IN STEN XIYIER (UG/N®%2 LAND)

SOIFOE CONTENT IN LEAF IYLEE (DG/H*%2 LAWD)

SOLPOR IN ROOT LITTER (UG/M*%2 LAWD)

SDLIFOR I¥ PROIT LITTEE (DG/Ns*2 LANWE)

1TAD LEACHED PRON LEAYES (UG/R**2/DAY)

LEID UPTAKZ BY LEAVES (UG/N*92/DAY)

LZAD INPUT 70 LEAF LITTER (UG/B*%2/[AY)

SOLPUR INPUT TO LEAF LITTER (UG/M**2/DAT)

SOLPOR AINERALIZATION FRON ROOT LITTER (0G/A*42/DAY)
SOIPUR MINERALIZATION FRORM PRUIT LITTER (UG/N*%2/DAY)
SULFUR AINEEALIZATION FACE LEAY LITTER (UG/A®#*2/[AT)
SOIFOR WINERALIZATION FRON SIEE LITTER (0G/We*2/LAY)
FOCT BIOMASS (G/R**2 LAND)
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APPENDIX (continued)

ECLEL : CEERS PAFARETED : L WAX, WAXIRUR LBAP
STAPDARL VILUR = 5.0 (CHI/CH2)

OQTPUT RESPOBSES

INE0T
VALORS:

$C3 UPTASE (DG/CH®*2 LEAZ/DSY)
2I0C 1B BOCT LITTEN (0G/E44: 12WD)
1EAD CONTIENT IF LEAF XYLRR (UG/H%2 L2ND}
TEM? LEAL CCRCENTRATION {06/€)
1142 20 STIB 2MLORE TAANSIOCATICN OF LBAD(UG/ no/up)
ST 70 J0OT PULOEN TRANSICCATICK OF un(uc/l”z uln/ll)
127 BICHASS {G/R%%2 LANL)
STEE LEIME CONCRRTAATION (UC/€)
TIFC COPTENT IN STEM IYLEE {(UG/H9#2 LAWD)
PRUIT LEAL CONCINTEATICH (U€/6)
21IC COPTZNT TN BOOT ITLEP (UG/We®2)
2I1C BY IN LEA? ITLRE {DG/NO®2 LAPD)
[3e ALIZATION PECH FOCT LITTEY (UG/N®92/DAT)
ST18 BIOEASS (G/i LAND)
BI5C UFTAKE EY LEAYES (UG/Nee2/1MY)
114D CCETANT IN STEE IYLEE (0G/29%2 LABE)
FCCT TO STEW IYLBN TRABSECET CP TTNC(DG/B%2 LARL/NN)
LHIP SULIOR CONCRITAATION (0G/G)
PRUIT 2I0C CONCENTRATICH (U6/€)
ST1R TO LEAP IVIEE TRANSECFT OF TIRC(UG/A**7 LANL/EN)
THIF TC STIN PHLOEN T5ASSIOCATION OF BINC(UG/H®42 LAND/HD)
#CCT LEAT CCRCRFTRATION (UG,6)
1EP 7O STYN PHLOEN TBANSICCITICE CF SULPUR(DG/N®*2 LAND/8R)
SUIPOR INPOT 70 LEAP LITTED (0G/N#%2/CAY)
BCCY TIPC CCBCERTRATION (0G/6)
S118 TC BCCT PALORN TSANSICCITICH CF TYNC(UC/E%%2 LAND/ED)
SOLPOR CONTENT IN LEZAP ITLZP (OG/H®2 1AED)
STIP 2INC CCKKCE
1200 IBPUT TC BCOT LITTX
SISC ID LEAT LITTER (UG/H®$:
LEAD CONTENT IN ROOT XYLIE (UG/H942)
TINC INFUT 1C RCOT LITTRF (CG/E¢02/1AT)
LIIP TO STYEE SOUGAR TRANSLCCRTICE (G/R#+2 LANT/ND)
TFSG LIACNEL PROS LEAVES (0G/H992/T)Y)
1810 xn“ 1C STRE LITTRS {LC/B992/TAT)
SLORS TRANSLCCATION CP LEAD(0G/N*92 LAND/EE)
®*2 LAID)
STIN SULFON CONCERTRATICH (06/6)
STIN 7O PROIT PRLOBE TRASSICCATIOR CP ZINC(UG/N4%2 LAND/BR)
PICIT SOLPOR CORCENTRATICH (0G/G)
2I5C IFPFOY TC LEAFP LITITRED (UG/Me%2/[AY)
FBCIT BICRASS (G/N**2 LARL)
STI® TO BCOT FALOBA TAANSIOCATICE CP SULPOR(DG/R®*2 LARD/HR)
TITC TNPOT TIC STEN LITTES (TG/E492/TAY)
BCCY OPTAKE OF LEAD - SUNLICET FEBICD (UG/Re2 LANE/DAY)
STER TC mor sucn nuuccnm (G/R992 LAND/BF)
2I9C LEAC {BE/NO82/TAT)
1CLT TO ¢ ) FCIT OF LEIC(UG/A**2 LANL/BD)
TXIP TINC CCHCENTRATION (0G/6)
§CCY OFTARE OF LINC - SUBLIGRT PRRIOD (0G/H®e2 LABD/DAY)
LEDP RESPISATION (G/NS®2 IAFL/BS)
RESFINATIQN (G/N®%2 LAKL/BS)
PRCHANGEABLY SIEC (UG/G) IN 3-15 CE SCIL LAYRR
ITCHINGERRLY ZINC (UG/G) IN €-3 CH SOIL LAV™T
FCCT SOLIUN CONCENTRATICH (T6/6)
I1AD 19 STYE LITTER (UG/E40% LABD)
LYID UPYAKI EY LEAVES (UG/B¢e2/[AY)
SCCT TO STEN ITLRM TRANSECET CP SULFOD(UG/B**2 LBBOD/ED)
BCCT HEABTCOC SINC CCBCEFTEITICE (UG/G)
SOLPOR ID LEAR LITTER (UG/E#92 [AND)
1HIC I8 PRUIT LITYER (UG/R®¢Z LAND)
lun THPUT 10 PADLT LITTRE (UG/R992/DAT)
HEMBTEOOD LEAD CCRCEBTEIICH (UG/C)
EITI0N (U0G/G)
TEY (UG/Re4i/TAY)
ITTER (0G/P*%2 LANC)
st 'rn uu uun TEANSECRT OF LEAC(UG/B®®2 LANL/EM)
STIC INEUT T PEOIT LITTEF {UG/Ne92/D8Y)
STI8 TO FRUIT FALOSE TRAWSICCAYICR CP SOLPUR(UG/R®®2 LANL/NER
SOLPOR INPUT 2C NOOT LITTIS (UG/N®e2/CRY)
ST78 TO PROIT SUGAR TEARSIOCITION {(G/Ne%2 LAFD/EF)
ECCT OFTAKE CP LEAD - CADK FRRICT (0G/B%92/[AT)
7UR CODTENT IN 30OT XYLER (0G/H®®2)
LITTBD (0G/He2/1aT)
ABTUOCD IINC CCBCESTEITICH (UG/G)
GEANLE LEAD (0G/6) IN 0-3 CH SOIL LAT?D
31K SIFPSALIZATION PROS 1EA? LITIEF {UG/R®*2/DAY)
TIKC TP STEN LITTER (UG/B4%Z LAV}
STIM TO LEAP XTLEN TRANSECET CP SOLIOR{UG/M*¢2 LAND/AW)
ERCOINGEARLY LEAD (U6/G) IN 3-1% Ce SCIT LATER
EECRANGEASLE 3IBC (UG/€) 15-30 CB SCIL LAYSR

