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L N Public Health Risks From Organic Pollutants
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Figure 4.6 Comparison of the median concentrations of OCPs.
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Figure 4.7 Comparison of the median concentrations of OCPs.
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o0 Reproduction, Impaired Immune System &

Neurological Damage

In Vitro exposure
reproductive health
problems
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Background: Polybrominated diphenyl ethers are known to be endocrine disruptors and may affect male
reproduction. This exploratory study investigated semen parameters and serum thyroid hormones in
relation to serum PBDE, PCBs and p-p’ DDE in adult men.
Methods: Fifty-two men were recruited in a fertility clinic. Semen counts were done for each partici-
pant. Serum thyroid hormone and PBDE, PCB and p-p’ DDE levels were measured. Sociodemographic
questionnaire were administered to each participant and all medical data were obtained from medical
record.
Results: Semen mobility was negatively related to BDE-47, BDE-100 and XBDE. No relations were
observed with other semen parameters. Thyroxin levels were negatively associated to serum BDE-47,
BDE-99, XBDE and p-p’ DDE and positively related to XPCB. No relations were observed between T3, TSH
and any of the chemicals measured.
Conclusion: These findings increased the evidence that PBDE may interfere with semen quality and thyroid
status in general population.

© 2011 Elsevier Inc. All rights reserved.
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Q@ Australian Organic Regulations (mg/kg)
Minimum Maximum
Compound |\t | vic | wa | sA N%\f\é &| Nat. | vic | wa | sA N%\f\é &1 INEPC
DDT 05 | 05| 05 | - 0.5 1 1 1 ] 1 200
1
Aldrin i - loo02| - | o002 | - i 0.5 i 1 10
Chlordane - - 0.02 | 0.02 0.02 - - 0.5 0.5 1 50
Dieldrin i - 002002 002 | - i 05 | 05 1 10
Heptachlor - - 0.02 - 0.02 - 0.5 - 1 10
HCB i - loo02| - | o002 | - 0.5 i 1
Lindane - - - - 0.02 - - - 1
SOCPs 005 | 005| - i i 05 | 1 i i i
I 5 5 5 [
PCBs |0.0503| 02 | 03 | - 03 | 05 | 1 05 i 1 10

Category A — ‘Standard’ residential with garden/accessible soil (home-grown
produce contributing less than 10% of vegetable and fruit intake; no poultry): this
category includes children’s day-care centers, kindergartens, preschools and

primary schools



® ® ¢ International Organic Guidelines

]
AOX DEHP LAS NP/NPE OCPs PAH PCBs PCDD/Fs Other
mgkg! mgkg! mgkg! mg kg1 mg kg1 mg kg1 mg kgl  ngWHO,; TEQkg™* mg kg1
Austria 500 6 0.2-1 50-100
Australia 0.5-1 50
OCPs 1
Denmark 50 1300 10 3
EC (2000)a 500 100 2600 50 6 0.8 100
EC (2003)a 5000 450 6 0.8 100
France 1.5-4] 08
Germany 500 1 0.1 100
(2002)
Germany 400 1 0.1 30 MBT+OBT: 0.6
Tonalid: 15
Proposed Galaxolide: 10
(2007)
USA 300




Biosolids Regulations in Australia

How were they derived?

« Sound science

 Risk assessment

* Protection of public health
and the environment

« Best guess
* Achievable targets
* Detection limits




Are biosolids contaminant limits for OCPs/PCBs
necessary for the protection of public health &
the environment?

1. Empirical Data
2. Risk Assessment
3. Regulatory Limits




® ® © OCP/PCB Data 2004 - 2006

Overall 2004 2005 2006

Overall 829 (58) | 221(17) 335(33) 273(36)

NSW 539 (22) 169(8)  181(11) 189 (14)

Qld 191 (24)  11(3)  151(14) 65 (13)
Tas 6 (2) 0 (0) 0 (0) 6 (2)
Vic 48 (7) 10 (3) 28 (5) 10 (4)
WA 45 (3) 31(3) 11 (3) 3 (3)

No of biosolids; () = No of WWTP

CLARKE etal (2010) Environment International, 36, 323-329.



® ® ©» OCPS/PCBs Summary Statistics

Group 1

Variable Mean StDev Min Max

mgkg! mgkg! mgkg! mgkg!

