fAIE 3 (Q)SAR ZTHMIZAL S DICHELZIFR

1) B/ KRR AV b
2) BRI ORWHEE (T ALITY X L)
3) 1 A ATRE 72 fEIR D BAREAL

4) EEME, RPN, FHIMEOBE R

5) AIRETHIIL, AT =X LHIRMER

a defined endpoint

an unambiguous algorithm

a defined domain of applicability
appropriate measures of goodness—of-fit,
robustness and predictivity

a mechanistic interpretation, if possible




miE4 ACH

RReEEGE (UF) OBEICENT, &Emoak/18ikEME (ACR;Acute Chronic Ratio)
BEBTHENHD (LFEEDOFIZAREZZEREL VD),

ACRIZDOWTIE, BT X2 hsENH D,

213 IRt AL 08 RS D 48~96 BRI LC50 & RHIFERFIRENS,
32 OYVE D 80%LL_ED AFR 1Z 100 L FTdh o7z, LovL, A F/LKEERLF—R L TiE 1000
PIEE ACRITEVEZ R LT,

Kenega® 1x 84 DILEMEICOWT, IFEOME L 2O FRMEICRIT 2 135 DILFEHED
ACR % 3K, ACR 23 5 LA F OBE 75%7 30%.10 LLF D b DA 40%.25 LLTF D DA 67%.
125 LT O3 90% & e L T 5,

Hegar? |3 KA Y CHiHl. BELEWESERICONT, AL IV 2T 5 ACR 3K
i . FORER. FRICEHEOWVTOMBIETO ACRIE, 10 LUFA 60%., 10~100 25 20%
ThHY . I3 TIE 10 BLTFA 44%., 10~100 23 36% TH V. & 1T ACR 1E 100 LT 23 80%
BEDEE LTS, Ei0, B LEHE T I Y0 3UTONT, 10 BLTF2 29%, 10~100
M 53% T, 100 U FTEED O UETHoTE|EL TN D,

PR 5 1 OBCD DASE. X ¥ a2 RUEEEABR T ACR 2 RICREEHR OFT — & & &KITHER
LI . BV, ¥[E EPA OF — & ~_— & AQUIRE % EIZHFTA 1TV, ACRI0 LATF A3
#160%. 10~100 73 30% T, 100 Z#BX -HEOEEITN 0% TH o7z, IV ad AR
10 BUFA39 43%., 10~100 25 47% & 100 LA R A 2RO 90% % &5 872, ACR 25 100 fFLL £
OYEIX 14 B0 | JEEROEERET I VEBE o, BETIE, 72 REOAREBER
B2 (D EC50 & NOEC & Bl L CTACR ZEH L TWA AR 10 LT CTH A b DN, BIEDEK 92%
D, A2TH 100 URICE TN,

Webb & 1%, 1998 EE TOEEMERRL LIV a@BROAREZELDTND , £
MIZE B L. ACR DFIFHIZ 1 5 1428 LT L, HRMEE 43 TH Tz, FiT, TOMEIE
WO TR CHEICET S AR LRV EDRVEBTND, BITRIEE TO 28 D&
BB T AT —F %3 4-3 1CF L 705, ACR OFFEN 1 A5 29800 THAR(EIX 19. 3
TH D,

LLED X5z, ACR IZRBRAEYE REBE) CUFEVHEICL-TERD, ZOX RN
TUF2 28 ET A4, EHH/2 AR ZFAWVT UFR2 &4 50y, KEHD ACR &L & 51 (f
ZIE, 95%) UF2 #8ETHME, EAHFICL D, OECD IR ACR & AV, (LA 90%
BEZEEZE L TWD,



