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Introduction

A key aim of the Australian National Biosolids Research Program )&Was to
develop soil quality guidelines (SQGs) and quality guidelines (Q@ amended soils
(i.e. soils that have received amendments such as fertilisers, composts and biosolids).
The recommended framework for doing this is pres& ﬁl an overview by
Heemsbergen et al. (in prep a) with examples prox%{hased on phytotoxicity. A
summary of the framework is provided in Figure t)ﬁériving these guidelines it was
decided that only Australian ecotoxicology‘ would be used. This decision was
based on three factors. First Australian ilsQ& quite different to those of Europe and
North America being very old, nutri Kt‘

different clay mineralogies (Tayld%&%). As soil properties can affect toxicity, this

icient, low in organic carbon and having

infers that the toxicity o Is could be different in Australian soils. Second, a
comprehensive comparisomy, @f the relative sensitivity of Australasian and non-
Australasian aq&atic&i’s to metals and metalloids (Hobbs et al., 2004, Hobbs, 2007)
found there wese Sighificant (p < 0.05) differences for approximately 35% and 47% of
comparison reshwater and marine/estuarine ecosystems respectively. They also
found t -Australasian data would need to be divided by 7.1 and 2.2 in order to
proQ 7 of Australasian organisms in freshwater and marine/estuarine ecosystems
ﬁa&tively from 95% of the chemicals studied. Third it was found during the
velopment of the normalisation relationships for plants (Warne et al., in press; Warne

et al., submitted) that the Australian relationships did not apply to European

phytotoxicity data and vice versa.

The framework for deriving soil and biosolids quality guidelines that arose from the

NBRP (Heemsbergen et al., in prep a) recommends that separate limits are derived to



protect plant health (for copper (Cu) and zinc (Zn)), microbial health (for Cu and Zn),
crop quality (for cadmium, Cd) and environmental health (for nutrients). Thus four
separate sets of soil Trigger Values (soil TVs) and TVs for amended soil will be
derived and the most restrictive (i.e. that permit the lowest amount of a chemical or soil
amendment to be added) will be recommended as the TV. This step will offer a high
degree of environmental and human health protection and is consistent with existing
Australian national and state methods for determining biosolids application rates (NS v
EPA, 1997; SA EPA, 1997; DPIWE, 1999; WA DEP, 2002; EPA Victoria,){)ﬂﬁ
NRMMC 2004). Q
Q
The recommended framework for deriving the TVs is prese 'Qverview by
Heemsbergen et al. (in prep a) with examples provided based onmoxicity. Details
of how the TVs for plant quality were derived are providedi %L’ct}ughlin et al. (2006).
As the data available for nutrients is quite different to a‘@&netals a separate method
will be used to derive TVs for nutrients (Bell et al4l ep). The aims of this report
were to: provide the rationale behind the pro method of deriving soil quality

guidelines based on microbial toxicity; explainhe proposed method and present the

limit values. 6&

Terminology and the Propos

)

are proposed to be bgic terms used for the overall process of protecting soils. The

ramework

Within Australia soil qua idelines (SQGs) and quality guidelines for amended soil

e ) : :
numerical limits 5%0 icants are termed trigger values (TVs) because if they are
exceeded fu@ 1on is triggered. The terms used throughout the present study will
be con%‘t th those used in Heemsbergen et al. (in prep a).

T &%}posed framework is suitable to derive TVs for both soil and amended soil
C)@igure ). Steps 1 — 6 and 9 and 10 are common to the derivation of both sets of TVs
but steps 7 & 8 are only required when deriving TVs for amended soil. In brief the
steps are to (1) collate and assess the quality and appropriateness of toxicity data, (2)
determine if temporal changes in toxicity and bioavailability occur, (3 - 4) derive and
implement toxicity normalisation relationships, (5) use a species sensitivity distribution
method to derive a concentration (termed added contaminant limit —~ACL) that provides

the desired level of protection to a standard soil, (6) derive a set of soil ACLs, (7)



derive a soil amendment (bio)availability factor (SAAF), (8) apply the SAAFs to derive
a set of ACLs for amended soil, (9 and 10) determine and add the ambient background
concentration (ABC) of the contaminant to the set of ACL values to calculate soil TVs
or TVs for amended soil. Each of these steps is discussed in detail in Heemsbergen et

al. (in prep a).