ST AR

127D MIDESALIZATION FBOB 2TIP LITTES (UG/R**2/DAY)

S9IPOR IFFOT TO PAOIT LITIEZE (0G/B%¢2/LAY)

SEIPOR CCNTYERY 1N STER IYLEP (UG/8%62 LAND)

19D MISESALISATION ZRONM ?BOIY 1ITTER (DG/@%%2/DAT)
2992 l'll!/ll)

TER (0G/N9*2/TAT)
/ l)

BCEVIRATICH (UG/G)

CF TEAP LITTER (UG/H*2/DAT)

RIF I3
(C‘ CRLOJOFLAST (BL/NL)
SQIPOR IS DCCT IIYTES (UG/82442 LANL)
3IGC AINEDILISATION PRCA STEf LITTRE (0G/6**2/0AY)
ESIS (8 CO2/CA®*2 IEAR/RD)
700IT LITTES (UG/I“? A

B LITTER (06/R4¢2 13BD)

u.xu-uo- PICE FCOT LITTRN (DG/Re2/LAY)
SUIPWR AINEBALISATIGE FRCE PEUIT LITTIN (DG/RS%2/CAY)
SULPUR BIDENILISATION PROM $1P8 LITIER (DG/Pe*2/LAY)
TXCRANGEABLE ZINC (0G/G) IF 20-30 CF SCIL LAvER
FXCHINGEARLE LEAD (UG/G) 1 30-90 CE SCIL LAYER

IRSE 1D BCCT LITTER (0G/M*e2 LAND)

ALISATION FRON IEIF LITTRF (UG/H®*2/DAT)
TEST I0 IRAF LITTRR (UG/P4%5 LADT)

1140 RINESILIZATION PECE ROCT LITTEF (0G/R**2/D3T)

TBC0021 STOF o

BELATIVE OODTPUT CORFPICIENTS
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SISSITIVITY CCRPPICIRNTS
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0.268% 03 -

-61.7
~310.

N,
1,

172,

-0,5068-01 9.1913-03
6.79 1.59
12, €. 6
33.0 6.17
.ta c.075%
2.05 o.M
13.2 3.18
1.3% 0.43%

.03
n.e -C.9962-01

0.250 €.7103-01
-0.1493-01 -C.1882-03
-0.5901-01 -0.2718-02
-0.5098-02 -0.E82R-08

e.08

0.720
0.8511-01

0.219
9.2191-01% ¢.9202-02
¢.n162-01 ~0.2722-01%
0.1702-01
-0.799
0.178
0.1361-01
0.2768-01
-0.2221-01

. 0.
0.6148-02 €.2098-02
.5071-01 0. 1063-01
0.3082-01 0.1142-01

~0.2161-02
~0. 1861
6,206
~0.15% 2
0.1921-01
0,2311-0%
0,9201-03
0.2198-01
0.2701-02
0.9913-02
C.1381-02
0,1091-01
0.8323-02
0.7M75-01
0.7021-02
-0.139
0.1998-01
6.a572-02
0.3842-03
-0.9182-0)
~0.2218-01
0,153-03
0.4982-03
-0,7822-00
0.%161-03
0.4680-03
-0.3092-0%
0.8651-00
0,2901-03
C.0502-03
€.7301-04
0.600E-04
0.2831-08
¢.2942-08
0.3921-004
0,2981-05
0.2808-0% e.
-0.2082-06 -0.£7€2-07
0.4972-06 C.1982-0¢€
€.2602-06
0.3121-07
0,6601-08
=0.3731-11
-0,5551-18
0.0
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APPENDIX (continued)

bRy, ?
Sill AII! 'lLll = 1.08-11 ([CH/SEC)

OUTPDY RESPONSES

7ROH LEAVES (9G/E**2/DAY)

T IN STEE ITLER (UG/N**2 LAND)

D FR0M LEAVES (UG/N*$2/DAY)

STBN YO LEAP? IYLEM TRANSPORT OF LEAD(DG/Nee2 LAND/HR)

LEAD CONTYEST 1IN LEAF XTLEN (0G/R**2 LAND)

!lﬂlf LEAD CONCENTRATION (UG/C)

PHLOES TRANSLOCATION OPF LEBAD(UG/H®**2 LAND/EN)

TIN TO ROOT
llll) IN LEAP LITTRE (UG/H®¢2 LAND)
SIDC IB LEAP 42 LASD)
LEAF YO STRR SLOCATION OF LEAD(UG/8**2 LAND/HR)
LEAD CONTRET %2}

LITTER (DG/B**2 LANDY
IN FRUIT LITTER (U *2 LaND)
T0 PROUIT PMLORN TEANSLOCATION OF LEAD(UG/H4%2 LAND/ER)
INPUT TO STRE LITTRR (UG/H®*2/DAT)
I¥ ROOT LITTRR (UG/8%%2 LAND)
AINERALIZATION FROS LEAP LITTER (UG/H%*2/DAT)
AIDERALIZATION PEOW STER LITTER (UG/M®%2/DAY)
I ATION FROA ROCY LITTER (UC/H®*2/DAY)
LEA? LITTRR (UG,
10 STES IYLES TRANSPORT OF LEAD(UG/M
INPUT TO FPRUIT LITTER (UG/Be#2/DAT)
ONTEET IN LEAP IYLEE (UG/N®%2 LAND)
LEAD CONCENTRATION (0G/G)
HIBERALISATION PRON STEE LITTER (UG/R*%2/DAT)
LEAD CONCENTRATION (0G/G)
LEAD RINSNALIZATION PRON PROIT LITTER (UG/H¢*2/DAY)
HEARTROOD LEAD COBCEWTIATION (0G/C)
I¥POT TO ROOT LITTER (UG/E®®2/DAY)
TIBC CONTRNT IN STES IYLER (UG/N%*2 LANWD)
LEAY TO STEM PHLOZN THANSLOCATION OF LINC(UG/H®*2 LAND/ER)
FRUIT IINC CONCENTRATION (0G/G)
STEN TO 200T PHLOEN TRANSLOCATION OF IINC(UG/A*¢2 LAND/HR)
ZINC WIBERALIZATION FPROB ROCT LITTER (UG/MS*2/DAY)
SINC CONYENY IN ROOT ITLRE (DG/He*2)
LEAD INPOUT TO LEAF LITTER (0G/H*S2/DAY)

LEAD

STEM TO LEAP XYLRN TRAN RT OF ZINC(UG/A**2 LABD/RR)

ZINC I PRUIT LI UG/B**2 LAND)

BOOT TO STEA XY PORT OF IINC(UG/N**2 LAND/HR}

BOQT REARTEO0OD LEAD C TRATION {(0G/G)