* fE4 EEZORREICET S ACR
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Citalopram Ceriodaphnia dubia 4.9
Fluoxetine Ceriodaphnia dubia 5.7
Anti-depressant Fluvoxamine Ceriodaphnia dubia 2.3
Paroxetine Ceriodaphnia dubia 2.8
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Bone resorption inhibitor Etidronic acid Daphnia magna 43.9
Cholinergic agonist Nicotine Daphnia pulex 42.9
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Non~steroid anti-inflammatory drug
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Oestrogen
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B —adrenergic receptor blocker Propranolol 7
Ceriodaphnia dubia 6.8
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Table 4.3 Microorganisms of concern in sewage
Pathogen
type Examples Iliness
Bacteria Salmonella Gastroenteritis, reactive arthritis
Campylobacter Gastroenteritis, Guillain-Barré syndrome
Pathogenic Escherichia coli ~ Gastroenteritis, haemolytic uremic syndrome
Shigella Dysentery
Yersinia Gastroenteritis, septicemia
Vibrio cholerae Cholera
Atypical Mycobacteria Respiratory illness (hypersensitivity pneumonitis)
Legionella spp Respiratory illness (pneumonia, Pontiac fever)
Staphylococcus aureus Skin, eye, ear infections, septicaemia
Pseudomonas aeruginosa Skin, eye, ear infections
Helicobacter pylori Peptic ulcers, stomach cancer
Viruses Enterovirus Gastroenteritis, respiratory illness, nervous disorders,
myocarditis
Adenovirus Gastroenteritis, respiratory illness, eye infections
Rotavirus Gastroenteritis
Norovirus Gastroenteritis
Hepatitis A Infectious hepatitis
Calicivirus Gastroenteritis
Astrovirus Gastroenteritis
Coronavirus Gastroenteritis
Protozoa Cryptosporidium Gastroenteritis
Giardia Gastroenteritis
Entamoeba histolytica Amoebic dysentery
Helminths Taenia (T. saginata) Tapeworm (beef measles)
Ascaris Roundworm
Trichuris Whipworm

Source: Adapted from Feacham et al (1983), Geldreich (1990), Bitton (1999), NRC (1996)

In sewage, enteric microorganisms can be found in high concentrations. Numbers of individual
pathogens will vary, depending on rates of illness in humans and animals contributing faecal

waste. System-specific data is preferable for drinking water augmentation schemes. However, as
discussed in Phase 1 of the recycled water guidelines (NRMMC-EPHC 2006), analyses of
Australian sewage have detected 2000 Cryprosporidium, 8000 rotavirus and 7000 Campylobacter
per litre (as 95th percentiles).

In stormwater, concentrations of enteric microorganisms will be far more variable, influenced by

levels of human and animal activity in catchments, and by seasonal and rainfall patterns. Rain

events occurring after extended dry spells can lead to highly contaminated stormwater. Generally,

system-specific testing will be required to determine concentrations of pathogens present in

stormwater. Such testing will need to take into account potential seasonal influences, and impacts
of rain or storm events.

—

Chemical hazards

Although microbiological quality remains paramount, much community concern has been

expressed about chemical quality of recycled water used for drinking. This concern is increased
by the level of uncertainty about the range of chemicals that may be present. Chemicals could

include:

Management of drinking water augmentation with recycled water
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e inorganic chemicals

o nutrients (which could support or promote the development of cyanobacterial blooms in
receiving waters)

e pesticides

e water treatment chemicals, disinfection byproducts and advanced oxidation byproducts

o industrial chemicals

e household and garden chemicals

o surfactants

o flame retardants

¢ human and veterinary pharmaceutical products

¢ personal-care products (eg fragrances, antiperspirants, whitening agents, dyes and shampoos)
¢ natural hormones

. general organic chemicals, such as aliphatics, chlorobenzenes, monocyclic hydrocarbons,
nitrosamines, organotins, phenols, phthalates, plasticizers, polychlorinated biphenyl (PCBs),
polycyclic aromatic hydrocarbons (PAHs), sterols and stanols.