- XK
Methods )\\‘

The toxicity of Cu and Zn to microorganisms was measured using substrate i uc;J
respiration (SIR) and substrate induced nitrification (SIN) bioassays conduct@l&he
laboratory using soils collected from the NBRP field-sites. Details of the m&thods and
sites sampled are provided in Broos et al. (2007). The soil conce Cu and Zn
that caused a 10, 20 and 50% reduction SIN and SIR (EC10, EC20 a C50) and their
standard errors were calculated by fitting a logistic distribw%tﬁ the added total metal
concentrations data using the method of Barnes e 3). Added total metal
concentrations were determined as the measured tota&n‘cration of each soil sample
minus the average total metal concentration of ga)controls for that site. The toxicity
of Cu and Zn to SIN and SIR was measure@%ch field-site within two weeks of the
application of the metal salts and a my for two years. However for the reasons
outlined in Heemsbergen et al. (in ) only the data from the first sampling event

will be used in this paper. Non‘@satlon relationships for the Cu and Zn toxicity data to

SIN and SIR were devélgped using forward and reverse stepwise multiple linear

regression (Broos 6%0')0 ).
A

Given, the de KQ}(O use only Australian terrestrial toxicity data we had toxicity data
for onl t\@robial endpoints — SIN and SIR. It was therefore not possible to use

Sp% itivity distribution (SSD) methods in the usual manner to derive trigger
Y, \;ﬁ; herefore it was decided to treat the two sets of toxicity data separately and
@rYVe separate limits for SIN and SIR. The resulting limits would then be compared to
those derived for phytotoxicity, plant quality and nutrients to determine the most

restrictive TVs.

The normalisation relationships developed by Broos et al. (2007) are presented in Table
1. In Broos et al. (2007) only those normalisation relationships for EC50 data were

presented but in Table 1 relationships for EC10, EC20 and EC50 are presented. The



normalisation relationships for SIN data can explain between approximately 60 and
90% of the variation in SIN data. Given these are field-based toxicity tests this is
remarkable. The normalisation relationships for SIN were therefore used to derive soil-

specific ACLs.

The situation regarding normalisation relationships was not as good for SIR. Significant
(p < 0.05) normalisation relationships could only be developed for EC50 SIR de{i)\
(Table 1). These could explain 77% of the variation in toxicity data for Zn but less th

50% of the variation for Cu. There were no statistically significant norn‘é&‘
relationships (p > 0.05) for the SIR EC10 and EC20 data of Cu and Zn.

101

There are a number of ways that this situation can be addressed. Q
1. apply the SIR EC50 normalisation relationships to t BC20 or EC10 data;
2. apply the SIN normalisation relationships to th: 20 or EC10 data;
3. compare the sensitivity of SIN and SIR endp@ to determine if limits based
on SIN will be protective for SIR; =
4. use an assessment factor (AF) metho%n
5. enter the data into a species sen6 ity distribution method.

Option 1: Apply the SIR EC50 @n%ation relationships to the SIR EC20 data

It was decided not to app option because the SIN normalisation relationships for
EC10, EC20 and EC%)xicny data to both metals had markedly different gradients (or
coefficients for t rr?eters) and y-intercepts. Therefore it is likely that the same
would apply QCIO, EC20 and EC50 relationships for SIR. Furthermore, if there

are no 1%1 hips between SIR EC20 and soil properties it is not appropriate to

ign& nd apply normalisation relationships to the data.

a{\y

@Hon 2: Apply the SIN normalisation relationships to the SIR EC20 data
This was not adopted as the normalisation relationships for Zn SIN and Zn SIR are
based on different soil physicochemical properties. Likewise the normalisation
relationships for Cu SIN and Cu SIR are based on different soil properties. Therefore, it
would be inappropriate to do this as it would lead to normalising SIR toxicity data
according to parameters that do not affect it. This could lead to under- or over-

estimation of the normalised toxicity. Furthermore, if there are no relationships between



SIR EC20 and soil properties it is not appropriate to ignore this and apply relationships
to the data.