STEA TO PRUIT PHLOEN TRANSLCCATION OP LINC{OG/R**2 LAWD/HR}
2IPC HINERALIZATION FROA PROIT LITTER {UG/A**2/DAY)

LBAP LINC CONCESTRATION (UG/G)
EICBANGEABLE ZIRC (UG/G) IF 0-3 CH SOIL LATER
IIK INPOT TO PRUIT LITTER (0G/H®$2,01AY)

STRE LINC CONCENTRATION (UG/G)
NOOT LISC COBCENTRATION (0G/G)

SINC INPOT TO STRE LITTRER (UG/M%$2/DAY)
BICRANGBABLE ZINC (UG/G) IN 3-15 CW SOIL LAYRR
SICHANGEABLE LEAD (0G/6) IN 0-3 CR SOIL LAYER
ROOT HEARTNOOD ZIMC CONCEBWTFATION (0G/G)

ZINC INPUT TO ROOT LITTER {UG/N®*2/DAY)
EICKANGEABLE ZINC (UG/G) IN 15-30 CM SOIL LATER
BXCHANGEABLE LEAD (UG/G) IN 3-15 CH SOIL LATER
EXCHANGEABLE LEAD (0G/G) IN 15-30 CA SOIL LAYER
EXCHANGEABLE ZINC (UG/G) IN 30-90 CH S50IL LAYER
R00T REARTFOOD SULPUR COWCENTRATION (UG/G)

BOCY SOLPUR CONCRNTRATION (UG/G)

STHn BIOAASS (G/E®*2 LAND)

PRUIT BIOHASS (G/a**2 LAND)

LEA? BIORASS (G/N%*2 LAND)

EXCHAFGEABLE LEAD (UG/G) IN 30-90 CH SOIL LAYER
LBAP SOLFOR COBCRNTRATION (UG/G)

/G)
ISPORT OF SULFUR(UG/8%%2 LAND/HR)
PRULT SOLFUR CONCEWTRATION (0G/G)
STEA SULPUR CONCRNTRATIOR (0G/G)
SULFUR IN LEAP LITTEA (UG/H**2 LAWD)
LEAP TO STEM SUGAR TRABSLOCATION (G/M**2 LANKO/HR)
STXA RESPIRATION (G/8**2 LAMD/HR)
PRDIT RESPIRAYII %2 LAED/H,
LEAF RESPIRATION (G/N%%2 LA /
ROCT RESPIRATION (G/8*%2 LA
STER T0 ROOT SUGAR 7, !Lmlf!ﬂl (G/H**2 LAND/HR)
STEN TO PROIT SUGAR TRANSLOCATION (G/4%*2 LAND/HE)
€02 CHLOROPLAST (AL/AL)
STM TO LEAP XYLER TRANSPORT OP SULPUR(UG/A®*2 LAND/NA)
ST TO PRUIT PHLOEM TRAWSLCCATION OF SOLPUR(UG/A**2 LAND/HR
STEM TO BOOT PHLORE TRASSLOCATION OF SULPUR (OG/N®*2 LAND/ME)
L1BAP TO STEA PHLORS TEANSLOCATION OF SULPUR(DG/H**2 LAND/HE)
PHOTOSTUTHESLS (6 CO2/CH**2 LEAP/AR)
SULPUR INPUT TO ROOT LITTER (UG/N®*2/DAY)
SULPUR TWPUT TO PAUIT LITTER (UG/A**2/DAY)
SULFUR COWNTENT IN SIRE IYLER (UG/H*%2 LARND)
SULFOR CONTENT IN LEAF XTLER (UG/R®%2 LAWD)
SULPUR IN PRUIT LITTRR (0G/H**2 LAND)
SOLPUR 1IN ROOT LITTRR (UG/N**2 LaND)
SYLZUR IN STEA LITIER (0G/R¥*2 LAND)
SULPUR CONTENT IN MOOT XYLER (UG/A®42)
S02 UPTAKE (DG/CH®®2 LRAP/DAY)
SULPOR AINEIALIZATION PRONA LEAF LITTER (0G/A**2/DAY)
SOLPOR INPUT TO STRE LITTER (UG/N**2/DAY)
SULPUR INPUT TO LEAP LITTER (DG/N®**2/DAT)
SULPUR AINRRALIZATION FROA MOOT LITTER (UG/M**2/DAY)
SULFPUR NIWERALISATION PROM FROIT LITTER (UG/H®*2/DAY)
SOLPUR MINERALIZATION FROA STEH LITTER (UG/Né*2/DAY)
ROOT BIOHASS (G/B%*2 LAND)

IRC0021 STOP [

ASAAETER : PERA,LEAP COTICLEZ PERABABILITY

RELATIVE OUTPUT CORFPICIENTS SENSITIVITY CORPPICIRFTS

1.0E-07 1.08-9 1.03-13 t.08-07 1,089
0.687E 16  0.SSOE 13  0.1218-01 =-0.273E 17  0.835% 13
0.202F 14 0.1482-03 -~0.279% 1S 0.1848 13
0.486E 09 -0.236 16  0.873F 12
" -0. 9062
"
10
-0. 2872 10 10
0. 395K 09 09
0.512E 09  0.422% 07
0.306% 09  0.161E 09
0. 113K 09 0.176E 09
0.106E 09 0. 1088 09
0.2108 09 0.104E 06
0.768E 08 0.71SE 08
0.352e 08 a1
0.159% 08  0.391E 06 O
0.39SE 07  0.287E 07  0.459E-01
0.2798 07  0.261R 07  0.199
0.2668 07  0.178E 07
0.1392 07  0.1718 07
0.267E 07  0.113E 08
0.11648 07  0.115E 07
0.226% 07  0.183R 05
0.1378 07  0.387% 06
0.7068 06  0.537K 06
0.505E 06  0.719E 06
0.592R 06  0.321E 06
0.5278 06  0.636
0.263E 06  0.260F 06
0,398E 06  0.829E 08 0. 168E-03
0.162E 06  0,132E 06  0.672E-02
0.1618 06  0.883E 05  0.2392-01
0.679E 05  0.985E 05  0.192E 05
0.628E 05  0.522E 05 0.168E 04
0.261% 05  0.30ME 05  0.649% 0%
~0.217E 05 -0.8018 05  865.
0.128E 05 332,
0.108% 05  0.734E 0%
0.470% 08
0.3982 04 o8
2.3
01388 08 u 08
506. 0."9!-03
68,8 67.9
158, 0.2962-01 o. nu-M
.6 60.
6.50 1.08
3.49 0.938
1.33 1.28
1,22 0.768
0.524 0.1818-02
0.9072-01
0.5992-01
0.7298-01
0.5792-01 -0. 111 11 0. 136X 09
0.2358-01 0.1152 10 -0.111% 08
0.1812-07  0.8938-02 0.730r 10 -0.638% 08
0.871E-08  0.9572-05 -0.680E 06 0,.151F 0S
0.A64B-08  0.7192-08  0.110E-06 -0.438% 07  0.5828 05
0.129%8-08  0.4132-09 0.0 208, 1.40
0.950E-13  0.638E-13  0.W1SE-13  0,802E-02  0.596E-08
. 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 6.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 6.0 0.0 9.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 6.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 9.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
. 0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 6.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0, 0.0 0.0
0.0 0.0 0.0 0.0 0.0