Table 4.4 lists chemicals that have been detected in secondary treated sewage. The table was
compiled from a range of Australian and international data sets, but should not be regarded as
exhaustive. Detailed assessment of individual systems — including surveys of industrial,
agricultural, domestic and urban inputs — needs to be undertaken to identify potential chemical
hazards that could affect source water quality. In most cases, this assessment will need to be
supported by extensive monitoring of source water quality.

The list of chemicals provided in Table 4.4 is reasonably extensive; however, more than two-
thirds of the chemicals for which tests were performed were reported in the available data sets as
being below limits of detection. These included a large range of pharmaceuticals, pesticides,
fragrances, fire retardants, surfactants, dioxins, phthalates and organotins.

Table 4.4 includes health-related guideline values. As described in Appendix A these values have
been:

e derived from published guidelines and standards, giving preference to guideline values
published in the ADWG (NHMRC-NRMMC 2004); or

o developed from available health, toxicological and structural information using the approach
described in Appendix A.

The focus of the approach given in Appendix A is based on the methodology for determining
thresholds of toxicological concern (TTCs), which are then used to determine guideline values in
a similar way to acceptable or tolerable daily intakes (ADIs or TDIs), using the formula described
in the ADWG (NRMMC-NHMRC 2004). The use of TTCs is well established internationally
and has been applied by the United States Food and Drug Authority (FDA) and the World Health
Organization (WHO) for setting guidelines for minor chemical contaminants (FDA 2006, WHO
1987). The approach relies on a large toxicological database and advanced knowledge of
structure—activity relationships that can be confidently applied to chemicals for which there is
little toxicological data.
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For carcinogens, the TTC approach is based on a concentration that would give rise to less than
one cancer per one million people following lifetime consumption. In using TTCs to derive
drinking water guidelines, a conservative approach is employed, reflecting safety factors, as in

the ADWG (NHMRC-NRMMC 2004). The ADWG applies a safety factor of 1500 to chemicals
(as a 95th percentile) (see Appendix A). An additional safety factor of 15 has thus been applied in
converting TTCs to drinking water guideline values (TTCs already include a safety factor of 100,

so that adding a factor of 15 results in a safety factor of 1500).

For dioxins, the TTC approach does not apply. Instead, guidelines for these compounds have
been calculated using the recommended tolerable intakes developed by the National Health and
Medical Research Council (NHMRC), taking into account toxicity equivalency factors (TEFs),
which provide adjustments based on variability toxicity (N HMRC 2002). The dioxin-like
compounds included in Table 4.4 — PCB 77, 105, 118, 156, 167, octachlorodibenzodioxins
(OCDD) and dichlorodibenzo-p-dioxin (DCDD) — all have TEFs of 0.0001 or lower, which
signifies very low toxicity relative to other compounds in this group.

OHormones, pharmaceuticals and endocrine disruptors

Raw sewage can contain a variety of pharmaceuticals and natural hormones such as estradiol that
are excreted by humans on a daily basis. It may also contain industrial and agricultural chemicals

with the potential to cause effects through an endocrine disruption mechanism if concentrations
are high enough. The hormonal activities of these compounds are significantly lower than those
of the steroid hormones themselves. Reviews of endocrine disrupting chemicals have found

effects on organisms in aquatic environments, but there is no credible evidence for human-health

effects at low exposure levels found in water (WHO 2005).

The TTC approach has not been applied to pharmaceuticals. Active compounds of
pharmaceutical products are arguably the most extensively examined chemicals, with clear

definitions of toxicity and appropriate pharmacological doses. Because the biological activity (ie

the therapeutic effect) of pharmaceuticals is so well defined, it is unusual for TDIs based on
toxicity to be established for these chemicals. The exception is for pharmaceuticals used for
agricultural and veterinary purposes where TDIs have been established by bodies such as the
Joint FAO/WHO Expert Committee on Food Additives (JECFA) the Australian Therapeutics

Goods Administration (TGA) and the European Agency for the Evaluation of Medicinal Products

(EMEA). These TDIs have been used to determine guideline values.