Commonly detected
>10%: dieldrin 68%,
chlordane 27%, DDE

X DDT 112 717 14 0.04 0.05 0.01 0.27

Aldrin 3 826 0 0.03 0.03 0.01 0.07 13%
Chlordane 227 602 27 0.03 0.03 0.01 0.30
Group 2
Dieldrin 567 262 68 0.05 0.06 0.01 0.77 Infrequently detected <
5%; HCB 3%, heptachlor
Heptachlor 16 813 2 0.05 0.04 0.02 0.17 2%, PCBs 1%

HCB 22 807 3 0.04 0.06 0.01 0.30
Group 3
Lindane 0 829 0 * * * * Rarely detected <1%j;
DDT 0.3%, DDD 0.5%,
PCBs 10 819 1 026 014 002 041 aldrin 0.4%, lindane 0%

CLARKE etal (2010) Environment International, 36, 323-329



O OCPs/PCBs 2004 - 2006
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® ® © OCPs/PCBs 2004 - 2006
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Time Series Data 1995 - 2006

| E—
Det <DL Mean StDev Min Max Group 1
mgkg! mgkg?  mgkg!' mgkg!
Commonly
DDT 29 2237 | 1.30 0.05 0.05 0.01 | 0.17 detected
DDD 89 2177 | 3.93 0.06 0.15 0.01 | 1.04
dieldrin 69%,
DDE 129 2137 | 5.69 0.02 0.02 0.01 | 0.13 chlordane 45%
XDDT 174 2092 | 7.68 0.05 0.11 0.01 | 1.04
Aldrin 6 2260 | 0.26 0.10 0.16 0.01 | 041

Dieldrin 1554 712 | 68.58 0.10 0.08 0.01 | 0.49
Chlordane 1016 1250 |44.84 0.11 0.10 0.01 | 0.73
Heptachlor 9 2257 | 0.40 0.13 0.08 0.04 | 0.25

Group 2&3
All other

compounds
HCB 175 2091 | 7.72 0.07 0.09 0.01 | 0.48 detected in
Lindane 0 2266 | 0.00 * * * * less than 10%
PCBs 126 2140 | 5.56 0.30 020 0.06 | 1.40 samples

CLARKE etal (2010) Environment International, 36, 323-329



o0 OCPS Time Series 1995 - 2006
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o0 PCBs Time Series 1995 - 2006
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® ® © Time Series Analysis 1995 - 2006
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OCPs and PCBs can be removed from biosolids
regulations in Australia because:

1. They are infrequently detected

2. Almost never above highest contaminant limit

3. The contaminant limit is not based upon protection
of public health/environment

4. Is a poor use of money (>$200 per sample)



‘Emerging’ Organic Pollutants



o0 Thousands of Potential Contaminants

Victorian
Regulations
n=219
0.001%

nited States
gwlmllnlnﬁm

Environment International 37 (2011) 226-247

Targeted National Sewage Sludge Survey

Sampling and Analysis Technical Report

Contents lists available at ScienceDirect

Environment International

journal homepage: www.elsevier.com/locate/envint

Review

Review of ‘emerging’ organic contaminants in biosolids and assessment of
international research priorities for the agricultural use of biosolids

Bradley O. Clarke, Stephen R. Smith *

of Civil and Envir ineering, South i Campus, Imperial College London, London, SW7 2AZ, United Kingdom

January 2009

n =441
0.003%

n=114
0.0008%




POPs
Bulk Chemical
Personal Care

® ® © Typical Concentrations

*Higher than bulk chemicals
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® ® ©» Assessment Matrix

Persistence | Food chain | Ecological | Soil Ecotoxicity Research Score
2—Yes . 2— Possiblg 2-Yes ' 3 - Lack of da?ta ( /11 )
1 - Uncertain 1 - Uncertain 1 - Uncertain 2 - Few studies
0- No 0 - No 0 - No 1 - Consistent
0 - Many & similar
Antibiotics 0 2 0 1 2 5
Benzothiazoles 1 1 0 1 3 6
Bisphenol A 0 0 0 0 2 2
Organotins 1 1 2 1 2 7
Phthalates 0 0 0 0 1 1
PBDEs 2 2 2 1 0 7
PCAs 2 2 1 1 3 9
PCNs 2 2 1 1 3 9
Siloxanes 0 0 0 0 1 1
PFCs 2 2 2 1 3 10
QACs 0 0 0 0 2 2
Steroids 0 0 0 0 2 2
Synthetic Musks 1 0 1 0 1 3
Triclosan 1 0 2 2 2 7
Triclocarban 1 0 2 2 2 7




Polybrominated diphenyl ethers (PBDEs)

=Used as fire retardant

=Electronics

Concentration ng g lipid
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More classes — BFRs, PFCs & PCAs
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Do organic pollutants in biosolids pose a risk
to public health and the environmente