ORNL/TM-6791

1.08-13
-0.390% 0%

0.623¢
0. 1098 05
~0.1152
-0.4828
=0.2398 05
-0.13878 05
0.1198 05
0.893F 06
-48.9

-6.45

0.0
-0.1328~-06

0000 N0000000000000090000000020000
0000000000000 0000000000A00000000000000

co0oocooo0
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APPENDIX (continued)

BODEL : DRTADS PARANETEY : PILH, CUTICLE TNICKAESS
STANDARD VALDE = 1.08-08% (CH)

00TPUT RESPONSES

INPOT
YALOBS:

LEAD COFTENT IN STEN ITLER (0G/Re42 LAND)
LEAD LEACARD PROM LEAVES (UG/R®*2/LAT)
STEN TO LEAT XTLES TRANSPONT OF LEAL(DG/A**2 LAND/ER)
ITLER (UG/Be42 LARD}

7108 (0G/G)
GCATION OF LEAD(DG/N**2 LAWD/ER)
P LITTER (0G/H%2 LAWD)
LEACARD PROR LEAVES (0G/N®92/DAT)
1TAD CONYSNT IN ROOT IYLEE (UG/H®#2)
1EAP TO STEN PELORN TRANSLOCATION OF LEAD(UG/8%*2 LAND/ER)
1EAD IN ROOT LITTER (UG/R¥*2 LAWD)
LEAD UPPAKE BT LRAVES (0G/8492/DAY)
STIN LZAD COBCENTAATION (0G/G)
ZIPC I8 LEAY LITTER (0G/R**2 LAND)
STPN YO PRUIT PNLORN TRAWSLCCATION OF LEAD(OG/R®*2 LAND/ER)
ZINC IF ROOY LITTER (UG/B®*2 LARD)
174D 1NPUT 70 STEM LITTEN (UG/R¥#2/DAY)
LEAD WINRBALISATION FROE LEAP LITTED (UG/N**2/DAT)
LEZAD RINERALISATION PROE §OCY LITTER (UG/H4*2/DAY)
T 1N LEAP ITLEN (0G/N®+2 LaWD}
LEAD INPUT 7O PROIT LITTER (UG/B*+2/DAY)
LEA? LEAD CORCEFTRATION (U c)
LEID ID FROIT LITTER (0G/N D)
FOCT TO STER XYLEA T Isrcn 0! I.!lD(llG/ll“l LAND/ER)
ZIPC OPTAKE DY LEAYES (0G/N*42/LAT)
BOCT LEZAD CONCEWTRATIOR (0G/G)
2I9C CONTENT IN STEN XTLEN (DG/N®*2 LAND)
STIA HEARYNOOD LEAD CONCEWTFATION (UG/G)
LEAD T® STEN LITTER (UG/H#42 LARD)
123D INPUY TG ROOT LITTER (UG/A%#2/0AY)
LOCATION OF TINC(0G/H*+2 LAND/EB)
(06 /G)
TO 200 PALOEM TAAFSLOCATION OF TINC(DG/B**2 LASD/RE)
TIXC CONTRNT IN 20OT ITLER (0G/Me#2)
ZIBC RIDERALIZATION PECA BOCT LITTRE (UG/A*¢2/DAY)
TIBC MINENALIZATION PBOS LEA? LITTER (UG/W*+2/DAY)
LRID THPUT TO LEAP LITTER (UG/A%*2/DAT)
STEN TO LEA? ITLEE TRANSPCRY OF ZINC(UG/N®s2 LAND/NR)
BOCT TO SYEA XTLEN RT OF TINC(UG/A**2 LAND/ER)
121D WINERALIZATION PRON PRUIT LITYER (UG/Ne*2/DAY)
IPAD WINEBALIZATION PROR STER LITTRER (0G/N&92/DAY)
BOCT REARTOOD LEAD CONCEFTEATION (UG/G)
STIN TO PROUIT PEHLOES TRANSLOCAYION OF TINC(UG/R®%2 LAND/8R)
1207 ZINC CONCENTRATION (06/G)
ROCT UPTAKE OF IINC - SUBLIGET PERIOD (UG/N##2 LAND/DAY)
ZINC IN STEE LITTER (UG/R¥*2 LAND)
EICEANGEABLE ZINC (UG/G) IN 0-3 CH SOIL LAYER

% IPUT TO PROIT LITTRS
FOCT UPTAKE OP LEAD ~ 50

2/0A7)
T0D (DG/M**2 LAND/DAT)

I
ZINC I PRUIT LITTER (OG/N%¢2 LADD)
STRE ZIBC COBCEFTRATION (DG/G)
BOCT IIBC CONCENTRATION (0G/6G)
BCCT GPTAKE OF IINC - DARK FERIOD (DG/H**2/DAY)}
STIR HEARTSOOD TINC CONCENTIATION (0G/G)
ZINC INPUT TO LBAP LITT

{UC/Ree2/AT)
STRE LITTED (UG/RM*$2/DAT}
PT, 2K EFRIOD (UG/N*2/DAT)
5C INPOT TO STEN LITTER (06/B*%2/0AY)
FXCEARGEABLE LINC (UG/G) IN 3-15 CH SOIL LAYER
PXCHANGEABLE LEAD (UG/6) IN 0-3 CN SOIL LAYEZR
3I5C IFPUT TO ROOT LITTER (DG/Me*2/DAT)
ZIPC WINERALIZATION ZROE PRUIT LITTER (UG/N*#2/DAT)
BCCT AEANTNOOD LINC CONCESTFATION (UG/G)
TICHARGEABLY ZINC (UG/G) IN 15-30 C% SOIL LATER
FXCRARGEABLE LEAD (UG/G) IN 3-15 CH SOIL LATER
EICHANGEABLE LEAD (DG/G) IN 15-30 CP SOIL LAYER
PICHINGEABLY IIKC (0G/G) IN 0 CA SOTL LAYER
3OCT NEARTNOOD SULPUR CONCENTRATION (UG/G)
PCCT SOLFUR CONCEUTRATION (UG/G)
STIN BIONASS (G/E**2 LAND)
FRUIT BIOSASS (G/N®*2 LAND)
LIAP BIONASS (G/H%+2 LAND)
TCHABGEABLE LEAD (DG/G) I¥ J0-90 CN SOIL LAYER
1207 SULPOUR CONCENTRATION (0G/G)
$238 NEARTNOOD SULPUR COBCENTRATION (UG/G)
WOCT TO STEN XTLEN TRASSPCRT OF SOLPOR(UG/N®%2 LAND/ER)
FROIT SULFOR COBCENTRATIOR (UG/G)
STIA SULFOR CONCRSTRATION (UG/G)
SUIPUR INW LEAP LITTER (UG/N#32 LAND)
LEA? TO STEN SUGAR TAANSLCCATION (G/A**2 LAND/EN)
STIA RESPIBATION (G/E**2 LAND/AR)
PITIT SESPIRATION (G/Ee®2 LAND/RE)
LEAP RESPIRATION (G/N*®2 LAND/RD)
BCCT RESPIRATION ( 2 LAND/AR)
STEM TO ROOT SOGA SLCCATION (G/N¥#%2 LAWD/NR)
STI8 TO PRUIT SUGAR TRANSLOCATION (G/M®¢2 LAND/NY¥)
€07 CHLOROPLAS? (AL/HL)
STEA TO LEAP XTLER TRABSPCRY OF SULPUR(UG/8**2 LASD/AR)
STIN TO PRUIT PELOKE TRANSLCCATION OF SULPOR(UG/N#92 LIND/NR
STIN TO POOT PHLORA TRANSLOCATION OP SOLPUR (0G/R*e2 LAWD/NE)
1EAP TO STEM PALORM LOCATIOR OF SULFUR {UG/HS#2 LAWD/NR)
FRCTOSTHTEESIS (G CO2/CA®*2 LEAP/NR)
SOLPOR INPOT TO ROOT LITTEN (UG/Be$2/TATY)
SUIPOR IRPUT TO PRUIT LITT
cf T IN STRE XTLER (UG/N®®2 LAND}
SULPOR CORTENT IN LEAF XTLEN (UG/R®*2 LAND)
SOLPUR 1N PRUIT LITTER (UG/E%e2 LAWY)
SULPOR IF R00T LITTER (UG/M®*2 LAND)
SULPUR I STEN LITTER (UG/A®%2 LAWD)
SULPUR CONTERT IN RGOT ITLEN {0G/A®e2)
SC2 UPYAKE (UG/CB®*2 LEAP/DIY)
SULPUB MINESALISATION PROM LPAP LITTER (0G/N**2/DAT)
SEIPOR IFPUT TO STER LITTER {(UG/N®S2/DAY)
SULPOR INPUT TO LEAP LITTEE (UG/R®®2/DAT)
SOLPUR SINERALIZATION PROF BOOT LITTER (UG/N®*2/DAT)
SUIPOR WINERALISATION PROA PSOIT LITTER (UG/M**2/DAY)
SOIPUR RIPEPALIZATION PRON STEM LITTER (UG/Ne%2/DAT)
BOCT BIOMASS (G/*%2 LAND)
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RELATIVE OUTPOT CORFPPICIEPYS