Therapeutic doses have been used to determine guideline values for the remaining

pharmaceuticals. These doses are well established and the general intent when pharmaceuticals
are used medicinally is for the ratio of doses giving a beneficial effect to those causing toxicity
(the therapeutic index) to be large.* Hence, to establish drinking water guidelines the approach

adopted is to divide the lowest daily therapeutic dose by a safety factor of 100 (10 for intraspecies

variation and 10 for the lowest therapeutic dose not being a no effect level). This is consistent

with the approach taken in applying safety factors in the ADWG (NHMRC-NRMMC, 2004)). An

additional safety factor of 10 has been applied to

o cytotoxic pharmaceuticals because the ratio of beneficial outcomes to toxic impacts is lower

for these compounds

« hormonally active steroids as the potential effects on hormonal function and fertility are
unwanted in those not being treated.

4 Many of the pharmaceutical compounds in Table 4.4 are nonsteroidal anti-inflammatory agents, antibiotics, or beta-
blockers. These agents would be expected to have a therapeutic index of much more than 10 fold.
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Table 4.4 Chemicals detected in secondary treated sewage

Maximum Guideline Maximum Guideline
Chemical conc™ value® Chemical conc® value™
Inorganic chemicals
Aluminium 22 0.2 (aesth)  lodide 0.048 0.1
Ammonia 39 0.5 (aesth) Iron 1.3 0.3"(aesth)
Antimony 0.006 0.003° Lead 0.06 0.01*
Arsenic 0.015 0.007* Manganese 0.47 0.5*
Barium 0.1 07" Mercury 0.007 0.001
Boron 0.9 4 Molybdenum 0.03 0.05°
Bromide 0.28 7' Nickel 0.6 0.02°
Bromine 0.57 7* Nitrate (NO3) 19.7 50
Cadmium 0.004 0.002* Nitrite (NO2) 0.04 3*
Chromium 0.11 0.05° Selenium 0.003 0.0t
Copper 0.4 2" Silver 0.0028 0.1
Cyanide 0.08" Sulfate (SO4) 1870 500
Fluoride 1.4 15" Zinc 0.25 3*
Disinfection byproducts
1,1-Dichloroethene 0.03 - 0.03° Chloroform 0.107 0.25"
2,4,6-Trichlorophenol (2,4,6-T) 0.00005 0.02* Dibromochloromethane 0.120 0.25
2,4-Dichlorophenol 0.0003 02 Dichloroacetic Acid 0.0005 0.1
2,6-Dichlorophenol 0.000026 0.01% Dichloroacetonitrile 0.00072 0.02°
Bromoacetic acid 0.0004 0.0004*% Methylene chloride (Dichloromethane) 0.011 0.004"
Bromochloroacetonitrile 0.00025 0.00078 N-Nitrosodiethylamine (NDEA) 3ng/L 10 ng/L*
Bromodichloromethane 0.12 025" N-Nitrosodimethylamine (NDMA) 550 ng/L 10 ng/L* -
Bromoform 0.081 025" Triichloroacetic Acid 0.004 0.1*
Pesticides
Acetylcholinesterase inhibitors
Azinphos-methyl 0.0021 0.003* Dimethoate 0.0019 0.06*
Bromophos-ethyl 0.0001 0.01* Ethion 0.0018 0.003"
Carbendazim 0.0003 0.1* Ethoprophos (Mocap) 0.002 0.001°
Chlorpyrifos 0.0007 0.01* Fenthion (fenthion-methyl) 0.0024 0.0005°

Fyrol FR 2 (tri(dichlorisopropyl)