Option 3: Compare the sensitivity of SIN and SIR endpoints to determine if limits based

on SIN will be protective for SIR

This option was not adopted because the concentration response relationships for SIN
and SIR are quite different with the SIR concentration response relationships general.
having a much shallower slope than the SIN relationships and thus they have ov@
EC10 and EC20 values. For example Zn SIR EC10 values are half to one fo he
size of the SIN values at the same sites. Therefore deriving soil quality guidehn€s using
the SIN normalisation relationships and SIN toxicity data c to serious

underestimation of the concentrations that would prevent inhibition R.

Option 4: Use an assessment factor method ()b\‘

In this method the single lowest toxicity value for cies or microbial function is
divided by an assessment factor (AF). Typicallyt Fs are 10, 100 or 1000 with the
magnitude of the AF being inversely relate@\'\e perceived environmental relevance
of the toxicity data. The proposed fr )&prk of Heemsbergen et al. (in prep a) and
other frameworks for deriving envi ntal QGs used by Australia (e.g. ANZECCC
and ARMCANZ, 2000); Den (Petersen and Pedersen, 1995), the OECD (1992),
South African (Roux et‘a 6), the Netherlands (Van de Plassche et al., 1993) and
the USA (USEPA, l‘wall prefer to use SSD methods to AF methods. The reasons for
this are the fac'f e AF method is not consistent with the risk paradigm and

criticisms $ scientific validity of the method. For these reasons and to be
1

current international practice this option will only be used if a SSD

consist% i
me% not be used.

C)@Yon 5: Enter the data into a species sensitivity distribution method

As stated in Heemsbergen et al. (in prep a) the proposed framework for deriving soil
and biosolids guidelines prefers to normalise toxicity data to account for the known
effects of soil properties. However, if normalisation relationships are not available then
non-normalised data can be used in a SSD method. This will result in a single
numerical limit, rather than a suite of soil specific limits (Heemsbergen et al., in prep

a).



It was decided that option 5 was the most scientifically defensible and it was therefore

adopted to derive limits for the SIR toxicity data.

Several of the state biosolids guidelines have a soil pH threshold below which they do
not permit biosolids to be applied. These range between 4.5 and 5.5 (SA EPA, 1997;
DPIWE, 1999; WA DEP, 2002; EPA Victoria, 2004) with 5 being the median thresho&;\
for soil pH measured in 0.01M CaCl,. A number of the NBRP sites have soil pHyal

below 5 (e.g. Broos et al., 2007). The inclusion of SIR data for such s1te0r ere
biosolids would not normally be permitted, in the SSD calculation cou ew the
distribution fitted to the data and affect the limit values determin g'ore the SIR
data for (1) all the sites and then (2) the SIR data for sites with a ﬂ greater than or
equal to 5 were entered into a SSD method. The method @aﬁ BurrliOZ (i.e. the
SSD method developed and used to derive the AuStra nd New Zealand water
quality guidelines — Shao, 2000; Campbell et al., 2 x d the 80" percentile of the
sites calculated. The resulting values (soil AGL converted to biosolids ACLs for
both metals by multiplying by the biosolid@ability factor (BAF). The BAF is the
ratio of the bioavailability of each s a metal salt to each metal in biosolids.
Heemsbergen et al. (in prep c) fou '&i relative bioavailability of Zn in metal salts
and in biosolids was the same ({ Olgz 1). They also found that the bioavailability of
Cu was lower than that 6 Its with the difference being a function of soil pH — the

higher the pH the ‘Nir the BAF. Details of the BAF values and how they were
calculated are pro@ n Heemsbergen et al. (in prep ¢).