1.0e-06

0. te82-03
0. 1212-01
0.269%-03
79.2
3.62
0.9612-01
0.1172 08

3,92
0. 1902-01

0. 1282 07
0.190% 06

0.1572 o8
0.8592-01

0. 30R-02
0.5608 0%
0. 129

0. 1922 0%
0.6728-02
0. 5aaE-01
0. 2392-01
0. 168% 08
0.649% 08

0. 149E-03
33
60.0

0. 1802-02
0.9182-02
0.8242-03
0.8932-02
0.1162-01
0.3922-03
0.9578-05
0.1108-06

0.0
0.8158-14

eppeers
ccooocococooo

poos
PRI

1.02-05

0. 6208
0.2208
0.2108

2822332828838983282¢22
PONIFROBAIINTBSR DA

€.1952-01
0.7688-01
0. 4885-01
C.8692-02
€.2682-01
0.9042-02
C.2688-01
0.5502-04
0. SOI-OS

|Jl-|3

000D NNN000N0DN0NNo0RN000R00000A00000000D000

R Rttt R R R S S R i it}

eooaoooooaoeooaaoooooooaoooooocoeeeoooooa.‘

1.08-02

0.202% %
90,5508 13
a.1t12 N
0.1093 11
0.305% 10

-0.1023 t0

0,493 09
0.886E 09
0.176% 09
0.161% 09
Q. 1088 09
0.1152 09
0.7152 08
0.8228 07
0,287 07
9.1748 07
0.261% 07
0.171% 07
0.1152 07
0.719% 06
0.537% 06

0.287

0.5998-01
0.7298-01
0.5798-01
0.1812-01
0.2962-01
¢.2358-01
0.871E~04
0.7192~-04
0.8133-09
0.6382-13

P OCR0e000PPR0R0000000R0Re0900000230008095 2
O R R R R

000000000000 000000300000003000Q000I00VI00
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[
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1.08-03

-0.6208 0S5

=-0.161
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0.
0.
Q.
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a.
qa.
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Q.
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0.
0.
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qa.
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SBESITIVITY CORPFICIRPIS

1.00-02

0, 1802 08
0,835 06
0.5121 08
0.6%5¢€2 C6
0 35‘!
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(1)
1)

0.8532-01
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APPENDIX (continued)

BODEL : DA ABASETER :

ADS P CONDUC, ROOT CONDUCTIVITY TO SOLUTES
STANDARD VALUR = 1.08-8 (CA/SEC)

OUTPUT RESPONSES

weor

VALURS: 1.02-12 1.08-10
SISC IS LEAP LITTRR 0. 159 08  0.1482 08
LEAD IN LBAP LITTER (0G/| 0.1178 08 0.110R 10
LEAD IN ROOT LITTRER (0G/N®s2 LAND) 0.1078 07 0.101% 09
SINC RINERALISATION P2OR LEAP LITTER (UG/H*%2/DAT) 5.55 0.519% 05
LEAD RINRRBALIZATION PROS LEBAT LITTER (0G/M®*2/DAY) 0.3778 05 0.3558 07
3IBC IP B0OT LITTER (UG/E%¢2 LAND) 0.2778 07  0.387% O
LEAD NINERALISATION PROM ROOT LITTED (UG/H®*2/DAY) 0. 1168 05  0.108E 07
%007 L. COBCRITRATION (06/G) 0.1308 06 0. 1042 08
2O0T TO ST XILEN TRANSPORT OF LEAD(UG/M®*2 LAND/AR) 0. 101K 06 0.39
31K Col IN LEAP XILEE (OG/E®*2 LAND) 0.6248 05 0.601% 08
LEAD CONTENT 1M ROOT XTLEN (0UG/NM®*2) 0.6668 05  0.793
TINC HIBERALIZATION PROS ROCT LITTRED {UG/E%*2/DAT) 0.2262 05 46.0
21IBC CONTEWY IN STEE IYLEN (UG/N%e2 LAND) 0.2388 0S5  0.843% O

INPUT TO ROOT LITTER (DG/M®s2/DAY)

CONTEET IE ROOT IYLER (UG/We=2)

TO STEA PHLOEM TRANSLOCATION OF ZINC(UG/N*$2 LAND/ER)
PRUTT 2INC CONCEN TION {96/G)

200T TO STEA XY TRANSPORT OF TINC(UG/N®*2 LARD/ER)

STIN TO LEAP IYLREN TRANSPORT OF LEAD({DG/N**2 LAND/BR)

T0 LEA? ITLRA TRANSPORT OP SISC{UG/H®*2 LiSD/ER)

T0 3007 PELOEE TRANSLOCATION OP RINC(0G/N##2 LAND/ER)

ST
3Tm
oot

0T PMLOES TRANSLOCATION OF LEAD(UG/N®¢2 LAND/ER)
LINC CONCRETRATION (UG/S)

s 776.
LEAD *2 LADD) 0.7398-01
SINC LEACEED PROS LEAVES (UG/N*e2/DAY) .