Chlorpyrifos-methyl 0.0017 0.01% phosphate) ' 0.0002 0.001%
Demeton-S 0.003 0.00015°  Malathion 0.0021 0.05*
Diazinon 0.0032 0.003* Parathion (ethy! parathion) 0.0022 0.01*
Dichlorvos 0.0024 0.001* Parathion-methyl (Methy! parathion) 0.0028 0.1
Organochlorines
4,4-DDT (44DDT; p,p'-DDT) 0.02 0.02" Endosulfan sulfate 0.00025 0.03"
4,4'-DDE (44DDE; p,p'-DDE) 0.00015 0.001% Lindane 0.0001 0.02°
Chlordane {gamma-Chlordane) 0.001 0.001" Pentachlorophenol (PCP) 0.0002 0.05"
General pesticides
2,4-D (2,4-Dichlorophenoxyacetic acid) ~ 0.0046 0.03* 4-Nitrophenol 0.0023 0.03°
Alachlor (Lasso) 0.0002 0.02° 2-Phenylphenol 0.0026 18
Atrazine 0.00088 0.02° Simazine 0.001 0.02"
[(Carboxymethyl)imino
bis(ethylenenitrilo)] tetra acetic acid 0.0085 0.005¢ Thiophanate 0.0012 0.005"
Cypermethrin 0.00008 0.1 Trifluralin 0.0006 0.05"
N,N-diethyltoluamide (NN-diethyl-3-
methylbenzamide (DEET) 0.00078 2.5% a-BHC (alpha-BHC) 0.00008 0.02%
Diuron 0.00029 0.03" B-BHC (beta-BHC) 0.00033 0.02%
Metolachlor 0.00037 0.3
Fragrances
2,4,6-Trinitro-1,3-dimethyl-5-tert- -
butylbenzene (musk xylene) 36 ng/L. 350 ug/L'  Musk ketone 410 ng/L 350 ug/L'
4-Acetyl-6-t-butyl-1,1-dimethylindan 8 ng/LL 7 ug/LF Musk tibetene 0.04 ng/L 035 ug/L?
6-Acetyl-1,1,2,4,4,7-
hexamethyltetraline 25 ng/L 2 ug/LF Pentamethy!-4,6-dinitroindane 8.3 ng/L 0.35 ug/L*
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Maximum Guideline Maximum Guideline
Chemical conc® value® Chemical conc® value™
Galaxolide 150 ng/L 1.8°
Pharmaceuticals and metabolites
Antibiotics
Amoxycillin 5 ug/L 7" Naladixic acid 0.22 ug/L 10"
Anhydroerythromycin A 0.92 ug/L 350 ug/L"  Norflaxin 7Tug/L 4
Azithromycin 0.072 ug/L. 40 ug/L®  PenicillinG 0.03 ug/L. 15 ug/L*
Chloroamphenicol 23 ug/L 175" Penicillin V 0.21 ug/L 15 ug/L*
Chlorotetracycline 160 ug/L 105 ug/L*  Roxithromycin 464 ug/L 1.5"
Ciproflaxin 0.03 ug/L 25" Sulfamethoxazole 94 ug/L 350 ug/L*
Clarithromycin 0.24 ug/L 2.5 Sulfamethoxine 0.06 ug/L 350 ug/L*
Clindamycin 0.120 ug/L 3" Sulfamethazine 0.22 ug/L 350 ug/L"
Demeclocycline 1.1 ug/l 3+ Sulfamethizole 0.13 ug/L 350 ug/L®
Doxycycline 0.03 ug/L. 105 ug/L®  Terramycin (oxytetracycline) 0.34 ug/L 105 ug/L*
Enrofloxacin (vet) 2 ug/L 220 ug/L*  Tetracycline (TCLN) 0.11 ug/L 105 ug/L*
Erythromycin 1.7 ug/L 175 ug/L*  Trimethoprim 0.35 ug/L 700 ug/L*
Lincomycin 0.73 ug/L 35* Tylosin 5ug/L 10.5*