Due to e@? robustness as defined by Broos et al. (2005) of the SIR compared to

e% e control soils and the typically much steeper gradient of the concentration
@N e curves for SIN (Broos et al., 2007), it was decided that EC20 data would be
@eﬁ to derive ACLs for SIR and EC10 data would be used to derive ACLs for SIN.
The steeper gradient associated with the concentration response curves for SIN is most
likely caused by the very limited number of species involved in the nitrification,
whereas the SIR, a measure of soil respiration, is typically a measure of a broad range
of organisms. Thus, there is a considerably smaller margin of safety between a

concentration that caused a minor effect and a concentration that causes a major effect

in the SIN versus the SIR.






Results and Discussion

The Cu EC10 normalisation relationship for SIN was used to estimate soil ACL values
that ranged from 0 to 1500 mg/kg for soils with pH values ranging from 5 to 8
combined with CEC values ranging from 3 to 60 cmol/kg (Table 2). The Zn EC10

normalisation relationship for SIN was used to derive soil ACL values that ranged from

® \\@
For SIR, a single numerical value (soil ACL) was derived for Cu and Zn for each,set
the SIR data (i.e. all sites and sites with a soil pH greater than or equal to 5 @e Cu
soil ACL values for both datasets were 115 mg/kg . The soil ACLs for Zn
being 320 and 295 mg/kg for all sites and sites with a soil pH gre% r equal to 5

respectively. Only the plots based on all the sites are presente

160 to 13 300 mg/kg for soils with pH values ranging from 5 to 8.5 (Table 3).

similar

igures 2 and 3
respectively) as the soil ACLs are so similar for both data @ﬁ)soil ACL for Cu of
115 mg/kg was recommended as both methods yield ﬂi.é%me results. The two soil
ACL values for Zn were from a pragmatic point ofyy essentially the same, but in

order to be more conservative value of 295 mg/l& rounded up to 300 mg/kg and is
recommended. \Q)\
Combining the soil ACL value for ch the soil ACL values derived using the SIN
normalization relationship pro a single set of soil ACL values to protect microbial
functionality for each m ables 4 and 5). For Cu the SIN limited the soil ACL
values at low pH anw CEC values while at high pH and/or CEC values SIR limited
the ACL (Table" (@a ?R imposed a single maximum ACL of 115 mg/kg added Cu.
%lues below 5.25 SIN limited the ACL values, while at higher soil

For Zn, at soj
pH V&ll%e R imposed a single maximum ACL of 300 mg/kg added Zn.

O

TOACH biosolids ACL values to protect microbial functionality are presented in Table
C)@ I?or soils with low pH and CEC values the SIN limited the ACL while at higher pH
and CEC values SIR limited the ACL, however it did not impose a single limit as the
BAF varies with soil pH. Thus, SIR imposes a different single limit for each unique soil

pH (Table 6).

The ambient background concentration must then be determined and added to the soil

and biosolids ACLs in order to produce the soil and biosolids TVs. The soil or biosolids



TVs, derived above, for microbial functionality then need to be compared to the
corresponding values for phytotoxicity, plant quality and nutrients and the lowest

selected.

Conclusions

Derivation of site specific soil and biosolids trigger values to protect microbial
functionality was possible. For Zn, substrate induced nitrification limited the addé)\
contaminant limits (ACLs) at low pH (i.e. < 5.25) while at higher pH substrate induc
respiration limited the ACL and thereby the TVs. Similarly, for Cu the SIN li\éthe
magnitude of the ACL values in low pH and CEC soils while at high p d CEC
values substrate induced respiration limited the ACL and thereby The Cu soil
ACL values for microbial functionality (i.e. SIN and SIR combi‘r@nged from 0 to
115 mg/kg added Cu. The Cu biosolids ACL values for mi 1al"functionality ranged
from 0 to 245 mg/kg added Cu. The Zn soil AC a%b osolids ACL values for

microbial functionality were equal and ranged from 00 mg/kg added Zn.