SINC INPOT 70 ROOT LITTER (DG/Ne®2/DAY) 292.
R0OT HBARTNOOD LEAD COBCENTBATION (0G/G) 1.61
STEE LEAD CONCENTRATION (0G/G) 0.1913-01
LEAP RINC CONCENTEATION (0G/G) 93.
PREIT LEAD CONCENTAATION (UG/Q) 0.7282-02
STEM TO PRUIT PHLORE TRANSLOCATION OF LEAD(UG/N®s2 LAND/HR) 0.558E-02
EICHANGEABLE LEAD (UG/G) IN 0-3 CR SOIL LAYER 0. 380
SINC INPUT TO STEM LITT. {06/ L/ 23.%
STH T0 PROIT PHLORA TRANSLOCATION OP ZIBC{UG/N**2 LAND/AB) 22.7

EXCHANGEABLE 3INC (UG/G) IF 0-3 CR SOIL LATER
LEAP TO STRE PELOEE TRABSLOCATION OF LEAD(UG/H®®2 LAND/HR)
poOY

10.3
0.167R-01

NRARTSOOD 3INC CONCENTEATION (UG/G)

LEAD I3 STEBN LITTER (UG/N®e2 LARD) 3.59
SINC IN STRA LITTER (UG/Mes2 L 0.737 0.337
LEAD INPOT %0 STEN LITTER (0G/N**2/DAT) 821 0.2622-03
ZINC IFPUT TO PRULT LITTER (DG/N®*2/DAY) 0. 388 1.78
SINC IN PRUIT LITTER (DG/N®¢2 LAND) 0.182 1.86
ZIBC INPUT TO LEAZ LITTEN (UG/H®®2/DAY) 0.933x-01 1.80
ST HEARTEOOD ZINC COBCRAETRATION (UG/%) 0.5%07 0.653
LEAD IN PRUIT LITTER (0G/Nee2 LAND) 0.9012-01 .21
BXCHANGEABLE IISC (UG/G) IN 3-15 CH SOIL LAYER 0, 4982-01 0.187
LEAD COM 0.213 0.7818-04
0,155 0.680E-05
0.2762-03  0.8283-01
0.6978-01 0.3582-05
LITTRR (UG/N%*2/DAT) 0.9682-02  0.2882-02
SINC RINERALIZATION PRON PAUIT LITTER (DG/A**2/DAT) 0, 10RE-02 0.232E-01
RICHANGEABLE LEAD (UG/6) IN 3-15 Ci SOIL LA 0. 3528-01 0.658e-03
LEAP LEAD COBCRNTRATION (0G/G) 0. 270E-01 0.0
LEAD MIWERALITATION PAOR PROUIT LITTER {(0G/N**2/DAT) 0.3318-03 0.5532-02
BICHANGEABLE ZINC (0G/G) IP 15-30 CA SOIL LATER 0.7032-03  0.227B-03

LEAD INPUT 10 LEAP LITTER (UG/Me*2/DAT} 0.3832-01
BXCHAWGEABLE LEAD (UG/G) IN 15-30 CN SOIL LAYER
LEAD LEBACHRD FROB LEAVES (UG/Ree2/DAY

RICNANGEABLE 2INC (0G/G) IN 30-90 CA SOIL LATER

0.
0.8242-06  0.575g-08
0.0
0.2152-12

PRTIT BIONASS (G/N%%2 LAND) 0.0 0.0
BOOT WEARTWNOCD SOLFUR CONCENTRATION (UG/G) 0.0 0.0
LEAF BIONASS (G/N*+2 LAND) 0.0 0.0
STEE BIONASS (G/B**2 LAWD) 0.0 0.0
ST2A NEARTROOD SOULPUR CONCEWTNATION (UG/G) 0.0 0.0
EXCHANGE 2 LEAD (UG/G) IN 10-90 CN SOIL LAYER 0.0 0.0
STEM SULPUR CONCEWTRATION (UG/G) 0.0 0.0
ROOT SULPUR CONCENTRATION (DG/G) 0.0 0.0
PRUIT SULFOR CONCENTRATION (UG/G) 0.0 0.0
LEAP SULPUR CONCENTRATION (UG/G) 0.0 0.0
ROOT TO STEN IYLEN TRANSPORT OF SULPOR(OG/M*#%2 LAND/HR) 0.0 0.0
SULPOR IN LEAFP LITTER (DG/RN®e2 LAND) 0.0 0.0
TR 0.0 0.0

0.0 0.0

0.0 0.0

9.0 0.0

CT RESPIRATION (&, 0.0 0.0
STEN TO 200T SUGA SLOCATION (G/W®%2 LAND/HR) 0.0 0.0
STRR TO PROXT SUGAR TRANSIOCATION (G/N®*2 LAND/RR) 0.0 0.0
€02 CHLOROPLAST (NL/AL) 0.0 0.0
STIA TO LEAP IYLEN TRANSPORT OF SULPUR(UG/Hee? LAND/RR) 0.0 0.0
STES TO PRUIT PHLOBE TRADSLOCATION OF SULPUR (UG/N®*2 L, up/8R 0.0 0.0
STEN TO ROOT PNLO SSLOCATION OF SULPUR(DG/N**2 LAND/HR) 0.0 .0
L3AP TO STEM PHLO LOCATION OF SOLPUR (UG/N®*2 LAND/HR) 0.0 0.0
ENCTOSYNTARSIS (G CO2/CH*e2 LEAP/HR) 0.0 0.0
SOLPUR INPOT TO ROOT LITTEZR (0G/B*¢2/DA 0.0 0.0
SULZOR TNPUT TO PRUIT LITTER (UG, 0.0 0.0
SULPUR INPUT TO STEN LITTER (UC/Me2/DAT) 0.0 0.0
SOULPUR CONTEST I¥ STER IYLER (UG/Re*s2 LAND) 0.0 0.0
SOLFUR CONZTRET I¥ LEAF IYLEN (OUG/N®2 LAND) 0.0 0.0
STLPUR IN PROIT LITTBE (UG/E®¢2 LARD) 0.0 0.0
SULPOR IN ROOT LITTER (UG/M*2 LAWD} 0.0 0.0
SJLPOR 1IN STEA LITTER (UG/R®s2 LAND) 0.0 0.0
SULPOR CONTENT IN ROOT RYLER (UG/R%e2) 0.0 0.0
502 UPTAKR (UG/CR®*2 LEAP/DAT) 0.0 0.0
SULFPUR INPUT TO LEAP LITTER (UG/M**2/DAT) 0.0 0.0
SOLPUR WIRZRALIZATION FROR BOOT LITTRR {UG/n**2/DAT) 0.0 0.0
SOULFOR NIRERALIZATION PROM PRUIT LITTER (0G/R®®2/DAY) 0.0 0.0
SOLPUR MINERALIZATION FPROK STER LITTER (UG/8%%2/DAT) 0.0 0.0
SULFOR BIFERALIZATION FROM LEAF LITTER (OG/R**2 /DAY) 0.0 0.0
ROCT BIOHASS (G/@%*2 LAND) 0.0 0.0

IKC0021 STOP 0

RELATIVE OUTPOT COEPPICIRETS

1.03-6

0.1258 11
0.1378 10
0.1258 08
0.8372 08
0.8882 07
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0.1358 07
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0. 808x 08
0.127% o6
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APPENDIX (continued)

POLEL : CRYADS
STANDARL ¥ALDR = 2.0F-08f ((C/CC)

ODIPOY RISPONSES

IDEDY
YALORS:

SC; OPTARE (u/t:l”z un/nn)
S91208 CONTE YIZE (0G/Re%2 LaNr)
1EIF TC ST2 1 SLOCATION OF SULPUR(UG/H®$2 LAND/ER)
LEI? SOLPUR COB TICT (96/6)
ST18 SOLPOS CONCRNTRATION (C06/G)
PEUIT SOLPOR COBCENTRATICY (06/0)
SIS TO BCCY EBLOEN TSANSICCATICH C? SULPUR (0G/N®%2 LAND/NB)
SUIPUR CONTENT 1§ STEN XTLEE (0G/B4%2 LAWD)
$CCT SOLPOR CORCENTRATICH (C6/6)
SCIPER INPOT 10 LEAF LITTRS {OG/B%#2/LAY)
SOIFON CCHTENT IN BOCT ZYIFR {UG/R9®2)
FCCT 70 SYZN ITLRA TRABSECEY CP SULPOR(DG/N*92 LASC/8)
STIPUR IPPOT 10 SYEA LITTEE (UG/N%®2/LAY)
$118 TO LEAF XYLZN TRABSECRT CP SOLPUR(UG/A992 LART/NE)
STIA TO PROIT FALOKM TRANSICCATICH CP SOLPON(UG/Be92 LANL/ND
STIPOR IDEODT 10 RCOT LITTER (0G/B%#2/LAY)
¥CCD SULPUB CCUCEIINATION (0G/6)
9% Y0 PROIT LITIRF (8G/| 2/nu)
LEAY LITTER (0G/R942 IR
BCCT MEABTNCCD SULPOR cc-uunﬂcl (96/6)
SOI7OR IF ROGT LITTER (0G/N%92 LAND)
11T I LEAF LITTER (UG/He%% LABD)
12J7 TO STES PNLORE TEANSICCATION Cl STUC{DC/BO02 LAND/EN)
serror 13 IT LITTER (8G/F9%2 LANI)
seIrOR 108 LITTER (0G/R9%2 IARD}
SUIPUR BINZEALITATION PECE 1EAP ITTTER (UG/NO®2/IAY)
SULPOR NINFSALIZATICN PEOP BCCT LITTRR (DG/N492/IAY)
$I9C COPTENT 1IN LEAY ITLER (DG/E%42 LANE)
21¥C CONTENT I¥ BOOT IYLEP (UG/E®*2)
215C COPIZIPT IN STEN XTLER (UG/E942 LARD)
FCCT YO STZE XYLEN TRANSPCAT OF TIBC{UG/H®%2 LABL/BN)
FRUIT 3IBC COBCENTRATICN (U6/G)
)

€188 BI
FCCT
STIM TO LEA? XIT124 TR
TEOF LEAE CCRCEFTRATIL %
ST18 TO JOOT PELORA TEABSICCATICE CF ZINC(UG/M*92 1RND/BD)
1¥)? BICEASS {G/B%*2 LBNX)

SOIPUR BINERALIZATION FACE FFUIT LTITEN (UG/E®e2/LAT)
FPUIT RPICHASS (G/B®*2 LANL

SOLPUR AINESALIZATION FBOP S1EM LIITER (0G/N*e2,/[AY)

FCCT LEAL CCHCRBTIATICN (U&/C)

$16C 13PUT 1C B0OT LITETRA (UG/8992/CAT)

BCCT SINC CONCEYTIATION (06,6)

12P 2I9C CC

)
FCRY OF TINC(DG/N®*2 LANL/BR)
o

/!
STEM TO PROIT PELOEA TRAUSLCCATION CP ZINC{UG/8%¢2 LAND/3R)
2I0C I¥ LEAF LITTRR (DG/BSe: LAUD)
ST1R RESPINATION (G/8%%2 LABL/RN)
TIKC TREET 70 SIRA LITIRR (0G/B992/IAT)
STEM LEAT CCICEFTRATION {06/6)
FCCT TO STEA AT SECRT CP LENE(0G/R9*2 LARD/ED)
BCCT UETARE OF SINC - SUSLIGAT PERIOD (UG/Hes2 LAND/DAY)
TI3C IREOT TC L 22D (TG/R992/1AT)
215C LIACEEL PROH LEAVES {(BG/R%*2/CaY)
BCCT NRARTNOGD 3INC COBCENTELITION {0G/G}
TEIC TRPWT 1C BCOT LI1TES (0G/B*92/IAT)
S15C I3 PROIT LITTED {UG/8493 LaND)
EICHMNGEARLY ZINC (0G/G) IN C-3 CH SOIL LAYRRN
LRIP IC S12B SUGAR TRANSLCCITICH (G/N492 LANL/ER)
215C INPOT 10 POUIT LITIEY {0G/RO42,DAT)

188
FCC1
j3 234
213C
£T80
FCCY
j3214
113C

FICRANG

£1im

TC §OOT SUGAR TRANSLCCATION {G/A*e2 LAND/ED)
UFTAKE OF LEAD - SUPLICET FEIICT (UG/H$2 LABL/DAT)
CONTEBT IN LEAY IYLEE (UG/P4%2 LARE)
AIFEFILIZATION PRCA LEAT LITTEF (DG/N®92/0AYT)

TO LEA? ITIEA TUABSECHT OF LEAI(UG/A%*2 LADC/BY)
RESPIFATION (G/89¢2 TAVL/PY)

TO STIN PELOEN TEANSICCATICE OF IEAD(UG/A%42 LAND/ER}
DFTAKE EY LEAVES (UG/R4%2/IAY)

L? 2IKC (0G/G) IN 3-1% CP SCIL LATER
HEABTNOOD 3INC CCRCRITEATICE (0G/G)

INPOT TC STRS LITTLE (DG/N%$2/IAY)

SEADTECOL IRAD COBCENTIFTICE (0G/G)

CONTENT IN BOOT ITLEE (0G,89%2)

IN STEM LITTER (UG/8%; LARD)

TO PRUIT SUGAR TRABSICCATICE (G/0%%2 LABD/E)

BCCT DFTAER OF ZINC - DABK FENIOL (UG/N4*2/TaAT)
PITIT RESPINITION (G/B%%2 LAND,
FCCT OFTIARE CP LEAD - DASE FIRICI (UG/N®*2/TAY)
TEIT CONTIRT IN ST 0G/R%e2 LAND)

TIFC NISZRILIZATION PRCA n nun (9G/N*92/LaT)
IEAC ID STEN LITTER (UG/B49% IADE)

FICEMNGEARLE LEAD (0G/€) 1IN 3-!‘ CH SCIL LATZD

1117 RESPIRMTION (G/BA*2 LABT/BN)

STIR RZAFINCOD IBAL CCNCESTEMTICH (0G/G)

I3CHMNGEARLE TINC (UG/G) 1N 15-30 C2 SOIL LAYER

STIR 70 FROIT PHLORE TRAUSLCCATICH CF LEAD(0G/N*+2 LAND/E
$918 TC KCCT PHIORE TFANSICCPITICE OF LRAD(UG/84%2 LAND/
1RIC INFUT 1C PROIT LITTES (TG/W9¢2/DAT)

TISC LEACHEE PROR LEAVES (U€/892/CAY)