Exposure
Pathways




Human Health Risk Assessment

Hazard Identification + Dose-Response
W

Exposure Assessment + Risk Characterization

MAXIMUM RESIDUE LIMITS (MRLs)

Equating TDI with typical quantities of ingested
material (US EPA 1997)

200 g plant material
300 mL milk that is 4% fat
50 g animal fat ingested daily




o Exposure Pathways

P2&3

VR

GRAZING
HUMAN [€—— PLANT —P ANIMAL

e e

WATER Reclaimed Water or Biosolids
CONTAMINATION

Surface and groundwater Utilised in Agricultural SOil

T




® ® ©» Pathway 3 - Grazing Animal

Estimate ingestion of plant
and soil material

Biotransfer Factor

Log Kow
0 5

10




® ® © Percentage Exposure < 5% for chronic
dose exposure &

worst-case
sCcenarios
Cmps. P1 - Direct Exposure P2 - P3 - Grazing Animal
Plant
Pasture Grazing
Meat Milk Meat Milk
Dioxins 0.05 0.02 4.90 1.05 1.47 2.94 0.88 1.59 2.83
[¥]PBDEs <0.01 <0.01 0.01 <0.01 0.11 0.17 0.06 0.10 0.58
BB-153 0.01 0.01 1.12 0.31 <0.01 <0.01 <0.01 <0.01 <0.01
XDDT <0.01 <0.01 0.08 0.21 0.06 0.10 0.04 0.05 0.56
Dieldrin 0.02 0.01 2.38 1.23 0.67 1.15 0.40 0.63 2.74
Chlordane <0.01 <0.01 0.20 0.71 0.04 0.05 0.02 0.03 0.40
[¥]PCBs <0.01 <0.01 0.01 0.01 0.01 0.01 <0.01 <0.01 0.19
1 Soil exposure is child of 15 kg and adult of 70 kg ingests 100 mg soil day* and 50 mg soil day™! respectively; pica exposure 10 g day
2 Daily plant consumption by humans assumed to be 200 g
3 Daily grazing animal consumption is 50 g fat and 300 mL that is 4 % fat; pasture animals assumed to ingest 10 kg fodder grown on
sewage sludge amended soil and grazing animals assumed to ingest 10 kg pasture with 500 g associated soil




o0 Solutions ??

» Deal with the issue

>» Review of potential
pollutants in
catchment

> Source control

> Risk assessment

» Bioanalytical tools

This is long-term
problem!!




Bioanalytical Tools

Final Report

Monitoring Strategies for Chemicals of Emerging
Concern (CECs) in Recycled Water

Recommendations of a Science Advisory Panel

Panel Members

Paul Anderson, Nancy Denslow, J6rg E. Drewes (Chair), Adam Olivieri,
Daniel Schlenk, and Shane Snyder

Convened by the
State Water Resources Control Board

June 25, 2010
Sacramento, California

Recommended
strategy by US EPA
Generalized toxicity
testing

Compliment to
traditional chemical
testing

Represent a
paradigm shift for
biosolids managers



EXAMPLE: Water Reuse
Cell Bioassays

Promoter Genome
Transferrin "’
Receptor Gene 3'UTR
Cloneint Cloneint:
reportel report
vector vect
SwitchGear Swll]chGear Sli/vllicf:gear SivitchGea
Promoter L IUTR
g
SwitchGear SwitchGear
Promoter 3'UTR
Reporter Vector Reporter Vector
Vector Delivery to Vector Delivery to
Living Cells O O Living Cells

Light signal = promoter activity

~
.

Light signal = UTR activity

Current

Human promoters

18,000

Human 3’ UTRs

12,000

= Hypoxia
= p53

= NFkB

= STATH

= CREB

= Cholesterol biosynthesis
= Glucocorticoid receptor

= PPAR

= Estrogen receptor
= Androgen receptor

= more...




Pilot Study with Wastewater Treatment:

ey_Prechlor2

ey_Prechlor
ey_Chlor

ey_0z/UV
ey_E2spike

= Sample name: Site_Treatment

SESZESS == = Green_Valley_E2 spike = Green Valley
water sample to which we added 10nM b-
estradiol (E2) as a control

Controls
Conclusions:
.- = Significant ER activation from Roger Rd
AR

ey_0Ozone
ey_UV

Roger_Quenched1
Roger_Quenched?

Roger_Quenched3

T T S S

G
G
G
G
G
G
G

site but not Green Valley site

= Artificially adding 10nM E2 to Green
" Valley sample activates ER pathway
= Significant and unexpected GR activity
from both sites
. -

= GR activity is removed by UV treatment

-4 [ 4 092 ratio treated/untreated
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