References

ANZECC and ARMCANZ (Australian and New Zealand Environment and
Conservation Council and Agriculture and Resource Management Council of Australia
and New Zealand) 2000. National water quality management strategy, Australian and

New Zealand Guidelines for fresh and marine water quality. ANZECC and

ARMCANZ, Canberra, Australia. Q)
N

Barnes M, Correll R, Stevens DP. 2003. A simple spreadsheet for estimating lo ffgb)
concentrations and associated logistic dose response curves. Solutions to tion:

program abstract book. SETAC ASE Asia Pacific, Christchurch New Zea&pt —
Oct 2003. The Society of Environmental Toxicology and Che 1a/Pacific —

Australasian Society of Ecotoxicology, Christchurch, New Zealand, 7156.

Bell M, Barry G, McLaughlin MJ, Warne MS ard D, Whatmuff M,
Heemsbergen D, Nash D, Penney N. in pr@ent assumptions regarding
nitrification rates in tropical areas lead to overe% ion of the maximum permissible
biosolids application rate. \Q)

Broos K, Warne MStJ, Heems A, Stevens D, Barnes MB, Correll RL,
McLaughlin MJ. 2007. Soil f: bg?i;ntrolling the toxicity of Cu and Zn to microbial

processes in Australian o vironmental Toxicology and Chemistry, 26, 583-590.

"}
Broos K, Meﬁeﬁ\‘&)lders E. 2005. Toxicity of heavy metals in soil assessed with
various soil 1al and plant growth assays: a comparative study. Environmental

Toxico Chemistry, 24: 634-640.

GE)\%%H E, Palmer MJ, Shao Q, Warne MStJ and Wilson D. 2000. BurrliOZ: A
mputer Program for the Estimation of the Trigger Values for the ANZECC and

C) ARMCANZ water quality guidelines. In National water quality management strategy,
Australian and New Zealand Guidelines for fresh and marine water quality. ANZECC

and ARMCANZ (Australian and New Zealand Environment and Conservation Council

and Agriculture and Resource Management Council of Australia and New Zealand),

ANZECC and ARMCANZ, Canberra, Australia.



C

Department of Industry, Water and Environment. 1999. Tasmanian Biosolids Reuse

Guidelines. Hobart, TAS, Australia.

Environmental Protection Agency Victoria. 2004. Guidelines for Environmental

Management. Biosolids land application. Publication 943. Melbourne, VIC, Australia.

@
Heemsbergen D, Warne MStJ, McLaughlin MJ, Whatmuff M, Barry G, Bell M, Nam)\
D, Pritchard D, Penney N. in prep a. A new framework for deriving guidelines for so%
and soil amendments: Application to Cu and Zn phytotoxicity data for Austrasoils

Q

Heemsbergen D, Warne MStJ, McLaughlin MJ, Broos K. in prep ;Technical Note:
The effect of time since metal salts addition on the toxic1t)@3nd Zn to wheat and

microbial function. \‘b‘

Heemsbergen D, Whatmuff M, McLaughhn'l&!%g‘!me MStJ, Barry G, Bell M, Nash
D, Pritchard D, Penney N. in prep c B10

and biosolids.

ility of zinc and copper in biosolids

compared to their soluble salts. Q

Hobbs DA, Warne MStJ a ich SJ. 2004. Utility of Northern Hemisphere Metal
Toxicity Data in Australas tac Globe, 5 (2), 38 - 39.

Hobbs D. 200"‘\' arison of the sensitivity of Australasian and non-Australasian
aquatic org to selected metals. Masters of Science Thesis, University of
Techno dney, NSW, Australia. 147p.

Ngt al Resource Management Ministers Council. 2004. Guidelines for sewerage

stems — Biosolids management. National Water Quality Management Strategy Paper

13. Canberra, ACT, Australia.

New South Wales Environmental Protection Authority. 1997. Environmental
guidelines: Use and disposal of biosolids products. Sydney, New South Wales,

Australia.



OECD. (Organisation for Economic Co-operation and Development). 1992. Report of
the OECD workshop on extrapolation of laboratory aquatic toxicity data to the real
environment. OECD Environment Monographs No. 59. OECD, Paris, France.