Monensin (vet) 80 ug/L 350 ug/L*
Non-steroidal anti-inflammatories
Aspirin (Acetylsalicylic acid) 2.1ugL 290 ug/L*  Indomethacin 0.6 ug/L 250 ug/L*
Diclofenac 0.81 ug/L 18 ug/L*  Ketoprofen 038 ug/L. 35 ug/L*
Dipyrone (vet) 7.5 ug/L 5.3 Naproxen 0.57 ug/L. 2.2
Fenoprofen 0.76 ug/L 4.5 Tolfenamic acid (vet) 1.6 ug/L. 175 ug/L*
Ibuprofen 28 ug/L 4.0
B-adrenergic blockers
Betaxolol 0.19 ug/L 100 ug/L"  Nadolol 0.06 ug/L 200 ug/L*
Bisoprolol 0.37 ug/L 6.3 ug/L* Propranolol 0.29 ug/L 400 ug/L*
Carazolol (vet) 0.12 ug/L. 35ug/l"  Timolol 0.07 ug/L 100 ug/L*
Metoprolol 22ugL 250 ug/L
Estrogenic Hormones
17a-estradiol 74 ng/L. 175ng/L*  Estriol (vet) Stng/L 500 ng/L*
17a-ethiny] estradiol 62 ng/L 15 ng/L? Estrone 700 ng/L 300 ng/L*
178-estradiol 27 ng/L. 175ng/L®  Mestranol 410 ng/L 25 ng/L}
Equilenin 280 ng/L 300 ng/L*  Norethindrone 870 ng/L 2500 ng/L*
Equilin 150 ng/L 300 ngL" Progesterone 200 ng/L 105 ug/L*
Androgens
Androsterone 021 ug/L 14 ug/L?  Testosterone 0.21 ug/L 7 ug/L"
General pharmaceuticals
Acetaminophen (paracetomol) 4.3 ug/L 1.75" Enalaprilat 0.046 ug/L 13 ug/L?
Alprazolam 0.62 ug/L - 2.5 ug/Lt Fluoxetine 0012 ug/L 100 ug/L*
Antipyrine (phenazone) 0.41 ug/L 0% Gemfibrozil 1.5 ug/L 6"
Atorvastin 0.04 ug/L 50 ug/L* . lohexol 1.6 ug/L 7.2
Bezafibrate 4.6 ug/L 3k Iopamidol 15 ug/L 4t
Carbamazepine 27 ug/L 1k Topromide 11 ug/L 7.5
Cefaclor 1.2 ug/L 25" Isophosphamide 2.9 ug/L. 35 ug/L*
Cephalaxin 0.09 ug/L 350ug/L*  Metformin (1,]-Dimethylbiguanide) 0.15ug/L 2.5
Cimetidine 0.58 ug/L 2k Methotrexate 1 ug/L 0.05 ug/L*
Clenbuterol (vet) 0.05 ug/L 150ug/L*  Salbutamol 0.035 ug/L 30 ug/L?
Clofibric acid 1.6 ug/L 7.5* Salicylic acid 0.14 ug/L 100 ug/L?
Codeine 9.1 ug/L 05" Sulfasalazine 0.12 ug/L s
Cotinine 0.9 ug/L. 0.1 Temazepam 1.6 ug/L 50 ug/L?
Cyclophosphamide 0.02 ug/L 35 ug/L? Terbutaline 0.12 ug/L 45 ug/L?
Dehydronifedipine 0.03 ug/L 200 ug/L*  Valium (Diazepam) 2.92 ug/L 25 ug/L*
Diltiazem 0.049 ug/L 0.6"
Miscellaneous organic chemicals (PCBs, PAHs, phthalates, organotins etc)
1,7-Dimethylxanthine (Paraxanthine) 50 ug/LL 0.7 ug/L® Coprastanol 9.8 ug/L 0.7 ug/L*
2,5-Dihydroxybenzoic acid 0.59 ug/L 7 ug/LF Coumarin 1.3 ug/L 0.5 ug/L*
2,3,3' 4 4' 5-Hexachlorobiphenyl 0.008 ng/L. 0.016 Diatrizoate Sodium 230 ng/L 350 ng/L?
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