17T IV PROIS LITTREE (DG/Pe¢Z [AND)

€C5 CHLONOPLAST (aL/BL)

3313C

FECTCSYNIBESIS (6 CO2/C

RINERILISATION POCH STEE LITTEF (UG/N®#2/DAY)
2 1EAr/e%)

STEE LITTRE (UG/N*#2/DAY)
11 LITIER (UG/M®92/LAT)
15-30 CB SOIL LATER

TICHIDGEARLE ZIBC (UG/G) IB 20-90 CP SOIL LAYER
FECHINGEMELY LOBD (UG/G) 1M C-3 CH SOJL LAYYS
THPDY 10 LEAP LIYTER (CG/N992/L[AY,
BINESALIZATICN P5CH FCCT IITTRF (UG/M®*2/DAY)
IV 00T LITEER (DG /R*eZ LaRD)

LEID

AINEBALISATION PRCN L2)F LITTEF (UG/Re$2/DAY)

IXCHINGRARLE LEMD (UG/G} IN 70-3C CP SCIL LAYRR

1D

BINPEALIZATICH FECE FCCY IITTEF {UG/M®%2/DAY)

TECCC21 *10F 0

PAFARETIED : GASEX, BXTEDJAL GAS COEPFICIENT

2.08-C%

0.9¢s Ce
0.7372 07
0.2%52 €7
0.7268 C6
0.2208 Cé€
0.1258 06
0.8668 0%
0.%esx €
0,158 ¢S
0.1338 0%
0,148 C<
0.6332 06
0.6142 08
0.5¢€88 Ca
0.%25¢8 CA
0.353F CA

0.8458-C1
0.7%12-C1
0.c6ag-01
0.4548-C1
0.ne2p-C1

.2
o 1e62-01
0.1178-C1
0. 1092-C1
¢.1058-01

0.1528-C3

0.1073-03

0.1C58-C3

0,1C13-03
< 500R-0N

0.%288-04
z

0 Ta291-Ca
0.3572-0&
0.3768-CA
0. 164E-08
0.1478-08%
0.1378~(0
0. 1283-08
0.1C7E-Ca
0.€653%-CS
0,6308-C5
0,5%62-C5
0.n€2R-CE
0. 8CID-CS
0.800E~C5
0.3908-(S
0.2€08-C%
0.2062-05
0. 1578-C3
0.1028-C%
0.531E-0¢€
0.2€7B-C6
0.178E-C¢
0.1402-0€

-0.1088~06
0.7578-€7
0.7958-07
0.736x-07
0.2308-C7
0.168F-07
0.8728-C0
0.298¢-C¢
0.135k-C8
0.920F-10
0.1788-1%

ccoocoocooco
cocesonococn

RBLATIVE OUIFUY CORRPICIENES

SENSITIVITY CCIPRICIRBYS

2.08-07 2.01-09 2.05-07
c.a592 07 -0.4221 14 -0.9202 12
"M -0.991% 11
657, -0.1012 1%
0,256% C5 -0.2731 12
. -0.653t W0
33.2 -0.3691 10
21.2 -€.3301 09
€.359-¢1 -0.606F 08
413 -0.4621 09
7. ~0.4991 10
€.672 -0.1671 09
2.89 ~-0.3861 08
.9
¢.101
1,32
€.793
€.3972-01
C.a112-01
2.2
C.5808-02
€.2352-02
0. 178307
©€.2232-€1
€.3963-04
©.3991-02
€.2083-0%
c.0
c.0 C.¢
€.0 0.¢
€.0 c.c
.0 e.c
€.0 ¢.c
€.0 ¢.C
€.0 0.¢
€.0 0.¢
9.0 0.C
0.0 ¢.C
€. 2088-05% -0.450
c.o c.C
C.52¢2-06 ~0.953B~C%
0.0 e.c
.0 €.
9.0 ¢.c
0.0 c.C
¢.0 ¢.C
c.0 a.c
€.0 0.c
€.0 ¢.C
0.0 0.C
c.0 e.c
€.0 t.c
0.0 c.c
€. 1233-07 -1.7%
c.0 e.¢
0.0 ¢.c
€.0 ¢.C
0.0 €.0
c.0 0.C
¢.0 c.0
¢.0 c.¢
c.0 6.0
2.0 c.0
€. 154B-C6€ -€.38
c. -0
0. N4
C. .
Q. N
.
«C
-C
08E-0% 898-02

B ADONMONOEONAMONNNMNAGON0E00RADNO0NNOBOES
0 CE0B00000000000000a0000B00000000G00000O0000

Nttt L it R R R R
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APPENDIX (continued)

BRODEL : C
STANDARD 'l’lll = 0,00032 (CHI/CAY)

OUTPUT RRSPOBSES

™meoT
VALURS:

soz OPTAKE (UG/CHO®2 LEAP/DAT)
¥C OPPAKE BY LEAVES (UG/E®®2/DAT)
l.nr SULPOR CONCENTRATION (06/G)
STER BIONASS (G/A*®2 LAND)
TINC CONTENT IN LEAP ITLEM (DG/Ne+2 LASD)
TINC CONTENT I NOOT ITLEN (0G/He®2)
ZINC CONTENT IN STEN YTLEN (UG/Re*2 LABD)
PROIT ZINC CONCENTRATION (0G/G)
LEAP 7O STER PRLOES TRARSLOCATION OF SINC(UG/A®*2 LAKD/RR)
R00T BIONASS (G/N®®2 LAND)
PRUIT BIOAASS (G/Ee%2 LAND)
ROOT TO STEW XYLER THANSPORY OF TINC(0G/He®2 LARD/ER)
STEN TO LEAP ITLEN TEANSPORT OP LINC(UG/R**2 LAND/NE)
STEA TO BOOT PHLOEN TRANSLOCATIOF OF LTINC(UG/M*$2 LAND/NR}
R00T LEAD CONCENTEATION (0G/G)
STEN TO PROI? PHLOEN TRANSLOCATION OP ZINC(UG/N**2 LAND/NE)
SULPYR INPUY TO LEAP LITTER (UG/N®*2/DAY)
SOLPOR CONTENT IN LEAP IYLER (0G/E%%2 LAND)
LEAP 7O STER PALORE TRANSLOCATION OF SOLPOR{UG/H®*2 LAWD/ER)
STEM TO ROOT SUGAR TRANSLOCATION (G/Hee2 LAND/MM
LEA? PIOMASS (G/Ne%2 LAND)
SINC INPOT 7O BOOT LITTER (UG/N**2/DAT)
STEN TO PROIT SUGAR TRANSLOCATION (G/Re$2 LAND/RE)
LEAP ZINC CONCEWTRATION (0G/6)
PRUTT SULFUR CONCERTAATION (0G/G)
ZINC IN ROOT LITTER (0G/N®*2 LAND)
LEAP LEAD CORCENTRATION (UG/G}
STER ZINC CONCENTEATION (UG/G)
LEAP TO STEA SUGAR TRANSLOCATION (G/A®*2 LAND/NE)
STEN TO ROOT PHLOEW TRANSLOCATION OP LEAD (UG/N**2 LAND/HR)
ROOT TO STES IYLEN TRANSPORT OP LEAD(UG/R*¢2 LAND/ER)
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