Petersen LS and Pedersen F. 1995. Water quality criteria for selected priority Q)
@

substances. Danish Ministry of the Environment and Energy, Danish Environmentél))\\é

Protection Agency, Copenhagen, Denmark. \

Q

Roux DJ, Jooste SHJ and MacKay HM. 1996. Substance-specific water&&criteria

for the protection of South African freshwater ecosystems: Me‘d}@ e derivation

and initial results for some inorganic toxic substances. S. African J. Sgi. 92, 198—-206.

X"
Shao Q. 2000. Estimation for hazardous concentr@ased on NOEC data: An
alternative approach. Envirometrics 11, 583-595. Q)Q

L ]

South Australian Environment Protection @ty. 1997. South Australian biosolids

Department of Environment and N, esources, Adelaide, SA.

En;onmental Protection Agency). 1986. Quality criteria for

USEPA. (United States
water. EPA RepOII%EPA 440/5 86-001. US Department of Commerce, Virginia,

USA. N
N

Va assche EJ, Polder MD and Canton JH. 1993. Derivation of maximum

guidelines for the safe handling, @ disposal of biosolids. South Australian

E 1ssible concentrations for several volatile compounds for water and soil. Report
679101 008. National Institute of Public Health and Environment Protection,

C) Bilthoven, The Netherlands.

Warne MStJ, Heemsbergen D, Stevens D, McLaughlin MJ, Cozens G, Whatmuff M,
Broos K, Barry G, Bell M, Nash D, Pritchard D, Penney N. In press. Modelling the



toxicity of Cu and Zn salts to wheat in fourteen soils. Environmental Toxicology and

Chemistry. in press.

Warne MStJ, Heemsbergen D, McLaughlin MJ, Bell M, Broos K, Whatmuff M, Barry
G, Nash D, Pritchard D and Penney N. Submitted. Models for the field-based toxicity of Q)
L]

Cu and Zn salts to wheat in eleven Australian soils and comparison to laboratory-ba

models. Submitted to Environmental Pollution. 0‘&
Western Australia Department of Environmental Protection. 20 9\1 Australian

guidelines for direct application of biosolids and biosolid prodqt)s._%)erth, WA.



Table 1: The highest quality (1) statistically significant simple and multiple linear

relationships between selected soil properties and toxicity values (i.e. EC50, EC20 and

EC10) for copper (Cu) and zinc (Zn) to substrate induced respiration (SIR) and

substrate induced nitrification (SIN). Toxicity values are expressed as mg/kg of total

added metal.

Regression equations” n r Pr>F
Zn-spiked soils

SIN O
log EC50=0.93 + 0.34 pH 12 0.59 %2
log EC20 =-0.01 +0.47 pH 12 0<0.001
log EC10 =-0.55 + 0.55 pH 12 9 <0.001

SIR
EC50 = 586 + 49 Zn ABC?
EC20: no model

EC10: no model ®

Cu-spiked soils 6&

SIN
EC50 =-1137 + 13 clay + 6@
EC20 =-1544 + 581 log 270 pH

EC10 = -1458 + 663\§ EC +223 pH
EC50 = 641 \my
EC20: n ?

E x odel

11
11

11
11

0.87
0.86
0.83

0.46

0.006

<0.001
<0.001
<0.001

0.027

% = Ambient background concentrations

o



Table 2. The soil added contaminant limit (soil ACL, mg/kg) values for the toxicity of

copper to substrate induced nitrification at different combinations of soil pH and cation

exchange capacity (CEC, cmoly/kg).

xQ
>

pH\CEC 3 10 20 60
5 0 320 520 835\d
5.5 85 430 630 9%0Y
6 195 545 745 01960
6.5 310 655 855 Q 1170

7 420 765 ,@) " 1280
75 530 880 @\ 75 1395

8 640 990 Q) 1190 1505




Table 3. The soil added contaminant limit (soil ACL, mg/kg) values for the toxicity of

zinc to substrate induced nitrification at different soil pH.

Soil pH Soil ACL (mg/kg)

5 160 N

6 560 Q)\
7 1995 Q)
8 7100 Q

0
8.5 13 300 : )




Table 4. The soil added contaminant limit (soil ACL, mg/kg) values for the toxicity of
copper to a combination of substrate induced nitrification and substrate induced
respiration (SIR) at different combinations of soil pH and cation exchange capacity
(CEC, cmol/kg). The value of 115 mg/kg is the concentration that should protect 80%

of sites from experiencing a 20% inhibition of SIR. .

pH\CEC 1 3 >4.9
5.0 0 0 1 IQ
5.5 0 85 g
6.0 0 115 115

W\
6.5 0 1 15\‘b‘ 115
7.0 103 . &Qg

>7.1 115 Q) 115 115




Table 5. The soil added contaminant limit (soil ACL, mg/kg) values for the toxicity of
zinc to a combination of substrate induced nitrification and substrate induced
respiration at different soil pH. As the biosolids availability factor for zinc is one the
biosolids ACL values are the same as the soil ACL values. The value of 300 mg/kg is

the concentration that should protect 80% of sites from experiencing a 20% inhibitiqn)@)

S

Soil pH Soil ACL Q

(mg/kg) \Q) M

5.0 160




Table 6. The biosolids added contaminant limit (biosolids ACL, mg/kg) values for the
toxicity of copper to a combination of substrate induced nitrification and substrate
induced respiration at different combinations of soil pH and cation exchange capacity
(CEC, cmolc/kg). These values are the result of multiplying the soil ACL values (Table

4) by the biosolids availability factor. o

pH\CEC 1 3 ?@

5.0 0 0 63

5.5 0 130 Q 175

6.0 0 190 * 190
\‘Z)

6.5 0 "o@ 200

7.0 195 . && 215

7.5 230 Q)\ 230 230

8.0 245 Q\‘ 245 245

4
o~



Figure 1. The framework for deriving soil trigger values (TVs) and TVs for amended soil

proposed by Heemsbergen et al (in prep a).

1. Collation of toxicity data and assessment
of its quality and appropriateness

2. Determine if temporal changes in toxicity
occur. Select the most sensitive set of Q)
toxicity data.

3 Regress toxicity data against soil \Q)

properties and derive normalisation

relationships. 0
4. Normalise toxicity data of all species to a Q
standard soil with specific characteristics ‘QQ

5. Use a species sensitivity distribution "

method to obtain a protective
concentration (critical added concentration
threshold — CACT)

6. Calculate CACT values for a range of
soils using the normalisation relationships

If deriving soil TVs omit steps 7
&8

7. Derive a soil amendment bioavailability
factor (SABF)

8. Multiply the SABF and soil CACT values
Q)Q to derive CACT values for soil amendments

9. Determine the ambient background
*‘(\ concentration (ABC) of the contaminant

10. Add the ABC to the CACT values to
calculate TVs




Figure 2. The distribution of the concentrations of added copper (mg/kg) that inhibited
microbial substrate induced respiration (SIR) by 20% (EC20) for all sites from the
National Biosolids Research Program. Three different distributions were fitted to the
data, with the Burr type III distribution fitting the best to the data. The purple line
indicates the maximum concentration of added copper that should protect 80% of sites

from experiencing a 20% reduction in SIR.

<)
Fesults from Distribution fitting
(]
= — Bur Ty 1Nl
] — Nomial dE T hrton
Lok -k e clls o tion
% ] 0T Pe e
#
=
(i)
| o |
[N Tn Ry
B
£
=
E -
=
[
=
o
[ -

T | T | T
200 400
Concentration [ pgil 1 of Toxicant Calc for Cu SIR PC values txd



Figure 3. The distribution of the concentrations of added zinc (mg/kg) that inhibited
microbial substrate induced respiration (SIR) by 10% (EC10) for all sites from the
National Biosolids Research Program. Three different distributions were fitted to the
data, with the Burr type III distribution fitting the best to the data. The purple line
indicates the maximum concentration of added Zn that should protect 80% of sites from

experiencing a 20% reduction in SIR.
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